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PREFACE

The Report on the Survey of the Awash River Basin comprises the following

Volume I General Report

Volume II Soils and Agronomy

Volume III Climatology and Hydrology

Volume IV Water Storage and Power Development

Volume V Irrigation and Water Planning.

Taese volumes are all ssuod on i;he authority of the Special Fund of th
United Nations and the Food and AgriculLurc Organisation.

Volume I is a comprehensive Report covering c,nacien1;e all aspects of the
Suevoy, and setUnL; out Ulo conclusions reached and t .omendationa made. It
is uholly preparod by FAO. It embraces and is based on the contents of the other
volumos.

The other volumes were all drafted by tho SubContractorn, S.O.C.R.E.A.H.
oIC Grenoble), Franco, uho carried out be main vort of bLo Proco Thoy have.

subsequently been odiod by MO. Each of those volume in i.t:1 ooro specia)isod
fiù/d provides and analysos 1.1e relevant (Leta, discuosoa thc rosults, and seta
out tho conclusions to which they point Tho discussions in ono voluble of couran
have reference to and depend on the discussions in other volumes.

The scope of Volume II, as will be seen from the Tabla of Contents covers

the following:

Geomorphology Soil 2.on Methods of Soil Prospecting and

Soil Classificaton by Roconnissance and Semidetailed Surveys
Parent Matovials iai groupo oC Soils.

Land ClassUloon for Irrigability Major Traditional Regions of

Land and Climate.

Types of P7 Utilization of Land Agriculture Pasture Erosion

and &to

Improvements in Grazing Improvements in Croplands in 4- Upper Basin.

Prospective Land Use in Irrigated Zones Water Rage . Quality

of Irrigation Water.

The information and conclusions pro-vidod by Volmo II ara usod in'acJ

djscussAonn contained in other volumes, uo%ably Volumes TV and I!, and of coul:so

Volumo f.
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7".7'.!TT7.0_7CTION

Among the various preliminary f_al:stigations whose objellh is to prepare the
development o2 the Awash }biter Basin, the promoters of the United Nations Special
Fund Project quite rjghtly emphasized on those concerned with soils and land use.

The choice of auitable areas to raise crops under irriga and for pasture
was based on a soil reconnaissance survey which amply covered ;;AO 700,000 hectares of
land provided for in the Plan of Operations, and which produced a general classifica-
tion of the v6rious soils and soLl to a scale of 3.:250,000,

In the areas selected for centil development t;haA lo to say, over
150,000 hectares of land semidetailed soil surveys I,Tre. carried °La, followed by
the classiCication of the soils into ser:i.es and mapping k) e acalo of 3:100,000.

Present land use in the entre rive,: basin was eralysed for agriculture and
pasture, with full allowance for serious erosion problew,.

Recommendations were made for the potential use of thia land under the heading
of soil conservatioa, the improvement of agricultural and pasturing methods, and
especially the derrelopment of irrigation, the main technical data of which were cover-
ed in detailed proposals.



GEOMORPHOLOGY OF THE AWASH RIVER BES

The Awash Rivr asin i a wide rtf.t valley or 'graben' opening out in the
form of a wide 'V' tooards the.Red Sea. Basalt trap plateaux to the north and south
form the arms of Oie 'V'. These plateaux are generally hold to be of Cretaceous
origin and overlie sedimen'thry series ranging from the Tries:AG to the Cretaceous
period. The 6rausitior Crom 1,hesc plate'.: CC6 an altitud of 2,000 - 2,500 metres to
the plain occurs in the form of c]iffs, which are often sheer and sometimes followed.
by stops or scree conea Taese cliffs forming th t'lo arms of 6he 'V° are character-
istic features c.7 the western flunk of the basin all the way from the Upper Kesem
valley to Do t :Ina and Dese, and of its southern flank between the rivers Goleta
and Mulu at tl ..)ct of the Chereher plateau.

The cliffs converge towards the sout. but do not they are kep
apart at about ],500 metre altitude by the substanial e.inectins tho Nazret
area to lakes Ziwa and Awusa.

Faults, running roughly from south-west to north-eaat, divide the Upper Basin
into

) Stepe corroaponcLng co the Teji depression south-west of Adie Abeba, the
lower Mojo ploaus, oad the Koka and Wenji basin;

) Several rifts with shearing faults; for instance, the Upper Robi and
Upper Borkena valleys.

Faults in tbe same direction divide the cen6ral ri.ft valley through which tbe
Auash flore into a so.cjes of hiisins extending from Metehara to the river Awadi, and
then from 6he Maro Gd.le, plan Lo El Weha.

A fault system J7rom north-west to south-east i.e., praob,c.11y perpendicula
to the one above) marks the bounduries of a :ride valley e::tending from Tendaho
to lakes GamaPi end Lfembo, b. .fore the last rai't in ;rnieli lake Abe lies.

Volcanoes of more recent origin than the trap, and differing from them by
their generally scoriacuous facies and well-preserved topographical outlines, are
observed at the following places

In the Upper Basin : volcanoes in the Mojo region, the Zikwala,
and the volcanoes between Nazret and Metehara.

The vary L,roaso. 'corer and Uachacho hills near Adis Abeba are considered
to be an o)der formation (e:7.cept for Menegasha hill, which is of more

CT2

In the central 11.:.ft Valley; Uhe entale, Gurmile, Bfan2 Ehaili, Dabita
Ale eXel oio Vo].canoes, all fl.c;ned duo north-south, and the Asebot and
,Lfdem voloenoes iiith a general couth-Trest 'Lo north-east alignment.

In the lower Rift Valley from Tendaho to lake Gamari : the Kurub, vol-
canic outflows north of Dubti, and the Borauli volcauo nortb of Asayita.
Signe o ,7ory ronen6 volcani.o aoLavit;.v are uotc,a in this depression3
there arL: rmall mud volcanoes aligned 7:7itb ;he faults.

(ii



All tbe stepe and rtftff, contalo a welldoveloped by01-ograptilcal system, whichhan 'dissected' the basalt plateau, stops, volcanoes and more recont volcanic Cor-
mat).ons. The lAVOTT, generally P1,1/1 111 2, nort0westerly to southsasterly directionl
o,g., perpeudinular to Iba fault SykiTC'M in the Upper Easio, The,y are steep and, in
dig6ing into the stps, have :E'nrnied DEJPLO of a1 2 o come of wUch are now boing har-
nessed Cor bydropower productoo, -3ecti.ment from these rivers is rjraduany fillingthe rifts. The Awash Clews throu011 the contral realon, parallel t,) the eaults, gener-
alld from south to north betueen Awanb station anc1, Tendaho.

I 2. )ial Geological eaturee

The rift 1.:.11eys and come seps (e.g,, iu the 17,0,10Koka r.ivJa) have filled up
with mato7;aals eroded f:com Ulio plateau and with recon volcanic. outfloas, but as they

sinklng, cha outflo,.is over alluvia have raptdly bRea oovered over them-
se.,:s by fresh alluvia. Thus, the distinctive feature of this i»mion i.e 1'65 vurio-
gated alluvium, rangwg in size from11)ou...c.ew, to raval aud down to loam with ilitev-
mittent miscellaneous voJcanie rock bai.o of varying thichoer,s. TuT:f, volcanic ash.,
scoxia and weathered material from thle rod: are also found between the outfJows
(T.TojoKoka area). Faults havo froquently formed in thet;e various layers 1.1.UT1K'; sedi-
mentation; e.g., in he o)d all-v.7117n e:vtending ;:om che TC.enom to EJ Weba aloog the
lolt bank of the Awash. Tbe faults F.how no on the ab. photographs as a oot of
parallel hill raneo.

2\11 these deposits, in the central rift valley have undel7go.oc rewor'
during successtve difforeut ol!mate po.clods. The e7f.teoson of the lakes, took
place durins- a major Ouvial period, o.as marked by the depositioo. of laGustrino and
fluiatile oedimont (slay, gravel ¿oc1 diatomtos) whic.b bao been ideiattfied at tho
following

(i) In the Upper Basin : in oren w,e7,tioT.I.n in the Mojo valley, and in deep
horJ.5ons in la.o

In the Middle 7allej( ; at the norther of lake Gedebasa, sometimes
in 01,7. . orm of OARtomlte.

Fossila have also been found in this area.

T12ese sedimentar formatlons C,TO i'requen i;lr caliao and geno rally ,;everr:ly

resulting la the pertioular topocraphice2 170r11 7.T.:c01-1.ea to as °badlands'.

numerous laker: w) tnoss to a paF.-,t o:meuoto51 of the pluvi . period (Beeka,
byP,1u, Ho:r1;ale, Gedobasa, Cromal, kfembo? Dario). They are pa.: 1..Ipplj.ed 1;x

nprlugs, frequently -:'arm and sali.no,

The interpluvial peoiod rae morked bir the doposjtion of '.-Tiadborno sand and
thr: ormal,ion of calcareous crcie b, Theve is disinet ovidence or U)is !a the central

valloy and iu Ucr. oalcarc,ous depocD.t format-Lon on 1;he basa].

In a more recent period, the present alluvia containing loam, clay and gravel
were deposited, forming the terraces still visible in alluvial areas (Melka Sedi).

A larg) par% of the soil survoy concerns the present alluvial format;ion area,
oF which depends oa topog.7aphD.cal posi.Giou7 e.g., altii;ude in a

area.



Plains surrovrriA

Rift

1. Soil 029

4

.0; the Gewani marsh, includinF the Maro Gala plain;

from the Robi to th

The main soi - on factors dopend on the moiThologtcal features of the
river baoin ))amely, tyoes of paron/6 coriv Woos of hydraulic
asUon asaocied Tl LI the local s-tresm a.ud river uystems and u::ound wai,or 00110.1i;i0110,
and. lhe o::istouco of sa]nel ua.:21° sp.Tin311.

'Vegetation is also a soil formation factor; in the uppo'p basin this dependa en
climate, mia in tho more arid leztoas on tho amount of WC%60:,:' sunclied to the uoil. A.3

tho rozioa is irlr dov,uoly populated, natura] soil fo:mation oonditions havo boon
aZfeeeld 0,20. cluohor6irr human ine7nention (o.6.2 dcforastation cultivat).on)
and by scrvo:x) orosion.

Tho Imo o, Lhr 1,2d in tho ohor e,reas meanly for arasine, has only resulted in
limited doc.,adlon of ti)c, 0:-,:ccot in a fou plantations.

(viii) Vat3 piais thc oo. Awash rif . ..114sy up to lake Abe;

ho olaino cYc also be inclu(1ed.

Other for include:

MorE i loss 7Nwti,hered basaltlava outflows, volcanic tuff
on E slopos.

faulted ohl alln7T/ty frequent4 G-2avolly aud tltrouch by 7olcanlo
2ock bars; ihaao aro voyo: pronounced oa tha lcZt hanl: of bbe Arash,

The most recent vol lcns (symbol V) and. 'badlands',

For n ?oses, the river basin ha) :oto three major natural
regions:

(i) The Uppo:! Basia ilolvdta6. the high plateaux, the Teji depression and the
Kota-Nza.s.;, pinina.

T.7:alle7, comprising the plains from Metehara I edebasa.

ains, frcT T7o.c.1.712o to the lower lakes.

I - 3. Main Natural Regions

The geolnor.phol 0(7 of the river basin ia by a 1:1,000,000 scale
Ovzrammaic map shouqc die various formations: vo. 1)

(i) Teji :clasion;

1 High pir,,aux consisting cy:7 rici and basalt hills, occi..11.- '7 r on
steep slopes 'vely marked osion;

Plains in thc, Nazret area;

Small Metehara plain;

Vast alluvial plains in the central Awash rift valley;

iTyLATION AND rriTTRE



atic Facto

The climatic study, discussed in. detail in volume th-eee reeeals tho ezeistenee
of neileral ellmatic 5onee aI different heights above sea le-eol, and uith difforing
soil groups and types of agriculture, Fox comparison with other re,p.ons in Africa,
an attempt bas been made to Tolate theoe zones to the classification of groups, ypes
and sub-type of climate throughout the world drawn up by G.T. Trowartba (which is a
modified Köppen classifieation) cited by F. Fournier in his book "Climate and Erosion".
The various divisions in this classification aro defined numericalby io torna of
temperature, rainral) and regime.

The various climatic zones are:

Irid to semi-arid, tropical a d subtropical, arid in einter, uhoro
evapotransoiration iz Nre,mter than rainf _ L Tbis 301 found below 1/00-1200 m
and eovers the Awash Middle 11a] ley and Lowe_ Plains. Thi mean anrual temperature
var:.es from 28°C in the warmos', par;. below 700-800 m, to 2300 foe tbe higher parts.
Evapotranspiration is high and rainfall in under 500 mm, occurinr; irregularly snd only
allowing the growth of an opbemorous ):'07ffl of vegetation or ono particularly adapted to
such conditions (acacia). Tbo annual inflow/outflow balance shows a high defieit
which, in some yearo, may bo ocuivalent to a'lmost tbe entire evapotranspiration quan-
tity. These conditions bc-re produced ground water salt eoncontrations leading to
saline soil formation

Tropical zona, with WI.O.Gcr dry season and suminer rains and temperatures
in the coolest month around 1300 or moro. This 5one nee at between 1200 and 1800 m
and covers a. large part of the Upper Basin aad the piedmont areas. The mean arnual
temderature varies from 18 to 21°C and tho rainfall at 1300 s miy 7ary from 1200 mm
to 750 mm depending on position relative to tbe wind. Evapotranspiration is lower
and the ground is saturated durin part of the wet oeason. Tropical and oubtronical
crops such as cotton, sorghum, tobacco and citrus fruits, can be grown, often without
irrigation in the woetest crean,

(G) Uot subtropical, with dry winters and temperatures in the coolest month
under 18°0. Yili7-5one lies between 1800 and 2500 m in hsghï. and covere the upper
part of the Upper Basai, The ,'ange of crops is limited by the minimum temperatures.
The Pleas annual temperature lo under 16°C and rainCall at 2500 m 7aries betweon 1000
and 1600 mm. Cereals are growu over largo areas. The ground is ne.turated during the
wet season. In -thin eono and the wettest areac of the peecediw; 5one the saturation

the eotls durjag part of the hot eeason enables weathering of Ido rocks W talco ,
place, ir 1;11 rebaso of hydro:eidoe (iron hydroxide). Thus in tho Upper Baoin and tho
wottoot piedmont areas the soilo allow sigrs of reddening.

(a) Mountain climate nono, where the mean annual temperature appro_aimates to

10°C and vainfall may e::eeed 2000 mm. Thee climate Ja on1y fouud on the higher
mooatain tops and covero only a email part o2 the Upper Benin, 'During ido last geo-
logical period the climate in the Awash baeil has -maried considcrably, from semi-arid
to uot subtropical and cropJcal cid timas has been reeponsi,blo for the formation of
salino horions and mijos ]r fossile calcareous ornsto.

11 - 3. Parent Rock

lrolcante rock and thei weathered materialo cover a substantial part of the ba-

sin. Lou-lying and piedwout areas are blanketed over with alluvia and colluvia pro-

ducid. by ,(?rosion and weatharin of thms roch. Saline concentratf,oue - come very pro-

noueced - have resulted Crow the circulaton of ground vator frequently containing bi-

earbonatoe within this alluvium aria ZYOM the various humid and phases of -Lilo cli-

mates. Thile1 two parenT POC!: typeo found in tho Iwaoh be,smn al-m;
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and other volcenic formations

r oraoe bae ra t *fa,v co elnelereThy.l snd t chelnisP3. .po o c,on ar alsoe p e
fairly different . The mount v. ol-or base,ltr; COD .c.e.1_c qiicn of o1ioinn2 57c)

novoroly ey-oded. ano. o.ppare,71-,3,,y 1.to Basalt t;he !10Z' in
c;craer. ally basic, and. c!,ons l.rU que.nT,./..tieL. of (tell clum mac2ter,:i nrn and nopioti/yo
sodium. In the mo.Pe vc1=.2.o.71c. se12.e.T baseal some.Llweo ,rery ho!ao qn,in-
t-itios of0.11-.1ine elarnF..n'e (FerC-,ale Le) 111.e til-Cr ,,L1d

Table 1. niLyic ecuie for a few rock samplc: the Upper Basin and
,17..adli--671a.1 1 ey (1. ) are

016. .9.111.1:via considel-a-b1,7 ccoo 0,0u 6,7` a"(ThlitC 02 frequently
deposil. °J basalt out {:los ons.. TILoso a3.11-1...ria contain vay'yi uf,r

autoun i:,s of clay and 11./ae, , and some htz?.. 1:Le sal:ne,

,oent alluvia tc,-..1.ture and., ii cor tafn dopnecotona
ao ['inch as 60 - 70 Dea?oeni, ciar, ato bao 2 j me le sic'

of 1-.).as,?.1 t rock they a-c.c.. ,nclaYlaorillo;y1i,1 and. .0 dclie

Type of rock P age by

.S 0, ril .!'.1 0, Fe 0 7 0 rin0 i\U,0 (!efo 7.1p. 0 )),01, 11,,0
I ,_ 2 2 3 -

-

(91 Lv:i-Yie -basalt St. 0.71- 2 3. tí 22, 3, 32, 9, 2,2. r.-! n 3, 7 2 0096 2, 1( a, t'2 0 /1,2 2 , 502
orç °n CI) trr ch. .Lbaba) .

4B-..1 sal. t (baba) 66, 0.70 2 L 06 7",,9 7 7 (1,16 y 61 9.60 2 57 1013 d, i.c,!02

rfan ic'.1.--i7-7_3.-.5.. i o "Fe at al -3- ''

.0
370,95'. cL 35 9,13 3,15 zl L',7 0,',-'5 0.1.9 O. O. C.,..,07 41, 2. z1 0.23 0, 79°

7

213a,n1,-e1 1 e- 71.;51,41.1a teh7-- 66---7------------ ---- - - ----- ,
__________ ______ .________ __________ .____

' - o . o 0o 40 9.93 B 52 0 66 0., .1 0 0 ), 0O7 .5 e),! », 23 0,07 0 . 83.
:

'Pantellorito( Cho fedonna ."--,.)
,.., . , 12,1 3.0 7 .e: - 0. ri 0.1 /1,4! 4. .) 0,, .1 *

2Bal chi. ) :
2Dolerii.,ic basalt (Auow.:.. ,0 ,3:J lc., 20 , :1.0 2, 70 1.0 `f ,0 ..)o 2,0 2 90 0, 70 ,2lielka) Z

2

'(1) bata '6Eiken :72..o) To.i.iks by Pai:::.elli and PLob c1-1. thil 63o1,7zy oi: E',,hlop:i.o..
:

As Table 1. rlio z7s, -proper t o -),1-tel a.liminc, end, of a1-
j.210 ()Ta, 20, F.20) 'ud. al Ca0) id30) ai0(-) ,olderably in 13-1.,.)

sxioun banal;, f5.cleu, R01.317 ecini;a:inlnc -1,ho proocrt?.on3 ,:,;eAcial-
ly dc fi C .ou i; in alkali..o_o-earVi !-to '60,1 n aid alurqi32v The has wat.,14. qual fo
irrigai;lon chev tini t r:urlacu and 6:'ound. na tenn in the middle .vallej and lowcia:
pla:Do Lavo hich 20a1.161 couteal. in ..elatIon i,c) the mo.1,7 and sodli; rol utu

olzr3 in that area.

In the 'Upper 33asi.o., NI'lathormt:.; of till:, :c'osir orod.uoes Nr,c i.mot!..11onite anti.

1117te-i,Too clay; fl.n. aveno mono 1:bo2ally cinpiplied IT1-61ì ove i)mono loyonouni.:ad
boa'.6her:InG 70ec3ults in ;,be !..'0)... 2,1F1,10A Of 17.o,oliPitc; an0 t1:1:te culd the relcaoluEi.:
hydro::.1 de 3DO .131ite in ;mind h. montinor.j.1101)..1
i;ho Middle Ile, Lley-0

11-3 2. Alluvia and Colluvia



e't of

Flooding by streams rivers has a marhoa effoot oa tho watar-holdiw; oapani-
ty of the various soils i;1the flood pla-in o tho Pwash (/W;e1ro and Gauaui MeXELIOD
In tha 15iddle Valley, Dcvalo ma-0s1. celd Camarr and Bar:' o in he LDNeF pJa2i10),
though tbe amount of lana surWoot to regular flooding Ia the 1::::Idlo Valley ham do-
oreased coasldew.bly cinco Kol7a resorvor uent ioto service.

Vosetation of a special kind rows in these and, in slowly decomposing,
supplies larc.;e quanitaes of organic matter.

The seasonal flooas Tarc2:o quantit?ce of loam with hhem, uhich helps Lo

fill oertain marshes (Uedebasa, Doyale, Dit marshland no,-th of Lsayita) auci Lo

build up natural bank leyens, Tho 2CiW also stores cuJ'Jh ocnL liaer for the urolith af

tJ:009, steppe or pseudo-steppe grassee.

1.1-4 2. Effect co undwater

Iloildromorphio foaturos aue Lo natorlowinc of t4e 30j.) by permanent cround

wator are observoa oo).y j ma-sh areas, 5ome minor ferruginous deposite haca boon
11,0[;Qd in soils ou -,?,°)(10P h olln-ia, ana cinc reT' glejr format:Ion co poorly-arainc(1 flat
ground in the uppor basn.

The eZZeo;ta (7 se..1-.no c..;ranod ea:tor containin(; bio,-,..rbouateo lerge clu0,nt;:t!..os
,aro copeoially seon arouna *.ho 7MA'N nprl,ICn ir the moclic, 1,0.11,v br Deset:e, Fil-

'uota, hado Bilon, icho TortaI and_ ?Jotata springs),

7

probably greater proportions of montmorillonite in the lower plains.

OA the rier ban'o 6110F10 alialifla arc -eery crops-beaded a'1. °sour ia the
form of th4.n silty olay horioons uith loam OF J L1001,1 hori5ono betueos them. Fine-

hoxsons are tho:c.kc,r in ;be aepreesioas ana, 11, lormer marshland, may even
become cla,)°,

In tho VaJley, allu7ra rrom the le.-baei: t&l.butes o+ the AT-ash
(Kesem, Kebena an0 Ilre,c11) genora?ly have a ooderately fIne too7turo5 they contain
lithle J. and the only sio.c or? sa17.uity aeoo patches re-Tea:U.0G the e;:istence of
salino water tabl Penresz-iono aioncsi.de the AVIa0h contain moec olay.

On the r"," river bail:, the e7.i. 'T or non-(e:Iloarooun Auash alluvia c;onorall
oontain more clay, o7copt oa the banla leeees c>" ohanneIs or forme: i-fer beds. So...Unity
i5 ovenV distributed in patcUes, ou the loft hanL. Oalcaroovn colluvia Zroquently
acom in the nido a.11e2J c Eevii l.y uith a modo.um eoderatoly :in° .GOW.TO ana uj_th
cl ay content incveasinf on.;,en.tlor slopes f. potnt to n(As. iD Yalo presence 1;. tho
Mehehara aroa of oollu-via coi ai1iui,hi6b. proportions of sodium, uttich havo rceultoa
froo een oj hiL;bly alaline bcsalt rork,

Tho rol.11172a rn the Lover Plains 0re oeloa.roone uith a h3,,her oft than In the
14.!..dale Valley ter:tur,-sero distributed muoh n 'be sam'a uay as in tha ibìddio Valloy,
bnL qary oonoiderahly duo co -11E) pronounood reworhilv this rec:on has undercovo aaa
is etj)1 andergoinL; - by the rivors, lare part of the oldest ti J.uvia 1-0 affected
by salla)ty, The r.olluvia, come CO7 phi.oh are stony, a:7o also apt to be -,ery colino
in doeper 110V1ZODF,,

D'yar.aulic Action



ln tho recent allu'fla the water table ge1era113, lies at a medium depth bolow
the ourfaco (30 metren 311 Tendaho area, 10 to 15 m in aroa), but has boeD
subject t,o major variations during paot climate period°, as is ohown by tho o:Jotcpse
deep down of saline hoi2oonn ov horinonn with earbonatos,

The chemical composition of the ground water will be studied in the chapter on
quality of water for irrigation.

III. SOT', DROSPECTING AND SURVEY -PRODS

III - 1. General Working Mc 1'

The Awash TO.Vel' Dasin soil f',uvey was carried out in several phases. Each
involved different types of pork:

Obtaini:Ag general information about the river Basin from available docu-
mento cy.: o: mato, geology, geomorphology, soil and vegetation.

Use of existing 1:500,000 and 1:1,000,000 scale map and the interpr ta-
tion of aerial photographs (approximate scale 1:60,000 for the vpwer
basin and 1,:40,000 for the Middle Valley and touor Plains) iD D3:07)35A0
the planimetric background maps 'c) nerve as a basis fo,. the procpootion
worh and o illuBtrate tho curve data.

Field prospectin uorh, including the taking of soil profiles (test pite
and augor boriDgs) aDA soil samples.

Soil sample lyois in a specially equipped laboratory run by a chemist.

Interpret.' analysis results with due allowance for field obser-
vations ai photograph tetails.

Soil classifi and mapp:',]

III - 2. soj
Because of H.,

various areas, th.c

L,1 se on

Basin and tho di:Ticulty of accoss to its
±7ogram was oT.vried out in novoral Dhasos

A preliminar: r000nnaLssanco from the air followod by ground checks made: pos-
sible an initial colooion of al'oac likely to be cultablo for development under irri-
gation, and alzo of land oufferinG from poor draiango aDd oroelon,

111-2 2. Soil reconnai

Tho purposo of Alio survoy uao to &lei-inc. tho 17po and o.,:i.ont of various coil
groups and sub-grouvo as regardo coil genesis, to narrow down the choice of aroas con-
taining potentially irrigablo soils, and to ontabljoh aui'obl® classification criteria
for use in th3 semi-deailed soil survey. AD initial into!-protation was mado of Lb°
aerial photograph data before tho roconnaisoance survey, in to do fino suitable
map units in termo of topoc2a211ical location, slop° and .olief (prssence of basalt),
signa of orooion, run-off, ocoacional Or permanent flooding, and natural or cultivated
vegetation,
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Dy obsoxving preMon in thesc '7arjcus a710. intofnrcting the anal;vots
resul6s, tbo soil group and sui-grouns ear be dof:Lod. aocordiu6 to theix pay,cut
Eud the nature and rlsr-, og holr o'qo proT:71e alaiyood ;:or

500 o7!' 600 hectareo ot crou.Ad 2.Y1 potcutioll4 acan. Tlhoo irrigation
was ezpootod Y;() bs (sal:Lhe nw.1) onl ro7le poYile p(72 1,500 - 2,000 hc.e-
6ares W0,0 aWayOed

The soil recoaaissanso survey soored ,11,c1 oi)tirc alluvial area to either side
of the !wash betueen ctation and the lo® lakon. TO.e sollo core maopod on. a
1:250,000 scale sketch map co-,erj,n0 the 3T1ole of .0.).2% part o;: the Bs,71i'l.

111-2 3. Se0-dotailed soil_survey

This uas carried out on land selected in tho reconaissanco survoy. pur-
pose ras to euable soil seriec iiid phaoos (-rhei:o oppljcable) to bo deflned and the
corresponding units te bo LILppe,1 cith chc ,00trre.c.roquired to gi-qo at least a olear
dofinition of patches c)77 lal:d of 25 -0 hoctares, The soLls 7orc subsequenti clas-
sified according to irrigability.

Furthe:.: ,Tork was don« the somi-dotailed survey of
each area, to ensur,, a sketch map cn possible, from an initial
classifica'idon based on the morohological features of the Prof-ties in tbe various
units on this sketch map, it Las possible to drau a provisional soil Dap to a soalo
of 150,000. Maps of this type WeTO oW,atned 1)5r 1-,ra11sorrin3 the aroa boundaries to
tho photographs ut te 140,000 scale mosaic .7., c1 then :coduoin3 to a scale (117 150,000.
.8.ftor adddug the finishing tor.choo to the soil classification 2rom aualysio
the final soil map uac draun to a scale cr.,: 1;100.000.

About one proi:ilo for olory 200 or 300 haetares of land 17P13 analysed.
fliddie Valley, and one for over:r 300 hsctaren ui tho Imro ilaiiir2 o:_copt in
Dubti area where one proDle vas anal,ysed for ONTE2! 150 bactaros, because of
complication c+ : "imbricated" sa).ine soils.

III-Z4. f.altension ot *611e soil prospection ;,,urveN t,o tae ent]re
2,i7e2- basin

A very gene:77:1 ,x,2pertion survey ras then carried out of the en tire cachment
area. Together with ohoto-interpretation, the euriioy enabled the soil maps
to include the entir , in additio;t to 'oho potentially rrigable areas.

Thc general soli ciaosiicatiou established OA th,s basis aliows for all the
soil formatio and clmate facto7.2 in tLe Dasia, and aleo includes all tbe groups and
sub-groups identified duriuz the rscouno,issano

The necessary 11,000,000 scale map Jel.e obtained by reduction from a complete
background on a scale of 1250,0000 This was established both . 7.0M the previonA7
prepared map of the alluvial oroa, and by assemblirg the aerial photographs of
Upper Basin; the whole was finally adjusted -pith the aid of e::isting 1500,000 1.1e
maps.

r retation of

Full aaalysis classiZietl accortling -6e arcas iovestigatod 1,07qJ pfc-
vided to GoTornment. They :LAcluded the folloTiA trpes ohysico-chemical cralysis;

111-3 1. Inventory of ana d out
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Current texture, lime, pH, organic matter and ni lysis.
(ii) Saturated extract analyeis to determine ealinity tice.

(i Base exclic-
the complE
the presen,

(iv) Analysis of other physical soil proporkies, 2l1.01/ aeavai171. 7,1c7tv
and structura3 (maasureri b hs pc.,rsen E

MF,111:0,a sable Then a::posed 4e Tleer and bensos.).

The analysis methods used are described in ApID

Soil kc:tnre enabled F firs differentia:6Yon to be mado between coils ;2i;h a
VaNW i;C) ìcn.i c'fass7:fic.:4,tion. The amount or meohaluca) analysis sop:id be rodrod
Olaaks oa correlation botNeer saturaion TA01TtUrO 00ci cl ay cosos,t(co:' graph .
Classification ItE.,,flrIZPaF; thosa of tbe U.S. Sojl Snvey ManLal.

Limo contont of the Tddlo ilo no Lo io 307-T. loss du-1-, in 61)0 J.QT,T07 Maln
F30.10. (ceo graph). Other tjrpphs usrn alno plotted, one ,7or eoh area. (11Y 0AlalYnin
of the proales foJ: rho W1.1101.12 Ct10.50]..0..a curves) Cao fofloving distinct'tonn
T5c. c made for the areas covered in the reconnaissance and somf.-Ootailed coi 1. np=oyeL

70rv or oJon-calc-1.reone parent rock containLn averago 1% - 2%
CaCO3, corrocpopOinE; to the resent atluvLa in ValTey.

Slightly calcsreons parent rock contaisin loor than CaCO3, from which
some vertj.sole--jn the Middle Valliv ha-v-e Formed,

Calonxeous oarent root corresponding '60 tbe rorenl, alinvia in the Iowa:: Plains
and generally to o]0 alluvia and collmia, Thj.s root coi: tains an a-Terags 7 %
- 8% lime, and Zre9uontly OFOr )05', A hicher avera7e cotont is also noted
in tbo Asayita delta coils.

pH ia on the average higher in the Lower Plaina (8.6) than in the Middle Val-
ley (6.4)7

(laJcarsou.s soils genorally havo a pH of aboui, 3, as Irc.r7 found, for in
on caleaeons so :11 samples ,7:()m the Molka orli and 6m5.bara areas,

DU :0_ seo above. 0.5 for cortala -vor-6:).no) sories osposally if everlyis.?.: oldsv
0,10.17;0, (A2cyc1e1 Tha f:I asnent occu),:):.enca of roir.-.d ao contajAtin,2; high
ppoportl.ons of sodium carbona te awl bien ol:nuoAc obous np on the ':.-eapb by its bocomirf
cicblc 1Tbore pH e-:ceeds c),5 (Moehara, Kocem. and YielLa srl.c.o. plains).

Soils in t' i Gala plain have an pH of about 8, e.g., 1
- sei:!_r in ti - 71.1ey.

Orgar' F.,atter bly in the two re ions.

Most sol ; in t- Plains contajn less 171, oz7,7,s mat

rate is associated with an arid alAma.'o, VP/7 low

ae,ity analysis to determine the atate of co.tnratioQ o)7,
::ature of the ee:chap4eab1e oationo. especially .ror
um and its relat.ion b6 11.0 totati, e7:c1iange ospaci4.
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soils. Soils in arnas ouhjeot te flooding' Asayita delta) or uhich have recantly
dried out lorth of Asayita and near :Olt llahri), or nea2 hills oils ovor colluvia
near DIG Bahri) conain more organic matter (2% - 3%)t

Organic mator con1;eat in the Mlddle Valley ucuaLly el:coeds 1%. Formal of
tho courvs for orgailAe mattoe Contont in the variouo aroao shouo the offect runoff
and temporary floodjng in th3 Metehara and ilaro Cala area°.

Orgaaic matter content ho-trevo::, varice considerabld with vegetation covor
Hhjeh itoolf depends nn the "micro-climate" pro:Amity oC°treamo or rivero) and °Pch
factors as tho continuod presence of cattle on small areas ol pacturo land cad tho
erosion of medium-te7;tnre surco soils (Kenem, Kobsaa and Bolhamo plains).

Total nitro(;eu rateo are generally Joy uith C/IT ratios ranging he LOCO!! 10 and
due to the inhi-oition of organic Aatter transformation by- arought 02 uaterloging.

111-3 3. Sal s inter reai.)

Inspection oZ the saturated eA:traeto chows calinity in tho Lower Plains to be
duo to sodium chloride and oodium and calcium eulphae, uhich Zracuently occur in
equal proportions. Sodium nitrate maT also be a contributory eauoc uhore oatiutt,v
ratee are hich. Salin'Lty ie classed in terms of saturated otract conductivity.

&odium io usually tbe prevailing cation in the medium to high cannily rane.
The oaturatod oztraet invariai)ly contains bi-carbonateo in ouantities varying betunen
2 mo/1 and 5 me/1. Certain coi le with a salt cruot sontain substantially moro bi-
oarbonato, Possibly up to oTer 10 me/1 or oven 20 me/1 in tho oaturatod ozctraet.

Salinity In the Diddle Valley is gonerally connected ALh circulating csroulAd
uator containing chloxideo ond bicarbonatos0 hori:;onn rich 1:a bicarbonato, sulphate
and uhlorido aro oboorvod; cal t crusts generall consisting of mi:iod sodium oulphate
and bicar' ALatO aro also liabie to form; s7or instanco, aear the Filuoha and Kada :Mien
warm

Sodium in aain the prouailin;.; cation in the medium Lo high salinits' rang.
High proportions of °odium uith pH omcooding 9.0 aro observed in certain areas; ZOP
instance, on coil formed frra very alkaline rock ab the foot of the Fentale,. A pH
of nearly 10 uao notod on a oalinc crust sample (Na and K cationo prevailing) taken
near lake Bseka.

Sole in the Upper .-D3,12 are either only very slightly salino or not a
Ca and Ir!g oations prs'7ailing). Bicarbonate quantities are very small, excep
on '1oloanlo tuff,

111-3 4. Exchc- coin lex anal;inter reiic

This involved two differeL pee of analysiPs

Chomioal analysis to determine the ea apacity and proportions
oí' the variou° cations.

X-ray analysis to determine the nature of the clay in the various soil
groups.

Y
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Tho Chemical anaLysis nhoo that L)e bass 0:.(2,11F-W_;0 capary ,m.cjeo olay
content. Ao tho eraph ohow, peal:s at yo - 80 per 100 ,s. 2.7)mes of soil.
betueen 40 me ind 60 mc are 6rounet1., e:00 a L;atisfasory rorlation
with olay contcat,, nomple7: o;2.turatiou ratoo Genera1.1,1i va-.y betvieo:i po% and.
10(6,
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Table 2. Available moisture for selected soil samples
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Table 2. Available moisture for selected soil samples (cont'd.)
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IV 1. Principle

a soil classifieatTon sets out all the relevant data, so that the nature of
a given soil ano its differences from, and similarities to, other soils can be de-
fined.

Soils are classified in groups, u groups, series and phases. Classification
criteria are established from the soil profiles; in other words, from the different
horizons resulting from different types of parent rock, topographical features,
climate, the effect of floods, biological factors (plants, animals, human), and the
time they have taken to develop.

Soil classification is a delicate matter, if only because of the seemingly
endless soil profile ve.r?aGions, especially in alluvial ground. It is often possiWe,
however, to establish an average profile for a iven area, from which the other pro-
files differ insignificantly.

From this synthesis follows the "soil series" notion. It is an elementary
classification unit covering an area of a certain size in which all the profiles can
be associated with the "typical profile" for the series. This profile is "typical"
for: its average features of colour, texture, structure, pH, organic matter, salinity
and/or alkalinity. Most soil series include several phases which depend on main
land use factors:

Waterlogging by overflowing rivers or where runoff collects.

"Microrelief", of wnich one pronounced form occurs where old channels
ctill

Grave medium- zons ctee down, which are apt to as

Depth
Profile

0)
: 0-2

27-4:
: 0-7

T
0-5

: 10-30
60-100

: 0-10
-o
5

Moisture at Available
moisture PF 42 moisture

(%) (5)

LOwER PLA1N6

27.7
) .2
52
40
6

39.7
42.
41.2
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O.
26.7
31.
29.9
39
31.3
20.4

DRD 2

b.2

18.3

9.
10.2
31.9
13.3

,

sU,
3.5

9.9

drainage.

Soil deth and subsoil.

IV. GENERAL SO CATION



22

SOir.1 n 'oruied cro s sbecicied re cent a linrri. a 6-e- neral:Q,

orks a irrOailip, rivccn C.:r "it r2 , 1;1)rLI t II HA; (7, )7 CL at:111.'1 L'2, J. u 1Ie sjit

Tine:LI' U ,4ie con Lent dic'. pLI on ,74,1 bliddl r./a.11,

hay go aQ.,..'2.1 lz/ co o/: uo 11111e? 77i '61.1 1.1?. 10'1Cni.1 7 )

are (tail. oairoQua Loh. 1.B 0e.1 /n1,2; 3 .2 J.: ,,111-.1.1 1.1,)",51.1`,2

rizons have been notP(.1I J these coi] n L0-37 toibl.e at

certain times in thG

)fe, Ln../ s e.re ye. 1Y,. col our and the fact that they_9
contain cla;- They can be al ,7e:.,-E,11,-1. ;,:.,)71. r».(7.;

'To zy 711 i oiL u) ,c7,72);17 11, f. -..1e:',YL:o

r.,1 »' rl T,T) ri j..)51- C, -IL .r.1111.111C1.1).:(1.11 1):2o p o

'Oho O.1;-.71y- compottGn L 2 C. in2.::).1.1,2,.$ .ti la Le (o . 1,11-;,, (.011.11; '

);1-11.)4".1-1) Enid monv,mori non/ 1/a-..e. a. ni 1.7,0

:Lou 100 of k ) , r;on rato tp -r) 2.1.1.00 (Vrf
OS VE..1.2y11.12, 11%; -1-111.7..E1 d 2.2 unrl_ 20 , 0 y '6'11 e 0,9 o 1, he

Iii"70,S1). On /11`,:.1;), atirt ,GF1 .- .r..odz 0.1)0 er.;), he"1"r1J...27

11;i1.1021;ay 005! 30.121101M al 2 1, 1:).E, 171

C7,\Dy c.a.11

C')-) ..,Tou.oct

1102T onpeole,lij In i5hz1

131-°o-triJ and Cedd. 71-) x.61 solrs 1 '7

I,ainaing 1 OP,O `.12/11'..'.., Yyl:=Y `DY,1 !..Ye

0/122 IN.). 1;1 r) ES :2. ".1 L :=1:2;11 1,111 Z., o O.:21)110(.1 0 111k2.

2.00 c:2.a.itimop, 'si' 501. r OCO".1": (1.-1 .1-.1 04 'le:' '611C 110.0e2.' "bejf--^

7K-a Ll,y 0 Yi cr "\T 0 J. 010, . ,..1(1 /7:29'11 (2,"1

7- rodai shoT-
e v011,-0_00, ,/,dailoon to :11

0 con Lain hum The,, in
5000? CL'-o3.10,1 1/,Y;,-t-leeo P.*Cove lIra. aud

con Lain hum The,, in
5000? CL'-o3.10,1 1/,Y;,-t-leeo P.*Cove lIra. aud

of p-

e more h

of p-

e more h

-48:con-J.c.1. 1/;:is-Lln-k F101 1 IT, 111.rj. for.no-.v/c1. n te' 011b:.20.2.7.1.0. climate
5011e. f 1-e 1'1 al uvi a TA. 0 2 cilral 1) 1, 7;1' 1..nr.;:h.

gene:ca 1» 0c.:1_ ou a.p-i,.71 7' ",;i. F11J L 1.1a

cloni;en-c; Je 1)etu \I 2`,'.; avi.c.1 :1%

-48:con-J.c.1. 1/;:is-Lln-k F101 1 IT, 111.rj. for.no-.v/c1. n te' 011b:.20.2.7.1.0. climate
5011e. f 1-e 1'1 al uvi a TA. 0 2 cilral 1) 1, 7;1' 1..nr.;:h.

gene:ca 1» 0c.:1_ ou a.p-i,.71 7' ",;i. F11J L 1.1a

cloni;en-c; Je 1)etu \I 2`,'.; avi.c.1 :1%

so_ -C1 9 and. 2. 1 s, typi fled by 17.0-01 up to over
6',/, sal n o 0 u pH 1_ i c.1, 1 y e, r.;DOCi.i0L; 3

1 2 abl ri E.A3 Lo 9 10 1,?(-QT ill.: '1.11.1c»

o C n.2 ,tp ldb 700 pt
vr6,,slno0up_ic1 ,r;OiiL

b iEA o91 ,(Q l. 11.c



- 23 -

e,nc, aJro ocrIslonr,1,7f,e) t r,,7711fl ,-erain regions fee. Gui.iclg a deep saline Ya %ex.alabe e7rood7 :();; in alkali so .71.7.1 Orgaqi o mat ter controt is
low, usuolly

These soil s mostly occur over cal 1.1uvia and coiluvia in the lower plains.

ffo-omo:coll s in baillorl. -c,!as or aJo17 he e oZ maw1113 sod.+a.v

ThF SC, .71,),'T F,.:01FS noD. ',11.1.1;o nkTes of orL;anio rla Tly-
OA 1°' a 1,1,o_de

Wydromo71)h 1 r oo i L pll .11-Jon.t 5 , bacU\-cLroj nod aron on
plh'Goad.nc, Thorac f`,00 ron a h.? Lr.b. Dropo7,:. ;',1 on o.i7 er,'01).7. o atL;er 12°/0

a:(10 ,71-)o1.7 (1,/ -ca coco VF,:p,F,LaC i-..et:Teen 12 alld 17 lhrq E),1-c i eh clor.
bu',, their ,-omelo..7. Zrop: rJatprzti

More orle cf.', hvdromorphi c soil o wv6h pg of over 7 pu
fat,. 0. 111 k; 110 1:3 '7E0 o rpe 01 al Jy ru Ole Lo-rrr PlE:1 Uril and 3)1 Ger %E" :I 21

(iepr?ooe 0011 n ihe iJipr- Jiewli. clil-kc 6enere,3 ly (-Ovaran E. lot, of ovoarfi

0779; soils in permanent marshland (lower pl )

P.7-o )2,c; 00101. OVO:e ceni
broun fit01.1.F3 Çoxnrocl from rara our o pa;:oeu L ro-'J: , ',.-1c,11,10 r EJ11,,Ivj a cava ;TGr.,i;lioa--od

nro o.,'i,e;) e,000oia'61. -urt 611 1-rrol-T1-1 re"- Le 2,010 ',Al

e.vor boe-cv16- c, he LI ppe-c Fil 31 -,J):13, ob. they 1.1a.-re cirro

F.,11131;]..y o .ro de-To-Lop Cd OiCi )3. rl erale ,:te o) oyry

1;h1DY folln Llie c,y oe oompl.er: '7'00 %Ter1 I'LL; laygo
accro t,Loe ddl e PoLicy 0..11(-1 P

LiLhoreols OP volcani c rock, frequently in association with grey vertisols_
in the Npnev

Classi fi catiol, will be described iD soil
re connai ssance (1 :250,000 H.raJe tail (1:100,000 scale
survey::

IV . General soil Ma, for the Entire River Basin (Iiiap No. 2)

The J. 0 2000,000 map o: Ar;-.7.cla obo; ci hc v,..1ouo r.,,:roupn z-,nd

mafin eu1r.raouce- C,P.-.1)10.1)1C by ) fforsn Lue b (7` (-67. ocr ;160 ",t Lypee o pr.).T.e,n-c, (-1:

uan come '61 Me imporlc,1 ;,r1b1.7F1-.) a cric. 1:...;?,1 sm.1 dy;,3 or) bu1,1 ou relationshi p
in suctb rraoe 4E, .thap la-I_ , CO-7,4?. 1,Y,C 171,0 c'77,7.) 1)ovid 71. oL-, "e- :1 ob ,rk 3_ a o HE;

C,o0y vercti so -/ o 0,1 rinj,)oc,, also skeletal soil - or 1i on very steep
nlop9s c).7 1:).1 ),032,7,"

Brown and -Teti 1 s on s1oping ground, ai so lithosols on
steep olopei, or bi 1 ;pc.

, bracee lc) -17-,7-; o r)

(Y.) 1-;,.?:).. F 1 al, orcen ore clie h, L;l1 pl 1-11.1.e Lo ehe 1,11,111 d cil 1.1-0,7 aze-

o -xe ro ,7 l.lIeyecr1.'12e c fe a i,-1..Loer4f, 0 hose a.r %lac J. T.' la- r-;

1-;yr cccl he byamip3 ( e.o.r., ) of ",7.op by t, o Pbcoe e.r.,110 01-

; Lo)t,s o a-oc 71 c.", ;..77.e. ()let ,;or',. (-)1.3.n map (ar.1 ;:be. nnta'ooro. 3 c,ncl. 0,3

(-la F., 71):1,C1 map jii,i)c; ,



Grey vertisols, come of which occur over alluvia (2 no and 2 u), and others
over nondifferentia6ed materials (2 nd) comprising materials weathered from
various types of volcanic rock, and alluvia.

Grey vertisols associated iiti hydromór»hic soils (4) and lithoeols (3).

Brown and reddishbrown vertisols associated with lithosols on basalt (5).

Brown vertisolo associated with lithosols on various types of volcanic
o k (6).

Semiarid brown soils on old alluvia and colluvia (7 a) or on nondifferenti-
ated materials 7 nd ossibly partly consisting of tuff, pumice or othor volcanic
materials.

Sali e soi s and ols, which can be distinguished as:

24

The mapping units refer to seven major groups.

Alluvial soils on recent calcareous (lo) or noncalcareous (loe) alluvium.

Vertisols, including:

Saline soils (8) and salino alkali soils (9) on recent alluvia.

soilo and sevorelF eroded re.4oso (10) on nondifferentiated materials
ating Jar the gradter part from old alluvium.

RydromorphiF: soils. Frequently under water, these soils occur over esl-
careous 11 (773r noncalcaroous (11 nc) alluvium, and form marshland where there is
a prolonged waterlogged condition (12).

Regosols, uhich are distinguished according to ',,ho state of evolution of
their parent rock, which may either have originated from subarid brown soils (13 b),
red weahly ferralitio soils (13 r), or from a nondifferentiated coil complex ranging
from a brown soil to a vertisol (13 nd). Sandy regosols (14) are included in this
group.

Lithosols, Yhich can be associated ith vertisols (3, 5, 6), or which may
predominate in unito mapped ol? -oasalt (15) or nondifferentiated materials (15

IV - 4. Summary of he General luL0O000O 'cale Gene
Soil Mal)

As the Table 3 shows, vertisols alone or associated i.th lithosols and
vertisollithosol associations cover almost a third of the : and are of
different type on the high plateaux and basalt hills from Lhose in the alluvial
areas; the latter only ay:bend over 300,000 hectares, i.e 4.5 % of the ovorall
Basin and the alluvia/ soils proper amount to 2.5 %.

The subarid brown soils bordering the recent alluvial areas in the Middle
Valley and Lower Plains cover about 12.5% of the overall Ri,Ter Basin.

Rogosols accouru for 10 % of the total area; they occur in the piedmont area
at the foot of the oliffs bordering the Rift Valley and generally in the subarid



brown soil area, also on the volcanic hill slopes. Small tracts of the later -
less than 1% of the total surveyed area - are the red weakly ferralitic soiln.

Rydromorphic soils are generally found in the depressions. In major flooding
and marsh areas (Teji, Borkena, Gewani and Lower Plains), these have been mapped to
a scale of 1:1,000,000.

Saline and saline alkali soils, which also include part of 1.he re :ole are
generally found on old and recent alluvium, especially to the nor-6h of Gewani in the
Widdle Valley, and covering about 100,000 hectares in the Lower Plains.

Lithosols and skeleta1 soils cover more than a quarter of the total river
basin area. They are mailaly 2ound between Nasrat and lake Abe where various-sized
sub-arid brown soil or verLinel patches are observed.

Table 3. Areas covered by the major soil groups and mapping units.

VERTISOLS
: ASSOCIATED
: WITH LITHOSOLS

. SEMI-ARID
BROUN SOILS

.

:Grey vertisols (2
2 nd)

:rey vertisols and lvd-,:o-
"morphic soils (1)

: SALINE AND
:SALTNF ALKALI SOILS: 450,000 : 6.4 :Saline alkali soils (9)
:INCLUDING REGOSOLS

:.HYDROMORPHIC SOILS

:Brown and reddish-brown 7.ort--
.

:

340,000 :19 1 :sor,; and lithoso)n (5)

!(6)

880,000 :126
.Semi.-ar 1 brown Boils 7z,,

.
:7 ac,)

REGOSOLS

LITHOSOLS

:1 0,000 :15.

:1,780,000

!Saline soils (8)
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Mapping unit

2 no,

'Grey ver6jso1s an6. lithosols

g(3)

'Brown vertisols and 11Lhoso1s

Ares, cover

eLoros

1 165,000 : 2.4

:1,015,000 :14-5

50,000 0.7

355,000 : 5.1

835,000 11.9

150,000 : 2.1

880,000 :12.6

25,000 : 0.3

1059000 1,5

320,000 : 4.6

: 155,000 : 2.2

dromorphic coils(12): 55,000 : 0.8 !

tReGosols 11 p, 1_ r, 11 n., .1,l00,000 15,7
,

Bendy regosols (11) 10,000 ° 0.2
3

*Lii.hosols and skeletal soils
:25.4 : 15 -d)

;1,780,000 :25.4 :

Soil Group
t Area ,'7v ed

P.T Ctta7: %

' ALLUVIAL SOILS 1,65,000 ! 2.4

°

:

VERTISOLS '1,065,000 '15.2

:Alluvial soils (1 in

:Saline soils and regosols(10)



The soil claasification is also shown on the 1:250,000 scale reconnaissance
survey and 1:100,000 scale semi-detailed soil survey mapa.

Ou the reconnaisaance aurvey mi, all the soil groups and sub-groups are
featured Lo map scale, ac difforontiated according to the origin and type of their
parent rock. Each unit has been given a symbol, and oac.h so') sroup Lo. . soils
from parent rock of tb,.-) same tNpe aud origin - ia identified 1rd a specific c(.0our0
Thus, different coloura have been used to denote soil group: originating from parent
rock of the same type but of a daf-ferent origin (recent or otd alluvia). Tha HLUMUM
size of a mapping unit to 1:250,000 scale 1.s abou /1,00 - 500 hectares.

Blame 'ary im-Louang uniae resultinj from the semi-detailed coil curvek are
featured incide the ra'7-6onnTassance surrey uappn nnits. They mainly include noil
compleaes Loo difficult to feaaalre 1D aelalL. This is inveraably truo of the allu-
vial creas, Irhere 2.-ien bed ,)naetasmosis has reenited in ooasiderable hetero,rzeneity
and freccuent cross-badding ca recen allturiaa deposu k;21 uith ,Jertisols. The mappin6
units,therefore, simply includn soils shoLing average LLT:iaire and cross-beddin
features. fn certain cases, horever, interoretat3on of aerie.] photographo or dc-
taiJod prospection werL haa made it sossib)e Lo 1-roaal: down a mapping uniì, corres-
pondan to a soiJ serlea in LO nepareLe ohazen. im instance oL. this are cartean
vertisols in the !:b.ddle Valley containing deop ioamy horizoos enouriaìg adequate
drainage. libere such a feature aopears sufficiert1;v Crequontly wi6hin a series, it
can be shoun separat3ly OD tbe map.

The minimum size of the units mapped in this way is about 25-30 hectares
where soil limits are easily eatablished. Other units mapped to the 1:100,000 scale
are roughly 100 hectareu in Bi30, which represents about one observation per 100
hectares and at least one profile observed and analyzed per 150 - 200 hectares.

The units to this map scale are featured as patches, each with a number
denoting its series and phases, and coloured according to the parent rock (old or
recent alluvium, colluvium, calcareous, non-calcareoue).

IV - 6. S ecial

- 26 -

It is often difficult 'Lo distinguish between teitures at.cessary to character-
ise a series, because of the cross-bedding o2 deposite whose thickness is apt to
vary betueen about 1 cm to 20 cm or more. Tho a4erage tOXWY0 of the horizons in the
observed profiles is, therefore, taken as the charaoteriata,) to:,:ture for the series.

Where partiaalar horizons are frequently encountDred at depth, (for instant...a,
a loamy horizon u_Do.» 'aartisola, or a black clayey horizon nndar recent loamN coi]o,
a distinction is

maaa., a:t phase level.

Texture is always considered to be "fine" in vertisol series. boíl structure
governs potential land use, as it determines both the "norl:ability" of the noil and
the extent of root penotratton. The depth of verbisols ,aarloa accordinz to the con-
ditions under which deaosilion 'takes place. Patai)ed proepec,ing surveys are
esoential to characterioe thia type of soil.

It ie not always carry 1.o make a colour distino-O.on betvee'n vertasol andalluvial soil seriea ag. , .the Lowe.a Plains, c,:-.rtain fine-tanturo alluvial
soils are similar 11) O010Ur Lo tho TerOsols.

IV 5. T. oil M-



The type of soil survey Cor uhiob clacoifjce'uion and mappuc. proceduvos are
deecribed above is henceforth limiLed to 1.he o!o mejor oatu:;:al ro,jious In -the %irach
Baain : the Middle Val ley an6 'tho Lover Plalns. includer

Â reconnaissance survey to enable irrigable areas to be selected on the
of an initial land irrigability classification.

Seml-detaaled surveys of soleo'6ed zones vith)n the j.-,-rJGable c-eear,;,
to enable a fine] clasFA.flcation of the land ;o bo mJ,de tu termo of
irrigability.

The roconnaissance survey starts with an e:Eamination c)., soil forma0.oP
conditions, followed by a description of maopipg uni.is oorresponding Lo the vai-ious
soil groups and sub-groups, includin,s their distributao." and tIle nizes of arean
covered. Irrigable areas will finally be selected from a land claseification into
three irrigability classes.

The somidstailed ourvey includes ior caoh roL:lon a deac,:iption oL typical
profiles 'f70.7 cenes correspondin to each of the above groups and sub-groups. The
sir,a distribution of these gD?ounc and stt-groups aro establjsned from tbe si:5co
o.;' areas coirered by the series j.n a Given oroup OT sub-croup. Tho land is claszifled
into potential development oai,ecoriec OP the strenG0 oC te soil sur7ey
and cril.cria considered 111 anessin: trriGability.

V. ORIGIN AND DESCRIPTION OF TEE PARENT MATERIALS IN TEE REGION

A. MIDDLE VALLEY

A subsidence of the land, north to south, created the Middle Valley. A

series of faults, running north-east to south-west together with a succession of
volcanic flows th n dissected the valley.

V - 1. ,;ehara Plain
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Sligh 7omorphic features(e.g., minor ferruginous deposits) are sometimes
observed in the alluvial soile.

It is sometimos difficult to distinguish the hydromorphje soils jn
alluvial area that are only waterlo6A,:ed at certain periocs TrON perm6).nellly
in .6hat condition. True hydremorph)c gley soils only ozem- on ih humid 6ropJcal
zone.

Certain soil rnni Axe only been differentiated in terms of sP,Tinj.ty, vhere
other properties (e.g., . -e) ara such that the soil can bc, de7reloped ulthout
undue difficulty despite its salj.ne holirton. Other soils are ealTne throughout tbe
profile. Their texture and 8coTfaph1cal location make it difflanit to neo Lhclm.

Regosols in a series are differentiated according to the origin of their
parent rock.

IV - 7. Soeoo

These ph: amena are clearly exposed from the entrance of the Awash into the
Middle Valley the Mor,ehar,7% iras j.00latod and hemmer+ in -:)y rec?..nt laqa flouz

JAI the north, and by faultn alones the rent of its perlm)tero 2\lonz the .Alle.sh 1/aver,

some of These faulIo havo ,)y.oated wa'1e7.-fcalr.:, ouch as the Octn A]on,:; the





thie small plain, from which basalk out crops emerge here end thero, soils were
on the erodea mataria)s and oometimes very alkaline aellovinm from volcanic

rocks.

West of Metehara, Lake Beseka has heJpea to produce a lars;e circular patch of
saline and of saline-alkali soils. The lake ao fed by uaern from very saline hot
springs and from runoff.

Sediment recently deposited by 'the Awash covers a strip varying in wjath,
along both banks of the river. It is narsow at firnt and widens en tija river hed
becomes increaeingly sinuoua. A decrease is flow speeds auo to rods barrjers
downstream is probably the eanae of thio special sedimentation.

V - 2. Old Alluvium and Colluvi

In tbe Middle Valley, the plains betweee Auash Station and Lake Gedebaas were
aleo formed by erosion folJowed by deposition. They e7slend oasts-a:ad to the foot of
the chain formed by the Asebot, Azelo, aun amaisa mountains. Uestward they continuo
as hills formed from ancienG alluvium and more or lees eroded oolluvlum. The sollu-
vim in stony or salino in places. The plains are dissected by faults and volcanic
protrusions running north-cast to south-west in an almost cnntinuous band. Gorges
mara the passage of tho Awash across the protrusions.

It is reasonable to assume that, during a first phane, the Awash and its
tributary. the Arba River, depnajted nld alluvium from the Aleydegi plain at a
relatively hagh elevation. POP6O of a stony alluvial terrace are visible on the
right bank of the Awash in the viciniay of 17:elka Sedi, al a slightly lower ele7ration
than that of the plain.

ancient alluvium aad nolluvium ars £ouuci. in particular, at the foot of the
basalt outcrops whieh restrict the Aleydegi olain within )ta present boundaries.
They are also found south-eaot of the Aleydegi plain (coltnvium from the Oumbi and
Asebot mountains) and north-east of the plains on the left bank they are frequently
faulted and dissected by basalt flowa or volcanic tuffs.

Erosion molded this ancient alluvium and colluvium, creatiag a succession of
valleys aad ravines, hills and hillocks, with sides of varying :steepness depending on
the intensity of croolon and the hardaess of the material at a particular spot. The

system or valleys and hil)s generally runa cast GO west, perpendicular to the system
of faulta. Thie type, of terrain is called "rough broken lana". 1/ Only clumps of
dwarf acaccias and sparse grasses can oubsist under the local dry climate.

Very erodea elides allu
lands", 2/ ea:tending beyond (7
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h a saline calcareous crust forme the "bad-
a ong the right and left banks of the A ash.

Rough broken land: coasists of nteep land, ordinarily not stooy, broken by
numerous intermittent drainage ehanaels. IL is used for Gras:ants. It has a cover

of vegetatlon. Rough brokan land ls deeply dissected by narrow V-shaped valleys
and sharp tortuous divides, aaa sasologie erosion is active.

Badiana: ic steep oearly barren la' ., ordinarily not stony, broken by numerous

intermittent draanage atannels. The *geological erosion is active. Badland has

no agricultnral value. Tbe relief of the Badlana in similar to that of Rough
Broken Land which has a rever of vegetation.
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emacT,, lotably near Angelele.

The enormon:: cocainiA& th:?. Gewani oiamp jo unique the
Gedabaoo, covering an cLroc, of appT'ommotel,: 2,500 her7, n::' n ihn mremo p-cope
sou1h oj: 6he lake ',lore than 5,000 heotares; -the r!JolD ede oJ: the 9.7anio2
an area of 20,000 to 25,000 hectares, may be submergea Alen ,he 27)0311 is In cpate,

The tribu'i,ales of tiv: A.Jach, mostly on the left 1jan1;., al so od.

to the formatiop plail 017 tbo Middle Valley. T!le have deooswa losW
detrital ?axis:

plains o; J,Le T:':07.,,srP clad Kebena Rivers, where the rivers have abandoned
innumeable stony beds uorliein;

the plain formed .1p/ torrents from the north (Dofata, Gesap.o, Ldendaba,
and Kokai); as soon as the torrents enter the plain, they disappear their
own deposits;

the Awadi plain where deposition built soils with a particularly fine
texture downstream;

the Maro Gala plain buill; by the ,1rsn Rie7 and by torronc; parallel to
the Arsu; the plain pushed the ireoh baoL towF,rdo che foot of the hills in the

V 4. Saliniti.

Warm 5orin2; One to volcio a06JV ia the reion rmnt1.-ilin'Ged to the
calini_natleo of sorm,, allu.,71a1 10 poci o ).11 aled:,; the nnu irhi rTh floo out on: the
Filueba Snrino 6he Ladabilen spance; )?ea/: 111 nouvoe of the Meteka;
aad near Laico huta]

Local saline patches are found in ti-- plain, 1ccc delLa- Secli

where 'the g.pouth of doum pa] ni 17elreilas '6ho?1.- or.iterice. They :Ixo probably Oxo
1,o oace aCjavr; riarm npria;s lhleb have sivice d12:To,ra.red, r11,71.:y- also be t.F.1)e
cafl. pa .:-,ches berreen 1,11e 1-Teele and the (',e;-aa? '311amp.

V 5.

Tnundai,iouc from amall ';v5butalior, of tho Acarrb, ov f:eem *he
Awash aad J.to iar,çe Labu'i.ates, ha cluj. o Olfr?ren Sp:Leedlag of )7tood
7raters from 'Gemporavy 'GorveyrLc rE ,ii ; in a local T,Tellt4; oE %1,).c f;07.1 00A
(Daly the -.3oesoaal dr.nre:I.opmeni. of p00turor,1
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general south-east to north-west direction. Recent volcanic flows, consitede
basalt, lavas, and sometimes ashee, cover the alluvium in some places. The flows are
almost horizontal toles, and are everywhere very thin - not more than about one to
a few meters thick. Snell flows can be observed north. of Logiya in the direction of
Dubti. In the middle of the plains, other volcanic flo have created isolated hills
such as Kurub, Porth-east of Dubti, and Foro, south of A yita.

The lower plains of the Awash Valley are distributed over a total area of
about 300,000 hectares, in three main depressions:

upstream and downstream from the Mile and Awash confluence;

between Tendaho and Asayita, the Dubti plain on the left bank;

and the Dit Bahri plain on the right bank of the awash;

downstream from Asayita to the lower lakes in the Asayita Delta.

It is probable that, in the past, extensive lakes filled these troughs,
especially the last mentioned, Due to an increase in land elevation caused by de-
position and to the erosion of . 1.11e, the depressions evelvad ilito their present
form, after going throuh a deltatic phase. A living del e. o..,7 this type does still
e:aets upstream and doastreen, from the town of Asayita. A proof of .-the former
e:Detence of deltas ib in the shell banks, similar to those now found on the shores
of Lake Gamari, which dot the landscape. Aerial photographs reveal innumerable
fossil beds in the present plains.

V - 8. Plain of the Mile and Awash Confluence

The plain of the Mile and Awash confluence has a special place in thie general
scheme. In ancient times, and under different climatic conditions, different fine
and stony materials filled this trough. They became badlands along the basalt flowr,,
on the left and right banks of the Awash, as well as in the vicinity of Logiya.
Fed by its tributaries, the river eroded these ancient deposits and then built up
a narrow alluvial terrace, 2 to 3 kn, in width, through which it flows at the present
time, with many meanders.

V - 9. Dubti Bahri Plains

The whole northern part of the Dubti plain, formed from ancient alluvium and
colluvium, and subjeeYed to markedly arid climatic conditions, has a desert-lihe
aspect. On both banks of the Awash, in areas of deposited alluvium, humid and marshy
in places, forests add pasturee gran,

The soil in the Dit Bahri plain consists of saline and oalcareoue alluvium and
colluvium. On the whole, the leyere of alluirium are fairly deep,. They may attain
depths of 10 or so meters. Deposition by e. delto. system inducos the intermingling of
deposits of diffesent 6eEtures5 varyInii, from clay lo fine sand-

Deltaic deoeclien in noeT aking nlace in vesas ineompletol niltod up,adjoining the Lubbi and Di; De.hri nlains. The Doyale deauent Coeds a vast suamp more
than 30 kilometers loe and 3 1-ilomoters wide, Very anes6omosed, secondary ohannels,
separated from one another by earth ep:.tc, barely emerge at lcre uatec. Lfter
depositing their silt, elear7,T1.ters ro luna to the Awash llolow the cuame. The bumped
bank:: ol7 the river contain deyesits nith a soarce to cAieroge teeeture, becoming
nolTdery 7Tben dry, whereas the hollows behind the banks eoncist of fine dark-colored.
mai,orials (vertisolc).



Basic variatiens in amounts of water available, both surface and ground waters,
together with high evaporation rates, have led to the salinization and alkalinization
of some of these alluvia. There exist hard horizons rich in limestone, similar to
those in the old alluvia in the Middle Valley. Erosien has molded these materials
into pebbles around the edge of old depressions in the plains on the left bank of the
Awash, from Dubti to Asayita.

Recent or current secondary volcanie activities (geye,er5 mud volcanoes, and
fumeroles) have contributed to locals-petty salinization of the alluvia. This account
for example, for the presence of a few salty patches north of the Dubti plantation.

This alluvium, whether saline or nonsaline, is no longer subjected to
periodic flooding from the Awash. By contrast, certain alluvial fans, particularly
south of àardo subject to uirect flooding from intermittent streams flowing from the
basalt strata, benefit from a natural leaching. Locally this reduces salinity and
permits the growth of a scanty vegetation, including a few trees. Wind erosion gives
the landscape an accumulation of dunes north of the Boyale 6wamp, west of Kurub, and
on the right bank of the Awash.,,outn of Dubti.

V 10. Asayit_a Delta

The Asayita Delta is a vast alluvial fan which, from Asayita at its sumnit,
develops radially to the interior lakes Gamari, Afembo and bario. The upper part of
the fan has been well silted up, but immense and impenetrable marshy surfacea
announce the approach to the lakes. The hydrography ia characterized by a network
of palmlike diverging channels. One arm of this network, the Awash after havi.ng
found its present course along the foot of the hills which delimit the delta t;o the
north, some decades ago, is now active and still floods its deposits. The netuork of
channels helps to spread the flood waters from the Awash and thus makes possible the
development of agriculture through flood irrigation.

Except for a narrow strip of talus and colluvium around the foot of the basalt
hills, soils in the Asayita delta consist of recently or cu5.rently deposited alluvia.
A few saline patches appear in the northern part of the del a, which is no longer
flooded anu is now drying up.

V- 11.
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huila from recent or current alluvia are nonsalino or only slightly saline.
By contrast, the different layers of old alluvium contain accumulated salts. These
have become stable because of the aridity of the climate and the great depth at which
aal't laysrs are found. Irrigation would, however, put them bach Into circulation.
IC large amounts of water were applied, the salts would be flushed downward and ccn-
centrate in deeper horizons where, since the Quantities of water TIould be insufficient
to cause diasolution in si.Lu, they would then move back toward the surface by capil-
lary action, and remain there because of evaporation. This phenomenon has caused the
formation of whitish deposita along some of the canals in the Dubti plantation,

Hydromorphic soils on fine or very fine textured deposits, and especially
soila at their edge are alkaline, ueually with a hiwh pH (above 9) and percentages
of exchangeable sodium on the absorbing complex from 15 to 20 or more. Alluvium

recently deposited by the Awash is rarely alkaline. Along the edge of certain humid
areas, such as north of the Boyale Swamp, however, soils may be somewhat alkaline.
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SOIL GROUPS OR SUBGROUPS

s on recent calcareous de

.1212..p colourin : Yellow - AC

These soilr; oTe aluays oro3bericLei deposits with a platy structure,
sometimes wil,h b. n i:Leye i alctLOuo, PrJfile textures are medium to fine
(loan, silt Toaml, sl)Is o] ay clay),

Soil colour is fairly light, varying between 10 YR 4/1 and 10 YR 5/4.

pH values are betueen C FA-la C.5. 5ometimec,, alcalluIty (pR about 9) :iay) be

olise-.-Tod at deeool iL sLa a.i. Tinu Leacuraci horl7Lons in )0,:; J.yille areas. Limo oon-
eni:r. aTe over 5 ('), but seldom eloed

Organic matter is present in small quanji.ics: usually amouniAng tc, about
1 - 2 higher rates may occasionally be obseilred in certain profiles vith a
thicker vegetation cover.

"Micro-r-J1: ° .f'satures are not -;rery marked, but there are marked more or
lees ramified ch s jar,ving in depth. The larger (.arry watar and, during 7Cloods,
act as defluents The IT'a7,:t-6e and Boyale deflueui:s on tho leff, bank, 0.2.0 o)

which permanenLly ol-wrieo ,Ia'uer, and tho -Loa and Arab arms Oh Olo rigli; bank, rblch
drain off some or tb9 Irec. L of Mond Poro, Channels are more Zi'equenG in Lao
asayita delta, where come are used for irrigation.

ly all these soils occur in the low plains of the Awash

Upslreap fAmi the Mile River confluence, but only covering a small area
in the .Co°,..m of a strip 2.5 km wide by about 25-30 km long, which lies
almost entirely along the right bank of the river;

Parent mat Is can be classified in order of increasing interest, as
follows :

type of volcanic debris;

very ea 5.'e eroded deposits (badlands);

saline Jka1i alluvia;

highly iino alluvia and colluvia;

stony or crumbling old alluvia;

hydromorphic alluvia, in swamps and seasonally waterlogged deposits;

non sine or siihtly saline recently or currently deposited alluvia.
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Between the Awash river and Boyale swamp in the left bank area (Dubti
area)¡

In a very extensive area along the right bank, between the older
alluvium, the Awash and the Foro basalt hills. (Lit Bahri area);

In the Asayita delta zone, from Asayita village to the swamp between
Lakes Gamari and Bario.

A-1 1. Water

The land along active defluents is frequently flooded during high water
periods. Some small islands in the Boyale swamp are inadequate]y drained, due
to their poeition. The farmers make the most of the addfLOonal water thus supplied
to the soil by growing crops on the loweetrlying land when the floods are receding
(cotton, maize). There are possibilities of supplying additional water to the
growing crops at certain places, especially in the Asayita delta.

Soil permeability is generally satisfactory, but dependo on the thie::aeaa of
the heavy clay horizons. The effective water-holding capacity of these sois is low,
probably not exceeding 10 % by volume.

A-1 2. Fertility

Recent alluvia contain high proportions of plant nutrients. Total P2OR
contents are above 1,000 p.p.m ; nitrogen ratos for pH values exceeding 8 are
adequate at Asayita, but low at Dubti and Dit Bahri. The soil at Asayita invariably
contains more nitrogen than thet in the two other zones, as moisture conditions are
more suitable for the accumulation and decomposition of organic matter which help to
increase the soil nitroaen ooietent.

A-1 3. Use

These soils are suitable for irrigation, but some special precautions are
necessary to maintain the present fertility level in the Asayita zone and to inprove
the soils in the Dit Bahri and Dubti zones by increasing their organic matter and
nitroEen contents. The aenerally weakly developed soil structure should be improved.

To smooth out the microrelief of this land, it may be neceasary to carry out
substantial levelling work, and especially to clear the acacia trees.

A-1 4. Soil series

The soil unit includes soil series which are differeptia.6ed by their texture
and occasional alkalinity. They are defined by typical profiles, descriptions of
which will be given subsequently

Medium to moderatoj fine interlayered . e.eature pro'Cile TNT 53.
Phases can be dastiacmiahed according to seasonal wa%erlogginc
microrelief;

Moderate]y fine to fine interlayered teture, occasionally alkaline
at deeper levels : profile TNT 51. P1-12 are based on seasonal
waterlogging;

Moderately fine to fine interlayered texture, occasionally alkaline
profile DRO 123.
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A-2. Alluvial "c, n Recent Verj Slibtl or Nor- caous De osits

Map colo: i: Yellow - Anc

Typical features ca' theee soils are their nomparativoly light colour ami
underdeveloped condition. Tiey have formed over medium to heavy (te::ture alluvia,
sandy Joam, silt loam, silt, clay loam), and are brown loam soils coloured
10 YR 4/2 - 5/2- 6 2.

They do net contain any dark horizons, except occasionally on a surface very
rich in organic matter,

Their otructure is weakly deereloped, ucually play of varying fineness de-
pending on the 'ain aise of the deposit, and tending Go develop luto a blocky
structure with block dimenoioas depeadtng on local moj sturo condltions aad clay
content,

OrGanic matter content may be as high as 10 % but the average rate is
about 2 %.

Lime cont 's low, generel 7 Tiow 5 %, though pH values are on the high
side (705 - 8.5), cut th eable sodium rato over exceeding 10 % of the
wechange capacity.

These soils are found on the river levees in the Middle Valley, in the allu-
viation zones up-ri. . from the plains and along them, and on alluvial cones of
major tributarier. Ieor o its have sometimes formed over former swamp areas
with fine to very e rker soil.

Wide drying eracks or holes are typical of the microrelief. Other differ-
ences rorer to to7.ture and ita homogeneity in the soil profile. Reference to these
is made in the soil series.

A-2 1. Water relatioe.

Except where they ooeur over former swamp -%hese soils have adequate
natural drainage with an aveage permeability of 1 to 2 cm/hour. Like most soils
in the Apaoh Lhey ba.Te a low water-boldint, capamLy (i.e. moisture available
between pF 402 and p 20 ) :qich is at mozt 10 ';; by volumen

A-2 2. Fertili

In view of the high proportions of plant nutrients they contain, the allu-
vtal soils OD recent deposite are very fertile. Total P205 rateo ee:ceed 1,000 p.o.m.
Considering the hich ll vatu3, nitrogen rateo also appear-to be adequate. ae-
changeable K appeare to be medium to high (generally over 2 m.e. for 100 g of dry
soil.

A-2 e

These aro some of the best soils in the valley. There should be no major
obstacle Lo their deve3opment under lrrigation, nor are they likely to be subjeet to
rapid calt-contamlnatton. Their oi.ganic matter ocacont uill require maintaining or
1DOYOCIS11L;9 bcuevee, espeelaJJy to prevent 130J1 structure deterioration and a re-
ductJon in water-licldin,s capaoity.

On this case, soil phases have been differentiated incido the series.



A-2 4. So

The soil units include followins soil series whiGh a.):e differentiated by
their 6oz..ture and are defined by ;;),rpical peonies, to be decu.-tribed later

Medium to tuse : profile la4;

Medium to moderately fine interlaycred texture 1 profiles EMB 27 aud
MM 552. Phases are distinguished uhen horizons of different texture
and col our 0O0UP in depth;

Moderately fine to fin ture : profile 1015 302.

A-3. Alluvial Soils on ecent Saline D: ro.

Map colouring : yellow - A

These soiln Hush i) co-,, two p :im units (Ac and Ano),
but the conditiom s_ec:Lally .,,,e, illl e.:4-inL; up) ) which they have formed,
contributed -i,. t..2! slinization. ,eral rens can t pTpaned

in the Middle Val ley, it mdy be due to either underground salt uator
circulation OT tO the natura of the alluvial deposits which aro some-
what older than those -iated with unit Ano and are leas adequately
supplied with water -.4 T 4ydrographic network.

- The alluvium in the *AnTer Plains underaoen altDrnate Yloodina by the
Awash and in-tenne drTin rhich resulls in an iucroaso its soluble
salt especially in shallow depression zones.

These soils have borizzias in uhich sal;urated e:ztraob conductivity rates
vary between 4 mmhoo/om aud over 20 mmhos/em they are hiuher in the Middle Val
than in the Lower Plains, whore distribution of the profilers vi h1 saline hori5one,
inside the series, '- le77 ,

A-3 1.

Soils in this u;ail: . generally formed (and still do) under drier soil
climate conditions than those considered previously. Becauso they occur OD fOTOOT
.07/"Ot' levees or in areas no lonuor affected by noodlng, they romaln almost dry
throuchout the year. These coils are suitable for irrigation in tho Middle ValJey.
In the tower Plains, salinity rabeo are irregular and even apt to vary in tho cano
profile. Providing sufficient oater in available ?eashing, this in not a maoor
obstacle to development.

A-3 2. Soil seri

The soil unit includes the followin6 soils series vhich are differenti.a;,ed
by te::turs and lime eontenL. These series arc defined by vpioaa profiles to bo
described )ater

- Medium to interlayered texture on calcareous deposite
profile AAS

Medium to f'ane "07',7:611TO on very slightly or non-calcareous depositu
profile MAL 18
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A-4. Vertisols on Calcareous Alluvia jale

Map colouring : Brown Vc

In the Lower Plains, these vertisols occur in depression areas filled with
clayey deposits. They are generally found between recent alluvial and hydromorphic
soils.

In the Middle Valley, these soils have formed over recent deposits originating
from older alluvium similar to that in the Aleydegi plain. They show the same
principal properties, but are sometimes under lightcoloured colluvial loam.

Because of .he conditions of their deposition, these soils have a very fine
te::ture (clay sili,y clay). Their colour is very dark : 10 YR 2/1 to 10 YR 3/2.
Surface structure me,y be fine (Granular type) or coarse (alkalinetendency vertisols
along the floodable northern edge of the Boyale swamp). Alcalinity (pH about 9)
can be observed in coaree structure. Deeper layers have a coarse prismatictype
structure, sometimes also slightly blocky.

The vertisols in the Lower Plains may have a "gilgai" type microrelief,
with numerous holes where the ground has caved in. Fairly deep very ramified channels
occur in lowlying zones left behind by swamps since filledin and dried out
(especially along the right bank of the Awash). In the Middle Valley the vertisols
have a fairly typical microrelief with grass tussocks, between which cattle and runoff
have eroded the ground clown to 3everal tens of centimetres.

A-4 1,

The vertisols generall only have a low content in available water. Owing to
their high proportions of high swelling capacity of clay of the montmorillonite or
montmorillonite and illite type, they are associated with a high wilting point 2
Though they need a lot of water, the plants can only use a small part of the mter
the soil receives. The vertisols in the Middle Valley have a slightly less heavy
te::turo and perhaps a slightly higher effective capacity for va-ter. Soil permeabiLity
rates vary considerably. Shrinkage cracks disappear with increasing soil moisture,
when infiltration aloo gradually slows down.

A-4 2. Fo7ti

These soils coAtain adequate quantities of fertllizing elements, e.:,:cept
along the left bank in the low plains, where nitrogen rabos Por the pH values aro
average. Exchangeable potassium and phosphoric acid ralee exceed 1,000 popomo

-4 3. Use

It uill not always be:By to use this land. Although there should be no
major difficulty in dealim_; ' the channelledtype microrelief, the "gilgai"
features will be a much mor ous matter due to their tendency to form agair as

"Gilgai" is the name given toa special kind of microrel/ef associated with soils
usually containing Iligh propor'tions of swelling clays. typical features are a
succession of very small depressions and mounds together forming a practically flat
ground surface. This microrelief pattern is due to the alternating swelling and
drying out of the soil at varying moisture conditions.

See available moisture analysis results.
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soil moisture falls off after cultivation (e.g., during the harvest); this requires
further landlevelling work or, alternatively, steps to maintain a sufficient];T high
moisture rate to prevent further "gilgai" formation. The high clay content of'
vertisols makes them d:i.fficult to work. Frequent irr:lee7-V.oe with small amomta of
-water is necessary beeause of their poor waeterholding. ceenaeity.

This land ir under pasture of poor quality (Gramineae, or dry bulb
Cyperaceae in the 14 Plains).

A-4 4. Soil series

The above soil unit inoludeu ).he foflowing soil snries which are differen-
tiated by structure and lime conLen. These series are dof!ned by typical pro-
files, to be deseribed later

Fine structure on calcareous materials profile DRD 13.

Coarse strueture on oalcareous materials, alkaline subject to flooding
profile DUD 107.

Fine structure on slightly C 30US materials; profile MMS 358.

Coarse structure on slightly calcareous materials; profile MS 312.

A-5. Ve ola on Ver S1 1 or NonCalcareous Alluvial i;iaterials

Map colouring ; Brown Vnc

The characteristic features of theee vertisols are their swelling clay
content oC over 35 ;13 and their exchange capacity of over 40 meq/100 g dry soil.
They are dar!: in colour, ranging from black to brownishblack (10 YR 2/1 2/2

3/3 3/2 4/1) with a moderately fine to fine texture (elay, clay loam, silty
clay loam; sandy clay, silty clay). The clay is selfmulching V, Giving a l000
granular surface followed deeper down by a prismatic structure with wide shrinkage
°racks and slicker sides when dry with an underlaying MaSAVO structure. The

sliokensides indieate maca movements each time the soil is wetted.

The vertisols in the Middle Valley ere not caloarooas (lime content loco
than 3 %). Though their pH value varies between 7.5 and 3.5, they are no t :Iodic:5

they contain about 2.5 % organic matter.

The "gilgai" microrelief, hich is a succession of very small depressions
and mounds over a generally flat area, is bes t observed on this soil un t.

Theso soils occur exclusively in the Middle Vallar, where they cover the
downstream part of the alluviation sones ano the lowest-lying ground, where they

are associated wjth a fairly dense charnel network.

A distinction is made between two main surface ctructures, one fine and the
other a coarse structure associated with more marked hydromorphic features

7iémulching, refers to the Lendeney maoy cluo to form cz loose granular

surace mulch as a result of wetting and drying. If the grauula$ are destroyed by

plorghinG Whell ea t, they reform, usual]y on a airg)e drying.



When in a very dark condition with extensive cracking, these soils are very
pervious, but when the cracks close up as the clay swells, they become practicall5'
impervious. They h,,,ve, very 000r natural drainage properties, ea:cetyt thin and over-
lying pervious material. Despite their high clay contento tho Awash Valle' veeti-
sols have only a lo p effectivo water-holding capacity, as the moisture percentages
at pF 4.2 are very high.

A-5 2. Fertilitz

As these soils contain very high proportions of plant nutrients, they could
be considered very fertile, if their physical properties were not such a limiting
factor.

A-5 3. Use

Vertisols must be distinguished in terms of iv thickness

Deep vortisols niore than 30 cm). Very difficult for use because of
their poor draivae propertiesassociated with Their by effective
water-holding capacity, also tho difficultx in working them.

Substantial pre-irrigation appears to be an essential requirement for
their cultivation, in order to wet the ground down to a fairly
appreciable depth (for instance about 1 mel,re), followed by small
water applioationo at frequent intecvals. It would be interesting
to el:poriment vith sprinkler irrigation at night.

Thin verticols ess than 30 cm). vaiere over moeo pervious material,
they are ozeollent soils because of their eatisfactory drainago proper-
ties and high nutrients content. Their only liwitations are associated
with olf and effeotive waterholding capacity.

A-5 4. Sol'.1
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(a differentiation similaz to the Grumaquerts and Maeaquerts of the U.6. Department
of Agriculture's 7th appromation"). There is a further differentiation within
these structures in ternas of soil thickness and the type of underlying material.

A-5 1. Water relations

The soil unit includes series distinguished by structure and slight alkali-
nity. Differentiataon are made inside the series according te soil thickness and the
type of underlying Haterial. They are defined by typical proiles, to be desOribed
later,

Fine self-He7.0 uoture in which the following phases can be dis-
tinguished g

deep -.75.'61A highly developed mulch profile MMS 120 ; a fine texture with
gilgai miororelier.

moderately deep on loamy horizons, profile MMS 317.

shallow on interlayered alluvia.



: light blt1

These soils are confined to depressions not completely filled up and to
forqter swamps subjected to fairly short annual flooding about ole month) through the
river chang'ing ito bed and the occurrence of flow peaks.

The hydromorphic features ore more or less distinct ferruginous stains In the
upper horisons of the coil profile: they frequently snou up no e dlottactly in the
subsoil.

Soil colour is dark, ranging from 10 YR 3/1 to 10 YR 2/1. Organic matter
content is high, especially in the surface horizons. Intor3ayered horizons with a
play structure maN occur in ths ororile, due to the formation oî those soils as
Auaoh 7:JVOP loam deposits.

These hydromorphic aro calcareous, though slightly less so than those
on recent alluvia, because of sliht leaching in the surface horizon.

C/N ratios are about 10 3 pH .Talues do no t ekceed 8.5 where alkalinity is low,
but may reach 9 where alkalinity rates aro about in 13 % Na/T ratios are general-
ly below 16, and conductivity rateo ore losa khan 45 mkhos/om at 25 51),

'rho sollo do itoi; occur oYtonsively in the low plains of the Awash;
most aro (7ound alonz the right b. (Dit Bahri

A-6 1. relations

The soils have e, fairly lov 'Jaterholding capac;ity and arr not very pervious.
A further appreciable obstacle, to development is their poor drainability duo to
their heavy texture and lo altitude.

A-6 2. Use

Agricultural dore]opmen apeare lo be a difficult probleN. There ore no

natural outlets for surplus ui.6,ox becatule of the ]owly-tng pocItion9 and floods
oaunot be con[krolled Idthou% dyking Ole Auash or reculo bina i. he lous, A lareo p5xl-
poroion of hh1s land io ussd r%s oaskuro 011tiSide flood peliods; the Gvaso fodder
coarse, bu; of quite a MG1.1 skaadrd for the region, hnnnal flooding s ossoutial

for mainaininu this osi,*e 1.and,
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Corso structure slightly alkaline with a deep phase correponding to
moderatelyfine to fine tekture : profile HMS 3.52 a moderately deep uhase on interlayerod

alluvia : profile KKB 120.

Coarse structure, slightly hydromorphic, subject water
during floods, profile MM 327,

A-6. dromor hic Soils on C- ous Alluvia

The soil uut4 can be deii.1,Li by a typical profile : DRD 27.

A-6 3, al rofile
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_romo:,-phic So' on Ve NonCa are ou uvial Materials

a. colourin: : pale blue Hnc

These soils occur in lowlying areas flooded annually in which water stadnates
for fairly long periods (more than one month).

Hydromorphic features show up as ochre stains in the upper profile horizons
and brown stains below 80 cm depth. The lime is leached from the surface and accumu-
lates as granules and small concretions below 80 cm. The soil's pH value varios from
7 on the surface to over 8 at greater depth. Along the edge of the lake Gedebasa
depression, the water table is 3 - 4 m below ground surface.

The soils are black (10 YR 3/1 2/1) with a heavy texture and a high organic
matter content. The structure of the surface horizon is affected by organic matter;
the subsoil structure becomes fine prismatic with depth, with very numerous oblicuo
slip faces giving it a blocky compound structure. Shrinkage cracks forming during
dry periodo enable organic matter to infi3trate down o the deeper soil layers.

In the Middle Valley, the soils have formed at the downstream ends of filled-
in depressions. Lakes remain in the lowest parts of some of them and the filling
procese is still going on (e.g., Lakes Bada near the Dofan, Lyadu, Gadebasa, and the
Angelele swamp).

A-7 1. ate:: Y.clations

The hydrodynamic properties of hydromorphic soils are generally unsuitable
for development undei irrigaion (no drainage, very low permeability).

A--7 2. se

Use of this land depends on its drainability. As its topographical location
precludes gravity drainage, empensive pumping plant would be required. Even with
adequate drainage, it would not be very suitable for irrigation, especially
because the deep soil horizons are easily waterlogged. It is now mainly used as
pasture durind the dry season, and would be difficult to develop for any other purpose.

A-7 3. Typie rofile : profile MAL 20 can define the unit.

Organic 7rdromor hic Soils

Map colouring : dark blue Ho

These soils are permanently waterlogged and occur in swamps with numerous
channels. Where more substantial local deposits have formed and raised the greund
level, the soils are only under water during the part of the year when the initial
floods occur.

The soils are generally rich in organic matter, and usually fine textured.
They occur at:

The lake Gedebasa zone in the Middle Valley, where, flooded by numerous
defluents, they are thickly overgrown with Gramineae up to 2 m tall
(Echinochloa.. Vetiveria).



The marshy zone (Cyperaceae and Vetiveria) between DUbti and Asayita
in the Lower Plains, where they form a long narrow strip about 2 GO 4 km
ide by 35 km in length, behind the natural levees o-C the A ash

A substantial proportion of the river flow passes slowly through those
marshes, sheds its sediment in the process, and returns olear to %e
river (except during floods).

The eastern and especially soulh-eastern ends of the Asayita delta, uhich
are gradually silting up, but frequently contain small lakes withou any
vegetation. Lakes Gamar), Afembo and Bario are almost certainly the laat
of the big lakes which formerly occupied the Awaah valley plains at
various times.

A-8 1. Use

Due to their permanent submersion, these organic hydromorphic soils cannot
be considered for agricultural development at pesent.

A-8 2. T ical rofile
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The soil unit is defined by the profile MAL 4.

Profile TTN 25 defines the unit.

A-9. Alkaline Hydromorphic Soils

Map colouring : dark blue background with red stripes Ha

These are the soils in the warm spring marsh areas; hydromorphic
features are due to their almost permanent salt waterlogged condition. In the upper
horizons, these features mainly take the form of ochre stains and a high saturation
percentage. Signe of alkalinity pH values (above 9) and Na/T ratios exceeding 40 %
average saturated extract conductivity is only 8 mmhos/cm at 250 which is comparative-
ly low. The water from the warm springs and the saturated soil extract both contain
a fairly high proportion of bicarbonates.

The principal warm springs are Filweha, Kadabilen, Meteka in the Middle Valley,
and Alalabada east of Tendaho.

The very alkaline soils (Na/T ratio exceeding 77% at depth) in the Motohara
region have been included in this group. These are lees hydromorphic, unid their
alkalinity may be due either to volcanic parent rock or to former salt springs now
dried up.

A-9 1. Use

The soils are unfit for cultivation, but occur only over small areas.

A-9 2. al rofibo
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B. 'JOIL6 ON OLD ALLUVIA AND COLLUVIA

B-1. Vertisols on Calcareoue Materials

Ma colourinr: light green Vf and V1

B-1 1. Vf : fine structure

These soiJs mainly cover the vast Aleydegi plain. Typioal properties are a
high pH value (average 0.5), sodio properties shown up by Na/T ratios varying between
5 % and 20 %, and a lime content of about 10 %. Dark in colour (10 YR 2/1 to 10 YR
3/3), they have a fine texture (clay loam, silty clay, loam and occasionally silty
loam).

Their structure is mostly platy With a coaree block:,' tendency, and, though
lees frequently, priematic in the deeper luers. Gypsum ie found in flaky cryetal
free below a depth of 80 cm in most profiles, indacating former evaporaticn areas
aloeg the edges of depressions. Saturated eectract ealinity of deep samples can be as
hig'e 12 mhos/cm at 25°C0 The eolls are comparable to those north of Dubti, in
which the carne crystals are iound, but uhioh are much more saline becauoe of the dry
climate (the saline black horieono they con-tain are not very thick).

Rainfall in the Aleydegi plain resulto io a comparatively dense growth of
grass (Gramineae) co,rering about 40 o 60 % of the land. Organic matter content
of the soil is about 2 %.

Outoide the Alcydegi plain, soils at roughly the same top ( al level
are found aear Awash station, along the left bank of the Awash, ae upriver from
the Metehara playa.

B-1 2. Use

Because of teeir poor drainage prceerties and the alkalinity and salinity of
their deeper horisonu, soile 7.7,7, of medive to poor irrigability. They are con-
sidered unfit for ion, the eleydegi plaia is at least 70 metros or
more above the level of the Awaeh.

B-1 3. V1 n eouroi

This i3 a very similar soil group, except that these soile are subject to
occasional flooding and drying, which giren them a coarser zetructure vith 5 ou to
10 cm uide ohrinkage oraoks. Thej occur in the centre of poorLy drained deproscions
(e.g., in the middle of the Aleydegj plain). When the temporary lakes in tha Lower
Plains (e.g., Lake Garg)ri) dr out, polygonal mud crack° about 10 cm widc
00/1 -01'iSMO measuring about 40 cm aloag their edges betueen them, Salinil
fairi;) high on tus surt'ace, buu. with sulphates prodounatiag.

B-1 4. Use

Lack of adequate drainage would make use of this land very difficult.
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These soils occur at the .Coot of s or in valley bottoms along tdie
Middle Valley. They are a transi.ion 1 the alluvial, soils in the plaiD and
the brown subarid type hill or plateau roils. They represent a soil complex with
fairly variable properties depending on the type of parent rock (i.e., whether
alluvium or colluvium).

On gently sloping hillsides and in the valley bottom, they are su.T)j
shortduration flooding due to surface runoff and fairly frequent reworkg.
Tbis makes them very heterooeneous; they may be covered over by silt deposited by
runnff, oc themselves cover various format/ons. Oct pervious groPud, local
Doisture conditions may result in a downward mo,rement of the lime and alloa a
172ona1 growth of vegetation where this happens, organic matter rates are fairly
high, usually above 2 %.

The coil is found along ;he edges oí the rough broten Ian( cast of the
Melka Sect', plain, a] so between the tributary cones espeoially the Kotay and Awadi,
and in southern parts of the Metehara plain unaffented by mcrked rrocion ana sub-
sequent filling in.

B-2 1. Use

The hydrodynamic properties and fertility of the soils arn suiable for their
cultivation under irrigation. This iras confirmed experimentally Ftt Metehara9 uhere
high yields have been obtained Crom orops grown under irrication. Local development
limitations are associaed with sal r contamination, erosioP or inadequa-Gc so31 depth5
though the land 12 sometimes also at too high an altitude ror ,;17a7rity irr3gatioa.

B-3. SemiArid Bro-on Soils on Soft Calcareous Materialo -Tith a Local
L mestone Crusts

1121 colouring :Bon Be

Soils in this unit can form over alluvial material (near the Mile confluence,

1/ This term is used ho:,:o to describe the washinc away of deposita by surface runoff,

soil displaced ,;irld transferred by wind action, solifilLyion, all of which result in

complex soils and hetero eneous parent materials.

: orange Vr
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B-1 5. Soil series

The soil units include the folowing soil series which are differontiated by
structure and slight salinity. Phases cau further be distinguished. a000rcljn to
salinity. The series are defined by vpical profiles, to be deso...7ibed later.

Fine structure, slightly saline at deeper levels, profile Alis 64;

Coarse structure, salinity low to nil : profile 535

Coarse structure, slightly saline with different phases medium salinity
in the top soil; profile5 AAS 55; slightly saline at deeper levels;
profile LLD 31.

B-2. Materi.als in the Runoff Zones



in the small plains near Auach station, etc.), or over non-stony oolluvial material
(area south of the Dit Bahri plain, east of Gewani, etc.)

The characteri tic features are their colour (browl to light brown ; 10 YR
4/2, 5/2, 5/3, 6/2, 6/3) and a fine lime myeelium or lime- ,J?Jted gravel, and,
though less often, calcareous crusts. These are mainly fo, d in the plain west of
Awash station, through which the road ruas ; they are of an.dent origin, and more
often than not in a very broken-up condition. The present soils have probably
formed from former eroded soils.

Lime content is fairly variable, usually between 5 % and 10 % ; lower
values may be found vhere the lime occurs in the form of concretions over 2 mm in
size or crusts.

They are medilm-texture soils of the silt or silty loam type (very rarely
with heavy or light textures), with a comparatively weakly developed structure
(granular tendency on the surface and blocky deeper down).

Organic matter rates seldom exceed 2 %.

pH values generally range between 8 and 8.5, and conductivity rates are low,
i.e. lesa than 4 mmhos/cm. Soils south of the Bahri backing against basalt hills,
however, show some signs of salinity, with slishtly higher conductivity values in the
deeper horizons. Their pH values may be as high as denoting their alkalinity, which
may then exceptionally be very pronounced with Na/T ratios of 15 %. In the Maro Gala
and Kesem plains, conductivity values sometimes exceed 4 mmhos/cm at 25°C.

Soils in this unit oocur very extensively in the Mile River plain and cover
fairly large areas south of Dit Bahri.

In the Middle Valley they form most of the plateau extending to the west and
north of Awash station, and are also observed on the rough broken hill land along
one edge of the plains.

B-3 1.

Due to their higher altitude than the alluvial material, these soils are not
flooded by the Awash; they receive water only from runoff from the higher-lying
ground. Their soil climate is dryer than that of the alluvial materials in the
plains, so that they are more sparsely overgrown with '7egetation. They can bo ()L.-
pected to have sai_sfactory water-holding capacities aad permeabilities.

B-3 2. Fortilit and use

These fertile soils are irrigable, but their use is severely restricted by
ground features, state of erosion and the difficulty oí' irrigating them. Lime or
gravel crusts or salinity occasionally affect their irrigability.

B-3 3,

ons

aile
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The soil unit can be defined by the profile MMS 314 to be described later.



B-4. Se id Brown Soils on Gravell Calcareous Materials

colourie : Brown background with a dot pattern Bg

This is a weekly developed ground which has formed over the stony remnants of
old river beds or stony alluvial fans, In the profile, gravel is found in the loam
or sandy loam from the curface downuards, with a fairly dense lime mycelium. The
gree:el itself is white due to a flue lime de-oosit.

The parent POGIC is in a less weathered condition deeper down. The gravel iscoareer (about 10 cm dia.) and °Genrs in greater quantities; the loam is brown,
ochre or yellowish in colour (7. 5 YR 4/2 10 YR 6/4). Initial signs of lime
comentai,ion are occasionally observed at about 1 m depth.

The soils occur along Licl edges of.' the :Dough broken ground areas, with the
gravel deposits sometimes forming an \nver.ted relief ; thoy aleo form per of the
rough broken land zone east of Meelke Sedi, In the MileAwash elate, the deposits
mainly occur along the loft ri7er bank, uhero they ara remains of oimer alluvial
fans which have been pari..ly prooctecl as3ainE,t erosion by a small chain oC bara1 hills
xquininG Crom noTt.h to enutbn

B-4 1. Use

The land in unsuiable for irrigation becealse of its looalon and the size
of its material, ez:cept 111 7. few places where more colluvial runoff deposits have
formed.

B-4 2, al rofile
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The above aoil unit can be defined by one profile : MMS 65, to be described
later.

B-5. SemiA oils on Volcanic Tuff an

colourina : Brown background with purple ctripes Bp

The parent rock is a more or less weathered volcanie tufr eonsieting of
angular elements embedded in aa ash or pumice cemen6, whi,,lb contains some sandstone,
(voloanic breccie, probably panelleriGic).

The soils are not very thick (about 0.50 m) ; they contain little lime, but
are strongly alkaline because of the basic properties of the parent rock, which is
mainly sodic with pH values somoimes ee:ceedLng 9. They are only Cound near the
Fentale volcano; they cover especially a small area in Lli(; Motohara plain.

B-5 1. Use

Irrigability of the soils is poor of their alkalinity, lack of depth
and a161Wde.

B-5 2. TI49rofile

The unit is defined by one typical profile : MMH 26, to IN :rdbed later.



: red S

The ea1inii4; these Lover Plain soils is generally due to a concentration
resulting from the evaporatiov of more or less strongly saline ;Taker. In the Middle
Valley, salinity is mostly duc to the eeasting uarm sal rater springs at Filreha,
or to former salt springs in the Metehara region.

The soil te.7ture is mcdium to moderately fine, uearly aluays uii,h occasional
crossbedded very th!.n clayey layers. Tetures generally tend to become slightly
heavier with depth (silty clay loam). The $oil structure is platy and varies in
development ; the thin olayey hori_sons have a fine granular structure.

Soil colour i5 fairly licht, ranginc fe.om 10 YR 4/2 to 5/2, and occasionally
even to 10 YR 6/1 6/2 on the surrace. Lime oontent is invariably over 5 but
never exceeds 10 %.

Saturated e:etract oonductivity is generally Jest7 than S nabos/cm at 25()C OD
the surface, but is apt so risc to 10 or 20 nmho$ deeper donn. It is very difficult
to localiw individual patches of mil uith different salinity rates, e.s conductivity
rateo vary from one profile to the ne:rt. Saliuity variations can also be otserved
in a same profile, ee_th lees ealine horizons la the deeper layers than near the sur-
faoe, though this in J.eas frequent. White "salt florero" oaused by irrigation are
seen on the ridge tops in ploughed fields under cultiva ion and (renal banks
saturated 07:tract conductivities at the top and bottom of a ridge 2.5 this condition
are 7.4 mmhos and 0,9b ambos respectively. This shows the effect of the high
evaporation rates in the Lover Plains on the formation o'L' saline soils. The con-
ductivity of the profile is low (less than 2 mmhos), beeause of a leaching process
due to a nearby irrlesation canal.

In the Lower Plains, the saline soils are confined to the Dubti plain and the
right bank of the Awash 'eouth of Tendaho. In the Middle Valley, they occur around
the warm springs, (Fij -:adabilen), at Metehara, and over old alluvium in the
Maro Gala plain.

B-6 1. Use

The soile C.00 11c) very suitable for development under irrigation. Not only
does thei t. salinity restrict 1,he number of possible crops, but uso of this land
would imply substanLa] leaching nater aeplications to get rid of its dissolved
salts, and hence a drainage system to prevent the vatertable from rising. The
limited water supplies should be allotted to land with more suitable chemical and
physical propertiee,

B-6 2. Soil series

The above soil unit includes the follouing soil series, differentiated by
texture, which are defined by typical profiles, te be deseribed later.

Medium texture with medium salinity at deeper levels : profile TT 29.

Moderately fine texture medium to high salinity at deeper levels
profile TMT 17.

- 48 -

B-6. Soils on eoue
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B-7. Saline lkali Soils on Ca OUS aterials
Map colouring. : dark grey - Sa

These soils are more salino, and part of their exchs omplex is saturated
with sodium (na/T about 50 %). Their general appearance to that of salinesoils (struoture and colour), but heir surface textures are sometimes a little
heavier.

Bets e_epths of 40 GM and 60-70 cm, they feature a. horizon rich in s.sosum
above a heavier-tes:imre horison, which is occasionally olayey. The gypsum ees - in
fib:cous or "saocharoid" form and its origin may be associated sith warm sans,
snrings or amall mud volcanoes. A few volcanoes can still be seen lo a group in the
plain. Analysis shows a predominance of calcium and manesium sulphates in the
saturated wstract, which seems to confirm the assumption.

Salinity near the surface is not vors high (avorage d - 8 mmhos/cm); below
40 - 60 cm, however, the conductivity of the saturated entract rises to a high value,
nearly alnays over 30 mmhos/cm. The exchange eomple: if; saturated with sodium ions,
and 1+1/0 ratios are apt to vary between 20 % to (oocasionally) over 40 %. pH values
vary bei.ueen 9 and 9.5 in the deeper horizonn, and betneen 8 and 8.) near the sur-
face.

The soils cover a larL,re crea rsenes'ed roughly on the Kurub. They occur around
the Alalabada hot spring on -Oto left bani..

B-7 1. Use

The soils ere practically uofit for development. Very high salinity and the
high sodium saturation percentage of their enchange complex rule out the great
majority of crops. Only a few planta (Halophilae and Aristidae) grow on them durink,
the short rainy period, where they form a sparse covering grazed by camels. It is
reasonable not to consider the development of this land under irrigation, but to keep
it as.2,rasing land and to use avatlable water supplies for more suitable land else-
where. Available water suppliea, by no means unlimited, would certainly not suffice
to =igat.o all the land capable of development.

1377 2. Tyicalrofiles
rho soil unit Le defined by two profiles : one in the Middle Valley, the

other in the Lower Plain to be described later. These profiles are : KAW 22 and
TT 37.

B-8, Reosols Resultin from Erosion

Map colouring : deep pink L;:i. and E

B-8 1. Er : on differentiated materials

At the western foot of the Awash rift valley, weathering debris which
fell as rubble or was washed down from the reeks on the high plateaus and hills
farther up-river, (orne a huge cone with an average slope of 10 This heisero,gens-
pus formation suffered severe erosion and 30 oovored lath tree and shrub steppe
vogetaion, which gradually th)ckens to woods at higher alt.itudes nearer the humid
zone.
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These soils form locally over very restricted areas and gradually go from the
semiarid brown to the brown subtropical type. No differentiation has been made in

their classification. They are very scattered and cover very small areas.

B-8 2. E : asmiarid brown soils

These soils resulted from erosion of the subarid brown soils which formed
over the old alluvia and colluvia on the hillsides above the recent alluvium area.
A pseudosteppe type of vegetation grows on them; with Gramineae and a few trees and
shrubs, especially in thalwegs in which runoff collects. Sheet and gully erosion
are always pronounced, and more so on steeper slopes.

B-8 3. Use

On the whole, this zone is unfit for agriculture because of the severo
erosion affecting its slopes and its shallow soils. A few dozen hectares could be
developed here and there under irrigation from the many permanently flowing tribu--
taries ; this is alrea,ly practized along the Kesem and the Awash.

B-8 4. 5oi71 ies

The soil unit:, include the following series differentiated by the parent
materials and defined by typical profiles, to be described later

On soft alluvia and colluvia : profile MYS 16

On gravelly alluvia d colluvia : profile MMS 349

On basalt gravel colluvia : profile MNE 16

On soft pumice and volcanic tuff colluvia nil 3
On gravelly pumice and volcanic tuff colluvia

B-9. Saline Soils and Recosols on NonDifferentiated Materials

Map eoleurillti : brown background with black stripes Sr

These form the "badlands" in the rough broken semiarid barren areas where
intense erosion has made a dense and dry ravine network into the ground. The mounds
between the ravines vary betuaen rounded, sharp suur or table shapes. The "badlands"
lie downstream from Awash station, where they cover large areas between Gewani and
Tendaho, and in the Mile and Logiya river basins.

1.11alysis results on samples taken at Gewani and Loglya appear very similar.
The soil is highly saline silty clay loam (80 100 mmhos/cm at 25°C); this salinity
is associatod uith sulphates asid bicarbonates. Sodium accounts for nearly all the
ions, pH values are above 9.

-

The groyish recen saliferous marl from -which these soils have formed nearly
always overlies light brown calcareous loam (lime content over 25 %) with a more or
less encrusted uoper parto



SOILS ON SANDY DEPOSITS

Map_ colourin., black spots D

These are either very distinct dune formations coveri:4; fairly largo areas,
or very candy zones In uhich dunes id 11 eventually- form. They ooeux only in
leer plains ab Dubti on the left bank, and at 'lit Bahr3 out Oto right bank, wherever
th,F. ground is dry enough for I, msized to coarse material to be picked up by the
wiixl and deposited be form . They vary greatly in size according to wind &peed
and dirention.

Surface features and instability make the land unfit for development.

51
B-9 1. e

The land is totally unfit for agricultural development. It covers 4,500 sq.
km in the Awash Valley.

B-9 2. Typical

later.
The soil unit is dAned by one typical profile : GMGW 1, to b :bed

SKELETAL SOILS ON ROCK AND BASALT ROCK DEBRIS

Ma colourinE : purple R

This is rough generally basaltic volcanic high g:ound overlooking the plains.
The biggest formatjonn rround the Lowei. Plaius and aro run Otrough by rivers which
carry 11T.ter only 1Then it rains and b7ing colluvial and/or saline alluvial material
doun j.uto Olo plain where it forms local deposits. The soils are usually shallow,
with scattered basalt blocks on the surface.

A range of basalt hills in the Middle Valley runs from northeast to south-
west and forme one of the plain boundaries. The most substantial massifs a the
Fentale, Dabjta Ale, Azelo and Amdisa, and the Dofan, with discontinuous basalt
outflows between them.

This land, totally unfit for development might be used as wild life reserve.

AREAS COVERED BY TI-TE RECONNAISSANCE SOIL SURVEY

The sizes of areas covered by _ Roil groups and subgroups in the
Mi'qle T:dley and Lower Plains of the are listed in Table 5. General

oeuts aro

(i) Skeletal soils take up about half the area.

) Old alluvial and colluvial areas are comparatively e:ztenoive in both
regions. Thoy oover an aroa roughly twice the 0150 Of the recent
alluvial area.



Alluval noilO poodominate arnoung the soilo on cscen.;. aopoolo. They
cover a higger orea in the Middle Valley in the lower Plains,

Vertisols come next, again covering a bigger area in the Middle Valley
than in the Lower Plains.

Appreciehle quanti-Lies of hydromorphic soil are observed along the
Awash Tiadle Val ley.

A comparatively largo area is taken up by marshland in the Lower Plains.

Predominant among soils on old alluvia _ colluvia are semi-arid brown
soils, vortisele and regosols in the Talley ana mainly salin,i and
semi-arid brown soils in the Lower Plairi.

fleGent allovjal land mos ouitablo for irri,c3ation iu thus fairly
when compared with nhe old al3imal oreas, especially rough roCky ground Or bacal
outflows.

ount of Land in Various Soil Groups and Sub-Groups

o Ilsols on calcareous alluvial and
colluvi:11 materials (Vf, V1) ....... : 142,000
7ertisols on cal, materials in
the runoff zones 4oV090.001090 : 13,00
Semi,-arid llrown soil e (0c, Bo., Bu) , : 206,000
Rogosols resulting :'...om erosion (E2Er) : 160,000
Saline sol'is en calo,Treouc maLerials(S): 72500
Saline alkali soils on calcareous ma-
terials (Sa) 00000.090000.0000000909
Sanne sollo z::!,ad -,-esesols on non dif-

L'erent;iatzscl wborials (Sr) ......... 27,000
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TOTAL ..00000V0 90004100000 : 556,300

:tn- Skeletal oci.loo ,!elca.aft.o matori.als(R): 375,000

: S011 Or01.11)0 Or subL,1-011p0
: Middle Valley Lower Plains

- °ha ha

Soils on recent alluvia

Alluvial soils (Ano, Ac, As)......... : 113,U00 : 10.1 : 62,500 3 7.5
Ver6lcolo (Vito, VO) omesoovw : 45000 : 4.0 : 18,900 : 2.2
Hydromorphic doils 01110, lis),...... : 20,000 : 1.8 : 4,700 : 0.6
Organic llydromorphic soils Ho) 0.. : 7,500 : 0.6 : 40,600 : 4,9
Alkaline hydromorphic solio (ha) .... 3 4,200 : 0.4 : 300

TOTAL00 00 0 000 000 00.00 0 0 000 001100 00000 : 189,700 16.9 : 127,000 : 13.2

:
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VII. LAITD CLASSIFICATION ]CR _HE CHOICE OF IRRIGABLE ZONES

The classification criteria listed below enable the land to be subdivided into
a number of classes of a definite irrigation suitability. They can be e::. reesed by

thre, notations

(i) In capital lettorn where major difficulties completely rulo out

(i In small letters uhere deTelopment-limiting factors can be expected
to canoe appreciable dtfficulties, but would not rule out irrigation.

(ii No nota ion where no major limiting facors are ar:seeiated with the
land o a- scale of 1:250,000). This land is arable nid the most
sulable for irrigation.

The following symbols have been adopted

R : Rock, or rough stony r-ound or very eroded rough stony ground.

: Wet land, marahlan , mi., areas.

Sand dunes.

ES : (Erosor f.nity). Very eroaed, highly saline "badlands", frequently
with y Laocl "miccorelief".

: Very aaline or saline alkali soils uneuitable for development.

: Land with a stony surface or stony horizons in th soil profile
severely resrietino its potential use. (Diffioul&t ia working
the soil, much loso ira'f:er readily available for the plants,
shallower soils, etc.

VII - 1. Purpose anO. Inci le of the Claesification

The purpose of the 1:250,000 scale land classicmtion ic to define the
boundaries of arable land for which irrigetien i.e possible. Irri,,:aion is a defin
requirement for agricultural land dovelopment in the Middle Val Ley ana the Lower
21ains of the Awash. From the climate conditions eJid knodn water requirements in
these areas, it is evident, that rainfall alone cannot eneure normal crop development.

It i8 necessary to classify tins land in terms of soil quality and favourable
or unfavourable facLors ito development under irrigation. This appraisal is
based on the results of the soil survey, the estimation of limiting factors, and the
geographical position of the land.

In view of the limited wc.ter supplies in the Awas Bas3n, wbieli could .lot
enaure full irrigation for all tho considered plains, it is reLeoPable to consiaer
only the most suitable land for irrigation ..,7or che initial development etage When
mora accurate estimates are nade, the less irrigable land can be included in the
development.

VII - 2. Cl allsification Criteria
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: Hydromorphic zones. Without suitable reclamation measures, their
use will remain limited by high water table levels or prolonged
flooding.

e Erod-' laed, the surface horizons of which have been uashea auay,
°cc' . oeally with mediumsize gully formaioa5 sedueing soil
fertlity and making the land more difficult to work. Thin land
is frequently found on steep or very steep slopes.

: Land in which generally medium to high salinity (sometimes also
associated with alcalinity problems) considerably limits the choice
of possible crops, which musi. have a reasonably OP ery high resistaace
to salts. This land requiros a more substantial wal;er application to
wash the salts out of it, and also special draining arrangements for
the leaching water so as to prevent rise in the uater table level.
Special cultivation methods require developing.

: (Location). Tins symbol frequently denotes soils with suitable
inherent properties for immediate irrigation (soil class I), but
for which hydraulic development projects would be less recommendable
because of their location. The symbol has been used for

(i) Land too high up for gravity irrigation (e.g., Aleydegi plain,
plain at the Mile confluence, Awadi plain ).

Wedges of land in a zone less suitable for irrigation (e,g,,
sood land surrounded or cut off by basalt or volcanic e:eudate
barriers and featuring scattered "islands").

Land too remote from a convenient development area and re-
quiring expensive development works (e.g., a long feeder canal
at the head of the irrigation system).

VII - 3. Soil Cla ion by Irriation Suitabi

These land classes relate to present suitability for development under
irrigation

Class A : land suitable for development under irrigation.

Class B : arable land nonirrigable in its present state except under
certain conditions (construction of hill ponds, deep well-
water supplies, or other local installations); and arable land
of indeterminate irrigability but generally unsuitable for
irrigation under present conditions. The class includes any
stony, hydromorphic, or eroded land with marked relief or
"microrelief" features; land suitable for only a limited range
of crops beeause of its salinity; and land which, though arable,
is either Loo remote or badly situated for irrigation to be
recommended. Land in this class, especially with the symbol
"1", would be suitable for pasture.

Class C ie nonarable, nonirrigable land, i.e., rock, very stony ground,
swamps, very saline land and "badlands".



A total area of 1,121,000 hectares was mapped in the Middle Valley coi].
survey. Part overlies alluvia and colluvia and the remainder is represented by
various basalt formations (lithosols and skeletal soils).

Table 6. Sizes of areas of land in the Middle Valley in each irrigability
class and percentages of total alluvial and colluvial area.
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VII - 4. Mappin.

Each land class is idntified by a distinctive set of colours and symbols

Claes A : green ; no overprint.

Class B : orange ; one small letter denoting the subclass.

Class C : red 5 one or two capital letters denot subclass.

VII 5. Areas of Land in Variou abili

VII-5 1. Middle Valley

Ja A laud includes al) irrigable areas and amounts to 16.8 % of the

total alluvia and colluvial 0-7,7oa.

In the Metehara 7.70(ji01 land in this class is represented almost oxcluslvely
by %vertlsols in the runoff areas and by semiarid brows soils on soft calcarocue
deposis. They OCCUT in e. quadrilaeral about 5 7 km wide by 20 km long, lirough

which the Auash flows, with salino areas along a considerable length of its northern

bound (saline soils near lake Deseka, and bydromorphic alkall soils along the

Awash downstream).

In the c9ntre of the Mddlo Valley, Class A land i.ncludes almost all the allu-

vial soils(eLT:cept only those north of the river Imi, because of then: remoto position

and heigh,. above the Awash), the vortisole cl recent a1luria a large part of the
ver-Asols in the runoff areas, and a few minor semiari6 brown aoil areas.

(ha) ha

:Class A : 125,000 125,000 16.8 : Irrigable land.

:Class B 60 00 : 601,000 : 80.5
: Not irrigable in its pre-
: sent condition, or of iodo
: finite irric6abi1ity.

:Class C 395,000 20,000 2.7 : Nonirrigable

:TOTAL : 1,121,000 : 746,000 : 100.0

AlJuvial and
Total area colluvial area Irrigability
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This land comprises the Melka Sedi plain° over recent alluvia _-ight

bank of the river and the Kerem, Kebena and Bolhamo plains on the left ba
Development possibilities are limited by very fineteatvred vertisols, most of which
are on the right ball": of the Awaoh. (Limited drainae- -ad selection of crops).

eiable amounts of land to either side of the rii,.3r Awadi would be fairly
easy e 1Dp if full use were nado of the water available from this river (e.g.,
outoff lls to divert underflow).

Most land in the Maro Gala elain farther north io in Clasa A.. The plain
containe a eu fairly lamited. aline areae ('laso C) in ite cen-tral poi.tion oon-
sisting of alluvial solo and aisols on recent alluvia. Only part of the land
can be supplied with water iaa gravity. Acceso ie still difficult, and the land
around the Gewani mareh is poi odioally flooded.

Claoo B land covora more than 400,000 hectares; i.e., 80 % of the total
alluvial and colluvial ares.

Limitationo are mainly aesociated with its geographical or t000gaphical
situation (1), erosion (e) and, tatror much smaller areas, with hydromorphie featurea
and flooding (r), oalinaty (a)andm high proportiono of atones or rock fr.,tments in
the 21031 (r).

Certain land of medium Lo marginal irrigabality han been inoluded in class B
solely beoauso of i-1,2 geographical or topographical situation e.g., the liertisolo
in the Aloydegi Wain aad in the plains north and soui;h of Awash station. Rough
broken land along the edge of the recent alluvial area comprising severely eroded
regosols, semiarid _ eoile and vertisols in the tributary valleys is included
in Clase B.

Clase D land eau generall;; be made suitable for pasture if the requisito
number of water supply pointr alas; created. This is especially true of the Aleydegi
and Awash atation plains.

Class C lano covers 20,000 hectares in the alluvial and colluvial area
(2.7%). It includes

(i) Excessively calina land alongeide the Beceka. Hertale, Gedebasa, Kada
Buen and Filweba lakes or opringe (symbol 0

Saline mael "badlando" west of Gewani. This severely eroded land is
unfit for cultiatlon ymbol ES).

The marsh eouth o lake Ocdebaaa, containing numeroue ohannelo of
varyin6 activity depending on flood severity. This marah and the
lake are both gradually fiDing

The map area includes skeletal soils and basalt hills totalling 571,000
hectares (Fentale, Dofan, Kbita Ale, Azelo).



A total area of 836,000 beor.hvc been mapped in the Lower Plains, including395,000 ' 4ectares of alluvial and col la. The remuinr j.s- skeletal ,soil and
volcanic rock. The total does not include lakes, amountir o r .bout 1,100 hectares.

Table 7. Areas of land in the Lor Plains in each irrj.gility class and
percentages of tho .(,)-;;F.1 alluvial and colluviol urea.
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VII-5 2, Lowe

: TOTAL : 836,000 : 395,000 : 100.0

Irrigability

Class A land covers 75,000 becGares, i.e., 19 % of the total alluvial and rlol-
luvial area, oi:tending from the pla.Tns south of the Mil confluonoo to Lake Abe and
in the subsidence forming the Lower Plains. A small parl:, oE tllas land occurs at 4he
level of the Al:ash-Mile confluence and along the left burl or i7,he Awash as far as its

confluence with '1,11c Agasuri. Moet of the Class a land i found on the right bank
of the Awash (Di Bahri. area), and especially in the Asayita delta.

This class A land comnrises nearly all soils over recent alluvia (except for
u few areas subject to flooding and some vertisols in the recent alluvium area). It

does not include land with a water table near the surface or subject to prolonced
flooding. Efficient drainage is necessary for irrigation in the Dit Bahri arce and
the Asayita delta to prevent a water table rise and secondary salinization of 6he
soil,

:

Class B lanci covers 125,000 heores, i.e., neary a third of the total
alluvial and colluvialarea (31.6). Its irrigability 114 limited by remoteness or
topograpbaca situat)on (l), hydromorphic features (a) and. salinity (s).

Irrigation possibilities in the Mile-Awash area are limited by its high alti-

tude above the Awash; the lana to the west of the hills dJong the edge of the allu-
vial area aleo suffers from its remote situation. an ,d,Terse ractor is the fre-

quently stony nature of the semi-arid brown soils througnout the Mile area. Only a

few flatter portions alonL: ths ,.'.wash would be less di.Cficult Lo irrigate. Port of

this area will be under uhen the dam is built at Tendahe. Other areas affected

by their remoteness (1) ar,, , eriodically flooded by runoff north of the Kurub

and south of the Foro bo.sa1-6 bills,

Clase A : 75,000 : 75,000 19.0 : Irrigable

: Class : 125,000 : 125,000 : 31.6 : Not irricabJe at present, or
o;: *idefini.te irr,abi ity.

: Class C 636,000 : 195,000 : 49.4 : Non-irrigable.

Alluvidl and
Total a ea colluvial area

(ha)
ha



Cl A

Cl B

: Class C

: Total alluvial and
: colluvial area
:

Lithosols

: Total mapped area
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Salinity (s) is very pronounced in the Dubti area, to the north of the Boyale
marsh and along the edge of the basalt hills surroundiar2; the Lower Plains. Special
measures and prior experimentation are needed for their development.

Land identified by the symbol (w) occurs in areas wiLh a microreliei"
featuring holes and depressions, run through by numerous distribu6araes and Clooded
by the Awash at hich water. It overlies vertisols or lvdromorphic aoils to either

side of the Awash (alongside the Boyale mavsh, in the Dat Bahn/. nood area, along the
shores of lake Ganan i ana soua of the Mamule defluent), This land will be difficult
to develop unless flows in the Awash are controlled.

Clase Gland covers 195,000 hectares in the alluvial and colluvial area;
i.e., nearly half its total area (49.4 %). It includes

(i) Boyale marsh and ahose south of the Asayita delta and along the
western edge of lake Ganan.

) Dunes at Dubti and Dit Bahri.

(iii) Severely eroded 7;ery saline marl "badlands" in the Mile and Logiya
basins and north of the Alalabada springs.

Extensive saline alkali soils north of the Boyale marsh and around
the Alalabada springs.

Volcanic formations (lithosols) are extensive outside the alluvial area
(441,000 hectares have been mapped).

Table 8. Areas mapped in the Middle Valley and Lower Plains. Percentazes
of the total alluvial and colluvial area (Middle Valley and LoTrer
Plains), excluding lithosols.

Middle Valley
..

Loe.' Plaina Total aren

ha : % ha

: 75,000 : 6.6 : 200,000 : 17.5:
.

: 125,000 : 10.9 : 726,000 : 63.6:

: 195,000 : 17.1 : 215,000 : 18.9:

: 395,000 : 34.6 11,141,000 :100.0:
:

' .

: 441,000 ; 54 : 816,000 :100.0:

The largest areas of t lost irri:eeicle land are in the Middle Valley
(10.9), compared with only 6. 77,,000 hectraroe) of lana in the Louer Plaina which
would be made irrigable with improament, especially with drain e.

ha .1
/0

125,000 : 10.9

601,000 : 52.7
.

20,000 : 1.8

:

:

;
746,000 65.4

. .

: 375,000 : 46

: 1,121,000 : : 836,000 1,957,000



A. SELECTION OF THE AREAS

The Middle Val1e7 Lower Plains contain fairly largo areas of recent allu-
vium which could be irricae uuder gravity. Irrigation could be extended to some
oidor alluvium and colluviuil not so saline as to require excessive leaching water
applications. The areas seleoted are

L.J.ddle Valley

The Metche:ea, Melka Sedi, Amibara, KesemKebena and Bolhamo irrigation areas,
covering an overall gross area of about 100,000 hectares. These are mainly Class A
land. Decisive elements in this choice were land qualiej, irrigability under gravity,
and the proximity of ways into and from the areas conoerled, The Awadi and Maro Gala
areas were coneidered to be less suitable becauee of Lhelr remoteness and the smaller
amounts of potentially irrigable land they contain.

In the TA. Plains
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Clase land in the Middle Valley alone accounts for nearly half (52.7%)
of the toi:al alluvial and colluvial area, compared with only 10.9 % (125,000 hectares)
in the Lower Plains. In the Middle Valley, most of this land can be made suitable
for pasture, if the necessary water supply points are inetalled.

Class C laud ie very exteneive in the Lower Plains (17.1 %) (i.e. nearly
200,000 hectares), but there is not very much in the Middle Valley. This class of
land cannot be made irrigable. (Lithosols cover substantial areas, and are totally
unfit for use.)

VIII. SEMIDETiILED 0IL SURVEY

The chcice wa more difficult for thie region because of its poor accessibili-
ty and vulnerability to flooding by the Awash at high water. An appreciable amount
of this land is so saline that ite development requi es aboveaverage quantities of
water. Alkalinity in the lowlying parts of the area "bottomlands") is also a
problem. Adverse features affect each selected area.

The Dubti area is selected, among others because of its recently intro-
duoed cotton gTowing aclavities. It offers a larger expanse of level land which
appears to lend itself yell to irrigation under gravity.

Recedingflood crops are already raised in the Asayita delta. The presence
of farmers and the possibility of extending irrigation to the north of this area
warrants its selection for a semidetailed soil survey.

B. 30IL CLASSIFICATION AND L.-.]G_,NDo FOR THE sUAUY

The soil units of the semidetailed survey resulted from a splitting at the
series and phase levels of the broad units of the reconnaissance survey. The criteria

at the series level are more often the texture of the parent material, sometime the

structure of the surface horizon or the salt content. At the phase level, they are

the water redime, microrelief, depth or salinity.

The legends used in the two semidetailed areaa are given below. (Detailed
description of profiles typical for these soil units are given in Appendix 3).



I. SOILS ON DEC10» ALLUVIA.

1, Alluvial Scr1 on V

Medium te

Dark-coloured horizon with moderately fine texture at
deeper levels.

Moderatel fine to fine textur

Alluvial Soils on Very Slightly Calcareous a:Id Occasionally
Saline Deooeits

On alkaline

Homogeneous, Ji e texture; gilgai micro-relief

Homogeneous, with highly-developed mulch

Moderately deep on loamy horizons

Moderly shallow on interlayed alluvia; micro-relief with halos

CoarT ucture sliht1 alkalineo'

Moder_ ly fine to fine texture

Modere-Loly fine te=-uure on interlayered alluvia : micro-relief
uith hoJes and channels in dried-up areas

Vertisols on Very 2lightly or Non-Calcareous Maerials Snboect
Seasonal Naterlo6zing During Floods

cn Sli5htly

rture

-..voture

laterials

h 1 or Non-Calcareous De o

,ous Materials

nu s

h holes

Fine self-m 1

Vertisols on Ve:" o, Non-Calca H

Interlayer o rnodor ure

Deep



Semiarid brown soils on oolluvia
materials

SemiariO. brown soils on volcanic tuff and hrJ debris

Relpeols fi
On soft alluvial and colluvial maerials
On ravelly alluvial and °alluvial materia
On basalt gravel °alluvial materials
On soft pumice and volcanic tuff °alluvial material°
On gravel y pum' and volcanic tuff colluvia/ material

Re:osols and Saline Soils

11, Saline Soils

12. Saline Alkali Soils

III, LITHOSOLS AND SKELETAL SOILS

On basa

I. SOILS ON RECENT ALLUVIA

1. Alluvial Soils on Caloareous De)osits with T' Aayered Textu es

Medium to dc:Lc;w31-r fine texture
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LOWER PLAINS

raveii

Subject to seasonal waterlogging during floods

Zone of driedup ohannolo 2 microrelief of holes and cJIL.,D:Als;
medium salinity (occasionally hlgh oalinityl symbol "S"

uvial

H. SOILS ON OLD ALLUVIA AND COLLUVIA

Vertisols on Cal a eous Materials S 1r Salino a

Fine structure

Coarse structure

SemiArid Brown Soils and Vertisols on Calcareous Materials oi Ole
Aroas of Rough Broken Land

on calcareous :;ones

iarid brown soils on calcareous °alluvia?
uith local limestonecrust)

Deep
Moderately deep on bas1 gravel colluvia
Moderately deep Igith baslt gravel generally by runoff loam



Modeve.wly fine to fine o:uro, occasionally alkaline at
(lee per levels9 strongly marke rorelief

Subject to seasonal waterlo during floods

Zone of dried up channels

Moderly fj.0e to Cine texure moc1eraeiy deeo on horizons of
var3a1)le temluve and colour, occasionally alkaline
:o channels)

2. Vertisols on Calcareous Mate 'ale

Coarse structure alkaline

omorjjiic Soils on CP.

Soils rich in humus subjec- temporary flooding
Organic soils

Subject to seesonal wate.d., during floods
Permanently .4aLerlogged

II SOILS ON OLD ALLUVIA AND COLLUVIA

4, Saline Soils

Medium texture

Low to medium salinity
Medium salinity at deeper levels

Moderatol fine texture

Medium salinity at deeper levels

Saline Alkali Soils

Fino Textured Alluvial Soils ons or Driedu Lakes

Salinity low to nil

Medium salinity in the topsoil

Sandy osol on Dunes

III, LITHOSOLS AND S2L2TAL SOILS

On basalt and

On shells and ca eous

62
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C. SIZES OF AREaS COVERED BY THE SEMI-DETaILED SOIL SURVEY

Table 9. Areas covered by Semi-detailed Survey - Middle Valley
1ip.kiha?7a_rfT.)

SOILS ON REOEBT ALLUVT,\

Alluvial soils on very slightly or non calcareous:

:

:

:

deposite (11, 121 122, 13) .....................:37,520; : 16.8 sr

Alluvial soils on very slightly calcareous and :

occasionally saline deposits (2) ................: 5,860: : 2.6

Vertisols on very slightly or non calcareous ma-
terials, fine self-mulching structure (311, 312, :

313, 314) .....................................:18,620: : 8.3

Saline alkali soils (12) ...........,............: 450: : 0.2

. :------T 71,390: . 31.8:
:III - LITHOSOLS AND SKELETAL SOILS (13) ...............:

: 69,370' : 31.0'
:

.
: :

Area
hrl_ ---- e '----.------:,,, ._.

; .

22!1000
:TOTA L AREA wpm vee 0 0 oevvemO ;
4 c44 IS = = = ==t

Vertisols on very slic;h6ly or non calcareous ma- :

i;erials. Coarse structure, slightly alkaline
soils (321, 322) 0o0o000000000000000Q0000090W0000: 6,570:

: 2.9 :

Vertisols on very slightly or non calcareous ma- :

terials subject to seasonal waterloggLng during :

floods (4) ......................................: 6,700;

Vertisols on slightly calcareous materials(51,52); 3,970: : 1.8 :

Nrdromorphic soils on very slightly calcareous
materials (61).................................. 2,250: : 1.0 :

Hydromorphic soils on alkaline materials (62) ...: 1,750: : 0.8 :

: II - SOILS ON OLD ALLUVIA AND COLLUVIA

. .quding the

Vertisols on calcareous materials slightly saline:
at deeper levels (71,72)

Vertisols on calcareous materials in the runoff
zones (811, 812, 813) ...........................; 7,020:

arid brown soils

Regosols resulting from erosion (91 92, 93, 94) ;13,820:

Regosols and saline soils (10)................... 1,300:

Saline soils (11 od,oveg000peor000mommemorogoomm.ow; 2,250:
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Alluvial soils on roceat alluvia account for roughly 25 c,,f, of the overall
alluvial and colluvial area. Tney are mainly in the KesemKebena plains, in the
higher part of the Bolhamo plain and in the MelkaSodi and Amibara plains. Soils
with deep saline horizons cover about 6,000 hectares in these aras.

Finelystructured vertisols on recent alluvia oJ:tend along the Awash,
especially in the right-b.nk portion of the MelkaSedi plain.

00arse):7 uctured slightly alkaline or calcareous vertisols are found in
the depression ally left over from former beds of the Awash. Some are subject
to flooding when he river is running in flood, especially in the Angelele plain.

lEydromorphic soils occur in depressione waterlogged for part of the year.
Some are alkaline due to the warm springs (Filweha, Kada Bilen).

Soils on old alluvia and colluvia are mainly of the brown semiarid type
and verisols and are found in runoff areas. Some calcareous vertisols among these
(e.bout 7,000 hectares) would be suitable for irrigation, were it not for their
hIgh alitude.

The lithosols and skeletal soils isolating each area make up a third of the
total maoped area.



Area
6

:

: Alluvial Bolle on very slightly or non
: calcareous deposite 11) ............... : 150; : 0.4:
: Vertisols on very aliL;b.i.ly or non calca
: reous movials subjest to seasonal
: waterlogging during floodo (4) ......... : 1,950' : 5.2:

: Hydromorphic soils on alkaline materials (62): 1,100;
:

:

: II SOILS ON OLD ALLUVIA AND COLLUVIA
:
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Table 10. Areas covered by Semidetailed Survey a

ture (71) 0000000011090900000000000900400

2 3009)00000m0.0090000

Saline sol

Saline alkali soi

) 00000000 000000.0000000

(12) .00004100

Regoeols resulting from ero.ion (91, 93, 94,
95) 00000 000006a 009009 O :10,600;

: 2.9:
,200, 8.5:

Vertisols on calcareous materials sligh:61y
saline at deeper levele with fine ECc,ruo

: 1,750:

: 5,500; 144:65:
Vertiools on calcafoous maLerials in the
runoff zones (812613)

Semiarid brown Boils (82, ea...0ecteme : 5:550: : 14.6:

: 18.2:

: 2,300: : 6.0:

: 1,800: : 4.8:.27,5000 62.7:
:III LITHOSOLS AND SKELETAL SOILS (13) ........ : : 7,300: : 28.8:

:

_OTAL AREA ............................
: o:cluing tM lake6

mamaressE.SZt=====vagaws=====anslacra=zam.ssttammvsnanammagelasmras",tr,:r1...,,,,,,,,,..r1=,..^...--.,.3.3-,32...-ar;

The recent alluvial area in very email and consiste almost entirely of verti-
Bole and alkaline hydromorphic soils along Awash.

The vertisols, uhich ara affected by frequent eliorduation flooding by
runoff, take up ,0°A of tbe - otal surveyed area. They mainly ocouv on thc: Taft bank
side of the Awash.

Semiarid brouu soile and regoso occur e]:tensively on alluvial cones at the
foot of basalt cliffs. Salino alkali soils, amoouting o about 10 of 1.he overall

area, occui around lake Beeeka.

The area also contains numerous basalt outflows tc r covering roi±1
30 % of its total surface.

SOILS ON RECENT ALLUVIA 0



- SOILS ON RECENT ALLUVIA

Alluvial soils on calcareous deposite with in-:
terlayered textures (111, 112, 121 122, 13) :52,000:

Vertisols on calcareous materials (21 22)....:16,000:

Hydromorphic soils rich in humus on calcare-
°us materials 1

:

(_1) ...........................: 6,000:

Hydromorphic organic soils on calcareous
materials (321, 322) .........................:20,800: : 8.7:

:
94,800! : 39.6:

; II -- SOILS ON OLD ALLUVIA AND COLLUVIA

Saline soils (411 412 42) ..................:34,000: : 14.2:

Saline alkali soile (5) :

14-5:

Fine te::tured alluvial soils in the depression$
or dried up lakes (61, 62) 900: : 0.3:

S.dj regosols on dunes (7) 7,300:
76,900: 3.0: 32.0i

:III LITHOSOLS AND SKELETAL SOILS (8) : 68,300: : 28.4:
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croa

: 21.7:

: 6.7:

: 2.5:

:240,000: :100.0:
:TOTAL AREA 90000900000040O0000040000411,000.: excludin,7 the:lakes:

('/,800L

Alluvial soils cover about one-third of the surveyed area (excluding lit'ao-
sols and skeletal soils). They are particularly developed in the Dit Bahri plain
and Asayita delta, along the Awash and its defluen.6c.

Vertisols account for 16,000 hectares; most occur in dried-out depressions.

Hydromorphio soils are found in the quasi-permaneni; marshes and along their
flood frinGes. The biggeoi, marshes are along the left baoh of Lhe Awash (Boyale)
and around lake GE,MV.:Olo

Saline soils over old alluvia and colluvia cover 34,000 hectares, mainly in
the Dubti area and on the colluvia south of the Dit Bahri plain. Their salinity
varies, but some are suitable for irrigation.

Saline alkali soils extend over nearly 35,000 hectares north of Dubti.

" Dune soils cover an appreciable area (7,300 hectares).

Very clayey dried-out lake soila (Gargori) account for 1,000 hectares of
land north of Asayita.

Lithosols and skeletal soils are mainly corresponding to the two basalt
ranges separating the Dubti and Dit Bahri plains from the Asayita delta.

Table . Areas covered by Semi-detailed Survey - Lower Plains
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Soils in 1h. 1'11 "(o r.on onn 1)1 e

s ' opment e In r ; tf,s ,Jaici 2 etor;
; .,;332-3)3 , 3 3, , 33 3,3a, 3- 1,, l'T rû .1.1 OW for i t s bn1iioJ p:ar'i ,32e.r1 W.S

J,; î,o Ícsi 1

A land. -st rî4soi 211(.,i; p si 1D1s 1:rtnolr
'333) ; '3,3'1,333 31313113' (1 4 333 3 3on 33,,71,',. 1'1'; (1 rrr )1.,7 C' 7 )1C, s,s d 0'7E:1 r

0 , 0 srd t ') ' , , z. o' 3 ao 3 :a., r.7,..1

3'13: 331, 3:3133''' r.41- 3 31,1,4,3 r,a133-, 1 3, r3 3 3,113 1, 33, -,3.3 '1 'OH', "1,1
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? An, 1PH H 5Hr r ( also Hrr pro .i 1:1« (7)0()
A 1;1.20' ;;;,) ' r is3 r 3,- d
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Seturated e:trac conductivity 4-8 mmhos/em at 250C
. SALINITY

Satura.6ed e:Ktract conductivity 8-lo mmhos/cm at 25°C.6. : ITT or IV
S

: Saturated extract conductivity over 16 mhos cm at 25 C V O VI

Na/T % - 15% Or

:ALKALINITY.e Na/T = 5 % 20 % ...................................
A Na/T . 20 % - 30 % ...................................

Na/T over 30 q) 0000 Ve
IV

V or VI

--;
,

: FLOODING ;
.
:

Only e3:c3ntiona1 flooding
Major floods every tuo or three years, or for short
;periods eaeh year .....................................
Majo floods each year 0000.40.06004.0000000990.004000 . IV or V

: DEPTH : Deep . 0.75 m - 1.5 m 414100499090"4,0o000000410000
Moderaly deep . 0.25 m - 0.75 m ...................

D Shallou . 0.25 m 0.0pee9e000000Ofee00.00M0000004.41 : IV or V
a

o

EROSION

:

.

'

m
Q
Mediu to sllehl, erosion ,............................. : il

t ...,evere 'os'on C040009000.000000004/0000000410000000 : III
: E 3 Very cvore erosion e0000k40,004.0.00004100410000000 : IV or V

1 % 6 c/ Oecoovos0000Me0o*obee000000beernee00o0o0eno" SY.
: SLOPE 3 6 % G c%, op000mmom0000moopoogrocOmboovemeefoomoo0O0e000 III

: 8 %25 % er000n000eomm000eo.000000g000rn0000m00000000m IV
: over 25% "p004,000/00000916010.0000000000 000001,0000: V or VI

Pablo 12. Land Classification - Limiting Factors

: Factor
: and

symbol

:

Meaning :

:

Highest class
in wbich

classifiable

DRAINAGE
:

:

:

Minor drainage difficulties 0,090609o000.04000veapdp0004.
Medium drainegc difficulties ..........................
Major draLnaz;e difficulties ...........................

II

III
IV

:AVAILABLE
:MOISTURE

AM

7,10J, - 10% - 13 % 41004,000090.000900041000600006041L 6 % 10 % 000.004.0060000ewm004000004409o"
VeL7 low - under 6 % "400 .0

Ill
IV

:TITGRO- : Scattered holes and ditches up to 60 cm in depth ...... :

:BELIEF : More densely distributed deeper holes and ditches ..... : III
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IX 3. Discussion of Limiting

IX-3 1. Drainage

The water table is generally at a considerable depth, eaceat in cc lecal
areas; e.g., in the approaches to the Lower Plains or aloug the river and ,ural do
fluente. Drainability is expressed simply in terms of soil texture in the hiefLzon
below a depth of 0.50 m

(i) Fine te::ture (i.e., clay exceeding 60 %) : Class III, or IV if at the
bottom of a depression.

(i i) Moderately fine texture ; Clase II.

) Moderately fine to roi:0AvIr texture with interlayered medium to
moderately coarse teatxred horizons + eatisfactory- drainability
(for eample recent alluvial soils).

If the firee horizon belou 0.50 m is not very thick (e.g., less than 0.20
the teabure of the one immediately below is considered.

In the Lower Plains, these limitations for the movement of water within the
soil and surface drainage poseibilities mainly apply to the bydromorphic soils and
vertisols and to fine and very moderately fine teatured alluvial Foils (occasionally
containing much exchangeable sodium at depth) in the lowlying areas; e.g., Pit Bahri
and the northern Asayita area.

In the Middle Va)ley, the vertisols in the Melka Sedi regiain, the hydro-
morphic soils near Angelele on the right bank side of the river aed the Bolhamo
vertisols on the left bank aide also have these limitations.

IX-3 2. Available moisture

This was estimated from about a hundred samples tHeen at points suitably
distriUuted throughout the Awash Basin, based on moisture meaeurementa at pF 2.5
and pF 4.2; available moisture was estimated as the difference between the two
moisture rateo.

These results showed that there is no relationship between soil type and
available moieture. The available moisture rates of 85 of che aamples analyaed
ranged from 6 % to 13 %, which in fairly loo. Frequen water applications are
necassary i.e develop these soils, which uill be a nuisaece. This is why :acme of the

soils in the ilTash Basin has been pu t in Clase I ; eveu the hect land, in the Melka

Sedi Amibara area, can only be coneidered fi; t for Clase 11.

IX-3 3. Salinity

The results of the leaching tests on certain mediumsalinity eoils in the
Lower Plains (see Appendix 5) aproar to confirm that they epuld be improved by

leaohing. To estimate the ealinity of .he various profiles, the texture

has been taken in account, ieeeteaj te permeability whioh controls the drainage.
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I A
Leaching tests in the saline lands

near DUBTI

I B

Leaching tests in the saline lands
near DUBTI : cylinders maintaining

a constant head

I C

Leaching tests in the saline lands
near DUBTI : wet section

of the profile
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A few saline soil pa(Thes obssrud Jia Uae i.11.rt6J.r. Valley, scmw of which
are atill developinc; due incsal sorins like Criose giving
birth to the TP:LJ-b& and i.hA Nei!*L,ale delluenG,

Saline mar] i'ormio, sv, (-.);' the "1,ktie.,100" occurs mainl i:.aro Gala
and Dubti, also a pa;rbe belween 1i,D"oe,J1D7:e. nid Melka

In the rr saline soils are found esposislly owr old alluvium
and ov r colluvium J.c Lift bank of the Awash a:-ound Ibo lioyaae marsb and

):164t banl: upsLfc.-am from Dit Bahci. They cre ,Lcry,,ralt.y -ery nalLuc
(cooLc- rer 0.65 °/,)nd all,.aline with high NaT raios.

The soils over17'- ' -11uvia show little salinity, o-Lcopt fo
local uppel- horizons wíi tent of up to 0.3 %; for 111,7A,alel north
Asayitd,

1x-3 4. Aikaliriit

LLigi pU ood a bl,sb prouorion Or (=,.:afloc-11.110 sodAun in he e.7.ohane
(h.v1 Wa/T raio) characteislc 01,2,ns o all-alinL.t.y. Middle Ifalley and Lover
Plains F7r,1JE., overlying recen or i)] ç1 alluvium generally ov hich off values, Trblob
unually ded'Gh. ?iguren are f

(i) kiddlr alley ; pi r,-Llitsiry, bew,ell 7.5 and ".0 Zor very nearly 90 %
or OP r.omples, 71.:th o medlum value of rboo, C1.0.

Lower Plains : pH ranging beLuc:n 8.0 and 9.5 for about 90 % of the
samples, with a medium value 0g 8.5.

Those 5o71sdirci be oonr,Tdored alkalicie, probably due to the sodiow bi-
oarbonaLo (.11 come wr,ter an die cachment aren enaLycnn cr bhe e7cM.ange comas-.
F.b.ou.s np-u 1Ta/T rafrios some (genera,13.,7, naline) sotls c:Lcoed 15 y such o hi.jb
nroporicro of sodium hiw, o oonsidc,Toldo cfeob on he p05ichl G031. proportios,

1r1 ;;lie leoching of ron]. ine coils. Some crops ,-.xe aleo susibive to lc.-.ree
Quantifier: oi7 sncOvAIN Tbeoj1 (71aoses have been difer--?nkated Ln termn or '1,31.6-LE
Na/T ::af).os, as shown tn Table 12,

In '6he nddlo 1ralloj r!a/T :ratios arri high only k.r. 7ertisols overlyil/
olJ cri incrini 0r colluvia] matoial (Aleydogi plain), ,Lad for soils 77-JJ;h alkaJir.e
depoRits or volcanic tu.(7r in tne Meteara re2:ion, o:7peeirdly around Leko Bescl7a,
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The extent and duration of flooding al high 'eater have been roughly ansessed
by aeria3 observation, by examination of the geouee¡Jhieal positions of floods and
their higla-water marhs, and by the interpretation of information collected from
nomadic tribespeople.

The main alluvial areas flooded are in the Louer Plains. The land is
permanently under water in the Boyale marsh on the left bank and around lakes Gamari
and Bario. Flooding is temporery on the alluvial land directly alonaside the river
and its distributarieo, but is more prolonged in the depressions at their downstream
ends. Flooding and rlrainage are thus the tiro most important limiting factors in tho
potential development of irriaable land in the Lower Plains0

f.n the Middle Valley, the extent o.if temporary flooding will be limited by the
Koka dam to a strip alluvial soil beside the Awash, which is only a minor problem.
On the other hand, the hydromerphic soils and vertisole an the Anselele depression
and around lake Gedebeee are regularly flooded with certain rivers, (e.g., the Kesem)
overflowing into the . confluence area when in flood.

Runoff from rough bro.en land in the hills also causes very temporary sub-
mersion of the vertisols in the thalwegs and the alluvial and colluvial soilo at the
foot of the hilis. Thie is mainly observed in the Metehara region along the right
bank, and sometimes 2n the Melka Sedi region. It may occur, though much lees .;:re-
quently, in alluvial areas downstream from torrents whose oatchwent areas mainly con-
sist of lithosols over basalt.

IX-3 6. Depth

The depth of a °oil is seldom a decisive limiting factor for its irrigability.
In the Middle Valley, the depth of ooil overlying old alluvium and colluvium la
limited by ara-rol beds and calcareous crusts. Skeletal soils and regosole on volcanic
formations ara very extensive along faults. Their depth is limited by rock banla.s cr
basalt bouldero (Metchara plain).

In the Lower Plains, the eoils over saline marl or basalt, and those over
old stony alluvium (the latter along the Mile plaina) are aiso not very ouitable for
development because of their ehallow depth, salinity or relief features.

IX-3 7.

Gully erosion to the form most commonly encountered, mainly affecting the eld
alluvium on the hillsides above the recent alluvial plaias both on the right and
(especially) the left bank of .he Awash (Kesem, Kebena, Bolhamo and Awadi plaius).
Class 11 and Class III soils over recent alluvium, which are the most promising for
development under irrigation, are subject to local erosion along river and distribue.
tary banks. The fine material uashed away are deposited further downstream, as
can be observed where the Lower Plains contain numerous flood water channels Dubti
and Bit Dahri areas).

IX-3 8. Slope

Slope is not a very serious limiting factor and, except for soils over old
alluvium and colluvium (alluvial cones and the edges of terraces of faulted deposits),
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seldom oocurs as sucä in the area surveyed for the 1:100,000 scale soila map. Slopes
of up to r % - 3 % are observed on the torrential tributary conea in the Metehara
area and on the edges of old terraces in the Melka Sedi crea.

IX-3 9. Microrelief

The microrelief of the vertisols and hydromorphic aoila affected by tempo-
rary submerajon is generally of the "gilgai" or the deeply channeled type. This in
observed in the dried-out areas around Melka Sedi and Bolhamo (especially around
marsh areas in the Lower Plains) and, to a lesser extent, in depresmons which have
dried-up but are still mrked by pronounced channelling.

IX - 4. Im- rovement and

Various additional mensuren will be necessary to overcome difficulties due to
developmente of the limiting factors. Project implementation and running- costs will
thus rise in proportion to the number of limiting factors to be dealt with. Addition-
al costs, however, will not be strictly proportional to the number of factors which
are interrelated so closely that the improvement of any one is liable to improve the
others; e.g., land-levelling work carried out to suppress microrelief will improve
drainability, which in turn redus salt contamination risks.

IX-4 1. Dre7i.n-

Surface drainage is very important for developing land affected by flooding
or blaCk soils containing a lot of clay. With saline land, or where there is a salt
water table, irrigability depends on drainability.

The dispoaal of surplus surface water from river floods and rain or
irrigation runoff requires a network of shallow drainage ditches. Where flooding is
frequent, this system can be associated with cultivation on suitably wide ridge tops
between furrows.

The di posal of surplus water in the gruund requires a system of comparative-
ly deep drains at 1 metre depth, for instan57; which can be provided for at the
irrigation project design stage and put into effeci later on, should irrigation
subsequently cause a dangerous rise in the ground water level or the formation of a
perched aquifer.

IX-4 2.
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Available moisture

There is no "universal" method for improving the available soil moisture con-
teuG. The best reaults are obtained witn cropping methods conduC.ve to a fine
breaking-down of the soil and an inorease in its organic matter eentent. Irrigation
systems for soila containing little available moisture should pre-ida for frequent
water applications. This, while no t affecting the initial project costs, pushes up
the distribution network operating costs quite appreciably.

IX-4 3. SadjL4.
Though very summary, the leaching tests described in Appeadix 5 show that

saline soils with a conductivity of less than 16 umhos/cm at 2500 can be irrigated

and farmed, provided salt-resisting plants ere grown. The cost of farming the land
woeld be heavy because of the careful land-levelling work required and the need for

submersion basis as a means of periodioally applying considerable quantities of
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Clase V Violet on the map) is non-arable land of indetermined suitability
for irrio.tion. Unless technical and economic studies show a possible use, this land
is unlikely 60 be developed for irrigation at present. This class includes any land
that is very aaline and/or alkaline, too shallow, gravelly or excessively steep.

Class VI (Red on the map) is neither irrigable nor arable. The class in-
cludes soils permanently unfit for use, especially rock, basalt, lava, dunes and
excessively saline or alkaline soil.

IX - 6. Areas in Various C asses of Land

IX-6 1. Middle Valley

Excluding the ketehara area, the land mapped in the Middle Valley covers
224,000 hectares, of which 154,000 hectares are in the alluvial and colluvial area,
between basalt hills with lithosols and skeletal soils, and very gravelly soils on
slopes.

Table 13. Areas and Percentages of Lands in Various Land Classes -
Middle Valley, excluding Metehara area

To a1
amoturk,

o[' lane

: Amount in
:alluvial and

oolluvial
: area

hectares)ectares

Class II : 52,400

Class Ham
included in
above)

: Class III

52,400
: Total irrigable land
103,100 hectareo, i.e.,

f : 66.7 % of total allu7ial(24,700) ' 24,700) (16.0)
and colluvial area.

4,300

18,300
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Percentazo
of total
alluvial

and
colluvial
area

33.9

Remarks

:Occasional salinity and wet-:
:nose problems in the allu-
:175F0. oPeE.

:TOTAL 224,000 154,700 100.0

: Class V 4,300

: Class VI : 87,600

50,700 50,700 32.8

: Class IV 29,000 29,000 18.7

2.8

11.8
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Land in 0 ass IT denoted II am, covering 24,700 hectares, (i.e., 16 % of the
alluvial area along bothbanks of the Awash), is the best land for irrigation. Its
low water-holding capacity is here its only limitation. This is probably due to the
nature of the clays in the exchange comple::. The land ocrreaponds approximately to
the medium to heavy-te::6ured aoils overlying recent alluvial it covers 18,700
hectares in the left-bank Kosem-Kebena ereas, and 6,000 hectares in the right-bank
Molka Scab_ area.

There are also 23,700 hectares of oreinary Clase II landa Its potential
:ultural development is limited by the relieving faotors

(i) On the left bank : mainly slight salinity and microrelief problems or
temporary flooding.

(i On the right bank : drainage problems due to the p_ _nee of fine-tex-
tured soils or vertieols, temporary flooding, mica'ceelief, and possibly
salinity (near Debu).

Cause II land ncluding Ham covers an overall area of 52,i00 hectares;
i.e., 33.9 of the al uvial and oolluvial area along both banks of the Awash. Half
io good irrigable land, but lacks adequate available water reserves.

The Class IIam land appears to be potentially the most productive in the
enLire valley, with reasonably low farming costs. With ii-eigation methods adapted
to tho low available water in the soil and suitable crops for the Jocal climate,
high yields should be possible.

The range of crope for other land in Class II may be smaller beeause of the
fine:- textures and/or slight ealinity of aome eoils. D3velopment oosts may be higher,
because of the need for cortaln drainAlte, flood protection measures, and land1evel-
ling work for soils with a pronounced microrelief.

Clase II land in the Middle Valley is potenLially more productive than in the
Lover Plains, because it is less alkaline, contains mor orgemie matter, and is

affected by few or non-salinity problems.

end in Class III accounts for 32.8 % of the alluvial j
i.e., 50,700

hochares, It i eludes

Hydromorphic soils and generally deep vertisols at the Kesem-Awash
confluence, along tho left bank of the Awash, and in the right bank
Angelele region nori,h of Melka Sedi. They are usually temporarily
submerged when the river is in flood.

Medium-salinity soils along the foot of the hills overlooking the
recent alluvial area, also locally in patenee in the Eesem-Kebena plain.

"Limiting factors" for Claus III land are the same as for Class II, but more
marked : drainage is more diff3cult (especially in the deep vertisole) the micro-
relief needs more levelling Trork, flood Protection is more diffieult, and stricter
saliaity control is neceeeary. Sas t of the track from Awash to Avora Melka, salinity

and the shallow depth of the soil make up the limiting factor.
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Clae.s V 1?.o. covers 5,630 hootares j.e. J.3 % of the total alluvial and
colluvial z.:1"ea. Ls hese shalle.e..very alkaline soils (7ery high Na/T ratio
their develonment under irrigation vould be subject to previous e::perimentation,
especja]ly beside he Awash near the eastern end of the alluvial area.

Vi land includes skeletal soils, lithosols, the very saline alkali
soils arouud Lake Beseka and. the very eroded soils along the edge of the plateau
above the recent Laash alluvia. Class VI land amounts to 92800 hectares, including
7,300 hectares of skeletal soil.

Tbe Metehara area probably contains 11,500 hectares of medium to good quality
land; i.e. 30 % of the alluvial and colluvial area, the main limiting factors for the
development of tills land being drainage and flooding by runoff. The rango of suit-
able crops will depend on drainage possibilities and whether there are any gravel
beds or horizors of average aalinity in the soil. Classes IV and V land will require
cecial t-mtment anC experimentation before it can be made fit for use. Clase VI
land is al, prosen upfii: for agricultural use, and would be eztremely difficult to
develop.

IX-6 2, Lowur Plcd

240,000 hectares of land have been mapped in the Lower Plains (excluding
7,800 hectares taken up by lakes). This includes 171,700 hectares of land of allu-
vial or colluvial origin. Skeletal soils and basalt formations account for the
remainder.

Table 15. Areas and Percentages of Lands in Various Land Classes
Lower Plains

: Class II

: Class III

: Class IV

: Class V

: Clase VI

:TOTAL

Total
amoun
of land

(e clucling
lak-E,$)

(hectare

30,000

39,000

33,000

15,000

1".?3,000

240,000

30,000

39,000

33,000

15,000

.54,700

171,70o
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Amount in Percentage
alluvial and of' total

: : :

colluvial alluvial
area and

:

ectares
colluvial

area

17.5 Total Classes II +
III 69,000 hectares
of irrigable land,

22.7 ° i.e. 40.2 % of
tot-

19.2

8.7

31.9

100.0

Remarks



- 80 -

Class II 1 nd amounts to 30,000 hectares; i.e., 17.5 % of the alluvial area
proenected between Tendaho and lakes Gamari and Bario. Development difficulties for
thie land are mainly due to minor limiting factors, such as short-duration fleoding
whicA generally occurs every year. There is only moderate drainebility becarice of
the existence of fine-tertared layere with an Na/T ratio cel' about 15 ':,;) (Dit Dehri
area). Potential produclivity and crop rotation oossibilieiee may be limited by
alkalinity (pH generally exceeding 8) and low organic matter content. Class II land
in tne lower Plaine ucually consists of soils on recent alluvia alone the Awash or
ile 47ain distribu.lerieE. It occurs in the following areas

(i) Left bank arca ; around Dubti, along the river and alone the old or
recent diotrabutari.ee discharging into the Ioyale marsh. Some nlighl
salinity problems are encountered along forme:. Cistributaries now (tTy.

Ri6ht bank area : around Dit Bahri, along the Awash, and going towarde
the hille, Hiere former Ueda of the Awash can still be identified on
aerial photographer Alkalinity is often fairly high in the deeper
layers of theee

( Asayita delta : along the preseut course of the Awash and the Mamule
distributary where the annual flooding of the land by the river
allows crops to be grown. Drainage problems are associated with the
topography of the area (depreesione with more clayey ooil) and the
existence of a water table al varying proximiy lo the surface. This
area contain:3 che ereateet proportion of Claee :TY luad.

Class III land covers 39,000 hectaree: i.e., 22.7 % of the eonsidered
alluvial and colluvial area, it in slightly more than Claee 11. It mainly
occupies the low-lying areao ("bottom ]ande") most readily affected by flooding
alongside the Awash and tn the recently dried-up northern part of the Asayeta delta,
which contains elightly sa/ine fine to moderately fine-Leexturod soils in the deeper
horizons. In the Asayita and Dit Bahri areas, the water table may rise fairJT
rapidly and increase the salinity of the soil. Class III land occurs laso exleasive-
ly in the Dabti area and 11-5 moderately to very saline I however juk;ing by jA,1:1

texture, its leaching seemn poesible, if adequate drainage measureo are Laken to
prevent secondary salinieatlon.

Class IV land amounisto 33.000 hectaree; i.e., 19.2 % of the alluvial and
oolluvial area. Moet is dooded whenever the Awash is in epataeand feature°
oumberoue ohannels ana depressions. It oceure around the Doyale mareh on the loft
bank side of the Awash and around Di. l Bahri beside the prenent right bank flood
distributary channels. Near Dit Bahri and in the Asaylta delta, Clase IV land
occupies the largest depressions. It needs suitable flood protoetion, fairly donse
drainage cystems and levelling work conditioned by the sise and density of exietang
channels.

Its productive capacity is restricted by difficult drainage, due to its
frequent proximity to marehland, lakes or fine-textured ana alkaline soil (central
Dit Behri depression). It is generally under paeture. Clase IV land too saline or
eroded for development is obeerved along the hil]s near Pit Bahri.
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The total amount of good irrigable Class II land in all the areas prospsoted
and mapped to a scale of 1:100,000 amounts to 86,600 heGal?es; i.e., about a quarer
of the total area investigated. Glass III land, of marginal irrigability, accounts
for 97,000 hectares, only part oi" T7hich can be irrigated under gravity.

Land of indeterminate or doubtful irrigability makes up 9)0000 hectares;
i.e., over a quarter of the considered alluvial and colluvial

Land unfit for use (Class VI) amounts to 75,000 hectares. The area mapped
also contains 144,900 hectares of skeletal soils and lithosols permanently unfit
for development.

Table 16. Distribution of the various Tand classes in The aras p»os-o oted
in the Middle Valley and LQW0,2 Plaias nad ye-csepage cC the
overall alluTial and colluaria

: Class II

: Class IV

: Class V

Lithosols and
: skeletal soils

: TOTAL MAPPED iTTP,A
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: 7,300'

38,000:

: 5,600; 1.6 : 4,300
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lil,hosols and 20500 0.7 : 130:100 : 5.1

skolcted soils

29,000 8.1 33,C°00 9.3

! 69,300 !

; 2210000

1.2 : 15,000

TOTAL ALLUVIAL AND : 30 700: 8.6 : 154,700 43.3 : 171,700
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: 240,000
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ACC077'il-- to the usual Ethiopian Treclieion, the Aeash Basin is divided by
altitude, cl: and vegetation, into f 2: i)']y different sones.

X 1. The?' a (Trop TTghland)

The Daga a&rieultural regie , of the Awash Basin bounds the gently rolling
plains of Adis Aboba Adis Alem, Adis Abeba Debre Sima, and the Dese areas with
more rolling and steeper terrains. It makes up only 7 % of the total area of the
basin. It lies at lit0Y0 than 22500 metres above sea level. Tho temperature varies
between 10 and 15 degrees centigrade during the day uith cold nights. It has two
rainy seasons; the short rainy season from hpril to May and tho long rainy season
from Jul,' to October. The yearly average rainfall vardes between 10200 and 10500 mm.

The soils range from red or reddish brown ()lay (some of it stony) with level
to gently sloping topography, and from dark to eery dark bighly clayish soils of
rolling plains. Generally the snr2ace eolle of the Ilat arca are deeoer than those
of the sloping terrain of Debra Sine. They are granular in structure. Features of
hydromorphy are marked on the flat areas of gley eons. Drainage is a problem in
most parts of these areas, bu' erosion ir' a severe problem 011 the slopes. Most soils
are usually slightly to stronely acid, fair to high in total nitrogen and organic
matter, and relatively high in available nutrients.

The land has a natural vegetation of thornbush shrub, giant thistles
(Echinops sp.), trees of Acacia Abyssinica, Hagonia Abyselnica, Pygellm Africanum,
Gymnosperia Boceies, Oundderus Proceda, Podocarpus Oraeilior and grasses of Ponni-
setum and Hyparrhenda Species aopearing usually after cultivation. Eucalypturi ,e
are eeually around k,W1IG and villages which provide firewood and building materiel.
The bieeee eucalyptus forest of Ethiopia is also located in the vicinity of Adie
Abeba. Ulthout the eucalyptus forest, fi- eood and building materials would
serious problems.

The principal crops in this region are barley, eheat, horsebeans, chick peas,
flax (fcr Cl seed, but not for fiber crop), te2V, and many speciee of small grains
and lc

. The Wo'e.e, 'oioal to Subtro ical Plateau)

The Woina Paga agrioultural rogion of the Awash Basin bounds che Ginchi, Teji,
DebreZ,eyt, Chefedonsa, Karakore, and ArdiboHayk areas. It accounts for 13 % of the
total aren of the Basin, It lies betacen 1,800 and 29500 metres above sea level.
The temperature vareo between 15 and 18 degrees centigrodeo and is more constant with
prominent variotion between tha night and the day, Like the Daga, it has two rainy
seasons, the short rainy season from Aprdl to May and the long rainy season from ,luly
to October. Tha yearly aveeago rainfall variec between 800 1-200 um.

The soils 7ance) from dark grey to nearly black cley on the flat terrain, from
reddish brown to brown clays and clay loares on tac gently rolling to sloping
topography, and freici brown to dark brown clay (some of i t stony) on the gently rolling
terrain. Generally, the surface soils are deep i4) very deep, deeper than tho Daga,
soils with granular structure. The surface soils of the S-i.00D slopes are shallow,
not more than 10 20 cm deep. They have more bydromorphy features on tho gloy soils

17.1
/ This chapter is contributed by the Counterpart Agronomist A.L0 Memo Desta,.1 -

(1.7.1,duato of the Alemeya CJilege (o-C Agriculture e Mechanical Arts.
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of the flat lands in the Woina Dega than in the Dega.

Erosion is a serious problem where the fluvials from the Dega create broake,
gullies, deep gorges and valleys. This is caused by the nature of the torrain and
the high torrential flows during, the rainy season. Some areas have drainage problems.
They are slightly acid to neutral, medium to high in organic matter and total nitro-
gen, medium in available phosphorus, and high in available potassium, calcium and
magnesium.

The land has a natural iregetation of olives, juniper, podocarpus, acacia,
and other indigenous trees of Ei.hiopia which are found also in the Dega zone. The
cropn are teff, wheat, noog, chick peas, barley, peas, sorghum, lentils, sunflower
and fruits euch as lemon, oranges, and wine grapes 4goina"

X - 3. The Kolla 7ot L, lands)

The Kolla agricultueal region of the Awash Basin bounds the Koka, Wenji
Nazret, Sire, Robi, Chefa, Kembolcha and the Asebot areas and represents 22 % of the
total area of the Basin. It lies between 1,500 - 1,800 meters above sea level. The
temperature varies between 18 to 22 degrees centigrade with very little change
between night and day temperatures.

It is necessary to distinguish between the Zones of the humid and the deey
Kolla although Ethiopian tradition classifies both areas as Kolla (hot lowlandOn

The humid Kolla covers about 4,500 km2 in the Robi - Borkena valleys
and the hills of Kembo:1511a, Bati and upper Mile, which is about 6 of the total area.

It has two rainy seasonn5 the short rainy season from April to May and the
long rainy season from July to October with an annual rainfall varying from 1.200 -
1.800 mm. The soils of the humid Kola rango from dark brown to very dark grey or
black: clay loams on the rolling to nearly level terrain and in the valleys; from
black clay loam to gravelly clay loam on the hills and intervening valleys, General-
ly, the surface soils are deep in the valleys of Robi - Che fa - Kembolcha areas with
granular to prismatic structure, whereas in the Bati area they are shallow with
undevelopped structures. Heavy features of hydromorphy are seen in the depressions
of the valleys.

The Borkena valley has a serious problem of drainage where the swamps are
fed by the Borkena river, other rivers flowing from the Albuko mountains, the hot
springs, and runoff water from the surrounding hills. A drainage system which gives
on outlet to the stagnant waters would brine a large area under cultivation.

In the mountainous areas of Bati, where the most serious problem is erosion,
the mountainous farming is common. The soils are predominantly neutral, some slight-
ly acid, medium in organic matter and total nitrogen, and from fair to high in avail-
able nutrients of phosphorus, potassium, calcium and magnesium.

The dry Kolla region of Hazret, Alemtena and Asebot a..eoao covers 16
of the total aros.. It has: an annual rainfall ranging from 500 - 800 mm. The agri-
cultural land of the dry Kolla are deep black clay to brown sandy clay loam which
are neutral to moderately alkaline, medium in organic matter and total nitrogen,
medium to high in available nutrients of phosphorue, potassium, calcium and magnesium
with erosion problems on the slopes, and a problem of drainage the depression or

in the low-lying lands. Soils on the vicinities of Mies° and Azebot are grey brown



in color, loamy sands, rindy loams or silt loams in texturo) generally calcaneous
reaction, low in ory;anic mat'ter, low to fair in total nitoogen, hInlb in phosphorus,
potassium and calcinm, and medium in magnesium, with lann of moic4uro as a onoblem.

The a sulnturol reen.od has a natural vensotation of acania, bamboo, thorn-
bueh shrub, phorbia 0ands1ahrum, cactus, grasses of Cypenaosae, Myparrhenia and
Andan grass. The principal crops, widely grown ln che agrioultural region, are
sorghum, corn (maize), teff, wheat, peanuts, castor beano, ;oba000 and cotton where

the rainfall is high enough for growth. Fruits and sugar cane are grown under
irrigation,

X - 4. Th

XI - 1. Introductiun

Because sttintnioal data on land ntilisation in the Awash River Basin nel:r.
not available, photoluerprtation wae emplcved in drp,ninc nho map of the laud us:).

Contact prints used for the interpretation were to the cale 1:40,000 for the
louer pacte of the Awaoh Basin and 1:50,000 for the upper parts of the catchment ¿crea.
Findings of the nhotointerpnetation were plotted on thc ninE; oh map drawn ou-t of tha
unooutro]led mosainn reduoed to che scale of 1:250,000. The maps were carefully
checked during numn? field trips by car and aircraf. The arene with dli'n-ocent
types of land use , measured with a planimeton. The map itnelf was redunod to the
scale of 1:1,000,000. Table 17 choro tivE ourfaceo of he ndontified categcnien of
the land use.

To make it il comparable with other maps and descriptions of natural
vegetaion in Ethiopia, the classification in Table 17 follows, whenever noseible,
that pnoposed by Dunfnagel in his book on Agrioultule in Ethiopia and by Scientific
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The Bshera nenLion boundo tho alLuils1 plains o2.' Mete'oa-na, the louer plainc
of Kooem-Kebena, Yolke Sodi, A adi, Oen-ranl, Dit Bahn?, Asayita, and the
coliuNial plains of Aleydej and Bolhamo. Tt Includes he huge tracts of hilly and
rocky lando on both banks oC the _Anash, Ths selia-arld to cab-desertic Beroba -120C1OD

covers almost 60 56 of the tota1 area of the basin, but ic subject o very senono
climatic conditions, lyilnn leso than 1,500 metres abovs nea 1-vel. Temperatures
range from 22 to 40 def'nneas mntigrado and tho snnual nainfall 7a4ies fcom 150 to
600 mm, with shouern of rain mainlj from Apnil o 2_usunt, It bar a soattened vego-
tation of acacia, thornbush shrub, cactus and of gramineae.

o rainfed agriou).hure oould do,rolop, bu; larGe t_aots of lond are propitiouu
for irrigated agrioulure in tho Metehara, Th oern]1eìieis iieJJo Sedi, Amibare and Dit
Bahri arcas, So Cnn, openatino. agricUlture covers no rion,, nan 150 200 km2 o't

land. The soils are described in the pedological part of this Report.

The principal c-nopn t,;rovn under modnr :noniatior on tb.e. ketehara EL(1. fliqona

Melka plantations are coton, gnound nuts, suan nano° 0,1di nuoh as ornn3e,
banana, papaya and mandarino. In cho Lo:': n PlaJ.ns, lo.nge sn421,,, Fxbti and Eanna
plantations grow cotton onl» but they are onnoonimen.tin with notat:;.onal cropn, fo
the Aneyita Delta, neasans cuilinate, unden onimitie inrin:ation oonditions, main17
cotton, maine, sornhum and 3en,apo,

XI PRINCIPAL TYPES OF LAND U ZAT ION



Pasture lands - Cair to good - are estimated at about 4,000 km2. They V.F0

mainly associated nith alluvial and/or colluvial soils. Sometimes aood graso stand
arous on sub-arid brown soils. They are on the flood plains (Middle Valley2 Maro Gala,
Di. t Bahri) or gently undulati (.;rounds of the hiEher terraces (Aleydegi plain
Burning of grasses before the re season is a common practice on the pasture lands,
Lack ca water is the most su 'pediment to their rational exploitation.

XI-3 2. Woodland und bush

, (a) Bailee Forest covers only about 1,000 km2 in the Avash Basin, It is
found in the Tlighlands, jhore it is represented merely by the remnants of the orinal
forest cover, preserved sometimes on steep slopes and in the rEvines. Isolate'd blocks

of no more than o. Cew bundred heeteres are distributed in the mountainous regions of
the r,atchment area, main)y aloag the line of the watershed. (Mount YeneL:e hasRar

Adis Sbebe and Mou-eG Membret /Inkober).

crops, farming practices and methods are discussed in Chapter XII,

Identification of tree^ h ubs has been kindly given by the Haile Selassie I

University Forest LI
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Council )7or f'frioa sotrth o' the Sand.ro- Thir, ele.ssific.'atton corresponds rather well
to the traditTonal dolimitatmolt ioto big geo-climatic reaJons i1th ha.ve been pre-
viously discussed. In the upper reaches o-C the Basin. where a ber.ter climate promoted
agriculture, the settlement has (reatly xnfluenced the neural vosrF..tatIon, even on
uncultivated land. Deforos'tairoa, ovrgrazing of mountesnous Lwassla.nd e.nd '1.1e, re-
sulting heavy erosion indicake the humen influence on. yegotaion.

XI - 2. Crople:e

Cropland, cultie'e er fallow,accounts for one-fourth of the Basin area,
covering nearly 19,000 km2.

XI-2 1. Agricultural land on level or siihtl undulatin 'round

This type of agricultural land covers about 11,700 km2, mainly in the upper
reaches of the basin in the geo-climatic regions of Dega, Woina Dega and in the
valleys of the Kolla. In general, the soils under farming are black vertisols,
associaGed sometimes with lithosols or hydromorphic soils on tho bottom of lowerings.
In the regions of dry Kolla they may be brown vertisols.

XI-2 2. icultural land on alo in g.ound

In similar conditiorr,, but on the slopec, often on the steep slopes, farming
is made on the terraces. The soils are mainly brown or red brown vertisols, which
become slightly lateritic in the Dega.

XI-2 3. Irrigated 'cultural la d

Irrigated agriculture covers relatively small areas widely scattered along
the Awash River and its tributaries. It is developed on the alluvial soils, and grey
yertisols, hydromorphic in the Upper Basin (Wenji).

XI - 3. Land with Natural ':,,etation 2_/

XI-3 1. Sbo: ren Savanna
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Depending on the microclimate, they belong either to the Podocarpus or to the
Juniperus association.

There is no eystematic exploitation of these forests. When not protected as
National Parka, they yield only building material and fire wood for farmers.

On both aides of middle and lower reaches of the Awash river and up along
some of its tributaries, the forest is merely riparian. It is associated with rich
soils of recent alluvium. Its larest block stretches north of the Gewani swamps
in a narrow gallery 1 to 5 km wide and more than hundred kilometres long. Large
tracts of this gallery forest are frequently flooded and the ground beneath remains
swampy most of the year. It forms an impenetrable thicket with C.ense undergrowth
interlaced with climbers. Bic species of trees are Ficus sp., Temarix africana,
Cadaba farinosa, Pistacia lentiscus, Pittosporum abyssinicum. Loeer storey consists
of Schrebera alata, Rhus vulgaris, Jasminum abyssinicum. Tall aeacia trees grow on
the higher grounds on the outskirts of the forest gallery.

Another type of riparian forest may be identified on the marshy lands in the
Lower Plains and in the Delta area, as well as on the confluence of two great tri-
butariee, Kesem and Kebena. This type of forest may be associated with hydromorphic
soils frequently flooded. Tall acacia. trees form an almost continuous canopy and
shrub are raro. Palm trees PhoPnie and Ryphanae sp. occur in bunches along vive:
channels. In the lowest sorey under the acacias, grasses are donso and grow well
la the shade, providing fair pastures. Tamaris trees also grow on the river banks
and sometimos form closed standa e.6., at the confluences of Arsu and Mile, or in
the lower reaches downstream of Tendaho.

The economic value of the riparian forest seems 7 limited. Exploitation
for timber or fire wood is nearly non-existente Nomadic peeeoralists graso their
cattle whenever some grass is available during the dry eeeeee and the shaded pastures
or the high acacia forest are heavily overgraveed. Paetce:aliets obtain supplementary
foddar, mainly Cor camels and goats, by breaking branchea. The animal eat loaves
and twigs, but mostly the trees die. Many patches of several hectares of dead Corest
are found along the river.

(b) Woodland and savanna may be either a rather donee etand of trees and
ehrubs with savanna grasses on the lower storey, or a more open savanna with sparsely
growing trees and shrubs. They cover the greater part (mcwe than F2,2000 km2) of the
lands in the middle and lower reaches oC the Basin and grow mainly on the alluvial
and colluvial sub-arid brown soils, ia the north-western slopes of the Chercher rango
and on the hills in the upper caetern reaches of the Basin (humid Kolla).

Acacia species like A. tortilie, ft. senegal, A. seyal, A. pennata, A. Egge-
lingii prevail in the open woodlands together with Mimusops Kummel, Rerseela

Ritchie,:, eteudtneri, Vernonia amygdalia and tall bush like Myrslne africana
and Josminium ebyeinicum, north of the raileay line. Smaller shrubs as Capparis
tomentosa, Sida schimperiana and Abutilon marritania are frequent.

In the lower storey grasees are relatively dense - often savanna-like -
and provide fair grazing land to nomadic cattle, camels and small livestock. Where
trees and bush are sparser, a fine savanna is developing, good grasses are abundant
and potential pastures are good to very good.



Whereas tree species other than acacia are raro in the drier areas, there is
more diverc-3eLy where the rainfall is higher along the rivers like Awash, Arba Dina and
Geleta. Thus, Olea chrysophylla, Catha cdulJc, Ficus spec., Millettia ferruginoa,
Dicrostachye canera, Premna viburnoideo, Teaminalia sp., Lachnoyphylis coagesta,
Erythrina abyesin3ca and Euphorbia sp,, are frequent. These tracts o.,T7 vegetatioa are
often dense and closed, and shrubs like Euddleja polystachya, Grewia Zerrue;inea,
Osyris abyssinica, Jasminum abysainicum form bhe lover s.borey. Climbere like Mikani-
opsis clematoides, Giesus s, Combee.,6um paaiculaLum, Stophania abyssinica may also
be found. The deneiGy of the upper atore5, vcaeetation does not facilitate the pastoral
use of the thicker woodlanda, although good grasses occur in the glades. The main
resource of thece uoodtando ie the eeeploilaaion of charcoal. Shepherds and oven
farmers follow the woodmen.

To the eoutheast of the lake Gelilea, where the Rift valley forms the plateau
of lakes, the open woodland forest ami tall bush grow on the brown vertisols evolving
from volcanic ashes and pumieee. Here the exploitation for charcoal is even more
inteneive, owing to the good traneport facilities and the ready market in the capital.
Farmers take advantage of clearings and the continuous thinnlng of the woo
tion and farming lands are spreading.

Although the timber and wood resources of the open forest have little value,
intensive exploitation contributes to the overall deforestation of the country. In
view of the growing erosion hazards in these area and silting of the rivers and
reservoirs legislation on woodcutting appeare advisable.

Open woodland and bush : On lower altitudes and with lighter rainfall
whereas treee and bushes tZTOW sparsely, grass cover becomes thinner. Taller trees
belong mostly im acacia S.9eciee and Balanites aegyptiaca, but shrubs like
Capparis tomen-Losa, Maorna roGundifolia, Maytenue senegalensis, Abutilon mauritania,
Dichrostachys glomerata are still numerous. This type of vegetation often grows on
the rough broken lands on the foothills of Chercher and on the slopes of the mount
Asebot, which are classified as skeletal soils. Almost 5,000 km2 may be classified
under this category.

On more evolved soils occur fine grass stand forming patches of fair pastures.
These and scarce perennial as well as annual grasees forming herbaceous cover in the
open woodland and bush provide grazing lands of hibher carrying capacity than some
tracts of savanna. This is due to the relatively easier supply of drinking water in
the rivers running acroos the area. Livestock in the opon bush of the foothills
appears to be less stricdy nomadic, but roaming along the rivers.

A supplementary resource of-he open bueh may be Senseveria. It occurs at
places in thick growth and may t aaested and processed for industrial purposes
extile industry).

Shrub savouna Dzpending on altitude and raiafall, woodlands Gavo way
to a bushtype of vegetation (mainly oa Lbs eaotern oboes of the Central High
Plateau) on more than 4,500 1cm2, ï ie aseso,.;iated moody eith the semiarid brown
soils. Trees and shrubs like Terainalia sp., Delonix elata, Erythrina abyosinica,
Abutiloa mauriania, Sida achimperiana, Calotropis procera are orten found.
Perennjal grasses, although OfG012 gro.ring in sods, on the eroaioa built tuseocks,
preaen fine stands, They de roi grov as Loll as in the grass savanna, buL he
association of lowe:. r3orey ,3ra35e0; traen and bushes io still characteristic. Annual
grasses would g3.oTT aato a eontinuous covea after the raaas,



-90-

Numerous rivers runaing across this land supply relatively abundant water for
some 4 to 6 months a year. It is, therefore, the normal terrain for the migration of
nomadic livestock, chiefly camela and goats ; but only small herds of cattle and
sheep have been seen.

XI-3 3. Tree and shrub s e Ibdese-t

Tree and shrub steppe. On more than 6,000 km2 of la a vegetation
covsr classified as tren and shrui; steppe is loeated mainly in the northern-eastern

so7aes o the Bereha region. Like the previous type, this steppe has an open
vegetation of shrubs and trees, but more widely spaced. The lower storey consists of
perennial and annual grasses gcowing discontinously and in between occur patches of
uncovered ground. Where broun sub-arid soils are deeper, the lignoous vegetation
occurs 111 arid climatic conditions aad provides scanty protective shade to the
perennial grasses. Diferent species of dwarf acacia, Caesalpinia sp., Lawsonia
inermis, Commiphora sp., Sideroxylon sp., Euclea schimperi could be identified.
Herbaceous cover consists of perennial grasses growing in sods and forming tussocks
built by the wind acion. Asanal grasses grow after rains but, except in small
patches around trees and shrubs, disappear quickly.

These appear to be graziag lands not only for nomadic camel herds but also
for nomadic cattle, sheep and goats which move in after tlie rains. Tt is not olear
for how long the tree and shrub steppe provides grazin for nomadio livestock. ..luite

large tracts of the steppe seem to be undergrazed. As they ere relatively far from
the permanent watering points, scarcity or isater supply is the limiting factor in
using this land. Small ponds and tanks are scattered in the steppe, but, owing to
the extensive evaporation, cannot provide drinking water 'cpr more than a few weeks
after the rain.

Tree and shrub stanss with occa ional tree . With shallower and more
rooLy soils, trees and shrubs become scarcer and grass cover thinner, although
simlar types of vegetation may be found. Pastoral utilization of this kind of steppe
is reduced to rather occasional grazing after heavy rains. The largest tract about
1,650 km2 of poor tree and shrub steppe is in the Bereha (lower reaches of Ledi and
Mile river).

Subdesert s'eppe. Subdesert steppe covers in the central and northern
part of the Basin huge tracts of lithosols and skeletal soils as well as brown sub-
arid heavily eroded soils. Its area is estimated at about 12,000 km2. Perennial
grasses are sparsely distributed in sods; wind erosion forms tussocks with grass on
the top. A few shrubs and occasionally dwarf acacia treelsgrow mostly on the rocky
outcrops. In the hollows where rain *later accumulates and which may be flooded for
several days, the grasses are more ,Ij,rorous.

Although some valuable grasses may ound in the subdesert steppe, its
utilization for grazing is limited by the ' watering places : water holes,
mainly in the beds of torrents are scarce. omadic herds, mostly camels, graze on the
subdesert steppe probably co more than a few weeks a year. The present ecanomic value

of this land is very limitedc

XI-3 4. .shes

Marshes and swamps aee.ount for 750 km2 of the are e,nd ars located near rlvers

and lo.kes (Gedebasa, Gsmari. Bario) as well as at the mouth of small torrents ,nc1

rivulets flowing no closed basins. Although the marshy areas represen only 1°/0



(Jacte land, both desert and very rough broken lands with almost no vegetation,
covers more thaa 10 % of the total surveyed area.

XI-4 1. Desert and sand dunes

'Oesort lands and duaes aro ill the northern parts of the Basin, mostly on salino
soils. Flai, Lracte of salino alluvial and colluvial soils partly alkaline and often
covered wia6h fine gravel alteenate -with broken basaltic hills and recent lava flows.
Very scanty vegetation grows only in Ole beds of torrents, in ravines or on sand dunes.
It consists of thorn bush and duar.f acacia trees and a few species of perennial
grasses. Imnedietely after occesioaal heavy rains, these lands bear ephemeral vege-
tation whioh disappears within a. few days. Nomads occasionally graze herds of camels
on thorny bushes in the ravines. About 3,000 km2 are classified in this category.

XI-4 2. ±lands

Very broken and severely eroded tracts of saline regosols developed a typical
landscape of badlands on about 4,500 km2. Only occasional thorn bush or acacia trees
and no herbaceous vec!:etietion are found. This category of land provides almost no
grazing for livestocd- OP vild animals. It may be assimilated to desert.

XI - 5. Lakes

Several artificial and natural lakes are located in the Awash catchment area
and cover about 400 km2 ; in the highlands, reservoirs of Abe Samuel and Moka dams,
lakes Hayk and Ardibo (without surface outlets); in the Middle Valley, lakes
Beseka, Lyadu, Hertale and Gedebasa; in the Lower Plains, lakes Ganan, Afembo, Bario
and Abe, where terminal flow of Awash evaporates. Development of fishing in the lakes
might produce an appreciable quantity of fish for local consumption as well as for
comerce.
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of tbe Basia, nearly half the total cattle population oe AJash lowlands live on
or near the marshes,

Cattle graze y on the outskirts and on shallows and follow the receding
water during the dr:e s: :ion; but big tracts of the marshes cannot be grazed, even at
the peak of the dry ;- eason, because thegmund is too soft and covered with a too deep
layer of water. The tytdcal veg.otation of the more or less permanently inundated
marshy afoas are speoles of Phyamites, Typha, Vetiveria, Cyperus and Junous, but on
the outskirts of the swaps there is a number of good and palatable grasses. They
provide abundant pastures and carry a dense population of cattle, which seems to be
sedentary or almost nodentary. It appears to be nomadic in a rather restricted area.
Pastoralasts burn olC easses before the water level in the marshes is expected to
rise.

XI -4.
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XII. LNERL OUTLINE OF PRESENT AGRICIJLTIJRFI *

The chief aricultural crops of the Awash Basin are grain crops, oil seeds,
sugar cane, cotton and fruits. They are distributed according to their adaptability
and the density of the population. The bulk of the agricultural land of the Doga,
Woina Dega and Humid Kolla regions of Awash Basin, where the thickly populated towns
are located, produce grain crops and oil seeds. In the lower regions of dry Kolla
and Bereha, which are thinly populated because of malaria and water problems, sugar
cane, cotton and fruits are grown under irrigation.

XII-1 1. Grain ,crops

The chief grain crops in the Awash basin are tef, barley, wheat, maize
(corn) and sorchum.

eff (Eragrostis Abyssinica) is an annual grass of gramineae family;
as the staple food for the people, is the most important grain crop. It is best
adapted and grows well at altitudes Trom 1,700 to 2,800 metres, whach covers the
Woina Daga and the lower reaches of the Dega, on red or black clays and loamy soils
with good permeability. Brown or red toff is better adapted to higher altitudes,
while white teff which is more exigent and more appreciated by the consumers does
well only on the medium altitudes.

It is sown 'ram July to August and harvested from October to Novembe7e
ripening in about three and half or four months. Sowing is broadcast by hanj after
the seedbed is prepared thoroughly by ploughing three or four times, harrowing, level-
ling and digging the shallow trenches for drainage.

Teff has a good nutritional value with 8 % proteill and 99 % flour content.
IL io widely crown in the Dabre Zoyt, Teji, Karakore and Case area. Debre Zeyt is
the highest producer per hectare with the best quality. Osually the yields per
hectare in this area are more than 10 quintale, In the upoev Lorkana valley with
good soils, climatic conditions and managements, yields of over 20 quintale per hec-
tare have been reported in the Chefa plantation. Teff straw is used by the farmer,
both as a fodder and in preparing wallplastering material, which is made up of mud
mixed with chipped straw of teff to bind together the soil particles.

Barley is an important grain crop grown at altitudes above 1,900 metres,
Mega and Upper Hoina Dega r ion, on welldrained reddishbrown to black clayey and
loamy soils. It is sown be m the middle of July and the middle of August during
the main rainy season and har in November and December. The early maturing
barley whach ripens in 87 days is grown at altitudes above 2,100 and up to 3,000
metres, Yt is sown at the beginnine, (DC the small rainy season, sometimes with
supplementary irrigation, and harvested before the start of the long rainy season.
In Awash Basin, barley comes next to teff as the most important grain crop used to
make the local bovorago "tala" and bread, as well as for the industrial production of
beer. The straw is used az a fodder, roofing material and for preparing wallplaster-
inG material.

The Debre Sina area is well known for the production of barley with yield
ranging between 10 and 15 quintale per hectare.

This Chapter is contributed by the Counter part Agronomist Ato Mamo Desta,
Graduate of the Alemaya College of Agriculture + Mechanical Arts.

1. Chie ul C o
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Wheat Je gseown at altitudes', between 1,500 aid 2,500 mel,nee on dafferEnt
types of soilo raging ['row reddich-broun Lo blaeh el< end loemy 0011C, 16 j,c
generally sown in ,-.tuly end isugust, and haevested an Wo-i,ember and December. In thF_
Teji area on the AT-z.-1,sh flood nlain, 1 10 sometimes sown arter Lite 10A6 ral:sy season
when the fields are welldrained.

A suitable altitude and climate the Pobre oiL area a big producer of
wheat. The yield ranges between 11 and 13 quintals per hoetare. It is used for
making macarcul, spaghetti, bisoujts add eheat flour, Most -,ndustries eagagd in
processing wheat flour aun _ts erodues are located inr_ide the perimeter of the Awash
Basin. The straw is used as a fodder as 7rell as a building ma-virial, toff and
barley.

Maize eorn) ia grown in the Awash Basin as a raIn.:7ed or irrigatoJ Grop
at lo altitudes, well bebo 2,100 me .eres, As a rainfed crop, it is sown duir3na
the 18.11 rainy season from March lo May harvested in October and November a:21;er 5
to 7 months of growing period. UllelT lrr167,A1011 it is sown almost exclusively in the
Asayita delta in October after the flooding has receded, and harvested in MaiTh, It
is grown on a large scale in the Borkena valley, Wazret plain and asayita delta, as
well as on the smal)er scale on the rolling terreros of Bofe, So. ta, Dese and upper
Mile. The yield renges from 8 - 9 quintale per Itoctarc. It is used for local beve-
rages and consumed cooked or roasted. Stalk are used as fodder, fuel and building
material.

Sorghum 1e grown very widely as a rainfed or irrigated crop throughout
the agricultural reions of the Woina Dega, Kolla and Bereha up to the altitudes of
2,500 metres. The bes sorghum producing area is found around 1,800 metres of alti-
tude. It is well Ee:a)ted to deep heavy clayey soils with loose structure. It is sown
in March and May eee-,. harvested in November and December, in 7 - 8 months of growing
period when it is ;frown as a rainfed crop. In tire Asayita delta, where it is an
irrigated crop, it is sown. an October after the floods have receded, and harvested in
March and April. The Robi Chefa Kembolcha area, the rolling lands of Bati, upper
Mile, Welenchiti, AsebotMieso, and the Asayita delta are well known for producing
sorghum. The yield is usually between 8 - 10 quintals per hectare. It is an im-
portant food crop. Stalk is used as fodder, fuel and building material.

XII-1 2. Oil seeds and pulses

The most important oil eeeds grown in the Awash Basin are noog, linseed,
sesame, ground nuts and castorbeaus.

Now Nisor (Auizotia Abyssinica Can.) is an important oil crop grown
at altitudes from 1,800 2,500 metres, generally on poor wet soils. It is sown in
July and August and harvested in October and November. The average yield is very
low, randing from 4 - 5 quintals per hectare. It has an oil content of more than
40 %, when properly pressed. It is drown in the Debre Zeyt, Teji and Sire areas of
the Awash basin.

Linese, (Linum Usitatissimum) is grown at h5dher altitudes of the Dega
region as an oil crop, but not as a fiber orop. It is grown on a smaller scale in the
Pobre Sina area with very low yields per heuLare. It is mostly used for therapeutical
purposes, linseed oil meal or cake.



Liecnme, (3esamum Indicum I,), an oil crop, is also grown on a small. scalein the Lilash bas;)in with irrigation water, expecially in the Bereha agricultural region(Asaylta delta) n ltitudes of about 350 metres. It is also planted in small areas
in the region of Rasa Mountain at an altitude of 1,200 - 1,500 m,

Oi;her crops. Ground nute (peanuts) and castorbeans are grown under
irrigation in Mie Middle Valley on Awora Melka and Metehara plantations, but also as
a radnfed crop at altitudasbetween 1,300 - 2,000 m.

Pulses such as broadb?ans, horsebeans (Vicia Fabe), chickpeas, peas, lentils
and guaya are widely grond ir he Awash Basin in rotation with grain crops and oil
seeda. They are usuisll the end of the rainy season and harvested at the
beginning or at the cod oi ioebruary, They aro :Tell-adapted to altitudes above 1,800
meLves. In Debre Zeyu, tilda and Dese areas, pulses are grown very
videnT with yields be tan O an(' l5 culnLaJs per hectaTe. They are used as food,
froFnl, cooked, roasted or made into sauce.

XII-1 rnri-ndal '11

Tobdoco, (is cultivaed in the Robi -al y at altitudes between 1,100 and
2,000 metres ITJ',1). en annual rainfall of 500 - 800 min The plantations are supervised
by the Imperia Laiopian Government Tobacco Monopoly, which operates drying and
curing plant at the place.

PDSOW, - a banana-like plant, is grown in the )'noi;hills of Gurage
at altitudes ranging 1800 - 2,450 m, on almost all types of nelr6ile soils.
Planting or reproducticd is done by suckers which takes place after the long rainy
season or after harvesting. It tokes tdri:nr to u-)..oe GC, be'1.eocly for harvesnG,
depending on the soil and clinkne. Tt ;,.; best Ldain,e(n and Lnonn a.Pe-r. in wacmer
than in colder regions. It nc w)dely :PotTil in ne PcPftJ. - Taje or e o; the in:rash
Basin. The starehy pulp of stems are used for makiln; .'ort of 7.,H and plays a role
in supplying food au thousands of 'L;thiopians. The niber, extraLed from the leaves
for rope-matin,, as cold, on lortal maKnets as a by-product. smaJ1 plan-
tation of 500 - 500 plants is F:ti..C7)cint for a family's annual con:umption.

(C) j_5 grown at an altitude of about 1,500 metres on the deep
black clay soils of Wenji wi'Gh irrigation from the Awash ruitinj a7oe planted
in rows and harvesed after a :I'01/1A; period of abont 20 to t0 r-com ..0ovember
to jndo. 'denj'L Pad :,:boa su,3aL' cane plantations with about 6,000 hec-6aro or land are
MILL, only plarnGaions LThich r.ur,ply tho country's sufnx demand, MD yields are reported
to be very high, reaching the mark 200 tons of cane per hectare, whereas the average
yields of sugar are esLdmated oc 15 tons per becnuare. On a lirr;e scale sugar cane
plantation at lqeL3b,lron IT.Pe0 to be (,7(rno lot; the processyn1L. alcohol.

6ugar cane is also cultivated by many peasants, main1;, 111 ftfAry's Zeyt and
0hefa It is grown as a horticultural crop on small idotf_ ueav the farm yard
add drrIgaed from small courses. It is sold on near.cy markets as well as in
/Ain Aire ira a*:.cl consumed as a r,neqing cane,

(d) Coon as a rainfed crop, is grown in most parts of the Awash Basin
buoen 3,0o07:-Y:bo metres, where the annual rainfall is about 600 to 800 mm.
In tha riarz below L,000 metres it can be only gro7-n AlthottL,b ao
anuital SfOp, wlioZed cottoo is culti,ad am r. pe-rendial EL0A,,b ro peA:Lods or 5 to
10 years. It is planted tc:Idils the end or 'he lcolo ra7,v neasocil thac n i VGS
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beginning. This is beoause planting after the first shover would inorease germination,
growth of enormous aeeds during the big rains, aad tbe risk of a ti et-weather fungus
disease. Cotton stainers, the Capsid Helopettis and boll worms are important pests
which attack cotton planta. Late plantim, brings late maturity, which gives a low
production after 16 to 18 months of planting. Rainfed ootton is grown in the Bofs,
Robi ana Bati valleys on a rather small scale for use by the cottage craft industry.
Production for rainfed cotton io as low as 80 - 100 kg of lint per hectare.

Cotton under irrigation is cultivated on big scale plantations (Awora Melka
and Dubti) as well aa by the peasants in the Lower Plains. Yields on the commercial
type plantations are 10 - 20 euintals per hectare, while 2 - 3 quintals per hectare
ace eropped by the peasanta.

(e) Fruit. Tropical and subtropical fruits are grown below 2,200 metres of
altitude, mos--tly under irrigation. Fruita in the Awaoh Basin include bananas,
papayas, grapes, peaches, strauberries and a large variety of citrus fruits like
oranges, lemons, limes, taneaarines and grape fruit. A specific variety of date-palm
giving a 17ather pooa quality dates is COOM in the Asayita delta.

Some of EthopJa's most important comnieroial fruit plantations (Pobre Zeyt,
Tibila, AJora Melka. Korakora, Ilichale and Bati) are inolde the perimeter of the
Awash Basin, which ahora that there is a ereat potentiality +Tor fruit growing.

The yields on Awora Melka fruit plantation for some of the fruits are
reported to be

100 - 120 quintale/ha Vor the first 1 Y2 - 2 years) and over
120 - 250 quintals/ha after 2 years),
200 -250 quintale/ha,

250 up to 550 quintale/ha (after 6 years).

Spices. Above an altitude of 1,500 metres, spices such as Nech Asmud
(Corum Capticum),-T'ikur Azmud (Nogella Sativa), fenugreek (Trigonella Foenuracyraecum
I.), red pepper (vaieties of 0apsieum) and onions are grown widely in the different
agricultural region° of the Auash Basin, mostly for local oonsumption. Their eco-
nomic incidence is too limited for detailed discussion.

Coffee and Khat (Catha Edulis Forst) are grown on very small and un-
impo7',,a'a4; scales with irrigation water in the Arbibo-Hak region.

XII - 2. Mot),

XII-2 10 Cultiation
Tillage is done with the plough drawn by two bullocks or with the

pick-axe by hand diggiig. Bond digging is practiced where the land is too steep
for animal drawn plou:1Le and when farmers on small holdings cannot afford to buy a
pair of bullocks. Another reason for not using ploughs, especially in the Asayita
delta, is the difficulty of buying bullocks from the cattlemen. Even if they buy,
another cattleman claims the bulloolts as his own, since there are no cattle brands
to differentiate between groups of cattle.

Bananas :

Papayas :

Citrus :



2A
Hand digging repluces
deep ploughing in the
upper reaches of the
Awash Valley

2B
Hand digging
practiced after
a long fallow

95A-

o

1,44v*
,a

kt
^

!,;iZ.,':.-s.:

' 1 0.4`

,;
,



XII-2 2,

- 96 -

The plough drawn by bullocks is simply constructed. It is a bent wooden
plough beam with a metal plough-point, attached to its lower end, which ploughs from

5 to 15 cm. Since it is a breaking plough, which does not tara the soil, ploughing
is done (criss-cross) 3 to 5 tmoc, aocordang 'Lo the crop c be drown. First plough-

ing is done in the dry season, which faoiliates soil aeration and good water ab-
sorption during the rainy seasons. During the small rainy season, the second plough-
ing kills the weeds that started to grow, and is followed by sowing of sorghum or
corn. The third ploughing is done to cover the sown seeds, or for seeding other
crops when the long rainy season begins.

SeedinE is broadcast by hand. The seeds are covered by shallow ploughing,
which is a sort of harrowing. In some parts, cultivation (particularly for corn and
sorghum) is done by another ploughing or hand hoeing, for thinning and weeding. When
careful preparation is needed, deep ploudhing is also done by a hoe-like tool which
has a handle with two points at the end, a pair of conical-shaped sleeves attached to
the points. This is mostly used to break virgin soils and is followed by ordinary
ploughing, especially for ensote and eucalyptus planting.

ad tLn.n

Theninkle is used for cutting or mowing crops. Threshiun is done by n team
of oxea vhinh tramples the outspread sheaves until the oGrau end Lhe grains a:i.e
separa,d, on an open air threshing floor which is mud-plantered and smoothed so as
not to lose crala ,hrou.,:!h soil cracks. Sorghum-like crops are usually threshed by
beating the hea nith clubs, as a team operation performed by 5 or 10 men. Winnowing
is 1) haad docden forks and shovels. The threshed grain is thrown in the air
against the wiad, Jtiaoh sepafates The chaff from the dnean With teff, whose seeds
are very swan, the separation is done by operating a oiroular fan over the lieop to
remove the chaff from the drain.

XII-2 3.

Grain is i ired in wickerwork bino which are muCn lastel and supported off
the ground by pain:: nn placed on a stone Zloor. ja .pecially
for the storage of anall grains like teff and noog. a and ean jars
are usua(14 uced ,he D3LO, Woine Eada, and humid Kolla farmer na while ground silos
are unod by (;_fy KollE1 farrn the Enreha (i,sayita delta) goat or ohcep
siria sacd:s ere used_ storing small groins, S.AG1:21 made of palm leaves for cotton.
boas nmA roo.7:nta aad insecn may bo about 20 % of tire amount stored. To cut dovn
the loases, the Ethiopian Grain Corporation hes built grain elevators. Two; of i.he
three a,:,-Ay constructed elevator°, ane in the Awash Basin.

XII 3. Cultural

In the Awash Basin, irrigad;ion is practiced on large-scale plantations for
sugar cane, cotton and fruit production. On a smaller scale, irrigation is used in
the highlands wherever water can be diverted from creeks and rivulets without heavy
e(piipment. In the Upper Basin, irrigation is practiced for producing small grains
and truck crops, eaoecially in the dry season, to supplement the demand for the crops.
Adis Abeba is sunplied with vegeLables grown under supplementary irrigation on many
small farms in its surroundings. The Wenji eugar and the Dubti cotton plantations
punjo water from the Awash and use the furrow irrigation system with the more advanced



irrigation and drainage networto. Nher oommercial type farms divert water "7rom the
levash or its tributaries Akaki2 Galata, Kesem, Kebena, Robi, Borkena and Milo.

Irrigation projects like Likurgo and Tibila are developing in the Middle
Valley. These farms have ]ese facilities and technical knowhow for running their
irrigation schemes eMciently than the Kenji, Metehara, Awora Melka and Dubi
plantations. 1/ In the Lower Plains, where the Awash river forms a delta, agrlculturo
cannot depend on the scanty and erratic rainfall. Artificial pazorings are ossontial.
Tha eachecint5s now given in the Asayita delta can hardly be called irrigation; the
land is merely subjected to natural flooding during the rainy season when the flow
of the Awash is high.

The aupply canals from the i_awash river to ahh ragions to be Cloodod, and
the distributary canals are proparod JU21110 tho seasoP WheP i,he Awash -is low.
When the river level is high7 tbo C*elds are aooded unit sufficient' wator bee
been appli.ed the supply canal jhould then be closed, but this 1c 7r03:y diffjoul.

while) bile level in tho Awash remains high.

After the water has receded, the land is pvepared by bend flor the spltivati.on
of cotton or other croco such as maize or sesame. Tf ihn lcorole la the river mako
it r?ossible, a second flooding 15 ,3iven after planting, in a similar way to the

fiesta Hardly any attempb ia yot nado tc apply controlled systematic watering.

Since the construction of the Koka dam, floods are leas frequent. As a result,
the cultivated area is shrinking, although a more abundant permanont flow is now
available. Farmers do not know how to take advantage of the present permanent flow
for artificial watering. Probably between 10,000 15,000 ha yearly were flooded and
cultivated at the risk of floods. Az oresent this area is considerably diminished.
After the floods, there is an enormous growth of weeds which the farmer do not eoe-
trol. Uncontrolled waterings and primitive agricultural practices account for .

low production in this region.

XII-3 2.

XII-3 3.
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Terracing is practiced on the steep hlopes of Kembolcha, Bati, Ankober,
Debre S]na creas and on the slopes of the oeoyons of Kesem end Kebona. Benchlike
ter-races aro established by building stone walls on the lower side of the fields. The
empty caces behind the walls are filled by aatteni,7. the area towards the walls, or
left as zhey are and subsequently filled and flattened by the natural movement of the
soil caused by the torrential rains. In some places, irrigeteLon and terracing are
pracbiced side by side. The defect of the terracing system is the lack of good
drainege. Channels running downwards across the slope oftep become big gullies after
one or two torrential rains. Otherwise, the bench terraces are highly efficient
without erosion. They allowed thousands of hectares to be cultivated throughout the
Awash Basin.

Soil b

Soil burning is popular with the Dega farmea of Adis Abeba Debre Sina
areas, and increases the crop production. In this process, the land is shallop
ploughed, several times about 5 cm deep. The loosened soil with its grass tops and

Appendi 6 gives some experimental data obtained in the Metehara irrigated
plaltazion, by the Israeli experts working on the behalf of the owners, in 1961.



roots is piled into numerous heaps of about one metre in diameter and approximately
3 by 3 metres apart. The piles are set afire by introducing a small amount of
lighted duna. The soil is treated then until the organic residues in the piles are
completely burned. It is spread evenly over the field and ploughed under up to
15 cm deep. It is not recommended where fertilizers are not available or green
manuring is not practiced to supplement the total nitrogen and the organic matter
lost in the process, even though it increases the availability of the mineral nutri-
ents.

XII-3 A. ions

Crop rotations are practiced by the farmers of the Awash Basin and different
rotation systems used according to regional conditions. In the Woina Dega and Dega
regions the rotation system provides for one year of leP-uminous crops like chick-
peas, lentils, peas, horsebeans, three to five years of teff or other close-growin,»
cereals. Most frequently 1 - 3 years of fallow, precede one or two years of close-
growing crops like barley and wheat. They are followed by leguminous crops. In ';he
Kolla region, where maize and sorghum are grown, the rotation may consist of one
year of leguminous crops, one or three years of teff (close-growing crop), two or
three years of corn (maize) or sorghum, and then two or more years of fallow.

XII - 4. C000eratives in Ethiooia
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Properly organized farm cooperatives do not exist in the Awash Basin or
anywhere in Ethiopia, except for the first and the onlzr marketing cooperative of
Alemaya (Harar) farmers organized by the College of Agriculture of the Haile Selassie
I University; but the mutual aid associations which exist in Ethiopia, however,
may be assimilated to the cooperatives. They are known as Jkaii Ras Simosh,
Eder and Ekub.

0.,;12 Ras S]mosh and Wonnhel are different typea of manual aid association
through which farmers cooperate iu ploughing, weeding, threshing, marketing, trans-
porting and house building. 42;i i.e a 7oluntary and informal mutual aid association
through which a farmer invite-TEI-7s fellow farmers to help him in various farm
operations. Ras Simosh differs from Jigi in that, on the request of a hard up farmer,
villagers are summoned-to cooperate by the villsae chief. llortehel is a formal
cooperative aosociaLion through which only members participatn amici collaborate.
Eder and Ekub are mutual aid associations for ftmancial assistance, enabling farmers
to buy bullocks, pay land taxes and meet funeral or marriage expenses.

Ethiopians do not hesitate to ask Tor help from their fellow farmers, unless
there is a serious quarrel or enmity between them. Their traditional and cooperative-
like aid associations in ploughing enable arrangements to be made for the convenience
of all.

After Sunday ser),ices at the church-yard meetings, requests are made by some
farmers for a coopereArre work. Days are allocated for each resuest. Usually,
ploughire:: or threshing will not take place on holidays, Sundays or market days.
These oeiations or cooperations are usually more common in the Christian than
in the Moslem society.

Each farmer brings a team of oxen with plough to the farm where the ploughing
operation takes place. On this day, the farmer whose land is being ploughed has to
provide on the spot all food and drink for the cooperators and fodder for the
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bullocks. The supply of food and drink is obligatory in Jie:ei and Eas Simosh,
according to the farmers' agreement. Sometimes also in Irs;i3'pl'el. lu T4onphel, J. is
compulsory to work for each and every farmer of the coopeeetive once a membership is
attained. Wonphel is usually done for ploughing, weeding and harvea'uing. They are
common farm operations for all farmere.

Threshing, whether under Jigi, Ras Simosh or Wonphel, is dieTerent from
other farm operatione and is somewhat like a feast. This is dono after months of
hard labour, when the sun shines after a long rainy season, when eeops are matured
and harvested ready to be threshed. On that day the farmer will serther his farm
yield, which means his full yearly income. Farmers of the associa'Aon come to the
site of the threshing area with their bullocke or threshing clubs. Their wives help
to prepare the food and dri-&. Group dancing tahes place at the end of the threshing
day.

Another type of cooperation is to pool the pack animals for vransporting crops
to the market. Each member of the association brings his donkeye, mules or horses
with ropes and bags which are necessary to sack and load the crop. After selling his
products, the farmer whose crop was marketed buys drink and food for those who helped
to transport the farm products.

In house building, farmers cooperate to cut or prepare construction materials,
dig trenches, construct walls and roof, and plaster walls. The farmer whose home is
built has to invite farmers and their wives for a housewarming. Transporting and
house building are ueually Jigitype cooperatives.

Eder is a mutual aid association formed to give finaneial or material
assistance to members, and to enable them to meat their e::penses in death and adver-
sity. Money is raised. regularly once or twicc a month. The rete per member varies
from 20 to 50 cents at each contribution. ?TciLL an informal small savings
association enabling farmers to buy bullocks, ploughs, clothings and to meet marriage
expenses. It follows the same principles as the Eder: weekly, fortnightly or monthly
contributions for the members, ranging from 50 cents to /1 E t eaoh eontribution.
It seams easy to form wellorganized cooperatives among Ethiopian farmers. The only
drawback is their lack of education. Once the farmer is edueated, -Ct, will not be
difficult to organize cooperatives among those who alread,r belonc '6e e cooperative-
like aid association.

XII - 5. Farminwotaric1ardc

XII-5 1. Sources of information

Information on agricultural statistics is scanty. The few -nple surveys

so far conducted were designed for different purposes. Their firdf may hardly be
of direct help for assessing the prevailing farming standards. I rtheless a-a

attempt ras made to use some data available from the sample surveys end (after pro-
cessing, if necessary) to present a handful of figures related to the farm structure
and farming standards. Resulte of investigations carried on by the Project's
counterpart pereonnel with individual farmers and local officials are also included.
The value of the figures is uneven. They must be regarded as merely indicativo;
they should not be generalized nor extrapolated. They may be of some use, however,
in a first approach to the problem.
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Following sources of information were used for compiling the Tables

Report to the Government of Ethiopia on Debre Zeyt district sample
survey, 1961, J.E. (TOLL (FAO).

Blue Nile River Basin investigations, egricultural and economic working,
paper no. 13, Water Resources Departmeut, 1q6t.

Sample survey in YererKereyu awraja, Central Statistical Office, 1964.

Pilot field study an sys-Gems of land tenure and landlord tenant
relationship. Cnore mil:.,tel wereda (Shoa) by H. S. Mann (PaG Rural
Institution Off o) 1964.

Advanced findineae of the sample survey iu ToguletBulga awraja,
under orocessIng by the Central Statistica3 Office, 1964 Weredas
Ankoben: end asagert bave been considered.

Investigations and queries with the selected farmers eied out in
the areas oí Geleta Bofa plains, Robi Bor]:ena -valleys, and Asayita
delta by the Projeet's counterpart personnel and officials of the
Statistics Deeartment of the Ministry of agriculture.

Investigations with the local officiale and on the market places in
the Kembolcha Bati and Teji regions carried out by the Project's
counterpart steff,

XII-5 2. A,.ricultu d land

The areas of agricultural land in the Awash Basin were measured with tho help
of planimeter on the land use map. It was found tLat the agxioultural land repre-
sento 27 % of the total area of the Awash catchment area. This may be compared with
the estimates of Dr. Wunderlien, who indicated for the country as a whole a figure
9.1 % cropland.

Cropland and fallows cannot be differentiated on te aerial photograph.
Fallowing is common with the Ethiopian farmers and leaves idle a pert of the fields
either for a short period (rotation fallow), or for several years. Long duration
fallows are commonly used as grazing lindo. It is difficult to assess the .0e:tent of
fallows by interviewing farmers, the more so as the cadastoal maos do not eneist and
holdings' boundaries are hard to identify. If the findings of photointerpretation
are compared with those of full scale sample survey, the proportion of ?Ale agri-
cultural land may be more easily evaluated. The recent survey or 'che YererKoreyu
awraja provides an opportunity for sucli an evaluation. The erea covered by cha nurvey
appears on the land use map as one where the proportion of cnerieultural land ).a the
biggest. This region accounts for rourshly 2J% of the ..,crt:1 agricultural land measur-
ed on the land use map.

The figures in Table 18 suggest that little more than 1/3 of agricultural
land is actually cropped and almost twice as much ia left idle, as either short or
long duration fallow. If the sane proportion of idle ana Callon lands is admitted
for the total area of the anasb Jasina the percentage o? actual/y croppec. lana wort:0

out to about 9 %. This is more consistent uitb Uunderlioh's statement.



Table 18. Comparison between the land use map and the sample survey's
finding for agricultural and cropland.

Field observation appears to corroborate the findings for observers are often
impressed by the e.°:-tent of idle land. Investiga.tors of the Blue Nile survey noted
that land used for e.ctual crop production is louer than anticipated. The unusually
high proportion of idle an Collow lands suggests a wide scope for agricultural
development.

XII-5 3. Holdings

Table 19. -rE: ize of Holdings (Cropping Areas) and Percentage of
L1 Tenancy.

AverarN siz,7,! 2 Dumber of :
oi

: - ctcroplan Per enage Percentaged : persona : : :

' holdlngs por .

of
.

of .

: Lenants . landownersha : hol.02.nr.7 : .

* Balance : landless people.
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Hagore Hiywet 5.z1 83.0 17.0

: Teji 8.4 48.0 52.0

1:ebra-2;e7t sub-districri:
-1-

.3,78 72.0 28.0

-ierer-Koreyu a-)raja 3.0 4.6

Chore miicitel -Jereda 2.25 55.J------- _

° Celeta-Bofa 1.46 u1.2 38.84.0 0

Ankober-A redas: 6.5 1 36.5 58.3

° Robi-Dorkona valleys 0.86 6.5 70.0 30.0

Kembolcha-Bati 3.6 48.0 52.0

Asayita dolta 6.311 ° 17.3 82.7

Land use
map_

:

:

Sample
survey_:

eY.0otagas o_ hc ovel areaP thr
Ysre-Kere;ru awraAa)

: Agricultural land : 48.1

: Registered land , 58.4

: Cultiva. :i datermined by the sample survey
: as ,.,:icultuxal or registered land : 35.7 : 28.5

: Cultiva-ted land deernined by the survey as per
: total area of the Yerer-Lereyu awraja : 17.2 : 16.8



Holdings in the Kolla region, and particularly in the humid Kolla, appear
noticeably smaller than in the cooler climatic zones. The relatively big holding
size in the Asayita delta may be related to the particular type of flooding agri-
culture. The proportion of tenants and landlords was estimated when interviewing
the farmers. It indicates that the tenancy is the prevalent land tenure system.
The fragmentation of holdings, although existing, would not appear excessive.

20. Fragmentation of Holdings.

:Average:
:number
: of
:parcels;
: per
:holding:

° Debre Zeyt subdistrict : 4.85

YererKereyu awraja

: Chore mitikel wereda

Table 21. Proportion of Cultivated Land Devoted to Different Crops

3.38 ! 19
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71.5%: 24.8% 3.3

1,

'29.021.0:

.670'

9135.3:

Number of holdings involving

: 18 29 : 12 2

8, 9or10:3, 11, 5
paroci.s

il : 18 ! 13 i 6 E 8 i9i3i 6

;

.

( % )

w.
:e

: : . o .
:

,--1: q--1 ° 1.--,á '
m :

e- a> ; F-I : 1 : 1

- a3
. m: ; m :
° go
: (1): :-1:,

m m +' W
al °Z. 0 M :la

,-1 mZ

,,it P W
: :A

: m ' -0 C( O cd ,c1 o, a) , m , 0 a) ,t-H . 0 . 4, .CO: :m. a ',-.1 ° CO g.o U 0
:Hagere Hiywet 26.3129.6i 6.0 4.2i 3.3;4.4f ... ;12. 1

. : --I t : t :
:Debre Zeyt subdistrict:32 :15 6.4: :: : 4.3;

:YeerKereyu awraja 2i1, :19 '10 10 :15 '6
. :

: 7.
:aDletaBofa 17.7 8,6l.2: 40.2

.

'AnkoberAsagert weredas18.7:28.0'1&04:16.6' 1.28.53.8
7

4.7:

'RebiDorkena valleys 21.2: 3.6° 57.8:12.0:
t

2.4 3.0
;

Kembol cha :43.0:

:Bati °)3.0

delta

X11-5 4. Areas under

. .

"



Maize and sorghum are indicated as staple crops in lo9or altitudes. They give
way to teff in the middle altitudes of 'Joina Dega. Wheat aJld bacley are the main
crops where the climatic conditions are those of Dega. Pulses V,700 aroan as rotation-
al crops primarily at higher altitudes.

XII-5 5. Yields

Yields, as reported by the farmers, appear rather low in general. That they
are probably higher in realit7 shown by the cutting experiments conducted under
the sample survey of the Debre sub-district. Yields recorded by the Yerer-
Kereyu awraja have been adjuste,1 (upgraded) on the basis of this crop-cutting
experiment. Figures for the areas of Teji and Kembolcha-Bati are less reliable for
they were obtained by interviewing local officials and farmers mainly in the market
place.

Table 22. Average yields of principal crops.

(q/ha)

!llagere-Hiywet Guder

:Teji

!Geleta-Bofa

.Kembolcha-Bati

:Debre Zeyt sub-district: 6.741 Y.8: 6,75, 3.3. 6.9:4.8,5.5: t1.9 - .6.8; -
:Yerer-Kereyu awraja

:

°Ankober-Asarget weredas: 3.2 ; 4.0 nzi: 5.6: 3.63.6 -

:Robi-Borkena valleys

: . : :

: . :3 : ,--1 : : (1) :: }.4 C4 .
o . .

cc, : ,---I ' .
. ''-I fll F-i - .H J. «3, F--: Z . . .

a) ° 4 ° o cd ',n ' 0 (1' 0 G) ' 0 (1)

Ei 'al 0 xi : u) : '. : : O ; Pi : f2-1 : ,tE: : F-A : Z . Ci) .. .
:

2 5,6 : 6.8' 7.9; 7.3; 8.0;5.3:7.612.0'12.5;;
2 :

6.0 ILO° 3.0. - .2.0.2.0..

: .5.9: 7.0: 5.1 7.0:6.9:7.8: 6.5. - 3.6:

::16.0 ' 5.33 - 19.215.6. -: :

: . :

ayita delta .11.212>8:

Cutting eaTerimentll on 39 plots have giver, a yield in teff of 10.8 q/ha : 8 plots
yielded more than 16 q/hs and 2 plots MOY0 than 20 q/ha.

XII-5 6. Livestock
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. .S1 . LI (1) H0 a: F- " CD 1-, 61):

-

°

-

Important livestock population is reported in the holdings. The fiaures in
Table 23 are comparable except for the Àsayita delta, where figures are much higher.
An explanation may be that the intervieued farmers of the Asayita delta belong main-
ly to the Danakil trne of agricultur7.sts, who are supposed to keep bigger herds of
animals.



-105-

Hagere Hiywet

(E 5)

Debre Zeyt sub-district

Yorer-Kercyu aure,ja

Robi-Boricena valleys

Asayita delta

213

155.5

155.1

108.6

An attempt has been made to evaluate the agricultural income, on the basis of
declared crops and local market prices. The yearly expenditure per family has also
been assessed. The results are shown in Table 24. The highest income per surface unit
was in the very fertile valleys of Robi and Borkena, where the beautiful stands of
both maize and sorghum are easily seen from the main road. The highest return per
holding is recorded in Asayita, where cotton is largely cultivated and sometimes sold
at prices even higher than those offered by the commercial ginnery. In general, in
comes are low and reflect the poor living standards of the rural population.

a. Average Value Declared per Holding

Expenditure Production per Poduction
per holding per ha

183,15

244

130.4

195.6

780

. 93.6

81.30

123.4

89.3

227.4

Computed from the report of Central Statistical Office. See page 101 (3)

Table 23. Livestock per Holdi

: Cattle Sheep Goats Donkeys ules Horses Camels.

'Hagere-Hiywet-Guder 7.7 animal units

°Teji 6.0 2.0 3.0 : 1.0 1.0 1,0

Yerer-Kereyu awraja 5.3 1.4 : 1.5 ! 0.5 0.1 0.1

°Geleta-Bofa 5.4 1.4 : 1.5 ! 0.5 0.4

Ankober-Asarget weredas -2,

.2 1.35 : 2.25 0.4 0.12

:Robi-Borkena valJeys 7.5 : 2.2 2.9 0.4

2.9

'Kembolcha-Bati
:

6,0 : 3.0 3.0 2.0

!Asayita delta 23.4
,

; 11.0
.

16.7
.

0.5

XII-5 7. Value o )roduction
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XIII. PASTURE LANDS

XIII 1. Nature and 07i of

Pastures and grasses grow on many dj.fferent soils. Types of plants depend on
climatic conditions in particular a::cas. The density of vegetatLon and the carrying
capatity of grazing lands vary greatly'. Erosion 2roblems in the Awash Basin have
shown that only the arid and semiarid regions in the Middle Valley and Lower Plains
still bear extensivo natural grasslands.' Here are found about the only natural pas-
tures in the Awash catchment area.

Different varieties of vegetation grow sparsely on shallow rocky or skeleton
soils, of which large tracts are found in the semiarid lowlands. By contrast, the
best grazing lands are on lands with relatively deeper topsoil, largely of alluvial
and/or colluvial origin.

The grasslands, plotted in yellow colour on the Land use map, can be divided
into three main types

ooded crasslands where plant life is conditioned by fairly regular
inundatiZns 6Hmi.17 o these from the Awash in spate;

) FLerb and (.;rass steues characterized by tufts of persnnisl 7rasses
where the land f.s subjected to alternating seriods c ,ting and
drying. The so:.l may be wetted either by rain or by lc[ frequent.
and leso regula:7 floods than those which occur on flooaed grasslands.
The sise and density of the tufts depend on the amount of water available
which, in Lurn, depends on the hydrodynamic properties of the soil;
e.g., its absorption capacity or permeability. Thus and grass
steppes grow both on sandy and gravel soils with a low i-e-Antion capacity
and on impermeable black clay soils.

Subdeser steppes where ::erophytes grow under a hot climate wil.h
TTlinfall on silty soils. Runoff is negli,sible because of the permeabili-
ty of the soils and the flatnosr; of the laud. Here annual grasses gro1,7
after each heavy rain.

XIII 2. Im o tance and Loca ion of Grasslands

The following types of grassland have been identified:

(a) 1nhe Middle V,aley, the Koka dam and the regulation of water flows have
changed the vegetation. Man!\r pre-viously flooded grasslands Lwadually become herb
and grass steppes. The lands on the left bank of the Al;e.sh are utill inundated by
floods from the large trTbutaries of the Awash such as ha Keisem, the Gezane ud the
Kekay Rivers, The Middle l!alley still containo two fairly large flooded prairies5
at Angelele and especially the grasslands around the Gewani Swamp. Herb and graos
steppes cover the tfough between Metehara and Awash Station and the Aleydegi plain.
They grow along the edge of marshland and in formerly flooded grasslands in the rier
valleys.

There are relatively few subdesert steppes in this region, and these grow
in the alluvial plains on recently deposited permeable soils (designation Ano and Ac
on the soil map to a 1;250,000 scale). Downstream from the Gewani Swamp, flooded



3A
Overgrazed grassland
near the river during
dry season

3B
Ungrazed grassland
far from the river
cLlring dry season



On the grasslands sevelcal characteristic types of vegetation have been
identified according to the classification in 'The grass cover in Africa'*.

A-10 - Aristida sp.

This type occurs in desert lands where, after rain, a temporary cover
of grasses, including species of the genus Aristida, grow. Aristida
of undetermined species are found in the Dubti and Dit Bahri areas,
in association with Zygophyllum or Fagonia, generally more or less
characteristic of gypsum soils. Annual or bi-annual Sesbanial which make
an excellent forage crop, are found in clay lowlands. By comparison
Iristide, especially perennial varieties, are tough unpalatable plants
with few leaves; but they make fair grazing for camels.

CH-5 - Chrys000n aucheri v. ou umis Paspalidium desertorum
Coelacbyrum pos - Andropogon sp. On gypsum soils : Sporobolus so-
malensis. Sporobolus ruspolianus, Sporobolus longibrachiatus, Tripogon
subtilissimum.
This type is associated with semi-arid sub-desert type of bush. It
forms a transition between the desert of the Low Plains and the steppes
of the Middle Valley. A special survey of the region was not made,
since mue of the region is badlands where a very sparse vegetal cover
is groTTin only at the bottom and along the edges of ravines and forms
scanty eures.

(i Association of CH-4 - S T ne
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grasslands and herb and grass sGenpes gradually give way to sub-desert steppe to
scrub and finally to desert lands.

(b) In the Louer Plains the regulatjon of flood waters by the Koka Dam has
little effect except th&riu he dry season. Large floods still come from the tri-
butaries flowin lnto the nw,Lsh on its left bank downstream from the Gewani Swamp.
The flooded grasslands in Dubti areas are quite small, as most of the Dubti flood
plain is already occupied by fairly large permanent marshes. These grasslands often
look like herb and grass steppes since the climate is more arid than in the Middle
Valley.

At a distance from the river and its flood plains, grasslands give way to
sub-desert steppes. Herbaceous cover, although similar to that of the grasslands,
becomes discontinuous, thinner and changes gradually into sub-desert steppe and
finally into desert. Sub-desert steppe is found north of Dubti and Asayita and along
the edge of the highlands which border the Dit Bahri plain in the south-west. On
more rocky ground, shrubs and trees form an open bush with their grasses. In open
wood-land areas on the slopes of the Central plateau (western side of the Valley)
grasses similar to those on ti,) steppes are found.

XIII 3. T )es of ;ion

CH-4 - Chrysopoo aucheri va r. quinueslumis
Tetrapogon villocus - Tetrapogon tenellus
Cnnchrus oiliaria - Sporobolus variegatus.

* See Bibliography. The full list of typical plants on the grazing lands in the
Awash Valley is given at the end of this Chapter.



XIII - 4.

These graminea grow together with spares xerophyts shrubs.
Rainfall varies from 250 to 500 mm, and altitudes vary between
200 and 1,100 meters.

CE-3 - Cenchrus ciliaris Chloris sp. Hyparrhenia sp.
Sporobolus sp. - Aristida sp. - Eragrostis sp.
Brachiaria sp. - Pennisetum sp. - Bothriochlea sp.
Sotana sp. - Heteropogon contortus Panicum sp.

These graminea grow with savanna woodland of varying densities.
A largo proportion of the trees are of the genus Acacia and Capparis.
They grow at altitudes of between 450 and 1,200 matero under annual
rainfall of from 500 to 1,000 m.

S-3

Where the bush is sparser and on relatively dry strips, the following
types are found

Cenchrus ciliaris Chloris rcxburghiana, Echinochloa
Enteropogon somaleneis Heteropogon contortus Nicrochloa
abyssiniea Panicum hygrocharis - Perotis patente - Setaria
pallide - Fusca - Sporobolus festivus - Sporobolus-indicus.

This type of vegetation grows at altitudes varying from 750 and
1,500 meters under an annual rainfall of 1,000 mm distributed over
the summer months. In the Middle Valley, the thrEe -Ttations are
found growing together, depending on local moisture onJitions and
the nature of the soil. Thus, CE-3 and S-3 types grov.T in more humid
areas than do the CB.:-4. S-3 type is often round on poorly drained
black clay soils. The Cenchrus type seems characteristic of steppes.
CE-3 and S-3 types are therefore found in asa,oeLation in the steppes
of Aleydegi plain, consisting of heavy black soils. Chrysopogon
auchevi is characteristic of sub-desert steppe in the same region
with drier soils which are never flooded.

- 108 -

ForaLe Value of theGrasslands.

For a very rough estimate of the forage value of the surveyed pasures,
seven square meter samples were tc.h.ea in the Middle Valley, where grazing lands seem
richer than in the lower reaches of the Basin, and tested for their nub.'jive
The e:mot locations of the seven samples were

rich grassland between Fentale Mountain and Metehara, 25 km from
Awash station.

grasslands near the old airport, 8 km from Awash station.

(ii') grazing landa associated with shrubs on rooky ground between er

and Aleydegi plain (Open woodland and bush OP the lond use map).
grass cover was rather Wi19 the sample was Gaken on 4 m2.

short grasses on the black soils of Aleydegi steppe, from Awash station.

once floodable grassland between Melka Sedi and Melka Warar.
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(v Wooded savanna on the left bank of the Kesem river.

(vii) Floodable grasslands between Kesem and Kebena rivers.

All plants growing on a selected representative plot of 1 m2 were harveci,ed
and sent for analysis to the Laboratory of 'Institut d'Elekrage et de M4décine Vd1;6ri-
naire des Pays Tropicaux' at MaisonsAlfort near Paris. Table 25OWS the resulus,
Tentative estimates of the posolble production capacity of Lhe sw:veyed pastures
were also made by the same Labormory. Tables give these estimat

Table 26, Production Capability per Hectare of Surveyed Pastures

: Grassland : Total weight : : Crude
: correspond : of grasses : Energy value : protein
: ing to the : per ha : U.F. per ha : kg per ha

sam le °

:

value
Te,

Table 27. Grazing Possibilities of the Grasslands

Daily intaL-e in
kg requirell
satisfy nuuritive:

needs, io
Enrgy
ks/day kG/dc.v

870 116 22.5
725 120 23.,0
250 28 6.7
290 40 13.5
510 48 8.5
600 87

. 2:0 0 l7

cestible
pro ten

kg per ha

1

2

3

4

5
6

7

:

:

:

,

,

:

145
120
40

45
85

100

45

:

:

,

:

,

75
20

45
30

110
70

- 50
40
50

0

70
E.7.cess

17.5
18.5
20.0
18.0
14.5

°

:

:

37.0
2.3.0

20.0
60.0
16.5
10.0 :

Grazing days :

Grasslend per na :

correspond- in respect of : Thficiency of :

ing to the stible ùro ein gr.:
sample n° :Enerey:Digeo6,. : ergy value U0 F, :

:proGeln
(%)

1 3000
2 2900
3 750
4 900
5 1700
6 1800

7 700



Tablee 26 and 27 indicate that the amount of fo-eage available per heutare
varies eonsiderably acoording to the type of grassland. In general, the content of
the digesible crude p::otein chows a rather high aeficit and phosphorus content is too
low. For a modern liTestock industry, concentrates rould have to be supplied to the
animals.

A single sampling is insufficient for computing the admissible load capacity
of the pastures, but a rough estimate may be made on the basis of theoretical nutri-
tive requiremeras. II' the average weight of Ethiopian cattle is about 300 kg, and if
the theoretical nutritive value of the animal's daily ration is equivalent of G D.7,
and includes about 300 g of digestible crudo proteins, the load capacity of hegrass-
lands in the Middle Valley would be boween 4 and 12 hectares per hand of catle. On

the rocky grazing lands under shrub, ni)s figure will be 03 hIgh as 15 20 ha per

head of cattle.

In the Middle Valley and the Lower Plains, grazing is mainly nomadic. Tba
Danakil herds make long trips for fresh grasslands ad ;ra-Lsr. In the Lower Plai
when grass is scarce from December to March, herds migrate from the Rift highlanCL;
to Asayita, a distance of some 200 kilometers. In the Middle Valley, the herds move
a Shorter distance, bu may sill move as much as 100 km. The Kereyu herds, grazing
above Awash Station, move thin a circle with a diameter of approximately 60 km.
The herds generally retura to the lowlands durira:: August, but they go to the rich
pasture lands of the high plains when rain is abundant. The lowland pastures are
often undergrazed through lack of watering facilities. The pastoralists dig small
reservoirs which are filled by runoff.

The migration of herds and the dispersion of pasture lands make an accurate
estimate of cattle numbers difficult; but as fair to good grassland accounts only for
a fraction of all the grazing lands on which the nomadic herds live, it can be assumed
that an average of one head of cattle grazes on about 20 ha. In the valley as a whole,
the cattle population may be very roughly estimated at about 200,000 animals. Wild
animals make the animal population much denser; but in general, the load of pastures is
within acceptable limits, except at the height of the dry season.

XIII 6. T oical Plants Identified in th

GRAMINEA Aristida sp.
Andropogon distachyus

Brachiaria deflexa (Schumach.) Hubb. ex. Robyns
Brachiaria sp.
Bothriochloa sp.

Cenchrus ofljaris L.
Cenchrus seicerus Vahl
Chlorie myriostachya
Chi cris roxburghiana
Chloris virgata Sw.
Chloris sp.
Cynodon daeGylon
Cynodon plectostaohyus (K.Schum.) Pilg.
Ceelachyrum p:eaeflorum Chiov.
Chrysopogon aucheri (Boiss.) Stapf var. quinqueplumis (A.Rich.) Stapf
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GRAMINEA (cont'd) Danthoniopsis barbata Hubb.
Dactyloctenium aegyptium (L.) P. de B.
Dactylotecnium scindium

Echinochloa colona
Enteropogon macrostachyus (Hochst.) Munro ex Benth.
Enteropogon somalensis
Eragrostis sp.
Eragrostis cilianensis (All.) Link. ex VignoloLutati
Eriochloa nubica (Steud.) Hach. et Stapf ex Thell.

Heteropogon contortus (L.) P. de B. ex Room, et Schult.
Hyparrhenia sp.
Hyparrhenia hirta

Microchloa abyssinica

Panicum atrosanguineum Hochst. ex A. Rich.
Panicum maximum Jacq.
Panicum hygrocharis
Pennisetum villosum R. Br.
Pennisetum advense
Pennisetum sp.
Pothriochloa pertusa
Perotis patente

Rhynchelytrum villosum (Parl.) Chiov.

Sotana verticiflata (L.) P. de B.
Sorghum sp.
Setaria pallidefusca (Schum.) Stapf et Hubb.
Sorphastrum sp.
Sporobolus robustus Kunth
Sporobolus confertiflorus
Sporobolus filiferus
Sporobolus phyllotrichus
Sporobolus festivus
Sporobolus indicus
Sporobolus sp.

Tetrapogon cenchriformis (A.Rich.) W.D.Clayton
Tetrapoon tenellus (Roxb.) Chiov.
Tetrapogon apathaceus
Tragus berteronianus Schult

Urochloa cf. Trichopus (Hochst.) Stapf

ACANTHACEAE Blepharis linariifolia Pers.
Peristrophe bicalyculata (Retz.) Nees

AMARANTHACEAE : Aohyranthes aspera L. (S.1.)

ASCLEPIADACEAE : Leptadenia hastata (Pers.) Decne



CAESALPINIACEAE

COMPOSITAE

CONVOLVULAC

CYPERACEAE

CYPERACEAECYPERUS cf. Rotundus L.

HELIOTROPIUM SUBALATUM

LABIATAE urticifolia (Vahl) Benth.

MALVACEAE Siaa sp.

PAPILIONACEAE Crotalaria polysperma
Crotalaria laburnifolis
Crotalaria spinosa
"..Cndi6ofera hochstetteri Bak.
Toohrosia purpurea (L.) Pers.
Trifolium sp.

PILPIACEAE chaetocephala (DC.) Hepper

SJROPHULARIACEAE
. . . .

Sriga gesnerioides (Willd.) Vatke

ZYOOPHYLLACEAE Tribulus terrestris L.

: Cassia Gracilior (Chesq.)
Cassia mimosoides L.

: Chrysanthellum amerioanum (L.) Vatke

: cf. Seddera latifolia Hochst. et Steud. ex Hoohst.
(in very bad condition)

: Fimbristyllis sp.



XIV 2. Of

Settlement of the southern highlands la apparently fairly reeent. The centre
of Ethiopian pouer moved eouthwared around the tenth c'entury for reaoone related to the
eeehauation of the soil in Tigre, after several centuries of exceseive exploitation
and deforeetation. At the beginning of the nineteenth century, the Tinperor Sahela
Selassie lived ab Aukober, and then at "dntoto. In 1633, Menelik I founded Adis
Abeba. The northern elope of the upper basin of the Awaeh river wao then much more
wooded. The founding of the capital city of Ethiopia contributed to its deforestation
and to the oultivation of the eleared virgin lands. Elsewbere, creceot in the high-
lands. (eomadic regions with a low )opulation density), erocion is mainly due to
natural agents, i.e., olimate ond rslief. Those agents will be dieenssednlater in
relation to the specific degradatioo of the soil measured in tons/-jeer/km" and ex-
pressing the net exportation of materials from a fairly big area.

XIV-1 2, Climate

Climatic data show a definite rainy season duriee; July, August and September,
and a long dry seaeon interrupted during the period aeeJe to i;:7 by ntormy raine,
especially in April. The mean annual rainfall varies f-eeem uner 500 to over 2000 mm
in the various climatic zones.

When preeipitation ie heevy, only a small part of the rainfall ie stored by
the soil. an analysis of rainfall data revealu that, in Adis abeba, there ia a
surplus of about 550 mm of water during the rainy seaeon and a deAeiency of about
500 mm, from November to Maroh.

Detailed study of daily rainfall distribution shows that hevery rain (CC to
100 mm per day) only affects the 00:10lying between 1800 ané. 2500 m. Such rain in
moreeffer very localieed and i.e CI.7 low frequency. Rainfall of the type capable of
producing largescale oroaion 1B thus limited in both time and extent.

XIV-1 3.

Geologically, the Awaoh Basin ie very young and still in evo'eution. The
terrain is, therefore, rugged. en altitude of 3,000 meres decreanen to 900 metres
over a distance of 200 kilometrea, from Entoto to Awaah station, but the distance
is only 30 kilometres, betueen Aukoher to Duleoha. Average slopea may be around 10 .

Those steep elopes, particularly acute in the western part of the Rift are
eminently responsible for e high degree oC erosion0

114

This is oaused by surface washing of a sheet of water which carries soil
narticleo with it and wears away successive layere ce/7 top soil. Though difficult to
identify in homogeneous soi1s it Le clearly visible on soi)s with leghtcoloured sub-
snrCacee horizons. Lighter patches appear on slopee and at the top or hillooks.
Tt is common on all cultivated Tends in the Basin, except bottom lands.

XIV-2 1. e'e erosio

XIV. PROBLEMS OF EROSION IN THE AWASH BASIN

XIV 1. its of Eroson

1 1, Gen ,auses of Ere
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4 A
V shaped gully in the BALCI urea

4B
Broken V shaped gully in the region

of KASSO

4C
U shaped gully North of MOJO

411

,

°
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XIV-2 2. Rill erosion

Between grass tufts in pasture lands, a tight mesh of tiny channels forms
which ooncentrates runoff and feede it into streams or rivulets. Streaming then
causes a raising of the tufts relative to the land surface, and a denuding of their
roots. Where the land is fairly steep, the rills quickly become gullies. In the
highlands, pasture lands do no longer exist. Cattle feed on weeds which grow on
fallow land, or along the edge of roads, fields, and ditches. During the dry season,
the vegetal cover gradually disappears, and the ground is completely bare when the
first rains begin.

In semiarid regions, overgrazing promotes erosion, mainly in the areas near
watering points. Especially alone the Awash river, soils are heavily eroded either
by runoff in rifle or by the wind, depending on the type of soil and the season.

XIV-2 3. Gu osion

Following the microrelief of the land, runoff forms rills and rivulets,
increasing in volume and in speed. The flow becomes erosive, cutting deeper into
the soil and forming gullies which then become ravines. This erosion is agressive in
character. Gullies grow in sie, and deepen from down to upstream, with successive
collapses of the gully sides and bottom. Sills, waterfalls and gorges can be formed.

This is the most characteristic and spectacular form of erosion in the Awash
Basin. It is the final phase in soil degradation and may be observed on the area
drained by large torrential tributares on the left bank. Gully systems may be over
25 kilometre long in an area of 1 km`, and cover 25 % of the land surface.

It is important to distinguish between the several different types of gullies.

Vshaped gullies. This is the initial shape of all gullies. It per-
sists, as the gully grows an71 uidens, if the deeper soil horizons are less erodible
than the upper horizons. They always occur on soils underlain by fairly hard rock or
tuff, and particularly on black soils. They are seen in the upper Mojo basin between
Balchi and Chefedonsa. In arid OT semiarid regions, heavily eroded terrain without
vegetation is called "badlands". This final erosion is due to the soil which, because
of its toxicity or impermeability, limits or prevents the development of a protective
vegetal cover. The slightest shower, however rare, causes intense erosion with
inumerable, usually Vshaped gullies.

In the Awash Basin, the badlands already occur downstream of Awash station,
but they are most prevalent between Gewani and Tendaho and in the Mile and Logiya
rives basin. Moreover, these rivers, when in flood, carry the greatest amount of
sediment.

U-shapedullis, If the deeper soil underlying horizons are softer than
the upper horizons, tbe guiJy walls are vertical. Undermined from below, they col-
lapse from top to bottom. This form of erosion generally seems to occur on light-
coloured soils, especially brown soils. If the soil profile includes a hard or
encrusted horizon, a Ushaped cully may be topped by a V or even a broken Vshaped
gully. Such gullies are found in the Kaso and Goleta areas.
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(c) Gullies formed from tunnelling. The closer soils, espeeially
clay sollo, are to the banks of channels or Gullies, the more thoroueh3T they dry up.
They have many larde shrinkage creeks, which at their bot%om Grow into tunnels into
which runoff watere rush. As the water flow:a touardo the gully, side elopes are
undermined and collapse. At the same time, soil layers may start to slide, eapecially
as the underlying. horieons 3a1 vertisols are often massive in structure, with elicken-
sides. Fairly spectaeular landslidec of this kind 000112 in the Chefedonsa area. In
the easdy erodible soils, (e.g. soils on volcanic, ashee and pumices in the area
betueen the Meki rirer and the lake Gelilea,) a similar gullying occurs. Gullies
grow from a crack or a hole irlo a series of tunnels, which finelly collapee.

4. ..Ter and to t erosion

The erosive power of e river depends on its sediment load. River erosion
consists mainly in the undermining of river banks and cuttinG away hard layers and
sills in the bed. Erosion by fivers is c]early visible in all the alluvial plains
over which the Awash and its tributaries have wandered and meandered3 in the Teji
plain, the plain upstream from the lake Gelilea and the plains in the Middlo and
Lower Valley.

Erosion by the torrential tributar es of the Awash, suca ac %he Keeem river,
is natural or geological. It oonsists mainly in the transport of weathered materials;
from rocks covered merely by a thin layer of ekeleta] soils. In such case, move-
ments of land masses : avalanches, caveins, and landslides are prevalent.

77-2 5. Win

Here -ihe agent
arid soil, or of laid bare by cuit
of the wind decr i n meeting an
redeposited and foe . dunes. Yo the
air currents from desert areas meet
exist in the Lower Plains north and
neither numerous nor large, and are

which transports particles of saline or
tion or overgrazing. Where the speed

obstaele or a land mass, the particlee are
Awash valley, air vorter.es aro frequent when uarm
cold air currents from the hiGhlands. Dunes
south of Dubti. In the Middle Valley, they ave
small local heaps.

As soon as the first rains begin, rivers of red mud flow through the streete
of Adis Abeba. After flowing out of the lake Gelilea, where the waters of the Awash
settle, they eoon become muddy again, especially downstream from the confluence with
the Arba and the Kesem. The sediment load of the Awash aad some of its tributaries
may sometime exceed 50 g/l. Sediment is deposited downstream, most of it in the
Lower Plains. It silts the marshes, and helps to nhanGe the location of river beds.
Shifting the course of waterways seems to be more and more marked and frequent,
especially alonG the eection between Tendaho and Asayita. Is this increasing fre-
quency due to ineee ad erosion in the upper bao ?

gradation of the Awash baoin is a natural phenomenon under prevalent
geographical and climatic condition and is mostly due to geological erosion. Hove-
ever, cultivation of almost all of the available land in the high plateeau:, togetee
with the present cultivation practicee, seem to be activating and accelerating
erozion.

If the uppe ash basin is not to become within the next few centuries only,
u true rocky desert a that of Mount Megeeee, a program of erosion control must be
immediately devised implemented.

XIV - 3. Gonce u ncee of Ero 'on
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XIV - 4. Types of Erce.on in Traditional Geo tic 7eues

Information and larde scale maps neededfor delineating ereae subject to dif-
ferent types of erosion are lacking and therefore an attempt hen been made to relate.
the erosion phenomena to the traditional gee-climatic zones, as ells-an:on the map at-
tached to this volume. Another map, published in another Volume as a consequence of
the sediment transportation study, will give the variations of the specific soil de-
graaation. Both mape do not coincide completely, because the erosion is considered
in this ohapter as a field degradation whieh does not correspond o a definitivo ez7.-
portaion of materials from a bigger area. (See Map No. 12, Vol. IX and Vol. III)

The Daga was a region of forest and pastures0 rlie slight]y ferralitic red
soils with steep slopes are fairly eroded after deforestation. The black hydromorphic
soils are less sloping and consequently less eroded.

In the Woiì. Dega0 a distinction must be made between

(i) The intensively cultivated plain oomth-west of Adia Abeba where almost
all the sois are fairly stable, rich black vertisols. Their erodabi-
lity depends on the permeability of the underlying parent rock. Heavy
rains erode the slightest slope, tn particular, in the Bantu Liben
area and on the western slopeo of the Yerer and Do]ota Mountains, which
form a natural boundary of the Heine lbda.

The steeply sloping mountain land in a narrow strip in the western part
of the basin between the Kesem river and Dese. Here- erosion is intense,
uhen the natural vegetation has disapp :cL through cultivation.

Because of its slope, the land should be used for paetures and foreste, e7:-
cept for a small portion which can be oultivated if land manaLeeeent practices of tbe
kind currently by cultivators ara used, and systems for removing excess water are
improved.

A distinction also must be made between the dry and the humid parts of
the Kolla. In the dry Kolla, eultivated eoils are the most heavil;r eroded of all
cuitivated regions-t&jo basin). Here; rains are still Fairly abundant but the dry
season is long and hot, At the Lime of the first rains, the dry top soil of fallow
lands is easily eroded. The many shrinkage cracks on the soil surface beoome gullies.
In the humid Kona; there aro many well built terraces, but sometimes the out]ets are
eroded. Terracing of steeply sloping cultivated lana as well as geatly sloping land
should be encouraged. If no t terraced, the land even when Gently sloping ic eroded

at the beginning of the ratny season,

In the Bereha, erosion ()jotters according . the altitude and the climate.
In semi-arid Bereha, altitudes vary between 800 as.1 1,500 metrea, with an average
temperature of 25 02 and en annual rainfall Ix' .1 500 and 800 mm.

It Jncludes the rejion botueen Naoret and Awash etatioa, and a wide band at
the edge of the Rift Valley; uhere erosion is tied to the efficiency of the natural

veuotation. ETOSiOn may vary widely2 according to the doneity of the local grass or

bush nover grouir7On shallow or gravelly soils.

The arid Bareha OT middle Auash Valley, at altitudes between 600 and 800
metros eovers the area 0ownstream from Awash station to the oonfluence of the Awash

wi'6h the Borkena river. Et ie a region of steppe and bush on young alluvial soils,



currently or recently deposited. Average temperatures are high, between 25 and 30°C,
and annual precipitation averages 400 to 500 mm. The scattered but intenso rainfall
provided by storms, which is characteristic of this region, are sufficient to cause a
considerable erosion from runoff. Here, the soil is generally unprotected by vege-
tation, and the lightest rainfall may erode any slope. Wind erosion, also, is be-
coming serious.

The subdesert Bereha covers the lower plains which are a vast area of depo-
sition of eroded materials. After flooding, a portion of these lands is used for
cropgrowing (wild flooding of cropland in the Asayita delta).

Altitudes are below 600 metros, temperatures are above 30°C, and the average
rainfall is less than 400 mm. Wind erosion is marked, especially in desert areas
where dunes are formed.

The climatic zones, traditionally distinguished in the Awash Basin, can be
classified in order of decreasing degrees of erosion

Dry Kolla................. ( Heaviest erosion met on cultivated areas
( Accelerated erosion

Woina Dega ............... ( Very severe erosion of accelerated character

Semiarid and arid Bereha ( Severe erosion of sustained character

Humid Kolla .............. ( Severe erosion of accelerated character

Dega ..................... ( Normal erosion

Subdesert Bereha ........ ( Wind erosion Sedimentation zone

The area in each climatic zone, and its size as a percentage of the total area
of the basin is given in the following table

Table 28. Climatic Zones

Climatic zone

Dega
Woina Dega

: Plains
: Hills

2 Dry Kolla
: Plains
: Hills

: Humid Kolla
: Plains
: Hills

: Semiarid Bereha
: Arid Bereha
: Subdesert Bereha

11,800
: 18,500

10,500
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: As a peroen
: total area o

: 10,950 :

: 4,000
: 6,950

! 4,450
' 1,050
' 3,400: :

15.6
5.7
9.9

6.3
1.5
4.8

16.9
26.4
15.0

e of the
the basin

8.7
4.5

TOTAL AREA
° 70,000 : 100.0

1=



- 1. Existing Methods

Simple structures for erosion control have been built in the Awash Basin, but
they cover only a small portion of the total area. They are of three types.

Terraces with dr stone embankments are constructed on steeply sloping land,
usually of brown soils A iyu Aruba, Dese, Bati). They were probably at first con-
structed more or less along natural terraces produced by faulting followed by land
subsidence at successive intervals. They gradually became popular and more numerous.
They are narrow (about 10 to 30 m in width) and supported by a vertical or slightly
sloping uncemented stone embankment. Along their upper side, there is no drainage
for excess water. The earth is level with the foot of the embankment. A sido ditch
towards the main slope is used for drainage. Under heavy rain, the water flows over
the embankment.

Earth terraoes or benches are constructed on less steeply sloping land of
relatively permeable, broun, or brown to red, soils. The farmable cross-sections
vary in width from 20 to 50 m, and their slope is less than the natural slope. Em-
bankments are 2 to 3 m in height and seem level. There is no drainage channel along
the upper side of the embankment. A little sheet erosion can be seen in the fields.
There is considerable rill erosion on slopes, although they have a grass cover. The
embankment were probably built gradually, with manual labour and simple tools.

As systems for removing surface water a network of small furrows (about 10 cm
in depth) has been dug on much of the cultivated land of black soils and with re-
latively little slope. During the rainy season, excess water flows through the
furrows. They were in fact constructed to prevent smothering of plants and to in-
crease yields. As they are not always properly due, they often grow into gullies
and become an important factor in eroding black soils.

XV - 2. Cu P oblems 'n Erosion Cont o
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PRINCIPLES AND METHODS OF EROSION CONTROL

Present methods of erosion control may sometimes accelerate erosion instead
of preventing it. The main difficulties are due to

The severity of natural erosion which cannot be arrested by simple
manual means. The mountainous terrain, where rainfall is very heavy and very un-
evenly distributed throughout the year, is the most vulnerable to erosion. The
Ethiopian highlands should be listed among the regions of the world where natural
erosion is most severo,

Marked dryness for long periods,all the more detrimental because high
altitudes increase evaporation rates, results in soil crumbling and innumerable,
large and deep shrinkage cracks in the soil surface. Soils then become extremely

erodible. Each crack may in time grow into a gully.

Little water only can be stored in impermeable black soils, where excess
water content may cause landslides. Still more important, the top soil becomes water-
logged and yields decrease through plant smothering and nitrogen deficiencies. For

these reasons, black soils are no longer terraced.
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5A
Deep fissures near
ZIKWA LA mountain

5C
Countour bunding near

BOLO-SE LASSIE

5B
Cave-ins and tunelling near

CHEFE DONSA
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¡ended Brine and Methode

In view of the :T1 on o ior ridden areas in the basin, previous study
and experimentation ax sito ',o lirge scale erosion E sstion scheme.

Methods of erosion control in the As-a Basin should be found whioh do not
prevent the existence of vegetative cover th6 time when rainfall of an erosive
nature is expected. They might include deforestation nf slopes whioh are too steep
or too severely eroded, oropping systems which provide better cover and prevent the
drying up of the soil (particularly, with very limited irrigation), and dividing the
cultivated sloPes by diversion ditches.

Most of the surface runoff would have to circulate over the cultivated. areas.
As a general rule, however, erosion control would consist not in rehaining all the
runoff during the rainy season, but in diverting a porion into the rivers without
causing land erosion.

XV-3 1. Field methods

For the purpose of defining the work to be done, studies must first be made
of its economic feasibility, the agricultural potential of different types of soil
and for each, the limitings1_229 boyond which soils cannot be st'tivated without
dancer of e7eessive erosion. In general land with a slope 30 % should not be

cultivated.

Constructions must favour the removal of water. The land must not be absolute-
ly level, since the cumulation of too mueh water could lead to waorlogging and land

slippage. A certain amount of slope must be maintained JU the direction of the main

slope. A crossslope of about 0.5 % is recommended. The general scheme of protection
and drainage system is shosin in Graph G.

The e:sact amount of slope in both directions depends on the type of soil and
its erodability. It is desirable to have double purpose structures. These are
designed for the removing of Later during the rainy season, but they can also bo used
for retaining the small rainfall during the dry season.

For natural slopes of loss than 15 %, the methods of gently sloping bsneh
'&erracos, contour strip croppin6, and deep ploughing (rooting) might be °tea.

Surtace drainage should be adapted to the nature of the soils t the heavier and the

more impervious are the soils, the larger must be the amount o;7 c:cess water to be

removed. Drainage networks should be at a closer interval and the canals cross-
soobion planned for a higher discharge.

For elopes of more than 15 % and less than 30 %, the easinting system of

terracina can be generally adopted. Its effectiveness dependo on pr.oper maintenaace,

whi:ch is-usually done where the cultivator is also the ovner. In any case there must
be a proper drainage system.

stubble mulching consists in preserving crop rosidues for the proteotion of

the land. It in e:zLremely effective method, but difficult to apply Lu Ethiopia,

where crop residues never, or rarelyn existj grains are consumed by man, leaves and

sta:T.w by cattle, and stems aro used in building huts. Nevertheless, e:speriments

should be made to test the effoot of stubble mulching in reducing shrinkage cracks

which seem to be a main Cause of primary erosion.
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Experiments should be made in sre-sovin, land )reeaation at the beginning of
the rainy season. Before the rains, the dry land is ploughed and pulverized, and
very easily eroded when the rains begin. Deeper ploughing, which produces larger
clods of earth may help to reduce erosion.

Reforestation should be undertaken on all land with a slope above 30 %,
although, it will be difficult and require a long time to recreate the forest as it
formerly existed. Systematic reforestation should be accompanied by strict regu-
lation of the use of existing forests, especially forests on sloping land.

The planting of Eucalyptus trees is not sufficient for erosion control. They
were introduced to Ethiopia, where climatic conditions favour their growth, around
1880. Cut very young,they are used in building houses made from logs covered with
mud. They are not very effective for soil conservation, since not much of vegetal
cover can grow with them, and the land remains subject to erosion. Eucalyptus
plantations should be regarded 'aoi; as forest, but merely as a crop to be subjected to
erosion control.

Pasture lands have practically disappeared from the Upper Basin. They still
exist only as green fallows in the Dega highlands, a region where land is cultivated
after burning, usually about one year only out of every five. Their improvement
cultivation under a system of rotation should be considered. They should be drained
and sowed in nutritive species of grasses, and system of cultivation which popularized
the periodic regeneration of grasslands should be encouraged. Pastures should be
reseeded on sloping impermeable soils in other regions. Control of erosion on
pasture lands consists mainly in regulating grazing, dividing cultivation into plots
along the contour, and building embankments and ditches for the removal of excess
water.

XV-3 2. Drainage systems

Excess water during the rainy season' must be so drained into rivers or
reservoirs that the speed of flow of the water over the land never causes erosion.
Speed depends on the amount of flow, the slope of the land and its roughness. To
decrease flow speeds, slopes can be artifically reduced and roughness increased.

The structures for stabilizing gullies would be a series of masonry or wood-
brush check dams. On the bottom and sides of the gullies, a vegetal cover, protected
from animals, should be planted. A protective strip - of a width to be determined,
perhaps 10 to 20 m - of grasses or trees should also be planted along the side of
gullies, and properly fenced. It should be irrigated during the dry season. This
is isdispensable for establishing and maintaining any protective vegetation, and for
preventing shrinkage cracks along the side of gullies.

Graph 7 represents a gully treated with three kinds of structures to reduce
the velocity of the flow. Wood brush check dam may be considered in small gullies,
where flow is still moderated. Rock and gabion check dams would be better for larger
gullies where the flow already gathers momentum. Protective vegetation cover and
fencing are also shown on the graph.

For controling erosion of the banks of permanent waterways, standard methods
can be used : cutoff of meanders, man-made falls, and gabion or rock embankments.
Because of the large number of gullies several kilometres of gullying for each square



kilometre of cultivated land and the extensive develoPment of the river system, the
control of erosion along waterways requires large and costly structures. They muet
be built from up to downstream, so that flooding does not destroy structures lo-
cated further downsream.

XV-3 3.

Control measures aro afCective on17 after a long period of time. Meanwhile
the reservoirs behind dams riek silting up. To decrease silting, stilling or depv-
sition basins must be created upstream. Obstacles to slow doyp the speed of flow
and to remove suspended.elements before the river waters flow into the reservoirs are
required.

For the KoLa reservoir) silu could be deposited in the swamps upstream from
the Sidamo road. The Mono river might be totally diverted into these sw ps through
the existing bed of one of its branches. Daverti.hg the river is a simple task of
constructing dikes. This is all the more necessary since the Mojo river tramsports
large amoun-to of pedimen6, Later onr the upstream por'ujon of the Rolm reservoir
might al so be used for depoGition. The Gevani and Boyale swamps might also be
progressively filled. Once they are silted up, they can become rich crop lands.

XV 4. seouenoosof Erosion 1

Longterm ntrol mea sures in the entire Awaeh I3asin may retard or completely
arrest eeeson. The productive potential of tho land will be mainlained, or oven
increaseJ by preserving top soils and storing larger amounts of water once the rainy
season ends and during the dry season.

Increased production of the land in the high plateaux means a d.lerea7a in
headwaters. Less water will be available for the plains in the Middle ard. Lower
Valle3;. In compensation, the greater regularity in flow Tall facilitate irrigation.

increased infiltration of water in the highlands might also resupply the
springs downstream. Many are at present saline, but, regulariiing the rate of flew
of the xeash river will make sufficient amounts of water available at all times to
dilute harmful salts.

XV -- Pro, Action E.,eosion Control

123

clop

Erosion cent: l is eomple.le. It must be based en a real philosophy.
Measures ';,aken must be ooncentrated lo cover an organic: whoTe, such as an entire
walershed. If measeres are not relaled to each other, they may be not only inefft-
°lent, but soon nullified, either by erosion from upstream waters or by regressive
erosion. Continuity of action in space and in time is indispensable. If a portion
of the treated aree vere Lo be abondoned, and again subjected to erosion, slructures
in maw other places you'd probably suffer.

Ho program of action can be effective unless it is based on sureeye
;'re Awash -Basin, including

Relief (relief map drawn to a scale of 1/50,000)

Soils (map, drawn Lo the came scale, showing land suitability and the
differen forms of erosion)

7erij1 '
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Transport of solids (continuation of the measurements at present
being ¡nade classification of watersheds according to their degree
of erosion).

Before measures for soil conservtion are taken or popularized, they must
be tested. Different cultivation practices should be tested on small plots equipped
to measure the amount of soil eroded.

.7xcept on large plantations, cultivators possess neither the requisite
material nor technical and financial means to control waterways or silting areas.
This is the State's task. The State should first plan special projects to define
the type, technique and costs of the structures required. Surveys, experiments,
and special projects would form the bases for drawing up a general plan of erosion
control, establishing a budget, and defining priorities. For its implementation the
plan requires

(i) the establishment of a national organization for water and soil
conservation

i) the subdivision of the Awash river basin into regions and into districts,
each of which covers only one watershed

(i the training, and placement of technical staff to educate farmers in
cultivation practices and to direct operations for the control of
waterways.

It would be best to control erosion first in the most severely eroded areas;
that is, in the cultivated areas in Kolla and Woina Dega. As a pilot district for
experimentating in, and implementing of methods of soil conservation, the Chefedonsa
district might be suggested. There soil erosion has reached disastrous proportions.

XVI. PROSPECTS POR THE IMPROVEMENT OF GRAZING LANDS

The development of the livestock industry and grazing lands in the Middle
Valley and Lower Plains must be based on the use of irrigated pastures. Before a
program of irrigated pastures is fully implemented, certain improvements should be
made.

XVI 1. Bacio imrovemente in pastures roductiveness

Regenerating existing grasslands and introducing nelr species of grasses are
very important for increasing the value and the productiveness of pasture lands. Ex-
perimentation takes time. Prolonged efforts are needed before the results can become
popularly accepted.

XVI 2. Prevention of overrazin

Regulating the use of existing pastures should prevent overgrazing those
along the banks of the Awash river. This is feasible because cattle seem not to have
suffered greatly from lack of forage. The relatively short period of drought
enables the livestock to have a reasonably balanced diet of dry and green feed.
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XVI - 3. Establishment of water holes

The livestock industry cannot be properly developed unless grasslands are
more fully used than they are now. Under-grazing of large tracts of pasture lands is
mainly due to a lack of watering facilities. Investigations in areas far from the
Awash River should be made for building

reservoirs or ponds to collect and conserve runoff during the rainy
season for use during the dry season

wells drawing from the water table or from deeper ground water layers

small dams across seasonal water courses.

Studies on rainfall and runoff, the location and movement of ground waters
and the types of structures required are essential for this program. The actual work
could be done by the oocupants of irrigated pastures. They are likely to have heavy
equipment at their disposal. As an example, a program of research of underground
waters, resulting .rrom a preliminary hydrogeological survey, in 1963 to investigate
ground water resources in the Aleydegi plain, is described in Appendix 7.

Apart from making remote grasslands productive by immediately establishing
water holes in their areas, the psychological impact of the program is important.
The nomads will appreciate new watering facilities. They may become less reluctant
to break tbeir traditional isolation and to join the market economy.

XVI - 4. Distribution of flood waters

Spreading flood waters from intermittent streams over range pastures topo-
graphically best suited to flooding is another way of making some grasslands more
productive. Small dame across interldttent streams and a network of drainage ditches
help to spread flood waters at little cost. These structures are particularly re-
commended wherever flooded pasture lands are located above irrigated land. Dikes
would probably have been built around the irrigated area to protect it from unusually
large and fast flood waters, which can thus spread over the pasture lands above them.
At the same time, the drainage ditches of the irrigated area will help to drain
progressively the pastures at moderate rates of flow and to regulate both the depth
of water and the time during which the flooded pasture lands are submerged. In grass-
lands above irrigated areas, the flood waters should be still further distributed
over the largest possible surface by ridges and ditches.

XVI - 5. Reclamation of marshlands

Irrigation systems in the /addle Valley and the Lower Plains will contribute
substantially to a partial reclamation of marshlands such as those at Gewani, Boyale,
Dit Bahri, and in the Asayita Delta. Their reclamation through drainage and partial
silting can be expected because water consumed by irrigation will reduce the size of
floods; large dams will regulate the rates of flow ; struetures can control the
liquid and solid intake of certain marshes 5 the shape and size of existing natural
drainage channels can be improved 5 and smaller drainage ditches can be dug.

Evon 12 the partially reclaimed marshlands are not best suited to crop growing
they can b used for improved pastures, for a full control of flows makes it possible
to regulate the amount of water entering the marshlands. The right amounts of soil
moisture can be maintained over the entire year.



6. H "P fodder

One ranching difculty in ocmi-id -,7ecions is the. concentration of the
annual rainfall over relativjy short periods. Grassen age rapid1;, avid beoome
fibrous, les °.1 palatable and leas nutritious. :II adecitite supplementary fodder wore
available, mach larger numbers of livestool: could be &upported on e=isting g:?azing
lands. The best pastures consist of yotvog and tender Lrasses, To derive ma::Jmum
benefits from them, the li-tectock should b removed ooce tl?e season of suoulent
gras,mes is over.

'Ihen pastures are no :.o.ager produotive the herds oould be fed from
irrigate,d pasture lands, either by ProducinL,; hu,lv or silage and selling it ÷o
pastoralists or by buyinL; livestock Prom them when water and grazing 7Cacil:''
es,hausted. /Jomadio oastoralists axe reluctant tu huir foddeP fop their animal' .
Tbey will not be c;.uiskly pe)23ne,ded. to Ghane their ontu,:ies-old habits.
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Frecuenl, yitaot with the nomadio pastorali:,ts would probably bL2 e most
valuable means 017 buildilig a p-rospelous cattle i'attoniug husinerr Jioniada mighi
appreciate constant lelo duiing wanderin6s. To haul out a fev tanLs of u::,tox'
to a remote but rich pasture might be relatively e.isy a 'rde,, :!ell-equipped farmer,
but is could save a number nr animals 1,2om thirst or starvation. Uheu disease sproads
among the stook, z, timely intervention may later ou pay dividends, The enterprising

The purchase of lean ,tork for feeding on irrig,..'te eems to be the
most practical solution° :61.tteniug and fiwishing do_ the farms.

Irrigated farms could start buying cattle when the dry season is advr.nc
and lomad..io stoct: arc forocd to 5tay olose to wateri.n,): points in the rier cx-2
The oatle could bo fed intonsJvaly, at first ow cood grasinc laudo and later on
irrigated pea bureo H.nd on ha7czested i:'odder, either ha,y or flilage° The fattening
period 7rould probabl:v last 4 to 6 months. About one hectare of lend would
three four heads of cat,le° If bbe fodder in harvested: a larger numbe,r can be
fed from one hectare (7 ipicatod larod°

Irrigated farms could proide not only f:orage, but also anothep. Luid of
animal food. It is highly probable tha.-6 with the f.-'ouing of important oash ci'00o
such as cotton and ground nuts2 the oil processin3 industy oill he establshed in
irrigated regions. Owe by-product, oil seed col-es, (Duld easilN baoome a ,raluable
supplement feed cencent,-at3 Zor a 1)E--1ta. fiodsh o)' Lac. anlmais. All stager, of
fattening and finishing oonld be oomoleted in irrigated areas,

XVI - 8. Animal health

VeterinarT a,nd general sanitation sermJ.ces areliadly needed wherever a llve-
stool: Indusi,ry is de-:cloped. Irrigatj.on farmi,ig should creatly facilitate the heE]lth
inspeotion of nomdic, stock. Housin;?: facilities ,rould be avaalable for veterinary
services, access would be improved, end periodioal marP_ots might be organized°
Buyers of livestouL on irrigated farms might help the Coveramont Lo improvs animal
health7 and, in co-operation nith the Guvernment Veterinary Berloes, become respons-
ible Cor the health of nonio nomadic. her(le°

XVI -7. d laudo Jives ock

XVI -9. usions
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farmer will then be able to obtain more and better stock just when he wants it.

If existing livestock resources were quickly exhausted and the supply of
cattle became too limited to assure a permanently profitable business to the fatten-
ing industry, importing young animals from other cattle rais]ng regions might bs
contemplated. This might hola o pefsuade nomad.s to sell theiv animals. They
hesitate to sell their stock because .he number of head owned io0. mark of social
prestige. The possibility, of e::changing adPlt for yorng animals might overcow teej.7.
reluctance, for the total number of head in their herds would remain the same. Su.

a scheme would also improve livestock quality.

The integration of nomadic livestock owners into a market economy is not easy.
Irrigated agriculture may play an important part in making the nomads gradually wore
sedentary. In the long run, it may be more effective than any direct attempt to
change centuries-old ways of ljfe ano. occupations.

XVII. RURAL IMP2,OVEMwNT IN TIL: UPPER BAoIN

XVII - 1. Introduction

Present farming practice in the Upper Basin is described in Chapter
It can be summed up as follows

Basic crops arc -w before the main rainy season, (from March to July)
and harvested bE October and December.

Catch crops are grown only on small areas. Their yields depend almost
entirely on when the first minor rains set in and their duration
(between December and April).

There is, as a general rule, no ploughing. The soil is - E y
'scratched' on the surface two or three times duril.ig the season.
The last time this is done , the seeds are buried.

Crop residues are used for forage or building material if not burned.
Manure is dried and converted into caked fel.

The crops are grown to feed the local population. All farm labour is
manual.

There is practically no pasture, and the undernourished - and too
numerous - livestock survive on what they can find in the cultivated
fields and along track edges.

Erosion-control structures, (terraces), are practically only built on
permeable land.

The local farmern show a lively spirit of cooperation and effectively
e.5s1F:t one another.

Soggested improvements are based on the absolute need to stop erosion and to
incpeaso soil fert'Llity. TheN are mainly noncerned with matching crops to climate
(espeoiall;T to the very special rainfall oondi'tions), the popularization of more



productive methods, stock-breeding, land deq.elopment, a higher standard of living
and better working conditions for the Caimers.

XVII - 2.

resources in the roundnVII-2 1. onomic use of

The erosion coatrol methods described in Chapter =7.V tbe soil water
balance. Soil moisture only exceeds the ui]ting polot for tbreu or Zour months of
the year. The gronad arios out very quickly after tbe rainy season, aPd herbaceous
plant growth ceases after early November. Only trees e.rE thon still able to use
water stored deeper underground.

To make the most of the rainy season, annual crops should be planted as
early as possible, for crops SOTIli early produce the highest 3ields, Sowing tends to
be comparatively lete at preeeat beoause the farmeis Ca'a afraid of Crypogamic
diseases, whioh they cannot coatrol. 6ystematic experimentation to liad thc best
planting times ;:or various crops is adNyisable.

A method of keeping the moisture in the soil for a longer period is to store
recent rain water once the ground_ is no aoa.zor vtoL, or :ilae to reduce evaporat-
ion by mulching and billowing. This implies crops g-foun 11J ,a».o provide access
to the fields. The burying of crop residues elso helps o slù ,lown evaportion,
because of its modifying effect upon tho structm, of the top oil leyer,

The introduction of perennial and arboraceous species should also be con-
sidered. If irrigated duriug the first few years of their growth, they make better
use of the water stored in he deeper soil layers. Olive, fiz2 senna (Gle&toia),
carob, walnut, pecen-aut, apricot, almond, peach or plum trees, a.110. arboreccent
lucerne (woody grass) are examples of such species. Apar;, from helping to control
erosion, tree plantations act as efficient wind breaks locally affecting ambient
humidity conditions. They help to keep evaporation dr=.

XVII-2 2. Selection and introduc ion cf nei s)ecies and =7; ties

Although near to the Equator, the Upper Basin -.A.ongs to the Northern
phere. Altitude - the effect of which is still by no means fully understood - also
plays an essential part in determining plant

Spring °flours twice (iKt April Eay and Oo'601??D - -AocTembor) is thIS regios
Neither period is )"ollowed by rain,Call soffioel)t for a normaa growth of \ieuetation,
These special aspooto of '13.o climate must be rarefully considered wheti selecti.ng new
plant species or varTeties. There must be lenztkiN and delica6e research beforo
substentiaa progreso in agraoulture caa be achieved. nia is amply 111ustr6ted 1)3,
the suocr,Iserul resuls achloved uith ttoZ1 and 'noog° boh. local species com-
pared w3th poorly-edepted species recent.ly introdueed (Ilith the aoable 'a:oepioll of
Eucalyptus

XVII 3. Po ular

o

ui ment

All farming is stj.1). done by manual labour OT ultb. crude implemeats was6ing
time and energy. Ine::penni.,re moderu equlpment vould lii,n ZrmIng costs down,



enable more land to be farmed ad la' -On farmers free to ooend time on other jobs
e. g., improving their homes, t:elrl.s, refol-es6ation and stoot,_-farming

Some authorities nonsider that the ploughs now in use (wooden implements with
an iron awl:6) are best aul-69.0 60 100aa 00Dalt1019S, facilitate infiltration and slow
down surfaca- runoff. This may -oe ixue when comparing yntilled land with land tilled
with this type of plough, On the other hand, where the ftwrows do not run perpendi-
cular to the line of steepest slope, they may 'roi-m tnickleo of wafer, which are more
erosive than sheet k7low and rapidly swell to torrential proportions. As most soils
feature deep shrinkage cracks hafore the canny season, which do ook M1 up until the

soil becomes saturated, tillage can only affect water absorption within the top soil
layer; i.e., only down to a depth of about 5 10 cm.

The serious disadvantage is -hat; in failing to turn the soil over properly,
this ploughing method facilitates the gronth and spreading of weeds and allows only
a limited nitrification of organic matter. The farmers rely on burning and densher-
ing ,o convert the nitrogen into a assimilable form and to destroy the weeds, but
this practico also destroys the organin matter and makes the top soil more vulnerable
to erosion and rapid dnying-out.

Ueoding is done with this plough and by hand, harvesting by sickle, threshing
by znampling with caiatle, winnowing' and sorting by hand, and all carrying with
donkeys, etc. All these operations could easily be done with simple animal-drawn
equipment, produced nheaply in Ethiopia. Meanwhile, experiments could be made with

such imported implementa es : Vineyard ploughs of the French lvigneroone' type;
disc-ploughs; flat-tooth cultivators; sharp-tooth scarifiens; harvesters threshers,

and winnowers; trucks, and processing equipment.

XVII-3 2. Use of fertilisers and in vers

A few tests, although neither properly listed nc systematically used, appear

to aonfirm the value or fertilJsers, especially for regnnerating nitrojen and phos-

phoric acid. The following yaelds 1,T re obtained about five years ago from a teff

plantation at Pebre Zeyt experimental statLor

With urea ............. 25 quintals/hectare against
10 quintals/hectare on a control plot

With ammonium sulphate : 44 ouintals/hec6are against
15 quintals/hectare on a control plot

With phosphoric acid : 21 quintals/hectare against
7 quintala/heetare on a control plot

Only so-called 'all purpose' fertilisers are at present available commercial-

ly. They are o.-zpensive and not suitable for all types of soil. The popular use of

fertilisers will depend on more efficient marketing of products adapted to the real

requirements of the -various soils.

an±ma], manure is almost never used because there are no stables. What little

is baken from the fields is converted into fuel. Green manure crops are unknown,

but their introduction would help to produce a better, richer top soil and to protect

it ageinst erosion and drying.



XVII - 4.

XVII-5 1.
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Almost no pa_eture is 1 t on the high plateaux. Most beasts are unhealthy
because they lack a prneerly balanced green and dry fodder diet. During the three
months of the rainy season, the fodder contaias too much water, bu t Is reduced to
straw during the seven-month dry season. Cale receive properly-balanced nourish-
ment only during the interim period, i.e., for only two months. In the Middle ValJey,
they are bigger and better built than iii upland cattle. This indicates a lack of
calcium on the high plateaux, due to ti e soil. Food concentrates could be a com-
pensation. A certain amount of organine. etock-farming might be considered, for
instance, breeding cattle in the Middle Valley for use in the upland areas when full-
grown. This program would involve creeting of pasture on suitable land (i.e.,
shallow, impervious or clay soils); constructing of atables; introducing a pasture
rotation system, on properly fenced land (there are no fences at present)° and
selecting suitable local strain (Borana, Harar Fugara, and Begait).

XVII - 5. Generalim ;ic-- of Ma or Development 1-Te

ion and restoration *

Farmers in the gently sloping peneplain area seem unaware of soil corservation
methods applicable to steep slopes. Yet efficient erosion control measures are
applied on rough land and practieally flat fields ravaged by dendritic and gully
erosion only a few kilometres away. Farmers thoroughly familiar with erosion control
methods might be persuaded to demonstrate them in villages where they are not
practiced. 'Neighbourly' advice and assistance may well go down much better than un
official training program implemented by State officials. 'Farmer-inetructors'
would have to be paid for their additional work. At first this would be a matter
for the Government authorities, but, in the long run, the idea of the farmers paying
their own inetructors does not seem unrealistic.

XVII-5 2. Land reclamation

At least 20,000 hectares of land on the )1je:h plaee marshland or subject
to flooding. Most would be fairly easy to drain 1,-:or reelaileing substantial addition-
al areas for agriculture and stock-farming, provided only that the projects ensured
the conservation of eoll moisture during the dry season. The suggested reclamation
of Borkena marsh, diacussed in Volume Five, would be the main operation of this type.

XVII-5 3. Irrigation

On the high plateaux, only fruit, vegetables and ,lardens are at present
under irrigation. 2,.1Lhough irrigation has also been coneidered as a means of erosion
control, its baeic object is the substantial improvement of agricultural production°
The need for auxiliary irri3atlon is most noticeable in the comparatively hot dry
Weina Mega and Kolla areas, where water application could take place before or afbe,:.
the rainy- season for normal crops, and betweea Maroh and May for catch crops. Water
requirements vary from year to year. They are probably al'eund the 2,000 ou.m per
hectare mark-

The rough surface in the present farmland ereaz seems particularly suitable
for erecting small earth or rooh storage dams, a more comprehensive idea of
irrigation possibili'.iee in the Upper Basin for inoreasing farm production could be
gained by a syctema-00 prospecting for suilable sites.

For the main recommendations on this subject, see Chapter XV.



XVII 6. Im rovini' uncIce' bivilic!: Standards
Improvement in rural productiity depends oo the Ethiopian farmers' standard

of living and working conditions. Primitive dweli1nbs he shortage of adequate
roads and communications, -emoteness ueter supply points, and inadequate pouer
supplies all r0S-G7jo rural development. The most important reciturement, howoqer, is
agrarian leislation under which the farmers can rely on enjoyjng the benejit of their
land and are encouraged to make long-term investment in :Jeir holdings. Only when
the farmers feel sufYislently se.cure mi their f,.arms sic i look ?orward to be ,cme
stand ad of living as in tho toims 5, 1'71 11 they listen -Lo advine OP how to achieve
hi8her productivity o.lid Dettr o-.)nditions.

XVIII. PROSPECTIVE LAND USE IN THE IRRIGATED ARES

A. GENLLL CCO:!IDERATIONS
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The soil maps and tbose of suitability for irriga.tion indicate lar ge tracts
of good soils jn the giddle Valley, Te lands on both riveu baulks upstream of Kete-
hara may be similEly good. They wore not selected i'or [he semi-detaiied soil survey,
because early in Project operatiflT it uas reali5ed twat the wer supply in he
upper res-ches oiT Lddle Valley n.jt be insufficient for all iroigablo lauds in
this -,-egiou.

To take advantage of the water from [he big tributaries Oxe:11.1% the lower
part of the catchment area, (the Borkena and i1ile rivers), re:' ati.\re).y poorer soils
had to be selected in the Lower Plai.no. The actual take-oif of development in the
:?egioa and the elAstence of indellous agraculture in the .c.sayita &,lta had aleo to
uo eo,Isidered.

AS the agricultural value of the two development regions appears unequal he
choice oj7 prospective land utili'sation patterns is discussed separately r.)1, .he
Middle Valley and the Louer Plans. The -,nge of [he crops which rnn bo groun in
both regions is probebly simi:U.Q7, The main problem, therefore, is .tbe crpping
tensity pattern.

Jatural C ons in Relation to the ' .0

Soi alkalinity_

The Lover Plains .'re s.,) arid country in v-hich, under the hotter and drier
climate, soils have developed a MOKO allraliue reaction, as indicated by pH often
higher chau 8.5, An alkalinity has,ard must T,:) reckoned with, wbn dovelopThg the
areas of Dubti, Dit Bahri and, co some e7:tslit2 the _cayita delta, Their soils must
be handled ui-th more caution. Under continuous irrigation, ample iater supplies muet
Do careCully applied to pl-e7Fent raising tbe gound water table and causing [be
detrimentaJ accumulation of salts in t'ie roo t ones. At the same time, the utmost
care must be taken ro maintE!an gond sod structure and aecnd reducing soil permeabi-
1?-ty, If these conditions c.onnot be ea:7,a)y louor irrigation intensity
appears ad-Tisa.ble,

II - 2. DrainaH

Alkaline soil reactiol:L is clo dy associated with drainage conditions, for
puddle and become impervious. The proc,a:nwhere alkalinity pro es soils



The water quality in the same river often changes not only with the seasons,
but also along its course. This is particularly true in the arid regions and where
the river flows through marshes and swampy dallery forest. Many warm springs dis-
charge into the Awash fair quantities of mineralized water. It is advisable'to use
as much as possible of the available fresh water in the upper reaches before soluble
sults concentrate in swamps and marshes.

II - 4. ConsumDtive use

Consumptive use of water varies greatly according to climatic conditions.
Particdlarly important are rainfall, solar radiation, temperature, and humidity of
the air. The drier the air, the higher the temperature and the smaller the rainfall
the greater are the amounts of irrigation water to be applied. If differences in
consumptive use of water between two potentially irrigable areas are likely to be
significant, selection of the region with smaller consumptive requirements for in-
tensive irrigation schemes will result in substantial saving of water. The arid
climatic conditions in the Lower Plains, indicate that the same supply of water may
suffice to grow noticeably more crops in the Middle Valley.

The natural conditions for develo-i6 hie)he,
appear more favourable in the Middle Valley Chan in the Lower Plains. This
ticularly true if schemes f02 double cropping are contemplated. Double cropping is
a target wherever natural conditioue are favourable, because it is conducive to the
highest returns from the assets being usually in short supply, that is the good land.
Obviously it impliee higher farming standards which are often difficult to implement.
Therefore a brief discussion of some agronomical management problems related to the
farming practices unaer intensive irrigation would appear ueeful.

III. Some Farmin--robler
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may be more difficult to control when large quantities of water are frequently applied
under an intensivo irrigation scheme aimed at producing two or more crops annually.

Although no shallow underground water table became evident from the soil
survey, a noticeable rise in the water table should be expected after several years
of irrigation. It will rise earlier and higher in areas where larger annual rates of
water are applied. Its maintenance at a depth admissible for plant growth will be
more difficult in the regions with poorer netural drainage. In the Lower Plains,
where natural outlets, river branches, channels and creeks are shallow, artificial
drainage facilities will have to be excavated, and the problem will be aggravated by
too flat a slope of the terrain; but in the Middle Valley the natural slope of the
terrain is greater and the river bed itself is fairly deep ana may provide a suffi-
cient natural drain, to which ditches can be connected.

II - 3. Water qualit

The growing season for different crops needs to be carefully selected.
Harvesting and planting operations should be timed to meet the biological reeuire-
ments of the rotational crops. The right timing of field preparation, planting and
peat control operations often determines the yield and general success of the project.
The vegetation cycle of a crop has to fit into the climatic pattern of the region.
Longer daylight and- more intense insolation may shorten the vegetation period and
give a better opportunity to a subsequent crop.

III 1. Se on of the drowin- e. son
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The rotational pattern must includ- long and short vegetation cycle crops.
CarefUl selection of varieties and strains have to be undertaken in order to pick
out most suitable ones. However, there will be always a competition between ,the cros
for suitable planting seasons. Substitute and complementary crops must often be
introduced.

To reduce the spoiling of a crop by insects and pests it$ planting season
should be so selected that the most vulnerable stage in its growth cycle does not
correspond to the period of intense breeding of pests. This selection i8 not easy,
for plant breeders and phytopathologists can have contradictory points of view. The
timing of planting selected by the agronomist and that recommended by the irrigation
engineer can also be contradictory. The latter wants to have the irrigation stopped
during the peak consumptive use of water, whereas the farmer prefers the biologically
most suitable planting tiMe.

III - 2. Maintenance of the soil fertilit,y

There cannot be intensive cultivation, especially under irrigation, without
fertilizers, even if fodder crops and 7;reekimanures are included in the rotatioo.
Frequent waterings are conducive to leaching and depletion of nutritive elements Zrom
the soils, and they must be replenished by farm or green manure and fertilizers.
Production of farm manure is subject to stalling of cattle wbich at present, is
achieved only in highly developed markets, demanding dairy p7oducts. Green manures
are relatively uneconomic, particularly where irrigation water is scarce, as they do
not provide direct incomes. Fodder crops, or irrigated pasures for meat production,
will more often be the sole betterment crop in the rotation. Thus the fertilizers
become the chief purveyors of soil nutrient elements, and must be extensively applied
Lo maintain the high productivity of the land. Types of fertilizers, methods and
doses of application depend on field trials and experimentation.

III - 3. Irriation ractïces

As soon as an irrigation project is to be developed, there must be an equit-
able apportionment of the available water to the users. This is usually the task of
an irrigaticin 0.uthority which also maintains the distribution system. A distribution
schedule has to meet the watering requirements of the planted crops. An agricultural
program must be elaborated for the whole area of the Project and the dates of plan-
ting, cultivation, treatment and harvest operations have to be anticipated. Water
will be delivered at the fixed dates and applied to the fields. Strict synchronisation
of field operations and the water delivery schedule is essential.

The omission or postponement of a scheduled watering may unduly delay the
vegetation cycle of crops, which will then stand longer in the field. If merely one
crop a year is grown and several months elapse between the harvesting and planting
period, there will be no disturbance in the ,-'uture irrigation schedules. The ollly

consequence of the farmers negligence is that he probably reduces the yield of his
own crop.

Not 50, when double cropping is geneelted, For all-year-round irrigation,
adherence to watering schedules must be meticulous. 'The appJicaon of each 4',,1loca-Ged

head of water should be strictly timed, as periodicity o..i7 ,4atering sill be frequen-6.

Any delay will postpone a subsequent tour of irrigation. This vill be detrimental Lo
the other plots and/or farmers. Distribution servLces must be highly orgaA. ard

collaborate closely with the agricultural mao.agemcot of the Project.



The managemew.t oJ 1 irrigation projeot may be rsted with many responsibili-
ties for promoting .6qe technical and economical prosper*ty of all the farms. They
may . .»7rom experimental and extension work to providing for the farmers credit
and mar. facilities.

Experimental work is ec;$ential for : ormining different agronomical features
important for irrigated farmi . This will be long wrooes3 and actual development
cannot be postponed unil all ;he results of e2:perimentation are hnown. Experimental
work should be done oiuul taneooly iith the development and its results proressivoly
applied. Factual inormation will have to be made readily available to the farmer,
who mus be prepare0 to apply it without delay.

This ínvol H leffLuient extension service wit!i aumerous and highly trained
staff of technioLr .efloco task is not only to bridge the gap between the eaoeriment-
ation servicee The farmers, but also to ensure that Carming operations ere per-
formed in time ci up to stanuard. Extension services are essential in double crop-
ping schemes. Lle...ewhere many projects broke down because of the lack of adequately
organi sed agricultural ez:tension.

III - 5. Farm unit

Double crooplug i3 particularly difficult, if the intensive irriation project
is eombined with o , ottlemen't scheme< gVC-)11 uo uo1ve e:etension ,:,ervico may bo of
little help if tho farmers eduoatioaai standerd, receptivity and openmindedness are
too low. Greater fle2:ibilitw in the less ambitious and JeS2 intensive farminf7 pathern
is better suited to Ike sottLement enhemes ;IQ taet more %into in ,fae hollou periods
of the year c4an be cjven to trainin the Tamers,

Difficulties in runnJ a highly intensive irrigation scheme may be more easi-
ly overcome on a commercial 2 41, where the distribution control, at least on the
irrigation unit basis, is sect..red by the farm management itself. Operations can be
planned in perfect consistency with the water distribution schedule. The results of
the exper5mentation may be closely followed and the relevant instructions easily im-
plemented. Many tee.ts aad e:oeriments can be made on the spot by the technicians
assioled to the farm. Thus, leso risk is involved in stariac, a double cropping)
highly inensive irriTatien wroject on tho commercial tyoe o2 rhrms.

IV. FiiJ I llication of
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7.mentation ension ces

Tbo eomparative analysis of suggested sehemes and thoir financial implication
may prelTent many costly mistakes in the selection of the develoement projects. Thus,
4 high irrigation intensity pattern may orovo more economic in tha smaller areas will
have to be provided with costly irrigation erd drsinage facilities. '.'he overall
capital outlay for developan a.a irrigation scheme aimed at a given output will be
smaller, and fi:red eosts per produet unit are likely to be considerably lower.
Shorter canal and drE,.in.eze network 1;t11 be construoted. Structures and crossings will
be lees numerous. Levelling and clearin6* %rill be carried out on smaller suri'aces.
Thus, it appears, 10.,_::her irrigation eCfluiency and a sieable saving of the weter
supply could be more ce?,sily &che-4ecl, Farm surface may be reduced because tito crow;
yeei-ly 13 1]. provide, paricularly to settlers, more income per aurface unit. Farming
will be more labour tntsne?vc, ;uld more people can be settled on the carne area.

On the other hao.d., capi-tal outlay !,?or surface uucl is likely to be higher, as
more sophisticated distributor» systems will have U) be dosicned. Farm working



In designing a Development Plan foe fe .aerash Basin, the (Ice ement is
offered the choice between a purely economic approach to the proeg o:7 agricultural
detelooment and a long-term polioy baaed both on economic and sociel factors. The
formor would be focueed on the achievement of hidhest economic retwen in a more or
less immediate future 3 the later would /evolve perhaps smaller cinaneial results
and longer period of time in which to reap the development.

Natural conditions for the development of an intensive irrication fermirc
would appear more favourable in the Riddle Valley than in tac Ioaur Plains. Opera-
tional difficulties in the running of an intensive irrigation prejoet may be more
easily overcome on the commercial rather than on the family farms. If high producti-
vity or the agricultural investment is the target, commercial farsa will Lle.V0:00 be

given priority, at least provisu)nallyL in the Yiddiek Valley.

Siam the lower irrijaton intensity oeeme more suitable fo-c the settlement
schemes, the oromoion of ramiler sise farmin al:pears advisaile in t P Loer Plains.

B. MIDDU VALLEY

I. Social and Human Problems

As has been shown, netmel conditions in the Middle Valley ere probably more
favourable for the inteneive imgation patern and for agraculture.1 production than
those in the Lower Pleine. Some traete may even be marginal dry-C,erming areas. A

few plote of maize, cotton end teff are aotually cultivatea by the employees of tho
railway aear the statioeo of Mena ib, Metehara and awaeh, Although their yl.elds

are irreguldr ana subject to tac vedarees of reanfall, they witneee to the sherp
contrast between tdie deoert of the Lower Plains and eave.nna type hush of ti?e Tdiadle

Valley. Clearing of the bush and eeting no of new farms may be seen ir the upper
reaehes of che ',addle Valley, in the vicinity of Welenehitj and r] 1w

It would appear highly advisable thef a pilot scheme be establi.ehed in this

resina for ezeeriments on fO.TMill6 practic vair-fea agriculture. Whet] these

pra.e-tices are perfeoted and drinhAng waee eapuly eecure6 an exteaeive development

of rean-fed adriculture under settlement ealeemoo may be justified. Further the

east, houeler, soeiea condietions would appeee leas propitieus to the inflow of

settlers.

Tbe region i.e only sparsely populatea end there ar.,e- no significant settle-

ments alono; the river. Even the shores of Oewani 8narips, in many waye cintilar to the

Asayita delta, have not stimnleted any agricultural settlement, I; the eomads' huts

are numerous around the swamps, tney are inhabited only auaind ijle dry seaeon. When

the rain comes ana the swamps el:pand, nomads more ao other grazieL. lands.
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capital must be much higher enable farmers to do all the preparetory work in the
short time allowed by a ti,eht succession of crops. Farm iBelementr will be more
sophieticated, araught powe.c more abundant. Harvest opeeaaD.one will probebly be
mechanized co get fields free for a successive crop at tee erlieet dace. Impute in
the i-OrM of improved seeas, feetilizers and. posticides will be eeecl.ed, There will be
a large demand for credit facilities. Unlees easel and Can-ourable credit io mode
readily available and effiolently diet2ibuted, the increo-ted farmind e::pensee re-
eultiog from the high interwi ty pattern of irrigation, ca o aeldom be me t by the
operations of family-eized fermr,. Commereial ZarQJLI are be ver prepared to raiae the
necesaary funds from private sources.

V. Conclusion
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No settled ,-vioul;u-:e ;Jus ove 1j u be v,FA of lAad r,f

,le IicldJ -Val ley bet.Joeh V.e':,ehare and0.-_,a) e.na do immintr.. oth.e,r

serva,ltri, tOt/P OV 121e.oi.E)6i0i) wo7.17.el's 1 i UJeri Althoub, Uto
hal?e been operao.w.; may yearr..; ore:loa (40 z.vo.0 yeE'rri) they haw

not ind.uced peo pie to .x:;,61e tt;F.mpted. siOemeni, oZ 10 tUe

i4etehar'e .lonsesz:ion 1,nds, 7..) Is -Ip=1-pol-6e, ouay 40 familieE,

around 20 heotares, The labour on 1i; dcU j roote a] MOP:, U UL1; c,11_ ,t.r 1111 r 511. :E.?: OM

clher re1;Ica;--1, UorliD7,A dleir f. im 1 tn cCi: -6eL%. POr.! dud often e..oU es seasonal

labouf. They seem o void intli.c.;ourse 0[161) the indi&su.ous o,so:.-al,tyltF. There

sometimos 7,acial be;,ween ;-,he tiro c,ommunitles,

The .TAiddle -Velloy is a border land beteen at least three tribal 6rouos.
Tribal animositj.es, still rather strong be vrgeen nomads, pc1,1,14- acc.oun U j'or nie lack

of immicrantu fPOM more thicLly populated reCiOA:S. ID °,1.16 feJ.esseable future the
sotlemeat schemes, n vn 1"_,2 goverumer-soonsored aod subsiOlzod, prove difficult
Lo stai.l and run, imiplemento,bion may be easier, afte:' tae; oioneerin6 worh has been
done by the large sotie farm;:tvs, -Jul/!ereble add lene dependable on the social
climate. This path-breal'An toc,,rdc sedellay agriculure ma:" holy) to create bettor
conditions for family-mlse ' f(Lrmin,,, so lon;.,; cocossion oud 1-,3u2e '.:3Yeemau'60 are
sufficiently elastic ';,o ¿ro r) 1ie'..±nm lonC-erm dev,-A°Pmenl' "vec.gh

Oppo' for Development

By conLrast, laxge-scale :Co'nìi ,r, cm seas traosd by LIi.e flow of the 2iver,
now reulated by the koka dam, and bx the relative roto::j Uy of markets alolk; the
railTray line. These include not only Gime capital aod other se,7eral imoortant 'Ehiopian
cities, but also the povt of -Ncboutl, Oommunieationa rsne creatly improved by
reconditioning the existinG 1uod AalS Abeba - Dire Ds[4,,:l. They may be mproved still
more by constructing the highway Awash Station - Aseb, now under survey.

The distance from the potential development crees to the railway station
averages less than 40 km. The high tension power line, which follows roughly the
railway, can secure easy power supply to any processing activities. Private investors
seem to be interested in the .!-Csi0)1.. Excellent returns from the plantation of Awora
Melka have stimulated a new pri;rato development project upstream of Metehara near
Melka Bokara, now being implemented, Tire ,ompany, vhic,h successfully operates
the Waiji Sugar cane plantation, is negoLiating the takin:. over of the Metehara con-
cession. A project is being prepared completely :'eF:Vpin,T,FilICL,,AT.' cane productiol

including the extension of the plantation. Tendaho Shar Company, rrhioh operates e
large cotton plantatio,1 ir "Ole Y,ower Plains has also taken an option for demrelooinA a
biz scale farm in -Ole oZ prielka 6p,al ThE Min3stry of -;te.%e Domain
stated a delelopmeot Le,iewe for orQ(7tuoin6 17),nas ae.4,r Metella. The
Haile Selassie I Foullaatiou (U,-)1fe Tvu;TO id do,-,301.)jo.; pa-ojeW6 Col? produoin6
fiber crops, mainly ,iotJa, on the rlght b?.i.0: of the Kr:ben.o. 1?-%,e. The Tanistvy oT
Agriculture is e,.,..b111.hing co'utoll e!The.1-2mell.1 st.61 Li0::1 on. Uhe rizht ba11 0i. the
Awash river at Melta Warar.

A rather strong investment trend in the Middle Valley is manifest. Economic
conditions appear particularly fau-ourable for an intensive investment of capital in
its agriculture, which cooid moho the j'o2'm of h1311. e2.:oeLiditui2e oer swofo.os
unit. Its purpose will bB io miciro Mao turroer as s-ocedv ,:',C,. .171.CAIToral. business
will allow. Tlo o).-ops oouonuou,D ocuo,:1,1,1on. of laud,
and almost permanen irriv,tion will .he objecTi-fon o ca.pled
culture. Unte savi;t3 throuzia a p0:-n-- systm may be hic;.hld economic.
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3unllowei, uheeh yields au erecellent edible oil, should do eTell in the
heavier blaa so3:1s. A d,Joer.f variety, peaotically unknowe in the coito Gry and h. oh

may -be harvested m.?.chaetioall: 7111 have Lo be imported and tested. Care must be
taLen Lo avoid loseee oaused uy 1)1(1E.

6e_.1 ,,rain oilseeds like colza (-Asa Rapa), eloog (uixotia Abyssiuica)
and Lhcaut might be grown in the irricatiop orojects on
heavaer soils apt ,eaLabl.e for other oilseeds°

III - 3. Cereala and pulsos

Subsis6enel terops bill probably not appeal ,o eommeeciol farmers. Cereals
and pulses should )a eoncidered as e:.00rtable .er(,ine subjJet to marketieg conditions.

Presumablyis no agronomical limitation to the growing of the cereals,
and ()orotund sole hybrid strains of maize would be advisable. High pPoduetivAty
ef tho hybrids may cieentualle7 ortnet thc ITW)Tirieap of loe prieee and make the
cultie,ation o.f ma.iee more attractive. e, eartioular problem relates to 2100
vatiov, eathough ,;ood ware reeorted in tbe Metehava plantation, its eulti-
vation waa diaeoeued because of heavy losses by birds.

Pulsee seem Lo 11,-,)ve,,good marc. both .,et home and abroad. Lentils, cti;',-

fereut pee:. and partLeelarl;., haricot beAns may iuterost comercial farming. Large
tracts of table 201LS seem -aeraiTal-J-ZTI-the irrigable areas.

III 4. Vegetable and spices

Truck ore:- ,uccessfully produeed on the plautations and marketed in
Adis Abeba. lath( some possibilities Lo eztend the marketing and to enoort feesh
vegetables 10J Djibeuti e7e!et, thear procccsin,e and eanaine. appear essential for larce
scalo production° Good, Oche te:eture soils appear mainly on the left bank of the
river.

Red_pepper Capsicum sp. 'e an exportable product in fair
and bsein;_; prok commercial farms i 11 soils ir irrigable areas are
able 3:02 them°

III 5. Fruit trees

Fruit production is a big possibility. Pleatatioue are produeing sizeable
queutit7.es of bananae, C);AU3, ma,v,oes, avoeato pears, papayas and c;rapes. Orch,erds
aed proado Ii. on J13:",77,:ct7137c,i7 aL n. alcly but steadLly e:e.)-ailding home
market Zor tvesh fruits, may sup,Jori, the neocessing. aud canning plaeLo.
Lo Red Lea eountei,3s is alo possible,

II I 6.

Natural coadtaons appear en.ireiey satisfactory for prod,:
The vegetatian per m)0 might be somewhat shorter than in the
Sugar content is o! so likely eo be higher. Research. anc7
40 de-termine the farming p2aeleee, but ',;hreo or four

.eing suzar cane.
. altitude at Uenji.
,ti, :11 heir)

I eoted

d,

III 7. Fodder

To implement rotai eeeege crops, neoessary Lo the farming pattern fer
agronomioaa reasona, iwy be diffieoelt under pesent ouuditi.ons. Pomadio live-stock
breeders are AOu depenaen,t, as in tho NE.1'f, on the seentLy sub-deseet ura5ing
lands. aetonsizie, 2air Lo , :)od pastures Evea cr)o:.ted cie both sides of the Awash,
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where herds find abundant ¿rases.

If the mai,) irrigbion nanalo brin water to the outsl:iro of the commanded
erean nolaadic ohepberdn 1;i1.1 probabl uator thel. beast )n eaneds Cira:t7nc ontbe urtstm'eo located further fvom the rIver 17al1 bonome fe&.25blo, zo.d 'the puLti.nc,
under irriation of the pastueo 001):11).e017 othe river Jrill no. c.7!.11 Cor iir oub-3611.20a by the cultivated (.1ru,e o.00ps,

il firot it will b..: to persuade t pastoralists to 1,:q.k.e aditartageof foOder nropn, but later tbi. nomad shepherd ma7 ç, associated pi 1' the :jrrjA-ated
011 turn

Ir.)-wat,ed farms mix,) sta7. bu:pnrs oo.ttle 1.!hen the Jry &;ce,non in adirauced
nomadic stook ir; kept close to 1.he uatern6 poinbo. The 2t,robaood ,lattJe may tben b5
inten:Avel;s1 Cod OQ vac, 2.:oica;;(36. namtureo Tlith tbe help foddor, Other
sournos of exiimal food will aYno be available OD irrigated T'arme. 'yi oil-prooesoinc
:!.nduotry oui be probe,b1;y- enabltsim:d. in the trt 'abad croco, C,-13-..en of oil ne.,?.-dn
uill then be eNailable an a ,Talrable connontrted i:ood oïT" 0.10 eni-
mals The 'F:4-tenine buslnoso r,wy. be oonducted throi.0) au :4tr.. otac..-,e in the cerijle.6ed.
al!ean, D7al'I:ete mea ea:7,tle uould be ea4i'ly found, Coc Ethlop:1 i a JOiT
to er,.00rt Ito mea t. :;everal pro,-leto r2re operatioa], tbo F.-.;hahemane
r-bet;car

In tbe long runtso planninr or i:e.rmj.'A" oe.ttern, fo2e::e eroo- should be 1A-,c1uded
ill the .17-kion -Though thcy r:1.3.1 be lihF.1.T.171:5765iCO:ttu.77c7,-Effeent

mu.L; be madA,, cAreilabie, Loan nattle recod on L;cassen murt be
uro6reEolvely C.GCUa40Mrl. a PO7CC, s,Isculent Yood. HOOGE. ifl-01,SE%t6r1 pou Urtoco bould pro-
ride main)y jrctssz: ''o).-a(;e for tc early otac of fatLenio: and .:,.1).other rinh loumiuous
foddo,:Cor tire peri od o C moxa 1P-r,elsiTc .7eedinc. Hay oro of Sr I and. olovexs,
auch as horneen (TriColi.um Aln-:,adt-inum) may be cui Li.va bah i, L jnotified by marizotillc
0onditoono

Dairy fe.-cro 1.r i a cl mom. Loll:no-an ) o :Arc- E Lb.) op) c,',11 exit) mc 1w:6
14.1 bbc ,p. vo a ,rsoocl oppop i,cla fo:( 6,7Y,rolopr3on b

bro o clans mic,b., lia 1)).7of).;,'lile i C :;oorl cudl. c.buildan';; ['odd k.,; o 0 MI--
mat:Lc: condi.O.ono seem fairly GODITO:1101.1i cari ,yc'cd cc-oeca aud traltupoo-ta.-:,1011
will favour the marketinc, of daii.7 p-eoduotn, many c)" whic'i are nol7 .j.mportod. Their
eonsumption lo bouud to 7.0oreano w1L,h che :17rouin 15.-vimc . ,-kanderdn. faxmin(s,,
howe'ror, u1.11 cal! Co.t-. intensi-vol.y k:oraze croan 1.11.1) rl,i,-Teral rAuttius
neasop Lo replane irrivated t'aoturol, Green ffonuren may thal be nenersary to
walnkain rotational eqp_Ili.W....1A-mt,

III 8. 1.7oen manures and fallows

Cxeen manurinc is uot e:T:nesoivc:ly popular uish the -., armen oh:Le-fly beee,uso
It doro no), provide apy direct :nnome llaoy talran ).n.to a000unt om»oasos Coy eeed,
-Irrion and propanttlou 000d, prefr Cal loor Lo green manurIn.:. Ih rtis enerally
beli.e;?ed, houeiror, that fv.11ovin,:: u am bar lun orn bonoficlal to 1.he eo:11 than yace ti
,tanuylnc,, aud niat fertiliorr; arre moxa o;.Tiolen r when app.1:,.od. to a soil qith a.bundnt
r_Q:aanie matter, blolo6?.eally round a2.10 OtrnntUrdo

VAQ possibilitT of uF0..n,,, 'recen manure for :. livestock will stimulate
manurio. oract.j.ces. 1.6 may be a6.71sable Lo o..poiment the hic;?) growins

.3weet clover (blelilotua su), alticb is ai e::o:llen-t. deep rooted, mater
ar.d so t' improving olant, It ,:*12 pupply l'oacouably c.00,1 ,2oragc Nhen r7razed

or (.0pped oufClcienly Tho ontoT,'outl.w: :1S60,7.11) 0031 bo pl.ov,,hod linder Lo



CY'oP rotation ic ecosntial j7or efoctively- controlllng soil productivity.
' ,Uts.c.na2nG appropyiate crops lo 6ocordance 7ri1h. a pre-ostabliohed schedule holp;1 to
keep ooll in good bielogicei coadltion aad uo Goutrol tho erosion risk, iuvreanso its
mo).surcholdAng caparat;y, ps'o,Jides an adequate nupp ly o2 orLaiuc matte-!:. (-thus

help*ng (7) tiqz's full AdIeataL;o of feZ6ilioers), prevents the. unbalanced doolotion
of plant .2mtcients, cowAtcracto sossible development of the oL..iO cubstanceo,

r. crop rotvors help to make the most effective use of
the a . The oT...171. ;7a ter oonoumptioa may be more evenly
spread (4c112 Nhole. la accord,l,nec uith the requirements o.': crops in the roat-
1,on. The !Aincst o,7 0roncia3 pai,tern oca be achieved by au almoo"6
conluous oceuoat!.or. ui' '6hr, The -71Cfectie i-,:riation of oul ti7ated land nay
las,:; an average o Ç o 10 months e. yaa3:. L'.ultable rota'61o1s will sei-7e, to generalise
double ,s:oopin ao'c, reso:y)ed :Col: the crops, so oh as suar-cane or
ochevdr.., The r,-.17.in,: o. u Lono veGetatioo oyolo orop succeeded by a short one :!.a.
i0;e1:,,, months appoi,xs . :(E..5] bici,, as (1,:mmketrated on the Auora i,eJ,Lo plantation, 10ore
Gcouud. groqn al.ftc,rol hin

The selectio(t of the .gotational patern and he proow.tion of the difforeat
OV0p2 :Lt'; 1,011 cs hoe la6a ster'es,inA o7Je o:,,cle must :,/7e.it e::tensi-ve and cys'6ematio

the A,JOTO. Nelka plantation aAout 'he
PlantJac coiellable as i;ho:,'e is no control of '61e rater supply at the main

If en adequas ccn,:col o2 snpnly : ere a-voala,ble and there were no
1),ndAcappiLtg agroaomical factofs, the planting period might be advauced well before
tne rainy ceason a?.0. ,llow a cubstealAal eavino oi irrigatJon later. Fu].) aro-
uomoal information i,. althougl i.e bella .,red that .6he asyloultual cy,ae
In the ittddl9, n,:obo,bly begl.n come tome between 2a.rch and July.

Thus .'ota-tio::2 A 2S d-uaed ma2n1); on cotton production, ,',tprovldes for 9
months oZ and shors a land occupation coefficient of about 90 %.
Cotou occupies the laad to n. pf000rtion of abouh 65 °. An improving legunjuous orop
occurs every two yeafz. Ccreal crop oU 'he eaa, of .he two years potation may be
omitted if a del ,,s oultiraJ operations occurs. Theu n. similar cropping m'Lo-noto
may beachieved if the lorc sta9le coton 7.ariety is 1:2troduced in tdie cocoa. year.
Best, we,IJ ae'cated. 11,ht 1,1 ri.ch COile should be resal:vod ";:.0r this rotation.

flotaOlon ic more d_JversLaed and 9rovidec for a lonG .).egetation oash o7oop
other 1;aa--(Till the second yeaJ-. It will Twobably accommodae to the .0elativelylight, 17,ut particul.aAJN 7Jch Polls, Efiective irrigation (11.11 last on an aver:age
:ro2' !7; 1/2 mouths por Laud occupation coefficlea 7rill be about 90 %, Ootto.,1
share in the ol'onYend curlot1Qt9 'Lo 45 AS the cash crop of ake second yeav may bo
soil e:'.baustirl,;, e 1114,1her poporLion of leaumillous Ca'ODS in included in the .cotation.
Tbe foddor orop by th.3 end of the second. year 317ez the -cotatiou some fle=ibility, Loo.'

ntaad in the field. oan be chotenod Lo moLo up i'or our 1 e],c'y due to tho cultus!al
operations.

141

ioccs-po,:at,, a grea amount c) green natto:, In tbo soil. Green manm'ini;: rith swect
clove-, may help Lo geeralil..i tbe p1act7es of plowshing uuder 1,ho leguminous out-
sprouts on the rellar ixrj,sAted oactul.es P.,1(i provide greater surfaces of razing
Co. implementing oati:le-j'actoning senemes Nainta2ning e high fertility status yhe
soilo ic essential ;;e ecure returns oa 1;apitai invesed in erpensiu-e =igaoion
schemeo. falloTiin_oraptices should be discouraed and c7;roon
pauurin,. o, 1oai21y_ecommened.

IV. Rotal lraph 8)
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"Ilecent natural changeo in the Wrograpby o the delt :cesulted ill the shr'ink-
age of cultivated lands, The principal channels of the riirer are progressively
silted up and certain avoes once periodically inundated are rep beyond reach oC the
?loods. Farmers have begun to realise tha t a, much mmaller ora of their cultivated
lard o no v flooded and they as1; the autborities to drod7,o Rnd clean the silted
cbanpols, but thin would bp useless without en efficient flood control.

Farming tn the Asayita delka, ;33[1:: cic-sely assoc)ated with E.aimal husbandry0
f:t would appear that a greater part of tbe cattle and camcis reared by the settled
?armars of one o? Oa Panatil tribs, the T,ladima, zra not transhumaut but permanently
tept ),n the delta area or in its :iimediete vicinity. _Animals seem to graze mainly on
the ren-cult)vated fields and, after hacvest, on ntubble,

II. Present Set t Trend

Population, both agrioaltural and pastoral, is relatively dense in tbe cogion
o? iksayita. The GOVU i tself is developirz. The recent ostablishmer.t ill the vicinity
o? a concessionary cotton p] :n has stimulated the l'easants interoct for this
oasb orop, and .te cultivation i.e vapidly ser.=,ading. Some favers, uhoso land bao
been dried out, are reported to haire moved to obor, as ye t marsh:), tracts others
try to settle ou the ;eheres of the -Royale swamp. 2 noticeable iu:îleu of settlers
from cther recions of thc co»ntry is tasting place g they olear small plots along the
river banks ups6ream of Asayite and develop °F4uatter 11).1en cotton cultivation.
There is al, so a partioulr type of seasonal farming highlanders come into the reion
at 6he planting time, culti,fate ro ;o ard 7)eturn to the villaces ;met aA7ter oielzing

and selling the croco,

Nan settlers Erom the acrcuAtural ;°cieo. on the erige c) ala valleY
e9cai'pmeut sometims meet acquaintances and relatives among the local people, vbp

scem co be ef 021i1)0 partly doecendents of old immigrants. They appear to be
assirmlated to the indigenous !dasl tribes, macaly Nadima, who are settled agrisuloJx-
ists. Tiro new immigrants are il.kely to be rather easily assimilated frith the old
settlers. This !:avour,tble .7e.ctor may accelerate tbe migratiou trcnd. The prozimity
or th7: dopsely populated northern novinoes of Ti3re and Erithrea mET facilitate Group
miGra.olons and a lorge-scale

These featnres have undoubterfly inCiuoarod che GO'rOVWDOIWO preference to
Jive priority to the de-relopment schemes in time LOITCO: Pl mcc0 Thc cf,-qtabliehment oE

a cottor ginninc mill stimul,)Lef) the in "lote o C cottlers b;7 offeriug marketing facili-
ties altbough tho neu marl7et facilities may hace merely cetalysed the already e7ist-
f,ns settlement treud, The rapidit;.:7 of the )nflow o? settlers (soveral hundred hect-
tarer; are said to have bee,:; brought ito sult)vatl,ou duriu6 the lpa tbree years) is

certaanly influenced by ,he tradition of o sedentary agrultural nucleus. ):t indi-
cates the region's adaptability to settlement schsmeF based or famil7 2* 50 farms.

Yor small-size ?arme, operated b,7,- tiro settlers, a lover fcopping intensity is more sui.t-
able, Tt 110111.0 be aleo consistent utth uaiomral senditiow; in f.owe-r) PlairF.

The rotational pattern will nPobably 1,e,lp to determine the risht sie of
familff holdia(;sr which should be Yelated to the income 'co bo der)vod from the

21.12,:;70,e unit and l)mited by 1.abour availability. EC the lebonr requirement for

maix sash rops such acT, P."?:10., 1.0a pepper ts estimated at 120 '60 150 uorting days

Tier hectare, a famity could mono -cith J,5 icr f ha o C cash crop. Tie cuino oC a family
holdm,1G sheUld probably not e7ceed hectaros,

The r,:love)7amen ma7 bo urli adv)sed to sponsor se- schomas and prha,ps
refrain i.T0171 grantinG AOIT copeessions in the resion. The already ectablisbed largo-

sca,le farminG may Tie to cc, as 1.1pelie-,: of marketing %.7akyilities, improved

seo (-1;5 oxio pOC ti. citer or cr t to i ir o ;;b07.; c:,:,01711 by the riet ticon
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sele of the cr()f): -;:or y farii y, slicola3.1y- to be confirmed by
exp .iould include copo o oll cc.:DITJ fo ;_7e.mi)y

aud o losal co uqì,10U. 13eoause of th3: Jesc, 111touslye orooliinc pan e20 rela-
tavely sbo-fter Da,25oft, 'uhe len of 64ei): JetatTon (Tole must 1)e teleu
tni,o acoom?t.

tt
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Tho 1)Y:Incloal oash :z01) (7:otton *7hic1) .7.!Deu3 in 6 ---
months aud to Trh).oh most oJ ie soils in the reon soom mAi i the fuW.re
experiments should be made with long-staple cotton. Settlers shouad o11cr the eon-
klessiou holders° r,loollmendatovw io )1e selomion of s),,:.alnu 310 ï3.ii . CH3Ae
plaatine, of seed suojAied i.he mills should e syrona;: u,2:,!;ed, not Nad,,
compulsovy. Pos'6 loni,o1 should als,D ho oorroulsoa7, "Ye uhole ct the a-sca eated. by
plane, and hand ol ions eoplied L 'le time.

1-11-Lhough ampic eV.). d.En c;o.r, plw.2.-bed for
get veral ;ears, a rota;aonal pe L i;e7on 170-.2 -pest t..;on ;o71. and

bt11din6 up oxani, Nattel- 7110 ol is i!oi; T,)1.:1,r.,71..111, 1.1k 11,0e,-;; j_DD tho
plouhiui-rndcr o coL i3O1) ] I2 s oopouoJ.UJc ootòcd. ccc puo aH1çt nueoGsv -

-hionad ,7.rops pp_.: rOessar fio main Lea na.n iuçh oga,kio mai;:;72 '6he soil.

Red_oonee:P j,, also a Jong o',yole ;a:oo and ..,..equ*.,:TT, 6 to 7 ,liontim to vipsu,
It is suiD31-5;--fe:: cxvuld 1,.e cii...o7,11 on 1,1:cy:e o.,7 the soil
identified in Dit Badoi. and Celhe ereu,

Cacto-.2 bean?7011 probahlr have (71"' 6 to mo.onls.-Ali;laoub thej are Jaholy Lo 11031 on 1.a.orse t-,2aH,s oL :,01).(2 'ohe Loue 2 Plai:
bheir k.n;;:roduction snould bs prosded ho.d»Iful Lion
va:P:i.eLiec. and foxml.n6 or.foties.

III - 2. CY;.?

0i3seeds atN, ma3nly othorl es Lo Lion oroIio A esame is Eareador cultivated
in Lias della oroo, LsenJisat.to..1 sbould 12-c-di-ioult, but

preoticee need Lo bc. imp:;-mred.

ParLioulvo ,:ki,entloi should be gl,en Lo rxouud nuts, c;hlob ooul0
berveateri a n A mon ,110, os- e us Lene r shom16 1)z.:

carried out on so)ls in thq d.c I tu (aea. Thc,,y ;-5old R ciecoshi e amoun of
green lea-Tren whlob mo.y bs CDPOUWEJa as e::: (.;lien-t, Coddor QC plouzhed haol- la the soal
to build, up organj»; uaL Leo, ThLe o.7..7oo ls sao ¿a.
for th.e farm,

The uuuflolrels. oould te orofitabl on Ma,rol. bla,717: soils, but
expe -On-theTioductaon of w-oduotio%t neoessary. TJ:tc
period Fr.11 orobabl;,- Tie 4 to 5 pontliN.

The saffl i,ake s about d:IF; ant:. 'T1,11.3. CPO 01A I-) 1.°a et sally :,.11
003.1c :0,1 130oa,uye o ho2.-%),. ...1e.av3s barvrr,:ri
lisiad. I 'GL:t 1.! 4.ci;7.0clun on Oía :).:1e conessi 000 then o Cl MO
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III 3. Pulses

Se-roral speoies oT: opld prohtbly find cuiable condiLions mainly in
the delte,, Some horse beans now (sron could be profitably replaced on heavier soils
b7 r7arden 1,eans (Vi. cla Vaba) Lo..: family and looal consumpti.on. g.ar-iool, beans m)(2,11

quATL;iT7/77immodate c). 111:1 1:.r.,her soiTh of Lhe delta and become-a7-5Ubsi'Stencc
cpop as, IToll as on easily me7!1 1le cash crop, Tbe jU.'0:00.110'GlOA (1J': bighly ni.oductivo
stratns ic recommended, Tbe lc,ntils and peas shou)d be careZn1)7 considered afi" crops

S'arminc,:. Pulses '1.-a- S'hert '.-,7ctaLien cycle and iirk.r;a'G be raicea in 3
Lo /), months,,

is the mo crop in tbe dela . 5orchum is less
frewent, bnt its extension would probably not be difficult. 3i,ovi3 sands ot maize
Imve boon soon. evo.a (7oun TJjh practically no irr?gatini. Plenty of
soi1,7, are eiliable 17or this croo, 1Ter strains must be introduced o shorter. the Un-

)ono voLetaLion c;vnJo, _)ow 7.--dorted Lo be 0-/OT 6 months. The introduction of
'hybrid malr:,e j.E3 C.ISO a01-2,7able. voc.otables will find suitable conditions PEO.A-
1.;T on the delta 6611s, ,o0 can be cultivai,ed en fam-Cly .Tarms, Thevc. productioa for
local connuF.ption should bo oa7omoted ;,o clvel:siCy the diet and improve nutritional

tandards, iroc;eLablec 014 he c:1.&, ir marl:et oL aseb should be

i'xiTestigaLed.

III 5. lms

Palm Groves (P1oeni77 Daotylifers) e..:ist at Is-erem (Er:itrea) 2 ab an aiLitnac oC
J. m 61t0 100 m, bui 1,he as.tos ;2.re o ediocre quality
aaa locally consumed. Each year, Ethiopia I.D.007;,3 k,00O tons oe" dates .valued eL4 about

200,000. Tbie quantity could be orown on a cmal) oree, oC 100 o 200 hectares.
Stnce the dates are at p-,csont considered ao Lriui h o;" infeAor quatity, il, i.e rco,son-
able to assume the a malr.ei, ;,ep quality Zrosh dater, c7dsts paricularly in 'idis
Abeba.

There aro s,trikin;:"; njmilar,j,los of climate ip tbe'Lonon: Plains and in narts
of 1,h ;orld ffhere the date palm is cuilivated. In soutbera Tunisia, Algeria, and
tbe Imnewaa Valley of 00.12f0270ta2 Lhe p.verage annual temncratuTe i.e above 233C1 the
a7lerce annuda rannCall belou 200 mm, and the relatve humidity less than GO
Amounts of sunshine only 1)oanDe of n (Ufferencs in laljluae3 6 11030 V
,le.F,:e. and 34° N southern Tuflis. 6o1.1 and water cu,ility in the Asayita delta

aro perfectly .5luited to dato onIL:i.Trata, and a A33T date palms are found in the delta

gPouin,^; near the acThlerlte, ot t).,o rire:r (Tlamulo chanaei). They produce

sim-ilar to dried dE.-Les, )),7,,r0a palms,

Tbe os-Lab)isbmenï, palmcp:ovo tu Lhe 2cayita d7A.ta ueuld be
a ao2'thi7hiAe pPo,leoL,. ):Ts b2 clOt&IITlilled. by the possibilities fcw

"2011Pa naterin2,-. The palms muei, ;?::vn-j noJ.1c; i.e., in ths humped river
1)E.,n/ !, pilot c7.,:pe17.1me*nt (.)' 100 p1 ',:1 tp an enea o,'7 appe7.:Imatel:T 1 beo;,aro should
firt be made- The toec F.W usually planed -in in Ftquarec, 10 m 10 m.

OffshooLc of Givr., boeb 7-erlc,ty (PF)cle;: co Yom:) ''r' aot c.c ni by obtainable
becap.se cnh bree producon o-oly u.houch 20 dur:.n,?; dH3 bundred years of cc:isteues;
they- Milr:6 00371,7,J L7OR tbe bon,. OF2`.3 eYt-be Toou:,' 1n Tunf;cio. or te e.7:perimental
staLion aL el A_rfiah Aigerie, ronspo.(-1, would 1),, advantaGQous (a hundred
Lre4!,-3 unublu pachla mato".ials vould weigh about 1,5 top). Simla tbc, palm 13 P.
d.1.030i0113 00.011 lot o:C 100 of:e,hoote. mnrt iuclndr,- oP.e o: 'be male pladte.
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Basin or border irrigation is advisable and the annual requjroment is
20,000 m3 of water per hect.re- 'Ls date pa)ms suffer in stagnant water, good drainace
lo absolutely iudi.spenuable, Oild a drain a depth of l2 m el7ary 51N i.e., ovary
5th row), must bs provided.

About the fifth year after planti-Jg, the trees [Till boar their first fruits,

The economic life of ,he data palm is enormous, about a century. Yields vary from
GO to 120 kg per tree for 10 to 15 date clusters, or 6 60 JO t/ha-

III - E rops

It is usually a tou7h jo h to insert a fodder f.*:0.r., ir. the irrigated J'etatioKal

pattern, unless bjghly organi:.ed liJs iou1raising,, and pactioularlj dairy yuisbE,,ndrzr,

is integrated in ths alricultural business. Tbo bi6h cost of irrigation is ueldeF,

compensated by adequate returno from the '; odder crepe,

delta, however, a significa
farmers, Cattla are usualb
eft until the 1/0:7.t planttpg
tural flooding. Beeause tbe
;he fields after inundation,
op into the .o ion

nt number of cattle is actually
grased after cropping on, the
seasoa on the aciao, ClibjeOt
farmers are already accustomed to
it bo less di:Moult Lo insert

Irrigated pastures can bo establiehed by sowing on a roughly prepared secahed
the leguminous and gramJneae soeds. (heap olovers and vetches may be sonn togetbor
bath Sudan gras (Sorghum srdanence) or other gro sses oith an abundan t grouth and
easy- outsorout. They will no '6 need intensive Jrrigation, Several uatorings, only,
(say, once a month), way be saificient to maintain e fair vegetation stand. An :irri-

gated pasture, uhicb at first serves only fef grasing, oan later be progressively
substituted by an a,:,tral foraz3e crop, graoed only after several CIAillL;0 have been

taken, and thus able to support more and better cattle per surface uniu, This would
be satisfactory for family fa'oms.

Large-scalc commercial farms muis fiad 2°M0 othe: ape-poach. In the T,oirer
Plains, cattle is raised by nomads who, by ancient custom, do uot plant Or buy any
fodder. In the first stages of the development, orooping of fodder and marketing hay
or silage may not be profitable. On the other hard, scanty pasture lands are all
occupied by the pastoralists aad no seopc for ranching business o left to the con-
cession holders. Some association agreement mir;ht be reached then Lo grano with .Le
nomadic paetoralists alloying their cattle ou the pastures sown vs;.th forage) crops
and irrigated_ by -he plantatioa. On large farms, the fields are big enough Lo alloY
numerous cattle -Lo graze and still keep it at a distance Cvom the cmals, ditches
and drains, thus a7olding damage to irrigation, structures by- trampling.

At first, this assoolataou would
tion, but it would mak:i for r400dl neighbo
soil fertility. The now duog loft in tbe
and loco oi:pensi7c.

III - 7. anures

For large-scale farming grooD manuring NOT be an alternative to irrigated
pastures, Suitable vario Lino of green manures and the adequate irrigation depths can
be determined after careful er.perimert. P,asp-reotea forage plants such au alfalfa,
different clovers ard grasos aorate the soil and, by theio root residues, j.nereas
the organic matter contort,

Ilmost no i ',come to pl,

3 and help tontain an, aa

' would be beneficiol as g
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pasture only every fourth year the rotation will probably be for tbo relatierelyricher soils. Yearly water requireents will oorrespond to abont 6 Y2 months peelodof irrigation. Laud oocupation coeffioient emounts to 75 %. Colon propo:etion of
cropland amounts to tiO %2 if it is planted also ia 'he third year.

Ro tion G is t..a ee.eetation of the rotation A used on tbe commercial farms.
It may be advisabl.e for the poorer lands on which cotton should occur only every
other year. The fertility status may be maintained by the frequently ocourrinc
leguminoue rotational crops instead of fodder crope. Irrieation will spread during
7 months per year. Land occupation coefficient will he 70 cotton proportion in
the cropland 40 .

Rotation 11 lo more differentiated and might be profitable for the oommercTal
farms. Totton oecurs three times if t is planted on the fourth year, and oceupies
50 % of the cropland. Short vegetetion crone (legumes), in the third year preceding
immediately the lowL; vole oe.sh crop onould help to keeo the soil in good fertility
status. Green manuring occera every Cifth year, thus improving the chances of tbe
two subsequent crops of cottoa. Land occupation coefficient is about 70 %; water
oonsumption corresponde to on alrerage irriga .;ion period of about 6 Y2 months per year.
An alternativo derived from this rotation provides i057 cue succeesire cotton crops
followed by a leguminous crop like peanuts. Though it has been inl.roduced in early
development atage, the agronomical conditions are not yrYt fully known.

Other different rotationa ahould be devised and examined for the Lower Plains
before a definite cropping pattern is formulated.

XIX. ESTIhATED IRRICITTO V/1TER REqUIREMENTS

XIX 1. on

150

the absence of e;:Ie-rinIect:L1 daee. regaTding crop water requirements under
various eeeher conditions in the Auash Basin, those sill be evaluated by calculaticns
which include climatological factors.

Annual rainfall in the Upper Basin above 1,500 m is fairly abundant. It
varies between 800 mm and 2000 mm, so that irrigation is only one means of improvincl
agricultural production. But in the lower regions of tho Basin, ('he Middle Valley
at 600 m to 1000 m altitude between Metehara and Gewani, end the Lower Plains at
between 300 and 400 m altitude between the Mile confluence and the Asayita Deltv.)2
insufficient rainfall makes irrigation essentiel for agricultural Oevelopment, Here
it in most important to Roos the water reeuirements.

Most climatologieal observation stations are in the Upper Basin. The few
statione elsewhere have been operational only for a short time. E'ater requiyements
for iba Upper Basin could be oalculated from tbo substantial mateo of avaleble
olimatological information. 36 could proTide a fairly reliable approximatioe tho
Geographica1 distribution of the data and show how they 7E,a7 with iroe but suoh a
vast study is outolde the seope of tho preoent project. The Upper Basins eater re-
quirement estimate sil], bo illustrated only :!ith a few referenoe data. Por the Middle
Valley and Lauer Plains as mueh t.nforrneti.on no possible -Fill be dorived from the
small ouantity of available dan.. They uill be eompared T.ith data for bfte Upper Basin,



XIX 2.

A 71.1.3l, step in stuclyin uater A.3 to determine poeatial
evapotranspiration. This cives the civantity of -TE ')' racluired for manimom orop
produstio1.1.

XIX-2 1. Tmu3J7.7

:7ormulae hav

(0 The wollknowL

Thn of Potential Eva otra

151

al

hT 0.254 K (1.8 t + 32) P

where

ETp Potential monthly evapotranspiration in millimeters

.1 monthly air temperature in °C,

T.sht factor,

A ooe-Cfieoent dopendi OA the type of crops and c;eueral oi.imate,
K 1) irhich refers to e7aporat7.o:a frail] an °pea chce' oL/rater,
hoa bz,en trkan as tho upoor li.niU, lower ficure could have beol
choocn '107 coarc,ain speciflo rXr0D2 (00 oi CO'i;t0q iv au arid zon

(ii) ..Zormula in more leoeno It applies. to almost any climat and.

W.T.ii.a.di the °rep adequate4 covers the ground is independent of the
plant species grown.

[7.n
ETp 0.4 (Ig + 50) (1 +

,LY7

where

Ig Total dire().t Rad diffused colar vadiatior iv sm.111 calories per
FiOUPV0 eon'tioter horiwItal surface psr

hr P, rel r (only taken into account if less than 50 'O.

2. data

late potential monthly evapotranspiration:

iddle formula is

The basic olkaaologicoa de.ta timed i,ti applyinc, the obove formula) have been
taken from the climC.;olocical u.Wdy dicucsell in the seeoz/d pa):t of olumo three,
and are lieted in Table (29.

The data for eAlc ibbr. aad ifenji j/rovide reference for oonditions the
Uppe/:' BE) sin at about 2,500 m and 127,00 m a] i. The temperatura ead
data ara moan sralues Iron measurealoato coveriuc.; fai-A.zr lonG ceriodc co.cli station;
The toi,a1 solar radlatlor data aleo come ftom direct moo.auremeats, but oTer shorte:,2
periods. -0e bumidi.t data 0,10 quoted, as th:.s L. o:t least 50 throuchout
the Upper nasi-0..

Anplloaton o the formulJe to the i'our stat2ons in -,he Uicicl Le
Valley (Meteha-...a. AT7;Q11 alrport, Alloro gell:a and (iewaui) chova e1iIi disoreaanoie2
7/9 i-.,Treen the onanal po rti cr.-anot3»anspl rats on data . JT(.L i Turk: °T., 'ormul



E

5 "

2.00

i 50

_ 00

f 1

.1F MANIJ

,TENTIA". 'OTRA ATIC JALUES

WE NJI

MONTHLY FIG. 10

MIDDLE VALLEY ;'LAINS

Blaney- Criddle's formula

Turc's formula

1 1 1 1 1 1 4 4 1 : 1

A M JJ A S Oil OH Fr'Ard J AsOtio



153

"+"!!.e, '6-On C,"71;Yr"ARO ;:e.*;i 03,kfl (71C/i,C, a O. t'1'Z' 't OL1,5 folq and 2:131
The date. fo:? r,.17ore, Pio3.170. N:op.i.e son ho ;71 L,b.7..soue[lion.°;, Midd -k1 Val 1.cw.

-oe2 cout,, adona purpooec,

The oilly 1H-Iwer Plai -hose common
to Dubti iilA71,1yto, ?oles° o ' region.

All the data use id also yie ,oranspira-
tion values.

XIX-2 3.

ThO cajoule.tod potentjal ovepo'tv,lr:-1pLra data f1.41 TrCole 30
d 01.1 a Tve.pb. -2:br comparison. Tbo uhou10. ;

rcis.pef4ive Te,luec -7o o :ìu] ai do io.'6 CZAJTC1* -SOU
eppreejablx, by 1,1 c/0 hbebe.. by c/f) foz Ueni, by % for
tho Vallcv., end by for LoYflf

Throue;hovt Valley BlaneyCriddle's formulae gives leus scat-
1,red valuzsn kian TUY(

In ttv_) Unper BaJA1:1, vaAuss calculated b O Cop7mule2 are
(6enerally h1,1They 6hose given by TI,a7k-l'Eo The ooposwe -.!.opiaes in

1,o):7ex Plaln.

El,rapoanztpiraor. oploulai,ed by Tur's folmoli-IDsbo,Js moi:e prorounond
moikthtomoutb moduiation by BlaneyCriddiCs. 'Dore ia e failqy
si.nii a."6rand to that asseclE,tod 172 -Lb evaporc.tion from a free water
surface.

Toro's ,Tormulao Q111 be civn *61ac fi il, p.77fere.nco, for it morc. mer
sentativo monthly po'6e*otie] ovapotransplryiell vaidatiop çci La,. Tha.n in becau;,:.e

also allows for esr,4outIal olamato f,,ctorn (especially se]ar 1.edla.tion) in adaior:
Tbe stody of oaporwloon from E, free wate-1: suITacc (disrmased n Volomo

This) shous a mutu,71 vslaAdon3hlo botlqeen ij ';yp of oi,T..LooratioD a. snlE

Neither formula directly allows for altitude and atmospheric p:.:ennur71. Just
as ovapoyetion from F.A opeP c:=p;,,,nse of 77ar inoveo.ao with decrcasin o.tmospheric
pressure, so may potElatiPl e-vepotranspiou 1'e orivc incree,mj161y hAG-bor vith alti.mdo
'Lijan tbose ivea by the unual fomuleo bu .6 ,:son i f *6his assumo'tloY1 'burlad kall 'Lo ho
true, it oould 2'011 Nrdly c...rfeck ;,he ool,lutatyon of p1a..c' ia1.ep Yt,:quir6men.6c in '6ho
arri6ailoP ap-oo.s, for the," pye b.J,cci 1,000

....mportant poin-.6 is ;11..i,t '6110 Orm-'6a finally El.depted end used ;,o est::_mate
13-rie,ata OIL U,V607, L n ui i;113 iI,clrll.c 'Qc0 ley ayld Lolro a2 na (Ti a Dan szleille,
all zeproson'6 normal c.onditions. da.ta so Te7 Rweilpble fOr 'hese re-
sioas o.Ye too fe77 for 1:', te.yric.,n the ,7,:era.s of e7-c,potre,.,1apiation q-aluen '1.70Y 7erions
de,;reoril o;: Drobab3* occurreiloo,
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XIX 3.Water Requitr..
Water requi, - par heotaro of land actually irrjated at tho head of

the ir gEion net:lork are found by su6tracting available rainfall (Pu) from poten-
tial ell: oo:Lrassoll.o.oq ETp) and dividing the difforeaco by the ovel.all irrigation
efrl

UllefuJ raini:a13 (Pu) j.s tbe amount of rail! craer '6110 radioular 5one is ablo to
hold; i.e., the pa:' t el the ,o t.11 rainfafl (P) not lost by surface runoff or doop
infiltration. Assumpions are Jiat Pu n,y P 10 mm, and. that Pu 0 for
P- 10 mm.

The -Talues P considered fore ths 7Jormai values listed in Table 31. Uith
more complote information OD climate conditions in uhe arrigation areaG it migh-6 ha%m
bson possible to dotermjne a prticulaAy. dry jcsa., 7.ns'uead. of a normal one, Ro as to
achieve a more reliable estimate of 17atur roquirome.hts.

Tbe formulae aril to give a maximum evapo'uraaispialdou ficurz, (i.e., ano
conduciv,,) to mazdmuol orop grmith), but yiR1.7 ro not usvally fall far below their
maximum values, ever: a lar, reductio. water supplied to the land. This
means that the best yi.,:1ds are not obta, ilder subnormal radnfall conditions.

To allow ror irrigation trater con-vsyanco applioatiovt losses, it is assumed
that tho irri.gation oUiciency (i.e., the ratio between quantities of Irate:: actuall
used bN i.eh crops alkd those supplied at the bead tiO the network) is 70 Yo. This is a
suitable a-veL.age fic,ure 7Cor :brrgabi crops for the deTelopmont areas by an earth
cak!al system; but, ,n1 elTicienow o f only 60 ;'; is assumed .A.r the Loor Plains, If tho
family favms prevail in that area, the same high decree of water OCODOPV :rill not
attains:: as with th'e largo commercial farms.

XIX 4. Irr-' on Water Re uirements With Crop Rota

W.:1,1ous oroppotation plano were suggested for the iliddle Valloy and L000r
Plains in the foreceiPc study of prospootive land use tbo irrigated areas. To
enable montbbymonth irrigation oater roqtnrements to be calculated, the followin
dates hai7o been chosen for the beginning of the agricultural year, as shown in
Table 32 ; Int Ha,d... for the Ididdlo Valley, and 1st Juuo for bbc Lower Plains.

Th( -7equirements for each rotation olan can thus be calculated,
giving the re cite listed in Table 32. For the iltddlo Volle, this Table gi-q.es the

NeAlU3.1,leiri; S foi plaliS A, B2 Ce ,?alfirp i:0.7 a, a id. Illtd.0".- ClIG11
,Artually permanent orons as Guar oane OY fruit trees. Tbeir. [:ater requirements are
assumed to amount to 9(.. of the baRie rDqui.cemeots.

. .stimated irricai;lon water requirements were noi o allow for crop
rotatior, by oìiug Q1e ar1.6hpletic mean of the water requi: . -11 the crop
rotation sohomes ior each region, i.e.,

÷' for the Middle Valley
5

G E for the Lower Plains
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COMPARISON BETWEEN MONTHLY WATER RE UIREMENTS
IN 1....1E MIDDLE VAL:': AND LOWER
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FIG. II
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This assumes that all the selected rotation schemee can be coneidere
with eoual probability in a sufficiently leee »roa (say, a feu thousand hectares
Average characteristiec would be

( Middle Valley
( Loeer Plains

Middle Valley
Lower Plains

87 %
72 %

34 %
34 to 43 %

The calculated croD rotation water requirements (bi) are listed in the
Table 32. The total ennual requirements Zbi for the Middle Valley (18,600 cu.m/
hectare leerigated) ere higher than for the Lower Plains (17,050 cu.m/hectare irrigat-
ed), despite the substantial difference between the basic water requirements 2: bi
(25.390 and 32,9810) cu.m per irrigated respectively). This is evidently because crop-
ping intensity considered for the Lower Plains is distinctly lower than for the
Middle Valley. (See chapter XVIII).

The higheet values of (bi) occur et diffoi.ent months in the Middle Valley
(2,372 cu.m per irrigated hectare in June) and in the Lower Plains (2,303 cuom per
irrigated hectare in September). This is shown in the Graph 11, which illustrates
the well-balanced water requirements in all the various irrigation areas.

Where salino land is to be reclaimed, as in part of the Lower Plains, the
irrigation water requirements should in principle be increased by 20 % - 25 %. No
oversizing of canals will be required, for, once the 'infrastructure works' are built
and the canals and drainage ditches dug out to the standard dimensions, the best
available land may be cultivated and normally irrigated Saline tracts may be leached
with excess water supplied by standard siee canals and not required so far for irri-
gation. Once the land is leached, systematic cultivation can be undertaken and deve-
loped, with irrigation requiring only normal quantities of water.

'Maintenance' leachieg is recommended to prevent renewed con tamination of
reclaimed land by salt due to irrigation. This applies to any irrigation area suppos-
ed to contain readiJy drainable soile. The operation should be carried out about once
every two years by leso freeuent application of significantly higher irrigation water
quantities.

This may be done by applying for every single watering a greater depth of
water than is justified by the soils' water holding capacity (e.g., 1000 to 1500 cu.
Part of this water will infiltrate deep in the subsoil and wash down soluble salts
from the rooting zolie, An objection might be that during ;he longer intervals between
the succeesive waterings, overall -eater supplies to the cultivated crops will be less
than the poteatial evapotranspiratIon requires; but as this is a maximum requirement,
there would be no reason to erpect a major drop in yields, even with an appreciably
lower allotment.

To sum un, therefore, no increase 1,1,21 be -1,221,Tie0. to the rroviously ea)culated

irrigation -eater reeuiremente, for they should eaeily cover all soil leaching reauire-
me t

XT.N. - Prectical Irrieaation Featuree

XIX-5 1. Water re uiroments in termso oldeda ea

The figures so far computed apply to the net irrigable area. To express water
requirements in relation to the commanded area, it is assumed that about 10 % of the
land will be occupied by canals and irragation structures. Allowing for 90 % of net



gMonths : j :

: 11 : /' ; : A : : : N
:

;
Tliddle

Valley:16/1 :1585:1195:1220:1940:2135:1140: 770: 365:1020: 955:1770: 16740:.

° Lower Plains ° 875; 880: 705: 285:10750935:1615:20352010: 590:1455: 15345:

-160-

irrigable area in the projeots, the figures to be considered - especially when compar-ing water requirements and available resources and ascertaining their needs for con-
trol - will have to be adjusted. Following are the assumed monthly water requirements
(bd) expressed in cu.m, per hectare of commanded area.

These figures'apply only to areas above a certain civ,e (i.e., a few thousand
hectares) and to a cropping pattern in which all previously discussed rotations are
considered in roughly equal proportions. On smaller areas, particularly where the
croppj.ng pattern will differ from the one assum..d in this Chapter, more detailed
ntudion of wAter requirements are needed. Specific., water requirements for the se-
leced rota'Llons and/or crops, allowing for the quality of the soils, methods of
farming and irrigation (whether on a family, co-operative, or large plantations
basis), etc., would have to be considex'ed.

XIX-5 2. Nominal seoifi cha

In dimensioning an irrigation network, it is important to select a 'nominal'
rate of supplied flow. This depends on

The peak month water requirement (bd), i.e. 2,135 cu.m. per hectare of
the commanded area, occurring in june for the Middle Valley, and 2,075
cu.m/hectare in September for the Lower Plains.

The effective water application time during the peak months, i.e. 18
hours out of every 24. 6uch a long irrigation day must be limited to
the peak month only.

The calculations give the following figures

Middle Valley : 1.10 1/sec. per he" of commanded area.
Lower Plains 1.07 1/sec. per hee of commanded area.

Only one value - 1,3e l/sc./hEt2re of commanded arre.a - will be considered
in the irrigation study discuosed in Volv This rate of flow "hould be applied
fo:. dimensioning the canals and structures 'ed from equalizing reer, H.oirs, in which
lie,ter needed for irrigation during 18 hours may accumulate all throegh the day and

In dimensioning structures for smaller irrigation areas (e.g., a few hundred
hectares) it is prudent to assume that crop rotation schemes idth maximum water re-
quirements will run throughout them. The nominal discharge ai their head should be
equivalen to the peak mon-ftly water applicablen, i.e.

2,670 cu.m hectare irrigated in June in the Middle Valley

2,670,000 0.9 - 1.235 1/sec/hectare30-718 3,00d

2,898 cu.m/hectare irrigated in October in the Lower Plains

Lp1p1,000 (])9 1.295 1/sec/hectare
31 1677605'

- Year



Delivery vate should be fairly high for 'pre-irrigation', and 60 1/seo seems
adequote. To divide this discharge into, cay, tuo diecharges of 30 1/seo would be
advisable t'or applying the normal quantities of water conveniently.

During 1. .e months, (i.e., when thc: ' Dmodule' will be 1.3 /sec ha,
at the field o e, with a -Jatering disehergE /sec (or two of 30 /sec))
it is possible to asure continuous irrigation of Je following area

60

.3
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r02 practical purposes, a figure of 1.30 1/sec/hectare will be considered
throughout.

XIX-5 3. Depth and 1)..enw

Although reliable field watering dato can only be accertained ceeperimentally
and from practical e2aperience, it is useful to :Indieate the possible quanLaties re-
quired in preparing the irrigation layout.

For certain soils Lith ion T70,t0Y holdlng caoacity; it is advisable to select
an irrigation schedule which provide° frequent, bu t rather light, waterings with the
delivery of water Quantities not exceeding 600 cu.m per hectare. With an allotment
of 500 - 600 ouom in peak monthly requirements - June in the Middle Valley (22670 cu.m
per hectare for rotations A and E) and October in the Lower Plains (22898 ouom for
rotation H) - may be delivered in five wateringe at six days intervals. A fairly
substantial 'pre-irrigation', however, must be applied before planting. The depI;11 of
the 'pre-irrigat]on' may be as much as 1000 - 1500 cu.m per hectare. This the ground
should be able to absorb through its shrinkage cracks which are wide open at thaa
time. Wateriugs efter planting can be lighter and the balance of monthly water re-
quirement delivered uithout inconvenience and up to the schedule.

XIX-5 4. Waterin discharee P a irrigation unit

46 hectares of COD exea

For the purpose of designrag the nreliminary lay-out-the irrigation areae will
be divided up into units not e::ceeding 40 hectares in size (which coinciden to one
gasha).

CHEMICAL COMPOSITION AND QUALITY OF 1-MTGaTTO. ,TT71

The chemical composition of the aater in
in relation with the soils and their development una
lowing were consieered

Jnt area has been studied
-tion, for which the fol-

(i) The and its t ibUtaries. A distinction was made between

the Upper Basin : areas upstream from Koka dam

the Middle Valley from Metehara to Tendaho; and

the Lower Plains from Tendaho to Lake Abe.

(ii) Ground water, including shallow water tables (8 - 10 m), deep water tab-
les (25-30m), and oarm sal springs partly supplying tributaries of the Awaeh. The
temBeraure of the uarm springs arenerally varies between 40°C and 6000, bu t reaches
100 C a the Alalabeda geyeer in the Lower Plaino.
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) The Koka reservoir (Gelilea Lake) and marsh lakes fed by the Awash.

Analyais results are listed in the Appendix 9 for water samples from various
gauging stationa on the Awash and its tributaries, also for ground water and lake and
marsh water samples.

River a er chemical composition variations were studied in relation with the
river gauging periods at the stations equipped for hydrological survey measurements
(see Volume III). Thia study includea ; (a) Salinity variation with silt content,
and (b) Chemical composition of water for various sediment concentrations in the
Upper Basin, Middle Valley and Lower Plains.

XX - 1. Salinit Variation With Sedi ent Content

Electrical conductivity data (nimbos/cm at 25°C) are plotted on Graph 12
against sedlment content (grammes/ljbre) for waber samples taken at various stations
and times c).' the year (low water and flood periods). Graph 12 shows in its lower
part how these two quantities vary when silt concentrations are low, which is usual
at low water.

XX-1 1. Lor odment (less than 0.15 gramme/litre

The Awash above Teji (staon 1), the left-bank tributariee in the Upper
Basin (e.g., the Upper Kesem (station 14-15), the Upper Kebena (station 12) - and the
right-bani; 1,ributaries - e.gs, the Arba Dina (atation 29) - generally show low sali-
nity, with electrical conductivities always between 0.1 and 0.2 mmhos/cm at 25°C.
The Yeki River (station 27) is in this category.

Salinity varíes more below Teji - i.e. between Melka Kentare and Yetehara -
witd higher rates at the becinnlng of and during the dry season, also at the onset of
the ratio.« aeason. Conductivity rates vary between 0.15 and 0.35 mmhoa/cm, which is
probably related to the less regular rainfall and the existence of saline sedimentary
formations in the area. At low water, conductivity rates in the Mojo - a left-banl:
tributary draining a more gently sloping catchment area - to exceed 0.3 mmhos/cm, and
may be as high as 0.5 mmhos/cm. At rising flood condition, when the sediment con-
centration of bbis river exceeds 10 grammes/litre, its conductivity decreases to
0.2 mmhos/cm.

Downstream from the Koka dam, conductivity rates exceed 0.25 mmhos/cm, due to
fairly considerable saline inflows from aalt springs (Bulbula, Sodere). Salinity at
Metehara is not very high (conductivity less than 0.25 ambos per cm) due to low-con-
ductivity infloWs from right-bank tributaries (e.g., the Geleta, with less than
0.2 nichos/cm). Salinity falls off when the Awash is in spate with conductivity less
than 0.25 mmhos/cm.

After Awash Station in the Middle Valley, salinity rates inorease and con-
ductivity invariably exceeds 0.25 mmhos/cm. The latter decreases to below this figure

when the river is in flood. Rates in the affluents at their point of entry into the
recent alluvial area are invariably over 0.25 %mhos per cm, and frequently reach 0.35
of 0.40 mmhos/om due to the preaence of warm springs (Upper Kesem, Fil Weha, Lake

Hertale outlet). Average salinity in the Awadi is equivalent to a conductivity rate

of about 0.35 mmhos/om.

The left-bank tributaries of the Awash below the Keeem and Kebena confluence
(especially the Jawaha, Jara and Borkena) are partly fed by warm salL springs in the

Robi Borkena rift valley. Salinity is particularly pronounced in Vue Borkena, 1;ith
conductivity rates as high as 0.6 mmhos/cm where the river leeves blie swamps after

receiving inflows from the warm springs. These rates fall off very rapidly at flood
condition (conductivity less than 0.25 minhos/c
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Downstream from Gewani, where Lake Gedebasa is in communication with the Awash
at certain periods, conductivity rates are apt to each 0.4 mmhos/cm during the dry
season.

Silt contento in the Lower Plains appear to be invariably high, with medium
salinity throughout the year and conductivity rates of 0.4 mmhos/cm (similar to the
Mile, which varies between 0.4 and 0.45 mmhos/cm). Salinity rates are higher in
marshes (Boyale) and lakes (Gamari) fed by the Awash, and conductivities range from
0.5 to 0.6 mmhos/cm.

XX -1 2. Hish ediment cono ns

General salinity vs. flood and suspended sediment content curves are shown on
the upper part of Graph12.In the Upper Basin and Middle Valley, salinity generally
decreases fairly sharply with increasing sediment content, with conductivity rates
falling below 0.2 mmhos/cm, which also applies to the Mojo River. Silt conLent re-
mains low in the Upper Basin upstream from Kentare and becomes high further downstream,
especially in the Mojo, a river with its basin in a severely eroded area (brown and
grey vertisols on volcanic tuff).

In the Lower Plains, salinity in the Awash increases with silt content, pro-
bably due to the substantial quantities of silt the Mile carries when in spate. Con-
ductivity rates again exceed 0.25 mmhos/cm and may reach 0.3 or 0.4 mmhos per cm.
The Mile basin is probably affected by very severe erosion in an area containing
saline soil.

XX - 2. Chemical Characte e and Ground Water

In determining these water characteristics, use was made of a certain number
of analyses. Their results were plotted on logarithmic charGs based on Schoeller
diagrams, which enable water to be classified in terms of 1L3 chemical properties.
Distinctions were also made between water containing little suspended sediment (usual-
ly associated with low-water conditions) and the high concentrations associated with
flood conditions.

XX-2 1. the 'Awash and its tributaries

Grapa 13 shows that in the Upper Basin as far as Station 4, (Gelilea lake),(i.
e., before the Mojo confluence and Moka reservoir) the Awash water contains more Ca and
Mg than Na, with little change at flood condition. Na and bicarbonates increase below
Teji during the dry season, however, and at flood condition decrease to roughly the
same content as above Teji. Na and CO3N both increase sharply in the Mojo during the
dry season, and contents remain high during the flood period. Characteristics of the
Akaki and Upper Kesem - both Upper Basin tributaries - are the same as for the Awash
above Teji. Na and 003H contents in the Akaki, Geleta and Upper Kesem are higher during
the dry season. The water in the Meki shows a slightly different composition containing
more Mg and Na.

The water in the Middle Valley contains much more sodium than that in the
Upper Basin, with little decrease during the flood. Bicarbonate¡content is about the
sane as in the Upper Basin. Sulphate content is higher. The left-bank tributaries
show the same properies, especially at their point of entry into the receuL alluvial
area (Kesem, Kebena),

wash water in the Lower Plains is apt to contain up to 3 meq/1 of sodium, and
both SO4 and CO3H contents are also higher. The chemical composition of the water re-
mains the same at flood condition. The Mile shows similar properties, though its Mg
and Na contents increase at flood condition.
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To sum up, Na content of the Awash increases in relation to Ca and MG Crom the
Upper Basin (ila/(Ca + Mg) less than 0.4) towards the Lower Plains (Na/(Ca e Mg) near-
ly or exceeding. 1). Proportions of Mg in relation to Ca and those of CO3H and SO4
all increaae.

Tributaries in the Upper Baain show the same features, except for the Mojo.
Their composition is apt to vary considerably - in the case of tributaries from the
Robi Borkena rift valley due to warm springs and irregular flows.

Awash water composition downstream from Teji shows considerable annual vari-
ation, due to the less regular rainfall conditions, but they become only alight in
the Middle Valley and practically disappear in the Lower Plains. Before the Koka dam
was built, they were probably quite considerable in the Middle Valley and Lower Plains,
with eubstantial increases of salinity during the dry season.

XX-2 2. Spring water

There are many mineral uater eprings in Ethiopia, and they have been investi-
gated under a special program by Tao Institut Pasteur. The most important supply
appreciable quantities of waLer to the Awash.

The temperature of their ater varies between 40°C and 60°C, except for the
Alalabada geyser in the Lower Plains, where temperatures of 100°C are recorded.

The following can be identified on Graphs 26 and 27 in Appendix no. 8

(i) Chlorinated and bicarbonate aodic springs in the Upper Basin and Middle
Valley as far as Hertale, with conductivity ratee of about 2 mmhos/cm.
The Bulbula 'sprints' contain uhe least salts, as the Bulbula seems to
be fed by infiltration from the Koka reservoir. (Gelilea lake).

Springs at Meteka, Hertmle and Marogala, which are also sodio and
slightly sulphated. Conducetivaties are low for the first two (1.2 -
1.6 mmhos/cm), and higher for Marogala.

(iii) Sodic sulphated aprings in the Robi Borkena rift valley with conductivity
rates varying between 1.2 and 1.8 mohos/cm.

XX-2 3. Ground wate

Ground uauee composition data for the various geographical parts of the basin
are shown in Graphs, Like the sIring water, the ground water is sodic, bicarbonated
and of medium to high salinity, with conductivities varying between 0.6 and 1.8 mmhos/
cm. In the Upper Basin, it conLains leas sulphate than in the Middle Valley(unaer-
flow to Lake Gedebasa), and Lower Plains. The deep water table in the Lower Plaieie
(at a depth of 25 - 30 m) contains fur more salts, mainly consisting of sulphates ,end
chlorides (conductivity up to 3.27 mmhos/cm) The ground water in the Awash Basin
can be considered highly sodic and bicarbonated.

Ground water in the Upper Baain contains less sulphate than in the Middle Val-
ley and Lower Plains, and come is less sodic. Its compoaition is generally similar
to that of the surface water, but with more concentrated sodium and bicarbonates,
especially in the Upper Basin. There is a connection between these high sodium and
bicarbonato concentrations and the high pH values of the soils in the Middle Valley,
and even more so in the Lower Plaine. The water in the shallow flooded areas in the
Lower Plaine also contains high concentrations of sodium and bicarbonate.
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. Water Classification Acoordind to Sui abili y for o

This classification is based on the criteria used in Riverside Handbook No. 60,
which are the electrical conductivity C in mohos/cm and the sodium absorption ratio
(6AR) given by the expressiun

Na,

Conductivity and saR values are plotted in Graph 15 for a certain number of
samplee of representative compositions, including ourface water (Awash water with low
and tigh suspended sediment contento) ground water, and lake and marsh water. Data for
water in the tributaries are shown in two Graphs (Appendix 8)

XX-3 1. Water in the 2wash its tributaries and in reservoirs

As Graph 15 shows, the river water in the Upper Basin and Middle Valley ia in
oategory C161 when suspended sediment concentrations are high. Its salinity is low
and it contains little sodium, and therefore does not cause any increase in the amount
of exchangeable sodium, in the suil. Sensitive fruit trees may suffer from an excess
of aodium. Leaching resulting from normal irrigation ia adequate, except for very
clayey soils (grey vertisols). Water in the Koka reservoir, (Gelilea lake) the river
Maki, and the Upper Basin tributaries - Akaki, Mojo, Upper Kesem, Upper Kabena, Robi,
Upper Borkend and Jara un tae left bank, and Geleta and Arba Dina un the right bank -
are in this category.

Condu tivity and SAR below Koka both increase at low water, and the water in
the Awash is then in category C2S1 as in the Middle Valley and Lower Plains. Salinity
and SAR of the tributaries (especially the Mojo) also increase. Springs - some saline
and warm - partly supply the Borkena, Jara, Jawaha, Ataye, Kesem and Kebena before
their entry into the recent alluvial area. They fall within category C251, as do also
the Arba Dime_ on the right bank, the Akaki and Robi on a.e left bank, and the Meki.

The Awash in the Lower Plains and certain rivers with very irregular flows -
e.g., Awadi and Mile on the left bank, and hrba on the right bank - are in category
C251. Water in category C2S1 is suitable as irrigation water for soils to which a
certain amount of leaching can be applied, and on which crops with average tolerance
for salt are grown. The SAR is unlikely to cause an increase in the exchangeable
sodium content, except in the Lower Plains, where its value muy exceed 2.

XX-3 2. Lakec Gedebasa and Lyadu in -Ghe
marshes supplied by

As all these are in category C251, the water in the reservoirs in the Middle
Valley and Lower Plains may be in this category, though the water in the shallow flod-
dea areas in the Dubti marshes uas in category C,S2, and thus difficult to use for
irrigation without adequate drainage. Lake Beseka near Metehara is very saline (about
30 grammes/Litre), sodio and earbonated (pH 10.5). Its composition resembles that of
Lakes Shala and Hora Abiyata on the Luke Plateau, Lake Hertale in the Middle Valley
is in category C3S3. Its water would be difficult to use for irrigation.

XX-3 3. Ground water

ce Ganan,

Ground water and warm spring water are featured in Graph 15. The points form a

curve running beside the Awash curve, with more rapidly increasing conductivity and
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SAR values. Only the water tables in the Borkena valley and benade the river at Dubti
are in'category CeSi. In this category (requiring well-drained soils, salt-resisting
plants and salinity control measures) are tho Mooc water tab]e in the Upper Basin, the
one fed by underflow from rivers discharging into Lake Godebasa, and Ambo (Hagere Hiy-
wet) spring.

Water of conductivity class C, includes most of the "arma springs, except for
the Marogala spring in the Middle Valley, the Alalabada geyser, and the deep water
table (30 m) at Dubti in the Lower Plains, which are all in category C4S4, and useless
as irrigation water.

TT. , SAR for this sodio bioarbonated water varies bet een S. and S and some-
times S, mlcg it of very lit le use for irrigation. Where the AR is of Category
S, 7 hig'A »age capacity clay soils difficult to leach may be exposed to alkalini-
zation, ueless zypsum is present. The Na content of high-pH lime soils can bo reduced
by adding gypsum, ep homogeneous vertisols cannot be areigated with water in tbis
category. With a higher SAR, (S), this water alkalini:ws most soils, making eCfi-
oieirt drainage essenial, as well as effective leaching and the addition of organic
matter. This water may be suitable only for gypsum soils. The use of chemical ferti-
lizers is difficult because the water is already saline

(C3).

xx 4. Conclusion

Except for such rivers as the Mojo at certain times of the year, the surface
water in the Upper Basin and the water in the Koka reservoir (category C Si) is suit-
able for unrestricted use on all soils unless of very lov permealiJity ( ey veri-
sols). SAR values are generally less than 1.

Surface water in the Middle Valley beyond Awash Station and in the Lower
Plains, and the water in the lakes or marshes fed by the Auash ?El slightly sodio and
belongs to Category C2515 its use requires moderate leaching and crops with an aver-
age resistance to salt.- Sall values of about 2 or more, mainly in the Lower Plains,
restrict the grovth of crops sensitive to sodium, and especially certain fruit trees.
Reservoir water in these two areas would probably be in category

C2S1.

Spring water, ground water, the Fil Ueha and the Lake Hertale outlet are aJ1
sodio and bacarbonated. Caegories range from C3S2 to CSA' and this water would be
difficult 60 use, for well-drained soil is necessary bseue. e oC its sodium content,
and as it contains large quantities of salts, only limied. use could be made of
chemical fertilizers.



The samples are sorted out at the laboratory according to the order of the
analysis order vouchers. Each sample is given a laboraLory number. After being loft
to dry for a few days, the samples are placed in a ventilated oven for further drying
at a temperature of , 5°C for at least 48 hours. They are then reduced to fine earth
by moderate crushing aad by passing them through a sieve with 2 mm dia.round holes.
Gravel (over 2 mm dia.) is weighed to determine its percenGase in the soil.

2. Natural moH.;1:1a

Where a natural moisture determination is required (e.g., for irrigation
tests), the sample is weighed vet and then ajain after drying at 45°C. By further
drying of a small part of the sample at 105°C, the moisture content can be determined
as a percentage of the weight of soil dried at 1050C.

3.

This is measured with a glass electrode p11meter in a 1:2.5 soil/water sus-
pension after leaving the soil in contact with the water for 2 hours.

4. Grain size

Owing to difficulties in dispersing the clay fraction, the following method
has been systematically applied

Repeated exposure to warm hydrogen peroxide.

Sieving under water to 50 .

Drying of the fraction exceeding 50 followed by sieving when dry.

Mechanical dispersion of the fine fraction with a mixer.

Chemical dispersion with sodium hexametaphosphate.

Study of suspension specific gravity variation with time.

5. Total lime content

The lime content of a soil ia found from the volume of carbonic acid released
under exposure to cold hydrochloric acid.

6. Oranio matter Organic a b
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APPENDIX 1.

SOIL ANALYSIS METHODS

1. tion

The organic carbon in the sample is oxidised with potassium bichromate in a
sulphuric acid medium at 150°C. Excess bichromate returning is determined uilh
Mohr's salt in the presence of diphenylamine.

7. Tot.al nitroen

The nitrogen is transformed into ammonium sulphate by prolouced exposure to
concentrated sulphuric acid in the presence of a catalyst. Next, with excess soda,



the ammonia is carried away by water vapour, collected in a boric acid solution and
its proportions determined with

H2 s04
, in the presence of a coloured indicator.

8. Moisture

After soaking in water for 24 hours, the sample is exposed to nitrogen at a
pressure of 1 atmosphere (or 15 atmospheres) for two days in a Riverside-deqgned
extractor. Residual moisture is stated as a percentage of soil dried at 105 C.

Exohan.e co 9 e

If the soil sample is not saline (saturated extract conductivity 1 mmho/cm),
it is stirred up in neutral ammonium acetate to make the ammonium displace the sodium
and xotassium in the complex, which are then determined by flame photometry. IC the
soil sample is saline with chlorine predominating, the soluble salts are leached out
by washing the sample in alcohol before proceeding as described above. If the soil
sample is salino but contains little chlorine, Na and K are extracted and their
proportions determined as above. The soluble Na and K values determined in the satu-
rated extract are subtracted from those thus measured.

Normal sodium acetate (pH 8.2) is made to percolate slowly through the soil
sample. The sodium displaces the calcium and mr.-0,11m, proportions of these then
being determined by complexometry. For a saline soil, the calcium and magnesium
determined in an aqueous extract with a soil/wa 7 ratio similar to the soil/sodium
acetate ratio as applied to percolation are deduced from the values found.

The soil saturated wita sodium by percolation for the Ca and Mg determination
is washed in alcohol, which eliminate the sodium acetate. The absorbed sodium
corresponding to the total e::ohane e naci.ty is moved by percolation with normal
neutral ammonium acetato and its propv..Aons determined by flame photometry.

Salinitz

A saturated paste is prepared and left to stand for 12 hours, whereupon the
soil solution is extracted by filtration under vacuum. The next step is to calculae
saturation moisture, after which the conductivity of the saturated extract is measured
with an electrical conductivity meter. The proportions of the following are then
determined

Carbonates and bicarbonaLes, by progressive acidification w3th diluted
sulphuric aold, first w?th phenolphthlein and then with methylorange.

Chlorides by silver nitrate with potassium chromate.

Sulphates by nephelometry with barium sulphate.

Nitra es by colorimetry with phenol-disulphonic acid, after eliminating
chlor des and carbonates.

Sodium and o
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by flame photometry.

Cal 'um and ma nesium by complexometry.



True densi

The volume ofakonmass of soil is given directly by a
ti al pressure pycnometer.

ability

This is meaoured on a pecialIy prepared sample under constant head by a
method dovoloped by the Prof. Renin.

13. Structural stabili

By the Prof. Renin method, this is found by comparing the stability in an
aqueous medium of acgregatos of soil samples specially ore-treated in alcohol, bent,eno
or distilled water.
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ckmann differen-



The
Mineralogy of the .

Were

A DJratus PHILIPS PW 1010 recording diffractometer

ion : Fe K 1,935 R

Voltage : 28 kV

Al nt : 10 mA

Illanr_LL121 : 200 mm/h

Red weakl ferralitic soils

SAMPLE UU 0301 (0-10 cm, 7.5 Y 5/67 40 % clay, T 31 meq) (Adis Ababa),
-arse.

Montmorillonite content : nil
Illite content ........
Kaolinite content ..... a11:.1yhigh
Qurt.7.5 cogtent ........ 7e7r 1U1:J1
liemei)6e content : fairly high

SAMPLE UU 0302 (60-80 cm, 5 YR 5/6, 60 % clay)

: 1113

Mi te coatent ...... hich
Kaolinite content ..... : fairly high
Quartz content : high ((;ertainly of detrital origin, mixed

with clay)
Hematite content ...... : low

Reddish brown and brown vert alt

SAMPLE UU 029 (150-170 cm, 5 YR 5/2, 54 % clay) Reddish brown vertisol on
basalt (Adis Abeba area)

.Montmorillonite content : probably low
Illite content ........ : high
Kaolinite content .... : hicb
Quartz content ........ ire71.7 high
Hematite content ...... -,:elatively high

31aPLE UGF 002 (0-10 cia, 10 YR 4/2, 51 % clay, T 80 meq) Brown vertisol
(Chefe. ,Ired

Montmorillonite content : high (at least equal to illite)
Illite content ........ : high
Kaolinite content ..... : probably traces
Quartz content ........ relatively low
Hematite content low
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1: OIX 2.

XRAY . Tr.e.T7 SIS OF SAMPLES

::Dsults were establisheC in the Laboratory of Geology and
nce Faculty of the University of Grenoble. Analysis conditions
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4 ole on noncalcareous alluvia

2 (15-25 cm, 10 YR 6/2, 38 % c_

MouLmorillonite content : fairly loll
Chue oDntent ........ : relactvely low (by comparison with other

constituents
Kaolinite content ..... : nil
Quartz content ........ : relatively h*
7ematite content ...... : low

' '03 (20-35 cm, 10 YR 5/2 5/1, 55 % clay) (Amibara

iontmorillonite content
Illite content .......
KaoliniLo conten.6
Quart?. conton'6 op,lomeme
Romatite oontont

SAIILP

fairly high
high
nti
hich
low

Iontmorillonite content : fairly high
Mika contenL 0..0.... : high
Kaolinit3 content
ue.rts content Q0000006D high

Howatito content ,..... : low

002 (170-250 cm), 10 YR 7/2, 34 % olay)

71ontmori1lenito content : low
Illito content ........ : high
Kaolinita eonteDt : traces

content ........ : fairly high
to content ...... i low

) (Melka Sedi area)

Grey vex. on non differentiated a

SAMPLE1JU 007 (60-70 cm, 7.5 YR 4/0, 52 % clay, T 50 meq at 0-10 cm)

(Tejl

KontmorilLonite conben'6 : low
111± be conLent ....,.., : high

content .0.0, nil
Quaftm content ........
fCema.tite 3ontent :

A. LE UV 01 0-10 cm, 10 YR 6/1 5/1, 49 % clay, T 60 :neg. )

Dukem rea)

liontmort1loniLe coriten. : fairly high
°_lljte content : high
1:aolintte oontent ,...o : low
(luaa.ts content : high
Hematite content ....., ; low
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' TJKK 0 (70-80 cm, 10 YR 5/3, 12 % clay, T . 33 meg from 30 to 50

Montmorillonite content : fairly high
Illite content ........ fairly high
Kaolinite content ..... : nil
(,luartz content ........ : low
Hematite content ...... : low

6. Alluvial soils on calca eou de

SAMPLE TNT 007 (50-60 cm, 10 YR 5/2, T . 86 meg) (Dark colour horizon,
Dubti '.rea)

Montmorillonite content : exceotionally hi h
Illite content ........ reladvely low
Kaolinite content ..... : nil
Quartz content ........ : low
Hematite content ...... : low
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APPENDIX

SELECTED PEEOLOGICAL PROFILES T1EN IN TRE MIDDLEVALLEY

A. SOILS ON RECENT Al1UVTA

1. Alluvial Soilson y Slightli or Non-Ce

1.1 Medium texture

: Soil type nr 11 - Colour yellow

profile nr KK4

Kesem-Kebena area. Aerial photo nr. 1994, run 23.

Relief and miororolief: flat

Erosion slight

: good

ation gramineae in tussocks (local name : Durfu)

Profile deacri tion

0 - 20 cm Te;:ture Candy loam - Colour 10 YR 6/3 palo brown -
Humidity d_27y - Single grain structure - Consistence
friable - Fiqe rootc.

20 - 30 cm Te::turo fino sandy loan - Colour : 10 YR 6/2 light
brownish grey - Humidity : dry - Single grain structure -
Consistence : friable.

30 - 50 cm Texture : loamy sand - Colour : 10 YR 6/3 palo brown -
Humidity : dry - Single grain st.7ucture - Consistence
friable

50 - 100 cm Texture : fine sand mixed with gravels - Colour : 10 YR 6/2
light brownish grey - Humidity : dry - Single grain
structure.

100 - 140 cm TeaLure sand - Colour 10 YR 6/2 - Humidity : moderately
(1.27 - Single grain strucLurs.



A alytical results/ : Profile n° ,.

Depth

(cm)

Exchangeable cations (me/100 g)

Ca Mg Na Na/T

Humidity

at

saturation

E.C. Cl

(mmho-cm)

Saturation soluble extract

Depth

(cm)

Particle size distribution (%)
i

Ph

Lime

(X)

Or ganic

matter

(%)

Carbon

(fl

Nitrogen

(',Z)

C/N

P2°5
total

(PPm)

Moisture

capacity

at pF 2.5

(%)

Real

densi y<:2 2-

20A

20-

50 1.1

50-

100g

100-

200g

200p

2 mm

... 0-10

40-50

4

1

19

10

...

.21

10

19

18

.23

32

14

29

8,6 1.0 0.7 0.41

SO4 CO3 CO3H MgCa Na

(me/1)
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1.2 Inte_ :red medi 'no

soil ype nr 121 - Colour : yellow

ution: profile nr BKB 27

LocatjBolhamo plain - Aerial photo nr 1949, run 22

Relief . -ad miororelief : flat

Ero none

Drainaip : good

Floodi floods rare (July - October)

Profil

0 - 20 Tez:ture cilty-loam to sili4 clay loam - Colour : 10 YR
V3 dark brown to brown - Humidity 2 dry - Structure
Granular to L.:rural) CoDsietance : friable - Many fine TOXiX.

20 - 50 cm Te:Au-ee cilty-loam and layare of very fine candy loam -
Colour : 10 YR 413 dark broun to brown - Humidity dry -
Strueure : granular to crumb tendency to platy - Consis-
tence : friable - Fine roots.

50 - 90 cm Texture : silty-loam, thin layers of very fine sand, and
ve:y fine layero of dark clv Colouz. : 2.5 I' 5/2 areyish
brown - Humidit : dry - Structure 2 platy - Cousicteace 3

finable - Some yellow patches of iron between layerc of
loam - Some a'00e.

90 -100 Te:: i.ure : sandy - Q'olour s 10 YR 4/3 dark brown to brown -
Humidity : dry - Single grain structuro - Consistence s

-friable

o graminoas
placeo

acacia trees scattered in come



Ana ytical results Prof1.1 n° BKB 27

Depth

(cm)

Exchangeable cations e/100 g) Saturation soluble extract

Humidity

at

saturation

E.C.

(mmho-cm)

Cl
4

SO CO Ca Na

(me/1)

Bo

Depth

(cm)

Particle size distribution (%)

pH
Lime
(z)

'

Organic

matter

(70

Carbon
(z)

Nitrogen

(%)
C/N

P2°5
total

(PPm)

Koisture

capacity

at pF 2.5
(z)

Real

density
(2 p

2-

20p

20-

50i

50-

100A

100-

200p

200p

2 mm

0-1.0

25-30

70.-80

27

13

22

.54

56

56

12

21

11

4

6

4

2

3

1

1

7.6

8.1

79

0,4

1.4

0.6

4.1 2.4

.n.. I
0-10 1.06 0,2

25-0 51 0.65 0.35

7 0-80 53 1.23
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1.2 (2) Doz.k-so moderately filie eurea dee

: soil type nr 122 - Colour : yellow

: profile nr MMS 52

Melka Sedi plain - Aerial photo nr 1737, run 21

orelief : flat, slightly wavy

Nature tation Caoparts so. Sanseveria sp. - Gramineae,
thorny plants.

Profile des t.ion :

0 -20 Texture : silty olay loam - Colour 10 YR 4/2 - 4/3 dark
grejish brown to browa - Humidity - Structure : crumb
Consistenco - Many roots.

20 - 50 cm Texture : silty loam - Colour : 10 YR 4/2 dark greyish
brown - Humidity : dry - Structure s tendency to crumb,
granular - Consistence : friable - Many roots.

50 - 70 cm Transition horizon.

70 -120 cm Texture silty clay - Colour 10 IR 2/2 very dark brown -
Humidity : moderate14 dry - t prismatic - Consis-
tence hard - Vortical cracks om bl'oad) - Feu coos.



Äiyticai result s/ Pro f e n° 52

Depth

(cm)

0-10

30-40

0-90

Exchangeabl cations (me/100 g)

Ca Mg Na Na/T

50 42.4 4.4 3,05 o. 51.6 0.25

Depth

(cm)

30-40

.80AO

Particle size distribution (%)
Lime

(%)

Organic

matter

(%)

0.2 3.2

2.5 1.1

1.2

Carbon Nitrogen

(Z)

P2O5

total

(PPm)

Moisture

capacity

at pF 2,5

(%)

Real

density

Humidity

at

saturation

66

56

55

E.C.

( imho-cm

0.55

0.35

Saturation soluble extract

0.19

.0,13

0.-49

CO303 CaO



1.3 deratel7

1
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: :rme:: flood area

;z.oelief with holes

flat (small tussocks, holes

ural vegetation : annual gramineae in tufts, acacia trees, capparis sp.

Profile description

0-25 cm Texture : silty claylo - Colour : 10 DI. 5/2 Greyish b ooff

Uumidi4 dry - Structure blocty, oize medium -
Consietenco olightly bard - Light mulcby on the surface -
.4any roots.

25-80 cm Texture : oilty clay Colour 10 YR 4/3 bro n to dark brown
Humidi4 : dry - StrucLure : blocky, tendency to prismatic -
ConninLence : very hard - Vertical cracks (about 1 cm broad)

80-120 cm Texture : silty clay loan to silty clay - Colour 10 YR 3/3
dark brown - Humidity ; moderately dry - Structure : blocky,
tendency to priomatic - Conoistonce lene compact than
25-80 cm - Shiny facen on the aggreGaten.

yellowLipping/)il type 13 - Co

: profile nr MMS 302

ion ID lka Sedi plain



/Analytical results/ ; no 3°2

Organic

matter

(%)

Moisture

capacity

at pF

(%)

Real

density

Exchangeabl cations (me/100 g)

Ca Mg Na Na/T

Humidity

at

sa tucation

E.C.

( mho-c )

Saturation soluble extract

Cl O O
3

CO H

(me/

Ca

18 n

0..R6

16.5



- 185 -

2. Alluvial Soils on Ve ,blikitl Calcareous and 0ocasionall Sa ine pos*

: soil type nr 2 - Colar:. : yellow

pt.ion : profile 18

: Malka Sedi plain - Aerial photo nr 1739, run 21

: flat

Erosion ; none

.al ve etation Capparis sp. - Few bushy acacias - gramineae (local name::
Hamiltou

Profile descri tion

0 - 10 cm Texture : silty loam - Colour :2.5 Y 5/2 greyish brown -
HumidiLy : very dry - Structure : powdery to blocky -
Consistence : very friable - Roots.

10 - 45 cm Texture : silty clay loam - Colour :2.5 Y 5/0 grey -
Humidity : very dry - Structure : no structure and powdery -
Roots.

45 - 70 cm Texture : silty clay - Colour :2.5 Y 5/0 e - Humidity dry -
Consistence : friable - Roots.

70 - 100 cm Texture : silty clay loam - Colour :2.5 Y 5/0 grey -
Humidity : dry - Hydromorphic iron.

100 - 120 cm Tezture:loam - Colour :2.5 Y 5/0 grey - Humidity : dry -
StructiTe : tendency to platy - Ty0.romorphic iron.



A7«alyticai results/ 13:-yo n° 'PLC., 18

De pth

(cm)r
Particle size distribution (%)

PR

L Lime
(z)

)

Organic

martte

(%)

Carbon
1)

1/4

Nitrogen
(%) C/N

,

P2u5
total
(ppm)

Moisture

capacity

at pF 1 5

(7.)

Real

density9

'I'l

2-

20p

20-

50p.

50-

100p

100-

200p.

200p

2 mm

0-5

50-80

12,0-130

11

13

7

kL.. 31

38 30

34 30

'11

15

18

3

4

10

. ,

2

1

8.1

8.1

1.1

2.6

?.P

Depth

(co)

Exchangeabl cations (me/100 ) Saturation soluble extract

Ca Mg Na T Na/T

Humidity

al E.C. Cl SO4 CO3 ,03H Ca Mg K Na

saturation (nabo-cm) (me/1)

1.09 8.0 8.6 3.0 . 1.6 0.-2.

507M 49 21.4

12Q-130 41 -5.36 41- .

,............ ....... . .. . ....
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3. Vertisols on htly or Non-Calcareous M riais

3.1 Fine structure

3.1 (1) Homoge

ypc nr 311 - Colour

: profile nr MAL 21

Location : Angelele plain - Aerial photo nr 1500, run 19

Relief and microrelief : flat - holes filled-in - cracks below a 5 am
thick mulch

: very slight

7tion : pasture land - some Capparis and big acacia trees
eraminacoous

Profil- Apti.or.

0 - 5 .:m) Te7:taro : clay - Colour ; 10 YR 3
dry Structure : granular - Con,i
Some roots and oranic debris,

dark bro n - Huwiditd
: non friable -

5 - 20 cm Texture : clay - Colour : 10 YR 3/3 dark brown - Humiditd
dry - Structure o coarse prismatic (uith tendoncy to plci;y),
the prisms are 5 1.0 10 cm broad - Consistence ; hard -
Craoks - Shiny faces on the aggregates

20 - 70 om Texture clay - Colour ; 10 YR 3/2. dark broun Eumidivy
dry - Structure : prismatic, coarser than 5-20 cm (ten-
dopey to platy) - The prisms ara 10 to 10 cm, cracks (about
2 to 4 cm) - Consietence hard - Shiny facos on *Lhe

;ates.

70 - 90 cm To7turo : clay - Colour : 10 YR 3/1 darh broun - some thin
/e,yors of loamy clay a little lighter in oolour Humiditys
moderately dry - Cracks s f_mportant, prismatic, tendency
platy to granular, shin;¡ on the aggregates.

90 -120 cm Teature ; clay - Colour o 10 TR 3/3 dark broun - Humidity
dry - Structure : prismatic and plt - Consistence : com-
pact - R),11 thin roots, shiny faces on nhe ag,s-regates.



/Analytical results/ : Profile nr OAL 21

Depth

(cm)

0,6

20.60

70 =90

75

Exchangeable cations (me/100 g)

Ca

82.9_

Mg

2

Na

5.1 76

Na T

8.0

Humidi y

at

saturation

IA

75

81

E.C.

(mmho-cm)

Sa u a ion soluble extract

5,5

2.0

2.1

4.2

o

O

4,1

(me /i)

8.2

12.8

4.2

1.8

Q.3

0.6

0,3

2.3

8,4

39.8

Depth

(cm)

Particle size distribution (Z)

PH

Lime

(7)

Organic

matter
(z)

Carbon

(fl
Nitrogen

N)
C/N

P205

total

(PIN)

Moisture

capacity

at pE 2,5

(%)

Real

density
,,2

/1

2-

20p

20-

50 p

50-

100p.

100-

200p

200 p

2 mm

_ 075

. 20-38 ,

704.0

54

66

. 66 .

3,3_

2

19

.10

10

14

3

1

1.

8.0

O.

6.0

0.9

1,0

..4.9

3.3

2.0

1.9

1,2 0,6 ..

1100
...

i30

_

03Cl O MgCO K



3.1 (2) Homo

7T,,t.ora1 v

189

n ou h. h deve *ad -

: soil type nr 312 Colour : brown

de Cori ion : profile nr MMS 120

Location : Melka Sedi plain, Aerial photo nr 1954, run 22

i-L.croreliof : tussocks erosion the gramineae tufts

ion : Capparis, aoaci, i.-epes with yellow bark (local
name : uach) Dij, acacia trees (white spines)
Gramiaaceac (local name hamiltou hamenou)

ofile

0 10 c Texture : clay Colour : 10 YR 3/2 very dark ri.3h brobo-

Humidity : dry Structucc : granular (mulch) Consistenc°,,D:

not friable Roots

10 40 cm Te:Lture g clay Colour g 10 YR 2/2 very dark brown
Humidity : dry Structure : blocky, teadency to prismatic
Consistence : hard, compact Roots, cracks.

40 110 cm Teture g clay Colour : 10 YR 2/2 very dark brown
Humid3ty : dry Structure : blocky tendency to
prismatic Consistence : hard, compact Roots, oracks

40 110 cm Texture : clay Colour : 10 YR 2/2 very dark brown
Humidity : moderately dry StrucWre g coarse prismatic
(slickeasides) Consistence : hard, very compact No
roo te,



Analytical results/ Profile nr lYS 120

Depth

(cm)

Par t i cl e si ze di s tri but i on (1)

PR

Lime

(7)

Organic

matter

( )

Carbon

(%)

Ni trogen

(%)
m
L."

p205
total

(PPm)

Moisture

capacity

at pF 2,5

(%)

Real

density2

''

2-

2011

20-

50 11

50-

100p.

100-

20011

20011

2 mm

0-10

20-40

60-80

50

50

61

41

33

32

8

B

8

1

1

8.0

8.1

8,1

0.2

0.3

0,3

1.7

1.4

1,4

1.0

0,85

0,85

0.49 20
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3.1 (3) Modera»,el cuoï on loam7

s,A1 type nr 313 Colour z brown

: profile nr MMS 317

-* Sedi plain Aerial photo nr 1738, run 21

: flat no erosion

Fi descri tio

Rolle

Naua1 ve tion: big 7 cia trees many bushes of gramineous
(local nas adai o) Sanseveria sp,

Profil scrition

0 2(; sima Texture clay Colour : 10 YR 2/2 very dark brown nidityz
moderately drz; Structure fine granular to ve3:
block3, Consistence : friab]e Hulch on top of ,)il

Roots Some -Jertical cracks.

20 50 cm Texture : silty clay loam Colour s 2.5 YR 4/2 dart greyish
broun Humidity s Lloderetely dry Structuro : blocky
Consintence friabJe Soma vertical thin cracks Porous

50 120 am Texture silty loan Colour : 2.5 YR 4/2 dark greyish
bram Aumidity drier than above Structure : fine
granular Oonsistonce : friable,

120 and below Texture : sand-



Aiiytieai results/ Profile nr WNS 317

Depth

(cm)

0-10

30-40

100-120
..

47

60

Organ'c

matte

(%)

Carbo

(fl

Lime

(7)

7.0

7.4 0

8.0 1.4

ogen

%)

P205
total

(PPm)

Moisture

capacity

at pF 2,5

(%)

Real

density

Exchangeabl cations (me/100 o)

Ca Mg Na Na/T

Humidity

at

saturation

E.C.

( mho-c

aturation soluble extrac

Cl O O CO3N

(me 1)

57 1.54

0,32 038
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3.1 (4) 7a low on interlayered aJ. e microreli 77j_th holes

LMapping/ soil type nr 314 - : brown

Field dee : profile nr MMS 319

Location Sedi plain - Aerial pi 1742, run 21

Relief : flat

L[atoral vegetation : big acacia trees - Capparis - Gramineae with bare
spots

Profi 7'.ption

C 2c) To.77.ture silty eloy - Colour 10 YR 2/2 very dart broun -
Humidity s dry - Strucare aue blocky o Granular end
play - Consistence ; not co frj.able - Some vertical cracks -
OrGanic matter - Fine roo s.

20-27 CM To:d,ure s sandy - Colour s JO YR !A/2 dark greyish brcwn -
HumIditN s dry - Structure ondcncf to blocky - Consistence:
friable - Fine roots.

27-33 cm Texture ; sandy loam ITith some dark silt - Colour 10 3/2

very dark Greyish brovrn - Humidity s dry - Structure : nu-
lay - Consistenc.s : friable - Roots,

33-40 cm Te 2 vory fine sand to sandy loam - Colour : 25 Y 5/2
Greyish broun - aumidity : 6.ry - Consistence friablo -
Roo ni

40-50 cm Te ture : silty loam - s 10 YR 3/2 'y dark g
- Humidity : dry ncure : fil__ _c Aular -
: friable - Some yell,i patches of i t,

50-70 cm Teture mied Graaulos of dark silt sud pale loam - Colour s

10 YR. 3/1 very dart Grey - Humidity c moderately dry -
ture : blocky- - Consistence : so hard - Vertical creels -
Porous - Roots

70-100 cm Te:ture : loam and 3andy loam - Colour : ]0 YR 5/2 Greyish
brown - Humidity s dr,y - Structure : platy - Consjstonee
friable,



Ana y ical results/ Profile nr 1.1:8 319

Depth

(cm)

Exchangeabl cations (me/100 g

Ca Mg Na Na/T

Humidity

at

a tucation

Saturation soluble extract

Depth

(cm)
1<2

Particle size distribution (%)

PH

Lime

(Y.)

Organic

matter

(%)

Carbon

(70)

Nitrogen

(%)
C/N

P205

total
(ppm)

Moisture

capacity

at pF 2.5

(%)

Real

density
P

2-

2011

20-

50 p

50-

100

100-

20011

200p

2 mm

.....01.0 43 _.42_ 13 2, 6.5 0.0 3.05 1.80 1.75 10

-50 20 59 18 3 8.0 2,2 2,3 1,35 ..............................................................

1907120_ ___.. _ .. _. 8.1 1,0

--

_40.50

100.120,

70

59

55

_0.85

0-50

.0.33

_475
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3.2 Coarse structure ellt,,htly a soils

3.2 (1) fine to fine texture

soil type nr 321 Colour : brown

; profile nr MMS 352

Location: North of Kadabilen marsh Aerial photo nr 1496, run 19

ief : flat

Microre : start of small channels in the direction of the

Natural -v. : acacia trees (medium size dark bark) GramiY:

in tufts local :lame : durfU) some Capparis

Profile desCription

0-2 cm Te2:ture : clay Colour : 10 YR 3/2 very dark greyish brown
Humidity : dry Structure granular Consistence : slightly
friable Mulch Dry bulbs of Cype.'

2-14 cm TD:7.ture : clay Colour : 10 YR 3/2 :?y- dark greyish brown
dry Structure c 111 :: t,.) prismatic, vertical

Consistence : hard

14-70 cm Tenturc lty Colour ; 10 YR 2/2 very dark broun
Humidily Strucure big blocks (coarse prismaU
vertical ' (2-3 am broad) Roots Slickenside
Consistence : hard

70-110 cm Tenturo : clay Oolour 10 YR 3/2 very dark gxoyish brown
humidity moderately dry below 100 ca Structure and consis-

he same as 14-70 cm,



/Analytical results/ profile MMS 352

Depth

(cm)

Particle size distribution (%)

0,19 3.6 2.17.7

Organic

matter

(%)

Nitrogen

(%)

P205

total

(PPm)

Moisture

capacity

at pF 2_5

(%)

Real

density

Exchangeab e cations (me/100 g)

Ca Mg Na Na/T

Humidity

at

aturati on

E.C.

(moho-cm)

Saturation soluble extract

Cl O O

87

95

0.72 145

24



3.2 (2) Moderately flne temturo OD i.uo.1ayered a
aith holes and channels in dri up areas

soil type nr 322 Colour : brown

: profile nr KKB 120

Kesem plain Aerial photo nr 1991, run 23Location

- 197 -

Miororelief : strongly marked

Natural veptation : s.cacia trees Typarrhenia Gra
qamill,ou)

- descr,i.pti

0-10 am To.1:ture sil by clay loam Colour : 10 fR 2/2 very dark brown-
Hnmidiy dry Structuro; : blocky Consistonce hard,

10-25 cm Texture sandy loan Colour : 25 Y 5/2 greyish brown
Humidity moderately dry Structure : platy Consioence
Zriab3e porous Patches of hydromorphic iron.

25-70 cm Toz:ture c silty loam Colour 25 Y 2 dan: greyish broun
Unmiclityc modorately dry Struoture : platy and blocky
Consistence bard to compact Thin layers of clay loam a
30-0-60 cm (1 to 2 cm oach) uith ;?: fine subangular Wooky
struoturev

70-120 am Texture :niJ y clay loan Colour 10 YR 3/2 very dark
greyisb brown Tumidity moderatoly dry 3t,ructure massive
Consistence hard Thin layers of pale loam

via, microro

r, (local name:



Analytical result s

0,..10

30..441

04O

80.420-

of 11 KKB 120

Exchangeable cations (me/100 g)

S Ca Na/T

Humidity

at

saturation

0,61

0.35

0.30.

_0.37

Sa uration soluble extrac

Depth

(cm)

Particle size distribution (%)

pH
Lime

(f.)

Organic

matter
(%)

Carbon
, ,al

Nitrogen

lb!
C/N

P205
t otal
( ppm)

Moisture

capacity

at pF 2,5

(%)

Real

density
,:..2

il

2-

20p

20-

5D p

50-

100A

100-

204.

20011

2 mm

_ _0.10. .46
. ,42..... ...10 . .2 .. 7.6 0.17 3.4 2

30 -40

QD-40._

24

.27._

61

55

14

U

1

2.. 7.9

7.9, 0.61

0.47

,, _ .....

... 80-120.. 36 . 52 1D 2_ 6.0. 0,62 __ _

_ , ... ..



Profile det.:_

0 - 5 am Texture : clay Colour 10 YR 3/3 dv.rii

Structure : tondency to platy Consis'to

j31)ris of organic matter.

5 15 am Te::ture zclay loan Colour : 10 YR 2/2 very dark brown
llumidity ; moist Structure : blocky with tendency to p:.1
Concistence : hard Rusty patches o hydromorphic iron alo the
roots Roots,

15-110 cm Te2Lture z cil;y clay loam Colour : 10 1 2/2 very dark Lrown
humidlly : moderately dry Structure ; ,idency to pr7
Consistence : hard Belov 70 cm, sliLL_1ides on the

110-130. cm Tozture : can loam Colour : 10 YR 6/2 light brownish grey
flumldity : moderately dry.

o i Humidity : dry
not so friable

4 Vortisols on Vor if. htly or NonCalcareou .1.1-bjec to asf'y

_112.1.cl2B.gin6Dirinp; 7loods

non type nr 4 Colour brown

: profile nr MMS 327

Location : Melka Sedi area Aerial photo nr 1501, run 19

: plain flat

fThoded during the rainy season

Ve Graminaceae (local names : sitabu, rebrebah)



/Analytical results/ : profile MMS 327

Moi sture

capaci ty

a t pF 2,5

(%)

Real

density

0-10

100-130

Depth

(cm)
Mg

0.131

2.4

50

55

Q.47

.5.5

Depth

(cm)

Par t i cl e si ze di stri but i on (%)

pH
Lime

(Z.)

Drgani c

matter

(%)

Carbon

(o)
Ni trogen

(%)
C/N

P205
total

(PPm)
1.t

2-

2011

20-

50 p
50-

10011

100-

2002

2001

2 mm

----0-10 10 33 13 3 1 7.9 0.73 2,5 1.48

.... 100,130 8 37.. 1.1

Exchangeab cat ions (me/ 00 g) Satura t i on soluble extract

Humidity

at E.C. C O O CO

aturation (mmho-cm
( e/ )



5.

Profile description

-201-

7 Calcareous 'n

soil type nr 51 - Colour : brown

fEE7 : profile nr MMB 358

Sedi plain - Aerial photo nr 1662, run 20

ief amall depressions

few mall Capparis-gramineae (local name : durfu) in
tufta apareo acaciac (roen bark)

0 -10 Tazbure : ailty loom- Colour : 10 YR 6/5 light grey -
HumiC.ity c dry - Structure ° fine blocky - Consistence
friable - Some roo-Le.

10 - 30 cm Te:cture ° silty loam to silty clay loam - Colour 10 YR :1/3
dark broun - Humidity lees dey - Structure blocky ten-
dency to prismatic - Ponsistence : slightly hard,

30 - 32 cm loam mixed with basalt gravels.

32 - 70 cm silty loam - Colour : 10 R 5/2 g yish,brown - Humidity
dry - Structure : firn -iular - Consistence : friable -
Hoots,

70 - 72 cm layer of loam and basalt gravels,:

72 -100 cm silty clay loam - Colour : 10 YR 2/2 very dark brown - Humi-
dity : moderately dry - Structure c blocky - Coneiatence
not no friable - Vertical cracks - Some lime concretions
(1-2 mm)

100 -120 cm Texture : loam - Colour 10 YR 4/2 dark greyish
brown - Humidity --:;ely dry.

120 -130 cm Te7:ture ° loam - Colour c 10 YR 3/2 very dark greyish brown -
Humidity n moderately dry - Structure powdery,



AFT--talytical results/ profile MMS 358

Depth

(cm) 200p
Lime

(fl

Organic
matter

(%)

Carbon

(%).

Nitrogen

(%)

P205
total
(PPm),

Moisture
capacity
at pF 2,5

(Z.)

Real

density

Depth

(cm)

10

15-25

80-.90

-

Humidity
at

a oration
E.C.

(mmho-c

0.81

Saturation soluble extract

(me/ )
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3tructure

soil type nr 52 - Colour : brown

Lo7 : profile nr MNS 312

adi plain - Aerial photo nr 1738, run 21

:iief: near an old bed of the Awash river, come holes

flooded area

Natural ve, 7 ocooia t:cees (uith opine ) A. and sparso - Some
Copparis - Gramineao (local me : durfu)

Profile descrtion

0 - 10 cm Te::tuvo : silty loam - Colour : 10 YR 3/2 -lary doll: Greyish

brown - Humidity ary - truciAire fine blocky - Consistenco:
f-clablo - Roots - Cyperus buns - Vert.ical cracks.

10 - 40 cm Texture 1 silty clay loam - Colour 10 YR 2/2 very dark
brown - Hunichty dry - Struoturo 7rery coarse blocky, ten-
doncy to orismotic - Vertical cracks - (about lcm) - Con-
slotcuce Compact - Fine roo ',;s,

40 -100 cm Toture AlLy cloy loom - Colour 2 10 YR 2/2 very dan:
broun -Hnrndity moderately dry - Structure : blocky (tow-
aeocy tr prismatic) -Fie roots,

100-120 cm Texture : clay - Colour : 10 YR 2/2 very dark brown -
Th.unidity : more dry than above - Structure and consistence
the saw as 40-100 cm,



Analytical result s/ profile nr MMS 312

Depth

(cm)

Particle size distribution (X)

2-

2011

20-

50 p

50-

10011

100-

200p

200p

2 mm

26

40

51

37

13

5

3

pH

Depth

(cm)

_ 30.40.

- 100.120.

Exchangeable cations (me/100 g)

a Na/T

Saturation soluble extract

Humidity

at

saturation

E.C.

(mmho-cm)
(me/1)

50

7.1

1.26

4,1

3-7

32.6

Lime

(X)

Organic

matter

(X)

Carbon

(X)

Ptrogen

(X)
C/N

P2°5

total

(PPm)

Moisture

capacity

at pF 2.5

(o)

Real

density

CO3 CO3 HCl MgCa Na



6.1 On slightly calcareou erials

/Field deco

Locati : North Angelele-Melka Sedi plain - Aerial photo nr 1504 run 19

: lowland

Flood : area flooded by the Awash in the rainy season

11". ptation : good pasture land - Grass (local name : sitabu) -
Ecchynochloa

Prof description

0 - Organic matter and dead roots not decomposed

4 -15 cm Texture : silty olay - 00i01.12 10 YR 3/1 - 2/1 very dark drey
to very dark greyish brown - Humidity s moist to wet Struc-
turo : prismatic teadenoy to blocky - Cons'istence s hard -
Maiw roots - Rusty patches oí bydromorphio iron - Vertical
cracks (about 1/2 cm) - Organic matter in the cracks,

15-40 om Tex. ure scily clay - (ielour : 10 TR 3/1 very dark grey -
Hum1d14 s moist to wet - Consistence s the same as above -
Structure 2 prismatic to blocky - Vertical cracks - Slicken-
sides - Rusty patches,

40-80 cm Toxure : silty clay loam - Colour : 10 YR 3/1 very dark grey
Structure prismatic - Humidity : moist to wot - Verical
cracks (1/2 cm) slickensides - Rusty patchest

180-200 cm Texture : silty clay loam becoming gradually sandy loam -
Rusty patches

-205-

6. i d o or hic Soils

.o.3.1 type nr 61 - Colour : light blue

: profile nr MAL 20



A alytical result s/ prof il e nr MAL 20

Depth

(cm)

5-.15

40-60

150-180

Particle size distribut ion (%)
Lime

Organic
matter

(%)

Carbon

(Z.)

Nitrogen

(%)

P205
total
(PPm)

Moisture
capacity
at pF 2,5

Real

density

Exclangeabl cations (me/100 )

Humidity
at E.C.

saturation (moho-cm)

Saturation soluble extract



6.2 On a

MápRingi

e 'a s

soil type nr 62 - Colour : dark blue with ;c1 streaks

profile nr KK 319

Location near Filweha - Filweha plain - Aerial photo nr 2202, run 24

Microrelj depression

Drainage : poor

Natural vege'L on Phragmites Cyperaceae - Voti ria

- 207 -

Z

0 - 10 am : clay - Colour : 5 YR 41 blaek - Humidity : wet -
St1.-u-i massive - Consistence niastic, compact - Roots,

10 -130 am Tontu,-e clay - Colour : 5 TR 2/1 black - Humidity : verx'

uet - Pai,ches of hydromorehie iron) rust incolour - Struc-
ture z massive - ilithout consistence,

Pro deSerlp-;',jm



Analytical results/ profile or KK 319

Depth

(cm)

100-130

Particle size distribution (%)
Organic

matter

(%)

Carbon

(%)

10.2

P2°5
total

(PPm)

Moisture

capacity

at pF 2_5

(%)

Real

density

Depth

(cm)

400-130_

Exchangeabl cations /100 )

Ca Mg Na Na/T

36.4.

19.1

75,2

26.5

Humidity

at

a t uration

123

119.

E.C.

(mmho-cm)

18

2.0

Sa urion soluble ex r

5.6

(me 1)

0.9 57 91.5 1,3

11.6 0 7.0 2.0

0.64

2.00

1,0 231

,,,,,,,,,,,,

Co3 03HO Ca



6.3 On alkaline materi.

iMucin soil type nr 62 Colour : dark blue, red streaks

cription/ : profile nr MAL 4

ior Melka Sedi plain - aerial photo nr 1497, run 19

: light microrelief - Lowland

: flooded by Kadabilen hot spring

Water tabl- : 65 - 70 cm

Natu-- on : Thypas Cyperus

)tion

1 um Organic matter

15 cm : ture si].ty lo m - Colour 3.reyish black - Humidity
Corsistenoe sticky - Si,ructure : undeveloped - Shells

ts manN clecomposed - Layers of organic matter,
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15 - 25 cm Te:=1,ure : silty lo
HumidsV : very we
Decomposed roots,

25 - 50 cm Te::ture silty loam - Colour : grey - Humidity : very lqt -
3t7ucture : tendency to fine blocky - Many roots, some de-
composed,

50 - 65 cm Te::6ure sily loam,'gravels, spots of clay - Colour : grey

Hwuidil4 very wet - Some ,:oote,

below 65 cm : mixed basalt gravels, sand and loam

tt greyish black and discolored pat(qie
Structure : tendency to blocky -



a y ical result s/:, ftrofile nr MAL 4

Depth

(cm)

Exchangeabl cations (me 0 g)

Mg Na/T

42.0

27.2

53.2

50.0

76

54

Humidity

at E.C.

saturation ( mho-c

Sa uration soluble extrac

1

37

63

31

70

Particle size distribution (%)

pH
Lime

(Y.)

Organic

matter

(%)

Carbon

(%)

Nitrogen

(%)
C/N

P205

total

(PPm)<21
2-

2011

20-

50.1

50-

10011

100-

2001

204
2 mm

17 52
1

9.6 9.2 4.9 1.93 15 1.330

26

17

56

18

15

11 2E

1 9,6

9,5

11,0

16,0

1 ,

Moisture

capacity Real

at pF density

(%)
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B. SOILS ON 0 D ALLUITT AND COLLUVIA

Salino

/Map soil type nr 71 - Colour : green

Pci pt7 : profile nr HMA 53

Locati.:). Metara plain - Blue Nilo aerial photo nr 3882, run 1

plain - flat

latural vo otation very young aca.cia trees - Bermuda grass - very few
Youn3 Oapparis

Profi)- c dvtion

0 - 15 ow Te:!turo o silty loam - Colour 10 1b. 3/3 dark brown -
Humidity : moderately dry - Structure o granualr to fine
blocky - Consistence : friable - Fine roots - Vertical cracks;

15 - 40 cm TeLture : silty clay - Colour : 10 YR dark grayish brown -
Humidity : dry - Structure o blocky to prismatic - Consist-
erwe : hard - Vertical cracks - (about l-1 cm pide) roots -
Lime concreti.ons - Few basalt ,gravels - Porous.

40 - 60 am Te:vturo : silty clay - Colour : 10 YR 4/2 dark greyish 1-Jawn
Humidity : moist - Structure : blocky - Consistence
ly frjable - Limestone concretions - Very few basalt :els
Roots,

60 -100 cm Telture uilty clay - Colaur : 10 YR 3/3 drk brown -
humidity o moderately dry - Structure massive to coarse
blocky - Consistence : little more friable than above -
Limestone concretions - Roots,



Ana y ical result sA profile nr HMA 53

Depth

(cm)

Particle size distribution (%)

0.0

4.1

7.5

10.6

Organic

matter

(Z)

Carbon

(%)

Nitrogen

(%)

oisture

capacity

t pF 2,5

(%)

Real

density

a uration soluble extract

(me

47

12.0

--`11

2-

2011

20-

50p

50-

100p.

1 0 0 -

200p.

200p

2 mm

25 59 1 3

51 35. 7 2 2

..43, 42 6 2 5

Exchangeable cations e/100 g

Depth
Humidity

(cm) Mg at

sa uration

E.C.

(moto-c

O CO3H



213

7.2 Coarr: ure

soil type nr 72 Colour : green

iption : profile nr 1,14 31

ocation : Aleydegi plain Aerial photo nr 1201, run 18

Relief : flat

: subsidence cracks on the surface, 5 to 10 cm wide

Natual pastus land (gramineae)

0 5 Teturo : silty clay lo Colour : 10 YR 3/3 dark brown
Humidity : dry Structure : powdery Consistence : friable

5 20 cm To.7.turo : silty cloy loam Colour : JO YR 2/2 very d=k
Humidity s very dry Sbrucure : blocky CcnAist-

once : very hard. Vortical cracks wide),

20 60 am Te:7turc s clay Colour : 10 YR 2/2 very dark brouu
Humidi.y 3 very dry Structucpe oLaty Consistence : very
hard Vertical polycdral 30-40 cm wide and 30 am high
Slight accumulation of saccharoid sal t.

60 100 cm Tas uro clay to iiy clay Colour 10 YR 2/2 very dar!:
brow Humidity no- dry Structure s undevoloped Con-
sisonoc : very dark Gypsum at 1 m Slight accumulation
of gueyish uhito salt,

100 110 om Te=ture : silty clay loam - Colour s 10 YR 4/2 dark greyish
brown Humidii;y duy Consistence : very compact gypsum ,



Analytical results/: profile mr LID 31

Depth

(cm)

Particle size distribution (%)

PH

Lime

(7.)

Or g anic

matter

(%)

Carbon

(7.)

Nitrogen

(P C/N
P205
total

/

( ppo

Moisture

capacity

at pF 2..5

(74)

Real

density(..2

/1

2-

2011

20-

50 p

50-

100p.

100-

200p

204
2 mm

.... _04 .

10,20

. 29

36

,44 ,

41

12

9

. 4 , 4 7

3 4 7

8,8

9.2_

6.3

7.2

..8, 165,

. _ 40,50, . _42 .. 39 ..7 .3 ..........3....,, 6 9.4 6.0

100,118_ 18 . . 27 7 3. .5_ 20 7-9_ 5.5 . _ ...... ......

... .

Depth

(cm)

Exchangeabl cations (me/100 g) Saturation soluble extract

Ca Mg Na Na/T

Humidity

at

saturation

E.C.

(moho-cm)

Cl 304 CO3 CO3 H Ca Mg Na

(me/1)

0.5

0,50_

100-140..

48

_51.7

40.2

.31.6

5.5

5.4

0.84

0.65.

2.4

9.0

11.0

7.8

56 4.3

48.09.5

5D 22

39.619.7.

52

56

67

60

0.73

0.61

29 51.5, 4.3 5.8 0.2



7)-oun Soils and Vertisols on Ca of Rough Land

8.1 Ver -3 in the II !3o=

8.1 (7

Natm:al

;tix t 1 i' plain Blue Nilo aerial photo nr 3881, run 1

Relo: flat

3.00d

: some Capparis Gramineae n

215

soil type nr 811 Colour orange

Field desor-:i_ption profile nr Ue,

e description

0 1 cm Texture : silty loam Colour : 10 YR 5/2 greyish brown
Structure when dry becomes powdery Soft on the surface
(like mulch

1 10 cm Texture : silty loam Colour 10 YR 4/2 dark greyish broun
(when uet) aundity moderatoly dry Structure c fino
blocky to crumb Consistence : friable Fine uhito roots

10 30 cm Texture : silty loam to silty clay loam Colour : 10 YR 3/2
to 4/1 very dark Humidity : dry Structure : fine granu-
lar Consistence : friable Some vertical cracks Fine
roots.

30 60 cm Texture : clay Colour 10 YR 3/2 2/ very dark greyish
brown to very dark brown Humidity : dry Structure
bloo'.:y medium size (1-2 cm) tendency to platy Fine granu-
lar CoAsistence : little hard Vertical cracks, some roots,

60 100 cm Texture Foley to silty clay loam Colour : 10 YR 2/2 very
dark brown Bnmidity dry Structure z blocky (medium size)
tendency to platy Consistence : more compact than aboyo
Some sliokensides aoot3.

100-150 cm Texture : ola Colour : 10 YR 2/2 very dark broun
ty 0.17 Structure c medium size blocky Consistenoo
harder tb.an above Some vertic,-%1 cracks.

: fl e



21/ i cal. result s prof 11 e nr MIA 1

Depth

(cm)

8.6 5.0.

8,5 6.4

8.2 5 j

L i me

(X)

Organ i

matter'

(X)

Car bon

(X)

Ni tr og en

(X)

P205
total
(PPm)

Mi sture
capaci ty
a t pF 2..5

(X)

Real

density
211

2-
20 1

20-

50 1.1.

50-
10011 2001

Exchangeabl cations (me/100 )

200

2 mm

Humidi y
at

aturation

Satura t ion soluble extract

50.

60

83

0.55

9.48

1 44

4.3

.0-1 26 58

1 - 1 0 25 ,

71...

65

25

1

130.150. 59 33 ..1...



Natural

Profilc
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8.1 (2) Moderately deep on

: soil type nr 812 Colour orange

: profile nr MMS 350

Location : Melka Sedi plain Aerial photo nr 1736, run 21, limit of
the vertisols

Mic o'olief : tufts or grass

gramineae (local name : adaito), some Capparis

0 15 Teximr : silty clay lo: Colour : 2.5 Y 5/2 greyish brown
Rumiail4 : dry Structure : medium i ,c) sino blocky Con-
sistence : friable roots(

15 30 Texture : silty loam Colour 10 YR 3 1) own Humi-
dity : moderately dry Structure blocky tendency to pris-
matic platy) Concdsteneo haraer Ilan 0-15 cm Very
small limo concretions, fridble.

30 70 Texture : silty loam to loam Colour : 10 YR 4/2 dark grey-
ish brown Humidity moderately dry Consistence : slight-
ly hard, lime concretions at 50 cm lime crust friable).



rAnalytical results/ profile r MMS 350

Exchangeabl cations (me/100 g)

Ca Mg Na Na/T

Humidi y

at

saturat on

E.C.

(mmhocm)

Saturation soluble extract

CO

(me/1)

56

0.88

0.55

1.62.

1.08

Depth

(cm)

Particle size distribution (%)

R

Lime

(7.)

Organic

matter
(%)

Carbon
(%)

Ni
rooen C/N

,

PtOut5a1

( PPm)

Moisture

caPacItY
at pF 2,5

(%)

Real

density
il 20.t t 50 p. 100)2 20011 2 m

0-10 32 41 17._ 3 3 4 8.3 35

20-30_ 25 ,hO 19 2 2 4 8.2 5.2

60 -7G crust " 8.2 31.5 . ..



Profile d ion

- 219 -

8.1 (3) Moderately dee with basalt arav01 ,çnoral1y covered by
loain

: soil type nr 813 - Colour orange

5 cm Texi.uivo silty loam - Colour 10 YR 4 dark groyish browa
Humidity : dry to moderately dry - Structure medium blocky
to platy - Consistence : friable fine roots,

5 20 cm Tei:Lure ; silty lozal Lo silty cley loam - Colour : 10 YR 4/2
dark (.;reyish brown - Humidity : dry - Structuro : fine crumb
Consistence friable fino roots, come gravels,

20 - 50 cm Texture : silty clay Colour : 10 YR 3/3 - 2/2 dark brown
%o very dark brown - Eurniclaty : dry - Structure : medium
coarse blocky to srismatic - Consistence compact vertical
crackr; some basal% gravels at 20-30 cm, TO01,

50 -100 cm Textul'e ; silty olay Colour : 10 YR 3/3 - 2/2 dark brown
to very dark brown - Rumidity drz, - Structure medium size
blocky, tendency to platy - Consistenco : compact, some roots
and thin vertical cracks,

o

below 140 cm : te::ture z sank,-1i to silty loam - Colour z 10 YR 4/2
7reyish brolca,,

Colour : 10 YR 3/2

Meld desct. -tion : profile n 6

,Location z atehara plain - Blue Nilo aerial photo nr 3881, run 1

Relief : flat

Miororell. 7 : none

Drainage : good

N on : scattored gramineae in the microdepressions -
Some Cappatis

100-140 am Teaturc : silty 1 LS
dark brown

to silty clay lo *



Ana y i cal result s/ ; profil e or HItA 6

Depth

(cm) 2-

20p. 2001.1

Particle size distribution (%)
Lime

(W)

3.5

.2

6.9

Organic

matter

(W)

Carbon

(.)

Nitroge

(W)

2.8

P205
total

(PPm)

Moisture

capacity

at pF

(W)

Real

density

Depth

(co)

Exchangeab e cations e/100 g)

Humidity

at

saturation

E.C.

( mho-c

Saturation soiub1 extract

0 CO3H Ca

(me/1)

.0.65

1447

1484

0.54

143.8-

21 . -2- 4 6

40-50

90-10Q

46

41

,

43

3

8 1.

2

2 5

NaMgCa



8.2 Semi-aric brown soi
stono orus

-221-

aloaroous colluvia mateiial (with local lime-

soil type nr 82 - Colour : sepia

: profile nr MMS 314

ocatio.1 : Melka Sedi plain - Aerial photo nr 1738, run 21

Natul'al vegetation : very feu green acacias local name goronto), big
trees (local name s corsa), some bare spots with
gramineae tufts (local name: durfu)

Profile descri tioa

O - 25 cm Texture s sandy loam - Colour : 2.5 Y 5/2 greyish brown -
Humidity : dry - Structure : single grain - No consistence -
Fine roots

25 - 40 cm TeaLture : coarse sand - Colour : 2.5 Y 5/2 greyish brown
Humidity s moderately dry - Structure single grain - No
consistence - Limestone concretions, round shaped small
fine roots, gravels from 2 -o 1 cm.

40 - 90 cm Tel.turo si3t - Colour s 2.5 Y 6/2 light brow-nit:3h grey -
Humidity : dry - Structure powdery - Consistence : friable,
some Jimestone concretions - Not hard-

90 95 cm Limestone crust grayish T9hito - Dry - After 95 cm this
hori3on is powdery (like ash) without structure and consist-
ence The upper cart 15 hard, cemented by lime,



/Analytical results/ Oro-file Ar MMS 314

Exchangeabl cations e/100

Humidity

at

aturation

Satura ion soluble extract

45 4.2 .15.2

Depth

(cm)

Particle size distribution (%)

P

H Lime

(Z)

Organic
t

mat e'
(X)

Carbon

(70)

Nitrogen

(X)
C/N

P2°5
total

(PPm)

Moisture

capacity

at pF 2_5

(X)

Real

density<2 p.
2-

20p

20-

50i1

50-

100g

100-

200p

200p

2 mm

_ 0-10

60-70

90!..1H

_90.95

.

la.

29

.$1

18_

50

. 16_

15

,

21

. 2

8.4

.8.1.

.8.0_

3.1

.4.5

9.4_

47.0

0.80 447 ..

.



8.

223 -

m soils on colluvial or old ravJ.1,r 11J., .material

ciivi:).A South part of the Melka Sedi plain - Aerial photo nr 1956,
run 22

Relj: : summit of a hill

-rosion .ery marked

:72,tural ve; ,ation small gra,:c,s - Trees (Capparis)

deL_ .Aption

0 - 1 cm Small rounded gravel from 1 to 2 cm

1 - 10 am Grey3.ch brown lo Some rounded gravel - Numerous roots -
Dry

10 - 20 cm Transition horizon - Numerous roots.

20 - 50 cm grey loam - More roundea gravel from 1 to 4 cm fairly
Tie"aered - Numerous roots.

50 - 80 cm Darker brown ion - Less stones - Several calcareous con-
cretions - Numerous roots.

80 -100 cm Loam with a quantity of weathered gravel - White
streaks of limestoo - Few roots.

soil type nr 83 - Colour : seppia + ggg

ocx:ripolc, : profile nr MMS 65

100-120 cm Te::tu.ce se.ad to silty sand, - Colour ; (Debra brown to
yollouish brown - Incipient limestone cementation - Few roots.



/Anairtîca1 results/ : prof 11 e nr MMS 65

Depth

(cm)

Exchangeabl cations (me/100 )

Humidity

at

a tucation

E.C.

(moho-cm)

Saturation soluble extract

CI o

Depth

(cm)

Particle si ze distribution (%)

PH

Lime

(%)

Or gani c

matter

(%)

Carbon

(%)

Ni trogen

()
C/N

P 0 25

total

(PORI)

Moi sture

capaci ty

at pF 2.5

(%)

Real

density...2

11

2-

20p.

20-

50t
50-

100)/

100-

2001/

204
2 mm

. 30.0 1 :15_ _ 20 14. 20 30 9.7 3.9

400-500. 35.. _42 13_ _2 _2 6 B.6 . 10.2 _ . ..._ ...

_500,500 .11. 60 . 21 -3 2 3- 6.6 . 3.1

300 53 0,80 1.6 .3 9.9 2.7 .1.12 o.a 9.1

.400.5ao 70 9.9 76 38 O 17,6 1142-- 0.24 96

-.500-600 11.8. 5.4 234 o 2,5 22.6 5,8 - 0.3 2 06 -

Na/TNgCa Na
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8.4 Sei NO 0 on vol Tebrio

type nr 84 - Colour sepia *1th violet streaks

pield profile nr MMH 26

ILJoation :: tehara plain - Near an old bed of the Awash

Relief : flat

Natural ve etation gramineae (local name : durfu)

Profile .-7scri tion

0 - 10 Texture : loam to sandy lo n Colour : 10 YR 5/4 yellouish,
brown - Humidity : moderately dry - Structure platy,

meclium 31502 no t ao devoloped - Consistence oliGhtly
friable - Gravels (size 3 about 5 cm) of basalt and pumiea
stono

10 - 45 cm Texture : fine sand mixed with G:2avela (about 5 of
DUldi00 atone - Colour t 10 YR 6/4 light yellouish brobu -
Humidity n dry - Structure powdery - Tio consistence fine

roots.

45 - 80 cm Te::turo sauay loam - Colour 10 YR 6/4 light yellowish

broun - Rumidi'6y : dry - Tho same ci,ructure and conDistenoo
as 10-45 cm - !loro Gravel and mimic:a stone larger then

10-45 cm.

80 -120 cm Pumice stone an: ls.



Analytical z.esults/: profile nr MMH 25

Particle size distributi-on (%)

1
0,80

Exchangeable cations (me/100 g)

Mg Na Na/T

Huonidity

at

saturation

Saturation soluble extract

Depth Lime

2- 20- 50- 100- 200p(cm)
pH

(70)

20n 50p 10011 200p 2 mm

0-10 1 25 12. 9 13 30 8.3 0.24

... .2k...... 2 51 8,7 1.34

Organic

matter

(%)

Carbon

(%)

Nitrogen

(%)
C/N

P2°5
total

(PPm)

Moisture

capacity

at pF 2,5

(Z)

Real

density

. ,, ...



O- 51

5 20 cm
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9. Regosols Resulting From Erosion

9.1 On soft alluvial and colluvial materi,?_. ,

soil type nr 91 Colour ; pink

: profile nr MMS 16

cation East Melka Sedi plain Aerial photo nr 1664, run 20

slope more than 5 %

Microrelief : wavy

nIur21_22getation : small acacia tre Gramineae (local durfu)

Oappal.is trees, TDure land

Profile esoTiption

Texture : silty loam Colour 2 10
Humidity : dry Structure orumb
friablo, many roots

Texture : silty loam Colour 10
to brown Humidity dry Struct
si3tence : vory friablo Mawr roo
05.3e

YR 6/2 light brownish grey
Consistence : very

YR 5/2 5/3 Greyish browu
uxo : fine blocky Gou-
ts Small gravels of 1 mm

20 45 cm Texture : loam Colour i 10 YR 6/3 palo brown Other
characteristic H 's 5-20 cm

45 60 cm Mi-,:cd layare similox to layer 5-20 cm and layer 20-45
friable without structuro.

60 80 cm Texture loamy sand to loam Colour 10 YR 6/3 6/4 pale
brown to light yellovish brown Humidity : dry Consistenco:
friable Without otructure 2 tendency to powdery Roots,



Analytical results : prof il e nr MMS 16

Organic

matter

(%)

Real

density

Depth

(cm)

Exchangeabl cations (me/100 g)

Humidity

at

aturation

E.C.

mho-c )

uration soluble extrac

(me 1)

0-5 54 0,79 0,37

10-20 38 0.45 0,47

30- 40 34 0.44 1,03

75-80. .34 0.41 . 460.

SO4 O CO3 H CaCa Mg K Na Na/T



45-70

70 -100

100 cm Ve-ry gravelly (gra
lime)
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9.2 On gravel and colluvi ; (,)

4pe nr 92 Jo1eur : pink

profile nr MMS 349

Location Melka Sedi plain Aerial photo nr 1736, run 21

Relief : slight elope

Natural ve etation : some Capparis, some gr ineao

rofile description

18 cm Texture : loam Colour : 10 YR 4/2 dark greyish brown
Humidity a dry Structure : blocky undeveloped to single
grain Consistence friable Basalt gravel 1-2 cm Roos

18 45 cm Texture loaM Colour ; 10 YR 4/2 dark greyish brown Hu-
midity : moderately dry Structure ; blocky undeveloped
Conejstence : more compact than 0-18 cm More Gravelly than
0-18 cm rounded gravels Some Nery small limestone oon-
cretjons.

Temture : loam Colour ; 10 YR 5/1 brown Humidity : mode-
rately dry Structure s blockT undeveloped The same con
sir-Armco as 18-45 cm More Gravelly and gravels bigger tban
18-45 cm Some lime coneretions.

Textura sandy Colour 10 YR 5/4 yellowish brown
: moderately dry ,Struoture single grain Consis-

once : bazd OraTelly,

1 from 1 to 2 cm each, covered by white



Analytical results/ : Profile or MMS 349

Moisture

capacity

at pF

(%)

Real

density

.... _

40.50 42

Depth

(cm)

Particle size distribution (%)

pH
Lime

(%)

Organic

matter

(%)

Carbon Nitrogen

(Z)
C/N

1)205

total

(PPm)

2-

20p.

20-

501
50-

10011

100-

200.1

20011

2 mm

0-10

40,50

10

20

.15

25

15

..1.3...

5.

6

11 33

29

8.5

3,4

5.5. 0.15

Depth

(cm)

Exchangeabl cations (me/100 g) Sa ura ion soluble extract

Ca Mg Na Na/T

Humidity

at

aturation

E.C.

(mmho-c

SO4 O CO3H

(me 1)

Mg a



9.3. On basal'

apping

- 231. -

ol llu 'al material

2CJ:_ type nr 93 - Colour : pink

profile nr MMH 16

Locati. Metehara plain - Blue Nile aerial photo nr 1470, run 2

Reli : river cone with a medium slope

Microrelief clearly defined channels

: good - fairly moist zone

i-tur i vegetation : green acacias - Several large acacias - Tufts of
green gramineae

Profile description

0 - 10 cm Texture : sandy loam - Colour : 20 TU 5/2 greyish broun -
HumicUty : dry - Structure blocky tendency to platy -
ConsirLence : friable - Roots, basalt gravels,

10 - 35 cm Texture ; sandy loam - Colour : 10 YR 5/3 brown - Humidity
dry - Structure : blocky - Consiotenco : slightly hard -
Basalic gravels 1 cm - Roo ts - Porous.

35 -100 GM Te=tui..e : loam - Colour : 10 YR 5/3 brc, Humidity dry -
Structure blocky - Consistence : EOZ J ';ly hard - Not very
porous - Pumice grave) s

100-140 cm Te::tu.vo : sandy loam o sand - Colour : 10 YR 5/3 brown -
RumicUty t moderately dry - Structure blooky

1,27-elJ cri tion



Ana1ytiea1 results/ profile ar MMH 1 i

Particle size distribution (%)

PH

Organic

matter

(X)

Carbon

(X)

Nitrogen

(X)
C/N

P205

total

(PPm)

Moisture

capacity

at pF

(X)

Real

density

Depth

(cm)

0-10

im Mg

)

28

20

0.55

2.3

_1443.

2.0...

Saturation soluble extract

Hu idity

at E.C. o 0 CO3H

sa uration (mmho-cm)
(m

00g)Exchangeable cations (me/



(0,
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9.4 On soft pumice

LarPT)1 : soil type .or 94 Colou3: : pink

cld des : profile nr MMH 3

(Dation dotehara plain - Aerial photo nr 2196, run 24 - near the

Relief : flat

o ion : in sheets

Natura:L vi tien : groves of small acacias, occasional largo acacias,
patches of gramineae (pasture), several Capparis

file do ption

Texture : loamy sand - Colour : 10 YR 5/2 - 6/3 grayish brown
to pale brown - HumidiV dry - Structure : granular to pow-
dery - Consistence : friable - Some roots.

1 - 25 cm To::ture : silty loam - Colour : 10 YR 5/2 - 6/3 grayish browr
to pale brown - Humidity : dry to moderately dry - Structure:
crumb undeveloped - Consistence friable - Some roots

25 - 80 cm Toitura 1 silty clay loam - Colour LO YE 4/2 dan: grayish 4

brown - humidity s dry to modero tely dry - Structure s granu-
lar - Consistonce g very friable - Fragments of pumice stone7
roots,

80 - 120 i To:zture silty loam - Colour s 10 YR 5/2 grey! oh brown -
Humidity s dry to moderately dry - Structure : granular to
sumb - Consistence s very friable - Tendency to powdery -
noro fragments of puAice stone - Roote



/Analytical results/: profile tir MMH 3

-

Depth

(cm)

Exchangeabl cations (me/100 )

Na Na/T

0.3

. 0.0

37.4

40.0_

A-0.0

Humidity

at

saturation

47

3

E.C.

(mmho-cm)

0.55

0.24

0.26

Saturation soluble extract

2,51 1,5 9.2

Depth

(cm)

Particl e si ze di str i but i on (%)

Ph

Lime

(X)

Org an c

matter

(%)

Carbon

Y.)

Ni trogen

()
C/N

P205
total

( 1)Pm)

Moisture

capacity

at pF 2 5
-

(%)

Real

density
,..:2

11

2-

20p

20-

50 p

50-

100p.

100-

200p

200p

2 m m

0-10

30-40 _ .

81.100

17

. 31 .

-24

_40

45

16_

15

1

z

1,

7

-8

1,1

80 20

2.22 1036

- 540.

36 244

37.8 31.4 2.9 . 3.2

39.2 33,3 2.5 3.0

MgCa SO4 CO3 CO3HCl Mg NaCa



/Mapping/ : soil type nr 10 - Colour : sepia with black streaks

Aleld driptkon profile nr GGW J.

Location : NcHY1 of Gewani - Aerial photo nr 9993, run 15

Relief hills (like badlands)

defined

none

Profil ( Jeri tion

0 - 2 m irey marl - Silty clay lo

at 2 m Crust with slight iron and basalt gravel

2 - 4 m salino marl

at 4 in tUah marl crusted

4 - 6 m Eigo silt, limestone very salino

- 235 -

10. and jAle Soils



.Arrialytical result s/ : prof il e r GGW I

Particle size distribution (%)
Organic

matter

()

P2°5
total

(PPm)

Moisture

capacity

a t pF 2,5

(7.)

Real

density

Depth

(cm)

Exchangeabl cations (me/100 ) Saturation soluble extract

Ca Mg K Na T Na/T

Humidity

at

a uration

E.C.

(mmho-cm)

Cl
4

SO CO CO3H Ca M

(me/1)

U.0,400

...i.foo,bao.

. . , ..

52

21,5

101_

32_5.

701

_385

850

.0

. 26 P

20.8

_52,5

1.. 0

_0.3..

0.5

4).1_

0.2_

..... ,

....0.8....1530.._

425.

_._ .



soil type nr 11 - Cólour red

: profile nr KK 323

Location : Kesem-Kebena plain - Aerial photo nr 2204, run 24

Microrlir: stony hilloaks bordering lower zones

tural ve ,ation : Vetiveria usually in the microdepressions - Some gramineae

0 - 3 cm rA)xture : sandy loam - Colour : 2.5 Y 5/2 greyish broun - ilumjditp

dry - Structure : play - Consistence hard - Ubite sail efflore-
sconces,

- 20 am Te.7:turo silty loam - Colour 10 YR 4/2 dark greyish brown -
Humidity : moist - Structure : single grain - Consistence :.hard -
Some ga:a. rel s

20 - 60 cm To::ture : sand (coarse) - Colour 2.5 Y 3/2 very dark greyish
7.)roun - lumidity : moist - Nithout consistence,
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11. 91ine Soils



7-S71---18.1ytica1 results/ prof il e oar KK 323

Exchangeabl cations (me/100 )

Ca Mg Na Na!

umidity

at

turat ion

Depth

(cm)

Particle size distribution (%)
Lime

7.'
i

Organic
, ,

Iti tIer
(%)

Carbon Ni trogen ,,,

'4'1

P2 u5

,

t °tall

(Pim)

Mai store

ca-pacity

at pF 2.5
(7..)

Real

den ' y

/1 20p. 50 11 100A 200p 2 mm

0-3

3-10

50-60

19

11

16

40

10

19

6

6

11

9

38

15

10.0

10.5

10.3

2.9

7.7

0.80

0.80 1.47

Sa tu on soluble extrac

E.C. O 0 CO3 Ca

e

231

80

6.6

4000

32.4 9.0 8.0 14.2 0.8 0.26 0.14

7250

1280

75

20

28



12. Saline Allu

Field desc

Natura on

239-

soil type nr 12 - Colour : grey

tion: profile nr KAW 22

Location : Kesem-Kebena plain - Aerial photo nr 2201, run 24

Microrelief : rounded hillocks

gramineae, Hyparrhenia - very sparse

Profile description

0 - 3 cm Salty calcareous crust - Colour : whitish - Texture : silty loam -

Humidity : dry

3 - 5 cm Texture : silty loam - Colour : grey - Humidity : moderately dry -

Without structure - Consistence : friable

5 - 10 am Texture : loam to silty loam - Colour : ochre - Humidity : mode-

rately dry to moist - Structure : single grain - Many roots.

10 - 70 cm Texture : silty loam - Colour : 10 YR 4/2 dark greyish brown -

70 - 80 am

Humidity

Texture :

: moist - Structure

silty loam - Colour

: massive - Porous - Many roots,

: 10 YR 4/2 dark greyish brown -
Humidity : moist - Structure : massive - Some patches of hydro-
morphic iron

80 -120 cm Texture : sandy loam - Colour : 7.5 YR 4/2 brown to dark brown -
Humidity : moist - Structure : massive.



Analytical results/ profile nr KAH 22

Exchangeabl cations (me/100 )

32.0 50 54

Hu idity

at

saturation

Saturation soluble extract

Depth

(cm)

Particle size distribution (%)

pH
Lime

M
Organic

matter
(%)

Carbon

(%)

Nitrogen

M C/N

P205

total
(ppm)

Moisture

capacity

at pF 15

(%)

Real

density
2

11

2-

2011

20-

50p

50-

1041

100-

200p

200 p

2 mm

0-3

10-20.

47..8P

21

25

19
.

1

19

_15

24

-, 10.2

10.2

9.7

8.5

4.7

g

0.52

0.25
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APPENDIX 4.

ELECTEDP PROFILES TAKEN ON THE LOWER PLAINS

A. SOILS ON RECEP.0 -

1. Alluvial Sells o (:alcareous De °sits Wit:..

1.1 Medium to -od r-'cely fine

OW

e ed Textures

1.1 (1) Suben to seasonal - ts floods

: Soil type nr 111 - Colove

: profile nr TMT 53

: left bank in the Dubti area, near the Boyale channel

Mic"eiief: hummocky, hillocks of vegetation, small defluents

: inundated during the Awash floods

Erosion : accumulation of silt during the floods

ural ver7st!)tion Cynodum Paspalum Sporobolus - Cyperus

filo c aim
0 - 12 cii Toz:ture : Silt - Colou: z 10 YU 4/2 dark greyish brown -

Humidity 3 dry - Strueure : undeveloped, platy to granular -
Consistence : hard - Roots - Rusty patches on the surface of
the aggregates.

12 - 24 cm Te:7ture : silty loam - Colour t 10 YR 3/2 very dark greyish
broun Humidity 3 moderately dry - Structure : coarse
ccumby - Tendency to plaLy - Consistence : slightly friable -
Vertical cradke.

24 - 60 cm Tezture loam - Colour : 2.5 Y 5/2 greyish brawn - Humidity:
moderately dry - Structure : thin vertical cracks9 tendency
to platy - Consistence : friable - Many roots - Very porous.

60 - 70 cm Telture : silty loam - Colour : 10 YR 2/2 very dark brown -
Humidity : moderately dry - Structure : tendency subangular
blocky with loam in the craclzo - Consistence : friable -
Many roots.

70 -100 cm Texture : loam to Bandy loam - Colour z 10 YR 6/4 light
yellowish brown - Humidity I moderately dry - Structure t
tandenoy to platy - Consistence : friable - Porous - OAO thin
Jayer of silty loam (similar to 60-70 cm) from 85-90 cm.

100 cm Texture : silty loam - Colour : 10 YR 3/3 dark brown - Humi-
dity : moderately dry to moist - Structure : massive - Very
for roots.



/1TT-tiytica1 result s / : prof ile nr IT 3

Depth

(cm)

0-10

10-20

50-60

120-140

Exchangeabl e cat ions (me/100 g)

Ca Mg Na Na/T

57.1 45.4 8.5 1.4

Humidity

at

saturation

E.C.

(mmho-c

Satura t ion soluble extrac

(me/

77

69

54

69

1.21

0.90

0.85

0.94

2.5 4.2 o 2.5

Depth

(cm)

Par t i cl e si ze di stri but i on (%)

PR

Lime

(Z)

Organic

mar
(%)

Carbon

(Z.)

Ni trogen

(70)
C/N

,

P2u5

total

(PPm)

Ni sture

capaci ty

-
(%)at

pF 2 5

Real

densi ty,:..2

r-

2-

20 p.

20-

50 p

50-

100p

100-

20011

200 p

2 mm

0-10

10-20

50-60

120-140
... . _ ..

11

14

67

54

18
.

25

41

7 %

8.2

7.9

8.1

8.6

5.0

6.6

7.5

6.6

2.0

1.1 0.59 11

_ ...

Cl o O CO3I-1

4 5,0
1.8

2.6

59

83.5

3

3
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1.1 (2) Zone of driedup channels mi.crorelief of holes and channels 5

medium salinity

, oriDtlon : profile nr DRD 37

Location : rir_;ht bank in the Dit Bahri area Aerial photo nr 066, run 6

Relief : flat

: holes and channels Tufts of grass

: good

ation : perennial grasses (gramineae), tufts of grass, some
acacia trees

Profile :

0 5 Texture : silty clay Colour : 10 YR 3 dark brown Humi-
dity : dry Structure : granular Cons nee : friable
Organic matter Roots,

5 10 cm Texture : silty clay Colour 10 YR 3/3 dark brown Humi-
dity : dry Structure : blocky Consistence : hard Dry
Cyperus bulbs Roots,

10 20 cm Transition layer,

20 100 cm Texture : silty olay loam Colour : 10 YR 4/3 Brown to
dark broan Humidiiy : moderately dry o moist Structure
massive, tendency to blocky Consistence : very hard Some
roots Porous, wilita spots of limep

100-120 cm Texture : sandy loam Humidity : moist Structure : single
grain Consistence : friable Spots of hydromorphic iron,

100-130 cm Texture : medium to fine sand Colour greyish,

a* : Soil type nr 112 Colour yellow



/171Tlytical results/ : profile nr 1:),:.D 37

Depth

(cm)

Parti cl e si ze di stri but i on (%)

PH

Lime

(70)

Orgac
matte '

)

Carbon

(%)

Ni trogen

(%

P205
total

(PPm)

Moi sture

capaci ty

at pF 2.5

(%)

Real

density..2

-- 11

2-

20p.

20-

50 Lt

50-

10011

100-

20011

200

2 m

0-10

30-40

90-100

51

29

31

41

45

45

7

18.6
17

2

4

1

1

1

1

7.8

8.6

8.6

4.3

4.3

5.5

3.7 i.]

Dep th

(cm)

Exchangeabl e cat ions (me/100 ) Saturation soluble extr3ct

Ca Mg K Na 7 Na/T

Humidi ty

at

saturation

E.C.

( mho-c )

Cl

4

SO CO CO H Ca Mg

(me 1)

0,10

30-40

90-100

,

73.1

52.5

53.6

42.2

15.6

5.3,

1.68

0.93

2.2

3. 49

84.3

55.8

2.6

5.1

75

55

62

3.3

1.37

1.93

9.4

2.8

0.48

0.19

6.4

7.

'15,3



1.1 (3) '2;oci.c.: _of da.nlodz-up, clam

LIE : Soil type nr 112 S - Colour yellow

Fic*J description : profile nr AAS 62

Lan0

*tit

Asayita delta - Aerial photo nr 971, run 2

close to overhanging river bank

'ef

Capparis and dead Capparis - Penisetum - Ricinus
near the ubannel

culti

-25-

land (corn and cotton

Profile description

0 - 10 cm Teturc silty loan - Colour : 10 YR 5/2 -7-74-b '').7o7m -
Bumiditcy : dry - Structure : platy - Con ne :

10 - 60 cm ToL:urci 3 layers of silty clay and silty clay loan and ulay -
Colour 10 YR 4/2 dark greyish brown - Structure blocky
to subangular blocky - Efflorescence° on the surfaces of the
agretoo.

T,3.7:ture : layes of silty loam and sily clay loan - Colour
2.5 / 5/2 greyish brown - Humidity moderately dry.

90 - 130 : silty clay lo to silty lo - Colour : 10 YR 4/2
ish brown.

of holes and channels ;



Particle size distribution (%)
Organic

matter

(%)

P205
total

(PPm)

nr AAS 52

246

Exchangeabl cations (me/100 g) Saturation soluble extract

Ca Mg Na Na/T

Humidity

at

saturation

E.C.

hoc

Cl O 03 CO3H Ca Mg

(me/

1,32 3.1 5.8 O 3.5 5,2 1,5 .Q.13

66 15.4 36 16.2 O 119_ 1.82 35

62 3,8 6.0 7,3 o 1.8L 14.2 ._0.30 13.7

..

Ana Y cal results



1.2 Moderately fine to fine texture, occasionally alkaline at deeper levels;
strongizmarked microreliof

247

F:Ipping/ : Soil type nr 121 Colour yellow

: profile nr TMT 51

Locatio : leA bank in the Dubti area

d microrelief : zone of old channels, wavy Large grass tufts

Natural vegetation : green gramineae

Land use : pasture land

Profile descri tion

0 5 am Tezture : silty clay loan Colour : 10 5/2 ;reyish brown
umidity : dry Structure : undevelopee, N-;ates with

tendency to subangular blocky when dry ' tense : hard
Vertical cracks Roots.

60 70 cm Tezture : silty clay loan Colour : 10 YR 6/4 light yellowish
brown.

70 110 cm Texture : mized layers of silty clay and silty loam Colour:
10 YR 2/2 very dark brown.

110 140 cm Thin layers of sand and loam,

140 cm Texture : clay Colour : 10 YR 3/3 dark brown Consistence:
bard.

1.2 (1) Subl , to seasonal e,ter):ogging during floods_



Analytical results/ prf ile MIT 5 1

Depth

(cm)

Particle si ze distribution (%)

PH

Lime

(%)

Organic

mat ter

)

Carbon Ni ftogen
C/N

P205
total

(PPm)

Moi sture

caPcitY
at pF 2,5

(Z)

Real

density<2 2-

20p.

20-

50 p

50-

100p.

100-

2001.1

200y

2 mm

0.5

40-50

120-40

28

32

,3.5,2O6,1
14

10

1

4 1

9.3

8.4

8.4

7.0

7.0

7.5

1.03

0.94

0.60

0.56

0.52

0.24

12

23

1775

1600

Deplh

(cm)

Exchangeabl cations (me/100 B) Saturation soluble extrac

Ca Mg K Na T Na/T

Humidity

at

saturatio

E.C.

( mho-cm)

Cl
4

50
3

CO C

(me/ i)

55.6

73.1

45.2

50.7

7.4

17.5

1.81

1.75

2.16

3.15

4.70

61.8

72.6

57.6

3.5

4.3

8.2

55

72

76

1.18

0,37

1.23

4.8

1.2

1.8

3.6

0.5

0

0

3.8

3.3

6.0

1.6

6.0

0.8

0.3

0.1

44

2.5

..
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1.2 (2) & cl dried-up channels

: Soil 4pe nr 122 - Colour yellow

profile nr DRD 125

Location Dit Bahri area - Aerial photo nr 0877, run 5

Relief : slight depression

MiG0-,2 f : holes, some channels

Natural ve etatipp Paspalum - Other gramineae - Few acacias

Land use : pasture land

Profile decori tion

0 - 15 cm Texture : silty clay - Colour : 10 YR 3/2 very dark greyish
brown - Humidity : dry - Structure : fine blocky uell
oped - Consistence : friable - Roots.

15 - 45 cm Texture : silty clay - Colour 10 YR 4/2 dark greyish broun -
Humidity dry - Structure : blocky and platy, medium size
(1-2 cm) well developed - Consistence : friable some vertical
craCks - Some lime concretions - Roots.

45 130 cm Tezture : silty clay - Colour : 10 YR 3/2 - Humidity : fres
from 50 cm - Structure : platy medium size well developed -
Consistence : more compact than 15-45 cm Roots - Uhite de-
posits of lime - Many hole- of roots.



Analytical results/ : prof ila nr 1)]) 125

Humidity

at

saturation

Sa u a ion soluble extract

Depth

(cm)

Particle size distribution (%)

r
mH

eLime

(7.)

Organic

matter

(%)

Carbon Nitrogen

,

2 u5

total

(PPm)

Moisture

capacity

at pF 25

(%)

Real

density.c.2

il

2-
20p

20-

50p
50-

100g

100-

200p

204
2 mm

. 0-10 57 37 17 6 2 1

,

8.3 5.9 1,25 0.72 0,70 10

40-50 45 31_ _ ...19 4 1 8.8 6.4 0.70 0.41

120-130 49 35 12 4 8,8 6,4

_ ,



e:tture and colour

/Mapping/ : Soil type nr 13 - Colour yellow

Field dosor5.stion/ t profile nr DRD 123 - Taken just after a flood
(June 1963)

Location Dit area - Aerial photo nr 0878, run 5

flat

rorelief : light with some tufts of grass and channels

irie good

ile description

0 5 Te:cture clay - Colour 10 YR 4/1 dark grey - Humidity : dry
Structure : platy to fine granular or subangular blocky -
Consistonce : friable -LIud craCks.

5 15 cm Yezture clay to silty clay - Colour 10 YR 3/1 very dark
grey -iu.dity: dry - Structure : medium blocky (3-Li cm
Oonsistenc : more compact than 0-5 cm - Organic mattor -
Roots.

15 45 cm TeT,ture : silty clay loam - Colour : 10 YR 5/2 greyiah brown
when dry - 10 YR 4/2 dark greyish brown when moist - Struc-
ture : prismatic bo polyhedric coarse ( 5 cm ) Poroue -
Consietonce ; compact, vertical cracks, roots - Lime con-
cretions (1 mm) friable - Humidity : dry.

45 90 cm Te=ture ; silty lo.0 - Colour : 10 YR 5/2 greyish when dry,
and 10 YR 4/2 dark greyish brown when moist - Structure
medium bloCky to platy - Porous - Less compact than 15-45 cm
Block lime concretions - Friable - Humidity : dry.

90 -140 cm Toature : loam - Colour : 10 YR 4/3 brown - Humidity : mode-
fately dry.

-251-

1.3 Noderatelv fine -,o fine o moderately doen on horiono of v riab.
zono of dried-u channo.



Äiyticai results/ : profil nr DAI 123

Depth

( ca)

Particle size distribution (Z

PP

p.

Lime
(701

'

Organic

ma i ter

(%)

Carbon
(7°)

'

Ni trogen

(%)
C/N

P205

total
(pp(1)

'

M o i s t u r e

capaci ty

at pF 2..5

(%)

Real

densi ty2 2- 20-

50 p.

50-

100p,

100-

200 p

200k

2

0-1`,..

30-40

120-140

59

34

23

27

42

25

13

14

25

1

5

19

3

7

2

1

7.8

8.3

9.1

1.1

6.2

6.2

3.0

0.65

1.70

0.39

1.19

.

Dep th

(cm)

Exchangeabl cat ions (me/100 g) Saturat ion sol uble extract

Ca Mg K Na T Na/T

Humidi ty

at

saturation

E.C.

(mmho-c )

SO4 CO CO3H Mg

( /1)

Q-10

0-4C

120-140

68.1

49.2

57.6

40.8

7.Q

5.6

1,74

0.91

1.74

1.85

71.4

50.8

2.3

3.6 51

50

7k.,.185

1.20

1.20

4.2

5.3

0.54

0.18

3.9

3.95

9.6



2. 1..so1e on Calcareous Mate- as

2.1 Fine structure ggimicrorelicf

g Soil type nr 21 Colour Brown

profile nr DRD 13

Locat on Dit Bahri area Aerial photo nr 920, run 4

Relief: flat

Micro' : end of the zone of channe1s Fringed by fairly wide shrin-
ke cracks, and, between channels, surface mulch.

253

n : sparse tufts of dry Vetiveria Gramineae, typo
Cynodon Several raro zreen Cyperaceao alongside
the channets Sparse niorny acacias.

Profile description

0 1 cm Texture : silty clay loam to silty clay Colour : 10 YR 2/2 -

very dark brown Humidity : dry Structure : subangular
blocky to coarse granular Consistence z slightly friable
many roots, organic matter.

1 10 cm Texture : silty clay Colour 10 YR 2/2 very dark brown
Humidity : dry Structure : crumb Consistence g slightly
friable Many roots.

10 18 cm Temturo g silty clay Colour 10 YR 2/2 very dark brown
Humidity : moderately dry Structure blocky to subangular
blocky Many roots Consistence : less friable than 1-10 cm

18 60 cm Temture allty clay Colour g 10 YR 3/1 very dark grey
Humiaity z moderately dry Structure g prismatic, tendency
to platy Consistence z compact Roots Some limo con-
cretions (0.5 lmm) When crushed by fingers, the structure
appears subangular blocky Vertical cracks.

60 130 cm TeIture : heavy clay Colour 10 YR 3/3 dark brown Humi-
dity moderately dry to moist Cracks.



/Analytical results :)r,z'fil'3 nr P;') 13

Depth

(cm)

Particle si ze distri bul ion (%)
Lime

(Y.)

Organic

mat ter

(%)

Carbon

(7.)

Ni trogen

(%)

col P 0{20t5a1

(ppm)

)

Moisture

capacity

at pF 2.5

(%)

Rea)

density2

11

2-

20g

20-

50 ti

50-

100g

100-

200g

200 g

2 cm

040

30-43

50-12,

32

55

51

33

28

3.L
12

9

3

1

2

5,3

5.7

5.9

13.3

1.02

7.9

0.53

5.7

3.42

Exchangeabl e cations (fle/100 g) Satura t i on soluble extract

Depth
Hum idi y

(cc)
Mg K Na T Nan. at

saturat on

E.C.

(mmho-cm)

SO4 CO3 CO3H Ca Mg III
( / )

L-10 2.1 7`.)..2 39 1.55 2.:

C[..-4 2. ,''.0.0 31 6.53 0.72 . 0 P. 3

1C0-12 2 8 2I ..52 37 3.7 _ . 3 I I
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2.2 Coarse struoturo alkaline soi s sub.sot to floodi

; Soil type nr 22 Colour brown

I descri tic/ : profile nr DRD 107

cOfl: in t116 Dit Bahri area Aerial photo nr 952, run 3

:ier: flat

iirorelief: ¡];ra3s tufts (25-30 height), vertical cracks on the sur-

10,09 (10 cm uic1) the prisms have 1 m side.

nd use : pasture land (50 % of the surface is covered with grasses

vegetation, : perennial lineae Paspalum Panicum Some

Cypera - bulbs.

Profile des( .iption

0 i orn To::-Gure : silty slay Colour : 10 YR 5/2 4/2 groyish brown

dark ,;reyish brami Humidity : dry Structure 2 ,2;ranIllar.

50 cm Texture : silty clay Colour 10 YR 5/1 grey Humidity
dry Structure : coarse prismatic, tendency platy Con-

C1Q011C0 ; very, very hard Some small lime concretions
Vertical cracks ( 5 cm). The prisms are 5 cm wide.

50 120 am Texture : silty alas" Colour : 10 YR 4/2 dark greyish brown
Humidity : moderatoJ4 dçr Consistence : hard.



/Analytical results/ : profil r DD 107

Exchangeabl cations (me/100 )

Ca Mg Na Na/T

u idity

al

aturation

E.C.

(mmho-c

Saturation soluble extract

o

Depth

(cm)

Particle size distribution (%)

PP

Lime

(Y.)

Organic

matter

(%)

Carbon Nitrogen r,..

L/N

P .2°5

total
(ppml

I

Moisture

capacity

al pF 2.5

(7.)

Real

densi y<4 2-

20v

20-

50 p

50-

10011

100-

200p.

200p

2 non

.. 10,1

1-10

50,110

30

47

.50

32

... .
33

.. .

4

_14

17
..

12

4

3

4

8.7

8.9

8.0

6.2

0.2

5.8

0,9

0.7

0.53

0.41 0.2120

5.5

8.0

)7.4

59.2

9.6

13.5
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3. EVArcirlor 01].0 oil s D ,alcareous Materials

3.1 Soilc rich in humus ub'e o tern o ooding

/Mapping/ : Soil type nr 31 - Colour light blue

: profile nr DRD 27

on : Dit Bahri area, near the Isa branch of Awash river - Aerial
photo nr 956, run 3.

Relie-F" microrelief : flat

Drain : bad - Poor - Water table near the surface : 35 cm

: Gramineae Cyperaceae - Green acacias.

e descri tion

0 - 2 cm Organic matter slightly or not at all decomposed.

2 - 15 cm Texture : silty clay loan - Colour : 10 YR 3/2 Tory dark
greyish brown - Humidity : sodden - Structure : fine granular
Consistence : plastic.

15 - 23 cm Texture : silty clay loam to silty loam - Colour 10 YR 3/
very dark greyish brown - Humidity : sodden - Structure
less developed than 2-15 cm - Consistence : less plastic
than above layer.

25 - 60 cm Texture : silty clay loam - Colour : 10 YR 3/3 dark brown -
Humidity : sodden - Structure : fine subangular blocky -
Consiotence : plastic - Greyish black spots (hydromorphic
layer)

60 -100 cm Texture : silty loam - Colour : 10 YR 3/3 dark brown - Humi-
dity : sodden - Hydromorphic layer - Consistence : plastic.

100-120 cm Texture : clay - Colour : 10 YR 3/4 dark yellowish brown -
Humidity : sodden - Consistence : very plastic.



aiiticai results/
: 3r file nr D3.D 27

Depth

(cm)

Particle size distribution (%)

PK

i Lime
(y)

organic

mak ,er

(%)

Carbon
(y)

Nitrogen

()
C/N

P205

total

( PPm)

Moisture

capacity

at pF 2_5

(%)

Real

density2-

2011

20-

5O ii

50-

1001i

100-

20011

200p

2 mm

--

.. 0-10

33-43

100-,120

36

35

32

50

47

34

8.5

8.7

8.8

1.1

7.5

6.5

2.1 1.23 1.12 11

Depth

(cm)

Exchangeable cations (me/100 g) Saturation soluble extract

Ca Mg K Na T Na/T

Humidity

at E.C. Cl SO CO CO H Ca M3

saturation (mmho-c ) (me/1)

C-10

35-45

58

59

0,75

0.40

...,. ,

.100-122
. . ..

3.30 72.4 4.6 82

.

0.61 1.2 2.'"J 0 2.15

.

1.5 0.7 0.1, 3.5



3.2 soils

3.2 (1) Subject to waterlogging during floods

: Soil pe nr 321 - Colour dark blue

/Field sscrip-6io profile nr ?TN 25 (taken in November 1962)

Location

Relief flat, near a swampy area (end of depression

Drainage : poor - Water table 90 cm dow-

Natural vecietation Gramineae and Cy_ - Grassland.

.criktion

Toz:Tmoe sily olay loam - Colour ish - Humidity
- Hltbout estructure.
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: Dubti area - Aerial photo nr 65, run 6

20 - 80 cm To.7:tu:ce : silty olay - Oolour : 10 fft 3/2 very dar!: greyish
broun - Humidjty 7ery wot - Consistence plastic - Hydro-
morphin layer.

8o- Te:cture silty cla:y loan to silty loam - Colour : 10 YR 3/2
1,0 -v'ery dar!: .;reyish broua to dark greyish brown - Con-
sisteace plastic Hydromorphic layer - Humidity : wet.

90 -120 cm The sano horizon as the above, but wet to sodden.

Profil

0 -20



P205

L otal

(PPm)

Poi sture

capaci ty

at pF 2,5

Depth

(5m)

0-10

, 5Q-80

ao,loo

Humidity

at

saturation

E.C.

(mmho-c

0.67

0.42

0.55

aturatuon soluble extract

8.5

8.5

8.1

nr TTN 25: profile/Analytical results/

Depth

(cm)

Par t i cl e si ze di stri but i on (%)

pH
L

(%)

Organi c

matter

(%)

Carbon

(%)

Ni trogen

(%)
C/N

<4 2-

201

20-

50 vl

50-

10011

100-

200p.

2001.1

2 mm

_ Y.7-1() 33 f!+ 3 1 O 8.2 5.7 1.5 0.90 0,70 13

50-80 53 34 11 2 O o 8.4 6.5 1.1 0.02

...SQ71.00 8.8 6.4
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3.2 (2)

Zp1appin35 type no. 322 Colour dark blue

The permanently waterlogged organic soilo colJer all the hollows borderiag the
Auash, where the water flows permanently in the numerous channels s the water often
overflows and fills up the ground between the channels. Iuside this comple:: network
are zones which runniu3 water reaches only during tho floods. In the rainy season
they form sheets of uater of various depths, with freetiontly dense aquatic -vegetation
(water lilies, Typhas, Phragmites, etc.).

These soils exist espociaJly on the left bank, between Dubbi and Asayta, !u
the Asayita delta to the west of lake Afembo and to the north of lake Dario0 nmcot
impenetrable, the zones offe2 no possibility of potential development, but serve a,,3

flood damping reservoi::13 for Asayita deltR area. Numerous aquatic animals live in
this mavsh region.



4. Saline Soils

4.1 Medium texturo

4.1 (1) Low to medium sal''

Locato

: Soil type nr 411 - Colour orange

tion/ : profile nr TMT 22

: Dubti plain

Relief and rricrorelief : flat

Natural rjQfl Salicornia

Profile d
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B. SOT A kND COLLUVIa

O 5 ein _ loam and ni]ty loam (layers) - Colour : 10 YR 3/3
da2k brown - Humid14 : dry - Structure : platy and subangular
blocky - Consistencs : friable - Salty Mycelium.

5 50 cm Texture : loam and layers of sandy loam and silt - Colour
10 YR 5/2 greyish brown - Structure : platy - Some vertical
cracks, tendency to coarse prismatic - Consistence : slight-
ly friable - Porous - Roots - Some Shells - White deposits
on aggregates at 35 cm.

50 - 70 cm Texture : very fine sand and sandy loam - Colour : 2.5 YR 5/2
weak red - Humidity : dry - Structure : platy, tendency to
crumb - Consistence : friable - Porous - Rusty patches of
hydromorphic iron between 60-70 cm).

70 -120 am Texture : silty loam - Colour : 10 YR 3/3 dark brown - Humi-
dity : dry - Structure : prismatic (less developed from 90
to 120 cm) vertical thin cracks up to 120 cm - Black traces
of dead roots - Consistence : friable - Mycelium of lime.



/Analytical results»profiir nr 7.,_T 22

Depth

(cm)

0-5
. .

.30-40

90-100

S

Exchangeabl cations (me/100 )

Co Mg Na Na/T

62. 4 54.2 3.5 1.2 3.5

1.8

CO. 5

115

6

2

Humidity

at E.C. Cl

saturation (mmho-cm)

Satura t ion soluble extract

CO3 CO3H Ca Mg

(me )

64

55

68

2.78

7.70

7.18

2.0

16

2.4

5.5

o 2.0

1.2

22

7

Depth

(cm)

Part cl e si ze di stri buti on (%)

PR

LiMe

(l.)

Organi c

matter

(%)

Carbon

(%)

Ni trogen

(%)
C/N

,

P2u5

total

(PPm)

Moi sture

capaci ty

at pF 2.5

(Z)

Real

densi y<2 p
2-

2011

20-

50p

50-

100p

100-

200p.

200p

2 mm

0-5

- .30.-40-.

--90-100

26

18

32

... ...

37

2

15

27

29

8.6

8.1

8.0

4.9

.8.0

-6.0

0.70

C.37

0 .17

.0.31.

24

8

2
... .

2.52



Location : Dubtf

Relief and microrelie : flat (desert)

Natural vegetation : few graminaceae in tufts some Salicornia

description:

0 - 8 cm Texture ty loam, few small gravels - Colop:? 10 YR 5/2
greyish broTIn - Humidity dry - Structure : Tic J.c grain -
Consicteneo s loo to soft.

8 - 30 cm Texture % slay loam - Colour ; 10 YE 5/2 craysli broun - Humi-
dity sdry- Structure ; acareo crumb to subangular blocky -
Tendency plxty - Consintence - Sow) shells.

30 - 40 cm Texture z loam to sandy loam - Colour lighter than above
horizon - Humidity s dry - Without structure - Consistence :

D0.176 Somo shells.

40 - 50 cm Textur r-'7,7 loam to silty loam - Colour : 10 YR greyish
browc. JïJ.ty ; dry - Structure : piaty - Consistence
friable - Some shells.

50 - 60 am To.;:4uro s loam to saudy loam - Colour : 10 YR 5/3 brown -

Humidjty z dry -Si,ruc uro ola by.

60 - 85 cm Te-tuvo s loam and silty loam baddin,0 - Colour : 10 YR 3/))
dark brown - Humidity s modera,tely dry - Structure tendonoy
lo platy (obraba) - Consistence s friable - Some small concre-
tions and thin beds of small gravel.

85 - 95 cm Tee:ure FIX1Ly slay loam to clay loam - Colour : 10 YR 3/2
vary dark greyish brown - Humility : dry - Without structure -
Oonsintence s oompu.ct.

95 - 97 cm Tetu.ce s clay loam to slay - Colour s 10 YR 2/2 . - Aark

brouu - Humidity s dry - Structure s platy - Co.:i .m se :

n]ightly fwiablc - Soma limo soncreidons.

97 -125 Texture : candy _oum to loam - Colour : 10 YR 5/4 yellouish

broup - Humidity s dry - Without structure - Coasistenco s

a.iablo
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t deesc7 -vels

412 - Colour orange

: profile nr TT 29

- Aerial photo nr 62, run 6



/Analytical results/ : 2 n- 29

Depth

(cm)

Particle si ze distribution (7)

pil

Lime

(7)

Organic
,

m eratt

(%)

Carbon
(%)

Nitrogen
(70) C/N

P2°5

total,

(PPml

Moisture

capacity

at pF 2..5
(7)

Real

density,,
-` P'

2-

20

20-

50i

0-

i00

100-

200p.

200 11

2 mm

- 0-8- 22 13 -16 8.9 11.0 0.37

- 20-30 28 21 24 9.4 8.2 0.28 .

70-80 .20 25 - 17 : 8.7 . 11.0

Depth

(cm)

Exchangeabl cations (me/100 g) Saturation soluble extract

Ca Hg K Na T Na/T

Humidity

at

saturation

E.C.

(mmho-cm)

Ci SO4 CO3 III Mg II Na

(me/ )

. 0-8 33 2.88 3

20, .;1 . 1.11 0 6.2

. 70-80

, ....

49 20.4 tr III .



4.2 Moderate ,

Relief and

266

_ture, medium salinity at deeper levels

/11;]Plpfn(r. s Soi) typP nr 42 Colo ur or-ne

/ profile nr TMT 17

,ion Dubti plain

: flat (desert zone), very slight depressions

Natural vegetation : Salicornia only

P:,'ofile description

0 16 cm Texture silty clay loam Colour ; 10 YR 5/2 croyish brown
DTidity : dry Structure : very coarse subancular blocky

,floveloped ConsiEtcl- : friable Some vi-,,rVcal cracks
Salicornia root .

16 20 cm The same characteristics, but the structure is very platy.

20 33 cm Texture : silty clay Colour : 10 YR 4/3 broun Humidity s

dry Structure : subassular blocky ConsistencT c hard
Some lime concretions Rooto Some saccharoid cal t crystals.

33 40 cm Texture : silty clay loan Colour ; 10 YR 6/4 light yellow-
ish brown Consistence : friable Structure : platy Some
saccharoid salt crystals.

40 60 cm Texture : silty elay loam Colour 10 YR 4/1 dark grey
Structure : cooxse prismatic 5 tendeacy, when crushed2 to
coarse subangular blocky Some shells Vertioal cracks
Few saccharoid so.lt crystals.

60 75 cm Texture : silty cJay loam to silty loam Colour : 10 YR
4/3 brown Humidity : dry Structure : platy Consistence:
friable, porous.

75 85 cm Texture : silty clay to clay Colour : 10 YR 5/2 greyish
brown Humidity : dry Structure : platy Consistence
slightly friable Rue'ty patches of hydromorphic iron Gra-
nules of polyhedral clay Very hard Some salty Mycelium on
the surface of the agc7.egates0

85 120 cm Te.:ture : clay Colouv 5 -7-(1 3/2 dark reddish brown
dity : moderately dry Struoture s coarse prismatic and,
when crushed, subangular blocky Cohsistence s slichtly
friable Some very thin beds of loam Salty patches Some
granules of clay have black faces.

120-140 cm Te:,ure s silty clay Colour : 10 YR o.rL -,)rown Humi-
dity moderately dry The same struoture sud rxmoistence
as the abcire.



/Analytical results : T= 17

Depth

(cm)

D-10

50.60

120-140

Exchangeabl cations (me/100 )

Ca Mg Na

Humidity

al

a uration

E.C.

(mmho-cm)

Saturation soluble extract

44

72

0.75

24.6

17.7

6.2

_145_

Depth

(cm)

Particle size distribution (7.)

PH

Lime

(%)

Organic

m atter

(%)

Carbon

(%)

Nitrogen
(x) C/N

,

P2u5
total

(PPm)

Moisture

capacity

at pF 2.5
(%)

Real

density<2
/I

2-

2.011

20-

5011

50-

100g

100-

200g

200p

2 mm

- 0-1,0

50-60,

120-140

28

38

52

37 16

41311

36 11

6.

3

1

6

0

0

5

0

0

9.4

7.0

8.0

6.5

6.0

11.0

O 0 a

(me/1)
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5. Salj.r 41kRli Soils

Soil type nr 5 - Colour red

: profile nr TT 37

.ork s c. the Dubti desert zone-- Aerial photo nr 959, run 3

id micror : flat

Erosio1.1 : slight Lu..faoe erosion

Natural vegetation Ayistida, Salicorma. Small coacia riiiz the small
uada; vhicti spi.inz from .he ba,talt masE,-Us.

Rrofile description

0 20 cm Te::ture ci)t Colour z, 10 YR 7/3 very pale brown Humidity
dry Structuro m?anular Consicteno : friable Some roots.

20 40 am Texture : sj)iw loam Colour 10 YR 6/) pale hvoun Humidity
dyy Stcucturc : tendency to 17)1y COUEELZI:E'nc frJ.alllo to
sliahtly hard Fa-ces of tbe 'tcs have blac17. stpeakno

40 80 am Texture : oilty lo Colour ' 6/3 pale "prom,. Humidj.ty
dry Structure z p aty and suba l)ooky Gonsictenco z ho,r0,

To=ture sirty loam ltnmidity dry Strucl,ure the same as
the 40 - 30 cn hnriGon Consistenco he:ra,

80 100 MAO



/Analytical results/ z rf ile td.n TT 37

Depth

(cm)

Particle size distribution (%)

pH
Lime

(%)

Organic

matter

M

Carbon

(%)

Nitrogen

M
C/N

p205

total

(PPm)

Moisture

capacity

at pF 2,5

M

Real

density,

'P.

2-

2012

20-

50 I/

50-

lOOli

100-

200k

200k

2 mm

15 8 55 21 2 1 2 8.7 9.1

35 12 46 38 1 1 2 8.8 8.0

be 15 55 26 2 0 0 8.7 9.5

Depth

(cm)

Exchangeable cations (me/100 g) Saturation soluble extractIIIII
IIIII

Humidity

at E.C. Cl CO CO3 H C 9 1f Na

a uration (echo-cm) (me/

15 20.5 38 54 51 31.2 128 292 0 283.6 1.2

5 _ 25.1 5- 51 53 50,5 241

U. 27.1 46.2 52 58 49 312



6.
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e Textured Al uvial Soils in the Deressions or Therlp Lakes

6.1 Salinity low to nil

Soil type nr 61 Colour green

: profile nr AAS 64

on : northern part of Asayita delta

Relief and microrelief : flat

atural vegetation r some Capparis, acacias (some of which are dead)

Profile description

0 10 cm Texture : silty clay Colour : 10 711 5/1 grey Humidity
dry Structure : granular to subanGular blocky Consistence:
friable Shells on bbe surface Cracks.

10 50 am Texture : silty clay Colour : 10 YR 4/1 dark grey Humi-
diV : dry Structure granular Consistence friable
Pabches of iron, rusty in colour.

50 100 am Texture r silty clay Colour : 10 YR 4/2 dark greyish brown
Humidity : dry Othor characteristics oro the same ao 10
50 cm horizon.



/Analytical results/ : profile n AAS

Depth

(cm)

Par:icle size distribution (7)

pH

.

Lime
(70,

1

Organic
, ,

matter

(7,)

Carbon
(70)

Ni trogen

(7.)

C/N

P2°5
tlota
(PPm)

oi slur

capacity

at pF 2.5

(%)

Real

densi ty
<2 p

2-

20i

20-

50p

50-

lOOp.

100-

200p

200 p.

2 mm

0-10

0-40

90-110

57

57

36

35

6

6

1

1

. 2

6.4

. 3

6.9

6.2

6.2

,

Exchangeable cat ions (me/100 g) Saturation sol uble ex ract

Depth

(cm) I Mg

I III Humidity

at E.C. Cl 04 CO3
3

CO H Ca K Na

sa ration (mmho-c ) (me/1)

0-10 62 7.96 1.

2040..7. . 71 2.51 . .14

90,110 74 3.31 20

, , . . ...



6.2 Medium salinit in th

aj2ping/

Field description profile nr AAS 55

Location : old Gargori lake

Relief ; flat

Microrelief : very proillinep:u, ulvilew,uo hoJ.r 1 J1 dcep anr,
ra-ackri (due qx;TD/v, up of t;';-t loto)

Natural vegetj.c. : :ilumerns dead acacias - Some Capparis and
Tamarls
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' Colour green

0 - 2 cm To:curo r loam - Colour 10 reyish brovo
-S 1ic. cubanzqlav Cwsistence:

- Small orac,1:o ovt our$1.no (between the

2 - 35 cm ' : silty clay : ln YR 1/1 Oaxlz cra,7 - JupidiV dry -
e : blocky with coDohoidel bi.cal7c - Ic,31siotonoo

35 - 60 cm saJ ty .".71.1t3

iu r(?) t)11:1' 0.1'0 --The cto.louz( o :Lc 75,
5/3 ( E.; ;1.;,.:'0 c; broi-7.741) 111 (!:i 0 0.1'4, -
T71 ;,1,/ 00 1.) Oi - -C Cl/ -.s b,?).:73

6 17.114 1 - !Clo11.5:. a - Humidity
s

below 65 cm seJ-101! loam - Colou-0 g 1.0 Tr. V1
1101.1.;1 flepOS 1,1,0 7,5 )71. r,/6 in t col ou L'70.1)

r 1-IIL71",;,r - C:C1.113.1. 11C011».7 t3i; FO:C7`11C1



/Analytical results/: n- 55

Depth

(cm)

Particle si ze distribution (1,)

PH

Lime

(7,)

Organic

(nma (ter '
Carbon

(Z)
Ni trogen

(z) C/N

P205

t otal

(PPm)

Moisture

capacity

at pf 2..5
(z)

Real

density<2

i'

2-

20[1

20-

50 p
50-

100p.

100-

200p

200p

2 mm

0-1 7.9 3.8

1.3 6 8.0 3.7

10-15 54 8 I 7.9 3.8 1.5 0.90

30-50 42 6 7,9 5,0

Depth

(cm)

Exchangeable cations / 00 g) Sa tura lion soluble extract

Na/T

Humidity

at E.C. Cl SO4 CO3 CO3H Ca

aturation (ambo-cm)
(me/1)

0-1 69 4 7.00 51.7 0 3.3 36 9.0 0.50 11.25

60 14,8 73.0 33,5 O 2,3 109 26 0. 5 98.0

1L.15 I 39 ) 81 4.4 16.7 Q 2.: 0.5 17.2

)8, u0 78 3.2 b. 10,0 0 2. 15.2 2.4 0.28 10.3
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APPEIJP.X 5.

LEACHING TESTS ON LALINE SOILS I Pi DUBTI AREA

1. TEST CONDIPIONb AND METHODS

In November 1962, leaching tests were carried out in the northern part of the
Dubti plantation, on ground of alluvial origin with an interlayered texture. This be-
longs to the mediumsalinity land in zones which have rooently dried out (saline soils
on old alluvia) and comes under irrigability classes III to IV. Its salinity varies
acoording to the te:eture and colour of the varioue eon horizons in the profile. Its
typioal feature is 1;11.ai; it contains sodium ni se amountidg to about 40 % of the sa-
turated oz=tract and a similar quantity of chlorides, aleo sulphates and small qnantj-
ties of bicarbonates. Te:zturea in the various profile horizons range from 3oam or
silt,7 loam with a 10 YR 5/2 colour to ailty elay loam oe clay loem coloured 10 YR 3/2
to 3/3. Horizon thicknesses aod numbecs vary four or Ave successive horizons
about 10-20 cm thick are sometimes observed in the top metre depth (test nr 1), but
elsewhere anything up to ten diCferent successive heavyte::ture horizons all less thau
10 cm thick (usually 2-5 cm) are observed down to the same depth, uhich aro sandwiohed
between thicker loam or silty loam beds (tea, nr 2).

The salinity of this land appears to be of the type assooiated witb certain
periodo of alluviation and drying out : heavT texture saline hora zona of lacustrine
oriGin with a (lark 10 YR 3/2 oolouring are frequently observed.

Considering the land as a whole from the surface down to a depth of 120 cm,
the salinity of the soils in the above category can generally be described as

Low; conductivity up to 4 mhos, in the top 5 cm layer.

Medium to high; conductivity 20-30 mmhos, between 5 cm and 50 am.

Medium; conductivity 10-15 mhos, between 50 cm and 100 cm.

Hi:her salinity ratos with only very slight textural intercrossing are ob-
served in the zone further north near the Kurub.

Three teats were carried out 2 each with two sbee metal tubes or cylinders
30 cm and 60 cm in diametou,respeotively, with ';;he larger oylindor acting as a guard
ring. A constan water leiel was maintained in each cylinder by a floatcontrolled
valve. The tests were carried out under a constant head of 10 . Infiltration water
depths were measured at regular intervalo in a tank underhea o :ed to the con-
stantlevel wive by a leng.th off hose.

A set of soil samples was taken within a two metre radiue of the test site
before the actual tests. After the tests, auger borings were made down the centre
line of the smaller oylinder, and then in a test pit one face of which coinoided with
a diametral plane of the cylinders.



:SAMPLES TAKEN AFTER LEACHING TEST

: 0-5 ' 42. ' 50 ° 1.2 1C),22 51:10, 0
: 20-.25 ° 43. : 78 3.5 3,7°J.1,6' 0

99 4.9 °'-(6, 687o: o
: 60.-65 ' 42. : 96 ° 6.0 :78: 9,c):84,0,
° 80-85 31. : 7o : 30.0 o
:100-105 : 17. ' 82 : 9.5 ZTZ53.6'29 6' 0
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ANALYTICAL RESULTS OF T HOIL S PLES (test leaching nr 2)

-ye ---- -
3 4

'3A1'URaTIOJ ',.0LAJBLE 2...TRACT
; :Je.turaD:
: Depth ;1:ols- :111,7m:1.. C.E. : . --, 0

o

: il) cm ture -3,:di,y , in ; ? 01 :SO' :00-' W.0)h:NO' r,,la,- :2-loo,-: C,7, Mc.; : i . g 3,10. 3

3105°C 3,74t 31F111105/31111 2 C o 3 C 311,J olis : ti ens t. . : : :

; :Sa'Guy, cm : zmo/1 : me /1 me/1 Ime /1 gmcV1 cc/i :me /1 2111e/1 :me/1 :m4.:me/1:

z : : : : . . : , : :

:'SAMPLE'3 TAKEN BEFORE 1IITO0 TEST

z 10-20 : 16. 73 : 23.0 C-,02: 1030..2: 0 : 3,5: 130:282.7:281.2: 142: 181.2: 120:
19. : 86 : 15.6 :7.6: 76:32.0: 0 : 4.0: 86:198 :195.9: 90: 25:0.9: 80:

000-5.20 : 19. : 82 3 9.5 :7.7: 18:600: 0 :10.0: 78:142 :133.7: 54: 15:0.7: 64:

225 28.4'11.1: 2.7°6.2' 30,1°
° 52.7: 50.2: 909: 1,2°1.3:37.8:

: 6.81 - ° 85,6 79,0'21,6' 6.1,°1.0:49.2:
: 8.0: - '1101,6°101.9:36.8°
21.0: 236:5100:395.0: 26o1 64'700: 58'
10.0: 58151.2163.7:'(3.517.556902:

_

guanit.,/ of : Infiltration rato
g : : infilion : /h)
:Tesi,gOuratl.on: 17a,;Je-r

2 No.: (hours): (m1) , At eci.
: Plan

: : . 02 ,,ePT

' 1 93 T/3 " 106,:!! 1.08 : 1.14
: :

° 2 197 1/4 : 402.1 : 2.22 : 2.04 : 106
: : :

: : 64 1/2 : 7!. ! ° :1,,,11, n lni5 : 0
: :

Voed depth : Mean moisture
: soil (ora) : increase (% tot.:

saturation)

80 26.6

24.3

25.8

Obsered duptils 'J.0,59,od between 60 cm and 105 cm, F,ocol!ding. o
est duration the z,,-!-exase inorcasen 132 mo17,ture vmounteq to 25 % for dry soil
(ini-Gial natural soil moisturo Y.ter.3 iO soll aried al; 105°0 were 10% 15%). The wel-
ed depth appeaTed pi:oci.ess much M0i2 510íT1J y arucr tbrce days of inTilLro-

lion (inCiltratioll bun anitell .:1)11orojde),then toodin,s- touards i. cyliadril,*,)1
nhape)0

Iufiltration :s.ates va.vied from 1 cm/hr to 2 cm/hr, i.e., 10-5 in/s, This Tras
apparently due to 1,a,r;iinG degJ:eos of intercrossing in the silty loam aa. nilLy clay
loe,m horizon. Tes i, nr 2, for Instance, shoued more marked intercroosing Hit.sh n.(3

:A.lty clay horizons (2-!-) cm) cenr)rdted by EsneralLy i;hieu:::: silty loam
ons. This test L;avu an 111C1.10e,tiou rate ubioh cz.o bo assumed to be 10-6 n/sj, As

-this is rather on the lo;' side, it mo,y limit irrigation aad lechinc; possibilities.
Thuo ;,he 1,2filt266,2o,A qualLtlties rnay w.fey: solely o the eenral oylinder
neotion, for the , plard rio dccii not secu t, have eompleLely J:1111rned Its purpose

2. OPERTIES



The actual leaching water application (i.e., the quantit:r of water required to
moisten the volume of soil found to be wet afer tho tests) was esti.mated kv consider-
ing the mean moisture increase and calculating the amount of IT that had infilteat-
ed over the entre vetted area. This ge.ve the following leaching water applications

Test 1 ; 0.28 m - 2.800 m3/hectare

Test 2 0.368m - 3.680; m3/hectare

igures appear to be conf tla ratio between quantity of infiltra-
tion wate- and vetted soil depth, whic ' the same (i.e., 0.Y5) for all three
tests.

SALT MOVEMENT

Salt leaching - especially of nitrates and chlorides - was invariably observed
down to a level slightly below the wetted depth. Sulphates and bicarbonates only
changed very little, quantities leached amounted to 80 % of the total salts (measured
before leaohing) in the upper horizons (surfat'e to 40 en) and to 60 % in the lower
horizons. As a rough estime-te, o rirs leachl.ng water application of about 5,000 m3
per hectare should be provided fol, with totai flooding of the land. Liberal irri-
gation water applioations are also recommended - always providing adequate drainage
is available - 1.11 order to orevent saline solutions from rising. The same result
would also be achieved by a con.Ginuous verjetation cover, but ov17 it could be sup-
plied with adequate quentliies of water.

ALKALINITY

As these soils generally have a medium texture and pH values between 8 and 9,
only minor alkalinity problems appear to arise. The heavier-texture soil horizons
contain fairly high proportions of calcium sulphate and gypsum.

The 3AR was found 60 vary only a little during the leaching tess. This in-
dicates that Ns., Ca and Mg eation equilibrium varyations are also small, but allzalinl-
sation risks must be watched boll because of the 3AR ok7 the .light1;: sodic irrigation
water from the Awash and be of the varying proporion of bioarbonate in these
soils. The pH values sligh'617 1.ease after leaching.

(S.A.R.

The Awash river water, at Dubti, is in class C2-S1 according to the American
standards classification which are based on salinity and sodium absorotton ration

(S.A.R.).

Na
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. For the Awash river water S.A.R.

. T,YTICAI RESULTS OF aWASH RIVER WATER TAKEN IN DUBTI AT THE P NG STATION

jolloe- E. C, in ' in me/1
:Datxj :tration :mmhos/ ' pH

:

0m. : :.
.
.003
.

003H
: , :

,(31 !SO4 !Zan1ous!Scatloisi0o ° : L :Wa
. .

;
:

;10.11.62 : 0.6 : 0.61 : 8.1:0.6 ; 4.0 :1.7:0.6 : 6.9 : 7.5 :3,l:0,4:0 h:3.9:

Test 3 ; 0.218m - 2.180 m3/hectare
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5. CONCLUbION

Tbeea very local results will be completed by further observations in bigger
fields. They seem to show that, given suitable leaching, the medium-salinity land in
the Dubti area could be farmed. This applies to medium-texture soils, and assumes that
drainage measures could prevent secondary salt contamination effects due to a rise in
the water table. Though alkalinisation risks are small, they must bo considered be-
cause of the composition of the irrigation water and tho nature of the soils rational-
lj conducted irrigaiouTfater applications would be necessary and possibly also the use
of ouch lime improvers as gypsum.
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IJUIGaTED CI E..

October

21014

Harrc.

Planting
Germination
Cultivation
Tbinninc;

irrication

Rainfall
Insects
Diseases
Treatments

Time Table

Rec-tanaAlar plots of 5 rows 20 x 5 (100 m2)

Hie;ory of t:'-te : First crop

cluclt of Dato

APPENDIX 6.

EKMENTS CARRIED OUT IN 1.961 .t\.T THE METEHARA PLABTATION

by Israeli Empets

by mouldboard plough
a by disk harrow
b by disk harrow

By hand

hand
80 m3

See records
Saoadodea Pyralie,
Bone

Dieldrin 2 kg/ha
Endrin 2 kg/ha

0) Dieldrin 1 kg/ha +
d) Curation 4.5 kg/ha

) Curation 2.5 kg/ha

November
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December

25 cm
15 cm
10 cm

28-V
28-V
5-VI

- 2-I]i. -

10-1.K - 2
8-3,7 23-:a

20-VIII 28-VIII -20-IX
30-IX - 8-X

Endrin 1 kg/ha 18-X
+ Endrin 1 kg/ha 29-X

11-XI - 22-XI

August September

January February

Plantation - P. Sarrio Bezabeh Sileshi and Co. Ltd.

ERIMT I : VARIETY TEST OF COTTON

Aim of the ent To test four varieties

Acala 15 - 17 Medium saple
Aeala 4 - 42 Medium staple
Pima 32 ' staple
Koker 100 dinm c.Gaple

PD D LIG XCIX W X XIX

IX E E

25-VII
36-V11
30-V111
3-VIII
3-VIII

25-V11 - 2,1-V111
- -

Several local insects

.j.N.enton 0

expo !Ientso E' the

100 x 200 cm (50,000: Planting in rows
plants/ha)

Randomized block, 4 replications (A,B4O,D)

May June July



Explanation of sym D

C - Cultivation
- Disking
- Germination

Block totals(kg1
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Earvesting
I - irrigakiou

Planting

Yields in kg seed cotton per 100 m2 sun dried

29.04

: Pima 12 : Koker 100
:

16.3
:

3:,
: ,3.1 : 11.6
: 6.3 :

3.2

57,7 67.1
f2.t, 25.3
16.3 18.4
19.5 7.8
7.2

260.0

Yloughinz
Ueeding

X - Treatment

223.2

1. The best medium si,aple vari?.ty was Acala 15-17, whioh y-ielded 760 kg/ha more than
Acala 4-42 and 748 kg/ha more than Koker. The Fina 32 yio16 of 5580 kg jE also
very outstanding.

2. During conduct of the experiment, I observed

Natural growing conditions in the area (soil and climate) are excellent for
cotton

Proper treatment a,;ainst insects and well-timed irrigation can secure maximum
boll development.

3. To eliminate the influence of the border rows9 theexperiment should be repeated
in largor plots (for example, ten rows).

4. It was impossible to fix the ginning percentage of the different varieties.

5. Tho Pima variety wao not attacked by insects, but the staple became dirty-looking
du:17.1g

26n.5

" (t/hal 7,260 6,500 5,530 6,512

ala 15 - 17 : Aoala 4 - .1.2
ast 1 40.3 35.6

: :2nd picking: 22.9
: 4 :3rd picking: 6.2

17.0
1,8

:4th pickinu: 4,1 3.1
Total 73.3 67.5

List picking: 27,6
t t2nd picking: 26.3 27.2
B :3rd picking: 6.6 8.0

: t4th pieLing; 5.0

:Total 75.2
:1st oickinz: 32.1 30.2

: :2nd pickinG; 17.2 13.6
: C :3rd picking: 10.5 15.3
: :4th picking: 3.1

:Total 64-1 62.5
:1st picking: 37.3 30.?

: :2nd picking: 25.8 20.4
D :3rd picktng: 10.8 12.7

:1.th picking: 3.1 4.2

'Total 77.0 67.5

First cono u

26.9
18.9 26.5
18.7 7.5

6.9 5.1
56.5 66.0

10 .8
14.4 28.2
21.9 7.6

.1 .2

53.4 7..



HaEa 170
Masora 22

Design of the experiment Randomized block, 4 replications (A,B,C,D)

Plot size Recti ,:ular plots of 7 rows 20 m x 5 m (100 m2)

History of the fi IC : First crop

Condu Date

E

Ploughing

Harrowing

Planting
Germination
Thinning
Cultivation

Irrigation

Rainfall
Diseases
Insects
Treatments

Flowering

Harvesting
Treshing

Time table

May

PD

June

C - Cultivation
Dlskin3

- Germination

Bloch. Wtals

A

by mouldboard plough 25 cm
by disk harrow 15 cm
by disk harrow 10 cm

by hand

by hand

8 i 80 m3

July August

PIG WCX HI,
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EXPERIMENT I-B : VARIETY TEST OF CORN GRAIN

Aim of t rm::: To test Israeli hybrids

- Harvesting
I - Irrigatlon

Plantin3

64,560
78,850
46,840
60,370

270,620

6,765

22-V
28-V
3-VI

25-VII

5-VIII
2-VIII - 14-VIII - 22-VIII - 1-IX -
13-IX - 20-X
25-VII - 16-VIII - 26-VIII - 8-IX -
22-IX - 30-IX - 13-X - 25-X

see records
ruGh
many locals
2 kg/ha Dieldrin per application 5-VCII 18-VIII
2 kg/ha Dieldrin per application 30-IX - 28-IX - 10-X
1 hg/ba Endrin
Hesera 170
Aasova 22
1)/ hand
by hand

September

1HE:

3

20-IX
22-IX
23-XI
28-XI

November

HT

- Ploughing
T - Trashing

Weeding
X - Plant protection

Masora 22

90,360
39,610
59,320
43,710

233O0000
5,825

E on o bo

Yields in kg grain per 100 m2 ed on 12 % moisture

October

X XX lfl

Blocks Husera 170



conclusions

1. The Hasera 170 variety outyielded the sora 22 variety by 9
point 2 and 3, there is no possibility o evaluating from
yields for commercial enterprise.

2. Both varieties were heavily infested by leaf rust which attacked the young plants
ten days after germination. Magnesium deficiency was also observed,

Infestation by various insects was
could be eradicated. Thia is very

Varieties resistant to rust should
the Ministry of Agriculture proved
the im.9orted hybria vexleties.

282

/4a. In view of
.iment the crops

serious and only with five treatments the pests
uneconomical with the e::isting crop 9v1ces.

be tried. Previous experiments carried out by
that local varieties are more resistant than



EXPERIMENT

Aim of the experiment : To test two local varieties

Big lccal
Small local

DascrifAion of bh
142285 p1nha

Plot size

; Block totals

Desi n of the experiment : randomized block, 4 replications (A,B,C,D)

History of the field

Co.cl_uct of the experiment

loughing

Harrowing

Feriliziag
Pisa ;in,
Germlnation

Cultivation
lAeedlug
Trrigablon
Rainfall
Dirs
In
Treatments
FlovorinL;

1TAMET7 TEST OF HARICOT 77,Ars

o::porimenL : Both varieties were auwn in rows 70 cm x 10 cm

rectangular plots of 7 rows 20 m x 5 tu (100 m2)

mouldbord plough 25 cm 22-V
by di,2k harrow 15 cm 28-V
by dish. harrow 10 cm 5-VI

non;i-

1),' hand

big
small
by hoe
by hoe
4 x 80 m3 0.2p2:0
see records (280 mm)
none
minor de.maes
2 kg/ha Dieldrin per application 13-VIII - 4-IX
big 25-VII1

'fields In 17a :a111 per 100 m2,

First crup
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Date

23-VII
27-VII
25-VII
10-VIII - 18-VIII
28-VII - 23-VIII - 5-IX
23-VII 13-VIII - 24-VIII - 8-IX

15,501
182600
22,523
17,105

192031
20,208
20,015
152513

74? 767
1869

Dig Small

small 22-VIII
Harvesting : by ' Id 6-X
Treshi ,g :id 10-X

Time tabl

June July August September October

PD LIGW WCIX

Explanati,, ymbola

C Cultivation H Harvesting P Ploughing
D - I - Irrigation T Treshing
G L - Planting W - Heeding

X - Plant protection
Experimental re1L
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,onclusions

The small variety yielded 41 kg/ha more than the big one.

According to obaervations, closer spacing ia recommended for further trials,
Row distance of 50 cm would increase the plant population by 30 %.

Other varieties and earlier sowings should be tried.



EXPERIMENT X-E VARIETY TEST OF GROUND NUTS

he e eriment To test two Israeli varieties

Virginia selected - Hasera
Kongo (type)

Description of the e:oeriment : Planted in rows 20 cm x 10 cm (142,850 plants/ha)

-n of the

Treatments

Harvesting
Picking

Time table

May

PD

September

WXX Wi

ion of

Ezperimental results

: Block totals

)e err;; : Randomized blocks,

seo records
locals (minor damages)

Fusarium wilt
Cercospora personata
Chlorosis symptoms

Dieldrin 2 kg/ha
Sulphur powder 40 kg/ha
1) band
by hand.

mbols

June

October

X

- 285 -

WIW

Yields iu 1:g unshelled per 100 m2 well

Blocks Virginia

A 63.4
68.2

48.1
42.6

222.3
52557

4 replications (A,B4O,D) ; each block

30-X - 20-XI
20-XII
30-VII - 5-IX
25-XII

July

November

sundried

XI HC

December

P:ongo

40.3
50.5
28.2
16.0

135.0

375

August

G X

c - Cultivat on H - Harvesting P - Ploughing
D - Disking I - Irrigation W - Weeding
G Germination L - Planting X - Plant protection

Conduc he e

100 m2

e iment Date

Ploughing By mouldboard plough 25 cm 22-V

Harrowing' . by disk harrow
b )y disk harrow

15
10

cm
cm

28-V
5-VI

Fertilizing
Planting
Germination
Oultive.tion

10 1-'5
by hand
full
by hand (20 cm)

21-VII
3O-VII

- 2-X
Ueeding by hand 4-IX - 20-IX - 2-XI - 10-XI

8 x 80 m3 appr. 21-VII 25-VIII - - 26-IX
11-X - - 8-XI - 23-XI
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First oonolusions

The Kongo variety suffered very much from chlorosis and it therefore seems that
this variety is not suitable for tbe area. The variety uas ripe on 30XI but
harvest was delayed in order no t to attract wild pigs to the experimental area
where they could destroy the Vi-oginia plots.

The heavy soil makes the harvest very difficult aud it is assumed that by mechani-
cal digging, a good part of the yield will be left in the soil. By growing the
crop on ridges, the loss can probably be minimized.

. Even after drying, the shells appeared black and dirty (5 % of the total weight
should be deducted for soil). The nuts are not suitable for export without proper
cleaning and bleaching.

4. In further experiments, the local socalled Asmera variety should also be tested.



Vaie: Ac-Jm 15-72

'iment : Randomized blocks, 4 replications (A,B,C,D)

tangular plots of 5 rows 20 x 5 m (100 m2)

Ploughing

Harrowing

Fertilizing

Planting
Oermina-sion
Cultiva .ion
Wee'A:
Iri-

Rainfall
Insects
Diseases
Treatments

Picking

Time table
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NT III-A : FERTILIZING PRACTICES FOR COTTON

: To evaluate fertilizer requirement under local conditions.

X No ferLilizer
XX N CO kg/ha
XXXK,0 120 kg/ha
XV 14'60 + 1(20 120 kg/ha
V N + P205 50 kg ha + K20 120 kg/ha

Method of a li tion : Before planting time

mouldboard plough 25 cm
disk harrow 15 cm

b disk harrow 10 cm
According to experiment lay-out,
forti1i5ers used

Ammonium aulphate 21 % N
Muriate of potash 61 % K20
Nitrophosta 13 -13 -20

Pertili:sere siorked in by disk harrow
Iv hand 100 20 (50,000 plants/ha)
J7ull

by hoe

5 x 80 m3

: Bee re. ords
s saca:deq pyralis, several local insects
: none

sprayin
Dieldrin 2 kg/ha 20-VIII - 22-VIII - 20-IX
Endrin 2 kg/ha 30-IX - 8-X
Dieldrin 1 kg/ha + Endrin 1 kg/ha 11-X
Curation 1.5 kg/ha + Endrin 1 kg/ha 29-X
°oration 2.5 kg/ha 11-XI - 22-XI

: First 31-XII
Second 12-I
Third 29-I

22-V
28-V
5-VI

(b)

27-VII
4-VIII

20-VIII
3-VIII 2-IK - 3-X

27-VII - 8-IX -
20-IX - 14-X - 26-X - 10-
24-XI - 6-XII

nti on of the ent

Conduct of th:: iment Date

May J une July

PD LX WG XCXX
September Ootobe2: November December January

WX XXX W XIX XX XX XX X H H

Hi a he a Firat crop



Pl-ekinG I

XX

.A
: Total

: Picking x

: Total

! Total

! Total

: Picking X
IX
XIX

:Block totals (kg)
(t/ha)

: Picking .x

XX

First conclusions

No response to fertilizer.

Yuvther emperimeDLs should T.ducted with 10 rows to minimize the influence of
the border rows, which can 1) :Ligh in cotton trials.
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7::=olanation of symbols

C - Cultivation H Haxvosiws P - Ploughing
D - Disking I - Irric;ation W - Weeding
G - Germination L Planting X - Plant

protection
Experimental resulte

° 28.3 34.8 32.1 25.7 2.3
: 24.3 19.9 20.8 26.T.% 25.3
° 10.8 6.5 7.4 12.0 : 7.3

61.2 60.3 64.0 62.4

: 36.0 27.0 37.1 31.9 30.6
: 18.8 24.1 14.7 19.0 22.2
: 7.8 6.3 5.7 7.7 7.0

62.6 57.4 57.5 58.6
: 59.8

. 14.9 0.8 6.4 29.4
: 16.0 : 21.0 16.3 23.9 25.0
; 7.9 : 0.8 9.7 7.6
: 58.8

;

: 61.6 57.9 : 60.0 : 62.0

3

!

31.9
20.6

:

:
30.8
22.5

33.1
1600

:

:

35.2,
17.3

4.7 3 9.3 7.4 : 7.5 5.7

57.2 62.6 58.6 : 59.9 58.7

242.0 : 242.8 : 234.3 : 242.5 : 242.9
; 6,050 6,060 : 5/857 : 6,062 : 6,072

Yields in kg seed co on per 100 m2 sun dried

.Bloc:
a

o a NPK



EAPERIMENT III-B : FERTILIZING PRACTICES FOR CASTOR BEANS

he e To evaluate fertilizer requirements under local conditions.

Descri tion of

.ethod o

Vari

DE.

Plot size

a) Control, no ferti
b N 90 kg/ha

K O 120 hg/ha
90 kg/ha 120 kg/ha K,0

e) N 90 kg/ha P209 60 kg/ta + K20 120 kg/ha

tor of the

HasE , no. 4

L7i lent : Randomized block, 4 replications (A,B,C,D)

: Retangular plots of 5 rows 20 m x 5 m (100 m2)

WX

Ploughing

Harrowing

Fertilizing

Plaating
Gormination
0univating
Weeding

Irrigation

Rainfall
DIseases
Treatments
Harvesting
Treshing

T-.77-11e

May

PD

September

X

ation of

C Oultivatioo
Disking
(arminabio

cation : Before planting time

by mouldboard plough 25 cm
by disk harrow 15 cm
by disk harrow 10 cm

According to experimental lay-out
Fertilioers need

AMMOIAUM sulphate 21 %
Muriate of potash 61 %
Complete fertilizer 13-13-20

Fertilizers worked in by disk harou (b)
by hand 100 x 100 cm (10,000 p]an6
full
by hoe
by hand

7 x 80 m3 appr.

::erj records (280 mm)
21isia worms
2.5 kg/ba dieldrin per appl.
by hand
by hand

: First crop
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Havvesting
I - Irrigation

- Planting

July

LI

November

22-V
28-V
5-VI

3/ha) 29-117I
5-VIII
18-VIII - 28-VIII
10-VIII - 2-IX - 3-X -
20-X - 2-XI
29-VII - 24-VIII - 7-IX -
27-IX - 25-X - 9-11

10-VIII
11-VIII - 18-VIII

3-XII

August

GX

December

P - Ploughing
T Treshing

. W - Veoding
X - Plant pTotection

Conduct of the e:Ea iment Date

June

October



First conclueions

290

Experimental results

Additional N gave no resulto. 90 kg ha K,0 added 150 kg/ha. NK lowered again the

yield but additional P (NPK) added 282 keha9 oot paying the c)::tra costs.

It is proposed to continue this trial with P or a PK combination. Trials in
South Africa showed clearly the P influence on castor beans.

The general yields were lower than those harvested from the variety test.

The variety under test Hasera ao. 4 is not ruet resiatant and further tests
should be carried out wilh Hisera no. 1.

Yields in kg grain per m2 well sun dried
:

Blocks
a

control
b
N

o

K
:

:

d
NK XL

t

:

A : 16.320 : 16.383 12.150 16.920 17.620
: 18.720 : 19.080 25.442 : 14.525 : 18.180
: 17.223 : 16.740 18.920 : 17.040 : 20.122

13.500 12.842 15.244 : 18.900 : 21.125

:
(kG) . 65.763 65.045 71.756 67.385 77.047

Block totals (.6/12)
:

1 644
9 t 1) 626 1,794 1,684 1,926



I no fertiliz
II N 60 Kg/lia
III K 0 120 tg/lia

,
IV 200 kg/ha + K20 120 kg/ha
V 2 90 Kg/ho, + P205 60 kg/ha + K20 120 kg/ha

Method o

Variety : Big local

Design

Ploughing

Harrowing

Fertilizing

Plalaing
GeminaLion
Cultivation
Weeding

Irrigation

Dimeases
Ineects
TroaLments
Har7estiag
Treshing

table

ion of th

exper : Randomized block, 4 replications (A,B,C,D)

RectaDular plots of 7 rows 20 m x 5 m (100 m2)

ication

of the field : First crop

291

FYPERI ENT IIIC : FERTILIZING PRACTICES FOR HARICOT BEANS

M..71 of the ex erinat : To evaluate fertilizer requirements under local conditions.

by mouldboard plough 25 am
by dish harrow 15 cm

b. by dial: harrow 10 cm
Aucording -Lo ez:perimental layout
Fotilizeyo used
1 Ammonium sulohate 21 %
2, Mu7.'iate of potash 61 %
3. Complete fertilizer 13-13-30
PaEtilizer worked ia by disk harrow
by hand 70 x 10 (142,657 plants/ha)
full
by hoe
by hoe

4 x 80 m3

see records (280 mm)
none
minor damages
2 ha/ha dieldrin per appl.
-by hand
bj hand

22V
28V
5V1

(b)

28VII
3VIII
12VIII 2-11t

1VIII 20VIII 30VIII
10Ta
28VII 24-VIII - 8IX
24IX

13VIII 4IX
10X
13X

Explanation of s mbola

Cultivatiotil H Farvestina P Ploughing
Disking I Irriaatioal T Treshing
Oci.mination L Plantin6 W Weedin;

X Plant protect-
ion

; fore planting time

Conduct of ti experiment :

Me.y Juno July August Sectember October

PD FD LI IT GCX II C7LI11



A

0

Block totals

Blocks
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Yields in kg grain per 100 m2, 10 moiatnre

; 50.029 ° 590974
350 ° 1,499 ' 1 324 : 1,4 1s410

8.391 16.09.1. : 16.194

52.965 58,309 ; 56.416

o

: control : W . K : Nk ; NFL 3

; . ; 3 ó

: 1307 :2.0 g 18,124 : 15.212 10,520 : 3.065
: 12.741 ; 13.935 : 12.321 : 16,11:, 3 15.431 s

: 16.123 : 15.030 17.031 3 14.78r. : 16.726
; 11.435 : 12.835

.Firet conclusions

N 60 kg/ha increased the yield by 149 kg/ha. This might be an unoconomic increase.
It eeems worthwhile to test N bacteries which can also influence Lhe yields as
well NM N fertilizers.

K,0 DC increase (block D louored yield), N and 1(70 gave an uneconomic in-
of 107 kg/ha. Additi.onal P gavo no further inC:rease or the block tota.

block A reduced the total yields.

The average yields were lower than those of the variety tests eown on 23-V11.
(Fuvther tests have to prove j.f the delayod, souing denpeased the yields).
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EXPERIMENT IIIE : FERTILIZING PRACTICES FOR GROUND NUTS

Aim of tb ent : To evaluate fertilizer requirements under local conditions.

Desoription of the experiment

X no fertilizer
XX N 80 kg/ha
XXX IS. 0 120 kg/ha
XV N280 kg/ha + 1(20 120 kg/ha
V N 80 kg/ha + 175 80 kg/ha + 1(20 120 kg/ha

Method of apidication : Before planting time

Yarietx : Virginia Selected Masora

An of theei.eriment: Randomized blocks, 4 replications (A,B,C,D)

Ploughing
Harrowing
Ridgiu3
Fertilizing

Planting
Germination
Weeding

Irrigation

Rainfall
insects
Diseases

Trsatments
Uarve, ,g

Pi fi

Ti

May
----y--

00ober
.11 1WX X

Germination
F Fertilizing

Plot sizes : Rectangular plots of 8 rows 20 m x 5 m (loo m2)

iiietoraeffeld. : First crop

onduct of the e e Da

by mouldboard plough 25 cm
by disk harrow 15 om

According to experiment layout
Fertilizers used

Ammonium sulphate 21 % N
Muriate of potash 61 % K,0
Nitrophoska 13 % N, 13 PP20

Fertilizers worked in by disk h
b-,17 band on top of ridges

10 X 60 m3

see records
minor damages

Cercospora personata
Clorosis symptoms

Sulphur powder 40 kg/ha
by hand
by hand

.11121.0 July

November Dacember

U I if

9

Harvesting
Irrigation
Ploughing

22V
5VI
28VII

20 % K20
o

16VIII
23VIII
24VIII 12IX 30IX
30X 18XI 29X1
18VIII 8IX 24IX 12X
25X 9XI 23-11 6XII 21
XII 5-1

30X 21XII
10II
14-11

August September

P IW IU
January Fabruary

X

W Hooding
X Plant protect-

ion

e mbols
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E ,.:77imental resulte

A 62.5
58.2
63.2
53.8

:Block totals (kg) 237.7 ° 246.0
(t/ha) 5,942 ° 6,150

First conclusions

69.1
66.9
58.5
51.5

63.0 68.8
71.7 : 58.9
60.2 : 61.1
66.4 : 60.0

' 261.3 ' 248.8 ° 224.9
' 6,532 ° 6,220 ° 5,622

57.2
58.4
58.5
50.8

1, Approximately 5 % of the weight should be deducted for soil fixed on the shells.

The beat yield iras with the K tree,tment 590 kg/ha more than control. N as tbe
only ferti1ize2: yielaed 208 kg/ba moro than control and the NK combination out-
yielded by 70 kg/ha the /7 treatment but gave 312 kg/ha lees than K treatment,
aptc yielded 270 kg/ha lees than control.

The planting method used in this experiment (on top of ridges) proved to be better
than planting on flat land. The harvest was easy.

The ground nuts were not suitable for export without special cleaning.

Yields in k grain unshelled per 100 m2, well sun dried

Block o NPK
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AP2IT

PRELIILLJLI SUR 'Y OF GROUND -IESOURCES IN THE ALEYDEGI P

1. Introduotice

The Aleydegi Plain skirts the northern and north-western slopes of the Asebot
and Afdem mountains. Westwards i is bounded by basalt plateaux along the right bank
of the Avash. Northwards it ende at the foot of the A.zelo mountain. It formo a long
oorridor 15 to 20 km eide, stretching south-west - north-east for about 100 km. The
possibilities of using the eaioting pastures in the Plain for grazang aro limited by
the lack of a permanent source of water.

Since no direct observations, or other irformation, are availablo on the
existence or locatioa of ground waters, or on ground water eonditions, an investiga-
tion of the lie, and the sources of supply of ground waters, should first be made.
The existence of such waters can be assumed from a survey of the surface terrain.

Additional studies mue±; Yade on (a) seleeurface conditions, where soils are
sufficiently permeable oo that eelle or tube ;.elle can draw the water from the soil;
and (b) sources of supply which depend on rainfall and surface runoff.

2,

The eoils of the Plain were formed from fine, E ely silty, alluvium. In its
upper reaches, much of the silt containe varying amounts of sand, while materi ls with
a higher clay content are deposited in the lower tracts. The Arba Valley in the
southern portion of tho plain: and the Mulu Valley at Biltigu are sunk in 5 to 10
meters of alluvium. Such cuts in tho terrain reveal strata of rolled pebbles and
vavel under the surface) silt, in regular bands, sometimos bulging in shape.

The seasonally flowing rivers may have been larger during the rainy seasons of
the Quarternary Period and may have changed beds mvny times. Such ocourences are
common ibero deposition from torrential rivers le still in process. If this is so,
channels in coarse alluvium must exist buried here and there in the sub-soil, but
no surface condition reveals the location of their buried bed; and even less is there
a way of telling how ':eleeh they have been silted up. To a large extent, silting will
determine the water-earing eruserties of the alluvia.

The highlande ound the Aleydegi Plain are of volcanic origin. They are
basalt plateaux, along the south-eastern border of the Plain, arranged in steps inter-
rupted by faults running parallel to the Plain's length. Between the Plain end thc
Asebot volcano, the direction of the ravines clearly reveals this system of faults,
and basalt flows are almost horizontal.

3. Surface Waters

Very few *Lemoee of runoff are to be observed in the Plain itself. Rainfall
is moderate. Flatness of the surface as well as a Good Grass cover help to prevent
surface runoff, By eon4rast, innumerable seaeonal streams Lssue from the mountain
sides. They flow for a Lou deys, or eNen for a few hours, a year. Each rivulet
usually floods a small area at the foothill and never flows beyond it, e.-eeept during
exceptional flood perieds. During the dry season, these temporary pools dry up com-
pletely.

A small number of intermittent rivers have their source near the Chercher
crests. Since their watershed is larger, and their courees at a higher elevation, the
force of their -waters in Great enough to carve beds IlrouGh the Aleydegi Plain. Such
are the Arba, Mulu and Dordode rivers. The Arba cuts the southern portion of the
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plain and then joins the Awash. The Mulu moves past the foot of he Afdem Mountain,
flowing northward to flood the Azelo region. The Bordoda Comes from the Azebot Moun-
tain and becomes confluent with the Mulu in its flood plain,

During flood periods, a certain amount of water from these three rivers per-
colates through their permeable beds and banks to the watertable. The only permanent
well mentioned in the entire region ie at Biltigu. It was dug 10 alluvium deposited
by the Mulu River and reaches the undelying permanent watertable at a depth of appro7o-
mately 5 meters.

4. Pro ram of Investi ation

An investigation of ground water resources could be made either in the perme-
able alluvia near the seasonal rivers or, at a greater depth, in the underlying vol-
canic strata. The most likely nourees of water seem to be near the principal inter-
mittent rivers, uhere coarser a]levium tends to predominate.

4.1 Wells

Wells should be dug by hand in thio hoterogenouu, usually unconsolidated mate-
rial. Uater can be brough to Ole surface with simple equipment requiring almost no
maintenance. This is important in a relatively undeveloped and inacceesiblo reglon.
4 few wells, dug close to the larger intermittent rivers and beyond the reach of
floods, vould provide information on availability and amounts and of water in the allu-
vium.

Six experimental wells could be dug: (a) on nar the Arba River; (b) o.7fl at

the source of an unnamed intermittent stream, 15 kilemetees north of the Arba 'Reer;
(c) one near the Bordoda River, in the area where its effluence begins; (d) tea on the
Mulu River, at Biltign; and (e) one 10 kilometers or so downstream. Their looaion
is shown on the map drawn Lo a scale of 1:500,000. If water-produeng, they eould
meet the neede of the local pastoralists.

The well lining should be made of masonery or concrete. The well should pene-
trate the water table to a depth of 5 meters. Its floor and walls beneath the water
table should include a gravel or sand filter. The size of the particles in the filter
muet be determined by the particle size in the water-bearing alluvium, so as Lo avoid
entraining materials which would interfere with a proper Denctioning of the well.

4.2 Drillinla

tn addition, it is desired to establish water holes in the central part of
the Aleydegi, which no sizeable river traverses, the water bearing properties of the
soils below the surface silt will have to be investigated. Although the deep sub-sur-

face structure of Lhe soil ir not well known, the region has undergone faultlng. It

resulted in the huge upthrows which produced the troughs kaown as i,he Rift Valley.

It seems advisable, therefore, to make an underground survey to a depth of 500 meters

if possible, with mechanical drills. Rydrodynamic tests could then be made in the
principal water layers encountered so as to determine their potentialities.

Once these drillings had 1)E-, de, the possibiljties of meking a geophysioal
study of the region could be enviee.ged, so no to extrapolate information on a parti-

cular locality Lo tbe region around it. 111'.,- costly procedures should be undertaken

only after the siee Eee,perimental wells hav 1 , built.
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