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Summary and Recommendations

The area surveyved for the Bale Gadulla, phase I feasibility study,
covers about 968 hectare.

Of this approximately 46 ha (or 4 as% 0of the total area) is

covered by Kubsa village.

In total about 583 ha (of 60 i2% of the total area) is moderately
well suited for irrigated crop cultivation. It consists of nearly
level to gently sloping (1:1/2~3% slopes), very deep (3-8m depth upto
the bedrock), somewhat imperfectly drained, slowly permeable, black
cracking clay {or silty clay) soils.

These lands have been somewhat downgraded because of difficult work
ability for seedbed preparation and problems related to restricted
subsoil drainage (suitability subclass 8,d4,)

Approximately 218 :. ha (or 22 :.% of the total area) has been
downgraded as only marginally suitable for dirrigated crop
cultivation. It consists mainly of the same black (sometimes
brownish black) cracking clay soils, but either < 3m deep to the
underlying bedrock and/or very sodic or with 3 1,:~-4% slopes and
thus more subjected to erosion hazard (see suitability subclasses:
s.d'a, S,ad, S:;ed, 8.d'3 and $S.,d'w)

The remaining 120 :wha (approximately) or 12 s of the total area,
consists of steep rocky hills, footslopes and steep sideslopes
(slopes > 4%) and 1is therefore pot suited for idrrigation
development (suitability subclasses: N,sr, N,se)

It may further be noted that, although a very large part of the
project area (about 401:.z ha, or 41% of the total) is covered by
common to manv surface stones {(of vesicular basalt), their removal
(by hand picking) would only take (or cost) about 13 mandavs per
hectare (or 40 Birr per ha) and this will amount to a stone heap
of about 112m*® stones per ha, which may be used for other purposes,
such as the construction of roads or walls.

To enable the construction of the irrigation scheme, only the river
terraces (T-mapping units), covering about 393 ha (or 41% of the
total area) are in need of some low vegetation clearance
requirements, while all the other suitable mapping units are
already cultivated (rainfed).

Moreover, about 132 ha (or 13:,2% of total area) of more or less
suitable lands are in need of medium levelling/grading (with
2:1,2-3% slopes) and about 112s:,« ha (or 1li,2% of total area) of high
levelling/grading operations.



It should finally be noted that, due to the low annual rainfall,
about 583 ha (or 60::% of the survey area) will be upgraded from
only marginally suited under the present rainfed conditions (class
S;)to moderably well suited (class 8,) under irrigated conditions.
This may roughly indicate an expected productivity increase from
below 40% to about 60% of that achieved from ideally suitable land
under the same level of inputs.
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The report outlines the results of a feasibility soil
survey of only a small part (called phase I) of the Bale
Gadulla area, which had already been studied 1in rather
detail by a Korean soil survey team together with a national
counterpart staff of WRDA, in 1990, at an overall
observation density of about 1 per 6 hectare.

Afterwards, however, update and improvement of the soil
and landform characterizations, the soil wmapping accuracy
and reporting was felt to be needed.

The present study is based primarily on a detailed
aerial photo-interpretation (scale 1:50,000) in combination
with about 78 additional field observations and study of the
previous so0il survey data {about 75 observations) and maps.

The new observations included 71 auger hole
observations made at regular intervals of about 200m along
transects located more or less perpendicularly to the
phvsiographic mapping wunits orientation, and dincluding
numerous (about 85) soil surface observations as well.

Furtheron 7 go0il profile pits were dug upto 2m depth
and 4 deep borehole were drilled upto the bedrock. All this
amounted to an overall ¢hservation dengitvy of about 1 _per 4
hectare.

The soil profile pits were located on representative
sites, described in detail and sampled for Ilaboratory
analysis, while infiltration and permeability tests were
executed in triplicate near those pits.

Final soil boundaries were traced on 1:5,000 scale
topographic field sheets, which were later reduced to
1:10,000 scale final maps.

The complete soil survey and mapping methodology 1is
Adescribed in chapter 3.

The study was conducted in consultation with Ato
Mekuria Tafesse, General Manager WRDA and National Project
Coordinator ETH/88/013, Mr. S.Thirugnanasambanthar, FAO team
ieader, and the members of the Steering Committee for the
UNDP assisted projects in the irrigation subsector.

The work was executed in the field with the assistance
of WRDA technical staff, including Ato Girum Asfaw (the
national soil survey counterpart) and Ato Melesse Kumsa
(national soil survey assistant) and Ato Mesfin Kidane and
Ato Birhane Gashu (topographic surveyors). The deep
boreholes and their descriptions were made by Ato Teodros
G/Egziabher (geologist) and Ato Bulcha Nigatu (driller).
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The terminology used for soil description, taxonomic
soil classification and irrigability evaluation in the
report is explained in USDA (1951 and 1988) and FAO (1976,
1977, 1979, 1985 and 1988).

Of the 4 different so0il series identified in the
project area only three have been tentatively named, and
described in detail in this report, since the fourth one is
very limited in extent and not suited for irrigation because
of steep slope and relative shallowness.

The three major soil series are very similar in most
profile characteristics. They are all very deep, somewhat
imperfectly drained, black to brownish black, moderately to
very strongly alkaline, occasionally sodic, medium to highly
calcareous, non-saline, cracking clays (vertisols).

Their names (see below) are derived from the Kubsa
village located in the phase I area, the Weib and the
Asendabo rivers, respectively.

Their differing characteristics and taxonomic
clasgification are

1. Kubsa so0il series (Chromo-Hypo-Calcic Vertisols; FAO,
1988/91) Brownish black clay (with 15-32% silt and 65-
85% clay), and a _calcic horizon of soft powdery lime in

between 60~110cm of the surface.

These soils have both a rudic (=surface stones) -~ and a
sodic (ESP upto 28) phase.

2. Asendabo soil series (Pelli-Hypo-Calcic Vertisols; FAO
1988/91) Black siltyv clay (with 30-55% silt and 45-65%
clay) and a galcic horizon of soft powdery lime in
between 60-120 ¢m of the surface.

3. Weib soil series (Pelli-FEutric Vertisols; FAO, 1988/91)
Black clavs (with 9~37% silt and 60~90% clay) and a
very deep (below 125cm) or no calcic horizon.

They mostly have a rudic (= surface stones) and rarely
a sodic phase.

Complete description of these soil series (and their
phases) is given in appendix I, together with the analytical
results of the soil samples taken and of the infiltration
and permeability tests. Determinations of intake family is
given in appendix II. Total depth of the (sub) soils, until
the bedrock and brief descriptions is given in appendix III.



THE ENVIRONMENT

2.1 Location, access and extent of the project area

a. Location

The project area lies in a vallev on the left bank of
the Weilb river in Gadulla awraja, about 30km from Goro, at an
altitude of around 1900m. (see figures 1 and 2).

~ Its location is roughly in between 07° 06' and 07° 09
Northern Latitudes and 40° 22' and 40° 24' Eastern longitudes,
or according to the Universal Transverse Mercator Grid
Designation (Zone 37, clarke 1880 spheroid) in between 16,000
and 19,500m North and 652,500 and 657,500, East.

The area can be found on 1991 aerial photograph no 0034,
run B2 (contract ET 1:10, scale 1;50:000). and on 250,000
scale toposheet.

b. Access

The project area is about 30 km from Goro, and about 80
km from Robe. Between Robe and Goro there is a good all-
weather dirt road. From Goro the road deteriorates and for
the last 18km it is no more than a track to Kubsa village
located in the project area.

c. Extent
The area surveyved for the phase I project covers about

968 ha, of which about 60::% (583 hectare) are moderately
suitable for irrigation development.

2.2 Climate

a. General Characteristics

Meteorological data for the project area are not
available. The nearest meteorological station is at Goro;
monthly rainfall and temperature data for this station are
given in Tables 1 and 2 and in Figs. 2 and 3.

Rainfall is eratic at Goro. In the 1ll-vyear period for
which records are available, the maximum annual rainfall was
1,383 mm and the minimum 351 mm.

The mean annual rainfall is about 723.9 mm; about 50% of
it is received during March, April and May (Belg) and more
than 25% in September and October (Mehr), while the other 7
months are relatively dry, having only 20% of the total
annual rainfall.
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The survey area has an elevation ranging from 1790 to
1915m.

Air temperatures at Goro (which is located at an
elevation of about 2,000m.) are very uniform throughout the
Vear. On the basis of the three vears of available data,
mean monthly femperatures vary between 17.3°% {June) and
19.6°¢ (January). Mean monthly minima vary between 7.4°C
(October) and 11.6°C (January), while maximum vary between
24.4°C (June) and 28.2°C (February).

The mean monthly pan evaporation varies from 128 mm
(September) to 180 mm (March) with a mean annual of 1732 mm.

The mean daily wind velocity varies between 1.5 m/sec.
to 4.0m/sec. with the high wind speeds occurring from June
till August.

b. Soil moisture regime

No exact data on soil moisture are available in the
Bale-Gadulla area. It has thus to be estimated from the
rainfall data.

The somewhat imperfectly drained and nearly local to
gently undulating upland Vertiscls are considered to have an
Ustic soil moisture regime, which means a dry upper subsoil
for at least 90 days (cumulative) and at least moist in some
parts for at least 90 consecutive dayse.

c. Soi mperatur eqgim

This has also to be estimated £from the climatic (air
temperature) data.

The mean annual soil temperature at a depth of 50cm is
most probably higher than 15°C and lower than 22°C, and the
difference bhetween mean summer and mean winter soil
temperature is less than 5°C, and thus it is classified as

Isothermic.

2.3 HNatural vegetation and present Land use

The nearly level terrace landforms (see T - Mapping
units) along the Asendabo river are not cultivated and
covered by a medium dense bush forest of Acacia and often
short and tall trees. These areas are presently used for
grazing. The more undulating landforms (see V-mapping units)
are almost entirely cultivated.



Yean monthly rainfall (ma} basad on 11 vears' data, 1976-86

...........................................................

Wy 212 11006 13606 13503 46,7 1201 3200 11y 7R 213 Bl 7234

Table 2. Air temperature, Gorro

Yean monthly air teaperatures [deg.C: Dbased on 3 years' data, 1982, 1984, 1965

....................................................................................

¥inoo 1.6 165 101 10 8.7 M6 oiet 13 5.3 T4 1041000 1.0
Kean 19.6 19.4 18,6 18,0 1.7 173 1T.& 184 17.9 171 8.9 18.8 18.3
Mam o 27.6 280 2.0 ZRLT 4 2404 252 288 166 267 274105 6.8
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' Farming practices are traditional ploughing by ox. The
main ;ainfed crops are maize, barley, wheat, oats, sorghum
and different spices. (cumin, fenugreek and coriander). In
terms of land area, barley is the most important crop.
Barley, Wheat and Oats are all grown in both seasons and so

are the spices, but maize seems to be usually grown in the
Belg only.

2.4 Phvsiographv, Geology and Drainage

As can be seen on the 1:50,000 scale RAerial Photo-
Interpretation map (Fig. 4) and the schematic cross-section
(Fig.5) of the Bale Gadulla (phase I) area three (or four)
major landforms have been distinguished. They are:

P= The Plateau with undulating summit (P,) above 2300m
elevation (often with large State Farms) very, steep
escarpments (P,) and steep lower foothills(=H on the final
soil map).

All these units, except H, are located outside the area
surveyed.

V= The wundulating Qlder Vallev Bottom, which 1is
predominantly cultivated and mostly covered by common to many
basaltic surface stones. Within the phase I area, its

elevation ranges from 1825-1900m.

This unit has been subdivided mainly on the basis of
gslope {(degree and form) into:

vl - undulating or convex upper part
v2 - gently undulating lower part
v3 - level to gentle concave drainage ways and depressions

T= Nearly level River Terraces along the Asendabo
river. They are covered by medium dense Acacia bushes and
with few or no surface stones. Their elevation ranges from
1785-1840m. Three different Terraces have been distinguished
T1, T, and T, (upper-, middle~-, and lower terrace
respectively).

A= Alluvial valleys of the Asendabo dry river bed (A,)
and the Weib river (partly a deep canyon})

The plateau and foothills, as well as the valley bottom
and terraces are underlain by vesicular basalts (similar to
the surface stones) of the lower Tertiary (Paleocene -
Oligocene- Miocene) Trap series (Ashangi group), according to
the Geological Map of Ethiopia (Scale 1:2 million), compiled
by V.Kazmin (United Nation, 1972).

Both rivers, the Asendabo and Weyib, are draining the
area to the Southeast into the Wabi Shebelle river system.



Aerlal  Photo- Inferpretation Map of the Bale- Gadula area { Phase T) and Surroundings
Approximate Scale ~ 1:5%0.000

l..A.van Sleen , FAQ- Expert
22 February 1992
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Fig.5: Schematlc cross- section of the Bale - Gadula ( Phase I)area
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3.1 pre=-survev activities

Maps and reports of the 1990 Korean soil survey were
col;ected and studied as well ag the 1991 (scale 1:50,000)
aerial photographs, which were interpreted in detail.

A preliminary physiographic legend for soil survey
purposes was established and on the Dbasis of photo-~
interpretation mapping units, transects for highly intensive
soil survey observations and representative sites for soil

profile pits and deep borehole drillings (upto the bedrock)
were located.

All this was then transferred to 1:5,000 scale topo~-
sheets, with 1m. contour intervals to be used in the field.

3.2 Field Operations

Systematic soil survey work for the feasibility study
of the Bale Gadulla (phase I) area started on 23 January and
was completed by the end of February 1992.

The soil survey fieldwork involved.

- Systematic auger hole observations upto 200cm depth
were made along the transects at intervals of 200m,
over a total length of about 14km. In total 71 auger
holes were made.

- In between these auger hole observations, continuous
so-called, (ghallow) soil surface observations were
made with special attention for changes in soil surface
colour, stoniness, slope and vegetation cover etc. 1In
total at least 85 of such observations were recorded by
a brief code and/or boundary line plotted on the map.

- Detailed soil profile descriptions were made on
representative sites, including soil sampling for

laboratory analysis. In total 7 soil profile pits were
made upto 2m. depth.

- Near 4 of the above mentioned soill profile pits a deep
horehole was drilled upto the bedrock.

Thus in total 71+85+7=163 new observations were made.
This together with the approx 75 old observations over
an area of about 968 ha, resulted in an averade
observation density of 1 _pexr 4ha.

- Besgides Infiltration-and permeability tes?s were
executed in triplicate on all 7 soil profiles sites.

11



3.3 Post Fieldwork activities

After completion of fieldwork, all data had to be
interpreted, including the laboratory results, which were
received from WRDA's laboratory on 24 and 26 March 1992.

PF wvalues and bulk densities to be determined by the
national Soils Laboratory, however, where only received on 17
April 1992, and the calculated results of the infiltration
and permeability tests were also handed over by the national
counterpart on 17 April 19292.

Correction and update of the final (1:10,000 scale) draft
soil map and legend, was completed on 10 April 1992, while the
final {draft) Irrigability Map was completed on 21 April 1992,
after recelipt of all the data.

The feasgibility draft report (including the drawing of
schematic cross~sections and graphs and small maps) started
in early april and was completed on 4 May 1992, when it was
handed over to the project staff of WRDA for final checking,
typing and drawing.

12



SOILS AND DESCRIPTION QF SOIL MAPPING UNITS

4.1 The soils and their Taxonomic classification

. Inspite of the 18 physiographic soil mapping units
delineated, soils within the phase I project area are very
uniform and similar in profile characteristicsg.

Apart from one unnamed so0il sgeries occurring on the
alluvial~colluvial footslope (H,) below the steep rocky hill
(H,)and which is very limited in extent (15 Ha only) and not
suitable for irrigation development because of steep slopes
(8-9%) and not very deep soils (< 1:2m to the bedrock) all
other (three) soil series differ only from each other in soil
colour (very slightly: Pellic or just chromic), depth (or
pPresence)of a calcic horizon (within or below 125 cm of the
surface) and goil texture: being either silty clay (with 31-
53% silt) or clay (with < 32% silt) and slightly in soil
reaction (pH) being either strongly to extremely or
moderately alkaline.

Otherwise these three soil series (collectively covering
about 938 ha(or 97% of the project area), are all very deep,
somewhat imperfectly drained, black to brownish black,
moderately to very strongly alkaline (occasionally sodic),
medium to highly calcareous, non-saline, cracking clays (=
Vertiscls).

Their tentative names (see below) are derived from the
Kubsa Village located in the phase I area, the Wevib river,
forming the southern boundary of the phase I area and the
Asendabo river, forming the north and eastern boundary,
respectively.

These three soilil series are described in detail under
appendix I, together with their laboratory analytical data.
Their main characteristics and diagnostic criteria are as
follows:

1=~ Kubsa Soil Series: They are the dominant soils of the
undulating or convex upper part of the Older VvValley
Bottom (V,), partly dissected and with 2:1,2:=7% slopes and
predominantly cultivated and/or covered by Kubsa
village, and with common to many surface stones of
vesicular bhasalt.

They are very deep (3-4m deep to bedrock), somewhat
imperfectly drained, very slowly permeable, slightly to
highly calcareous (9-25% Ca Co,) with a calcic horizon within
125 cm depth, moderately alkaline in the topsoil and very
strongly alkaline below (PH(H,0) 8.0-9.4), sodic below 20cm
depth (ESP 9-30% of CEC), brownish black, cracking clays (65~
84% clay in the fine earth fraction).

13



Representative nrofile: BAGOO1

These soils generally occur on the undulating or convex
upper part of the Older Valley Bottom in association with the

Weyib soil series having a deeper calcic Horizon (=below
115cm depth or wmore).

According to the revised (1988) legend and the {June
1991) annex 1 of the FAQ/UNESCO/ISRIC Soil Map of the World,
these soils with fine, c¢racking clays and intersecting
slickensides within 100cm of the surface, have been

classified in the soil group of Vertisols and in the soil
unit Calcic Vertisols (VRK), (=having a calcic horizon within

125cm of the surface) and soil subunits Hypo-Calcic Vertisols
(= the calcic horizon consists of concentration of soft
powdery lime). And because they have chromas, moist of 1.5

or more, they may receive the prefix chromi, thus Chromo-
Hvpo~Calcic Vertisols.

Similarly to thé‘above, these soills have bheen classified
in the order of VYertisols in the U.5.S80il Taxonomv Svystem

(Rey, 1988), and suborder Usterts (==ustic soil moisture
regime) and great group Chromusterts (= having chromas moist,

of 1.5 or more) and subgroup Udic Chromusterts (=having
cracks that remain open from 90 to 150 cumulative davs in
most years).

2= Wevib soil serieg: They are the dominant soils of the
phase I project area, covering the gently undulating lower
part with many surface stoneg) and/nearly level to gently
concave depressions and drainage wayvs (with few surface
stones) of the predominantly cultivated older vValley Bottom,
as well as the Upper and Lower River Terraces without(or few)
surface stones.

They are also very deep (mostly 3-8:.2m deep to bedrock),
somewhat imperfectly drained, very slowly permeable, slightly

to moderately calcareous (8-15%Ca Co,), with no calcic
horizon within 125cm of the surface, strongly alkaline (PH
(H,0) 8.2 - 8.6), only occasionally sodic (ESP of 236-39%

below 40cm depth), black, cracking clays (60-90% clay in the
fine earth fraction).

Representative Profiles: BAGO04, BAGO0S5, BAGO06, BAGOO7.

similar to the Kubsa soil series, these soils have been
classified din the subgroup of Vertisols, according'to the
FAO/UNESCO/ ISRIC(1988) revised legend and in the soil unit

Eutric Vertisols (=not having a dgypic or calcic hgrizon
within 125 cm of the surface but with a base saturation Qf
more than 50% throughout the profile). Because of their

chromas, moist of 1, they have given the prefix Pelli. Thus
Pelli-Eutric Vertisols.

14



In the US Soil Taxonomy Svstem (Key, 1988) they are also
Vertisols (=order) and Usterts (suborder) because of ustic
soil moisture regime and great group Pellusterts (because of
chromas 1), and subgroup Udic Pellusterts (=having cracks

that remain open from 90 to 150 cumulative days in most
yvears.

3~ Asendabo scil series; They are the dominant soils of
the non cultivated Middle River Terrace, predominantly with

no (or few) surface stones and medium dense Acacia shrub
land.

They are similar in all aspects to the Kubsa soil series,
but always black in colour and with a higher percentage of
silt (31-53% silt in the fine earth fraction) and thus silty
c¢lays. They have a calcic horizon usually between 63-117cm
of the surface and they are moderately alkaline.

Representative profiles: BAGO02 and BAGOO03

Similarly to the Kubsa soil series they have been classified

in the soil subunit of Hypo-Calcic Vertisols

(FAO/UNESCQ/ISRIC legend, 1988/91), but with a prefix Pelli,

because of their chromas, moist of 1, thus Pelli-Hvpo-
lci isols.

Likewise, in the US Soil Taxonomv System (key 1988) they are
classified in the subgroup of Udic Pellusterts.

on the basis of physiographic landform, slopes, surface
stoniness and land use and vegetation cover types and soil
taxonomic characteristics, the following physiographic soil
mapping units were delineated within the phase I Bale-
Gadulla project site.

15



Physiographic Soil Map lLegend of the Bale-Gadulla Ares

.........

.........................
---------------------------------------------------------

Mappgfg Phy51og*apbic Dageripticn, Soil series name ($oil Irrigation
. Unit  including vegetation cover Tavonony, YAO 1983 Suitability
Syzbols type, slops classes and variants, phases) and subclasses
depth to bedrock sajor soil profile characteristics
P Platean, outside project ares net surveyed not relevant
B Steep Hills and footslopes; pred. under grassland and many surface stones
H Ve{Y Steep and Rocky Summits Rockland {vesicular basalt) N2sT
and upper slopes
B2 Steep footslopes {8-9% siopes: Hob named {Mollic Pluvisels, ¥ls
< 1in desp o dedrock rudic phases),
Yoderately deep, well
drained, brownish black,
silty loam over gravels
¥ pred. Cultivated, Undulating Older Valley Bettom
Y1 Undulating or Convex Upper Part: pred: 3-im deep to bedrock:
Commcn to many surface stones {vesicular basalt)
Ji1 stroagly sloping 14-7%) slopas! Fubsa soil series {Chromi-Hype- Nied
upper siopes; more gissected Calcic vertisels; scdic,
Tudic phases (see V1I univy
912 Gently Convex Lower Slopes fubsa soil ser‘ak Chr:@: 53d'a
123-3% slopes, Hypo Lalcic Vertisols, sodic,
rudic phass). Ver de
somewhat imperfectly dra ned,
browaish black, cracking clays
with & calcic horizon within
125ca depth {Repr. prefile B-1)
v2  Gently Undulating Lower Part; pred. 5-8jn. deep to bedrock;
common to many surface stones (vesicular basalt)
Y21 Nearly level to very qently Weyib soil series (Pelli-Rutric $2du
undulating summits {13-2% slopes Vertisols, rudic phage}.
Very deep, somewhat imperfectly
drained, black, cracking clays
{Repr. profile: B-%)
: ] ving o 1o 2
vz Geatle conver (23-4% siopes) Weyib soil series: rudic phase sdw
as above
723 Comvex (3}-4%) slopes ¥eyid soil series: Rudic phase §3ed
15 above
. . N ! - N N ) . ; J ~
y24  Deep [4-7%) Sideslopes to Weyid Weyib soil series : Rudic Phase Nled
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Physiographic Scil Map Legend of the Bale-Gadulla Area

SRR D RO K 0K Y S0 B O K W ) G AT e R O R A G K RO R 6 OB N R O D % R R TR e S - LT
- - -

Happing Physiographic Description, Soil series name (Soil Irrigation
Unit  including vegetation cover Taxonomy, FAQ 1988 Suitability
Syabols type. slope classes and variants, phases) and subclasses
depth to bedrock pajor so0il profile characteristics
River valley, a8 above
V3 Nearly Level to Gentle Concave Drainage Ways and Depressicns;
Pred. 3-5m. deep fo bedrock; mostly none or few surface stones
V31 Narrow, Concave drainage ways: Heyib soil saries: as above, §3ed
(3i-4% slopes) but non rudic
Vi Broad depression without surface Weyil soil series, non rudic §2dw
stones
V33 Broad depression with many Weyib s0:1 geries {Pelli-Futric 33ad
surface stonss, Yertisols, sodic, rudic phase)
Very deep, somewhat imperfectly
drained, sodic rracking clays
{Repr. profile: Be6)
T Hearly level River Terraces ¥ith Scattered Bush Vecetation
71 Upper Terrace
711 §lightly convex Summits: upto 2i%  Weyid soil series (Pelli-Iutric 834w
slopes; few tock cutcrops, pred, yertisols)
<3z deep to bedrock ISee T2 unit)
"2 Nearlv lavel summiis; 1-113% Slopes; Weylb soil serles (Pelli-Rutric 524w
pred. 3-4m. deep to bedrock Vertisols, nom-rudic phasej
[Repr. profile: B-T7)
T2 Hiddie Terrace
721 Transitional footslopss below H: Asendabo soil series {Pelli- Nled
§-7% slopes; many surface stomes:  Hypo-Calcic Vertisols, rudic
pred>-21, deep to bedrock phase), Very deep, somewhat

imperfectly drained, black to
yrownish black cracking, silty
clays, with a caleic horizon
within 125cn depth

{Repr. profile: B-2;

723 Very gently sloping (2% slopes;; Asendabo scil series §?elli-Hyps
commcr t¢ many surface stones: pred Calcic vertisols, rudic phase); 24w
5a. deep to bedrock

yearly level summits: 1-1i% Slopes Asendabo so;l series (Pel}i-Hypo 52dw
pred. >5m. Deep to bedrock Calcic Vertisels, non-rudic

but sodic phasel

Very deep, scmewhal imperfectly

»3
)
[es
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Physiographic Soil Map Legend of the Bale~Gadulla Ares

-------------------------------------------------------------------------------------------

Napping
Unit
Syabols

Physiographic Description,
iacluding vegetation cover
type, slope classes and
depth to badrock

5011 series name [Soil

Tazonomy, PAC 1988

variants, phases) and

major soil profile characteristics

Irrigation
Suitability
stbclasses

...........................................................................................

724

Sideslopes {3i-4% slopes) with
few rock outcrops; pred. <3z
deep to bedrock

drained, black, cracking,
s11ty clays, with @ calcic
horizon within 125 depth
{Repr. profile: B-3)

s
2.
poan
<3

hsendabo Soil series as
above: slightly rocky phase

...........................................................................................

Lower Terrace
Nearly level {<¢ 1% slopesi: pred.
3-5p dszep to bedrock

Weyib soil series {Pelli-Butric
Vertisols),

Yery deep, somewhat imperfectly
drained, black, cracking clavs
{Repr. prefile: B-4),

...........................................................................................

Alluvial valleys, outside project
arsa

xsendabo dry valley, with
basaltic
¥eyib valley

Hot surveyed

Hot
relevant
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4.3 Description of phvsiographic soil mapping units

.In th;s section the 18 mapping units shown on the
physiographic soil map (scale 1:10,000), are described in more

detail and their hectarages (and percentage of total area) are
given.

Mapping Unit H,: Steep, Rockv Hille 14:.c ha({li% of total area)

This unit is too elevated (above command elevation), too
steep and too rocky for any irrigation development. It 1is
covered by grassland and many rock outcrops and surface stones
of vesicular basalt. Irrigation suitability subclass: N,sr.

Mapping unit H,: Steep Footslopes: 8-9% slopes: 15% ha (or 13% of

total area).

Moderately deep, well drained, good permeable, vellowish
brown to brownish black, silt loam over gravels. It occurs on

the steep alluvial-colluvial footslopes below the steep rocky
hills.

Brief Profile Description

35¢m  Brownish black, strongly calcareous, gilt lo
75cm. Dark yvellowish brown, strongly calcareous gilt loam

75-140cm. Dark vellowish brown, strongly calcareous gravellv silt

loam.
140cm. Rock (vesicular basalt).

The natural vegetation consists of grassland

soil reaction (pH) is strongly alkaline.

This unit is too steep for irrigation development.
Irrigation suitability subclass: N,

Mapping Unit V,;: Kubsa soil series., strongly (4-7%) slopind,

Rudic phase.
Approx. 39% ha (or 4% of total area)

vVery deep, somewhat imperfectly drained, very
slowly permeable, slightly to highly
calcareous, moderate (topsoil) to extremely
(subsoil)alkaline, sedic(subsoil), brownish
black, cracking clays.

It occurs on the moderately dissected,
undulating upper part of the older valley
bottom. This unit is partly covered by Kubsa
village, some grassland and some cultivated
lands and all of it has common to many surface
stones of vesicular basalt.
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Brief Profile Degcripiion

A,

A,

By

B

0=20cm,

20=-63cm.

63-110cm.

110-170"cm

Brownish black; well developed, very fine and fine
subangular blocky. strongly calcareous, clav. pHS8.0
Brownish black; moderately development, medium to
coarse, angular blocky including wedgeshaped;
strongly calcareous, g¢racking clay. pH 8.4 (9%
exchangeable sodium percentage).

Brownish black; moderately developed, medium to
coarse, angular klocky including wedgeshaped;
extremely calcareous, with concentrations of soft
lime concretions or pseudomycelium; c¢racking clav.
pPH 9.4 (27% ESP).

Brownish black; moderately developed, medium to
coarse, angular blocky including wedgeshaped;
extremely calcareous, c¢racking clav. pH 9.2 (29%
E.S.P.)

This soil is in general only marginally suited to
most {climatically adapted) crops. Its suitability
is mainly downgraded because of its extreme sodicity
in combination with restricted subsoil drainage,and
also to some extent because of its difficult
workablity for seedbed preparation. This
particular mapping unit, however, is considered as
not suitable at all, because of its steep slopes
{and erosion hazard).

Irrigation suitability subclass: Nlse

Land development requirements of this unit have
been rated as high because of 1its severe
topographic limitations.

Mapping Unit V,,: Kubsa soil series, gently (2%-3%) sloping,

uidic Rudic phase.
approx. 68 ha (or 7% of total area).

similar to V,, above, but only gently sloping and
thus less subjected to erosion hazard.

This unit occurs on the gentle convex lower slopes
of the upper part of the older valley bottom

Tts suitability for irrigation development has been
downgraded because of restricted subsocoil drainage
in combination with high sodicity and limited
subsoil depth (3-4m) upto the bedrock, as only
marginally suitable. A further limitation is its
difficult workability, as mentioned above.
Irrigation suitability subclass: Siaca- Lgnd
development requirements of this unit are medium
because of moderate topographic limitations.
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Mappind Unit V,;: Wevib soil series, nearly level to verv gently

{1:2-2%) slopes, Rudic phase Approx. 166i:,4 ha (or
of total area).

17%

i

Very deep, somewhat imperfectly drained, very slowly

permeable, slightly to moderately calcareous,
strongly alkaline, black, cracking clays.

It occurs on the nearly level to very gently
undulating summits of the lower part of the older
valley bottom. This whole unit is cultivated and

with common to many surface stones (of vesicular
basalt).

Bri T i escri io

A, 0=-20cm Black; well developed, fine and medium, subangular
blocky; strongly calcareous giltv clav. PH 8.6.

A, 20-57cm Black,; well developed, coarse, angular blocky

including wedgeshaped; strongly calcareous, ¢racking
clay, PH &8.0.

B, 57-122cm  Brownish black; well developed, coarse, angular
blocky including wedgeshaped; strongly calcareous
c¢racking clay. PH 8.4.

B, 122-160cm Black with gravish brown concentrations of soft lime
concretions; extremely calcareous, c¢racking clav,
PH 8.4

This soil is in general moderatelyv well suited to
most (climatically adapted) crops. Its suitability
is somewhat downgraded because of its difficult
workability for seedbed preparation and problems
related to restricted subsoil drainage. Irrigation
suitability subclass: S,

Land development requirements are low, except for
the possible need to construct a drainage system of
about 1meter deep ditches at regular intervals.
Depth to bedrock of this unit is about 5 to 83
meter.

Mapping Unit V,,: Wevib soil series. gently (23%-3%) sloping, Rudicg

phase
Approx. 47 ha (or 4:14% of total area).

similar to V21 above, but it occurs on the gentle
convex slopes of the lower part of the lower valley
bottom and is slightly more subjected to sheet
erosion.

Trrigation suitability subclass: Sy,

Land development reguirements are low hecause of
light topographic limitations only.
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Mapping Unit V,;: Wevib soil sgeries. (33-4%) slopindg.

rudic phase
Approx. 36iha (or 3i% of total area)

Similar to V,, (and V,,) above, but it occurs on the
somewhat steeper convex slopes of the lower part of
the older valley bottom, and is thus more subjected
to erogion hazard, for which reason it has been down

graded as only marginally suitable for irrigation
development.

Irrigation suitability subclass:S,.,. Land
development requirements of this unit are medium
due to moderate topographic limitations.

Mapping Unit V,,: Wevib soil series., strongly (4-7%) sloping, rudic
phase

Approx 44 ha (or 4% of total area).

Similar to V,, {and V,, and V,;) above, but occurring
on the steep sideslopes of the lower part of the
older wvalley bottom and severely subjected to
erosion hazard. This unit is too steep for gravity
irrigation development. Irrigation suitability
subclass: N,,. Land development requirements of
their unit would be very high, due to very severe
topographic limitations.

Mapping Unit V..: Wevib soil series (33-4%) sloping
3L

Approx. 19 ha (or 2% of total area.)

Similar to v,,, but it occurs on the narrow slightly
concave, narrow drainage wavys, traversing mainly the
upper part of the older valley bottom. Mostly there
are only few or no surface stones on this unit.

Irrigation suitability subclass:S,..

Mapping Unit V,,:Wevib soil series, nearly Jevel (<1%) slopes.

Approx. 57 ha {(or 6% of total area).

Similar to V,,, but occurring in the nearly level
broad depression and mostly without (or few) surface
stones.

Irrigation suitability subclass: S,
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Mapping Unit V,,: Wevib soil series. nearly level (<1% slopes),

Q,

rudic, sodic phase

Approx. 21 ha (or 231% of the total area).

Simi}ar to V,, above and also occurring in the nearly
level, broad depression, but with common to many
surface stones and with sodic phase.

Brief Profile Description

0~15cm Black; well developed, very fine, subangular blocky;
strongly calcareous, clay PH 8.2

15-40cm Black; moderately developed, coarse, angular blocky

including wedgeshaped; strongly calcareous, cracking
clav. PH 8.0. (9% exchangeable sodium percentage,
ESP) .

40-115cm Black,; strongly developed, coarse, angular blocky
including wedgeshaped; strongly calcareous, ¢racking
clay. PH 8.6 {(36%ESP).

115-160cm Black, with gravish brown concentrations of soft

lime concretions, extremely calcareous, cracking
clay. PH 8.4 (39% ESP).

This unit is marginally suited to most (climatically
adapted) Crops. Its suitability is mainly
downgraded because of its extreme sodicity in
combination with restricted subsocil drainage, and
alsc to some extent because of its difficult
workability for seedbed preparation.

Irrigation suitatility subclass:S,,,

Mapping Unit T,,: Wevib soil series, slightly convex (upto 23%

slopes) with few rock outcrops.

Approx. 17 ha(or 1ls:% of total area)

similar to V,,, etc, but it occurs on the slightly
convex part, with few rock outcrops, of the upper
river terrace. This unit is uncultivated and
covered by medium dense Acacia shrubland and with
few or no surface stones. subsoil depth to the
bedrock is generally in between 2-3m only. This
unit has been downgraded as only marginally suitable
for irrigation development because of restricted
subsoil drainage in combination with limited subsoil
depth.

Irrigation suitability subclass: S,
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Mapping Unit T,,: Wevib soil series, nearlv level (1-13 slopes)

AB

approx. 89% ha (or 9i% of total area)

Similar to T,, above, but occurring on the nearly
level upper river terrace summit and with 3-4m deep
(sub)soil upto the bedrock.

Brief Profile Description

0-23cm Black; moderately developed, very fine and fine,

subangular blocky; strongly calcareous, c¢lav. PH
8.4.

23~70cm Black; moderately developed, coarse, angular blocky

including wedgeshaped; strongly calcareous, ¢racking
clay. PH 8.6.

70-150cm  Black; moderately developed, coarse, angular blocky

including wedgeshaped; strongly calcareous, ¢racking
clav.PH 8.2

150-160cm Black, with bright brown concentration of soft lime

concretions; extremely calcareous, cracking clay,
PH 8.4

This unit is moderately well suited for most
(climatically adopted) crops. It is only somewhat
downgraded because of difficult workability and
restricted subsoil drainage. Irrigation suitability
subclass: S.u.

Mapping Unit T,,: Asendabo scil series, strongly (6-7%) slopind.

rudic phase
Approx. 6:. ha{or sn% of table area).

very deep, somewhat imperfectly drained, slowly
permeable, slightly to highly calcareous, moderately
alkaline, black, cracking gsilty clav.

Tt occurs on the transitional footslopes below H, sloping
to the middle river terrace summit. It is covered by
dense Acacia shrub vegetation and many surface stones of
vesicular basalt.

Brief Profile Description

A,

AB

0

- 20em Black; moderately developed, fine and medium,

subangular blocky; slightly calcareous, gilty clav.
PH 8.0.

20 -63cm Black; moderately developed, coarse, subangular

blocky; moderately calcareous, cracking silty clav,
PH 8.2.
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By 63~-108cm Black; moderately developed coarse, (sub) angular
blocky including wedgeshaped; strongly calcareous

émany lime pseudomycelia, cracking (silty) clay, PH
.O.

B, 108-165cm Black; moderately developed, medium and coarse,

angular blocky, including wedgeshaped, strongly
calcareous, cracking{silty) clay. PH 8.2

B.. 165~190cm Black; as above, (siltviclay PH 8.4

These soils are generally moderately well suited
for irrigation development; only downgraded because
of difficult workabilitvy and restricted subsoil
drainage. This mapping unit however, 1is pot
suitable because of steep slopes and erosion hazard.

Irrigation suitability subclass N,

Mapping Unit T,,: Asendabo soil series very dgentlv (2%) sloping.
rudic vphase

Approx. 10 ha (or 1i% of total area).

similar to T,, above, but occurring at its foot and
very gently sloping.

This unit is therefore moderatelv well suited for
irrigation development as discussed under T,.
Irrigation suitability subclass: S,

Mapping Unit T,,: Asendabo soil series, nearly level (1-13% slopes).
approx. 142iha (or 1431% of total area)

similar to T,, above, occurring on the nearly level
middle terrace summit, but with no (or very few)
surface stones.

Brief Profile description

A, O0-15cm Black; well developed, £ine, subangular blocky;
moderately calcareous; giltv clav. PH 8.0.

AB 15-73¢cm Black; moderately developed, coarse, angular blogky
including wedgeshaped; strongly calcareous ¢racking
silty clay. PH 8.2

B, 73-117cm  Brownish black; moderately developed, coarse angular
blacky including wedgeshaped; strongly calcareous;

cracking (silty) clav, PH 8.4,
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B, 117-210cm Black,; strongly developed, coarse, angular blocky

including wedgeshaped,; strongly calcareous, cracking
{siltviclay, . PH 9.2.

Likewise to the T,, unit, this unit is moderatelv
well suited for dirrigation development.

Irrigation suitability subangular:s,,,
Mapping Unit T,,: Asendabo soil series, (3-4%) sloping, somewhat

rocky phase
Approx. 57% ha (or 6% of total area).

Similar to T,, above, but occurring on rather steep
gsideslopes of the middle terrace with a few rock

outcrops. Depth to bedrock varies generally between
2=-3m only.

This unit is only marginallv suitable for irrigation
development because of restricted subsoil drainage
in combination with limited (sub) soil depth. And
erosion hazard.

Irrigation suitability subclass S,..

Mapping Unit T,: Wevib soil series, nearly level(<1% slopes)
Approx. 70itha (or 7% of total area)

similar to T,,, but occurring on the lower terrace
summit and with 3 to Sm. (sub)soil depth to the
bedrock.

Brief Profile Description

A, 0-17cm Black; well developed, very fine, and fine
subangular blocky; strongly calcareous, clav. PH
8.2.

AB 17-65¢cm Black; moderately developed, coarse, angular blocky
includingwedgeshaped;stronglycalcareous,crgckiug
clay, PH 8.4.

“ 65-117cm  Black; strongly developed, coarse, angular blocky
includingwedgeshaped;stronglycalcareous,cracklng
clay, PH 8.2.

B, 117-182cm Brownish black; strongly developed, medium, angular
blocky including wedgeshaped; strongly calcareous,
with many soft lime concretions, cracking ¢lav, PH
8.2.

B, 182-195cm Brownish black; moderately developed, medium,
subangular blocky, ¢lay, PH 8.2.
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This unit has been somewhat downgraded because of
difficult workability and problems related to
restricted subsoil drainage as moderately suitable
for most (climatically adapted) crops.

Irrigation suitability subclass: S2dw
Thig remaining 46 hectare {(or 4.75% of total area) are

covered by Kubsa village, which is located on 15.5ha of
Vil and 28ha of vi12 and 2.5ha of V13 soil mapping units.
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Table 3: Showing hectarages (and % total area of all mapping
Units occuring in the phase I, Bale Gadulla Area

o e e o e e o +
| Kubsa Village: | Hectares | % of total areal
T T n T T e +
| including V11 | 15.50 | |
| V12 | 28.00 | |
l V13 1 2.50 | |
e L . o e e +
| Subtotal Kubsa Village | 46,00 | 4,75 |
e o e o e +
| H1 | 14.75 | 1.50 |
| H2 | 15.25 | 1.50 |
e e e e T +
| Subtotal H land type | 30ha | 3.00%]|
o e e e o e +
| Vi1 | 39.50 | 4,00 |
| vi2 ] 68.00 | 7.00 |
o e o e e +
| Subtotal V1 subland type | 107.50 | 11.00 |
e e e g e e +
| v21 | 166.75 | 17.25 |
| v22 | 47.00 | 43,75 |
| v23 | 36.25 | 3.50 |
| v2s4 i 44.00 | 4,50 |
e o e e o e +
| Subtotal V2 subland type | 294.00 | 30.00 |
e e o e o e +
I v31 I 19.00 | 2.00 |
| Va2 | 57.00 | 6.00 |
| V33 | 21.00 | 2.50 |
e o e e A e +
| Subsoil V3 subland type | 97.00 | 10.25 |
o e e o +
| total V-land type | 948.50 | 51.25 |
| T11 1 17.00 | 1.75 |
| T12 | 89.50 | 9.25 |
o e e e e o e +
| Subtotal Tl-sub land type | 106.50 | 11.00 |
e e TR +
| T21 | 6.75 | 0.75 |
| T22 | 10.00 | 1.50 |
| 123 | 142.50 |} 14.50 |
| T24 | 57.50 | 6.00 |
o e e o e o +
| Subtotal T2-subland type | 216.75 | 22.50 |
! T3-subland type | 70.50 | 7.50 |
e e e e +
| Total T-land type | 393.50 | 41,50 |
e o e e o e o e +
| Total area | 968ha | 100.00%|
o e e e T e +
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5. IRRIGATION WATER QUALITY

The study area is to be developed by using the water of
the Wevib river.

The quality of this water seems to be highly suitable
for irrigation and no hazardous effects on soils are expected
over its long-term use. As can be seen in Table 2, the Wevib
river has low soluble salts and therefore no salinity problem
and pH reading falls in the normal range.

Toxic elements like sodium, chloride and boron are too
small and will cause no problem for irrigated crops.

Table 2, shows the chemical analysis ¢of the Wevib river
water. It was copiled from the Korean report.

Table 4: Chemical analvsis of the Wevib river irrigation water -

Chemical Conductivity (2C,) 0.08 dsm™
PH 7,11

Cations (in meg/l)

Sodium (Na”) 0.24
Potassium (K*) 0.04
Calcium (Ca'r) 0.36
Magnesium (Mg™) 0.16
Anions (in meg/l)

Chloride (Cl=) 0.08
Floride (F-)

Ricarbonate (HC-, 0.56
Carbonate (C0,--) '
sulfate (SO,~-) nill
Phosphate (PO,~~)

Nitrate (NO,~)

Boron {(mg/l) -

Water analysis were carried out at WRDA's water
laboratory services.
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GATED AND RAINFED AGRICULTURE

Some factors that effect land suitability for surface

irrigation are permanent and others are changeable at a
cost.

Typical examples of permanent factors are climate,
macrotopography, soil depth to bedrock and soil texture.

Changeable characteristics which may be altered, may
typically include micro~relief, vegetation, stoniness,
salinity, depth of groundwater and some social and economic
conditions(e.g. land tenure, accessibility).

The costs of necessary land improvements have to be
estimated so that economic and environmental conseguences of
development can be predicted.

In section 6.1 Land development requirements and
limitationg for surface dirrigation are discussed and
categories or degree classes defined such as for Dbush
clearance, land levelling and removal of sgurface stones on
the basis of an estimation of the costs for improvement.
Table 6 summarizes the land development limitations,
requirements and classes of all the scil mapping units shown
on the soil map.

In section 6.2 the physical and chemical properties of
the three identified so0il series (Kubsa-, Wevib and
Asendabo) are discussed and evaluated.

In section 6.3 the potential {post development)
suitability of the soil units delineated, has been worked
out for a wide range of climatically suitable crops, Dboth
for irrigated and vrainfed cultivation (see table 7 and 8
regpectively).

Then on the basis of these two aspects {land
development classes and potential c¢rop suitability) a
general land evaluation for both irrigated and rainfed crop
cultivation was made for all the soil mapping units (see
table 9). '

6.1 Land Development Reguirements and Limitationsg for

ANy 0L for irrigation development
in the Bale Gadulla (phase I), scheme, consists of steep,
rocky hills and steep footslopes only, while the surrounding
high plateaus with steep escarpments confine the project to
the old river valley bottom with river terraces, only.

‘ i ‘ for irrigation development
in the Bale—Gadulla scheme 1nc1ude
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a) medium dense vedgetation cover, comprising mainly Acacia
bushes and thornscrubs, on the river terraces only (=T-

landtypes).
b) Commop to many surface stones of vesicular basalt,
covering most of the older valley bottom (landtype V).
c) Slopes and other topographic limitations
ad a- Vegetation clearance

In order to be able to construct the irrigation scheme,
the area will have to be cleared of existing trees, bushes
and shrubs. In the phase I area, onlyv the river terraces of
the T~landtype are covered by medium dense low Acacia shrub
vegetation with scattered treeg. This area comprises about
393 ha (or 41% of the total phase I area) and the clearing
recquirements of these T-mapping units are considered as low.

Mapping units of the older valley bottom (V-landtype)
are all cultivated and do not need any bush clearance.

ad b- oV u sto

All the mapping units of the (gently) undulating or
convex upper and lower part of the older wvalley bottom (V,
and V, mapping units) are covered by common to many surface
stones (mostly 10-30cm in diameter). These stones, however,
do not occur within the soil profile, but they make the use
of mechanized agricultural equipment impracticable and will
thus have to be removed.

Manual picking of these surface stones, to clear an area
of 10X10meters, resulted in a stone heap of about 1.125m’ and
was completed by 2 man in 30 minutes. Thus about 112m’ stones
per ha, may be cleared in 20x30x100 minutes = 100 manhours,
or 13 mandavs. At a labour cost of 3 Birr per day, this will
be about 40 Birr per ha, which is a negligeable amount.

It may further be noted, that clearing the topsoil upto
about 20 cm depth, resulted in an additional stone heap of
only 0.15 m* per 100m* (= 15m® per hectare).

Moreover, these topsoil stones, are generally smaller in
size, with diameters ranging from 5-10cm. Therefore, these
few, and small topsoil stones may be left in the s0il without
causing any problem.

To conclude, stone removal requirements are nil to very
low. (even in the most dense stone cover units) and do not
have any influence in the irrigability evaluation of the phase
I project lands.
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ad c- Land levelling

After construction of the irrigation and drainage system,
land levelling will be necessary for the furrow irrigation to

ensure a proper water flow in the furrows and homogeneous
moistening of the soil profile.

To enable the irrigation engineer to calculate an
accurate estimate of levelling reguirements and costs,
representative sample fields should be selected and measured
in detail. In this report however, only very dgeneral
gqualitative c¢lasses of levelling reguirements have been
distinguished mainly on the basis of slopes {(classes).
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Table 5: Preliminart land levelling classes, and related

mapping units and their extent

I o L LT Ta—— Hmm o +
| Land levelling | Slope | | Area | % of

| catagories | Classes | Soil Mapping Units | Total ! Total |
f l % | [ ha | |
R T e ——— o e —— T s T T +
| Low grading/levelling | < 2% | val | 166.75 | 17.25 |
| requirements | | v32 | 57.00 | 6.00 |
; 1 | v33 | 21.00 | 2.25 |
| | | T12 | 89.50 | 9,25 |
} | | T22 | 10.00 | 1.25 |
| | | T23 | 142.50 | 14.50 |
| | | 13 | 70.25 | 7.50 |
A e e e o e e T +
| | Subtotal | 557.00 | 58.00%]
o e e o e e +
| Medium | 2.5 - 3% | T11 | 17.00 | 1.75 |
| grading ] | T12 | 68.00 | 7.00 |
| | | va2 | 47.00 | 4.75 |
o o e e e e +
1 | Subtotal | 132.00 | 13.50%]
e e o A e +
| High | 3.5 - 4% | V31 | 36.50 | 3.50 |
| grading | | v23 | 19.00 | 2.00 |
| | | | 57.50 | 6.00 |
o e S e e e e R o e +
| | Subtotal | 112.75 | 11.50%|
e oo T TR T e +
| Excluded: | > 4% | H1 | 14.75 | 1.50 |
| too steep | | H2 | 15.25 | 1.50 |
| or rocky, or otherwise | | vi1 | 39.50 | 4.00 |
| not suitable | | v24 ] 44,00 | 4.50 |
| i | T21 | 6.75 | 0.75 |
| | | Kubsa Village | 46,00 | 4.75 |
g B S o o +
| | Subtotal | 166.25 | 17.00%|
R R TR S - o +
| Grand Total | 968.00 | 100%]|
o e e TS e o m e e +
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d. Land Development classes

In summary of the above, it may be noted, that the medium
dense vegetation cover of Acacia shrubs (on the river
terraces) as well as the common to many surfaces stones on
most of the cultivated older valley bottom surfaces, both
require only low development efforts (and costs) and are
therefore allowed in land develcpment classes D1.

Thus the only remaining factor of importance for the land
development classes in this phase I project area, is formed
by the different slope classes.

Of this latter, the low grading category has been allowed
for in land development clasg 1, and medium grading in land
development class 2, while high grading will come into land
development class 3 and the remaining units will be excluded
of any irrigation development.

In 6 table below, the tyvpe of limitation and their
development reguirements as well as the land development
classes have been summarized for all the soil mapping units.

6.2 Evaluation of the soils (soil fertilitv)

About 938 hectare (or 97% of the total phase I area)
ig covered by very deep, somewhat imperfectly drained,
black to brownish black, moderately to (very) strongly
alkaline, medium to highly calcareous, non-saline,
(occasionally sodic), g¢racking clav goils.

Oon the bagis of only minor variations in soil colour
(either black or brownish black), presence or abhsence of
a calcic horizon within 125 cm of the surface, soil
texture (being either silty clay with 31-53% silt or clay
with less than 32% silt), or goil reaction (PH of the
upper and lower subsoil varying either in between 8.0-
8.6 which is moderately alkaline, or in between 8.4 ~ 9.4
which is strongly to very strongly alkaline), three
different soil series have been tentatively
distinguished. They are named Kubsa, Asendabo and Weyib
soil series and respectively classified as Chromi-Hvpo-
calcic-, Pelli-Hypo-Calcic, and pelli-Butric Vertisols.

The phvsical properties of these dark-coloured,
cracking clay soils are moderately good.

They are difficult to work for seedbed preparation
and somewhat imperfectly drained with (most probably)
slow to very slow permeablities although the values
obtained from the field tests are somewhat higher than
expected. These values vary in between 0.24-0.73 me@er
per day, which is moderately slow to moderately rapid.
These relatively high values may be the result of
insufficient pre-wetting and thus not closing all the
shrinkage cracks.
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Table 6: Land Development Linitations, requirements and Classes,
of all soil Mapping units in the Phase I, Bale-Gadulla ares

"""""""" i T Y
| ! Type of Degree of Limitations [ Development Requirements | Land | Area |
boSoil  gememmeenens R i o CRCEELETEEE Frmssnana. frmeasnnnnn [ Developmentse=wmven- frmemnnnd
| Mapping | Topography| Vegetation | Surface | levellimg! Bush | Stome | Classes [ H | % ]
[ Units | Slopes | | Stomes | Removal | Clearance| Clearancel | | |
R I CEEEP TP R AR T PR T PP R AR fensasonnnn. dammonnnn deenanan +
(viz | 2.5-3 | Cultivated | Hany | Medinm | Nome Lew | DIL I 68,001 T.00 |
V21 P 152 | Cultivated | Many | Low | None | Low ) | 166.75 ] 17,25 ]
1722 | 2.5-3 [ Cultivated | Hany | Hedivm | Hone | Low | DAL [ 47,00 ] 4.7% ]
(Vi3 [ 3.5-4 | Cultivated | Many | High | None | Low | D3L [ 36,25 | 3.50 |
[V31 [ 3.5-4 | Cultivated | few-none | High { Hone | None K [ 15,00 | 2.00 |
V32 I« { Cultivated ! few-none | Low | None | None 101 [ 57.00 | 6.00 |
133 Y] | Cultivated | any i Low | Hone | Low [ 01 Poanoo 2,25
[Tt [ 2.5 | Acacia Shrub| Pew | Mediug | lLow | Low | DL 1700 1 175
[Ti2 I 1-1.5 | Acacia Shrub| None | Low | Low | Hone D1 | §9.50 | 9.25 |
1722 | 2 | Rracla Shrub| Hany | Low | Low | Low 101 P00t b 125
jT22 F1-1.3 I Acacia Shrub! Hone | Low | Low | Hone D! P 142,50 ] 14.50 ]
{12 [ 3.5-4 | Acacla Shrub! V.few r.0] High | Low | Low [ D3L [ 57.50 | 6.00 |
173 [ <1 ! Acacia Shrubl None I Low i Low | Hone ol Po79.25 1 150
Gmme e e fumrmamsunnan drmemmn e fecennmnons fommmnceana fosmansnnan foammrnoacan fomnenne fommmma. +
] Total area to be developed 1901.75 | 83y
L T D L e R dosconnon tomacnaa +
| Bicluded, because not  suitable for irrigation | | !
| developmant: H1, HZ, V11, V24 721 and fubsa Village | 166.25 | 17%]
oo e e 8 R B 8 R 0 Juevannantaan— 4
| grand Total | 968 | 100 |
o 8 A AR M4 R AN RS SRS ae e oS g frmmmmnnn frmumann 4

35



The same can be said of the relatively high bhasgic
Lnriitracion rates measured in the field, varying mostly
in between 5.8-7.3cm per hour. These values indicate
moderate to marginal suitability for gravity irrigation.

Total avajlable moisture measured on undisturbed
core samples of 4 different soil profiles vary in between
183-350mm over 1 meter which is rather high. (silty clay
to c¢lay textures wusually show values of available
moisture in between 180-250mm only).

Top_ soil structure of these soils, however, are
generally very good, fine to medium size, subangular
blocky and friable when moist.

The chemical properties of these soils are generally
good except for their soil reaction (pH) which 1is
moderate to (very) strongly alkaline (pH 8.0-9.4) causing
limited availability of micro=-nutrients and occasionally
sodicity problems, which will reguire addition of gypsum.
At higher pH (»8.5) values, availability of phosphorus
also decreases in the presence of calcium and boron
toxicity is common in sodic soils (pH>9.0).

Cation Exchange capacity (CEC) is high to extremely
high {(62-81 meqg/100gr soil) and exchangeable bases of Ca
and Mg are very high and of XK high to very high and base
saturation % is very high.

Exchangeable sodium percentage (ESP) is mostly helow
15% but occasionally 27-39%, which may cause future
physical problems through clay deflocculation. These
high ESP levels may have deterious effects on the
structural stability of these soils and their physical
response when water is applied, especially since they
contain expending type of clay minerals. The presence
of excessive amounts of exchangeable sodium promotes the
dispersion and swelling of c¢lay minerals. The soil
becomes impermeable to both air and water. these soils
will thus require gypsum application without which 50%
yvield reduction may occur.

organic carbon content is high in the topsoil (2.4~
3.3%) and medium in the subsoil (0.7-2.0%). Nitrogen is
high to very high in the topsoil (0.15-0.86%) and medium
to very high in the subsoil (0.10-0.98%). Available
phosphorus varies between 76-925 ppm (or 11.4 to 138.7
kg per ha) which is slight to high.
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6.3

L]
i

0]
o on

Crop Reguirements and Crop Suitabilityv of the soils an
the soil mapping Units ® .

Most crops are tolerant of a wide range of soil
conditions. Varieties of some crops can be bred, to suit
(or tolerate) particular soil environmental conditions.
Crop yields also depend greatly on management: by good
management or use of gpecial techniques, a skilled farmer
may be able to produce satisfactory vields from a soil
relatively unsuited to the crop. Good c¢rops can
sometimes be obtained from 'poor' soils too, in vears
with favourable weather. Besides, the suitability of
soils for irrigated crops intends to be independent of
rainfall characteristics.

The crops for which the suitability of the soils
has been rated here, are those adapted to the climatic
environmental (altitude) conditions (see figure 7).

The land suitability classes quoted in table 7 (for
irrigated) and table 8 (for rainfed) are defined as
follows:

s1 = Highly suitable

82 = Moderately suitable

S3 = Marginally suitable

N1 = Presently not suitable
N2 = Permanently not suitable

The subclasses are indicated by using lower case
latter suffixes for the major limitations: the first
suffix being the most important limitation.

They are:

climatic conditions not well suited to the crop
(temperatures too low)

restricted rootability - limited depth to bedrock rock

outcrops.

Very steep slopes

(sheet) erosion hazard (moderate steep slopes)

difficult workability for seedbed preparation and/or too
heavy topsoil causing poor aeration or prevailing peg

penetration (groundnuts) and/or causing losse at

harvesting.

problems, due to restricted subsoil drainage or Ppoor
aeration, but at least 3m deep upto the bedrock. These
soils may be artificially improved for instance by
ditches of 1 m. or more deep at frequent intervals.
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OPTIMUM _ALTITUDES FOR MAJOR CROPS IN ETHIOPIA, FI6
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dt o= rgstrigted subsoil drainage as above and in combination
with limited soil depth (e.g 2-3m depth only) as a result
of which the groundwater table will build up rapidly
under irrigation, to reach within the rootzone.

P = only for rainfed: rainfall restricted or too erratic;
hazard of perodic drought (800-1000mm annual rainfall).

a = 8oil reaction (pH) too high (=alkaline) and/or even
sodic.

In table 9 the dominant suitability for most of the
climatically adapted crops is given for all the soil
mapping units; both for irrigated agriculture as well as
for rainfed. Also the extent (and % of the total area)
is given for all the suitability subclasses.

6.3.2 Major reoguirements of the crops shown in the crop
i tabild tabl

Maize has relatively high moisture and nitrogen
requirements and a shallow rooting system (mainly within
40cm). It is killed if the rootstone is waterlogged for
more than about a day. It tolerates a wide range of soil
reaction. With rainfall less than 800mm, in the Bale
Gadulla arvrea, the dark coloured cracking clay soils of
this area should not be placed higher than suitability
class 3 because of drought hazard during the growing
season. Thus suitability subclass 8,,: (P for low
rainfall), provided that no other limitations are present
which reguire them to be placed in a lower class. For
irrigated conditions these soils should not be rated
higher than class 2, because of difficult workability and
restricted subsoil drainage: suitability subclass §8,,, and
whenever the subscil (upto the bedrock) is less than 3m.
deep, they should not be rated higher than class 3:
suitability subclass 8,,, (d' = risque of rapid build-
up of ground water table within the root zone).

Wherever these soils are sodic they should also be
rated as class 3: suitability subclass S;.-

Wheat is deep-rooting, has only a moderate moisture
requirement, is tolerant of short period wetness in the
rootzone (but not sustained water logging) and tolerates
a wide range in pH.

wheat grown in the rainy season is susceptible to
disease and difficult to weed and is not recommended, at
present. Therefore suitability subclass {for rainfed):
MN,.. For commercial production, however, it requires to
be grown with irrigation in the dryv season.
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The dark-coloured, cracking clay soils of this area
can. be included in «c¢lass 2, where they can be
artificially drained, provided there are no other
limitations, requiring them to be placed in a lower

clasg. Thus suitability subclass (for irrigated
conditions): 8,,.

For Soxdhum, any so0il receiving less than 800mm,
annual rainfall, should not be placed higher than class
2, because of drought hazard during the growing season,
under rainfed cultivation. Thus suitability subclass:
Bap -

Under irrigated conditions, the dark-coloured.
Cracking clay soils, can be placed in class 1, where
there are no other limitations, such as wetness or depth.
But because of their somewhat imperfect interal drainage,
they are rated in suitability subclass S,,.

Rainfall 1is too low in this area, to provide
adequate moisture for ricge during the growing period and
these soills are thus rated as not sulted for rice under
rainfed. Suitability subclass: N,,. But under irrigated
conditions thev mayv be well suited.

For groundnuts temperature conditions are rather
too low, and with annual rainfall below 800mm, these
soils should not be placed higher than class 3. Besides,
the heavy topsoil textures of these cracking clay soils
are preventing the pegs from penetrating while clay
topsoils are also unsuitable since this increases losses
during harvesting. Therefore the suitability subclass
under rainfed will be 8,,, provided there are no other
limiting factors to put them in a lower class. Under
irrigated conditions they may be placed in class 2 or
suiltability subclass S,..-

vields of beans are reduced by short-periods of
water logging. Therefore, these somewhat inperfectly
drained, cracking clay soils should not be rated higher
than class 2; or suitability subclass S,., £for Dboth,
rainfed and irrigated cultivation.

Likewise for Sovabeans, can these dark-coloured
cracking clay soils be placed in suitability subclass
'S, for irrvigated conditions. aAnd becausg of low
rainfall in suitability subclass S,,,, under rainfed.

safflower and gunflower are also very sensitive to
water logging and impeded drainage and are therefore

likewise placed in suitability subclass S, under rainfed
conditions, and because of the low annual rainfall of
less than 800mm, in suitability subclass S under
rainfed conditions.
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EQ&QQQ@& are best grown on an acid soil, while the
somewhat imperfectly drained cracking clay soils should
not be placed higher than class 2, since potatoes are

very sensitive to waterlogging for more than 1-3 days in
the surface layer.

w;thout irrigation potatoes can only be grown in
the rainy season, but since annual rainfall is less than

800mm, they should not be rated higher than class 3, or
suitability subclass §,,,.

With irrigation available, it is possible to grow
three crops in the year (although preferably not on the
same land, because of disease build up) and these
strongly alkaline clay soils can thus be placed in
suitability subclass: §8,,,.

Tomatoes do not well under alkaline conditions and
the plant is not frost tolerant.

With less than 800mm annual rainfall, these somewhat
imperfectly drained clay soils should not be rated higher
than class 3, or rainfed suitability subclass:8;,, while
under irrigation they may be rated as suitability
subclass S,,4,-

Kenaf is sensitive to water logging and to ensure
even fibre quality, irrigation is necessary in this area
with less than 800mm annual rainfall. Por under rainfed
conditions these soils are thus rated as not suitable for
Kenaf or suitability subclass N,,.

But for irrigated <conditions these somewhat
imperfectly drained clay soils may be rated not higher
than suitability subclass S,,.

Dark-coloured cracking clay soils can generally be
placed in class 2 for citrus, if artificially drained to
1 meter depth and irrigated. However the high altitude
{above 1800m) is another limitation downgrading these
soils as class 3, or suitability subclass S,.., provided
there are no their limitations. Under rainfed these
soils are not suitable because of low rainfall, or
suitability subclass N,

For Bananas, these clay soils can be placed in class
2, if they are drained to at least 60cm, but temperatures
are rather too low, for which reason they have been
downgraded as class 3, or suitability subclass §,,,. And
under rainfed as suitability subclass 8-

For Coffee and Tea, these heavy clay soils would

not be placed higher than class 3, because of restricted
permeability and aeration.
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Also the calcareousness and higher pH (even
sodicity) is another limiting factor, and rainfall 1is
too low (should be above 1300mm). So thev are not suited
for rainfed cultivation, or suitability subclass: N, pda -
But assuming irrigated conditions, suitability subclass
may be 8,., provide there are no other limitations.

For Tobacco temperatures are also rather too low
and so is the rainfall. therefore rainfed suitability
subclass N,... But for irrigated conditions these some
what imperfectly drained clav soils may be rated not
higher than sultabilityv subclass S..r Since it is very
inteolerant To water logging.

Cotton is tolerant of moderate to strong alkalinity
{so long as this is not accompanied by impeded drainage
which is the case with the dark clay soils). It reqguires
higher temperatures. With rainfall of less than 800mm
annually, these cracking clay soils can not be placed
higher than suitability subclass 8,...

Under irrigated conditions these somewhat
imperfectly drained clay soils should also not be rated
higher than class 3, or suitability subclass S,.-.

Because of sunshine and hot temperature
requirements, and of not being tolerant to water logging,
these black cracking clay soil should not be rated higher
than class 2 for Sugarcane. And because of annual
rainfall being less than 800mm, these clay soils are
rated for under rainfed conditions in suitability
subclass §;,. only.

Under irrigated conditions these clay soils are
suitable for sugar cane cultivation, if they are
adequately drained, by means, of ditches ] mefer or more
deep at frequent intervals or cultivation of the crop on
cambered beds. Irrigation suitability subclass: 8-
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Table 7. Irrigated Crop Suitability of the
Bale-Gadulla (Phase I) area
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Table 8: Rainfed Crop Suitability of the Bale-Gadulla (Phase 1) area
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[Groundnuts |N2rsiN2s  |Nlsw |S3pw |853pw 183pw |53pw |Misw |S3pw [S3pw {S3pw |$3pw |83pw [Wlsw |S3pw |S3pw [S3pw [S3pw |
|Beans [W2rsiw2s 1S3sd |52dw [82dw |S2dw [S3ed [S3ed |S3ed |S2dw |S2dw |S2dw |82dw |s3sd |82dw [S2dw |83ed |Sldw |
{S0ya BeansiN2rsiN2s |N2ps |53pd {53pd |53pd 183ps 1H2ps 183ps |83pd 153pd 183pd |83pd |Wlps 133pd |83pd [S3ps |s3pd | .
Isafflower IN2rsiN2s {s3sp {83pd {83pd 1s2pd |S3pe |83ps |S3pe {83pd |33pd |83pd |Sepd {83sp 1S3pd |S3pd |S3pe |Sipd |
{sunfiower [WorsiN2s |S3sp 153pd [83pd |53pd [83pe {S53sp [83pe [Sepd [$3pd {s3pd [83pd [83sp {Sepd [S3pd |s3pe [53pd |
[Potatoes |N2rs|N2s |$3ps |S3pd |$3pd [S3pd |S3pe [S3ps [S3pe |S3pd |S3pd |s3pd |$3pd [S3ps {S3pd [Sipd [S3pe {S3pd |
\Tomatoes  |N2rs|N2s  |S3ps 183pd {S3pd |S3pd [$3pe |S3ps |S3pe |83pd |83pd |S3pd |83pd [S3ps |83pd 1S3pd [S3pe |sepd |
iKenaf [NirsiN2s |N2ps [Hip ( Nap [NIp [N2p |N2ps [NIp IN2p [N2p IN2p ({Nlps [Nlp [NZp (NZp (W2p [Wlp l
do e n tommadunnun e fonrandvainn ETTET N preens frenan LERTLE punean pommen fommen prmm huamon ESEETLS formm o frmama +
igitrus  INors|N2s  |[Nlop IN2ep [Wlcp |N2cp [Niep |Nicp [M2cp (Nicp [Nicp [RZcp [Nicp |[Wlcp (Nlcp [Nlcp {Mlep |Nlep |
IBananas  N2rsiN2s 183cp !83cp {S3cp |S3cp |S3cp [S3cp [S3cp [S3cp 183cp [S3cp [83ep [Sicp |S3cp [S3cp 183cp |83cp |
R e i T EEREEE foamnn o frmman fumva foman fomnn frannn fraenn frmmen fumone ARRTET fammnn frmann fonnn foanenn +
[Coifee  [NIrsiN2s [Nlpa N2pa |¥2pda|Nlpda|N2pda|¥lpda|Nipda| zpda)v”pdaiw”oda§ﬁ?pd 3| N2pdain2 pdalszQa$NZpdatH2pda;
{Tea IN2rsiN2s  {Nlpa [Wipa iﬁﬁpdaxﬁgudaizﬁoda{ 2pdalizedaluipdalnipdaiNlpdaliipdaiulpdalnipda|NipdaiNpda|Nlpdal
[Tobaccs  JN2TsN2s  [WIps |Nipe |N2pc (NIpc |Npe [N2ps iNIpc [Nlpc [Nipe [Nipe ‘N“p" IN2ps |N2pc |N2pe [N2pe [W2pe |
LR L ERR L fommn R Frmenn oo ERTRPE frmne tanmn famenn O s pomonn mamnn Fuvaon fovown fooese :
{Cetton v3iNZs  183s¢ [83cp {S3cp S3cp [S3cp IS3sc [83cp |83cp |S3cp [S3cp [S3ep |S3sc I8%cp 183¢cp [83cp [S3cp j
[Suaqr CaneNIrs{N2s {s3sé {$3pd [$3pd [S3pd {§3pd [S3sd {53pd iSipd (S3pd |83pd 183pd 183sd qupd {Sde isapd is3pd i
R R S R R R N R L

bb



6.3.3 Major Differences in Land Evaluation for irrigated
and rainfed agriculture

As can be seen in table 9 below, all c¢lass 2 land for
under irrigated conditions have been downgraded to class 2 to
3, mainly because of low annual rainfall, especially for as
far as the non~cereal crops are concerned, but also for wheat
{see table 8, above).

On the other hand, somewhat steeper sloping mapping
units, which were considered not suitable for gravity
irrigation development have been classified as marginally
suitable for under rainfed conditions.

Thus as a whole about 92.25% of the total area is mostly
only marginally suitable for rainfed, while introducing
irrigation would classify about 60.5% of the survey area as
moderablely suitable for crop cultivation.
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Table 9: Comparing general land evalvation for irrigated and
rainfed cultivation of the Bale-Gadulla, Phase I, areaa

L LT TP DT L R e D T LT T LT PPN 4
s Irrigated Agriculture | Rainfed Agriculture t
 LLETEEEET R fomeeneananana frmennmann frmmmncoon snmancnan. +
[Trrigated | S0l | Batent I Rainfed | Soil | Extent |
[Suitability | Mapping |=-eeeeee- frenncenans I Surtability | Wapping |-=eeeeees fumannnnnac |
|Subclasses | Units | Ha | % of | Subclasses | Units | Ha | %of |
| | | [Total area| | ] {Total area|
Frmenrannnnan pememncana Frmmmmnnan fromemmannn drmmmn frmmnonnn- frvmmnaunn Frmommannnn 4
[52dw 21 | 166,75 | 17.25 |82-3pd 1721 | 166,75 | 17.25 |
1824w 122 [ 47,00 | 4,75 |82-3pd 1y22 47,00 | 4,79 |
|§2dw V32 [sT. 00 £.00 [52-3pd V32 I 57,80 ) §.00 |
1§2dw 712 [ 89,50 | 9,25 152-3pd I7i? I 89,50 | 9,25 |
52w 122 10.00 | 1.25 |82-3pd |22 | 1006 125 |
152dw {723 | 142,50 | 14.50 |82-3pd 1723 | 142,50 | 14,50 |
15:dw I13 P70.25 7,50 |52-3pd I3 I70.50 | 7.50
fromnanan oo frmmnnnnnn fommmm s fomamonnann drme frmmmaaas fuemnn . fommeannann +
‘Subtotal 52 [ 583,00 |  60.50%|Subtotal 52-3 [ 583,00 1 60.50%]
PO dummannnan frmommnnan famsnanm. T S P LR fomuaenann homamaomann +
{83d'a 12 I 88,00 | 7.00 153pe V12 § 68.09 I 7.00 }
I§ida {vis | 21,00 | 2,25 183pe |vi3 36,25 3.50 ¢
153ed 1v23 L36.25 3.50 |53pe Vil | 18,00 | 2.00 }
1§3ed 1731 | 19,00 | 2,00 153pe 174 I 57,50 | §.00 |
183d'e |724 | 57.5¢ | .00 153pe Vil F 38,50 | 4,00 |
183d's Til b17.00 1,75 183pd’ 71 P 17.00 1.75 |
fumamnannanonn B Lt LEDEREEE fraemamanon + | | i \
ISubtotal $3 |218.75 | 22.5%183pd 1v33 t 21,00 a 2,15 {
bemremmmenannn dumanennae bemmemmannicenna » f |
hn2sr BN P 1475 1.50 {53ps V24 | 48,00 | 4,5? E
[NZs {H: Io15.25 1.50 183ps {121 ! §.75 | .13 }
INled N PooAeg0 §,50 semmmmennnone- fumanannns fommmnnnnn +--*-;--;:-T
iNled i | £.75 | 9,75 |subtctal 83 309,00 | 31 :3%i
4 B 39,50 4,00 dommemmonnnees AR LA LR LbS Skl i it Aol
ENle“ iwl i | e " ? 1 .
| | | | IN2s {1 P15 1.50 |
frmmmnnannnaen pumannmann fumnm fumoennnnnn fomonnaoenaeon panmosnnan frmoannnne frmmnnnnns :T
isubtotal i {120,254 12,25 |Subtotal N [30.00 ; 3£1
frercmamsrsansmnssansnaon fomanonann fomemamaonn jrmneosncnaans funmmaanne fommaranan e
\kubsa village 1 s Db Tl | s | L5
froavanaannann fremnnnnon hmamnenane fommenonman T LT bt Rl -
lgrand Total [ 968 ga |  100.00%] | 968 Ha"é ...... {??fi
femenmcnnnmnnn fomennennn fumumennan frmmn fuanmmonnnnana tonemenses Sl +
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AID - USDA 1988,

Australian June 1987
Agricultural

Consulting and
Management

Co. PTY, Ltd.

Brammer, H. 1975,
FAO 1976,
FAO 1977,
FAO 1979,
FAO 1978-81,
FAO 1985,
FAQ/ISRIC 1989,
ITLRI 1974,
Michael, 1990,
A.M.

Kazmin,V. 1972,
Munsell 1954,
Oyama, H. & 1967,
H.Tekera

USDA 1951,

Key to soil Taxonomy, by Soil Survey
staff, 8MSS Technical Monograph No. 6,
Washington, D.C.

Assessment of Agricultural land
suitability in South~Eastern,

southern, South-Western and

and Western Ethiopia, Vol, II-
Mena-Berbere, LUPRD, Ministry of
Agriculture, Ethiopia.

Crop suitability: Technical Guide No. 7,
Land Use Branch, Dep. of Agric, WMt.
Makulu, Zambia,

A Framework for land Evaluation, Soils
Bulletin, No, 32, FAO, Ronme.

Guidelines for Soil Profile Description,
Z2nd Edition, FAO, Rome.

So0il Survey Investigations for Irrigation,
Soils Bulletin No. 42, FAO, Rome,.

Reports, of the Agro-Ecological Zones
project, World Soil Resources Report, No.
48/1.

Guidelines: Land Evaluation for Irrigated
Agriculture, Soils Bulletin No. 55. FaQ,
Rome .

FRO=~ISRIC Soil Data Base (SDB), World soil
Resources Report, FAD, Ronme.

Drainage Principles and Application, ITI
survey and Investigation, Wageningen.

Irrigation: Theory and Practice.

Vikas Publishing House, PVT LTP, New
Delhi.

Geological Map of Ethiopia {scale
1:250,000). Geological Survey of
Ethiopia, Min. of Mines, A.A.

Munsell Soil Color Charts.

Revised Standard Soil Color Charts.

Soil survey Manual, Agr. Handbock No. 18,
USDA, Washington.
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Usba 1978,

WRDA May 1990,

WRDA/FAD March 1992

Zimmerman, 1966,
J.D.

Bureau of Reclamation, Drainage Manual,
Denver.

Soil and Land Suitability of the Bale-~
Gadulla area, Bale Region

Agro~Sociocecconomic Survey for proposed
irrigation project at Bale~Gadulla
(unpublished).

Irrigation, John Wiley & Sons,
New York.
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Appendix I
Detailed Soil Profile DEscriptions

and Analytical Data
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SOIL PROFILE DESCRIPTION

Profile: BAGOO! fait: v-12 Status:

Sheet/Grid: /18008 5345E

Coord PR -06-45 E hQ -22-10

Location : Near Bench mark -13.

¢ Bale Gadulla . Elevation: 1892 m
huthor(s) : Lucas Van Slsen Girum Asfav Helese Kumsa Date HRRVEIIE Y,

Survey Ares

Classification FAO: Calcic Vertisol(1988)  Chromic Vertiso) {1974) - sodic phase

5011 Climate

§T

Udic Chromustert, clayey, nontmorrilonitic(calc.),, Local Series : Kubsa Soil series

T ystic fsothernic

Topography @ gently undulating Land Form: valley
Element/Fos.: interfluve- upper slope Slope t2 - 8% convex
Flooding & nil licro Top: sven

Land Use Urban

Vegetation ¢ short grassland Grasscover: >70%

Species

Parent Waterial: in situ weathered over voleanic ash - derived from basalt

Rock OQuterops @ very

Erosion: ni)

brainage

and nil

few - Surface Stones : common stones
Sealing/Crusting: ail

: Tmperfect, internal drainage: very slow, externa) drainage: rapid

Watertable: not observed
Hoist Cond: dry 0 - {70cm Eff. Soil Depth: > 150cn
Human Infl: fertilizer application

Kemarks:

Samples: A:

b- 20

B: 20- 63 Cv B3-110 D 110-170

Ad 0 -
AB 20 -
Bk 63 -
Bu 1o -

63 ch

110 cn

170 cm

10YR 2/2 (moist) and 7.5Y% 2/2 Wixed, clay, strong very fine subangular blocky structure,
very hard (dry), sticky (wet), plastic {wet), common very fine pores, strongly celcarsous,
many very fine and fine roots, field pH: §.0, clear smooth boundary.

10¥k 2/2 (moist), c¢lay, moderate coarse wedge shaped angular blocky structure,

extrenely hard (dry), very sticky {wet), very plastic (wet), many distinct

intersecting slickensides on pedfaces, common very fine pores, strongly calcareous, compon
very fine and fine roots, field pH: 8.4, clear smooth boundary.

10YR 2/2 (moist) and 10VR 2/3 Wixed, clay, moderate medium and coarse wedge shaped angular Blocky
structure, extremely hard (dry), very sticky (wet), very plastic (wet), many distinct
intersecting slickensides on pedfaces, common very fine pores, many fine frregular

soft calcareous white concretions, extremely calcareous, few very fine and

fine roots, field pH: 8.0, clear smooth boundary.

10¥R 2/2 (moist), clay, modzrate medium and coarse wedge shapeq aqgu1ar blocky structure,
very hard (dry), very sticky (wet), very plastic {wet), many d]stTnct.

intersecting slickensides on pedfaces, few very fine pores, fev fine irregular .

soft calcareous white concretions, extremely calcareous, few very fine roots, field pH: 8.0,

Print Date: 03/07/9C
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S50IL AHALYSES RESULTS

----------------------------------------

--------------------------------------------------------------------------------------------------------------

DEPTH pH B P £agos Cas04 CEC Ca Mg % Wa PBS K fized
Total Act.

A 0 20 8.0 0.0 0.1 0 3.3 0.286 0.0 10.1 0.0 71.662.5 4.5 1.7 1.6 98 0.0
B 20 63 8.4 0.0 0.1 0 1.92 0.43 0.0 9.2 0.0 70,0 63.0 5.2 0.9 6.5 100 0.0

C 63 110 9.4 0.0 0.8 0 1,19 0.09 0.0 246 0.0 79.8 57.4 6.3 1.522.0 100 0.0

D110170 9.2 0.0 LT 0 0.86 0.35 0.0 189 0.0 73,0 60.1 7.2 1.6 21.6 100 0.0

-----------------------------------------------------------------------------------------------------------------------

Particle size {weight %) CECclay METHODS

ved ¢5 m8 £8 viS ¢Si £si clay meq/100gr123456789

---------------------------------------------------------------------------------------------------------------------

YRR IR I R L L L L L L R LR L LAl

Print date: 03/07/92
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SOTIL PHYSICAL PROPERTIES

INFILTRATION (cm/hr) HETHOD:
i 0.0
2 8.0
3 0.0

SURFACE STRUCTURE STABILITY INDEX: 0.00

DEPTH {cm) BULK DENSITY  WATER CONTEMT (weight %) HETHOD
{g/cc) 0.03bar 0.05bar 0.thar 0.3bar {.0bar 3.0bar S5.0bar 15.0bar

Ao 20 121 57,12 h8.3 0 439 h2,8
B 20 83 1,55 §5.35  §2.2  §7.0 62,3
C 63 110 1.3 1742 800 k7.2 kb0
D110 170 1,32 73.62 56,3 52.% 39,5

Print date: 03/07/92

AGQOO
vai istu
0 - 20cm = (Fc-pwp) X 20 x BD = 2.61lcm
20 = 63¢m = (Fo~-pwp) X 43 x BD = 15.36c¢cm
63 -~ 100cm = (Fc-pwp) % 37 X BD = 16.05cm

35.02cm over 100c¢m depth
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SOIL PROFILE DESCRIPTION

.................................................................

Sheet/Grid: /1950M S400F

Location : 300 meters,NE of Bench mark-11.
Survey Area : Bale Gadulla Elevation: 1841 @
huthor(s) : Lucas Van Sleen Girum Asfaw Helese Kumss Date D 12/02/92

Loord ST -07-00 B RO -22-30

Classification FAO: Caleic Vertisol(1988)  Pellic Vertisol (1974) - Rudic phase

. . ST :.Udic Pellustert, clayey, montmorrilonitic(calc.),, Local Series : hsendabo 3011 Series
Soil Climate: ustic isothermic

Topography = gently wndulating Land Forns valley

Elesent/Pos.: Alluvial Colluvial footsiope- middle slope Stope  : 2 - 8% concave
Flooding L rare Ricro Top: even

land Use @ traditional grazing

Vegetation : semi-deciduous shrub Grasscover: 10-30%

Spacies ! hcacia

Parent Haterial: colluvium over in situ weathered derived from basalt

Rock Outcrops @ nil - Surface Stones : many stones

Erosion: s1ight sheet erosion and slight deposition by water Sealing/Crusting: nil

Drainage : moderately well, internal drainage: slow, external drainage: rapid

Watertable: not observed

Hoist Cond: moist 0 - 20, dry 20 - 63, moist 63 - {%0cm EFf. Soil Depth: > {50cm

Human Infl:

Remarks: hsendabo soil seriss,Calcareoys pssudo-mycelio in between 20-53cm few and many in between §3-108cm depth.Crac
ch wide at S0cm depth.

Samples: A:  D- 20 B: 20- 63 C: 63-108 D: {08-16% E: 165-180

A b - 20 cn §YR 2/1 (moist) and 1OYR 2/1 Hixed, silty clay, moderate to strong fine and medium
subangular blocky structure, friable {moist), very sticky (wet), very plastic {wet),
nany very fine pores, few medium subrounded basalt rock fragments, slightly calcareous, many
very Tine and fine roots, field pH; 7.8, clear smooth boundary.

AB 20 - 3 em OVR 2/9 (moist) and 1.5Y% /1.5 Wixed, silty clay, moderate coarse subangular blocky structure,
extremely hard (dry), friable (moist), very sticky (wet), very plastic {wet), few
yery fine pores, comnon medivm subrounded basalt rock fragments, few fine irregular
soft calcareous white soft segregation, moderately calearsous, common very fine and
fine roots, field pH: 7.8, clear smooth boundary.

Bk §3 - 108 cm 10YR 1.7/1 {moist), clay, moderate coarse subangular blocky structure, extremely hard (dry),
friable (moist), very sticky (wet), very plastic (wet), common distinct
intersscting slickensides on pedfaces, common very fine pores, few medium subrounded
basalt rock fragments, many fine irregular soft calcareous white soft segregation,
extremely calcareous, common very fine and fine roots, field pH: 7.6, .
gradual wavy boundary.

Bul 108 - 165 cm 10YR 2/1 (moist), clay, moderate medium and coarse wedge shaped angular blocky structure,
many prominent intersecting slickensides on pedfaces, common very fine pores, feg
fine subrounded basalt rock fragments, common fine irregular soft calcarsous ghite
soft segregation, extremely calcarzous, few very fine roots, field pH: 7.9,
clear smooth boundary.

Bu? 165 - 190 cm 1.5YR 2/1 (moist), clay, moderate coarse wedge shaped angular b]qckg structure,
friable (moist), very sticky (wet), very plastic (wet), conhon distinct .
partly intersecting slickensides on pedfaces, comnon very fine pores, few calcarsous white
soft segregation, extremely calcareous, nil roots, field pie 1.8,
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SOTL ANWALYSES RESULTS

DEPTH pH EC P i €aC03 CaSOt CEC Ca Mg X Ha PBS K fixed
Total Act.

A 020 8.0 0.0 0b 0 2,85 0.1 0.0 DA 0.0 5.0 87.% 7.5 1.5 0.k 100 0.0
B 20 63 8.2 0.0 0.1 0 178 0,57 0.0 707 0.0 69,4605 7.0 2.9 0.5 00 0.0
£ 63 108 8.0 0.0 0.8 0 1,09 0,10 0.0 6.% 0.0 71,2 67.0 6.0 7.0 1.0 100 0.0
b 198 165 8,2 0.0 0.3 0 0.80 0.0 0.0 t1.9 0.0 85.2 0.5 4.5 2.2 1.5 100 0.0

£ 165 190 8.4 0.0 9.5 0 0.80 0,03 0.0 3.2 0.0 63.6 80.5 4.5 4.0 2.0 100 0.0

Particle size (weight %) CECclay METHODS

ved b ms 3 viS c8i 31 Clay neq/100gri23456788

00t 0 0 b k6 83 b
b0t 0 00 B b
0 ¢ 3 0 0 0 3% %8 0
g0 v 0 0 0 3t 68 D
8¢ 2 0 0 0 33 65 0

Print date: 03/07/92
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SO0TL PHYSICAL PROPERTIES

................................................

INFILTRATION (cm/br) HETHOD:
1 8.9
2 1.8
3 0.0

...............................................................................

DEPTH (cm) BULK DENSITY  WATER CONTENT {weight %)
{a/cc) 0.03bar 0.05bar 0.1bar 0.3ba

r

HETHOD

f.0bar 3.0bar 5.0bar 15.0bar

8.3 B39 2.8
kg3 &h.3 31,9
h9.0 b 31.3
£9.8  B2.5 331
b1, hbL0 310

Ao o2 1.2 8172

B 20 63 1,22 53.86

£ 63 108 1,28 51,44

D 108 165 1,24 55.08

£ 165 180 1,2k 56.07
BAG 002

Availlable Moisture

0 - 20cm
20 - 63cm
63 ~100cm

(Fc-pwp) x 20 X BD
(Fe-pwp) ¥ 43 X BD
(Fe-pwp) ®x 37 x BD

Wouou

55

oo

Print date: 03/07/82

3.20cm
8.51lcm
6.54cm

P

18.25cm over 100cm depth



S0IL PROFILE DESCRIPTION Profile: BAG0O3 Unit: 7-23

.................................................. Status:
Sheet/Grid: /19200 54608 Coord ;B T <07-10 B 40 =22-45
Location : 530m,84 of Asendabo river or 1.1km WE of BH-11,

Survey Area . Bale Gadulla Blevation: 1833 1

Author{s) : Lucas Van Sleen Girum Asfaw Melese Rumsa Date 12102792

Classification FAO: Vertisols(1988) Pellic Vertisol (1974) - sodic phase

ST : Udic Pellustert, clayey, montmorrilonitic{calc.),, Local Series : Asendabo Soil Series
Soil Climate: ustic isothermic

Topography : flat Land Form: valley
Blement/Pos.: terrace- middle slope $lope ¢ 0.7 - 2% straight
Plooding . nil Hicro Top: even

Land Use : fraditional grazing

Vegetation : semi-deciduous shrub Grasscover: >70%

Species : Acacia

Parent Material: fluvial deposits over in situ weathered - derived from basalt

Rock Outcrops : nil - Surface Stones : few stones

Erosion: slight sheet erosion Sealing/Crusting: nil

prainage : moderately well, internal drainage: very slow, external drainage: slow

Watertable: not observed

Moist Cond: moist 0 -~ 15 , dry 15 - 200cu BEf. Soil Depth: > 150cm
Human Infl:

Remarks: Asendabo soil series.Cracks at 50cm depth.

Samples: A: 0~ 15 B: 15-73 C: T13-117 D: 117-210

------------------------------------------------------------------------------------------------------------------------

Al 0 - 15cm 10YR 2/1 (moist), silty clay, strong fine subangular blocky structure, very hard (dry),
friable (moist), very sticky (wet), very plastic {wet), many very fime pores,
extremely calcareous, many very fine and finme roots, field pH: 8.2, gradual smooth Dboundary.

AB 15 - 73 cn 10YR 2/1 {moist), silty clay, moderate coarse wedge shaped angular blocky structure,
grtremely hard (dry), very sticky (wet), very plastic [wet), many distinct
intersecting slickensides on pedfaces, many very fine pores, extremely calcareous, many
very fine and common fine roots, field pH: 8.0, gradual wavy boundary,

Bk 73 - 117 cn 10VR 2/2 (moist), silty clay, moderate coarse wedge shaped angular blocky structure,
extremely hard [dry), very sticky {wet), very plastic {wet), many distinct
intersecting slickensides on pedfaces, common very fine pores, many medium spherical
soft calcareous white soft segregation, extremely calcareous, common very fime roots,
field pH: 8.0, clear irregular boundary.

Bu 117 - 210 cg 10VR 2/1 (moist), silty clay, strong coarse wedge shaped angular blocky structure,
extremely hard (dry), very sticky (wet), very plastic {wet), many prominent
intersecting slickensides on pedfaces, few very fine pores, common sediun spherical
soft calcareous white soft segregation, strongly calcareous, nil roots, field pH: 7.8,

----------
--------------------------------------------------------------------------------------------------------------

-----------------
-------------------------------------------------------------------------------------------------------

print Date: D4/07/92
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§0IL AWNALYSES RESULTS

----------------------------------------

--------------------------------------------------------------------------------------------------------------

DEPTH pH Bp ¢ ¥ Caco3 Caf04 CBC Ca Mg &  %a  PBS K fized
Total Act.

4 0 15 8.0 0.0 0.1 0 2,40 0.86 0.0 6.6 0.0 70.665.010.2 L7 0.3 100 0.0
B 1578 8.2 0.0 0.3 0 189 0,27 0.0 113 0.0 79.0 65.0 145 1.2 0.5 100 0.0
¢ T 84 00 03 0 103 074 0.0 21,9 0.0 78,5 60.013.5 0.9 6.1 100 0.0

Doy %2 0.0 0,4 0 0.67 049 0.0 13.8 0.0 77.2 645 15.0 1.4 6.3 100 0.0

------------------------------------------------------------------------------------------------------------------------

particle size {weight %) {BCclay HETHODS

ves ¢85 m§ £5 viS cSi £S1i clay meq/100qr123456789

------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

print date: 03/07/92
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SOIL PROFILE DESCRIPTION Profile: BAGOOH bnit: 1-3 Status:

....................................................................

Sheet/Grid: /1940M 5480¢

Location : 145m S¥ of Asendabo river or 1{.5km NE of BH-11.
Survey Area : Bale Gadella Elevalion: 1829 n
Author(s) : Lucas Van Slean Girum Asfaw Melese Kumsa Date P 12/02/82

Coord = H 7 -07-15 £ 40 -23-00

Classification FAO: Vertisols(1988) pellic vertisol (1974)
ST @ Udic Pellustert, clayey, montmorrilonitic(calc.),, Local Series : Weieb Soi] Series

Soil ¢limate: ustic isothermic

Topography : flat Land Form: valley

Element/Pos.: terrace- middle slope Slope @ 0.3 - 0.7% straight

Flooding rare

.. . Hicro Top: even
Land Use i traditional grazing

Vegetation : semi-deciduous shrub Grasscover: >10%
Species : Acacia

Pareat Haterial: fluvial deposits over in situ weathered - derived from bhasalt

Rock Outerops @ nil - Surface Stones : very few stones

Erosion: slight sheat erosion and slight deposition by water Sealing/Crusting: nil

Drainage : moderately well, internal drainage: very slow, sxfernal drainage: slow

Patertable: not observed

Hoist Cond: moist & - 17, dry 17 - 117, meist {17 - {95¢m Eff. Soil Depth: > 150ce
Human Infl:

Remarks: Weyib soil series.Cracks tom wide at B5cn.

A1 0 - 17 cm 10YR 2/t (moist), clay, strong very fine subangular blocky structure, friable {(moist),
yery sticky (wet), very plastic (wet), many very fine pores, very few mediup
subrounded basalt rock fragments, extremely calcareous, many very fine and
fine roots, field ph: 8.2, clear smooth boundary.

4B 17 - 85 cm 10YR 2/1 (moist), clay, moderate coarse wedge shaped angular blocky structure,
extremely hard (dry), very sticky (wet), very plastic (wet), many distinct
intersecting slickensides on pedfaces, many very fine pores, extremely calcareous, common
vary fine and fine roots, field ph: 8.0, diffuse boundary.

Bu §5 - 117 cm 10YR 2/t (moist), clay, strong coarse wedge shaped angular blocky structure,
extremely hard (dry), very sticky (wet), very plastic (wet), many prominent
intersecting slickensides on pedfaces, many very fine pores, extremely calcareous, few
very fine and fine roots, field pH: 8.0, gradual wavy boundary.

Bk 117 - 182 cm  10YR 2/1 (moist), clay, strong medium wedge shaped angular blocky structure,
extremely hard (dry), friable (moist), very sticky (wet), very plastic (wet), many prominent
intersecting slickensides on pedfaces, many fine irreguiar soft calcareous white
soft seqregation, extremely calcareous, few very fine roots, fiald ph: 9.9,
clear smooth boundary.

Bu 192 - 195 cn 1.5YR 2/2 (moist), clay, moderate medium subangular blocky structure, friablg (moist),
yery sticky (wet), very plastic (wet), common distinct in?ersectxng 5}1ckens1des
on pedfaces, few very fine pores, extremely calcareous, pil roots, fisld ph: 8.2,
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SO0TL ANALYSES RESULTS

........................................

..............................................................................................................

DEPTH pH 3 A {at03 CaS0k CEC Ca Wg Kk MNa  PBS K fined
Total Act.

A ¢ 17 8.2 00 05 0 3.6 0,18 0.0 1.0 0.0 76.6 65.0 12,0 2.2 0.3 100 0.0
B 17 6% 8 0.0 0.3 0 2,00 075 0.0 9.1 0.0 TH.0 605 115 1.4 0.3 99 0.0
{ 85 117 8.2 0.0 0.t 0 136 007 0.0 2.6 0.0 76.0 65.0 15.0 1.0 0.7 100 0.0
b 7182 &2 0.0 0t 0 0.8 0.08 0.0 7.8 0.0 76.0 6.0 13.5 0.9 0.8 87 0.0

£ 182195 &2 0.0 0.2 0 0.67 0.06 0.0 0.9 0.0 70.2 64,5 13.5 0.9 0.8 100 0.0

Particle size {weight %) (ECclay METHODS

ves cf w8 S vES ¢8% 51 Clay meq/100gri23456789

6 6 2 6 0 0 36 62 b
00 2 % 8 0 3% 83 ]
0 6 2 0 0 0 187 8
g ¢ 2 0 0 0 1878 8
g 0 3 6 0 0 17 80 0

................................................................................................

print date: 03/07/92
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SO0IL PHYSICAL PROPERTIES

INFILTRATION (cm/hr) HETHOD:
i 5.9
2 5.8
3 .0

SURFACE STRUCTURE STARILITY INBEX: 10.00

DERTH {cm) BULK DENSITY  WATER CONTEMT (weight %)
{g/cc) 0.03bar 0.05bar 0. 1tbar

§.3bar

{.0bar

3.0bar §5.0bar

HETHOD
15, 0bar
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SOIL PROFILE DESCRIPTION Profile: BAGOOS hait: v Status:

Shest/Grid: /1725H 5540
Lecation @ BH-17
Survey Area : Bale tadulla

Coord N7 -06-30 E A0 -23-00

Elevation: 1838 m

author(s) @ Lucas Van Slesn Girum Asfaw Meless Kumsa Date C13/02/92
Classification FAJ: vertisols(f988) Pellic Vertisol (1974) - Rudic phase

§T ¢ Udic Pellustert, clayey, mentmorrilonitic{calc.),, Local Series : Weish Soil Zeries
201l Climate: ustic isothernic
Topography  gently unduiating Land Form: valley
Element/Pos.: interfluve- lower slops itope 02 - 8% convex
Flooding 1 ail Hicro Top: tow gilgal
Land Uss traditional dryland farming- crops: wheat
Vegetation ! Grasscover:
3pecies
Parent Haterialt in situ weathersd over volcanic ash - derived from basalt
gock Dutcrops v ail - Surface Stones i many stones
Erosion: nil Sealing/Crusting: nil

frainage : moderately well, internal drainage: very slow, externsl drainage: slow

Watertable: not observed

Hoist Cond: moist 0 - 20 , dry 20 - 57, moist 57 - {2%cn Eff. Soil Depth: > 150¢m
Human Infl: ploughing

Remarks: Cracks Zem wide at 5S0cm depth and dezper,

A 6 - 20 ¢cm QYR 2/t {moist), clay, strong fine and medium subangular blocky structure, very hard (dry},
friable {moist), very sticky (wet;, very plastic {wet), manv very fine pore:z, very few
medium subrounded basalt rock fragments, extremsly calcareous, many very fiae roots,
fi21d pHy 6.2, clear smootn boundary,

4B 0. 5% em S0YR 2/1 {moist), clay, strong coarse waiae shaped angular blocky structure,
extremely hard J(y}, viry sticky {wet), verv plastic {(wet), many distinct
intersecting slickensides on pedfaces, common very finé pores, extremely calcareous, common
vary fine o ooto, field pHs 8.0, diffuse boundary.

Bu §1 - 122 cn 10YR 2/2 (moist), clay, strong coarsz wedge shaped sngular bloﬁkv structurs, ‘
extrenely hard {dry), friable (moist), very sticky (wet), very plastic (wet), many prominent
intersecting slickensides on pedfaces, common very fine pores, sxtremely calcareous, few
very fine roots, field pH: 8.2, gradual irregular boundary.

Bk 122 - 160 cm 10YE 2/2 {moist), clay, strong coarse wedge shaped angular blocky structure,

extrenely hard {dry), friable {moist), very sticky {wet}), very plastic (wet), many prominent
intersacting slzckvnsides on pedfaces, common very fine pores, common fine irregular
soft calcareous white soft segregation, sxtremely calcareous, ail roots, field pH: 8.0,

frint Date: 11/05/92
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pEety oH £C Bl i Calis
Total act
HID nifom pon weight &0 -e---- y -~
A 0 20 8.8 0.0 LA R RN | S I I
£ 2008 §.9 4.0 02 9 510,85 0.0 2.8
57 122 .6 0.0 Got 0 13k 6,220 0.0 12.b
b 122 150 8.6 0.0 6.b 0 6.8 0,81 0.0 (8.3

Farticle 3ize {weight &) TECchay  RETHODS
det o omd TR efi oo T Tlay meq/ 10030 123456749

>

I A LI ¥ b
A S T I IS R b
G R A A SO A 0
i R b
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(;‘ 1 ‘C"Q i 2 - n '
OIL PROFILE DESCRIFTION Frofiler BASO0B dnity =23 “tatus:

shest/Grid: /17100N ;8&35 Joord ST -06-00 F &0 -23-70
Locaticn ¢ 75m NY of pond or 1075m £3E of BH-17
Survay arsa ¢ Bale Jaduliz Elevation: 1410 n
Author{s) @ Lucas Van Sleen Girum Asfay Heless Yumsa fats D 13f02/92

Classification FAG: Vertisols(1988)  pellic Vertisel {1874) - s0dic phase

ST cldic Pellustert, clayey, nontmorrifonitic{ecalc.),, ‘Local 3eriss ¢ Weieh Soil Serizs
stic isothernic

Inost f)at Land Form: val

preseion- lowsr slope Slops 07 - 2% concave
r

501 Climate: v
Topography 1 a
Element/Pos.: d

r

&
&

,‘
<
<3
a

L)

Land Uae vtraditional dryland farming- cropst wheat

Farent Material: ia 31ty weathered cver volcanic ash derivad from basait
Rock Tutcron: voaid tyrface Stenes ¢ omany stones
frosion: nil and slight deposition by water Zzaling/Crusting: i

Drainage © mocerately well, internal draingger very slow, external drainage: slow

Watertabls: not observed

doter Toady moist 0 - 15, ary 15 - 14, moist 18 - i80cm EEEL toil Dapthr > {50
Humar Iafi: "iouahiwg

remarks: Wevib soil zeries,zodic phass.Cracks Zom wids at Slcm gspt

101E 271 {asist) srv fine subanguler olocky struct Ty {dry),
friav'e {noist), viry sticky {wet}, very plastic {wet), many very fine pores, very fey
meciun subroundsd basalt rock Sragments, extremely calcarzous, many very fine and
fine roots, field phr 7.3, 9radua? suooth boundary,

A8 15 - k0 om 10YR 2/ [meist), clay, moderate coarse wedge shaced angular blocky structure,
sxtremely hard {dry), very sticky {wet), very plastic (wet), nany distinct
intersscting siickensides on pedfaces, common very fins pores, very few mediun
subroundzd basalt rock fragments, sxtremsly calcarzous, common very fing and
fine roots, fiszid pHy 2.0, diffuse Dboundary.

3y B0 - 1S om SOYE 2/ {moist), clav, sirong coarss wegge shapsd enguiar blocky structure,
cetremsly hard {dry), verv sticky [wetd, very plastic (wet), many prominent
intersscting slickensiaes on pedfaces, common very fing pores, extremely calcarzous, commen
yery fine roots, field pHr 8.2, clzar wavy boundary.

gk 45 - 160 cn 10YE /¢ (moist) and 10VR 2/2 Wixed, clay, mogzr rate coarse wedge shapad angular blecky structurs,
friable (moist), very sticky {wet}, very plastic (wst], meny prominsnt
{nterzecting siickensides on pedfaces, common very fine porss, very f2y nedivn
subpoundsd bazalt rock fragments, commen medium frregular soft calcarzous whits
concretions, sxtremsly calcarzous, few very fine roots, field pH: 8.0,



<2

..............................................................................................................

DEPTH PH EC P T b Cach3 Cad04 (CEC Ca Mg (X Na PBS K fized
Total Act.

..............................................................................................................

A 0 15 8.2 0.0 0.1 0 300 0.27 0.0 T.6 0.0 TLAEGO.0T20 1.1 0.8 100 0.0

L0 00 68,0575 10,6 0.9 6.2 100 0.0

¢ 40 11 6.6 0.0 6.5 0 090 0.1 ¢.0 1406 0.0 66.8 52,5 10,5 0.724.2 100 0.0
Do IE L8084 0.6 L0 672 0,34 0.0 15000 0.0 7343705125 1.1 26,5 100 0.0

.............................................................................................................................

Particle size (weight %) CECclay METHODS

veS ¢S @S fs vES ¢Si £8i Clavy meq/100gr123456769

.............................................................................................................................

[ A R A T 3 0
A R A 1) 0
o 0 2 ¢ 0 0 18 80 b
002 6 0 0 988 0

..................................................................................................
...........................

Print date: 11/05/92
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“S0TL PHYSICAL PROPERTICES

................................................

..........................................................................................................

IRFILTRATION (em/br) METHOD:

L2 s
3
3 ps Lo

SURFACE STRUCTURE STARILITY INDEX: [0.00

DEPTH {cm) BULK DENSITY  WATER CONTENT (weight %) HETHOD
{g/cc) 0,03bar 0.05bar 0.lhar 0.3bar 1.0bar 3.0bar 5.0bar 15.0bar

.........................................................................................................

..........................................................................................................

Print date: 11/05/92
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SOIL PROFILE DESCRIPTICN Profile: BAGOO?

Sheet/orid: /1840M 55408
Location : 120m ¥E of BM-18..

Survey Area : Bale Gadulla Blavation: 1834 g
Author(s) : Lucas Van Sleen Girum Asfaw Melese Kupsa Date 13702792

Classification TAO: Vertisois{i98%)  Pellic Vertisol {1974)
§T : Udic Pellustert, clayey, montmorrilemitic{calc.),,

Scil Climate: ustic isothermic

Topography  flat Lard Form: valley
Element/Pos.: terrace- lower slope Slope ST - 2% straight
Flooding rare Micro Top: even

Land Use o traditional grazing

Vegetaticn  sepi-deciduous shrub Grasscover: »70%

Species . hcacia

Parent Material. fluvial deposits over in situ weathered
Rock Cuterops : very few - Surface Sfones : very few stones
Erosion: slight sheet ergsion

- derived from basalt

Sealing/Crusting: nil

Draingge o mederately well, in
Wazertable: not observed

Hoist Comd: moist O - 23, dry 23
Human Infl:

Remarks: Weyib scil series,cracks 1.5cm wide atTocn.

ternal drainage: very slow, external drainage: slow

- 150, moist 150 - 160cm

fes]
Pa ey
ity

. Seil Depth: > 130

Al § - 23 cwp 10%R 271 {moisty, cizy, moderate very fine subangular Dlocky structure, friable
yery sticky (wet:, very plastic {wst), many very fine pores, many very fine aﬂd
fine roocs, fieid pﬁ: 8.4, tlear smooth boundary,

AR 23« TG oem 10YR 271 lmoist!, clay, moderate coarse wedge shaped angular b‘cuky structure,
extrenely aard dry), very sticky {wet:, very plastic {wet), many distince
intersecting slickensides on pedfaces, wany very fine pores, very few mediun
surrounded basait rock fragaents, comaon very fime toots, field pH: 8.1,
diffuse boundary.

By i0 - 150 cm 9YR 271.% [mcist), clay, socderate coavse wadge shaped angular Dlocky structure,
extrepely hard [dry), very sticky (web), very plastic {wet), many prominent

intersecting slichensides on pedfaces, commor very fine pores, few very fine roots

¢lear smooth beundary.

Bk 150 - 160 cp 10YR 2/ ‘moist) and 10VR 2/2 Mixed, clay, moderate coarse wedge shaped angular !
friable (meist), very sticky [wat), very plastic (wet), common prominent
intersecting slic hcﬂSldes, somzon Very fine porss, many medium irrvegular seit
calcareous white soft segregation, nil roots, field pH: 8.2,

................................................
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Unit: 7-12

.........................................................................................

Local Series . Weieh Scil Series

Status:

................

Coord  : N T -06-40 § 40 -23-10

field pH: 8.2,

;ocky structurs,



& fro e

[

S50IL ANALYSES RESULTS

........................................

..............................................................................................................

DEPTH pH [ 1A S | £aln3 LaS04 CEC Ca Mg K Na  PBS K figed
Total Act.
10 % BS/cn ppm welght & mee-es § oammmmee emeaan 2eq/100g7 5011 ~=-h

..............................................................................................................

¢ 100150 &2 60 01 0 5,88 004 0.0 154 00 62.459.5 155 L4 L4 100 0.0

D150 160 504 00 001D 0081 050 0.0 112 b0 62,4305 15,0 L4 40 0 0.0

............................................................................................................................

Particle size {welght %) CRColay  MBTHODS
ve§ ¢§ mS £3 wiS o8i £31 Clay meq/i00grlzddsetss
A A A B A VA 1 0

[ (R SR (A A2 I i

oL o2 0 0 0 1 B D

VA S A R A A g

...........................................................................
................................................
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...............................................

-----------------------------------------------------------------------------------------------

IRFILTRATION {cm/hr) HETHOD:

R
< ooy T
oD oo €D

.....................................................................................................

DEPTE {cm) BULR DERSITY  WATIR CONTENT (weight %) HETHOD
{g/ec) 0.03bar 0.05bar 0.1bar (.3har 1.0bar 3.0bar S5.0bar 15.0har

..........................................................................................................

A0 o2 117 58.53 1.6 45.4 43.9
B I3 70 1,46 322 a3l 36.8
¢ 701580 1,37 S1.6T 467 387 6.8
3 150 184 1.3 55.69 50,8 427 314

.........................................................................................................

Print date: 11/05/92

BAG 007

Available moisture

0-23 cm = (Fc-pwp) x 23 ¥ BD = 4.18cm
23-70cm = (Fc-Pwp) % 47 ® BD = 11.27¢cm
70 - 100cm = (Fe-Pwp) X 30 x BD = 5.86¢cm

P

21.31cm over 100 cm depth
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Appendix ITI

Hydraulic Conductivity and
Infiltration Rate
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Hyvdraulic Conductivity

Introduction

To determine the hydraulic Conductivity, permeability tests
were performed in most of the distinguished s0i1 units. The test
were executed according to the inverss auger hole method as
described in "Drainage principle and applications Volume TI1T,
Surveys and Investigations". The principle is similar to the auger
hole method with this difference that in the inversed asuger hole
method the Rate of fall of the water level in the hole is measured
instead of the rise.

E!fQCQQMPQﬁ

Test locations were situated near the representative soil
pits. This gave the advantage that the locations and consequently
the 5071 units and the textural sequence of the scoils to be tested
were Kknown. Three augsrings were made near the repressentative
profile pits up to one meter depth. After augering the holes were
filled with water and the profile describad. The first fi1l1ing was
done To reach a wet condition in the profile as under irrigation.
The water filling was dons from a jerican so carefully inorder not
to disturb the wall of the hole by a flow of watsr. After the water
of the Tirst 111 drained away the actual width and depth of the
auger hole wsre measured. In some profiles it was observed that
during the first 111 the wall of the auger hole collapsed causing
a wider and less desp auger hole,

For measuring the rate of fall of ths water level a float and
s measuring tape Jinstalled an & standard were ussd. After
installation of this squipment the hole was filled for the second
time. The rate of Tall was mzasured aftter 0.00 s2c, 15 s=c, 30 sscC,
60 sesc, 120 s=c 180 sec, 240 s=c, 360 sec and 540 s=c.

Result

At the time of Survey work it was observed that the c¢racking
clay soils and cavities in the surface and sub soils, which are
visible during augering, were impossible to examine because of the
water flowing away through fthe cracks and cavities. The procedure
used for the execution of permeability test can be limited or
influenced by the presence of s0il cracks, holes created by roots,
worms or larger animals and the presence of thin sand lenses may
give unreliable figures. The test results are presented in M/day
for auger holes upto one meter depth. The classification of the
Hydraulic conductivity is based on the following description:-
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Very slow < 0.03 m/day

51 ow 0.03 - 0.12 m/day
Moderatsely slow 0.12 - 0.49 m/day
Moderate 0.48 - 1.55 m/day
Moderately rapid 1.55 - 3.05 m/day
Rapid 3.05 - 4.58 m/day
Very rapid > 4.5%8 m/day

Sourcet~- Soil Conservation Service, USDA Dsc. 1848

Results of Hydraulic Conductivity tests

2o Near Tasts Classifica-
Mapping 2011 result tion Remark
Unit M/day
B-2-1 D.55 Moderate
b~2-2 0.686 it
B-2-2 0.73 i
B~b-1 - - Due to crack
B-h-2 - - and clay
B-b-3 - - clogging
B-B~-1 0.32 Moderately Slow
B-6-2 0.24 Moderately Slow
B-6-3 0.28 Moderately Slow
B-7-1 0.55 Moderate
B-7-2 0D.40 Moderately Slow
B-7-3 D.30 Moderatsly 3low

Infiltration Measursments

The infiltration capacity refers to the vertical entry
of water into the soil surface, for these measurements the doube
Ring in filtrometer has been used. In here the initial intake rate
and the equilibrium of the basic intake rate has become constant
atter ssvaral hours are the twe interest figures,

The rate of infiltration is measured by obssrving the
f5311 of water within two concentric cylinders driven into the soil
surface. The use of a double ring with measurement confined to the
inner ring, minimizes errors due to flow divergence in direction
other than the vertical, To avoid unreliable results, water of the
same quality as will be used for drrigation should preferably be
uzed for six hours. It does not work very well on cracked clays
as the water disappears too fast and results are too variable but
they indicate important aspects of soil physical properties.

Evaporation rates are usually too low to be significant,
but if the infiltration rate is very low and the weather is hot and
dry it is necsssary to correct for evaporation. it is after
convenient to carry out the test close to a sampled profile so that
the complete description on the soil is obtained.
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Frocedurs

Near the representative soil profile the pairs of cylinders
should be installed 3-10 meters apart. Drive the cylinders in to
the soil to a depth of approximately 10-15 centimeters. Place
plastic or your hand over the soil to dissipate the force of the
water inorder to reduce turbidity. Prepars svery thing ready for
all replicates before starting the test. Fi11 both cylinders to
@ depth of about 10 cm and record the time and the height of the
water in the inner cylinder using a ruler or a hook gauge. Do the
same for the replicates and repsat the measurement after 15 min,
30 min, 45 min, 60 min, 80 min, and 120 min, and each hour for the
remaindaer of the test.

The infiltration rate can be measured either by measuring ths
distance of the water surface from the top of ths cylinder before,
and aftlter topping up or by measuring the amount of water {(using a
graduate cylinder) required fTor topping upto a Tixed hook gaugs.
The former method is simpler when different diameter cylinders are
used. The outer cylinder should be kspt at approximately the same
Tevel as the inner one.

It is important that it should never be filled up higher than
the inner cylinder or the measursd water level may rise instead of
fall. The recordings should bz entered on a form and the avsrage
hourly rates calculated. The curves of infiltrations versus tims
should be plotted on graph paper and the cumulative amount of water
infiltrated also plotted as a chack. If one cylindsr gives
different rate from the others it should be rejected and taking
the averages.
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Infiltration Measurement results “

Soil Neanr Test result Remark
Mappingll Soil pit Cm/h
Unit

{1-2-1 8.9

B-2-2 27.8

B-2-3 - Impossible to

insert the ring
due to burried

stones.

B-4-1 5.9

B-&-2 5.8

B-4-3 - Due to crack
B-%-1 7.0

B~5-2 9.3

B-5-3 26.5 Due to crack
B-6-1 7.3

B-6-2 7.2

B-6-3 - 1.2

B~-7-1 6.0

B-7-2 6.8

B-7-3 - Due to crack

For interpretation of the obtained data, references can be

made to FAD soils bulletin 42. In this Publication, the following
figures are mentionsd.

- If the infiltration rate after six hours remains 1in
excess of 12.%cm/hr, gravity irrigation may not bs practicable,
because of difficultiss with water distribution and excessive
percolation losses.

- With rate in the order of magnitude of 0.1 - 0.2cm/hr
surface waste of water may be excessive.

optimal infiltration rates are considered to bes betwsen
0.7cm/hr and 3.5cm/hr

Looking to the figurss of the results they show 7 - 11.2 and

same funny results are also obtained dus to the cracks and cavities
in the subsoils.
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Appendix III

Laboratory Procedures
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-------------------------------------------------------------------------

g Rydrometer Weight 30 g soil, if the soil is sandy weitht 100 g.

Transfer to the dispensation cup and £ill 2/3 with
water. Add 10 cm3 calgon solution stir for 30
minutes pour into the sedimentation cylinder and
make up to 1 dm3 with vater. Heep the sedimentation
cylinder in a constant temperature bath at 20 C,
if this iz not available keep the cylinder on the
work bench. Mix the suspension very well. Hote
the time as soon as the cylinder is kept at rest.
Take the temperature and the hydrometer reading at
the end of 40 sec., 4 min and 2 hours,

PH water Potentiometer Weight 10 ge of soil sample and add 25 nl of

Ratio 1:2.5 distilled water, Shake for 30 ainutes using
electrical shaker and let it for overaight.
Using pH meter measure the PH,

---------------------------------------------------------------------------------------

pH Potassiug  Potentiometer Weight 10 gm of soil sample and add 25 ul of

Chloride 0.01 MRCL solution shake for 15 minutes and take
Ration 1:2.5 the pH reading
Organic ¥alkely and Take soil sample & pass it through 0.2 mm sieve
cabon % Black Chromic veight 1 gm or less & fransfer to conical flask

acid oxidation  Add 10 sl of potassium dichromate solution and

swirl gently the flask to mix the reagent with the
s0il, Add 20 ml of conc. H2S04. Swirl the flask
and allow it to stand for about 30 minutes, add
200 nl of distilled water to each flask, place
10 8l of phosphoric acid. Cool it using ostwald
pippet add two or three drops of diphenyl amine
indicator solution, (Titrate the excess dichromate
with Mohr'salt selution) carry out the Blank
titration the same way.

Calcium Bernard's Place 0.1 gn of soil in a conical flask using

Carbonate Calcimeter small test fubes add 10% diluted BCI in to comical
flask pour the HC1 from the meter. Do, triple
0.1 ge of calcium carbonate as standard

---------------------------------------------------------------------------------------

Blectrical Conductimetry Take 50 gu of soil and using distilled water make
Conductivity saturation till the soil show falling freely from
of Saturation spatula take the EC reading

Extract
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---------------------------------------------------------------------------------------

Exchangeable  Ammonium Take 10 g of soil and leach the soil by Neutral

cations hcetate method  Ammonium Acetate t£ill the total volume 250 ml
Sodium Plane photometer Standardized the flame photometer using potassium
standards and rTun the extract.
Calcium & Titration Take 25 me the extract and titrate the extract
Hagnesiupg by 0.01 ¥ BDTA complex
CEC Calcium Take 10 gm of soil and saturated with 1 ¥ Cac12,
Chloride 2H20 let it for over night and leach the soil till

the solution comes 450-500 Bl discard the solution
and equilibrate with 0.1 W CaCl2, 2H20 replace the
calcium lom with 1 ¥ Pofassium nitrate and collect
in 500 volumetric flask. Tifrate the exess chloride
using RSCH or Mercuric nitrate and fitrate the
calciug ion.

---------------------------------------------------------------------------------------
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