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ANNEXE C - APPENDIX 1

_INTRODUCTION

This report deals with the land resource studies of the
Bir Watershed covered under "Highland Soil and Water Conservation
Project (HSWCP-I)" located in West Gojam Administrative Region of
Ethiopia.. The total area studied under the project is 428.7
thousand ha which consists of two watersheds i.e., the Bir and
the Upper Gilgel Abay (UGA). The Bir Watershed constitutes about
314.5 thousand ha (73.4%) of the project area. A separate report
on the same lines is being prepared for the UGA Watershed.

Three kinds of land resource studies were made for the
project area, which include:

) Generalized Land Resource Studies covering the whole
area of each watershed, intended to serve as the land
resource base for:

selection of the sample study areas representing spe-
cifically defined landform units,

judicious application of the research findings from
the sample study areas to other parts of the water-
shed area to achieve the envisaged objectives and

providing guidance to the Ministry of Agriculture in
planning of soil and water conservation and general
agricultural development in the watershed area;

Sample Area Studies intended for conducting research
on specific measures needed for soil conservation and
agricultural development in different landform units
identified for each watershed area; and

Study of Irrigation Development Sites to assess the
suitability of the tracts of land Selected for irriga-
tion development in the respective watershed area.

In addition to the objectives outlined above for each
kind of study, the studies are intended to provide the APS Soils
Experts with a suitable model for further such studies.

The studies were carried out by the FAO Soils Expert,
Mr. M.Y. Javed Mirza, under the project "ETH/87/017-Assistance to
Development Projects Studies Authority (DEPSA)", in collaboration
with two experts of the Agricultural Projects Service (APS) of
DEPSA i.e., the Soils Expert, Ato Zena Estifanos, and the
Agricultural Engineer, Ato Abubeker Ali. The analyses of soil and
water samples collected during field investigations were
conducted by the National Soils Laboratories of the Ministry of
Agriculture, Addis Ababa.

The findings of and the methodology adopted for each
kind of study are reported separately as follows.

BRACAPl.w.SF



ANNEXE C - APPENDIX 1

a) GENERALIZED LAND RESOURCE STUDIES

I. METHODOLOGY

The generalized land resource studies are based mainly
on stereo-interpretation of the latest avai/able, black & white,
panchromatic, vertical aerial photographs (1982-84) of 1:50,000
scale, supported by some information given on the topographic map
sheets (1987) and scanty field observations.

Preliminary general information about major landforms
encountered in the project area, present land use/vegetation
cover and soil erosion status was collected through desk study of
the available topographic maps and other relative data and an
extensive field visit of the project area along all important
traverses. The first field visit ended in tentative selection,for
further detailed study, of eleven sample areas representing the
four (later increased to five) major landform units identified
through desk study. A systematic stereoscopic study of all aerial
photographs pertaining to the two watersheds of the project area
was then undertaken to precisely differentiate and delineate the

r landform units. The air-photo study resulted in recognition
nine major landform units and final selection of ten sample

area,..7. after rejecting three of those previously selected and
including two new areas. The delineations made on the air-photos
were transferred onto the respective 1:50,000 topographic map
sheets, reduced photographically to 1:250,000 scale and finally

along with all important geographical features, on a base
of 1:250,000 scale to produce a generalized map of "Major

Landform Units".

The map of Major Landform Units was interpreted, with
some additional information obtained from the aerial photographs,
topographic maps, the available climatic maps and the field data,
to produce three more generalized maps on "Agro-ecological
Zones", "Agricultural Development Potential" and "Soil Erosion
Hazard" at the same scale of 1:250,000.

The findings from detailed study of the sample areas
and the additional information obtained while traversing through
the project area during the later field visit (see Sample Area
Studies) were exploited to refine the map unit boundaries and
legends of the generalized maps, as well as for improving the
description of various components of the major landform units
recognized.

BRACAP1,WSF



ANNEXE C - APPENDIX 1

2. LANDFORMS AND SOILS

. Major Landform Units

Based mainly on relief, slope form and gradient, kind
of sediments, degree of dissection by geological er....)sion process
and drainage patterns, nine map units of major landforms were
recognized in the watershed ares. These units are delineated on
Map 1 of "Major Landform Units" at a scale of 1:250,000. The
important characteristics of the units are described in the
following.

Map unit 1: Steeply dissected to mountainous land. This map
unit, representing the uppermost wa e shed areas (northern parts)
of the watershed, comprise mountainous to steeply dissected land
with elevation of the highest parts ranging between about 2,000
and 3,200 metres above sea level. The highest land surface (old
plateau surface), which owes its formation probably to the middle
to late Pleistocene glacio-fluvial deposits later mixed with some
volcanic ash and ignimbrites, is gently to moderately sloping
with its side slopes being steep to very steep. Angular to sub-
rounded stones/boulders and pebbles are commonly found embedded
within these sediments, which are partly exposed at surface due
to washing away of the finer material. The sediments are general-
ly very thick varying from about 3 metres to more than 10 metr
The bedrock, which is rarely found exposed, mostly in the beds
rivers, consists mainly of basaltic lava flows. The outcrops
extrusive basaltic rocks are also commonly encountered. Various
rivers and their tributaries which are densely distributed in
dendritic to sub-parallel patterns and are deeply entrench r'
have long been down-cutting these sediments leaving behind numer-
ous, varying sized alluvial terraces formed during different
periods; such terraces presently rest at various elevations along
the deeply cut valley sides. Moderately deep to very deep gul-
lies, other than those-occupied by river streams, are quite
closely distributed throughout the unit.

Mal:* unit 2: Steeply dissected and broken land. This map unit
occurs only in southern parts, stretching along both sides of
the Bir river. The land is steeply and intricately dissected so
that any flat part or a terrace remnant is almost non-existent.
It is probably a subsided area which is principally cut off from
the main watershed area by means of a very steep to precipitous
rocky escarpment. The gully pattern is dense to very dense and
mainly dendritic. The elevation in major part of the unit ranges
between about 1,100 and 1,800 metres but its eastern fringes lie
about 2,000 metres above sea level. The sediments, which are
postulated to be alluvial, similar to those of the old alluvial
terraces, have been mostly washed away due to geological erosion
and now vary in thickness from about 50 cm to more than 3 metres.

BRACAP1.WSF



ANNEXE C - APPENDIX 1

Map unit 3: Hilly to steeply dissected ri,dges and alluvial
valleys. This unit represents fairly vast stretches along the
mountainous land occurring in the form of strips of gently slop-
ing alluvial valleys alternating with high ridges of rock out-
crops covered with old alluvial, and probably some glacio-fluvi-
al, sediments of varying thickness. The gully pattern on ridges
is moderately dense to dense, mainly dendritic to subparallel,
while that in the valleys is sparse to moderately dense, mainly
trellis. The elevation ranges between about 1,800 and 3,000
metres.The valleys are traversed in the middle by perennial
rivers with their numerous tributaries originating in the ridges.
The rivers have a gentle to moderate gradient but the tributaries
generally descend with a high gradient and are deeply incised;
the latter form distinct alluvial fans near the ridge bases,
which mostly coalesc to form gently to moderately sloping pied-
mont alluvial plains. Both the river and the tributaries commonly
have narrow strips of floodplains. Remnants of old alluvial
terraces/terracettes occur at different elevations along the
valley sides of rivers and the tributaries. The sediments of the
ridges vary in thickness from about 30cm to more than 2 metres
and are very stony/bouldery; those of the valleys are generally
more than 3 metres thick.

Map unit 4: Rolling to hilly, dissected, old alluvial ter-
races. This unit occurs in the form of rolling to hilly land
having very thick, old alluvial, and probably glacio-fluvial,
deposits deeply cut by rivers. Moderately deep to very deep
gullies with a moderate density and trellis to subparallel pat-
tern form a common feature of the landscape. The elevation varies
from about 1,500 to 3,000 metres.The rivers generally have a

moderate gradient and almost no floodplains. There, however,
exist at different elevations a few alluvial terraces/terracettes
which presently have a sloping to steep surface due to erosion
effects. Thickness of sediments, which are stony and gravelly, is
generally more than 3 metres but may be more than 10 metres.
Remnants of gently to moderately sloping, old plateau (glacio-
fluvial) surface with cover of numerous stones/boulders and
gravel are commonly found at the highest positions.

Map unit 5: Gently undulating to rolling,sparsely dissected,
old alluvial terraces. This unit occupies extensive areas of
gently undulating to rolling land representing old alluvial
terraces intersected by a few narrow strips of alluvial valleys
which are somewhat distantly located. The unit is marked with
shallow to moderately deep gullies having a relatively low densi-
ty and subparallel to dendritic pattern. It lies at a wide range
of elevations which vary from about 1,500 to 2,500 metres above
sea level. The rivers generally have a gentle gradient. A few
basins, commonly having impeded drainage conditions partly cou-
pled with overwash deposits transported from the adjoining ter-
races, are found within the valleys. The sediments of both the
terraces and the valleys are very thick, probably more than 10

metres.

BRACAP1.WSF
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Map unit 1: Undulating 12 rolling, closely dissected, old
alluvial terraces. This unit is similar to map unit 5 except that
it has an undulating to rolling, at places hilly, surface topo-
graphy and the intersecting strips of alluvial valleys are rela-
tively narrow and quite closely located. Moderately deep to very
.3.7eep gullies having a moderately dense subparallel to dendritic
pattern are a common feature of the landscape. The elevation
.&ries from about 1,500 to 2,500 metres.

Map unit 7: Gently undulating basins and seasonal lakes.This
unit, occurring in the form of gently undulating, mainly marshy
basins and seasonal lakes, occupies the upper reaches of a few
perennial rivers and serves as a part of their watersheds. Low
ridges of bouldery land are commonly encountered within the
basins. The down-slope openings of these basins and lakes face a

broad, very bouldery and rocky, river channel which ultimately
joins the main Bir river. The elevation ranges between about
2,000 and 2,500 metres above sea level. The landform is sparsely
dissected by deep gullies having mainly subparallel pattern. The
sediments are generally very thick (more than 3 metres) but may
be thin (less than 1 metre) in some parts.

Map unit 8: Gently undulating. bouldery channels. This unit
represents an old, partly abandoned, broad, very bouldery river
channel with its bed formed by basaltic lava flow. It is bordered
in its major part on both sides by currently active river streams
originating mainly in the map unit 7. Low ridges of basalt rock
outcrops with a nearly flat surface, aligned in almost parallel
direction to the current river streams, and densely scattered
piles of volcanic tuff boulders form a special feature of the
unit. The elevation varies between about 1,500 and 2,500 metres.
Th9 sediments, which are mostly alluvial, are very shallow to
moderately deep and gravelly.

Map unit 9: Gently sloping alluvial plains and basins. This
unit represents almost flat to gently sloping or gently undulat-
ing alluvial plains and basins streching mainly along the middle
reaches of the Bir river. While narrow strips of the plains along
the river are subject to seasonal light river flooding, the major
part lies beyond the reach of river water. Within the unflooded
part, there exit relatively high flat parts (terraces) and lower,
concave parts (basins), the latter generally getting ponded
during rainy season. The unit is almost undissected but is marked
with a few shallow to moderately deep gullies at places. The
elevation ranges between about 1800 and 2,200 metres above sea
level. The sediments which are mainly the alluvial deposits of
the soil material transported from the map units 1 and 2, are
generally more than 3 metres thick and nonstony.

A brief description of the sample areas studied for
each major landform unit (map unit) follows under another section
while the general composition of each unit with respect to diffe-
rent land elements and soils is described under Table 2. Their
distribution within the watershed area, along with the location
of different sample areas, is indicated on Map 1. The map symbols

6 BRACAP1.WSF



used for different units, approximate areal extent of each unit
and the representative sample areas studied for the respective
nit are given in Table 1. The areal extent was estimated in

different forms i.e., i) the geographic area representing the
true horizontal extent or the map area; calculated from the map
unit delineations using a dot paper and ii) the surface area
representing the extent of land in its own perspective; :alculat-
ed by multiplying the geographic area with a factor decided by
the slope ( 1/cos of the degree of slope) of individual compo-
nents of the map unit. The figures have been rounded off to the
nearest 100 ha to allow for the possible minor errors in map

Table 1: Major Landform Units - approximate extent in Bir Water-
shed and the representative ape areas

Major landform unit

Steeply dissected to
mountainous land

Steeply dissected and
broken land

Hilly to steeply dis-
sected ridges and
alluvial valleys

Gently undulating
to rolling, sparse-
ly dissected, old
alluvial terraces

ANNEXE C. - APPENDIX 1

Map Extent thous, ha) Sample
symbol Geog area Surf area ' Areas

1

Anjene

Inewend

Dabi

Rolling to hilly, 4

dissected, old
alluvial terraces

Fagta

.Y.ch.Freka

Undulating to rolling, .6

closely dissected old
alluvial terraces

Agut

Gently undulating
basins and seasonal
lakes

Gently undulating,
bouldery channels

Gently sloping alluvi-
al plains and basins

Total:

7 BRACAP1.',.

58.8 72.8

21.0 27.8

60.6 76.9

27.3 32.9

.7 95.4

19.0 22.9

7.0 7.8

15.0 16.5

23.9 27.6

314.5 380.6

Finote
Selam

Jiga
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2.2. Scala
The parent material climate and relief have played the

major role in determining the nature of soils encountered in the
project area. Although more systematic field investigations are
needed, three different kinds of parent material contributing to
the formation of soils may be identified i.e., the old glacio-
. uvial sediments, alluvium and volcanic sediments including ash
and ignimbrites. The single most important parent material,
owever, appears to be the alluvium derived from a mixture of old
glacio-fluvial sediments, ignimbrites and volcanic ash deposits
on the mountainous land; the glacio-fluvial sediments owe their
origin probably to the weathered rocks belonging to the basement
complex which comprises mainly the basalt. The younger alluvial
sediments of the plains are postulated to have been contributed
mainly by the older alluvium with some further mixture of
ignimbrites and volcanic ash at various stages.

The long-term effects of climate on the parent material
are reflected by the soil characteristics including an almost
complete leaching of lime to more than 2m depth, clay illuviation
to more than 1.5m depth, release of iron oxide imparting reddish
colours, gradual to diffuse horizon boundaries and extreme uni-
formity in many chemical characteristics over extensive areas.

The effect of relief is indicated mainly in the form of
var-y-ing soil drainage conditions, accumulation of finer soil
m3terial, especially the volcanic ash, by movement from the upper
s.lopP.=: to the the plains and basins, washing away of the topsoil
mtt from sloping land and varying distribution of organic
mtter content in some parts. The volcanic ash, which probably
had been covering the surface of the mountain slopes, as well as
of the old plateau and alluvial terraces, at different time
intervals, has by now been completely washed down and partly got
accumulated in the basins. In addition, most of the older soils
occurring on the slopes have been truncated to varying thickness,
acc,)mpanied with the formation of numerous rills and gullies.

The soil variations in the project area, in general,
are not wide but significant. These may be attributed mainly tc

the differences in parent materials, landforms, relief and th,

relative physiographic positions. The important variables
addition to the surface slope and topography, are:

depth i.e, thickness of soil material
stoniness/boulderiness,
colour,
topsoil and subsoil textures,
subsoil structure,
permeability/porosity,
drainage conditions,
organic matter content,
reaction (PH))
electrical conductivity (EC),
base saturation percentage (BS%) and
cation exchange capacity (CEO).

BRACAP1.WSF
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Within one landform, the soil variations due to chemi-
cal characteristics i.e., pH, EC, T3S% and CEC, are generally
insignificant while those in the other (physical and biological)
characteristics may b.c considerable.

Soils of the older landforms (old plateau surfaces,
alluvial terraces and subterrace and colluvial slopes) have a
loam to clay loam surface texture which grades to silty
clays at lower depths within about 75 cm from the sur a
structure is mostly granular in the topsoil and weak to moderate
subangular or angular blocky in the subsoil; the colour varis
room dark reddish brown to brownish black for the topscil and
sky red to dark reddish brown (rarely very dark ) for the

obsoil; the soil permeability is moderate to modera -'o;
the drainFlq,e is well to moderately well; all are noncaleareous
with the pH(1:1 water) varying from 4.0 to 5.5 and pH(KC1) 'ro
3.5 to 5.0; the base saturation varies from 20 to 45 percent; tl

EC(1:1 water) ranges between 0.5 and 0.15 mmhos/cm; the cation
exchange capacity (CEC) of the soil varies between about 35 and
50 meo/100g, that of the clay varying from 60 to more than 150

(100g; the organic matter content of the topsoil varies from
Lout 4.0 to 6.0 percent.All soils are stony/bouldery to varying

o loot very deep exoept some occurring on colluvial slopes
Ceing 2e2ately deep to deep.

Soils of the younger landforms (younger colluvial and
subterrace slopes and lower terraces within alluvial plains) are
similar to those of the older landforms in most characteristics
except these have a higher (>50%) base saturation in the topsoil
as well as in some p2ts of the subsoil and the pH(1:1 water) is
a littlo higher o:Dring between about 5.0 and 6.0. The soils
occurrin.4 in the alluoial plains are nonstony. All soils ar
deep eo.:elot those of the colluvial slopes being partiy mo.iarat
deep to deep.

Soils of the older basins are invariably silty clay to
clay in texture; the colour varies from brownish black to black;
the structure is very fine blocky to massive in the topsoil
(partly granular in the upper 5-10cm part) and weak to moderate
angular blocky accompanied with common to many, distinct to
prominent intersecting slickensides in the subsoil; the soil
permeability is slow; the drainage is moderately well to
imperfect (poor in some lake basins); they are mostly
noncalcareous with the pH(1:1 water) varying from 5.0 to 6.0 and
pH(KC1) from 4.0 to 5.0;the base saturation is more than 50
percent;the EC(1:1 water) ranges between 0.3 and 0.5 mmhos/cm;
the cation exchange capacity (CEO) cf the soil varies .H±..ween
about 60 and 80 meg/100g, that of the clay varying from about 83
to more than 100 meg/100g; the organic matter content of the
topsoil varies from about 3.0 to 5.0 percent. All soils are very
deep and nonstony and exhibit wide and deep cracks when dry.

Soils of the young._ basins and piedmont allooi
plains aoe similar to those of the older basins in most
except that these are generally calcareous, showing accut

BRACAP1.'e
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of lime in concretionary form within 120cm depth, and the pH(1:1
water) and pH(KC1) varying from 7.0 to 8.0 and 6.0 to 7.0
respectively.

According to the FAO/UNESCO's Revised Legend for Soil
Map of the World (1988), the soils of various landforms are
classified as follows:

Soils of the old plateau surfaces

Moderately eroded soils: Humic Alisols, Rudic phase

Severely eroded soils: Rhodi-Humi Haplic Alisols,
Skeletic phase

Soils of the older alluvial terraces

Slightly eroded soils of higher terraces:
Umbri-Humic Alisols

Moderately eroded soils of higher terraces:
Rhodi-Humic Alisols

Soils of the younger alluvial terraces (within alluvial
plains

Slightly eroded/uneroded soils:
Molli-Humic Alisols

Soils of the older colluvial and subterrace slopes

M derately eroded soils: Rhodi-Humic Alisols Rudic
phase

Severely eroded soils: Rhodi-Haplic Alisols, Rudic
phase

Soils of the younger colluvial and subterrace slopes

Moderately eroded soils: Luvic Phaeozems, Rudic phase

Soils of the older basins

Slightly eroded soils: Mazi-Pelli Eutric Vertisols

Soils of the y2ung_er basins/piedmont alluvial plains

Slightly to moderately eroded soils:
Pelli-Calcic Vertisols

Soils of the lake basins

lightly eroded/uneroded soils:
Humi-Umbric Gleysols

10 BRACAP1.WSF
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In addition to the soils classified above, a relatively
minor proportion of Umbric Fluvisols (part with phreatic/inundic

and Gleyic Cambisols (part with inundic/phreatic phase)
occur in narrow strips along the rivers.

A general relatonship of soil characteristics with
najor le,idform units and their component land elements is
scr:ibed under Table 2. Detailed description of important
profiles studied in representative sample areaa cf each major
landform unit, as well as their laboratory analytical data, is
given under Annex 1.

Table 2: Composition of Major Landform Units with respect to
important land elements and soils

unit1 Major landform
sym-: unit
bol:

Component land
Land element
and its pro-
pertion (%)

Steeply dissected Steep to very
to mountainous steep colluvial
land slopes and

escarpments
(40-60%)

Sloping to
moderately
steep old
alluvial
terracettes
(15-25%)

Gently to mod-
erately slop-
ing remnants
of old plateau
surfaces
(5-1E%)

* All soils are well developed, havi
angular blocky subsoil structure,
bia._:k loamy topsoils with weak subang
struetnre, and are noncalcareous thrc
described otherwise.

_ment s ,1

Slope
range
(%)

Main soil
cteristics*

>30 Shallow to
drained, mod. erme-
able, dark brown to
brownish clack, ston
bouldery to
clay loams

ek to moderate
7eddish brown to brown

blocky to granular
t the profile unless

11 '2RACAP1.WSF

Moderately 90-30 Mod, deep to deep,we
steep alluvial to mod. well drained
terracettes ~. permeabl,
and colluvial d:irk reddIsh
slopes str)ny/bou!dery clay
(10-30%) loams

5-90 Mod. deep to
mod- well mc

slowly permeab
brown to -,.?ry

reddish brown, onyi
bouldery clay o

5-15 Mod, deep to
deep, well

11 drain-
permeable
reddfLsh bro.,
bouldery 1Dams
clay loans



Rock outcrops/
exposed bedrock
(3-5%)

Gullies and
stream beds
(5-15%)

Steeply dissected Steep to very
and broken land steep colluvi-

al slopes
(50-70%)

Very steep/
precipitous
rock outcrops
& escarpments
(15-25%)

Gullies and
stream beds
(10-30%)

Hilly to steeply
dissected ridges
and alluvial
valleys

Steep colluvial 30-60
slopes
(30-50%)

Very steep
colluvial
slopes and
escarpments
(10-20%)

Moderately
steep, old
alluvial
terracettes
(5-15%)

Sloping to
moderately
steep allu-
vial plains
(5-10%)

Gently sloping
to undulating
alluvial
plains
(10-20%)
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30-60 Shallow to mod. deep,
well drained, mod.
permeable,dark reddish
brown, stony/gravelly
loams to clay loams

>200 Patchy, shallow to
mod. deep, well
drained, dark reddish
brown, stony/bouldery
loams to clay loams

Deep, well drained,
mod. permeable, dark
brown to brownish
black, stony/bouldery
clay loams to clays

>60 Shallow to mod. deep,
well drained, mod,
permeable,dark reddish
brown, stony/bouldery
clay loams to clays

15-20 Very deep, well to
mod. well drained,
mod. permeable, dark
brown, stony/gravelly
clay loams

10-90 Very deep, mod. well
drained, slowly per-
meable, mod, calc.,
brownish black clays
showing deep and wide
cracks when dry

3-8 Very deep, mod. well
drained, slowly perme-
able, mod. calcareous,
brownish black clays
showing deep and wide
cracks when dry

BRACAP1.WSF



Gullies and
stream beds
(5-10%)

Rock outcrops/
posed bedrock
10%)

4 Rolling to hilly, Moderately
dissected, old steep collu-
alluvial terraces vial slopes

and escarp-
ments
(30-50%)

Sloping
alluvial
terracettes
and subterrace
slopes
(20-30%)

Gently to mod- 5-15
erately sloping
remnants of old
plateau
surfaces
(10-20%)

Gently sloping
alluvial
terraces
(5-15%)

Gullies and
stream beds
(5-10%)

Rock outcrops/
exposed bedrock
(5-10%)

ANNEXE C - APPENDIX

15-30 Mod. deep to very
deep, well drained,
mod. slowly permeable,
dark reddish brown
clay loams to clays
with stony/bouldery
surface

8-15 Mod. deep to very
deep, mod. well drain-
ed, mod. slowly perme-
able, dark reddish
brown clay loams to
clays with stony/gra-
velly surface

Shallow to deeD,
to mod. well drain:_
mod. slowly perrriHe,
brown to dul
brown clay ams to
silty clays h stony
Furface
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3-8 Very deep, mod. il

drained, mod. perme-
able, dark broi.:n to
brownish black clay
loams to clays with
stony surface



Gen ly undulating Gently sloping
to rolling, old alluvial
sparsely dissected terraces
old alluvial (40-60%)
terraces

Sloping to
moderately
steep old allu-
vial terraces
(25-40%)

Gently sloping
remnants of
old plateau
surfaces
(5-10%)

Almost flat
basins and
channel infills
(10-20%)

Concave
closed basins
(marsh lands)
(0-10%)

Gullies and
stream beds
(3-5%)

Rock ou crop/
exposed bedrock
(3-5%)

6 Undulating to
rolling, closely
dissected old
alluvial terraces

Very gently
sloping old
alluvial
terraces
(10-20%)

Sloping old
alluvial
terraces
(15-25%)
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2-6 Very deep, well to
mod. well drained,
mod. permeable, dark
reddish brown clay
loams to clays

6-20 Very deep, well drain-
ed, mod. permeable,
dull to dark reddish
brown clay loams to
clays

9-6 Shallow to very deep,
well drained, moder-
ately permeable, dark
reddish brown clay
loams, part with stony
surface

Very deep, mod. well
drained, slowly per-
meable, brownish black
clays showing deep and
wide cracks when dry

1-2 Very deep, imperfectly
to poorly drained,
very slowly permeable,
black/dark grey clays

1-3 Very deep, well to
mod. well drained,
mod. slowly permeable,
dark brown/dark red-
dish brown clay loams
to clays

8-15 Very deep, mod. well
drained, mod. slowly
permeable, dark brown/
dark reddish brown
clays
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Moderately 15-30
steep alluvial
terracettes
and colluvial
slopes
(10-20%)

Gently sloping
remnants of
old plateau
surf aces
(3-5%)

Gullies and
stream beds
(5-10%)

Rock outcrops/
exposed bedrock
(3-5%)

Gently undulating Flat, central
and parts of

asonl lakes basins
(30-50%)

Almost flat
outer parts
of basins
(20-30%)

Concave, pond-
ed parts of
basins (sea-
sonal lakes)
(15-25%)

A1.7__t flat
-Lnants of

old alluvial
terraces
(10-20%)
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Mod. deep to deep,
well drained, mod.
slowly -r,Qrmeabl
reddish brown
part
face

Mod, deep to deep,
well drained, mod.
slowly permeable, dark
reddish brown clay
loams to cla:s, part
with stony urf,,-

Very ìeor mperfectly
to poorl drained,
slowl7 permeable,
broT.nlish black t ark
grey 'cams -sì
clay lo,a.ms rin
by clays

1-3 Very deep, imperfectly
drained, sicwly perme-
able, dark reddish
brown to brownish
black loams/clay loam
underlain by cl, s

<1

<2 vry deep, mod,
mod,

p-,rmeable, d,Irk brown
silty clay loams
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Moderately 15-50
steep to steep
margins/escarp-
ments of ailu-
vial terraces
(25-40%)

3-8 Shallow to
well drain
permeable, ?-c-F. reel-

dish brown with
stony surfa



Gently sloping
margins of
old alluvial
terraces
(10-30%)

Low bouldery
ridges and
rock outcrops/
exposed bedrock
(5-15%)

gently undulating Almost flat to
Leuldery channels gently undula-

ting channel
infills
(40-60%)

Almost flat to
gently undu-
lating basins
(5-10%)

Gently sloping
remnants of
,-,1d alluvial
terraces
(1n-.9n%)

Moderately
steep stream
banks/escarp-
ments (5-10%)

Low bouldery
ridges and
rock outcrops/
exposed bedrock
(20-40%)

Permanent/
seasonal lakes
(1-3%)
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2-6 Very deep, mod. well
drained, slowly per-
meable, dark brown
clay loams to clays

1-3 Shallow to mod. deep,
well drained, mod.
permeable, brown to
brownish black, stony/
bouldery loams to clay
loams

1-3 Deep to very deep, mod.
well drained, slowly
permeable, brownish
black clays, part with
bouldery surface

1-5 Very deep, well to
mod. well drained,
mod. slowly permeable,
dull to dark reddish
brown clays

15-25 Mod, deep to very
deep, well drained,
mod. slowly permeable,
dark reddish brown
clay loams to clays
with stony surface
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Flat to very 0-3
gently sloping/
concave basins
(20-30%)

Gently sloping 9-6
alluvial ter-
races/terrace
margins
(10-20%)

Sloping to
moderately
steep margins
of alluvial
terraces
(5-15%)

Sloping basin
margins
(3-5%)

Concave basins 0.5-1
and channel
infills
(5-15%)

Gullies and
stream beds
(2-4%)

Rock outcrops/
exposed bedrock
(2-3%)

ANNEXE C - APPENDIX i

9 Gently sloping Almost flat <2 Very deep,well to mod.
alluvial plains alluvial well drained, mod.
and basins terraces permeable,dull to dark

(30-50%) reddish brown cla s

10-30 Mod. deep to
well drained, mod. r-
meable, dark reddi,h
brown clay lcams f
clays, part %-ith st.or.y
surface

5-15 Very dep, mod. 11
to imperfectly -r.ain-
ed, sJc.Iy permeable,
black clays, part with
stony surface

Very deep, mod. well
to imperfectly drained,
slowly permebi
lowish grey ~Lo W rl

h hiack clays show-
nd wide :rackF

Very deep, imperfectly
to poorly drain,ed,
slowly permeable, dark
grey to black clays

Pl ,WSF

Very well to
mod.
mod, rmeable,
dark reddi brown
clay loams to a7s



AGRO-ECOLOGICAL ZONES

Following the agroclimatic zonation made by Ministry of
'culture's Community Forests and Soil Conservation Department

in "Guidelines for Development Agents on Soil Conservation in
Eth a (1986) on the basis of differences in temperature

gimes, chiefly determined by the elevation, and the mean annual
rainfall, the watershed area is divided into five Agro-ecological
Zones as defined below:

Dw Wet Dega Zone: Area with elevation 2,300 to 3,200m
above sea level and mean annual rain-
fall more than 1,400mm
Humid cool tropics

Dm Moist Dega Zone: Area with elevation 2,300 to 3,200m
above sea level and mean annual rain-
fall 900 to 1,400mm
Subhumid cool tropics

Ww Wet Weyna Dega Zone: Area with elevation 1,500 to 2,300m
above sea level and mean annual rain-
fall more than 1,400mm
Humid warm tropics

Wm Moist Weyna Dega Zone: Area with elevation 1,500 to
2,300m above sea level and mean annual
rainfall 900 to 1,400mm
Subhumid warm tropics

ANNEXE C - APPENDIX 1

Km Moist Kolla Zone: Area with elevation 500 to 1
above sea level and mean annua
fall 900 to 1,400mm
Subhumid hot tropics

0

rain-

Each Agro-ecological Zone is divided into Subzones on
e basis of differences in physiography, soils and present land

use/vegetation. These Zones and Subzones are delineated on Map 2

of "Agro-ecological Zones" at a scale of 1:250,000. The areal
extent of each Zone/Subzone in the watershed, as well as its
relationship with the major landform (physiographic) units recog-
nize,:i for Maps 1 and the major kinds of land use, is indicated
in Table 3. The component soils of each major landform unit unit
have already been described under Table 9 in the previous sec-
tion.
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Table 3: Agro-ecological Zones/Subzones - their relationship
with the Major Landform Units and areal extent

ANNEXE C APPENDIX 1

Predominantly rain-
fed cultivated

Predominantly rain-
fed cultivated

Mainly rainfed
cultivated, partly
forested

Predominantly rain-
fed cultivated

Predominantly rain-
fed cultivated

Predominantly rain-
fed cultivated
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Agro- Agro- Major : Areal
ecological ecological Landform 1

, extent
Zone Subzone Unit 1(thou.

1

1

ha)

Wet Dega Mountainous
zone subzone

45.8

Ridge and 12.1
valley subzone

Rolling, dis- 4 0.4
sected terrace
subzone

Undulating
terrace
subzone

3.9

Undulating, 6

dissected
terrace
subzone

11.6

Basin and 7

lake sub-
zone

4.7

Bouldery
channel
subzone

1.6

Wet Weyna Mountainous
Dega zone subzone

12.1

Ridge and
valley sub-
zone

37.0

Undulating
terrace
subzone

5.0

Undulating, 6

dissected
terrace
subzone

0.5

Mainly grass
part seasona ly
under water

Mainly under bush
forest, partly
rainfed cultivated

Major kind of
land use

Mainly rainfed
cultivated, partly
forested

Predominantly rain-
fed cultivated

Predominantly rain-
fed cultivated
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Rolling, 4 1.0 Predominantly rain-
dissected fed cultivated
terrace
subzone

Moist Mountainous 1.0 Mainly rainfed
Weyna Dega subzone cultivated, partly
zone forested

Rolling, 4 25.0 Predominantly rain-
dissected fed cultivated
terrace
subzone

Undulating 67.3 Predominantly rain-
terrace fed cultivated
subzone

Undulating, 6 5.9 Predominantly rain-
dissected fed cultivated
terrace
subzone

Bouldery 8 5.7 Mainly under bush
channel forest, partly
sub zone rainfed cultivated

Alluvial 9 20.9 Predominantly rain-
plain subzone fed cultivated

21 BRACAP1.WSF

Basin and 7 2.3 Mainly grass lan
lake sub- part seasonally
zone under water

Bouldery 6.0 Mainly under bush
channel forest, partly
subzone rainfed cultivated

Alluvial 9 3.0 Predominantly rain-
plain sub- fed cultivated
zone

Moist Dega Ridge and 1.6 Predominantly rain-
zone valley sub- fed cultivated

zone

Steeply 10.9 Mainly bush forest
dissected partly used for
subzone fuewood extraction

Ridge and 10.1 Predominantly rain-
valley sub- fed cultivated
zone
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Mainly bush fores
partly used for
fuelwood extraction

Predominantly rain-
fed cultivated

Predominantly rain-
fed cultivated

Predominantly rain-
fed cultivated

Mainly under bush
forest, partly
rainfed cultivated
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Moist
Kona
zone

Steeply
dissected
subzone

2 10.2

Rolling,
dissected
terrace
subzone

4 0.9

Undulating
terrace
subzone

5.4

Undulating,
dissected
terrace
subzone

1.0

Bouldery
channel
subzone

1.6

Total: 314.5



4. AGRICULTURAL DEVELOPMENT POTENTIAL

The land potential of the project area for agricultural
develoment varies with the landform and the climate in general
and with the land element, as well as with the physiographic
position and slope within a landform, in particular. However,
mapping of each land element for the whole project area at the
adopted scale of 1:250,000 was not possible. The maps of "Major
Landform Units" and "Agro-ecological Zones" and the information
about soils of the respective landforms and their present general
use were used as basis for determining and mapping the agricul-
tural development potential of land for each watershed ara. The
potential can be described only for general agricultural use
rather than for specific kinds of use or land utilization types
for the level of studies made and the scale of mapping ado-, ed.

Six map units of (generalized) Agricultural Developrn
Potential are recognized for the watershed area which are deline-
ated on Map 3.The extent of each unit is estimated as in Tab e 4.

Table 4: Areal extent of the Agricultural Development Potential
map units

;Map symbol; Map unit description ;Extent (thou. ha);
1

Land with a high potential for
intensive agricultural develop-
-nt and crop production

Land with a moderate potential
for crop production; high poten-
tial for agro-forestry development

Land with a low potential for
crop production; moderate poten-
tial for agro-forestry; high
potential for forestry development

Land with a high potential for
forestry, wildlife and range
development; low potential for
crop production

Land with a high potential for
development as rangeland and
recreational sites; very low
potential for crop production

ANNEXE C - APPENDIX i

Land with a low potential for 21.1
forestry development only

Total: 314,5
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105.5

107.1

58.8

15.0

7 . 0

4

6
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The main characteristics of these map units are briefly
described as follows:

Map Unit 1: The land representing this unit comprises exten-
sive stretches of gently undulating to rolling,
old alluvial terraces with a considerable propor-
tion of almost flat to gently sloping alluvial
plains and basins. The soils are very deep and
quite fertile, locally with minor to moderate
limitations of erosion in relatively sloping
parts and of impeded drainage conditions in the
flatter parts. The climate favours moderate to
high rainfed production of common agricultural
crops. Sizable areas of small to large-scale
irrigable land offer further opportunities for
intensive agricultural development and commecrial
production of high-value crops including foodgrain,
oilseeds and orchards. Almost whole area of the
unit is presently under rainfed cultivation with
a few narrow strips along the rivers or near the
perennial springs receiving supplemental irriga-
tion. The existing crop yields are moderate to
low but two to three times increase in the yields
can probably be envisaged through proper soil and
water management. This unit needs highest priority
for planning of any agricultural development in
the project area.

Map Unit 2: This unit consists of the land which has under-
gone moderate to severe geological erosion process
and has variable potential in its different parts.
The surface topography varies from undulating to
steeply dissected, with common to many gullies
intersecting the area. Although there occur siz-
able areas of gently sloping land with very deep
and fertile soils which have moderate to high
potential for rainfed agriculture and partly high
potential for irrigated agriculture, major part
of the unit consists of eroded (though still very
deep) soils with moderately sloping.to steep surfRce
topography and has a moderate to low potential for
arable use; the latter part, however, has a high
potential for forestry. At present, most part of
unit is under rainfed agriculture, commonly with
low crop yields. The unit as a whole would be best
developed for agro-forestry.

Map Unit 3: The land falling under this unit comprises mainly
steeply dissected to mountainous with commonly
stony/bouldery, though quite deep, soils. It is
commonly gullied posing severe limitations for
agricultural use. At present, a considerable part
of the unit is under rainfed arable use giving low
to moderate yields of common agricultural crops.
But the unit has a high potential for development
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of forestry and a moderate potential for agro-
forestry.

Map Unit 4: This land unit represents a broad bouldery
channel wherein the soil cover is scanty with its
considerable part being occupied by rock outcrops
and boulders. Most area of the unit is presently
under moderately thick bush forest which may be
regarded as its best use; a few patches given to
rainfed farming have only a low potential for crop
production and would be better used as grassland.
The unit would be best developed for a multiple
use of forestry, wild life preservation and range
development.

Unit : This unit consists of broad, mainly closed,
basins marked with a few seasonal lakes and low
bouldery hills. The soils are generally very deep
and fertile but too impeded drainage conditions
disallow, except in some relatively high parts,
their economic arable use. Presently, major part
of the unit is under thick grass cover. The best
use to which this land unit can be put is its
development as rangeland and recreational sites
combined with preservation of water fowls and
fishery development.

Map Unit 6: The unit occurs in the form of steeply dissec-
ted land with numerous gullies and too scanty
areas of flatter land usable for agriculture. It
is principally cut off from the main agricultural
land by a precipitous rocky escarpment so that it
is almost inaccessible for the animals or farm
machinery for arable use or grazing in any part.
Its agricultural use is also hampered by the
incidence of tsetse fly disease. At present, the
land is mainly under thin to moderately thick bush
forest which needs to be improved and would be the
best use of the land.

26 BRACAP1.WSF



ANNEXE C - APPENDIX i

. SOIL EROSION HAZARD

The important agent of soil erosion in the project area
is ater. The water erosion hazard differs in different parts of
the area both in its form and degree. Gully erosion, which is
alas combined with sheet and rill erosion, is the most distinct
feature of major part of the area while a considerable part is
affected only by rill and sheet erosion. The erosion hazard was
interpreted from the general information obtained with respect to
landforms, surface slopes, soils, drainage patterns/densities,and
land use/vegetation cover from the available air-photos and the
investigatins made on the sample study areas. The same map units
as recognized for the map of "Major Landform Units" were used as
the basis for delineation of the soil erosion hazard. Of cours_
the hazard varies not only with the landform unit but also with
the land element within any landform unit. Since the delineation
of individual land elements was not possible at the adopted scale
of mapping, the map units representing the soil erosion hazard
should be regarded as only indicative. Six map units of Soil
Erosion Hazard recognized for the watershed area are delineated
on Map 4. A brief description of each map unit is presented as
follows:

Map unit 1: This map unit represents areas of almost flat to
gently sloping or gently undulating land covered
by the cultivated alluvial plains, the grasslands
of basins and the forested bouldery channels. It
is partly affected by sheet and/or rill erosion of
minor degree while the major part has almost no
erosion hazard. Moderate stream bank erosion is,
however, evident in most parts along the streams.

unit 2: This unit covers gently undulating to rolling
alluvial terraces which are mostly under rainfed
cultivation. It is commonly dissected by deep
gullies/river valleys but with a relatively low
density. Although gully erosion is quite evident
the major threat to the area is by rill erosion
which is encouraged by the artificial drainage
ditches traditionally constructed by the farmer.
The rills so developed generally get transformed
to deep gullies in relatively short time. Moderate
stream bank erosion occurs in the valleys.

Map unit 3: This unit has two distinct landforms i.e., ste_ply
dissected ridges and gently sloping alluvial valleys,
which are mostly under rainfed cultivation. The two
landforms differ in degree of erosion hazard. While
the ridges are affected by severe rill and moderate
to severe gully erosion, the valleys have a moderate
degree of sheet, rill and stream bank erosion. Addi-
tionally, land sliding is evident in some parts of
the ridges while some slumping is noticeable in the
sloping parts of the valleys.
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Map unit 4: This unit is representative of steeply dissected
to mountainous land with dominantly steep to ry
steep slopes. Being located at high elevations with
a relatively cool temperature regime and humid
moisture regime, the land has a fair vegetation
cover as well as some stone cover at the surface.
The land is mainly cultivated but partly unde:. cover
of bush forest cover; a considerable part is occu-
pied by scrub. The upper parts of the mountain
ridges mostly have moderate sheet, rill and gully
erosion, while the lower parts, especially t.?, foot-
slopes, have severe gully erosion. Very steep es
carpments are generally protected by bush oover and
boulders at surface. Moderate to severe land .s iding
also occurs in some parts irrespective of the
tion. Stream bank erosion is evident in the va leys.

Map unit 5: This unit covers undulating to hilly parts of
the alluvial terraces closely dissected by gullies
and river vallies. Most part of the land is under
rainfed cultivation with a few patches having
moderately thick bush forest cover. Severe sheet,
rill and gully erosion occurs in almost all parts
of the unit, while land sliding is a very common
feature. Some parts of very steep escarpments are
protected by moderately thick bush cover. Moderate
stream bank erosion occurs in valleys.

Map unit 6: The land covered by this unit comprises
steeply dissected low land with relative
temperature regime and low rainfall. It
thin to moderately thick low bush cover. The and
is affected by severe to very severe sheet, 1

and gully erosion in almost all parts. Land sliding
also commonly occurs in higher parts.

The extent of area affected by different degrees of soil
erosion in the watershed area is estimated as in Table 5.
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Table 5: Area affected by different degrees of soil erosion

Soil erosion hazard Map
unit

Area af

Slight sheet and rill erosion 45.8
Moderate rill and gully erosion 81.7
Moderate sheet & rill erosion in valleys,
severe rill and gully erosion on ridges

60.8

Moderate rill/z,,Ally erosion on upper
slopes, severe gully erosion on lower slopes

4 58.8

Severe rill and gully erosion 5 46.3
Very severe gully erosion 6 21.1

Total: 314.5



b) SAMPLE AREA STUDIES

1. THE SAMPLE AREAS STUDIED AND METHODOLOGY

Based on differences in physiography which is the major
ietermina't of the nature of soils and the soil conservation and
lanagemen :roblems nine sample areas representing the nine map
inits de vited on the "Major Landform Units" maps of the water-
;bed area ere s lected and studied in detail. The location of
.i.ght sample areas occurring within the Bir Watershed and one
trea ocurring within the Upper Gilgel Abay Watershed is indicat-

on the maps of "Major Landform Units", "Agro-ecological
!ones", "Agricultural Development Potential" and "Soil Erosion
lazard" of the relevant watershed (Maps 1 to 4). Their descrip-
:ive lo ation and areal extent, along with the major landform
Inits 'esented, are given in Table 5,

Fable 6: Sample study areas -their location, extent and repre-
sentative major landform units

highway (10°41'N, 3717,5'E)
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Sample
study
area

Locat ion
(Nearest coordinates)

Extent
(th. ha)

Major
LF
unit

knjene 6 to 8km northeast of Anjene village 250
along Dembecha-Feres Bet road, stretch-
ing to west-northwest of the road upto

1

Kechem river (10o44N, 37o 35 E)

rne,..end 1.5 to 3 km west of Inewend village, 245 2

extending to west of the escarpment
(10024'N, 37011'E)

Dabi 5 to 6 km south of Dabi town along 194
Jiga-Dabi road, extending to west of
the Bir river (10°57'N, 37025'E)

Yechereka 5 to 7 km west-northwest of Dembecha 318 5

town, extending to southeast of the
Yechereka river on both sides of Jiga-
Dembecha highway (10°35'N, 37°26'E)

(5.1t 1.5 to 5 km northwest of Agut village, 216 6

extending to southwest of Agut-Tilili
main track (10°51'N, 37°08'E)

Jiga 3 to 4 km west of Jiga'town along 297 9

Finote Selam-Jiga highway extending
to south of the highway
(10°40'N, 37°21'E)

Finote 3 to 4 km east of Lah river bridge 178
near Finote Selam, extending to
south of the Finote Selam-Jiga
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Tilili 8 to 10 km northeast of Tilili town, 233 7

extending to southeast of Tilili-Gish
Abay road (10455.5'N, 37°05'E)

a 5 to 6 km northwest of Fagta village 146 4

along Fagta-Adis Kidame road, extend-
ing on both sides of Fagtit river
(11°05'N, 37°00'E)

The sample areas were studied by using the enla_dements
to 1:15,000 scale of the available 1:50,000 aerial photographs in
all stages which include:

i) preliminary delineation of important landform elements,
surface topography and slopes, land use/vegetation cover
and soil ersion status;

fieíd investigation and mapping of soils, topography and
slopes, land use/vegetation cover and soil erosion
problems etc.; and

iii) final delineation of map units through stereo-interp
tation for preparation of maps on "Physiography and
Soils", "Present Land use/Vegetation Cover" and "Soil
Erosion Status" for each sample area.

The soil investigations were made by landform elements,
using the "Free Survey" method, based on phsiographic analysis of
the air-photos, which included measurement of surface slopes,
delimitation of boundaries between different kinds of land use,
estimation of vegetation and stone cover at surface, judging of
erosion hazard from the existing erosion features and study of
important soil characteristics by augering to 1.0-1.5m depth on
each important land element. Deep soil pits (to about 2m) were
excavated on representative sites for detailed description of
the soil profiles and collection of soil samples. On an average,
two deep soil pits were prepared for each sample area; four to
seven disturbed soil samples from each soil pit and three to four
core samples from the important soil pits were collected for
physical and chemical analyses and determination of soil moisture
characteristics in the laboratory. The intensity of field obser-
vations varied widely from area to area and by land element
depending on their complexity. In general, the density varied
from one per 12ha to one per 25ha, except for Inewend area where
only one detailed observation with soil sampling could be made
due to its inaccessibility. The location of the general observae
tion sites as well as of the detailed observation and soil sam-
pling sites for each sample study area is indicated on the maps
of "Physiography and Soils" of the respective sample areas.
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2. MAIN FINDINGS

The findings of the detailed study in the sample areas
are presented in the form of the following three maps of scale
1:15,000 for each sample area (Maps 5 to 31):

Physiography and soils
Present land use/vegetation cover
Soil erosion status

Area-wise brief description of these maps is given on
ollowing pages. The detailed description of the representa-

tive soil profiles sampled, along with the laboratory analytical
data of the soil samples, are reported under Annex I.

9.1 Anjene Sample Area

a) Physiography and Soils. The following three main
land elements with different kinds of soils were
recognized:

Old plateau remnants: This represents the
highest land surfaces, probably the remnants
of old plateau or glacio-fluvial terrace, which
have been partly eroded. It has gentle to mod-
erate (5-15%) slopes with a few, relatively
shallow gullies.

The soils consist of mostly very deep (part
moderately deep), well to moderately well
drained, moderately permeable, noncalcareous,
brown to dark reddish brown clay loams/silty
clay loams (part loams) with moderate subangu-
lar to angular blocky subsoil structure, and
having brown, weak granular, stony loam top-
soils (See detailed description of typical
soil profile and laboratory analytical data
under Annex I, Pedon 1)

Old alluvial terracettes and subterrace slopes:
These are varying sized, sloping remnants of
the alluvial terraces formed by the river at
different time intervals and at different
elevations while its bed continually shifted
downward. The margins of some of these terra-
cettes have by now been eroded and have merged
to form nearly continuous, moderate to steep
slopes (referred here as subterrace slopes).
The slopes of this land element range between
8 and 30 percent.

The soils are mainly very deep (part moderate-
ly deep), well to moderately well drained,
moderately slowly permeable, noncalcareous,
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dark brown to very dark reddish brown clay
loams with moderate subangular to angular
blocky subsoil structure and weak granular,
stony loam tpsoils (See detailed descripti
of typical so' profile and laborator ana
tical data - der Annex I Pedon 2)

Colluvial slopes and escarpments: This land
element includes steep to very steep parts of
the area representing escarpments of the allu-
vial terraces with patches occupied by collu-
vial sediments. Exposure of numerous stones
and boulders at surface due to erosion is a
typical feature of this element.

The soils are mainly deep to very deep (part
shallow), well drained, moderately to moder-
ately slowly permeable, noncalcareous, dark
brown to brownish black clay loams (part
loams) with a weak to moderate subangular
blocky subsoil structure and weak granular,
very stony/bouldery loam topsoils.

Six map units of physiography and soils with
varying degrees of slope recognized for the sample
area are delineated on Map 5 at 1:15,000 scale.

The approximate areal extent, percentage and
slope range of different map units of the sample
area are as follows:

b) Present Land Use/Vegetation Cover. The following
three major kinds of present land use are identified
in the sample area:

Arable land - used for rainfed cultivation of
mainly maize, teff, barley and nigerseed; part
under long fallow having 60-80% grass co,:er;
10-30% surface occupied by stones/boulders
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Map unit :

1

Slope : Areal extent
range (%) Ha

1 5-15 94 9.6
2 8-10 10 4.0
3 10-20 46 18.4
4 20-30 15 6.0
5 30-60 19 4.8
6 ',60 143 57.2

Total: 250 100.0
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ANJENE SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

LEGEND
nld Plateau Remnants

ly to moderately sloping (5-15% slope), moderately
to very deep, well to moderately well drained,

mode -ately permeable, brown to dark reddish brown loams
and clay loams/silty clay loams with brown, partly stony,
loam topsoils

Old Alluvial Terracettes and Subterrace Slopes

Sloping (8-10% slope), dissected, moderately deep to
very deep, moderately well drained, moderately slowly
permeable, dark brown clay loams with stony topsoils

Slopi a to moderately steep (10-20% slope), dissected,
deep to very deep, well to moderately well drained,
moderately slowly permeable, dark brown to very dark
reddish brown clay loams with stony loam/clay loam

4 Moderately steep (20-30% slope), dissected, moderately
deep to very deep, well drained, moderately slowly
permeable, dark reddish brown clay loams with dark
brown stony loam topsoils

olluvial Slopes and Escarpments

Steep (30-60% slope), dissected, moderately deep to
very deep, well drained, moderately slowly permeable,
dark brown to dark reddish brown clay loams with stony
loam topsoils

6 Very steep (>60% slope), dissected, mainly deep to very
deep but some shallow, well drained, moderately perme-
able, dark brown to brownish black loams/clay loams
with very stony/bouldery topsoils
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Forest - comprising mainly low to moderately
high bushes and shrubs with a few trees; the
canopy cover varying in different parts from
60% to over 90%; the understorey occupied by
grass and low shrubs with more than 90% sur-
face cover; 20-30% surface area occupied by
stones and boulders

Grassland - comprising mainly the running
grasses with some shrubs/bushes and scattered
trees; surface cover of grass varying from 70
to over 90%; 10-30% surface cover of stones/
boulders and rock outcrops

Five map units of present land use/vegetation
cover recognized for the sample area are delineated
on Map 6 of scale 1:15,000.

The distribution of different kinds of land
use and vegetation/stone cover in various map units
of the sample area is indicated by the following
table.

Soil Erosion Status. The soil erosion in the sample
area varies in different parts from moderate sheet
and rill erosion in the highest parts having gentle
to moderate slopes to severe/very severe in the
lower and steeper parts, but some very steep slopes
of escarpments are rather protected by thick forest
cover and stones at their surface. Three map units
of soil erosion status recognized for the sample
area are delineated on Map 7 of scale 1:15,000.

The extent of each map unit, representing the
soils affected by different degrees of erosion, is
estimated as follows:
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Map unit symbol
and description

Areal extent Veg.
cover
(%)

Stone
cover
(%)

Haw
1

1

A - Arable land 120 48.0 10-30
Cultivated =108
Fallow = 19

Fl - Dense forest 44 17.6 >90 30-50
F2 - Open forest 36 14.4 60-80 20-30
G1 - Grass-cum

bush forest
34 13.6 70-90 15-25

G2 - Grass land 16 6.4 70-90 10-20

Total: 250 100.0



ANJENE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

EGEND
Mainly arable land with 10-30% surface cover of stones/
boulders and 5-15% bare rock surface; few patches under
long fallow with 60-80% surface cover of grass and stones

Fi Dense bush forest with >90% canopy cover; understorey with
>90% cover of grass and stones

F9 Open bush forest with 60-80% canopy cover; understorey
with >90% cover of grass and stones

Grassland-cum-bush forest with 70-90% surface cover of
grass, bushes and stones; about 10% bare rock surface

G9 Mainly grassland with >90% surface cover of grass and
stones and few bushes

ANNEXE C - APPENDIX 1
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AN:J*7Nr. RAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

EGEND

ANNEXE C - APPENDIX 1

an.d rill ,7ith some gully erosion, moderate
bank ersion in some part; old tracks and

:'es comm,:nly transformed into shallow to
gullies; gullies not evident in some parts

shall , soils

E3 ?vere sheet, rill and gully erosion with some land sliding/
s- mping; se to very severe stream bank erosion in some

E4 Very severe sheet, rill and gully erosion with frequent land

sliding/slumping
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2.2 Inewend Sample Area

a) Physiography and Soils. The following one m:tin
land element comprising two sub-eleme ts wi-_h dif-
ferent kinds of soils was recognized:

Colluvial slopes and escarpments: This land
element comprises steep to very steep, intri-
cately dissected slopes with mainly colluial
sediments derived from old alluvial terraces,
and precipitous very bouldery/rocky escarp-
ments with patches of colluvial slopes.

The soils consist of shallow to moderately
deep, well drained, moderately permeable, non.-
calcareous, dark to very dark reddish brown,
gravelly/stony loams to clay loams with a we 1--

subangular blocky subsoil structure and weak
granular to massive, stony loam topsoils (See
detailed description of representative sol
profile and laboratory analytical data under
Annex I, Pedon 3)

Two map units of physiography and soils recog-
nized for the sample area are delineated on Map 8
at a scale of 1:15,000.

The approximate areal extent, percentage and
slope range of different map units of the sample
area are as follows:

Map unit
Slope
range (X)

Areal extent
Ha

:

41 BRACAP1.WSF
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Degree of Areal extent
Map unit soil erosion Ha

1

w 1

k

E2 Moderate 126 50.4
E3 Severe 119 47.6
E4 Very severe 5 2.0

Total: 250 100.0

30-60 159 64.9
>200 86 35.1

Total: 245 100.0



INEWEND SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

LEGEND
Colluvial Slopes and Escarpments

Steep to very steep (30-60% slope), dissected, shallow
to moderately deep, well drained, moderately permeable,
dark to very dark reddish brown, stony/gravelly loams
and clay loams

Very steep to precipitous (>200% slope) escarpments
with mainly bare rock surfaces and some patchy, shallow
to moderately deep, well drained, dark reddish brown,
stony/bouldery loams to clay loams

ANNEXE C - APPENDIX 1
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1

1

G - Grassland- 168 68.6 60-80 15-30
cum-bush
forest

B - Bare land 77 31.4

Total: 245 100.0

ANNEXE C - APPENDIX i

b) Present Land Use/Vegetation Cover. The following
two major kinds of present land use are identified
in the sample area:

Grassland-cum-bush forest - comprising mainly
low shrubs and bushes with a few low trees, the
understorey being occupied by grasses having 60-
80% surface cover; 15-20% surface area covered
by stones; partly used only for extraction of
fuel wood; naturally protected from grazing
due to inaccessibility for livestock.

Bare rock surface - comprising mainly bare
rocky escarpments and boulders which cover
60-80% of surface area; scanty bushes and
shrubs in some parts; not generally used
agriculturally.

The two kinds of land use are delineated on
Map 9 of scale 1:15,000.

The distribution of different kinds of land
use and vegetation/stone cover in various map units
of the sample area is indicated by the following
table.

c) Soil Erosion Status. The soil erosion in the whol:
sample area is severe to very severe and occurs
in almost all its forms including sheet, rill,
gully and stream bank erosion, as well as land
sliding and slumping. No delineations are made
to divide the area on the basis of soil erosion
status (See Map 10)
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Map unit symbol
and description

: Areal extent Veg.
cover

:

'

Stone
coverHa



INEWEND SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

EGEND
inly grassland-cum-bush forest with 60-80% surface cover

of bushes/low trees grass and stones; 15-20% area with
bare rock surface

B Mainly bare land with some grassland-cum-bush forest having
60-80% surface cover of bushes and stones/boulders

ANNEXE C - APPENDIX 1
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INEWEND SAMPLE AREA
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SOIL EROSION STATUS - MAP UNITS

L EGEND
E3/E4 Severe sheet, rill and gully erosion with frequent land

sliding/slumping; severe to very severe stream bank
eros ion

ANNEXE C - APPENDIX 1

INEWEND SAMPLE AREA
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2.3 Dabi Sample Area

a) Physiography and Soils. Two main land elements
with different kinds of soils were recognized as
follcws:

Subrecent alluvial plains: This land element
cccurs in the form of gently undulating to
moderately steep plains formed by piedmont
alluvium, of probably Holocene period, derived
mainly from the local volcanic ash deposits.
Older alluvial or glacio-fluvial material is
generally found buried at depths varying from
about 100cm to 150cm. Some parts are dissected
by deep gullies. The slope ranges from 3 to 8
percent in the lower parts and 15 to 20 percent
in the upper parts.

The soils consist of very deep, moderately
well drained, slowly permeable, moderately
calcareous, brownish black clays with moderate
angular blocky subsoil structure accompanied
with prominent intersecting slickensides and
fine/very fine angular blocky to granular,
nonstony topsoils; the soil surface exhibits
deep and wide cracks when dry (See detailed
description of representative soil profile
and laboratory analytical data under Annex I
Pedon 4)

Old alluvial terracettes and colluvial slopes:
It represents a compound land element consist-
ing of small-sized, sloping remnants of the
old alluvial terraces, formed by the rivers
at different elevations while their beds shif-
ting downward, and steep slopes with mainly
the colluvial deposits and partly the terrace
escarpments/subterrace slopes. While the ter-
racettes are marked with many rills, deep
gullies form a common feature of the collu-
vial slopes. The slopes of the terracettes
vary from 15 to 20 percent while those of the
colluvial slopes and escarpments are more
than 30 percent.

The soils occurring on the terracettes con-
sist of very deep, well to moderately well
drained, moderately permeable, noncalcareous,
dark brown, gravelly/stony clay loams with
derate subangular blocky subsoil structure

zmn weak granular, stony loam topsoils (See
.:etailed description of typical soil profile
and laboratory analytical data under Annex I,
Pedon 5)

49 BRACAP1.WSF



ANN.L-XP r - APPENDIX 1

The soils of colluvial slopes consist of
moderately deep to deep (part shallow), well
drained, moderately permeable, noncalcareous,
dark brown to brownish black, stony/bouldery
clay loams to clays with moderate subangular/
angular blocky subsoil structure and granular,
loam topsoils (See detailed description of
typical soil profile and laboratory analytical
data under Annex I Pedon 6)

Five map units of physiography and soils wifn
varying degrees of slope recognized for the sample
area are delineated on. Map 11 at 1:15,000 scale.

The approximate areal extent, percentage ad
slope range of different map units of the sam
area are as follows:

b) Present Land Us /Vegetati n Cover. The fo
two major kinds of present land use are id
in the sample area:

Arable land - used for rainfed cultivation crf
mainly maize, teff, barley and nigerseed; part
under long fallow having 60-80% grass cov
part with 20-30% surface cover of planted
90-30% surface of terracettes and colluvial
slopes occupied by stones/boulders

ii) Grassland - comprising mainly the runnin
grasses with some shrubs/bushes and sca-tered
trees; 70-90% surface cover of grass; 15-20%
surface cover of stones/boulders; 10-15% area
occupied by exposed rock surface

Three map units of present land use/vegetation
cover recognized for the sample area are delineated
on Map 12 of scale 1:15,000,

50 DRArA.p

Map unit
Slope
range (%)

Areal extent
Ha0.,

1

1

i

1 3-8 43 22.2
9 8-15 17 8.8
3 15-20 15 7.7
4 15-20 15 7,7
5 >30 104 53.6

Total: 194 100.0



DABI SAMPLE AREA

PHYSIOGR PHY AND SOILS - MAP UNITS

LEGEND
Subrecent Alluvial Plains

Gently to moderately undulating (3-8% slope), very deep,
moderately well drained, slowly permeable, moderately
calcareous, brownish black clays showing wide and deep
cracks when dry

Sloping (8-15% slope), dissected, very deep, moderately
11 drained, slowly permeable, moderately calcareous,

brownish black clays showing wide and deep cracks when
dry

Moderately steep (15-20% slope), very deep, moderately
well drained, slowly permeable, moderately calcareous,
brownish black clays having stony topsoils

luvial Terracettes and Colluvial Slopes

4 Moderately steep (15-20% slope), very deep, well to
moderately well drained, moderately permeable, dark
brown stony/gravelly clay loams with loam topsoils

Steep to very steep (>30% slope) dissected, moderately
deep to deep (part shallow), we I drained, moderately
permeable, dark brown to brownish black, stony/bouldery
clay loams to clays with gravelly loam topsoils
- includes small patches of exposed bedrock

ANNEXE C - APPENDIX 1
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DABI SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

ANNwX'q. C - APPENDIX 1

le land with <2% surface cover of stones and
; few patches under long fallow with 60-80%

cover of grass

A2 inly arable land with 5-15% surface cover of stones and
1?ushes; parts with 70-30% cover of planted trees; 5-10% area
with bare roc

and with 70-90% surface cover of grass, bushes/
and tones; few patches of arable land with 15-20%

7face cover of stones and bushes; 10-15% area with bare
r(Ir-k surface

PRArAP1,WqF
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Map unit

El

E9
E3

Degree of
soil erosion

ANNEXE C - APPENDIX 1

The distribution of different kinds of land
use and vegetation/stone cover in various map units
of the sample area is indicated by the following
table.

Soil Erosion Status. The soil erosion in the sample
area varies in different parts from slight to mod-
erate sheet, rill and stream bank erosion in rela-
tively flat parts of the plains to severe sheet,
rill and gully erosion, accompanied with some land
sliding/slumping, on the colluvial slopes. The
higher parts of the colluvial slopes are, however,
affected mainly by sheet and rill erosion.

Three map units of soil erosion status recog-
nized for the sample area are delineated on Map 13 at
scale 1:15,000 .

The extent of each map unit, representing the
soils affected by different degrees of erosion, is
estimated as follows:

Areal extent
Ha %

Slight to 44 22.7
moderate
Moderate 47 94.9
Severe 103 53.1

Total: 194 100.0
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: Map unit symbol Areal extent Veg. Stone
and description Ha % : cover cover

1 1

(%)
Al - Arable land 63 32.5

Cultivated=57
Fallow = 6

A2 - Arable land 107 55.9
Cultivated=91
Fallow =16

- Grass land 24 12.4

Total: 194 100.0



DABI SAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

L E G E N D

El Slight to moderate sheet and rill erosion; moderate stream
bank erosion; few traditional drainage ditches and old
tracks transformed into shallow to deep gullies

E2 Moderate sheet and rill with some gully erosion, moderate
to severe stream bank erosion in some part; old tracks and
traditional ditches commonly transformed into shallow to
moderately deep gullies; gullies not evident in some parts
due to shallow soils

E3 Severe sheet, rill and gully erosion with some land sliding/
slumping; severe stream bank erosion in some parts

ANNEXE C - APPENDIX 1
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2 4 Yechereka Sample Area

a) Physiography and Soils. Three main land elements
with different kinds of soils were recognized as
follows:

Old plateau remnants: This represents the highest
land surfaces, probably the remnants of old
plateau or glacio-fluvial terrace, which have
been partly eroded. It has gentle (2-6%) slope
with a few shallow gullies.

The soils consist of very deep, well drained,
moderately permeable, noncalcareous, dark red-
dish brown clay loams, grading to clays at
lower depths, with moderate subangular blocky
subsoil structure and weak granular, gravelly
loam topsoils. (See detailed description of
typical soil profile and laboratory analytical
data under Annex I, Pedon 7)

Old alluvial terraces and subterrace slopes:
These are extensive, gently sloping, alluvial
terraces, probably of late Pleistocene period,
formed by the river at different time inter-
vals and at different elevations while its bed
shifting downward. Some part of these terraces
has by now been eroded so that to modify their
slopes to moderate degrees (here referred as
the subterrace slopes). The slopes generally
range between 2 and 12 percent.

The soils are mainly very deep (part moderate-
ly deep), well to moderately well drained,
moderately to moderately slowly permeable,
noncalcareous, dark reddish brown clays with
moderate subangular to angular blocky subsoil
structure and weak granular, part gravelly/
stony, loam topsoils (See detailed description
of typical soil profile and laboratory analy-
tical data under Annex I, Pedon 8)

Terrace escarpments/margins: This land element
includes moderately steep parts of the area
representing eroded margins/escarpments of
the alluvial terraces, generally located along
the deep gullies/rivers. It is commonly marked
with rills and shallow gullies. The slope varies
from 15 to 20 percent.

The soils are very deep, well drained, moder-
ately permeable, noncalcareous, dull to dark
reddish brown clays with weak to moderate
subangular blocky subsoil structure and weak
granular, part stony, clay loam topsoils.
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Five map units of physiography and soils with
varying degrees of slopes recognized for the sample
area are delineated on Map 14 at 1:15,000 scale.

The approximate areal extent, percentage and
slope range of different map units of the sam le
area are as follows:

Note: The land element 'Basins', which is another
important component of the generalized Major Land-
form Unit represented by this sample area was found
missing here. The main characteristics of this ele-
ment are described under 'Basins and basin margins'
of Jiga Sample Area. The element constitutes 10-20%
of the relevant map unit area. (See detailed des-
cription of the representative soil profile and
laboratory analytical data under Annex I, Pedon 12).

b) Present Land Us Vegetation Cover. The following
two major kinds of present land use are identified
in the sample area:

Arable land - used for rainfed cultivation of
mainly maize, teff and barley; part under long
fallow having 50-90% grass cover; in some parts,
20-30% surface covered by stones

Grassland-cum-bush forest - comprising mainly
bushes, shrubs and low trees with the under-
storey covered by grasses; more than 90%
surface cover of vegetation

Three map units of present land use/vegetation
cover recognized for the sample area are delineated
on Map 15 of scale 1:15,000.

The distribution of different kinds of land
use and vegetation/stone cover in various map units
of the sample area is indicated by the following
table.

9 BRACAP1.41SF

Map unit
Slope
range (%)

Areal extent
Ha I %

9-6 13 4.1
3-8 98 8,8

3 9-5 123 38.7
4 5-12 91 28,6
5 15-20 63 19.8

Total: 318 100.0



Old Plateau

YECHEREKA SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

EGEND
mn ants

ANNEXE C - APPENDIX 1

Gently sloping (2-6% slope), very deep, well drained,
moderately permeable, dark reddish brown clay learns

Old Alluvial Terraces and Subterrace Slopes

Gently sloping (3-8% slope), dissected, moderately deep
to very deep, moderately well drained, moderately slowly
permeable, dark reddish brown, gravelly clays with stony
loam/clay loam topsoils

Gently sloping (2-5% slope), very deep, well to moder-
ately well drained, moderately permeable, dark reddish
brown clays with dark reddish brown clay loam topsoils

4 Sloping (5-12% slope) very deep, well drained, moder-
ately permeable, dull reddish brown clays having dark
reddish brown clay loam topsoils

1-rrace Escarpments/Margins

Mpderately steep (15-20% slope), very deep, well drained,
mderately permeable, dull reddish brown clays with dark
reddish brown, partly stony, clay loam topsoils
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YECHEREKA SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

LEGEND
Al Mainly arable land with <2% surface cover of bushes/stones;

few patches under long fallow with 70-90% surface cover of
grass and bushes

A9 Mainly arable land with 20-30% surface cover of stones and
bushes; few patches under long fallow with 50-70% surface
cover of grass, bushes and stones

Grassland-cum-bush forest with >90% surface cover of grass
bushes and low trees

ANNEXE C APPENDIX 1

62 BRACAP1.WSF
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ANNEXE C - APPENDIX 1

Soil Erosion Status. The soil ero 'on in the sample
area is mainly of sheet and rill forms with slight
to moderate degree of severity, except in narrow
strips along the rivers where it is moderately
severe and occurs in all forms including sheet,
rill, gully and stream bank erosion, as well as
land sliding/slumping in some parts.

Three map units of soil erosion status recognize
for the sample area are delineated on Map 16 at scal
1:15,000.

The extent of each map unit, representing the
soils affected by different degrees of erosion, is
estimated as follows:

Total: 318 100.0
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Map unit symbol Areal ex ent Veg. Stone
and description Ha % cover cover

(%)

Al - Arable land 202 63.5 <2
Cultivated=182
Fallow r. 90

A2 - Arable land 29 9.1
Cultivated=23
Fallow 6

- Grass land 87 27.4 )90 10-15

Total: 318 100.0

Degree of Areal extent
Map unit soil erosion Ha

1

El Slight to 111 34.9
moderate

E? Moderate 148 46.5
E2/E3 Moderate to 59 18.6

severe



YFC_FPFKA qAMPT.E ARE..

SOIL EROSION STATUS - MAP UNITS

EGEND
El Light moderate seet and rill ecsion; few traditional

.zr--11nag ies transformed into .7_7111 gullies

E? ,erate ,,.1leet and rill with some g Lly erosion; old tracks
tli-.)nal ditches commonly transformed into shallow
__ly (ieei, gullies; gullies not evident in some
o shailo,, soils

rate to severe sheet, rill, gully and stream bank
e:sion with some land sliding/slumping

ANNEXE C - APPENDIX 1

BRArAP1.WF
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a) Physiography and Soils. Four main land elements
witn different kinds of soils were recognized as
follows:

Old plateau remnants: This represents the hi .est
d surfaces, probably the remnants of old

_ateau or glacio-fluvial terrace, which have
-en partly eroded. It has gentle (5-8%) slope

with a few shallow gullies,

he - ils nonsist of r.erately deep to deep
_hallow), moder:e- ey well drained,

modeeately permeable, roncalcareous, dark
iish brown clays with weak to moderate
v.g'tlar blocky subsoil structure and weak
anular, part stony, loam topsoils, (See
e;led description of typical soil profile
lahoratnry analytical data under Annex I,

Pedon 9)

Dissected alluvial terracettes and colluvial
slopes: It comprises moderately steep remnants
of old alluvial terraces, now partly graded to
nearly continuons slopes due to erosion, and
colluvial slopes at the base of the old platean
remnents and the higher elluviel terraces. The
rld element is dissected by moderately deep to

gullies geners1 slope varies fre,m 15

perdent

The Fnjls nnhict nf .erately depp
well drsined, moderate]y slowly permeable,
noncalcereous, reddish brown clays with moder-
ate sujeangnlar/angular blocky subsoil strueture
and weal:L granular loam to clay loam topsoils.
(See detailed description of Peden 9a under
Annex I)

Old alluvial terraces and subterrace slopes:
This lend element represents relatively exten-
sive, almost flat to gently sloping (slope
1-3%) alluvial terraces, probably of early
Holocene to 1.At.' Pleistocene period, and a
series of moderately sloping (10-15% slope)
ferreceftes which have by now been paertly
eroded so as to give an appearance of nearly
eontinuous slopes (here referred as the sub-
'eerrane slopes),

of the terraces consist of very
ll tn moderately well drained, moder-

j

-)W1V permeable, nonealcareous, dark
red'ieh brown clsy losms, grading to clays at

PRACAP1.WqF

ANNFX.E C - APPPNDIX 1
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varying
area

lower ith moderate subangular to
an blocky subsoil structure and granular,

n to brownish black loam topsoils.
- ietailed description of typical soil
r7ile and laboratory analytical data under

Annex T, Pedon 10)

The c-ils occurring or.. subterrace slopes are
trm--to varyi,..hs so that they
cife frrqn the above in being mostly clas
in ,ubsoil and aving l. loam topsoils.

Terrace escarpment gins: This 1

includes mcde:t'l p to steer,
the area represen-.1 eroded marg
ments of the alluvial terraces, generally
located along the deep gullies/rivers. It is
commonly marked with rills and shallow gullies.
The slope varies from 15 to 50 pertent..

The ils are moderately deep to deep, well
moderately slowly r,ermeabli.s non-

c,91,--aneous, dark reddish brown clay barns
clay with weak to moderate subangular bloc
,Jbsoil structure and weak granular, dark

hrown, part stony, l_oam to clay loam topsoils.
(qee detailed description of Pedon 10a under
Annex I)

units of physiocrmnh and so.i1s with
of slopes recognized for the s.F:mT

ineated on Map 17 at 1:15,000

approximate areal extent, percentage and
slope range of different map units of the sample
area are as follows:

: Slope : Areal extent
Map unit : range (%) : Ha

: :

p

i

15-9
1-3

4 in-15
5 1-7,9;
6 95-5(1

Total:

ANNFXF C APPENDIX. 1

5 9.3
744 15.7
49 19.4
34 15.7
34 15.7
67 31.0

216 100.0

esent

. nt LanA Use/Vegetation rover. The following
three major kinds of present land use are identified
in the sample area:

68 BRArAP1.WqF



ANNEXE C - APPENDIX 1

AGUT SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

LEGEND
Old Plateau Remnants

Gently sloping (5-8% slope), moderately deep to deep,
moderately well drained, moderately permeable, dark
reddish brown clays with very dark brown stony loam
topsoils
- includes small patches of exposed bedrock

Dissected Alluvial Terracettes and Colluvial Slopes

Moderately steep (15-25% slope), moderately deep to
deep, well drained, moderately slowly permeable,
reddish brown clays with dark reddish brown loam/
clay loam topsoils

Old Alluvial Terraces and Subterrace Slopes

Almost flat to very gently sloping (1-3% slope), very
deep, well to moderately well drained, moderately
slowly permeable, dark reddish brown clay loams (grading
to clays with depth) with dark brown to brownish black
loam topsoils

4 Sloping (10-15% slope), very deep, moderately well
drained, moderately slowly permeable, dark brown clays
with dark brown to brownish black loam/clay loam
topsoils

Terrace Escarpments/Margins

Moderately steep (15-25% slope), deep, well drained,
moderately slowly permeable, dark reddish brown clays
with dark brown oam/clay loam, part stony, topsoils

6 Mainly steep (25-50% slope), moderately deep to deep,
well drained, moderately slowly permeable, dark reddish
brown clay loams to clays with dark brown loam/clay
loam, part stony, topsoils
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ANNEXE C - APPENDIX I

Arable land - used for rainfed cultivation of
mainly maize, teff and barley with some potato;
part under long fallow having 60-80% grass
cover; in some parts, 0-15% surface occupied
by stones

Forest - comprising low to high trees with
70-90% canopy cover and understorey with 75-
90% surface cover of grass and stones/ ,ulders

717.571and - comprising mainly the running
ani a few low shrubs; 50-90% surface

of ve ation; 5-10% area occupied by
bare rock

Five map units of present land use/vegetation
cover recognized for the sample area are delineate,:i
on Map 18 of scale 1:15,000.

The distribution of different kinds of land
use and vegetation/stone cover in various map units
is indicated in the following table.

Soil Erosion Status. The soil erosion in the sample
area varies from slight sheet and rill erosion on
relatively flat terraces to severe/very severe
sheet, rill and gully erosion, accompanied with
frequent land sliding/slumping, on the subterrace
and colluvial slopes. The rills and gullies are
mostly developed from the drainage ditches tradi-
tionally constructed by the farmer. Moderate to
severe stream bank erosion occurs along the main
river.

Five map units of soil erosion status recoa -ed
for the sample area are delineated on Map 19 at .:ae
1:15,000.

71 BRACAP1.WSF

: Map unit symbol
: and description

Areal extent : Veg.
cover

70-90
>90

50-70

Stone
cover
(X)

Ha %

Al

A2

F
G1
G2

- Arable land
Cultivated=138
Fallow = 8

- Arable land
Cultivated=7
Fallow =1

- Dense forest
- Grass land
- Grass land

Total:

146

8

35
21
6

67.6

3.7

16.2
9.7
2.8

<9

10-15

10-20
10-20
10-20

216 100.0



AGUT SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

EGEND
Al Mainly arable land with <2% surface cover of stones/bushes;

patches under long fallow with 70-80% surface cover of
ass

A2 Mainly arable land with 10-15% surface cover of stones; few
,,tches under long fallow with 60-80% surface cover of grass
and stones; 5-10% area with bare rock surface

F Tree forest with 70-90% canopy cover; understorey with 75-90%
surface cover of grass and stones

Mainly grassland, part long fallowed after cultivation, with
>90% surface cover of grass and stones

Mainly grassland, part long fallowed after cultivation, with
50-70% surface cover of grass and stones; 5-10% area with
bare rock surface

ANNEXE C - APPENDIX 1

72 BRACAP1.WSF
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ANNEXE C - APPENDIX 1

AGUT SAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

GEND
E0 sheet/rill erosion; rills formed mainly from

drainage ditches

El 'ight to moderate sheet and rill erosion; few traditional
-diinage ditches transformed into small gullies

A sheet and rill with some gully erosion; old tracks
a:v4 traditional drainage ditches commonly transformed into
sllow to moderately deep gullies

Severe sheet, rill and gully erosion with some land sliding/
mping; severe stream bank erosion in some parts

E4 Very severe sheet, rill and gully erosion with frequent land
sliding/slumping

74 BRACAP1,WSF
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ANNEXE C - APPENDIX 1

The extent of each map unit, representing the

2.6 Jiga Sample Area

a) PhYsiography and Soils. Three main land elements
T.ith different kinds of soils were recognized as
follows:

Alluvial plains and terraces: This land element
includes extensively occurring, relatively
high, flat parts of the sample area repre-
senting alluvial plains and lower alluvial
terraces of probably early to middle Holocene
period. It is largely undissected but may be
marked at places by rills and shallow gullies.
The general slope is less than 1 percent.

The soils consist of very deep, well drained,
moderately permeable, noncalcareous, dull to
dark reddish brown clays with moderate angular
to subangular blocky subsoil strUcture and
weak granular, nonstony clay loam topsoils.
(See detailed description of typical soil
profile and laboratory analytical data under
Annex I, Pedon 11)

Terrace margins: It includes gently sloping
to moderately steep parts of the area occur-
ring along the boundaries between plains/ter-
races and basins. It is commonly marked with
rills and shallow gullies. The slope varies
from 4 to 20 percent.

The soils are moderately deep to very deep,
well drained, moderate2y permeable, noncalca-
reous, dark re,..iclish bron clay loams to clays
with weak to moderate angular/subangular

76 BRACAP1.WSF

soils affected by different degrees of erosion,
estimated as follows:

is

Degree of : Areal extent
Map unit soil erosion : Ha

1

EC) No or slight 32 14.8
El Slight to

moderate
46 11.1

E9 Moderate 85 39.4
E3 SeYere 65 24.5
E4 Very severe 79 10.2

Total: 216 100.0



ANNEXE C - APPENDIX 1

blocky subsoil structure and weak granular,
part stony, clay loam topsoils.

Basins and basin margins: This land element
includes relatively low lying, flat to very
gently sloping (slope 0.5-2.5%), extensively
occurring basins, generally having impeded
drainage conditions, and their sloping (8-12%
slope), lower margins joining the river. The
basins exhibit a few rills but their margins
are gullied.

The soils consist of very deep, moderately
well (part imperfectly to poorly) drained,
slowly permeable, noncalcareous, yellowish
grey to brownish black, nonstony clays with
moderate angular blocky structure accompanied
with prominent intersecting slickensides in
the subsOil and moderate fine angular blocky
to granular topsoils; the soils exhibit deep
and wide cracks when dry (See detailed de
cription of typical soil profile and labora-
tory analytical data under Annex I, Pedon 12).

Six map units of physiography and soils
varying degrees of slopes recognized for the sample
area are delineated on Map 20 at 1:15,000 scale.

The approximate areal extent, percenta.ge and
slope range of different map units of the sample
area are as follows:

b) Present Land Use/Vegetation Cover. The following
two major kinds of present land use are identified
in the sample area:
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: Map unit
Slope
range (%)

Areal extent
Ha

1 0-1 126 49.4
9 4-5 16 5.4
3 10-20 91 7.0
4 0.5-2.5 116 39.1
5 8-12 5 1.7
6 0.5-1 13 4.4

---
297 100.0Total:



JI GA SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

LEGEND
Alluvial Terraces

Fl t (<1% slope), very deep, well drained, moderately
perne dull to dark reddish brown clays with dark
r'eddish brown clay loam topsoils

Terrace Margins

Gently sloping (4-5% slope), very deep, well drained,
moderately permeable, dark reddish brown clay loams
to clays with dark brown clay loam topsoils

Sloping to moderately steep (10-20% slope), moderately
deep to deep, well drained, moderately permeable, dark
reddish brown clay loams, part stony/bouldery, topsoils

Basins and Basin Margins

4 Flat to very gently sloping (0.5-2.5% slope), deep,
moderately well to imperfectly drained, slowly perme-
able, yellowish grey to brownish black clays showing
Ade and deep cracks when dry

Sloping (8-12% slope), partly dissected, very deep,
imperfectly drained, slowly permeable, black clays,
part with stony topsoils

6 Flat to slightly concave (0.5-1% slope) very deep,
poorly (seasonally very poorly) drained, very slowly
permeable, dark grey to black clays

ANNEXE C - APPENDIX 1
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ANNEXE.0 - APPENDIX 1

Arable land - used for rainfed cultivation of
mainly maize, teff and barley; part under long
fallo w having more than 90% grass cover; in
some part along the river, 5-15% land surface
occupied by stones

Grassland - comprising the running grasses
with no trees or bushes; more than 90% surface
cover of vegetation

Four map units of present land use/vegetation
cover recognized for the sample area are delineated
on Map 21 of sCale 1:15,000.

The distribution of different kinds of land
use and vegetation/stone cover in various map units
of the sample area is indicated by the following
table.

Soil Erosion Status. The soil erosion in major part
of the sample area is slight with mainly of sheet
and rill forms. The rills are formed mainly from
traditional drainage ditches constructed by the
farmer. The terrace and basin margins, however,
have a moderate to severe sheet and rill erosion
with some gully erosion and stream bank erosion.
Some land sliding/slumping is also evidenced in
basin margins.

Four map units of soil erosion status recognized
for the sample area are delineated on Map 22 at
1:15,000.

The extent of each map unit, representing the
soils affected by different degrees of erosion, is
estimated as follows:
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Map unit symbol
and description

Areal extent : Veg.
cover
(%)

Stone
cover
(%)

Ha X

Al - Arable land 195 65.7
Cultivated=185
Fallow = 10

A2 - Arable land 93

rultivated=20
7.7 5-10

Fallow = 3

G1 - Grass land 65 21.9 >90 <"2

G9 - Marsh land 14 4.7 '>95 e?

Total: 297 100.0
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ANNEXE C - APPENDIX 1

JIGA SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

L EGEND
Al Arable land with <2% surface cover of vegetation/stones

A 9 Mainly arable land with 5-15% surface cover of stones/
bushes; few patches under long fallow with >90% surface

of grass

G1 Main1:7 grassland with >90% surface cover of grass but no
i,-ees/bushes

arshland with >95% surface cover of grass but no trees/
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LEGEND

JIGA SAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

ANNEXE C - APPENDIX 1

EO No or slight sheet/rill erosion; rills formed mainly from
_raditional drainage ditches

El Slight to moderate sheet and rill erosion; few traditional
drainage ditches transformed into small gullies

E9 Moderate sheet and rill with some gully erosion, moderate
to severe stream bank erosion in some part; old tracks and
tradltional ditches commonly transformed into shallow to
mderately deep gullies

E3 Severe sheet, rill and gully erosion with some land sliding/
slumping; severe stream bank erosion

BRACAP1.WSF



(see Legend or

GA SAMPLE AREA

SOIL EROSION STATUS

rr:

Ea

, unit boundJ

Motorable
rr.a]] tr71-k

'ten WOW,

CONVENTIt'N.:, IGN'

ea boun

track



2.7 Finote Selam Sample Area

a) Physiography and Soils. Four main land elements
with different kinds of soils were recognized as
follows:

Old alluvial terraces: It includes relatively
high, gently sloping parts of the sample area
representing remnants of old alluvial terraces
appearing as islands within the bouldery chan-
nel. The land element is partly intersected by
shallow gullies. The general slope varies from
1 to 5 percent.

The soils are very deep, well to moderately
well drained, moderately slowly,permeable,
noncalcareous, dull to dark reddish brown
clays with moderate angular to subangular
blocky subsoil structure and weak granular to
massive, part stony, clay loam topsoils
(See detailed description of typical soil
profile and laboratory analytical data under
Annex T, Pedon 8)

Terrace escarpments/margins: This element
represents moderately steep (slope 15-25%)
parts of the sample area occurring along the
river. It is marked with numerous rills and
few shallow gullies.

The soils consist of moderately deep to deep,
well drained, moderately slowly permeable,
noncalcareous, dark reddish brown clay loams
to clays with weak to moderate angular/sub-
angular blocky subsoil structure and weak
granular, stony/bouldery, loam to clay loam
topsoils.
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ANNEXE C - APPENDIX 1

: Degree of Arealextent
Map unit : soil erosion Ha 1%

Et) No or slight 230 77.4
El Slight to 36 12.1

moderate
E2 Moderate 11 3.7
E3 Severe 20 6.7

Total: 297 100.0



Slope
Map unit : range (%)

ANNRXP C APPENDIX i

Channel infills: It consists of an almost
continuous, broad s17,rip of lcw land represent-

an abandoned rier channel with its I),
lava flow sur It is quently

interrupted by low 2.ills of rock outcrops and
scattered boulders. The surface topography
is gent1:- undulating with main slopes ranging
between 1 and 3 percent.

The soils consist of mainly sh 1 (partly
-dertely deep, well drained, m_derately

noncalcareous, brown to roonis,:h

ver:- stT:ny/booldery loams to
wifh vea subangular blockv _ bsoil

structure ans¡i weak granular topsoils.

Rock outor s: This land element represents
the e.v.posed bedrock surfaces and bouldery land
composed of mainly the volcanic tuff. the rock
surface is almost flat. The soil cover is non-
existent.

Five map units of phy_ ,v,ny and soils..g-
nized for the sample area are 'ine7.0-..ed on

at a scale of 1:15,000.

The approximate areal extent, percenLae and
slope range of different map units of the sam 7.
area are as follows:

eteno
%

1

1-3 43 94.9
-3-5 14 7.9
15-25 10 5.6

4 1-3 86 48.3
5 >30 25 14.0

Total: 178 100.0

1)resen+ Lr Use/Vegetati . The follow"ing
.7,wo major 1.:inds of present tfid use are identified
in the sample area:

i) Arable land - used for rìnfed cultivation of
mainly maize and teff; part under long fallow
having more than 90% grass nnd bush cover
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FINOTE SELAM SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

E G E N D

Old Alluvial Terraces

Very gently sloping (1-3% slope), very deep, well to
moderately well drained, moderately slowly permeable,
dull to dark reddish brown clays

2 Gently sloping (3-5% slope), very deep, well to moder-
ately well drained, moderately slowly permeable, dull
to dark reddish brown clays

Terrace Escarpments/Margins

ANNEXE C - APPENDIX 1

M.)derately steep (15-25% slope), moderately deep to
deep, well drained, moderately slowly permeable,
reddish brown clay loams to clays

Channel Infills

4 ry gently undulating (1-3% slope), shallow to moder-
ately deep, well drained, moderately permeable, brown
t.Q brownish black, very stony/bouldery loams to clay
h,ams
- includes small patches of exposed bedrock

R.,....ck Outcrops

5 E 'nosed bedrock and bouldery land, composed mainly of
volcanic tuff, with almost no soil cover
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ANNEXE C - APPENDIX i

ii) Bush forest - comprising mainly hushes and
shrubs with scme low to moderatel Igh trees;
Inderstorey co,:ered by running grasses; 50-70%
surface cov _t tion and

Two map :nits of present land use!:egetation
cover recogni:le::. for the samp e area are delineated
on Mar' 24 of scale 1:15,r)00.

e distribution of dif ent
use an,a vegetation/stone cover in various its
of the sample area is indicated by the folic,
table,

real exten+ : Ve.,

c) Soil Eros n Status. Sliht. to moderate
and rill erc ccurs in major part oi the sample
area. Mod?r severe sheet and rill erosion with
a few guilles :curs in a small, lat',:ely high
part of te te:race and the terrace m:gin. The
constructin of traditional drainage ditches by the
farmer is the general cause of rill and gully f,,irm-
ation. Moderate to severe stream bank erosion also
occurs along the river.

Two map units of soil erosion status recognfo
for the sample area are delineated on Map 25 at scale
1:15,000.

The extent of each map unit, representing the
soils affected by different degrees of erosion, is
estimated as follows:

iescription Ha %
1 ver
1

A -

F -

Arable land
Cultiva,_ed.:=41
Fallow
Bush forest

46

5

32

25.8

74.2

<9

50-70 90-40

178 100.0

89 BRACAP1. r-

Degree of Areal ex-ten
nit soil erosion Ha %

1

El Slight to 154 86.5
moderate

E9 Moderate 94 13.5

Total: 178 100.0



FINOTE SELAM SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

LEGEND
A Mainly arable land with <2% surface cover of stones/

bushes; few patches under long fallow with >90% surface
cover of grass/bushes

F Mainly bush forest with 50-70% surface cover of bushes/grass
and stones; fe w patches of arable land with 20-40% surface
cover of stones/bushes; 10-20% area with bare rock surface

ANNEXE C - APPENDIX I
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LEGEND

FINOTE SELAM SAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

ANNEXE C - APPENDIX 1

71 H1i4h, t. moderate sheet and rill erosion, moderate stream
evident in some parts; few traditional drainage

d C " sformed into small gullies

d rill with some gully erosion, moderate
- bank erosion in some part; old tracks and
hesr-cm,icnly transformed into shallow to
c/ullies
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ANNEXE C - APPENDIX 1

2.8 Tilili Sample Area

a) Physiograph,- and Four land elements
)th dieferent kinds )f soils 'e recognized as

follows:

Id alluvial terraces and terrace margins: It
represents relative lying, almost f at

ts cf the old alluvial t ades with
gently sloping margins app
's ithïri brdad basins, The land olement

in*erse:ted sha'low The
erlsl-,pe varies from 1 to

..d soils consist of ,.,ery deep, moderately
all drained, md slowly to slowly
rdn able, noncalcreous, dark brown clay

grading to clays at
- 7::derate angular to sub-

:lasoil structure and weak
'sh black loam topsoils (See

ription of typical soil profile
ry analytical data under Annex I,

- 13'

ns: This land element consists of flat to
- ly sloping/:oncave broad basins

t the
, pe-

' the
lakes. The

bet_ 0 and 3 percent.

soils are very deep, imperfectly (season-
rly td very poorly) drained, part

rmanently ponded, slowly permeable, noncal-
roous, dark reddish brown to black loams
clay lo.ams underlain by clays with weak
moderata sdbangular blocky subsoil struc-

ture and granular topsoils; the groundwater
e fluctuates beteen 90 and 120 cm depth

tailed description of typical soil
and laboratory analytical data under
Pedon 14)

k outc. ops: It occurs in the form of low
-,-»psed bedrock and bo ldery land,

composed mainly of volcanic tu which are
scatte:-- th. n. the basin, esrecialiv along
the houn df dld terrace remnants and

df the hills varies
L,,nd l lietres. No soil r-over

in this land _.-ment,
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Note: i) The land ment"Lakes", which is another
important component f most delineations made for
the generalized majoi- landform un: represented by
this -;?.mi,le ,.as found miss: here. Th.- lakes

ie seasna', and perenni: and constltute
I-7 11 25 Der-.nt fhe rels,-ant

The r;Ye ex-_ent
fo 1D, red:D the normal about 10 perce-lt
for 7po..:t , of th-:

by tne sample area.

Fi- units of physic i17 recog-
nized for 'le so1e area are ,,n MaL,

at a scale of 1:15,02.

Th Approximate area ,=-:tent, percentage and
slope of different units of the sample
area ar as foll,)ws7

Total:

Gr And - , ma;n'y
n- bushes;

--zurf20, red by veget.

ab ,

8.6
73,9
23.6
44.2
0.4

0

Two map nnits of presen use/Negeai-in
cover re,..ogni:ed for the sample area are delir.ated
on Map 27 of scale 1:15,000.

The c 'itribution of different kinds of lan,i
/sfor, cove -:ar,ous m:tp unIt
is indicated the follc,,

':'AP1.WqF

1 0-7
3-6

3 1-3
4 0-1
5 >30

b) Pr.ot Land: useiveetation cilo' in'

JlajDr kirlas of presen!: Lon -.1s4e identified
in he sample area:

i) Arable , - used for rainfed cultivation of
mainly maize an.2 .; part under long fa,Uo',
having more than cover of grass

Areal e\tent
: Map unit : range (%) %



.1-rra

Low hilly
with no soil

LILI SAMPLE AREA

PHYSIOGRAPHY AND SOILS - MAP UNITS

N

2% slope), very de
,ately slowly perTe
lay loams
black loam topsoi

ANNEXE C - APPENDIX 1

Terrace

G-ntl ,-pe), very deep, moderately
7 , p rmeable, dar!: brown clay loams

to cl. _th loam topsoils

i._ry gently slnping (1-3% slope), very d ep, imperfectly
d:-!ine,?, slowly permeable, dark reddish to brown-

loams underlain by clay

Flat to slightly concave (<1% slope), very deep, imper-
fe,:t]y drained, part seasonally ponded, slowly permeable,
bla.7,brr,'n,sh black 1:ms to clay loams underlain by
clays, water table .': depth

tely well
hr-own r-lay
th de _11)

)sed of boulders from volcanic tuff
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11./11' ;VW'Mit0..,D1/Xrv ,07. $917 IMPALCODIPNOWAPIVAW

.4. 17, E A
+06),

4.1

44,. +40rstopor,40 f,grbra.el.4se:',44,40014,,0 4144:44/4a4Mb

PHYS1_ _APHY AND SOILS

0 CO

rï sito
SC _

44Z4V4 ,43.1.W.4,41,14...*404,4.

44.'"t' 4

MINIM. WNW, man=

'kM' LIN I TS

' on or-osite paqe)

4/00 A

`VO

CONVENT ONAL S GNS

SAmple area bu,,
tc.i. Jolt bounda
it 1 '0' r/Gullies
Motwable road,

tra,7K

Y

Y

t rack



TIL LI SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

E G E

A Fzhie land with <2% surface cover of vegetation/
patches under long fallow with >90% surfae cover

MLinly grassland with >90% surface cover of grass but no
/bushes

ANNEXE C - APPENDIX I

98 BRACAP1,WSF



2.RES-iJNT LAND US2/vEGEATTON COVER

TILILI SAMPLE AREA

A

1 I O CO

99

ee Legend on opposite page)

* Sdmvie area boundary
p unit boundaxy

kiver/Gullies
*WV 41~ ANIMI. MotorabIe road/ tin track

MAP UNITS

1

1

CONVENTIONAL S ICNS

;m I I track

!



ap unit symbol
a-d description

part re
is aff,:.

a few
boundary.

Total: 233 100.0

,Fe7.ting the
moderate
llies

The etent of eact
soils affected b7. nt

eQtimate,!. follows:

ANN7X C - APPENDIX 1

E0 No or slight 123 59.8

El Slight to ql 39.0
moderate

E2 Moderate 19 8.9

933 100.0

c) Statu . The soil erosion in most pa
of the area is slight occurring in sheet
rill fofm5.. Theasin is, ho,.:ever, partly in
by a few small gullies alco which moderate
bank erosion is evident, rne ext reme rirthea. ern

o alluvial
rill erosion
ong its lower

Three map units of soil erosion status reco,s -zed
for the sample area are delineated on Map 28 at
1:15,000.

esenting the
ees o er:osin, is

100 PRACAP1,WSF

A - Arable lao 138

Fa"Dw 14

G1 - Grass land 95 40.8 (1
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ANNEXE C - APPENDIX 1

TILTLT SAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

E G E

or sligh s et/rill ,:ion; moderate stream bank
ilon in ro rìrt

El to mode:'ate sheet nil erosion; moderate stream
bt erosi:n in some part; few traditional drainage ditches
Iransformed into sm111 gullies

E9 Moderate sheet and rill with scme gully erosion; old tracks
and traditional ditches commonly transformed into shallow
o mcderately d ep gullies

101 BRArAP1.WF
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ANNEXE C - APPENDIX 1

9.9 Fata Sample Area

a) Physiagraphv and Soils, Three main land elements
alth d,fferent k nds of soils were recogn zed as
fel'a

Rlateau remnants: This represents the highest
,tra surfaces, probably the remnants of cid

eau or glacio-fluvial terrace, which have
partly eroded. It has moderate (8-12%)

eppes with a few shallow gullies.

The seals consist of mainly moderately deep
odrp but some shallow, well to moderately
-1 drained, moderately slowly permeable,

a-aailcareous, brown to dull reddish brown
lv learns, grading to clays/silty clays at

loi-er depths, with weak to moderate angular/
ar blocky subsoil structure and weak

ora-a stony loam to clay loam topsoils.

Old alluvial terraces/terracettes and subterrace
slopes: It includes gently sloping remnants
of old alluvial terraces and subterrace slopes
representing the erosion surfaces with nearly
continuous slopes formed by merging of a series
of terracettes, The land surface is marked
witL vAmerous rills and common shallow to deep
guss. The slope varies from 3 to 12 percent.

fhe ferrafles eonsit of very deep,
meerately well drained, moderately permeable,
noncalcalreous dark brown to brownish black
: ay riag to clays with depth, with
mcHera''e _Jar blocky subsoil structure
and granular, stony loam topsoils (See detail-
ed description of typical soil profile and
laboratory analytical data under Annex I,
Pedon 15)

The aoils occurring on subterrace slopes are
.ely deep to very deep, well to moder-

atsuy well drained, moderately slowly perme-
, nr,nealaarecus, reddih brr,wn to deak
'ish brown cla:as with moderate subanlar

t..-1) angular bloc y sabsoil structure and -aeak
granular, stony/aavelly ?cam to clay loam
.1-,apoils. (See detailea: deaription of typi-
cal soil profile and laboratory analytical
data under Annex T, Ped,e

,-711opes and escarpments: This land
- maderat,.ly tc o steep

area repres mainly
enarr some

BRArAP1,WSF



ares

colluvial slopes. Tt is ma_ked with numerous
rus and common sh11ow to deep gu lies. The
surface slope between 15 and 50 ercent.

conQlst ofmoderatey deep 'ID
deep, IraLned, m,:iarately Lo17

ncacare:,1s, dark redih hr,c,n clay
4raling -o 71a:-s at 1,),.er depths,

tic,ck:- subsoil structure and
-ea k granu'ar tc sfny/gra-elly 1.Dam
t, liam ;5ee deaited descrip-
tin prc:file anri 1crat_ory

.1nder Anne r, Pedcn 17;

map unts of :_nysimraphy and scils
rH de-4.rees )f rec,gnized fc,r
le area are .ielineated on 29 at a
of 1:15,00C.

9

grass and
surface oc

AY!,EX7 APPPNDIX 1

"t\
3

:7

54

extent

b) Pre '..:se/Vegetation Cover. The follo',ing
two Ijor kinds Jf present land use are identifled
in the sample area:

i) Arable land - used for ranfed cultivaton of
Tnaize, tef f and ,-ley; rt under

long falLol.' Irc cover of
, 30-50%

ii)7as,..Tand - c. _ ing main. th -

busnes and low shr,. s;

vegetation and stor,e,,--

rface

Three _f present land
rec.4 ed for the sample area ar delinea!

.cf scale 1:15,201'.

104 BRACAP1.WSF
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Total: 146 100.0



T;loping ainly some
4-o - 11-aine

krr,wn +.0 reddi cla7-

'il-17-,-z with brown, stony 1Dam/21a7

Old Alluvial s/Terracettes and Subterrace Slopes

ANNEXE C - APP7NnTX I

FAGTA SAMPLE AREA

PHYSIDGRAPHY AND SOILS - MAP UNITS

LEGEND

itlY sloping R% very deep, moderately
permeable, dark brown to brown-

sh :lay 2ring to clays with depth) with
1,Ark 'r_r_n stony ils

Slopir2. moderately deep to very deep,
illraineJ, moera,,,ely slowly permeable, reddish

todark reCdish brown clays with stony/gravelly
.a.y loam tcrJíls

vial and

steep . slope), moderi-ely
or deep, slowly

lark reO h brc.wn loams (grading to
Hlay ,.Hth depth w lth dark riish brown, str,ny/gravel-
ly loam to clay lc topsoils
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MAP UNITS
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(See Legend on opposite page)
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Om, 11110

#. Small track General observation site
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FAGTA SAMPLE AREA

PRESENT LAND USE/VEGETATION COVER - MAP UNITS

LEGEND
Al Mainly arable land with 5-10% surface cover of stones; few

patches under long fallow with 50-70% surface cover of grass
and stones

A2 Mainly arable land with 30-50% surface cover of stones; few
patches under long fallow with 60-80% surface cover of grass
and stones

G Mainly grassland, partly under long fallow after cultivation,
with 60-80% surface cover of grass, bushes and stones

ANNEXE C - APPENDIX 1
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The distribution of different kinds of land
use and vegetation/stone cover in various map units
of the sample area is indicated by the following
table.

Map unit symbol
and description

Al - Arable land
Cultivated=76
Fallow =19

A2 - Arable land
Cultivated=16
Fallow

G - Grass land

Total:

Map unit

extent
Ha ' %

Soil Erosion Status. The soil erosion in the sample
area is generally severe but varies from slight
sheet and rill erosion to severe rill and gully
erosion accompanied with some land sliding and
slumping. The erosion process is largely acceler-
ated by the farmer by construction of traditional
drainage ditches which gradually transform into
gullies.

Three map units of soil erosion status recognized
for the sample area are delineated on Map 31 at scale
1:15,000.

The extent of each map unit, representing the
soils affected by different degrees of erosion, is
estimated as follows:

Degree of
soil erosion

Areal extent
Ha

Veg.
cover

Slight to 5 3.4
moderate
Moderate 35 24.0
Severe 106 72.6

Total: 146 100.0

S one
cover
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FAGTA SAMPLE AREA

SOIL EROSION STATUS - MAP UNITS

L EGEND
El Slight to moderate sheet and rill erosion; few traditional

drainage ditches transformed into small gullies

E9 Moderate sheet and rill with some gully erosion; old tracks
and traditional ditches commonly transformed into shallow
to moderately deep gullies; gullies not evident in some
parts due to shallow soils

E3 Severe sheet, rill and gully erosion with some land sliding/
slumping; severe stream bank erosion in some parts

ANNEXE C - APPEND X 1
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3. GENERAL CONCLUSIONS

The following general conclusions may be drawn from the
n le area studies:-

Most soils are moderately well drained due to somewhat
restricted water movement in the lower parts of
theirprofiles. This characteristic is understood to have
adverse effects on the growth of most crops. In order
to offset this effect, the farmer generally constructs
small drainage ditches, occasionally in a criss-
crosspattern, having dimensions of about 20 to 30cm both
in depth and width and placed about 4 to 6 metres apart;
it is done even on slopes which may be as high as 20

percent. The continual scouring by the fast flowing
rain water through these ditches, which virtually are
the man-made rills, gradually transforms them into
deepgullies - one of the various causes of gully forma-
tion in the two watersheds. As the drainage ditches are
essentially required to dispose off excess rain water
from the fields, proper guidance needs to be provided to
the farmer as to how these should be aligned to minimise
the scouring effects of water and check their conversion
to gullies.

The soil erosion is less severe at higher altitudes due
probably to cooler and wetter climate effecting better
vegetation cover at surface, as well as because of a

higher percentage of stones/boulders present at the soil
surface. Most of the gullies encountered in the moun-
tainous land have an extremely bouldery bed with a dense
bush and tree cover on their banks and are, therefore,
fairly stabilized. Severest erosion at high altitudes
occurs on the cultivated land ranging in slope from
about 15 to 60 percent. The slopes steeper than about 60
percent are generally under moderately dense to dense
bush and grass cover since these are the least disturbed
by man and livestock and are very stony/bouldery which
provide them a fair protection against erosion; further-
more, the runoff water approaching very steep slopes
commonly gets concentrated in the existing stabilized
channels/gullies and is understood to be relatively
ineffective towards the erosion process.

The most important soils affected by erosion and those
further prone to severe erosion hazard occur mainly on
the old alluvial terraces. These soils, along with those
of the alluvial plains, however, form the prime agricul-
tural lands and must be protected from degradation by

this menace. The first priority for soil conservation
measures should be given to these soils.
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The steeply dissected and broken land (major landform
unit 2 of Bir watershed) has reached extremes of the
soil erosion process and would be impractical to make
intensive efforts towards erosion control on this land.
Redepostion of the eroded soil material from the steep
slopes of the landform is likely to create fertile soils
at the bottoms of valleys. It would, therefore, be
better leave this land unit in its present natural
state; even acceleration of the erosion process, along
with construction of suitable structures (check dams)
promote deposition of the eroded material, may be
sirable for certain parts.

Impeded drainage conditions restrict realization of high
crop yields in a considerable part of the arable land,
especially in the alluvial plains and valleys occurring
within the major landforms representing old alluvial
terraces. The provision of an effective drainage system
and introduction of special cultural techniques (includ-
ing quick disposal of rain water, timely tillage and
selection of most appropriate crops withstanding exces-
sive wetness) are the major requirements of soil conser-
vation for these parts. As these soils form part of the
prime agricultural land, priority should be given to
such measures.

The general causes understood for soil erosion in the
project area are:-

Surface topography dominated by moderately steep to
very steep slopes

Extensive clearance of natural vegetation cover
the land surface for its arable use fuel wood etrac-
tion and over-grazing by livestock etc.

Somewhat slow soil permeability compared to high-
intensity rainfall resulting in

high runoff causing sheet and rill erosion and

saturation of subsoil causing slumping and land
sliding

High gradient of the drainage ditches traditionally
constructed by the farmer promoting gully formation

The farmer's common practice of ploughing along the
land slope providing high-velocity flow of surface runoff

Occasional earth tremors causing landsliding
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3, Mankusa area

te

c) STUDY OF IRRIGATION DEVELOPMENT SITES

1. THE IRRIGATION SITES STUDIED AND METHODOLOGY

e sites were studied at semi-detailed (prefeasibi-
lity) 1 for development of small to medium scale irrigation
hem, in the Bir Watershed area. These sites, along with :their

7.pyon and areal extent, are listed in Table 6. Their location
is

Table7 Ir i .=ites - their location and areal extent

hncatinn with the
(nearest conrdinate)

About 2,5km northeast of Agut
village, along left bank of
Yingri river (10°59'N, 37°10'E)

About 1.5km north-northeast of
Agut village, along right bank
nf Lah river (10°51'N, 37°10'E)

About 3,5km southeast of
Man,uka town, alnng right
bank nf Debnhjlq river
(10041'N, 37° il'E)

ANNEXE C - APPENDIX 1

4. liechcr. J. area .Ahon 500 metre
rka town, along right

b' of Ye,-hereka river,
river bridge

(10 5'N, 37°95'v)

Alonut 4.5km ea,t nf Finote
Selam town, along right bank of
Temim river (ln . N, 37°18'E)

Total:

irrigation development sites were selected out nf
entatively marked as potential areas on the basis

of from the available topographic and hydrological
Hfn-ma'ion, coupled with physical field checking. Further selec-

f the - 'es and demarcation of area boundary for semi-
,

, made thrnugh ,teren-interpretation of 1:50,000
,raphs (1989-84), enlarged tn 1:15,000

:fface fnpngraphy, ,oil, and acoessibility,

114 PRACAP1.WF

: Irrigation site

1. Agut 'A' area

9. AgUf B' area

wxtent
(ha)

30
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Aftee final selection, the sites were surveyed through
estigation of soils and other important land character-

a general observation density of one per 8 to 10 ha,
led in different areas dependimg on the complexity of

MF. The soils were studied by augering to a depth of
while the representative ones were characterized in

exposing soil pits to a depth of about
below to about 250cm. Disturbed soil
om all important soil horizons to the

ANNEXE C - APPENDIX 1

detail
2")0cm and ,eep au
samples .-ere
fell profile depth for physical and chemecal analyses in the
laeratere '.hile eore samples were taken from all horizons above
lnflem eeeth fer determining the soil moisture characteristics.
The meppieg was eeeomplished by final stereo-interpretation
uf h1 u-phL.tos sule,:orted by the data collected from the field.

ater samples from the rivers considered for irrigation
- for laboratory analyses and assessment of water
_suits of laboratory analyses of water samples are

Annex. T after the laboratory analytical data of the
'l profiles (pedons). All the water samples were, in

ieed. highly suitable for irrigation purposes. Water
_s, using water from the same rivers which are to

for ly of irrigation water, were carried out by means
,eble- Infiltrometer on most of the soils described and

moìed from deep pits. The results of infiltration tests are

preeented in graphical forms after the water analytical data
ender Annex T.

The soil sao nits were evaluated, by integrating with
ihe c a,lable clima........tata and the water analytic.1 1-e.eite, for
seperi,2 irriltural use and the results of evaluation
are form ef maps of "Land Suitability and Seile"
ai a ..Ale of , ,r eeeh ierigation site The loeatien of

nerai ohser. ,n .ite. as well P' ef the detailed observatioo

ihd .-.):1. ,.ampling .ites is indicated on the respective maps,
-

The symbols used for the map units are self-explanatory
in the sense of land suitability, which are explained as follows:

"Suitable" land is designated by the symbol "S" and
"Not suitable" land by "N",

!itable land (S) is divided into three suitability
using an arabic numeral suffix as defined below:

Si: Good irrigable land - the land which is highly
suitable for irrigation development; the devel
ment costs will be low and the expected yields of
commonly grown agricultural crops after development
1,70-h an average level ef management and inputs will
be high.

S2: Moderate irrigable land - the land which is fairly
suitable fer Revelopment; the deeelop-
ment eests will he relatively high and the eepeeted
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yields of commonly grown agricultural crops, after
development, will be moderate with an average level
of management and inputs; achievement of big,
would ineolve high input cos_ and special mae en.

S3: Marginal irrigable land - the land whie'
or marginally suitable for irrigation e opment:
eie_her The development costs will be ligh or
the expected yields of commonly grown Agricultural
cr,-,ps, after development, will be lo w ,eth
level of management and inputs; oc-
failures may be expected in some
er.dp yields would be obtained onl;
eests and/or special management

The Not suitable 12 (N) is divided into two elasees by
using the arabic numeral suffix as defined below:

Currently not suitable - may be improved te
ately or marginally suitable land by incurrie
high costs which under present conditions are
prohibitive

Permanently not suitable - not suitable for irr
gat ion development fo_ any forseeahle future

The land suitability classes 59 and 53 ae_ divided
various subclasse, by using small letter suffixe-,
eenting the major kind of limitatir,n posed to
for develol,mee cf irrLution or ite poten`i
irrigated ulture The class Si is
it has nr, mejor limitaton. The letter
d,=fin9H as fnlin-;F:

d - impeded draie conditons; may
with periedeic rface pcniing by rue-eff
topographic limitations; may pose difficulty
lay-out of irrigation system or cause soil
problems after development

seasonal flooding by the river
n - surface stonine stones may be present

the soil surfeJ-e
The land suitabi.lity subclass is further divided, where
necessary, into land suitability units, on the has of
differences in land development requirements or
management after development, by usinc, arabio n
after the sublass Umita±inn symhei _ated
lattee hv
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2. FINDINGS

2.1 Akut ' Area (Site No. )8a)

Physiography and soils: The area represents a part
of level alluvial plain which is partly subject to
occasional light sheet flooding by the river. The
flooding is short-lived with no significant fresh
sedimentation or damage to the standing crops in
major part of the area. A few small patches may
remain ponded for significant periods after heavy
rain storms. The groundwater table generally fluc-
tuates between 120 and 200 cm. The surface slope
varies from 1.0 to 1.5 percent.

The soils consist of very deep, moderately well
drained, moderately slowly permeable, noncalcare-
ous, dark reddish brown loams to clay loams with
weak to moderate subangular blocky subsoil struc-
ture and a weak granualar, dark reddish brown to
brownish black topsoil (See detailed description
and laboratory analytical data of representative
soil profile under Annex I, pedon 20).

Present land use: Major part of the area is presently
under rainfed cropping with supplemental irrigation
by diverted canal. The important crops grown are
maize, teff and barley with some potato at a few
places. A small northern part is given to open
grass land used for communal grazing.

Major limitations and land uitability: The land
has a favourable surface topography and nutrient-
rich soils but the possibilities of irrigation
development are restricted due to somewhat imp_ded
drainage conditions. Any such development must be
accompanied with installation of a drainage system
and flood protection embankment. The land is moder-
ately suitable for irrigation.

The studied area is quite uniform with respect to physio-
graphy, soils and land suitability. It, therefore, comp-
rises only one map unit delineated on Map 33 of "T.and
Suitability and Soils" at a scale of 1:15,000.
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Agut 'A' Area

LAND SUITABILITY AND SOILS - MAP UNITS

LEGEND
Moderate Irrigable Land

S2d Almost flat (0.5-1.5% slope), very deep, moderately well
drained, moderately slowly permeable, noncalcareous,
dark reddish brown loams to clay loams with dark reddish
brown to brownish black topsoils

- moderate limitation of somewhat impeded drainage
conditions; groundwater table fluctuating between 120
and 200 cm depth; casual, very short-lived, light
sheet flooding by river

ANNEXE C - APPENDIX 1
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ANNEXE C - APPENDIX 1

2.2 Agut 'B' Area (Site No. 42)

Physiography and soils: The area forms a lower
of the gently sloping old alluvial terrace. It

'ded by the river and has deep (deeper than
7:-s in most part) groundwater table. The

.,ich generally vary from 2 to 6 percent are par
mcdified by the farmer through construction of
races with 2 to 4 percent slopes.

The soIls consist of ver:7 deep, well
well drained, moderately slowly perneilile, no

dark reddish brown clays wit.
subangular to angular blocky subsoil struct_,
a weak granular to massive, dark reddish
brownish black clay loam topsoil (See deta
description and laboratory analytical data ct rep-
resentative soil profile under Annex I, pedon 21).

Present land use: The area is presently ,,:sed oul-
tivation of mainly maize, tef . rid. barley urdor
rainfed conditions with some part recei
mental irrigation from diverted canals.

Major limitations and land suitability: The land
is divided into two map units on the L:asLs of ilnd
s..itab as described below:

ft.erate irrigable land. This land unit has a
mo limitation of somewhat impeded internal

due to relatively slow soil pel'meahility
which may cause surface ponding for..Fignifi,:,,ntLy
long periods during rainy on if the lar d i,,

levelled. Maintaining 1 to ercent slope, coupled
with construction of an open ditch drainage system.,
would be required for irrigation development (Map
unit 52d on Map 34).

Marginol irrigable land. it has somewhat severe
limitation of unfavourable surface topo (7-
slope) and a ,I.:elerate limitation of '-mpded
internal drainage due to relatively .91.2: so
ability. The scil cut for reducing the surfa 1,
to the required 1-2% (see discussions for t

ous unit above) would be tco great to justify the
costs ld drastically reduce the soil ferl-Ali-
ty n o r ido oole area. A higher surface slope (?
to 4%) t,herefore, have to be maintained (Mlp
uni.t 51+ on Moi. 14),

121



Agut 'B' Area

LAND SUITABILITY AND SOILS - MAP UNITS

LEGEND
Moderate Irrigable Land

S9d Very gently sloping (1-3% slope), very deep, moderately
well drained, moderately slowly permeable, noncalcareous
dark reddish brown clays with dark reddish brown to
brownish black clay loam topsoils

- moderate limitation of somewhat impeded internal
drainage conditions; groundwater table below 2 metres
depth

Marginal Irrigable Land

S3t Gently sloping (3-6% slope), very deep, well to moder-
ately well drained, moderately slowly permeable, non-,
calcareous, dark reddish brown clays with dark reddish
brown to brownish black clay loam topsoils

- somewhat severe limitation of unfavourable surface
topography and minor limitation of somewhat impeded
drainage conditions; groundwater table below 2 metres
depth

ANNEXE C - APPENDIX 1
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ANNEXE C - APPENDIX i

2.3 Mankusa Area (Site No. 15)

PhYsiography, and soils: This area represents the
lower parts of gently sloping old alluvial terrace.
It is not flooded by the river and has deep (deeper
than 2 metres in most part) groundwater table. The
slopes which range mostly between 1 and 5 percent
(upto 8% in small parts along shallow gullies) are
partly modified by the farmer through terracing.

The soils consist of very deep, well drained,
moderately permeable, noncalcareous, dark reddish
brown clays with moderate subangular to angular
blocky subsoil structure and a weak granular, da k
brown to dark reddish brown clay loam topsoil (S e
detailed description and laboratory analytical
data of representative soil profile under Annex
pedon 22).

Present land use: The area is presently under arable
use with the main crops grown being maize, teff,
barley and oilseeds. The area is principally rain-
fed but has supplemental irrigation supplies through
diverted canals, which are used to grow a few high-
delta crops including sugarcane, banana, potatoes
and some other vegetables and orchards.

Major limitations and land suitability: On the basis
of suitability, the land is divided into two map
units as described below:

Good irrigable land. This map unit has no signifi-
cant limitation except slightly higher slopes in
some parts. It requires minor levelling to grade
the slopes between 1 and 2 percent which presently
is upto to 3 percent in some parts. Reducing the
slopes below 1 percent is likely to create drainage
problems (Map unit Si on Map 35).

Moderate irrigable land. It has a moderate limita-
tion of somewhat unfavourable surface topography
(3-5% slope). The soil cut for reducing the surface
slope to the required 1-2% would be rather high,
which would considerably reduce the soil fertility
of some part. A higher surface slope (3-4%) would,
therefore, have to be maintained (Map unit S2t on
Map 35),
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Mankusa Area

LAND SUITABILITY AND SOILS - MAP UNITS

-- slope), very well
- permehl.e, nalcareDus, dark

with dark br,-,wn to dark reddish

sloping (3-5% slope), very deep, well drained,
.1_y permeable, noncalcareous, dark reddish brown
Lth dark brown to dark re:_idish brown clay loam

ils

- mdrate limitation of somewhat unfavourable surfa
tor.ography; groundwater table below 2 metres depth
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ANNEXE C APPENDIX I.

2.4 Yechereka Area (Site No. 14)

PhysiograPhY and soils: The area forms a part of the
recently abandoned floodplain of Yechereka river.
It is subject to seasonal light sheet flooding but
the flood water recedes quickly without any signi-
ficant fresh sedimentation or doing muCh harm to
the standing crops except in some lower parts. Its
extreme northwestern part (along the river) consists
of very gently sloping (1-2% slope) levees while
the southeastern part constitutes the fringes of a
basin occupying the back swamp position. The ground-
water table fluctuates between 100 and 150cm depths
in the levee part and between 75 and 120cm depths
in the lower, basinal part.

The soils of the levees consist of very deep, mod-
erately well (seasonally imperfectly) drained,
moderatey slowly permeable, noncalcareous, brown
to dark reddish brown clay loams, grading to clays
at lower depths, with weak to moderate subangular
blocky subsoil structure and a weak granular, dark
brown to brownish black loam/clay loam topsoil
(See detailed description and laboratory analytical
data of representative soil profile under Annex I,
pedon 23).

The soils of the basin consist of very deep, mod-
erately well to imperfectly (seasonally poorly)
drained, slowly permeable, noncalcareous, brown
to dark reddish brown clay loams to clays with
weak to moderate subangular/angular blocky subsoil
structure and a granular, brownish black loam/clay
loam topsoil (See detailed description and labora-
tory analytical data of representative soil profile
under Annex_I, pedon 24).

Present land use: Major part of the area is presently
under rainfed cultivation of mainly maize and teff.
A few patches are under grass land.

Major limitations and land suitability: On the
basis of suitability, the land is divided into two
map units as described below:

Modera_e irrigable land. This map unit has a mod-
erate limitation of somewhat impeded internal and
external drainage. The groundwater table is rather
high for most crops excluding teff, but the latter
may be affected by light flooding caused by the
river. Irrigation development in the area must be
accompanied with the provision of a drainage system
to lower the groundwater table and quickly dispose
off the flood water (Map unit S2df on Map 36).
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Yechereka Area

LAND SUITABILITY AND SOILS - MAP UNITS

LEGEND
Moderate Irrigable Land

S2df Very gently sloping (1- slope), very deep, moderately
well (seasonally imperfectly) drained, moderately slowly
permeable, noncalcareous, brown to dark reddish brown
clay loams to clays with dark brown to brownish black
loam/clay loam topsoils

- moderate limitation of somewhat impeded drainage
conditions; groundwater table fluctuating between 100
and 150 cm depth; casual, short-lived, light sheet
flooding by river

Marginal Irrigable Land

S3df Flat (<1% slope), very deep, moderately well to imper-
fectly (seasonally poorly) drained, slowly permeable,
noncalcareous, brown to dark reddish brown clay loams
to clays with brownish black loam/clay loam topsoils

- somewhat severe limitation of impeded drainage
con.iitions; groundwater table fluctuating between 75
a d 120 cm depth; casual short-lived, light sheet
flooding by river

ANNEXE C - APPENDIX
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ANNEXE C - APPENDIX 1

Marginal irrigable land. It has the same limita-
ns as the unit described above but these are of

sc.mewhat severe degree; the water table is higher
Jnd the flooding is deeper and of relatively long

:!.iversely affecting most of the standing
ision .=.f a drainage system and protect-
oods w.Duld be a basic requirement for
deve ,ment on this land (Map unit S3df
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Finote Selam Area

L...D SUITABILITY AND SOILS - MAP UNITS

E G N D

flat (l- very deer, moderately well
!seanally iml ly) draine_ mcc:erately slowly

noncal brownish black clay cum to
clays with dark brown to dark reddish brown clay loam
topF7iis

imitation of somewhat impeded drainage
conditions; groundwater table fluctuating between 100
and 180 cm depth; light, short-lived sheet flooding
by river in some lower parts

Trr-i.za Land

itly sloping (3-6% slope), moderately deep to deep,
mnrl.rat's.ly well d,-ained, slowly permeable, brownish
black, deeply cracking, stony/bouldery clays

t limitations of unfavr,urable svrfar-e
pt,nine,s; mr,derate llmtatir-v-Y- of

internal drainage and diffi.-
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Extent (hectares)
Irrigation site 51 S2d S2dfl S2t S3df; S3t S3td; S3-tn: Total

1 1 1

1 1

The areal extent of different classes/subclasses of the
land studied for each irrigation site in the watershed

as in Table 7.

Extent of different classes
by irrigation sites

ANNEXE C - APPENDIX 1

ilginal irrigable land. It has the ma or limita-
tions of somewhat unfavourable surface topography
a nd stoniness/boulderiness, as well as the

internal drainage. The topsoil cut required
fc,r reducing the surface slope should not be more
haa3,3cm, otherwise it would be too detrimental
to -e soil productivity to justify it; a surface

ab 3 to 4 percent would, therefore,
be maintained, not only to safeguard the

roductivity but also to ensure proper drain-
unit S3tn on Map 37).

EXTTNT OF DIFFTRENT CLASSES OF IRRIGABLE LAND IN THE AREAS
qTT:DIED

ubolasses of irrigable land
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ANNEXE C - APPENDIX 1

Soluble ions - generally not determined when the EC found
too low; done for three samples from the saturated
extract, while for others regarded as "trace".

Organic matter content - By W. Black method

Total nitrogen - By Micro-Djel_ahl method

Available phosphorus - By Bray II method

Available potassium - extracting: with sodium acetate

Available micronutrients -By extracting with DTPA solution

c) Soil moisture determinations: By gravimetric method;
moisture contents were determined at 0,1 bar,
0.33 bar (field capacity), 3.0 bars and 15 bars
(permanent wilting point) moisture tensions

2. PROFILE DESCRIPTIONS, LABORATORY ANALYTICAL DATA AND
WATER I\IFILTRATION TESTS

pi-ofile descriptions are
In the fieid except for

in the field due to unavail-
.., indicator) and EC meter andr m the laboratory results.

It MR7 ed that a few minor contradictions between
gnen by the laboratory and those observed in the

exist which mRy be reasoned out briefly as follows,

i) The s,,i1 texture reported by the laboratory has, in
g.eneral, a higher silt fraction than that estimated by
field ests which may be attributed to the fact that
5,-me (finer part) of the very fine sand fraction common-

' bet-t,--s like silt when analysis is done by using the
dromeier; this resuls in higher silt fraction at the

f very fine sand fraction. In some cases, the
cl -ntent is also reported by the lab, higher than

-timated in the field. A little under-estimation
content in the field is possible due to stronq
_ion of clay in the form of sand/silt-sized par-

tl in hi,:hly weathered soils libe those found in
ee 1,!ier',.qeq Area;such particles are not easily broken

' ith water in the field but special chemical
tie-:iflents iven to the soil samples in the laboratory

bi-eic them and, consequently, a hiqher cl at7 content
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may be determined. However, the field tests of texture
generally match the soil behaviour towards its manage-
ment better than the lab. tests which implies that the
field description of texture must be given more weight-
,' than that reported by the laboratory.

reported by the aboratory, in case of both the
ter and the soil-KCI suspensions, appears to be

at lest one unit lower than what can be estimated from
the general crop response obserYed in the project area-
This probably owes to some laboratory testing errors.

The results of bulk density determinations give unexpe
tedly low values, occasionally reported as than 1.0

:. Whereas some topsoils having high matter
ut ent may have a bulk densitY t ween 1,o pdoi 1,2, the

suboils and most of the topsoils are expect_ed to have
bulk density of more than 1.2 g/cc because of their lower
Porosity and not having adequate mixture of the pyrocLas-
tic material which is generally the in tise of
bulk density, Since the same samples as used for moi ire
determinations were used for this rmination(
disturbance of the samples could have resulted in errati
results.

The organic matter content, which generally occurs in
we11 decomposed form, with a probable C:N ratio of
than 10, is reported td be rather T':'0 high as comna.
to the total nitrooen (ora,) io inorganic) content
whi,h, in most cases, for 1

-1-h , 1/1? h of the organic matter ,ritent indicatit
C:N ratio, It ucors th..r the

ic ter content is lower or the 1 nitrog4en
content is higher than the ones report . It may oe clue
to some analytical errors.

The results reported for available water capacity (dif-
ference in water content between F.C. and P.W.P)
dr ically, occasionally by a factor -r about 3, w.hin
th same profile, even though having gradual horizon
bo-indaries, which is not generally e-.:pected from field
observations. Such contrasts are possibly due to labora-
tory determination errors.

The results for CEC in certain cases disagree with the
logical estimation from the chances in clAv And organic
matter content in the same profile. In certain cases,

was noted that the soil samples having higher !

od organic matter content, as well as a higher bA
sltaration, are reported to have a lower CEC

opto about 50%) than those having lower clay
'rcnic matter .:,ntents. ln a few cs-s, the total
..--rmlned is s than the sum of e7,:ohangeable cations
which is illogical, Such discrepancies also owe prtssibly
to the laboratory analytical errors.
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DON 1 (SITE NO. AJCII

A-.X A N, of Anene Wlage in We , Goam Admn. Region, on a gently sloping, gh land surface, approx.

-1nrdinktes 1°421.3'N and 37°35.2'E.

ANCIPE RACTER.,

Landform and physic, raphic position: 'ling remnants of old plateau surface; with 10 ta 15

; about 150m awey re escerpment; elevetion 2,750m amsl.

Soil parent material: Mainly lecio-fluvium derived propably free weathered basalt mixed

some volcanic ash te

Present lenri use/vegetation cover: Grass and with a few low trees/bushes with )90% , ; proti ly

fallowed after long rainfed ivation; about 5% (locally upto 50%) stones and 'oers cover

at surface.

week medium subangular blocky; slightly sticky, slightly

medium, ::TTC1 fine tubular pores; few angular to sJOrounded,

fine Mn concretions in lower part; noncalcereous; ECu:11 COI

: clear smooth boundary; pH(H20) 4.7, )ale No. AjC1-2)

17.5YR) moist; si: _; moderate fine and medium angular blocky; sticky, plastic, firm moist,

very hard dry; very thin -' clay cutans and moderately thick reddish brown and black Fe-Mn coatings

on oed faces; few mediun. ::on fine tubular pores; abundant crystalline accumulation of fine, Me2',A1

and coarse, dretions; noncalcareous; EC(1:1) 0.03 dS/m; few earth worm casts; few fine

roots; clear pH(H20) 4.9. (Sample No. AJC1-3)

ted, nd 4/4) a dark reddish brown (5YR 3/6 t 3/3) moist, dull reddish Crown

T or,sheC; strong fine and medium angular blocky; stick . ver olastic,

,ard dry; thin nearly continuous clay cutans on ped faces; few medium, few fine

ystalline accumulations of fine, medium and coarse, black gr concretions;

dS:11; common thin vertical infillings of fine silty material; very few very

fl r277-s: 2nh221 5.2. 3ace N'L AJC1-4)

139 ?PAD:PI ,WSF

Present erosion status: Moderate sheet and rill erosion; few shallow gullies.

Drainage conditions: Externelly well drained; internally moderately well drained.

FAO soil classification: , ic Alisols, rulic sloping phase.

PROFIL= 2E2F:F7ION:

Ah Rrown (7.5YR 4/4) moist, dull orange (7.5YR 6/4) dry; loam that approaches clay loam; massive to weak

fina. granular; slightly sticky, slightly plastic, very friable moist, slightly hard dry; few fine

ocres; few stones; ronoalcareous; EC(1:1) 0.1 dS/m; few medium, any fine roots; gradual

y: pH(H0) 4.7. ( e No. JC1-1)



; Ca Rg Al H

;0,28 ;4.09 :: ',,'.! : nd ; nd )49,31 )12,78 !

:0.28 ;218 :1 74 ! nd 1 nd 28.28 11.84 )

)9,24 )1.27 )1.02 ! nd ) nd )37,19 )14,41 )

)0.29 )8/17 )2,75 ) nd ) nd )18,54 )31,47 )

------_-_-_-_-_-___ ------

Frtractab:-, micro- : Soi::t1e cations )
!

)Lab 4o,)Sample: Depth 'Organ) Total Avail; !Avail,: nutrients (ppm) t (megil)
1

,

1

i

No ) (cm) ,Ratre) 4

!

,

:
) (%) ! (%) (ppm) !kg/ha ) Fe ! Rn ) 7,n ) Cu ! Na ) K ) ,

,

)2593/80)4JC1-1:0-10 )5,34 ) 0,36 2,81 )27,50 ) 2,74 ! 4,49 ! 0,11 )0,18 tr ) tr ) tr ) tr ) tr

)25?4.19 .AJCI-2 7)-64 :2,99 ) 9.18 10,17 )23.66 ! 2,19 ) 2,99 ) 9,98 )9,15 tr ) tr ) tr : tr ) tr

tr ) tr ) tr

tr tr ) tr

tau 12,44 '23.25 ! 1,32 )15,27 ) 9.11 )9.13 tr ) tr tr ) tr ) tr tr ) tr tr

_
Si ' 2,55 )24,22 ) 2,42 ! 7,92 ) tr )9.12 tr ) tr ) tr ) tt ) tr tr ) tr ) tr

,

------------------1..--- ----- -_ ----- - --------- ______________ ----- ___

:

t

,
Water Content f.%)

1

t Abbreviations:

t 1

,

i
: i

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

)Eab No,)Sample) Depth )Bulk !

1

i
',

,

i

ilj nd : not detarmined

) No ; km) !dens,) )0,33 bar) )15 bar ,

t
tr : 'races

!gicc4)0,1 bar) (F.C. ) )1 bar )IP,W,P)). F.0 : Field Capacity

. :ermanent Wilting Point

Sin : Stity Clay Loam

SiC : Silty Clay

: parts !!!

,

: millieoui litre

i : de".: S,ame .,

- - -------- ------ ----- ------------------------------
smn:

: , 9ivalents - 190 grams of soil

- cubic centimetre

.metre

.-ane

ration Fkohr)go !rataci"y

,
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1/,t 4.A7 .7 410,177:741, 'DATA (MOW 1)

"PRYTHPR .1
1

I ottions (mel109g)

;Lab No,,,

!Sand ! Silt '

------

)2587190)4Jr1-) ',-70 , 1 57 :
10 ;PM ;

'

4.73 ; 1.80

:(,-).Stm) Na

: MO '",.31

)2584:90:171-1 -,
,
' 2 54 ; 44 ;0 1 ; 4,72 : 1,57 : 9.04 ;9,85

2585,A9:Ajc:-. - ' 3 51 ) 46 )Sit' ! 4.45 ! 3,55 ! 0,03 )0,81

i';6 ' ''.! AJr1-4 -1'.9+! 2 52 ! 46 )S ' ) 5,15 ) 3,76 ) 9,05 )0.81

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

'

'03r1-1)9-19 )1,08 ! 74,17 )
4903 )38.57 ) 16,74 )17,98

AJC1-2)30-64 )0.96 ) 54,43 ) 46 '.1 )25,46 ) 26,23

!
,AJOI-2)64--85/95 )1,22 ) 37,21 ) 10,52 )76,01 : 21,57 ! 8,85

99)4JCI.-4)45/95-189+)9,44 : 46,82 ) 38,83 !31,84 ! 30,81 : t02

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



BA 15-45cm,

Bt 45-'0y

Btg

PEDON 2 (Site No. AJC101

9.5km 4E of 4rjen a 1, about KOm on the left side of Dembecha-Feres Bet road, in West Gojam Aden. .

Re h -71 a sloping oultiva 4 terrace; acorox. coordinates 100 43.9'N and 370 34.4' E.

..1.4r304.7:E C44P4C7ERIS':CS:

Landforr and physiographic position: Sloping middle part of a lower alluvial terrace with 10 to 12 percent slope;

elevation 2,125'n

Soil parent `Adel: Nixed river a , m drived probably from old glacio-fluvial deposits and weathered basalt,

mixed with some :auvial aterial.

Present land use/vegetation cover: Arable 'a" ,oughed), used for rainfed cultivation of mainly maize, teff,

wheat, barley and horse ra0ls: 10-30% surface cover of stoles and boulders; few low trees and

nshes.

Present erosion status: Noderate sheet and rill erosion; few shallow gullies developed mainly from the

traditionalldrainage :itches.

Drairege c ditions: Externally well, internally moderately well drained.

Dark brown (7.5YR 3/3) moist, dull brown (7.5YR 5/4) dry; loam that_ipproaches clay loar; massive to

weak granular; slightly sticky, slightly plastic, friable moist, hard dry; few fine and medium

tubular pores; few pebbles and :nes; norcalcareous; EC(1:1) 0.4 dS/m; common medium and many fine

roots; cleer smooth boundar;; 5.3. (Sample No. AJC10-11

r,,,:Cisr brown 5YR 2/3) moist; c ; moderate medium subangular blocky; sticky, plastic,

noist; few fine and med ::.ar pores; few pebbles and stones; norcalcareous; EC(1:11 0,1

4 fine roots; gradual smcctn t: dar; pH(N20) 5.3. (Sample No. AJC10-2)

Very oa. resh 100 2 2 clal_loam trait approaches clal; moderate to strong fine and

medi,Jm stick, pa_tic, friat'e moist; few coarse, few medium and common fire

tutuler por thin patchy dlay putas on ped faces; few pebbles and store'S; noncalcareous; EC(1:1)

0.1 dS/m; nc roots; gradual smooth toundary; p(H0) 5.5. (53mPle No AJC10-3)

Very dark reddish brown (5VR 2/3) moist, common medium and coarse prominent yellowish brown mottlm,

cla¡; moderate to strong fine and medium subangular blocky; sticky, plastic, friable moist; few

coarse and medium, common fine tubular pares; thin patchy clay cutans on ped faces; common fine,

black Fe-Nr concretions; noncalcareous; EC(1:1) 0.13 dStr; no roots; p4(420) 5.6. (Sample No.

AJO 10-4)

ANNEXE C - APPENDIX 1
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TEITURE : pH(1:11
1 ,

Fix:n 6ations ile,''!Nd: CTC '
, ,

,

No,ISample ----- .....22:2______ ...H.2....
!Filt 8,.1,17 class, :.....H....222_ ',.:1)H......:22,22h....H.____:.....H.... pAg

i

'%' !
' ',4, ' ?7,1, .cS'1' Na : 9 : Ca : Kg : Al : 8. .

1

:

16 :S.87,, 5.27 : 4.28 ' ',7" 18, 11 1 17 !IN 55 :5,84 : nd : nd !f4. 9 :44.91

32 S131 5,29 : 4,07 : ' 8 ''' 89 :H44 'i6 '''' :6.1: : nd : nd fi.f 41.83

16 ,F.31. 5:49 : 4:09 : 3 I 0 98 :,).61 18.:7 8.8 : n8. ' n8 6? 71 "1,32

44 !SiC 5.58 : 420 : ( :0 8! :3 " :16 " 6.31: ! na : 7:-: ,44.2" .f"..61

----- ...... ..... .......... ...... .....
F.".8Nn816:.e 1":71E

!Lab No se ! Cgnth . 2, Total:Avail,! ! n*,''rients 'too' :Neo 1)

_ Mc
N p 1_____. ..... ....... 2 ..... ------ 2.2222,

! (%) ::ppm: kgiha Fe Mn 2n Cu Na !a : Ca ! 4g HI: Cl

3.97 :0,29 :27.00 :186,30 :29.
f_3 H- :2,93 :022 ' 1 56.55

7!4f-'a 2.88 :e 23 ' 61,2"

-:254!1.57
_

8ntions!

not detehl.n
:

Fiei8 Fapa!_ty
Pernpn:8t milting Point
S:. 8ant

Silt
Silt
par t, million

:,..ents per litre
deci 8:eTens oer Netre

.1
a

%.8,8n 8Y:na-ge

n8ca

LANORATORY AW:ITTI7AL DATA IPMDON 28

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

gr Ns of soli

:11,81 1.41 46 tr tr tr tr tr tr
! 2.99 : tr tr tr tr ! tr tr

2,76 tr tr tr tr te te
9 (17 " tr tr tr ! tr tr
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tr
tr te

te
tr

No
1

,

! ! ,, ! (%)

:2597/90:AL1.' 6 ! 78 !

8-2 'f,-.0; 14 : 54 :

,9 gQ,...1 i,'; 1_,,,-,04;
. 9 : 55 :

4FC1D-4 :'' '2f-, 4 ! 52 :



Soil parent matera

!)-30 cm Dark redOisn

plastic, fr'a

EC(1:1) 0.1 ..

Na. IWCI-1).

y

O.' few N.e:',4

la,.

f2" Care

ANNEXE C - APPENDIX I

PEDON 3 ¡Site No IWC1)

.0CA'ION: 301 NW :f 'I 0 'Iwrn West 3o,an Admn. Region, on a steep slope about 801 away from a very deep
fi

1 :4,24

an ohysio rapnic bositio Steep, T dle :art of a colluvial slope, upward ano downwaro slopes r3ng7ng

er:ent.

alluvium, brived mainly from weathered sandstone and

terraces.

)5YR 2'2) moist; lcan; weak 'ine granular; slightiv sticky, slightly

moist, sg.tiyha-O dry; C?T.T.37 pebbles ard few stones; noncalcareous;

:OTTon fine roots; cear smooth boorOary! '720) 5.4. (Sample

tnored ror_q f

, 5.3. 50m:)-

m distinct reo:ibrown ana common orominent black Mn)

seregat.ons below 5rrl; many weathered fine
,

5,5 !Sampl,e

Variegated dull ye :s" brown (I0YR 5/4) moist when crushed, common reo. reddish brown and

yellow,sh oro wn mottles ue to weathering rock material; sandI loan; aouncant Mn segregations; -

TE" ""thereC fine fragments of sandstone; noncalcareous; EC(1:1) 0,1 15/m; oH(Hi0) 5.7

:WC1-4),

Remarks: The soil was described and sampled from 3 minipit to about 40cm depth and by angering below.

t.not recosn brown

3; aloarepus; EC(1:11

142 BR0:!P1.WSF

And:form

ix

rsen ve etation cover: Grassland with COTT i"J shrubs; surface cover by grass about 20% and

nes 5:-70%; about 20% area under cc :craps

Present erosion status: Severe rill and gully erosion; moderately dense to dense, dendritic to subparallel gully

0 e'rdent along very steep slopes/escarpments.

ge ditions: y wel, internally noderately well drained.



! TEXTHRR

'Sand ;Silt :019.:

LAHCRATOR7 ANAL7TrcAL DATA (PTO)!

'

Exch., cations !lb13 _ : ',

1 ,

H......3.!....... :1)H____!......!.......!...___!......!.....! log

1

pH(1:1)

XNNEXE C - APPENDIX I

Al ! H

nd `14,21 : 61,57

; :

nd ; nd

........,............... ----- _3...3_ ..... _3...2_ ...... . ...... .... ....... ............................................................
9.0trat7lcle micro- : 9:3 !ble -at]ots 5olut:e ad;pcs,

;Lab 4o,;911cle; lletth lOrga.:Toral!Avail:Avail : bdtrients ope)
i

,

meo ;
,

med.,31.
t

:

: ! Nc ! !,T, :Natt,! N 1 ! K :.......! ..... .! ..... ..______!......!........!......H..!....H......H.....!.......!
,

! (%) ! I.' ;(l4.21ha ! Fe ; Kn ; 7n ! Cu ; Ha ! K : Ca ; Rg !CO! ! 81703 ! Cl 504
,

: tr tr ; tr : tr : tr : tr !

: tr tr : tr : Ir ! tr ; tr

' tr tr ' tr : tr : tr : tr

: tr tr ! ir ! tr : tr : tr

3_3_3._ ..... _3_93_3_3. ....... ........ ...... ............. ..... ..............________........_...............________...

no:

Sards Clay Loam

Sandy Loam

parts per iUion

milliequivalents per litre

deci Siemens per metre

tequivalent to alcorrm'

: milliequivalents der !.0 grams cd

drams rer cubic certlmetre

'er-Ae4re

. 3-n iubarge CApability

ectrica..7 "trdb:53;lity
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IWC1-1!:

2P17 '0:4411--2'30-65
!,r3t, 93;:24c73H49-0,3!

!

;

45

47

56

65

!

!

:

!

:

29 ;

9:
20 :

21 14

2

! 82

5,36 ;

5,31

5.50 !

5,72 ;

4,13

4,49

4,72

4,90

,

;

:

3.14

0,13

0,12
0,31

Ha

1,86
;7 44

;3.40
; '3

K

1.1,24

;0.29
:0,22
H,14

Ca

9,07

'15,97
; 6,26

4,05

Kg

1,67
1,41
'1,97
:1,60

"290 '.6'. 71ir'-' -.'. ;2," ;:, F1 49 53 '22,50 ;62.90 0,66 ;1,13 ; tr ! tr

f2617,340!:icl-2.7 -45 !lid ;0 07 : tr 42 " ;23,53 ;51,70 0,57 ,t1,24 ' ir : ir

7'',11 10;:i7l-3 6'4;7' '7: 60 ;0.04 :0,40 ;11.96 ;17.30 ;42.27 0,22 :0 40 ; tr tr
,2812!40,:4-!-4 : '--,42 :0,01 :2.67 '55,66 '11,19 2l.85 0,24 l '9 : tr : tr



ANNEXE C - APPENDIX 1

PEDON 4 (Site No. W)

(_0(7.477 ibjt 5 km south of Debi town along Jiga-Dabi main road near Areg River bridge (about 750m Ivey from 3ir

r--er? 'r lest m Admn. Regio, on a gently undulating pl ; approx. coordinates 100 57.3'N and 370

2 3'E.

..4N2SDAP, DwARAC:t

andfore and physiogrephic position: Undulating, middle perts of the subrecent alluvial plain with 5-5% slope;

elevet: 7,'5Cm 11",

Soil parent material: Local (piece:, lluvium derived mainly from volcanic ash.

Present land use/vegetation cover: Ana:(e and used for rainfeO :JItivation of mainly teff with sore maize and

ier of stones; big clods ::mm ( :onmed at surface.

Present erosion status: 4oderate sheet, rill and gully erosion; in some parts slumping is evident; stream bank

erosion occurs a'ong the steamigully courses.

Drainage conditions: wel drained.

FAC soil classification: Pelli-Calcic Vertisols, undulating phase,

black (I0YR 2/2) moist and dry; clav; mass,le to weak fine granular; very sticky, very

olaq fr. to firm moist, extremely hard dry; few fine tubular poros ; common medium and fine

limes:: oett'0 mooerate'y calcareous: EC(1:1) 0.7 dS/m; few fine roots; clear smooth boundary;

DBC1-),

3w1 m:ist; 'a:E nen. sAangular blocky; very sticky, very plastic,

.,:ular po-es; few pressure faces; common medium and fine limestone

caloaneous: SC(1:1) 0.7 dS/m; few fine roots; gradual smooth boundary; pH(14.20)

9w? moist, few medium faint reddish brown mottles; claI; moderate medium and

COV'Se --icky very plastic, very firm moist; no tubular pares; many distinct

slic.0 ::mmon fine limestone pebbles; moderately calcareous; EC(1:1) 0.6 dStm; few

ver: ots; graoa' snoctr toundary: pH(H20) 7,3 (Sample No. DBC1-3).

ab c,wr ack (7.5YR 3/2) moist, few medium dark grey 8nd reddish brown mottles; clgi; moderate

coarse a, 'ar blocky with many wedge-shaped peds; very sticky, very plastic, extremently firm

, no :uoular pores; many prominent ihtersecting slickensides; few fine limestone pebbles;

mooerately oalcareous; EC(1;1) 0.5 OS,1 few very fine roots, gradual smooth boundary; p4(H20) 7.4

Pm:.'e No. DEC-4),

n, tnown '57R, 2/2? moist, many fine and medium fit .eddish brown and few medium

e! , clal; moderate medium and fine 3ngu'ar blocky with few wedge-shaped

:, very firm moist; no tubular pores; many prominent slickensides; few

as; moderately calcareous; EC(I:1) 0.1 dS/m; no roots; gradual smooth

'Sample No. 03C1-5).

Etg2 'eOo(sh brown (5YR 4/41 moist, f fine distinct olive yellow and prominent black mottles;

'oam tenoinLto c'ayi; 'able to f few fine HP concretions; EC(1:1) 0.4 dS/m; no roots;

ok,,!2( 7.1 (Sempli No, r.-6),

144 5,4D4PIASF



-- --- -----

!Lab

,-110-12
12-40

40-80

1126l6

Depth :Sulk
41

115 u. . P.

1 hAr '1P 4

.. 30 '46,86 : '7.81 :31.13 115 41

8" 150.41 43.2' 33 :18 '4

7' :52.94 46.'4 151,49 :1.1 41

167.16 158.22 : 51.56 138.55 :20.87

! nd nd 1 nd ! nd ! nd nd

3! nd cdl nd ! cdl ridI nd

'0 dE7.F !

ABORATORY ANALYTECAL DATA ¡MON 4!

--- -- ................... ------ ............ ---- -------- ---------- ------ ..................... .....
TEXTURE ! pH(1:11 Exch. cations (keg-0)g' IC

4c 7.1 :sand silt : clay : class ----- 10,

(%! 1%1 ! H20 1 KCL ; K : Ca 4g Al

12617t80 1981'1- ! 3 13 : 64 ! C 7.12 Si? 0,14 10,46 0,61 '58,81 115,87 nd ! nd 88 34

2814, 911:LS011-222-40 1 6 28 66 C 7,44 6.32 ' U.71 :0.17 '3.55 ,57 84 18,52 nd ! nd :73,5!

er Content (%!

------------ -----
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Abtreviations:

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

nd : not

tr tra:es

F.0

P,W.P Perlan-r- witting Point

SiC: Silty Clay
: clay

ppm : parts per i. ion

mill!_equiva:ents reo litre

leti Sieeera :er

2815180 7Ful-3 '47-91 3 33 C ! 7,'4 6,21 : 0,55 :55,06 18 :9 nd nd :68,61

PTg'),1 t). -
.21 (),48 '77,77 _1,75 nd

2u40 US111-5:1',- ' 3 45 i SiC ! (i10 : 0,14 ii. HI45, 174..85 nd

18:8 93.38C1-S. t3-1 - 5 51 ! ! Sic ! 7,1 5.82 1 0.44 : no

----- .... ..... ............ 4- ........ ..... g ...... ...... ----------

, . :-.,..:(..tra:tab!e 1:oro- : Fi ir'.e cations 56:ublc anions ,
,

:Lab No.:Sample Depth :cr:L'Total ;Avail : Avail : nui-.4rH 7:14
i :led/1) led lt

1

,

!

! 40 :

::ca: ti,--t 4 : p ! K H......t..........0 ------------- H....H....! - _ --- .H.....H........:......,.................:

: 1't ! 11 :ppe11. :

--------------------
kg 'a ; Fe : gn : Zn : Cu : Na 1 F. : Ca : Ng ': ' ,(',." CI,

1,74 ' u ' '118.10 :13.20 : 6.72 1 0,47 11.14 : tr tr tr : tr 1 tr : tr tr

!1.92 -".10 1 14 ; r 717' 0.45 11.11 : tr tr tr : tr ! tr ! tr tr : tr

14.10 11" 4' ! u 44 : 0.41 :1.11 : tr tr tr : tr , tr ! tr tr : tr

:2g1A 7,:, 3.59 112,43 1 7. 4 ' n '; 11.04 1 tr tr tr : tr : tr : tr tr : tr

128:5 - 111.29 11:.L. ' ' 'u :1.38 : tr tr tr : tr : tr ! tr tr 1 tr

16,64 1,.'.... :.45 10.81 1 tr tr tr ! tr : tr 1 tr tr ' tr '



PEDON S (Site No. DBC71

LOCATION: Abcut 5! soutn 3f Debi town :about 6001 SW from Jiga-Dabi main road) in West Gojam Aden. Region, on a

moderately steep sioe of a eidge; approx. coordinates 100 57.1M and 370 25.6E.

CAR&C7FRISTIC3:

AnOform and ptysiographic position: Moderately steep, highest old alluvial terrace with 15-2D% sope; elevation

2.25Cm asl.

Soil parent material: Local 5vj xed witt some colluvium derived probably from weatnered basalt.

Present land useivegetation cover: Mainly rainfed cultivated for barley and nigerseed e;oughed); 5-15% surface

coYer df it:res.

Present erosion status: Moderate sheet and rill erosion, few stallow gullies.

Drainage conditions: Externally well, internally moderately well drained.

FAO soil classification: Luvic-Phaeozems, rudic sloping pnase.

Dark brown (7.5YR 3/3) moist, dull yellowish brown (10YR 5/4) dry7 loa; weak granular; common fine

and medium gravel and few stones (weathered); noncalcareous; EC(1:1) 0,4 dS/m; common medium and

many fine roots; pH(H20) 5.9 (Sample No. D9C7-1)

9t -.5YR 3/3) moisti loa; moderate Tedium subangular blocky breaing in fine granular;

=9Tc, Tedium and fine t,c:se :ces; :2TC e ad Tedium gravel ad Tr: 'below 50 CT;

roe:sloven:us: EC(1:1) 0.2 o. few -20) 5.1 (Sample No. 3307.2;

4 Dark brown (7,5kYR 3/4) moist, Jm !el :ose inct 7.: ,e. grey, brown arc tack mottles;

lcan_trat_addeoadneLdlay_l lnle'n2 Tedium su a.: . ..ing into fine granular;

cdtmde doc,e:s :f weatneeed rock matee .a and many fine mecium " noncalcareoUs; EC(1:1) 0.1

dS/m; few fine roots;'ri,IlJl 5.4 SanpIe No. DBC7-3).

The soil was described and sampled by making a pit upto about 50 cm depth and angering below.

ANNEXE C APPENDIX I
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LAHORATOP ANALTTTP:41., !?if:ON 5)

T E 7. C E pH(1:1) !

1

, Exch, cations! :1e1:1110-z:'

:Lb No, 3arie: Ile'ri.. !-----!-----,------"-------: t

-W-----;-----:.------:------:----H-H r4g :

,

,

K : Ca : Y4 : Al : H

PPm Plr
1.1 : litre

t

' 41 19 :1.21 t2 Ç4 :11.42 ' ntd '45,40 '44.22
,2A2' 40:*0"-I.15-t0 19t 57 ! '

, 43 4,o to 44 17 4.4 Ti t.ml 55,0 '7i
16 56 8.41 4,25 : 1.11 '0,17 ;0,78 :29.47 :14.65

..... ------ ------------------- -----
..---4:tarse ronr- ..:1 n :, :: :: 4 ; ,, n Q._ ....,. ...... Soluble tn'one ,

;Lab I:!. r'.8;010' Deotn :0rga,:TotaI:Avail.:Avail, : r:tntebts ' 7."!;
!

:
! 40 ,c,R, 11,1:, H: p K H...2___!.____:_o....!....!......

, , ,

:-.!T ; 2g/ha : Fe : Nu ! En : Cu : Na : K : Ca ! Y: I:1 : 40':!" : Cl : 504

:29'' -1 - 0.28 '0.24 1:' dr4 40 '29,50 '2-.88 ! 0.61 45 ! tr tr tr ! tr tr " tr tr : tr
: 111 '9.14 '1 1: 11 1_20 7.I: ! 1.1: tr tr tr tr tr tr tr ! tr

- 904'0.31 103 '8 L3O 16.40 .14 01 :.31 tr tr tr tr ! tr tr tr tr
------- ------ ---

nd : not

tr trace,
F.0 F:e1d 11:1
P.W.P Pentin?It 4. tin0 Point
411 : SI

aeg/1 01b: 1"1Ieu0t0alents per 100 grams of soil
glorr ren
CT

Hectan4

11- ;:tlity
ttvity



oas descrited an ty an about 60 cm deep pit and augering below.

ANNEXE e - APPENDIX 1
A

PEDO N i Site No. DOW

LOCA":0.A. Aant 5.5 km south c 2aO.1 taw!, (1,ong iga-Dabi main road near crossing of Areg River, about 300 m west

from .-ga-Oani road 'n West lo,jam Acmn. Pegion, on a very r` a' side of a ridge; approx. coordinates 100

57'N and 370 25.3E.

r-uz0;44PA: P:37:

La afar,: and pnysiographc position: Lower parts of a very steep :alluvial slope with 55-70% ovation

w viK1

30i1 parent material: Nixed colluvium derived probably from weathered basalt.

:resent ìard Jse/ve atation cover: Mainly rainfed cult vated for barley and oilseeds, 5-15% surface cover of

r.enes

Present erosion status: 4r..%erati sheet and rill erosion; gully erosion, as well as landsiding/slumping is

evilent ir some parts.

Drainage conditions: Externally well, internally moderately well drained.

FAO sol classifications: Pudi-Luvic Phaeozems, steep phase.

Ap 0-15cm Prow-Hsn fl ' ''';, 2/2) moist; lra ,7.v ,car: slightly sticky, plastic, friable moist, hard dry;

--,'eareo
,

.2 dS/m; efmmon medium and many fine roots; clear smooth boundary; pH(H20)

2 2) mcist, few i,ne distinct yelwis brown mottles below 60cm; ola

fearese angular t' .tery stic.y, very plastic, 7ery firm moist, commcn

ores; nz2r 0US clay cutars on ped faces: ew

werrsrecad pebbles; many tf:fers below 80em

:ers _fus: ECH1) 0.3 dSim: ew edium and fine root ;
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I:ORATORY ANALITICAL DATA !PHON 61

: TRITURE p6(1:1) ixcn. cations imer!qs: 3I3 ° 5lee
:Lab 40 rith '!Neel

1,11 silt ! e17 ----- ,Aog

I33 K.CL :(dS!m) : Ha : I Ca : mg Al H

Pc15-3 :-15 9 65 : 26 1)3 15 4.59 9,:il I) 12 1.22 :10,83 nd nd :56 75

6 : 58 16 5131, 6.26 : 4,53 0,28 : :.32 I) :34,44 :12.77 nd nd Ei 00

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

Extractable micro- : Soluble rations
, Soluble anions t
, ,

!La: No.:Sample hr:a.,)::al :Avail,lAvail.: nutrients (spill i /led !. :

.,,,,,,
!

....I. ,: s H.....!.......! ------- _ ----- !........:.........!........:.....!.......!..........:........!........!,

:

1) :kg/ha : Fe : 4n : In l Cu : Na : K : Ca : 4g CI : S'...4 !

... ------ !_____ ......_________,____._!...____, ------ t _______ ----- ,.......... ______ ,.........,....,....._ ....___ .._____;_____.!

-15 t4
3,24 : 1,8' :48,74 19.1: 115.42 : 3,", 17 : tr tr : tr : : i.n : tr : '7

0,11 ; 'P' :27,75 :13.70 :11 )9 : 0.22 0,26 : tr : tr : tr : tr ! tr : tr : tr : tr

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

1 t i 1

, Water Content (%)
,

,

Abbreviaiobtrs
:°:ambl.:- ! 0.31 ! ', ti,1

bar : :15 bar liai:er : tr 771Ce9

:,1 ba:(F.C.):1 bar :IP,411r1b.: F.0 : Eiell Caba.7,by

Permanent- 01.1ting PoInt

3-:5 72 4' 22 :28,75 :26,46 ;14,71 !)4.37

1123,4) 25C5-3 )5-)3 :4:: ?5 53) 4 :41.84 '30,50 :30,47 :11,37

------ ----- -------------- s
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ANNEII C - APPENDIX 1

PIDON 7 Oita lo. ICC11,

LOCATION; About -3 ka ENE of Yechereka town (about 450-500m on the right side of Deabechelechereka main road)

Vest Goam Admt. Region, on a gently sloping, high land surface; approx. coordinates 10' 15.3'N and 37'

LANDSCAP2 :HARACTwESTICS:

Landfort and phygiographic position: Gently sloping remnants of an old plateau surface; highest part with 2-31

slope; elevation 2,100m ass'.

Soil parent material: Old mixed river alluviva or gracio-fluviva probably with some admixture of volcanic ash and

ign:mbrites.

Present land use/vegetation cover: Arable land used for mitred cultivation of mainly gibito and nough; poor

crop stand; partly bush/open wood grazing land, probably left under long fallow.

Present erosion status: Noderate sheet and rill erosion sainly along the sloping urging; few gullies developed

:long the livestock tracks.

Drainage conditions: Externally well, internally moderately well drained.

FAO soil classification: Tmbri-Humic Alisols.

PROF:TE DwS!...RIPTION:

AP 0-15c2 Dark reddish brown (5YR 3/3) moist; claLloam; weak fine granular; sticky, plastic, very friable

moist; few fine tubular pores; noncalcareous; E0(1:1) 0.2 dS/m; common mediut, 'any fine roots;

clear smooth boundary; WHO) 5.6 (Sample No YCC1-1),

Bti 15-80ce Dark r' br,,wn (2.5YR 3/3) moist, clay loam that approaches clay; weak medium sub-angular

:c422n earth worm casts and termite colonies, few krotovinas; sticky, plastic, friable

few.v.dium and common fine tubular pores: thin very patchy clay cutans along ped faces;

ncncalcareus; EC(1:1) 0.1 dS/m; few medium and common fine roots; diffuse smooth boundary; WHO)

4." (Sample No MC1-2),

80-125cm Dark reddish brown (2,5YR 3/4) moist; clay; weak medium subangular blocky; sticky, plastic, friable

to firm moist; few medium and fine tubular pores; thin patchy clay cutans along ped faces;

noncalcareous; E0(1:1) 0.1 dS/m; few fine roots; diffuse smooth boundary; pH(1120) 5.2 (Suple No.

YCC1-3)

9t3 125-190:24 Dark reddish brown (2,5YR 3/5) moist; clay; very weak medium subangular blocky; sticky, plastic,

firs moist; few fine tubular pores; thin very patchy clay cutans along ped faces; noncalcareous;

E0(1:1) 0,1 dS/m; few fine roots; pH(H:0) 4,9 (Sample No YCC1-4),

150 BRACAP1,NSF



,!.V.7,..7.-:-ro- ,
,

'Lab :: :: " 7:1, Tra_ :Avail ' 1:ail :
i
,

1,1eq71
1

,

,
f

,

't '*,,,' !f,ppm} ' 2z/ha ' 7' . Xn ', Kt : Cu ' Na ; K ! Ca : , ,u3 : Cl ' SO4
k kk+ , ,

14,06 0,26 ' I -1 ::,2,56 ! - :i..3 :1,13 : tr : tr : tr : tr : ' tr ! tr tr
1.,..' D.14 ! 1.18 ,' 2 :19,42 : 1 9 Oi. tr : tr : tr ' tr : tr ! tr : tr tr

.:712,:492::' . " 9,14 : 3,
k .52 11.77 ! 3.15 ,4 42 ' tr ' tr tr : tr ' tr : tr : tr tr

-1125-1994,9 '- 9.09 1.31 ! 44: .Lii ! 2.95 ' 3.11 1.24 tr ' tr : tr ' tr ! tr ! tr : tr tr

1...41409.AK ANA1,?TICAL BATA 1PFD0N

: TEXTCNRpat1ons (seg/Mg) : CRC aase :

:Lab No 1

1 "(261 !

class H.......:.......1:.11!.......1.......:......H.....±...:.... o :
:

: H20 : KCL :19 t , Na : K : Ca : Ng A1 R

.....H.,..._..H____.» ------- .....H.,.....H....., ......:.....H...H___H_____!
' t 5,62 : 4 !r' '*-: .k. 87 :1,40 '!'....1: ' ' .;k '44.44 ! 4i.22 :

4,64 ?,44 21 :1 44 nc ¡ nd ' 27 'V!

C 1 ; 22 : 7* ; ' 2' :-': 9 1' ' 2.' ' nd '0.44 : 2",25

' C 4 " ! 4 1' !: :2 ; 4' . t4 : : 4: : 2 11 : nd : nd :97,16 : '4 36 !

.................................. ----- ......................................
,

:Lab Wc.:Sam2le ?3
bar ; 15

t :
, ,: :99 '.1 ba (F.C.): 3 bar (1),W.P:ca '

,

...21:0215 (1.9...,k '9 kLL,96 ; 34,26 26,12 :18,84
.::15-0 :0.21 4. ,4!.40 k 32,61 !214,11 ;13,22

- 5 !1.0 '. 39.08 ; 32,96 :29,47 : 2.61

26h4H:4Í1 --'125-190+: rd nd nd ; nd nd :

............................................................................., ----- . _____
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Idns:

nd not determined
tr : traces
F.0 = Field '''aold,hty
, W,P z Persanen

: Silty Clay Loas
z Silty Clay
: Clay

pas : parta per tillion
411:1eillents per i»-.re
ieu 2 etens
'.nui:11ert mtno'::11

1::::eq0:9alerrs per
;u0't

:

-.:60* v 7,,'1-H)-'
2902'2:: "cC1-2 :5-41
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11 ,
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0

'
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2t2 50-125cm

Et?

PEDON 8 (Site No. YCC21

*' on . f Yecnereka town (about 50m SW of the old Dembecha-Yechereka main roed ) in West Gojam Admn. .

, on a gent y slcping cultivated terrace; approx. coordinates 100 35.11N and 37, 25.71.

_10,C7.:70 :14PLC'Er,:N.A:

Lancform and physiographic position: Gently sloping old alluvial subterrace with 3-5% 31 ; 1.evation 2,050m

3MS;.

Soil parent material: Mixed river a uvium probably derived from older glacio-fluvial deposits with some

adm,xtJre of qccr..c sh and ignimbrites.

Present land use!vegetation cover: Arable land (ploughed used or raihfed cultivation of mainly maize, teff and

barle:; i.1N surface cover of stones; few pa 4- ^: busres/bedges e'ong field boundaries.

Present erosion status: Slight to moderate sheet and rill erosion; few shallow gullies developed from traditional

ditches.

Drainage conditions: Exterra internally moderately well drained.

FAO soil classification: Umbri-Humic Alisols.

AP eeddish browl (2.5YR 3/3) moist; :lay loam; massive to weak fine granular; sticky, plastic, firm

m,.st: few frie la' ocres; norcalcarecus; 50(1:1) 0.2 dS/m; few medium and coarse, common fine roots;

:leer smootn tc.und ;4.20) 5.1 Sace No. Y002-1)

BtI '!i, erd dull reddis^ brown (2,5YR 4/2) moist, dark reddish brown (2.5YR

4hen cr,s,ed; clev anorc2:nes mcdera!e medium and fine angular blocky; sticky,

few c:a-s c t.:pular pores; thin, nearly continuous Mn

ts; s:ft and reed concretions; noncalcareous; EC(1:1) 0.2

s; eedua ST r! tcJndary; pH(H2l 5:3 (Sample No. YCC2-2).

ANNEXE C - APPENDIX 1

ark reddish brown (2.3'i; 2/4) moist; clay_loar_that_approaches clay; weak medium subangular blocky;

v, plastic, firm moist; few coarse, medium and common fine tubular pores; thin very patchy clay

d faces; few fine Mn concretions; few krotovinas; noncalcareous; EC(1:1) 0,2 dSir; few fine

rn-.3 '-re smooth boundary; pH(H20) 4.5 Sample No. YCC2-3)'.

crown (2.5YR 2!4l moi.st; clay lotm_that approaches clay; weak, medium anf fine subangular

v../, plastic, frianle to firm moist; few fine tubular pores; thin potchy clay cutans on ped

.calcareous; EC(1:1) .2 dS/m; very few fine roots; p 4.8 (Sample No. YCC2-4):
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----- ----------- -----
!

, ) )
'

,

Fxtra:tale micro- , :.di,:: - e nations Soiy-.)e
,

,

:Lab No,1Sastle: DPH.: Hlrpa..(:),_ !Avail ! Avail : nuir:en(s !um, , (meq/1) itedl)
,

. í í

í ki ) ,14,:., ,,; p : K .................._________.H.H______:........______
kg/h1 Fe Mn ; in Cu ! Na ; K Ca : kg 1C01 ) 9CG1 Cl ) SO4

1878 9») Fr-C.-118..5 4)82 0,23 ! 2,1 721.70 :11.84 :11.29 0,41 :1,21 tr tr tr tr tr tr tr tr

8'8(90 ?cc:1-1'15-60 )3,15 ) 0,23 ; 1,10 :141,10 )12,47 ;29,42 ; 0.40 :1,48 tr ; tr ) tr tr tr tr ) tr ) tr )

:28,11 1,1: 72-35C-:1 2 1,28 :120,00 7.02 :29,67 : 0.19 ;0,74 ; tr tr tr tr tr tr tr ! tr

28,8 80!)-,"3-4'115-1-0 i 2"t 0.09
t

trt 94,69
I

3,23 5.99
t

0,08 :0,51 ; tr ) tr tr tr tr tr tr tr

;Lab No, s ! 0.11 :Availt ::112 !

bar ;15 bar:Water

Pa:(F,C.); 1 bar :(1.8.4,PICapaci:

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

;2605,K , ..-110-15 10,77 147.44 ;41.12t 11,87 :24,94 118.18 :

.'W3°)).2-2;(!trl !I 32 144 " 37,39 1 31)07 :28,18 )11,01 !

)163(7 P,713:2-3t 81 '5" 1r 19,26 ' 12,80 ;)8,71 :12,55
-)4): nd ! nd nd nd nd

-----
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: not determined

tr : traces

" ?id Caraolty
11,W.P Prrar. tr 8nint

ANNEXE C - APPENDIX 1

1,1180R47118. ANA4YTICA4 DATA (PEDON 81

1
1 TEXTURE pH(1:1) )

1

) Escn. cations (seq/100g) ) ()EC ) he'
1

1 1

,
,

!Sand : Silt : Clay ) Class :8-878-!------,8(111.11)-----)-----18-8---)------1----18-8-( 04
(:U : 92,.... ' K.,:-,. :dS:41' , Pa K : Ca ) Mg ) Al 1 8

. ----- H........:..........H.....:.......!......!...........H.___:.........;_........H....:).....h.....H....H..h...:......:........:
YCC1-1:0-15 ! 1 1 54 ) 12 ! S;(1 1 5,07 : 4,19 ! 0,17 "7 1S ' ' 9.,- ) 1,42 ) nd ) nd 11

,

:2808:111
t

2 ! 84 : 11 S.-. ) 5.25 1 4,29 ) 0:8 7 ;)4 1.1( 1' .5.) 1 1,85 : nd ) ) ' 59 44

)1807,9411 C.- 11- '5 1 2 1 38 ! 32 : 7 1 4,S8 : 3,70 : 0,15 1H,1 ; ) ( ' 1 '' : 3,82 : nd : nd :44,54 ;28 :8 !

115-170+) 1 ; 27 ) 72 1 C : 1.77 : 4.15 : 0,15 )1,03 10,70 i 8 '9 ) 1,25 ) nd : nd !35,43 117,17 1
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------ ------

-1ii 'T,70 7 2 7,

1:74

3(3

------- ---- -------- -------- ------ 1- ------ m L

AnbraviaYinns:

Foint

:Oit3-.ay
:

lIllon
.ents per litre

metre

LABORATORY ANALYT!CAL NTA PQDrig

...,... ----- .......... ------ .......... ----- . ----------- ........_ ----- ... ----- .......................................................
! ! TEXTURE PH(1:1) :

,

1
Exch. cations meg,

14i

! ' (cm1 ;Sand : Silt : Clay : Class ------H-----/i:-----H----:!------:------:----:----, 0, :

,

, (%) : (% (% 42c : SCL : Fill). ; Na : K : CA mg Al : 11
,

. ,A1,13-1H11' 2, ! 17 : ''.' 27 : SE, , 5,17 : 4,29 ; 0,10 !0,':,: '4 !I1,79 : 3,40 : nd ; nd '!", 2' ,t4 ''
;*2644 90 4'71-2", 2.,!,- i : ,l 59 : e : 5,35 : 4.17 : 0,O8 ::',i5 i 16 :1E48 : 1,14 : nd ! nd ''", , 'A :

:2,i4519,47:1.- -12h 4 : 17 ; 53 ' Sae : 5,29 : 4.14 : 0,',)1 -,),7' :', 14 :10,40 : 2.74 : nd : nd mi .' '4

------------------.....-------....-.....---....----.....---------...----------______-.

----- ----- ---------- * ----- ----- m m

:11lons S,LA A,.ins
AI !Aval Avail Kdtrterts tppm (mel

P

leq/10(g: 2.:.. :00 5drams of soil
!;thrar «Ar cedtimetre

"m 2entimerre

Fdomane
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! Fe 4n Kn Cu Na K Ca ' !C! :

OU! 8.57 0,68 :1,20 tr tr tr tr tr It ti'
!!!.3i1).. ! 8,53 1,¡),5 !0,70 ! tr tr tr tr tr ! tr tr tr !

F.94 '41.64 " 0,78 :0.78 tr ! tr tr ! tr ! tr ! tr ! tr ir !



Bt.? 10-?5c

BT.? 25-100c7.

s, brdwn (2.5YR 3/5) moist; clay loam acor moderate medium angular blocky;

c'aviic. firm mcist, very hard dry; few !, s; thin patchy clay cutans on ped faces:

-retions; noncalcareous; EC(1:1) .2.:m; few fine and medium roots; gradual

5.3 (Sample No, ATC4-2).

sr dr:in 2.5YR A15) moist; ca; mcderate medium and fine angular blocky; very sticky,

verv firm T'21., common 'ine Fe-g.n ccncretions; noncalcareous; EC(1:1) 0.1 dS/m; few

fine rdo 5.5 , N:, ATC4-3).

te No. ATC4I

rks: The soil was described and sampled by exposing fresh profile from the side of a gully.

ANNEXE C - APPENDIX

156 BRACAP1.WSF

Soil parent material: mixed derived from the glacio-fluvjal deposits of the old plateau.

Presert and use/vegetation cover: Wainly grass land probably under long fallow after cultivation; 50-70% surface

cove, cf grass; 5-10% area covered by bare rock surface and stones.

Presert erosion status: Very severe sheet, rill and gully erosion; 15-20% area occupied by deep (3-4m) gullies.

Drainage conditions: Externally well, internally moderately well drained.

FAO soil classification: Rudi-Rhodi Haplic Aljsols, sloping phase.

-.ON:

Dark reddish brown (2.5YR 3/5) moist and dull reddish brown (5YR 4/4) dry; clay_loat; very weak

granular; slightly sticky, plastic, friable moist, hard dry; noncalcareous; EC(I:1) 0.1 d5/m; few

medium, common fine roots; gradual smooth boundary; pH(H20) 5.3 (Sample No ATC4-1)

t village (about 500m West of Tilili-Agut main track) in West Gojam Atan. Region, on- the

ste igh dge; approx. coordinates 100 51.8N and 374 07.51E.

CHAR4..

landform and rhysiographir position: Woderately steep (15-20% slopes) :alluvial slope below an old plat.

r'' 2 !7il,



.7,3646/90!ATC491!0-10 ; 4

23

:25/49,93,474-1,25-1:I9 ! 1 30

'PIA: - .cro- : F.:.:H7:.- 7'.. ,.
!

:Lb No.:SaTrle 5'.itn r 1.'ai1.:Avail, : ,

! Ro : ,,',E 9 : K H.....:.........:...............H......:______H__!.....:....!...... ......h......

:2545,93: 74-I:0-1, :7,4'

t - '0.7.. : . '

:
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' Fe Mn ' Cu Na K Ca mg :CO3 ! H3/ CI 504

. ! -!. : :11.59 : ' ,:' : tr : tr : tr : tr : tr : tr : tr

118 :

'12,13 !

21.44 :

1.2
2,63

: ,',i'2,

: 7.82

:

:

0,1:,

0.21
''.40
;9.25

:

:

tr
tr

!

:

tr
tr

:

:

tr
tr

: tr : tr : tr
: tr : tr : tr

:

:

tr
tr

:

:

tr
tr

59

: 79

' 69

C

0

C

5

I
9

7

Na

9 53

) 50

7,91

K

1,3H

0/15

Ca

10,96

9.10

9,27

4g

'1

.55)K

2,23

Al

t

' nd

nd

: nd

H

nd

nd

42,H1

49 93

12,96
:1H 53

'36,19

LAKRATPHI7 ANA CA L' PH2534 a:

TETTURE pH11:1) Fach, cations

---

r rg Point

pam -

megil 1-spr litre
dec1 per metre

aciIiisqL:alent,s per rals of soil
lls oer cubic ceT.,.

Ha : o

CFO : EYC:".'"1
Rc,



Andfort and physiographic position: 'Ivy gently sloping (2-3% slope) old alluvial terrace, about 200m away from

the terrace margin; elevation 2,435m arsl.

SO' parent material: viva^. m probably with some admixture of volcanic ash.

?resent land use/vegetation cover: Arable land cultivated for mainly reize, barley and horse beans; corran

,0 s !lop.; :undaries and tracks.

Rreson# erosion status: Slight sheet/rill erosion; few rills and shallow gullies formed from tracks.

rainage conditions: Externally well, internally moderately well drained.

FAO soil classification: Alisols.

Ap Cark .1"-CAIn (7,5YR t; loam; weak fine granular; sligttly sticky, slightly plastic, very friable

MC'S!' very ew ne tu1' pores; noncaldareous; EC(1:1) 0.1 dS/m; corran medium and many fine roots;

H2:' E.: (Samc'e Na. ATC-1)

(7.5YR 2/2) and black (7.5YR 2/1) moist; clay loar that a:broaches clay; weak medium

:rs. into fine granular; sticky, plastic, very friable moist; few fine and few

noncalcareous; EC(1:1) 0.1 dS/m; few medium and corran fine roots; gradual smooth

.3 ,Sample No ATC1-2).

'lar: dark Crown (7. 2.2) and dark reddish brown (5YR 3/3) moist; clay loar that approaches clay; weak

medium scaguia bc reeking into fine granular; strtky, plastic, friable t; few fine and few

T.2:1UT tubular intillings of reddish Crown and black material; noncalcareous; EC(1:1) 0.1

few fine r" ; E: se STOOti" oH(H .. (Sample No, ATC1-3).

Bt1 RE:m 0a reddish brc , moist; clay; weak medium subangular blocky; very sticky, very plastic, firm

m: ': few medi.Jm and commcn fine tubular pores; few krotovinas; few infillings of reddish brown and

b:kmaterial. noncalcareous; EC(1:1) :.1 cS,m; few fine roots; diffuse smooth boundary; pH(H20) 5.0

Or:'e No. ATC1-4).

COreS:

RC ' 1) :.

ANEXE C - APPENDIX 1

PEDON 10 (Sit, No. Anil

LOCATION: About 2.5km NW of Agut v :age !about 80m SW of Tilili-Agut main track) in West Gojam Aden. Region, on a very

s:oplhg cuvateo trect of land; approx. cooroinates 10° 51.3'N and 37° 08.5'E.

mc.st, c:mmon medium very fine faint reddish brown mottles below 150cm;

sL,Pang:ar blocky; very sticky, very plastic, firm moist; few fine tubular

cubans oh pen: faces; many fine and medium On concretions; noncalcareous;

y fine roots; pH(H20) 5.2 (Sample No. 4101-5).
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LABORATM ANALYTICAL DATA (PEDON 10)

TFITURF : pH(1:11 , Exch. cations (meq/100g) : CEC
t 1

':...1.0 Ro.:54..rle: Denr:h !----- ------:------:-------'
1

'fmeq: ! sa!:

1, !,1:-H. :'"ii. ' "'.iy : !'lass :-------:- ----- :1)!-----:-----------H-----h---;--H 1004 (%!
1 i : . ! V , '10 f

! 42)) ! KCL iNs : K ! Ca ! Ng ! Al ! H

2635 93:47:31-1:0-.. ! 6 : 25 SiL : 4,96 ! 4.12 : !O 4l !! 15 10,54 : 1.37 ! nd ! '7 39,08

,2636:9',Arr!-2 : 3 ! 46 : 51 SiC ! 4 .1 : 1,94 :1.2:3 ,P ,37 :12.11 4,24: r.,:'' .13'5 !120 !!' '

Ar')- ! 2 : " 59 C ! 1H9 : 4,12 ' :0.72 :h J4 '4 ! 2,95 : n: . 7 19,4A

'2614lJ04,3::' .4L ' ! 2 !
' 63 C ' : ! 4.09 'c 71 :1,00 , ! 2,64 : n :1;4 ' 40 ;4- -')

,

263'4 3,- 473, 1 2, 73 C ; 5,3' : 4,56 , , ,f, "L :0,64 ,,,, i ! 2,49 ! na : :3:8:0 : " 41

----- ------

Fxtractable m_rro-

f77T

Water C3.,r,: n 1)
i

!Lab N:. S - - !-, :?,1k : : 0.33 :
!

!Avail : ad : no' .-er?:.!e7'.
! ' No v :'e-4!'" ! bar ! !!6 bar !Water : tr

3.1 ba,!(F.C,) 3 bar !C,:',W.P!7apaci: F,C : Fi cai,arici

SiL : 623t ,:al

: CI,J
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Abbraviations:

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

: Electrical C:rd:33/

ANNEXE C APPENDIX 1

73,n ! Cu ! Na !

r i

:1,16 tr :

l r" '3,51 tr :

!r: ;r rtr !

:1:31 tr !

0.12 :0,36 tr :

2,3 5,96!ATC1-10713

,3:

26r3 9' 47:-! "",..-',i

331-z- !''.-:'.

!01 ;57,56 ;42,62 !

!G.46 !61.10 :40.51 !

:0,49 :55,14 :36,61
!

nd ! nd I nd !

nd ! nd ! nd !

34,73 !

33,87 :

10:60 !

nd !

ad !

23,70 :::',92 :

29 ri !::::::3 !

1" 4^ ! !! =

nd :
!

ad ! ,

'r.ab No ''"AMCA'

:27' l':47,!-!:::-!:
9C:4:7:-.2 :

30:471-2 '

if Arc1-4:

!3-ga

!

'''''' '

,

,3,40 :

:1,42 !

!1,10 !

!4vs:31.:Avail, nutrient4
N !

(%) ! kg/ha ! Fe ! Mr. :

, r r r

' 32 ! 8,9"ii):,) 24 io :16,-'r

:3,27 ! 4,2' !!!',30 ! 25 22 ! '

0,16 :

r
: 17,10 =!....'

0.11 ! 4,26 :174.20 ! 12,80 3,3:

0,11 ! 1,05 ! 90,95 ! 6,67 7.31 ,

rrr -----

K

tr

, Ca ! ;c ;

tr ! tr : tr ! tr

Cl

tr

tr tr ! tr ! tr : tr rtr
tr tr ! tr ! tr : tr tr

tr tr : tr ! tr ! tr tr

tr tr : tr ! tr ! tr tr



Bt

Dark brown (7.5YR 3/3) !mist; loan; weak :oarse subangu'ar blocky breaking into fine granular;

sc'c, plastic, friable TO4S few medium and few fine tubular pares; noncalcareous; EC(1:1) 0,1

u , any fine roots; clear waiy boundary; pi4,.120) 5.0 (Samoe No. TC2-1).

De-k reddis' 3/4) mot; clay.; moderate medium and fine subangular blocky; few fine

--es: y cutars; 7e.4i and fine Fe-Mn concretions; few cebt'es

calcareous; F.C(1' i oS/n; few fine roots; clear smootr boundary;

reddish :

s t_
1) moist, many distinct reldisn prominent black mottles; claI;

clocky: fine tubular pores; thin oiscontinuous clay cutans; many medium

av rtially wiathered stones and pebbles; noncalcareous; EC(1:1) 0.1

:.7 ,San pe No. ATC2-3).

ANNEXE C - APPENDIX 1

PENN 101d legje No, ATC21

2.1CATION: About 3.2 km 4W of Agut village (about 501 SW of Tilili-Agut mein track) In West Gojam Admn. Reglan, on e sloping

side of t ; approx. coordinetes 10° 51.4'N and 37° 08.1'E.

._AN0S0ARE FACTERISTICS:

cform and physiographic ositior: era -ely steep, upper parts of a terrace escarpment/margin With

5-'5% feiati" amsl,

Sol parent materiel: Mxe.: river alluvium probably with some admixture of volcanic ash.

Present lane: e/vegetation cover: Mainly grass'a ,,, part long fallow?: after cultivation; AO% surface cover of

iras-; 5-'0% rea covered by ston-s

presenL e osion status: Severe sheet, rill 1 y erosion on the exposed parts, mainly along the cattle tracks.

Drainage conditions: Externally well, internafly moderately well drained.

FAO soil classification: Umori Alisols, sloping phase.
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ANNEXE C APPENDIX I

7EXTURE ; 01.(1:1) ;

!Lib No :711:H?

4c !Sand ! Silt ' Clay ! Cl ass !------!-----

":r.q.4) : CEC : Base

'imem ' sat

1.00m

;

' ' (%It t1%1 ! H2!t t

!la K Ca Ng Ai ; 9 :

2.1 4eT's-' !-:' '15 9 ! 51 ' 33 SiCL : 4,95 : 4 , :,77 71

:2641 Si,ATCS-1 71 ! C ! 5,52 t5,S! 1 'S:TM

' 5 ' SiC 5,73
.

..... .... .....
at'ons

:Lab No Caottel DP,"! 'crma,!Total
rz, N ------ ------

re Bn 7 Cu Na K : Ca Ni

'264! 10 4,7c1,-1: l-7S 15 ,5,48 ' ' 4,15 :15s 16 3 14,17 11,4' A,74 tr tr tr tr to : ti to to

1.51 ! 7! 2 i3 767, e 3,1 :3,34 tr tr 1 tr tr tr tr ! tr tr
!!:»S 1.:4'332-1.:-2A- :3.55 ! 0,3" ! 0,91 ! 79.03 ! 118 ! 716 010 :0,15 tr : tr tr tr tr tr tr tr



'::N: Atout 3 01 OSW

ri4en -n wes.

..4N:5CAFE

9t1

-Kcm

9t3 33-140c

-

MON 11 (Site No. JG;11

31a NW-SE track originating near the inote Selam-Jiga main road bridge of Lela

Admr Region, on a flat cultivated tract of lano; approx. coordinates 100 39.N and 370

Landform and physiograp.,:c position Flat, hi hest terrace within the alluvial plains with (1% slope; elevation

1,iKT !TS'.

Soil parent material: Nixed river ith sc.e !:mixture of volcanic material (ignimbrites).

ANNEXE C - APPENDIX

Present land use/vegetation cover: Areple and used for cultiiation of mainly maize and teff; no stones at

,:rface,

Present erosion status: Na or slight sheet/rill erosion; no rills or gullies evidenced.

Drainage conditions: Externally and internally well drained.

FAO soil classificati Wolli-Humic Alisols.

PROFILE

AP2Ec reddish brown (2.5YR 3/2) moist,brown (7.5YR 4/9) dry; claLloam; weak fine granular; sticky,

Plestic, very friable moist, hard dry; few fine tUD:r pores; noncalcareous; EC(1:1) 0.2 dSim; common

end many fine roots; clear smooth boundary; H20) 5,9 (Sample No. JGC1-1).

red:: 2:.5YR 3/4) moist; die' antr!5t epprbaches clal; moderate medium and coarse

-any sticy, very plastic, firm :rd'at; comm:n krotovinas; few fine and medium tubular

feces; noncalcareous; EC(1:1) 0.1 dS/m; common fine roots; gradual

,prC 5.6 SeTpl .-2).

ul reddish brown (2,5YP 4/4) moist; cle.,? 'OP. that approaches claI; weak coarse angular blocky;- few

krptciras; 02ry sticky, very plastic, friable moist; feo fine and medium tubular pores; thin patchy clay

:j'ArS c bed faces; norcalcareous; EC(1:1) 0.1 dS/m; few fine roots; diffuse smooth boundary; pH(H20)

:Sam:le M. J3C'.-2).

' reddish brown (2.5YR 415) moist; clay_loam that approaches clal; weak coarse angular blocky; few

sts very sticky, very plastic, friable moist; few fine tubular pares: thin very patchy clay

c feces: noncelcereous; EC(1:1) 0.1 dSim; few fine roots; diffuse smooth poundary; pH(H20)

5.1

mn. (2.5YR '4) moist; clav loam; week coarse angular blocky; few krotovinas; sticky,

moist; ' eny patchy clay cutans on ped faces; few fine Fein concretions increasinç

:loareo,;s;C :1) 0.1 dS/r; few fine roots; p(H0) 5.3 (Sample No. JGC1-5).
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'Lab No,:gamole',

No

TRITURE pH(1:1) 4

4
Exch, cations (seq/100g) f.Y 8ase

,

! No , ' : Silt : Clay : Class He-----'------'ECKWH---:88---L-8-888:------:----H-8

_H____:___H......,___.!........H__:......:........:____:.
FICL :

, :o lq,(P) L. 3C 5 1 : nd no '',9,77 : 54 05

C ' E, ii i 17 ! od ni ,4:,!26 : '5 '4

C : ' : 9.91 : 4 4! ! nd nd '15 52 : 4' 07
C : 5,144,9L !.41 4 /o '. . . nd nd ».6. 42,!".

C : 5,33 : 5.07 ! ,84 :1.54 : 11.14 : A .'') nd : nd ", : ll,71 :

_____ .........................................................................................

------------ ---------- ------------
:4:e

!

Rxtractable micro- cations

'le:a:le:tal :Avail.:Avail. nutrients (ppm)
,

,

(memil)
1

Np K H.........: --- . -- : ------ .......H......h...............!.....H.H.....H..........:......:
(%) :(ppm) : km/ha : Fe : gn : In : Co : Na K : Ca : gg :CO3 : HM : Cl : SO4

1:625 90 :4.14 : 0.24 ! 2.14 ' 29.20 '17 D1 ' 1.06 2.57' 1-r te : te te : te : te : tr : te

."4 : 0.13 : ' 8,72 : .9.":'!¡ : 0,21 1.00 ! tr tr ' te te ' te ' tr ' tr ' tr '

: 0 7? : 5,49 : 4.49 ! 0,21 'u 44 ; trL tr : tr tr : tr :

L

tr ' tr

456 '
' ' Q70 '' dn ' i-,. tr : te te ' te ' - ! te : te !

,

,

' 1:36 ! 0,91 :0.40 te , te te te te I :e tr

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

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

Water Content (%) Abbreviations:
-

:Lab

No

LABORATqY ANAL7TICAL DATA !PEDON II)

,

' nn '4,ail nd : determined

"e,s:.: 0.1 bar : :15. lar :water : tr : traces

bar 'IF o ), 3 bar P.PI.Car. 5, Feu 'epai:ty

-----L L L-----
70.I-i25 :0,77 '61,11 18,82 31,89 ! 24.60

1'6:5 :8YIGcl-2:25-55 :1,11 Hl '9 L41 $
L 15,14 L 10.'9 !

:71,-83:55-91 :0,43 38,68 32,56 ! 28,95 4,72 !

!'18CL 1-493-140 od nd nd nd nd

_-l:140820I8: ti : nd nd nd nd

H ----- ---------- ----- _ a 's.
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?raen! wilting Point

l:lty 7y ..oas

Clay

pm/ : parts ree :i :00

meq41 mil!iegnLuale per 1:tre

dS,41 deH ilemens 1.:er

mabc!om)

mec, -A:e/di:Jale-te per lo6
gibo/ s e :bic c :!me :.re
1,1

seil

Na :

2625 91:Tc,c1-1:"-25 ' 4 54 i

'527 91:C4C1-3-)" : 1 19 :

________ ________________________
2e:8 91C -5 0 22 ! 79 :

,

19 :

0 28 ! '1 ;

K : Ca : gg : Al : R
,



1 kT:OX: *tout 3,5 km WSW of

te:a rr) in We

eno 20.6'E.

_ lowish

sc.i *33

1de crE..s

'..)

5.1 '42

Clive black (10Y 3/2' moist

grey and medium di

sti:!, very plast

silkensi:es; noncalcerem

Sem:le N:, JGC2-4).

PEON 12 (Site No. JGC/1

ANNEXE C - APPED1X

a town (along a H'-SE track originating near the Finote Seise-jiga main road bridge of

m.am 4dmn. Region, on an almost at tract of grass land; approx. coordinates 10$ 40.2'N

, mar me ium and fine distinct reddish brown and common coarse faint

T tles, bill; moderate coarse and medium angular blocky; very

frim moist; no tubular pores; many prominent intersecting

E0(1:1) 0.4 dS/m; few fine roots; gradual sm:oth boundary; pN(420) 5.3

9vg4 11(:)/130-145cm Drx ';eyisn yellow (2.5Y 5/21 moist; ctay; massive; very sticky, very plastic, extremely firm

70 tua pores; ncelareous; no roots, abrupt/broien boundary (not Sampled).

5/1) mo'st many fine and me:iJm black mottles; clay; messive; very sticky, very plastic,

n: tda co-ss: - ;'ne soft Nn concretions; noncalcareous; EC(1:1) 0,4

:"ecks at surface or within the profile. During dry season,

e etation cover reouces to (70X.

surface

tandform and physiogriohic position: Almost t basin within the alluvial plain; few ricrobasins in sosa parts

(911931 w,crarelief); 1-1.51 s ; elevation about 1,990m ams1.

Soil parent material: Clayey river alluvium probably mixed with volcanic ash.

Present land usefvegetation cover: main' h ,90S surfece cover of vegetation; no bushes; no stones;

e few lo nJmmocks !SS2211 th micfloasins.

Present erosion status: No erosion evident at the site due to thick grass cover but few shallow gullies seen

towards the lower parts.

Dreinage conditions: Moderately well to imperfectly drained.

40 soil classification: Nezi-Pelli Eutric Vertisals.

0P0FitE :E33R:P7ION:

Grey (5Y 4/1) moist, many medium and fine prominent reddish brown mottles; clay; massive; very

sticky, very plastic, very firm moist; few fine tubular pores; noncalcareous; EC(1:1) 0.3 dS/m;

common fine roots; clear smooth bourdary; 04(420) 5.3 (Semple No. JGC2-1),

(2.: 4/1) nos:: :ommon ne distinct yellowish brown and !ivy medium dist1nct black

e:iJm so :darse angular blocky; few earth worm cests; very sticky, very

fine tubular pores; many pressure faces/silkensides; noncalcareous;

topsoil material; ::mr.pn fine roots; gradual smooth boundary;

(2,5Y 4/1) moist, many medium distinct reddish brown and black mottles; cley;

3 me:' 'ar blocky; few eartn worm casts; very sticky, very plestic, very firm moist; no

es; man; pressure feces silkensides; few fine soft Or concretions; noncalcareous; EC(1:1)

fe infillings of topsoil material; few fine roots; gradual smooth boundary; pH(H20) 5.4

j3C2-3).
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-, 1 ,4,

1.12 : 0.85
1

:74,78 :

265190 l'012-2'15-40 ! 1 :

" ,
rr ,

r '1.25 ' 0,9'' 5Y
2672 :402-310-75 ,

, 38 '
,

i c 85 ' 0.(2 :41 81] ;5.81 r5 :=8 :

24:iip:883;8'r.:'-:. 18-88 2 21
: 77 : C

, ;
, :: ! e 14 ":,14

'

2,604:90.',:'1,02-8:14!"178* 1 20 ! 72 : C 5.41 : 3.88 0.43 I 5085 ,44.98 nd :47,56 '1!)76

¢ I i I

Extra ale218r:- : .581,11tie 3et(ons
:

arlans

..:,!Famt3e !e:':-. !Orga.;Totai :AvailAvail. ; nutrients ,c(:2; (2e1,1(
,

,

,

s,) '...m Hliatt; N p F H...H3.......H.........____H.....3H.....!_____.:33:3:....
1( :ippl; : 4;'ha : Fe : Nn : in : Cu : Na : I Ca ; Ng :CO3 : : 11 : SO4

, .

:2810/9° -1;1-15 1,63 ! 0,15 ! 4,33 :1'7,80 :14,00 ;12,91 : 0,43 :1,92 tr tr : tr : tr : tr

162149: '5-40
'',4,18 47.7

»-t"77'77 .' ,'5 ; ' '.'' : 2.4: , _ ... , 3, .3,. . 3, n ;7 ff :..i ir tr : tr : t: ! er : tr ! tr

Abbreviations:

--------------
nd

tr
F,C iarity
P.W.P Hilting Pcint

0 ;

::rs per million
milliequivalente ar litre

deri Sie2enF

alert to
i: l4Y1er

,,.. rer rubio centimetre

18 : cer'..letre

ra Fe'tare
CFC cae Fxe :parity
EC

'5:177 48 ! 7 78 :27' ir 11 r, ,n
tr ; tr ! t- ! tr tr Ir

Ir Ir

!I (8 0,07 1.56 !:!2.90 :13.83 ; 9.24 0.46 '1.84 tr tr tr Ir tr Ir tr Ir

!, 80 ! 0,08 ! 6.72 ,1.5E ; 0.18 ,i. =1 Ir tr ; tr Ir ;Y Ir tr Ir

LABORATORY, ANki.v.TICAL DATA (PFF:(4 12,

, Exc... :itions 'meg'100g: ! CRC ; 8ase ,

, ';seq4 : sat
........H....-17::,:,.....:........,......_:.___:....H... tAg /, (v
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,
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ANNEXE C APPENDIX

-----------------------..--------- ________ .--..-.....------..---...--,------..--,..--..---........--...----,..,.-.-...-.-----.-.

¢

¢ ¢

Il 91:7 :

; TEXTURE
ab 4c !Samtle

, 4c ! : Silt Clay Class'



Ab g 52-76cm.

71-67cm 'e ':ish brow- (10YR 5/1, and bright reddish brown (2.5YR 5/6) moist, profusely mottled; si1ìclai

tassive; weakly cemented; sticky, plestic, very firm moist; few fine tubular pares; many

ayout 60%) medium and coarse Fe-Mn concretions; noncalcareous; EC(I:1) 0.02 dS/m; no roots; clear

smooth boundary; pH(H20) 4.6 (Sample No. TLCI-4).

Yellowish brown (I0YR 5/6) moist, profus y met:led; silt¡_clay loan; moderate medium angular

blocky; 4: plastic, firm moist; few ne :Joular pores; thin patchy clay cutans on bed faces;

M3!! 20%l Tedium and fine Fe-Wn concretions; noncalcareous; Ec(1:1) 0.04 dS/m; no roots;

clear sm. r;,; p(H0) 4.7 (Sample No. %C1-5).

Dright reddish :Yid (2,5Y 5/6) and greyish yellow (2.5YR 6/2) moist, profusely mottled; silty clay.; -

moderate i..carse r blocky; sticky, plostic, firm moist; no pares; thin patchy clay cutans; few

fine' -stions; noncalcareous; EC(1:1) 0.05 dS/m; no roots; clear smooth boundary; 2H(H20)

4,1 Sae 7.C1-6).
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Dar'. 3:4) and bright brown (7,5YR , many fine faint reddish brown and common

_rownish bleck mottles; weak medium and coarse subargular blocky;
friable moist; few medium arc nr fine tubular pares; many tongues of material

uocer calcareous; EC(I:1) 0.02 dS/m; very few, very fine roots; obrupt smooth

le No. TLCI-31.

PEDON lJj1tj No. 1IC1)

LOCATION: &bout 10.5 ke NE of Tili1 town (about 300m SE of the Tilili-Gish Abey main road) in West Gcam Aden. Region, on

flat cultivated tract of And within a basin; approx. coordinates 100 55.3'N and 370 0.5'E.

_ANDSCAPF '.44RAC - ERISTICS:

Landform and pnysiographic position: Almost flat 11-2.% slope) remnant of the old alluviel terrace within a broad

basin; leAtion 2,560m amsl,

Sail parent material: Mixed alluvium pronto with soile adnixture of volcanic as

Present land use/vegetation cover: Gross land (fallowed) with 10% surface cover of grass; many hedgerows along

the fiel oundaries.

Present erosion status: No or slight sheet/rill erosion.

Drainage conditions: Externally moderately well, internally imperfectly drained.

FAO soil classification: Umbri-Humic Alisols,

PROFILE "ESCRIPTION:

Ap Brownisr black (7.57R 2/2) moist; loan; weak fine granular; slightly sticky, plastic, very friable

M0'31; ;eW fine tubular pores; noncalcareous; EC(1:1) 0.4 dS/m; pH(H20) 4.4 (Sample No. TLCI-1).

Bw 12-52cm Ern* shblack,7.5YR 2:2) moist, common fine distinct reddish brown mottles in lower part; loam;

w ::a-se an'ar blocky breaking into fine granular; few krotovinas; slightly sticky, plastic,

medium anP common fine tubular pares; noncolca-sous; EC(1:11 0.03 OS4;

' snot', y; pH(H20( 4.2 (Sample No. TLC1-2).

ANNEXE C - APPENDIX 1
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ANNEXE C APPENDIX 1

::)!7.1T":)1;.7 01:1.:77Tr!AL )ATA

, ! TEXTURE pH(1:1)
!

:

Exch, cations(men' ".;

1 I

:Elan No.".5.,"m et itertn 1------1------1------1-------" ,

t

' - Sand Silt Clay :

hdf 1 KaCa Mg Al : H !

,

$ ,

"2649/90:TLCI-1"0-12 ! 2 ! 83 " I' 1

1 , 1,25 ! 0,54 : ne 1

'2650A67,31-2 '2-'2 2 75 2' , o.56 " 3 49 ' 0 2' : nc ;
."" at

'2651, 6YT",:1-"''2-36 1 6 1 44 45 ' , A : ' 1.1i1 1.27

,O652193,TH"..-4'76-47 33 ! 26 ! 41 :
, A ii4 ' A 9 A .. ".80. ' : 30 1 nd : nd 'L9 6.j 19 oi "

255" 1',,:1-' -'-'..0 5 " 26 69 1 : 4,72 3,64 1,,,u3i 11O 39 1 1,74 ; nd " ' o, ',f

35 " 2 33 ! 65 ' ' 4.78 4-9, '.57 , '1' 5 ' 5Ç ' 116 ' 4P; '4 : 4"

2 ! 49 ! 4e ! 4,9F, ; 4,16 ji 7,'! 1,30 12,51 5,26 ! nc !
,4'

94" 71 ! ^ 1 5.45 " 5.45 :A :'1 44 111,92 5.51 ; nd 34T ¡

,

1

'

,

1Lab gc , Total !Avai1,1Avail. : i'ir-i."11

' (%.1. "f.ppm ! ,,, ra : Fe 1 Km ! Zn 1 Ma : K.. ! Ca Kg CI SO4

me: . tar" ',1 ,

126.5.0116

1264.9 ?: :13,89 ! 0.74 121,76 ! .3.40 :16.40 : 5.41 0,1 , tr : tr : tr : tr : 1.7 ; tr : tr : tr

125,12 : 46 51 :13,36 OA " O. '13 94 1 tr tr ; tr ; tr tr tr tr ; tr

12651/9: TLT"- 1,32 : ' '8 : 9.08 : 21 16 3,35 ! 4,69 : 0.] '3 32 tr : tr ' tr : tr : tr tr tr : tr

12652/9"37331-41''-3- 2.E3 f 6.51 ! 27,13 5.83 t7 -
,

-.5","7-1'0' "" 36 1

t 3.55 ! 38,29 1,44 ' tr 1 tr tr tr " trt tr tr " tr

tr ! tr tr 1 tr 1 tr : tr tr tr :

12554163" TIC -6'113-1 ' ' 0.76 " 49.21 1.6' : ! tr : tr tr tr 1 tr tr : tr : tr

2655 " '' -7 ':-'1 1).45 1 i- " 1.20 ! 43.52
t

4,24 ! ^94t' tr " tr tr : tr ! tr ! tr ! tr " tr 1

: :5 114,43 70,51 6,65 6.72 '5 1 tr tr tr tr tr tr ; tr tr



Ah2 5-55on

Ab 55-75cm ' black (7.5YR 2/2 rtist, -1 'ire and ne.:1 distinct yellow's). Crown nottles,

silt -.rat qcroacres , moderate neciA and fine subang. a, c'coy; sticky,

clastic, fr'acle comnor neci,m and fine tubular pores; noncalcareous; C'1:11 0,1 ds/m; fel)

very fine roots; gradual smooth bmcary; p(H20) 5.0 (Sample No. TLC5-3).

etth1 75-'s:dm. Variegated, brown (7,5YR 4/2' moist when crushed, profusely mottled with yellowish brown, reddis!

brown and black: silty_clav loal.ctanging_to_clay_below 130 cm; moderate fine subangular blocky;- fel

coarse, conmon medium an: nary fine tubular pores; noncalcareous; many fine soft Mn concretion.

below 120 on; EC(1:1) 0.1 dS.m; no roots; 5.1 (Sample Na. TLC5-4).

3re:1 !10Y° 7/1) moist,

::mmon coarse ern

ts; ;radLal sm

O No. TLC5)

ANNEXE C - APPENDIX 1

noderate fine granualr; sHtly sticky, plastic, very friable

,ew fine tubular pores; calcareous; EC(1:1) 0.04 _cmmor

r;.; p(H0) 4.6 (Sample

160 3FAC401,WSF

ci-7 t 12 kn NE o :04", about 400m SE of the Tilili-Gish Ably lain road) in West Go' AT. Fe ion, on a

a grass . aro , coordinates 10, 55.N and 37, 0.5E.

051:A 09ARA.. ER:ST:CS:

Landforw and physiographic position: Flat to slightly concave middle part of a broad 'basin with (1% slope;

elevation 2,530m ansl.

Soil parent material: Mixed river a ; orobably with some admixture of volcanic ash.

Present land use/vegetation cover: Mainly grass land witn AO% surface cover of vegetat, ,; no trees/buShes;

berioneral parts of the basin rainfed cult:A-Ad for mainly teff and barley.

Present erosion status: Slight sheet/rill erosion; an old gully runs through tbe middle part of tha basin.

Drainage conditions: imperfectely )seasonally poorly) drained; ground water table at 105cm depth.

FAO soil classification: Gleysols.

2ESCR:RT:ON:

Ah1 0-icm Srown.sh black (7,5YR 212) moist, conmon medium and fine distinct reddish brown and black mottles;

m. massive to weak fine granular; slightly sticky, plastic, friable moist; few fine tubular

cores, noncalcareous; EC!1:1) 0.04 :Sin; common medium and many fine roots; clear smooth boundary

pM(M:0) 4.5 3!!!7.C9. No. TLC5-1),
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LA8184T94Y APAIYTICAL Dri (PR ? 14}

: TEXT1RF : pH(1:1) : :
Exch. 1A,k

CRC : 9ase '

H....H. _____ 1........!.......! t 1

Sand : Si:. ! Lay ,

,

t (%) : '4! ! *9 : ,
! Na : K. : Ca : Ng ! Al : H '

t t

'
1
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ANNEXE C APPENDIX 1

1.05 ' no ' nd :45.17 : 17,78 :

'2657 40:71,07-2, 2 73 ' 25 : 4,7'7 4 0 '2 ' 0. ' , '.'19 - 47 '11 : nd "55,85 ! 5,27

içn DD:71.C5- 1 44 ! 55 ! 4.99 11'1,34 : 0,29 : - D7 ' 7 59 : nd : nd '17.5: , 30 27 :

!!!!,10,0 1 , 40 ! 57 SiC : 5,06 ' r 0.08 :1.07 : G,27 : 7.07 : 4,55 : nd ! no. :1' ..9! ' 15 09 :

------- ----- ..........,. ..... ...................,.............,
,

'

,

Extractable micro- ; SpIclbe rations , S: . yi:le. an:0ns

9rgan.!Total 'Avail.:Avail, : nutrients (ppm)
4atter! 4 p K !______!.......!.............!......!.......!.....±...H.H._____!.........!......!

:

(%) :(T1P1) :

kg/ha
:

: Nn : Kn : Cu : Na : K : Ca ! xcg m. , ., ,

......!..._____0______!......!....... ------- H_____!......!.......!_____!. ----- !......!......!....!....!.. ..h........!...._,!

5-10-8 : 6,21 0,48 '24.77 : 92,74 '' ) :13,09 ' 0,30 '0.26 ! tr : tr : tr : tr : tr ' : tr t

,

_ 9-55 1 5.63 0 45 '70.15 ! 44,40 12.l : 7.99 ' 0,19 '0.17 : tr ! tr : tr : tt : tr ! tr ! tr tr
2f59 90:TW5-''55-75 ! 2.41 '.:0 '41.43 ! 42,52 ' 3.1D ,' ": 7 n : tr : tr : tr ' tr ! tr ' tr : tr tr

2'60'90:T10r-4 '5-1304 ' 1.64 !1 : 7.33 : 51,15 !Z.:, ? : 0.71 : 0.S7 0,34 : tr tr ' tr : tr : tr : tr : tr tr

Abbreviations:

--------------
nd : not determined

tr =R.-pacity
Permanent Wilti
Silry Ley
Silty boas

= parts Per million
1.44,4 1 : s:111eln1va1ents per litre
1S:m per metre

er- to 1..1!*
Te11 a1ents per 500 grams of soil
2, grams per cubic: oent_metre
CR ent!tvtre

ä

7:ndL.C:1



MON 16 (Et, No. mil
iZATIriN: About 4 km NV of Fagta village (along Addis idame - Fagta main track, about 1.2 ke ESE of Sigle Yohannes church)

in West f,:ojam Aden, Region, on the sloping side of a ridge; approx. coordinates 111 05,4'N and 370 0.61,

CAPE ,7.HARArTERISTICS:

Landfall and physiographic Position: Old alluvial subterrace slope with 10-12% gradient; elevation

2,410e ame!,

Soil parent material: Nixed alluvium with some :alluvium mainly originated from the glacio-fluvial deposits of the

upper old plateau surface.

Present landuse/vegetation cover: Nainly grass land (probably fallowed after long cultivation); about 5% surface

cover of stones/gravels; 60-70% grass cover.

Present erosion status: Severe sheet, rill and gully erosion; common patches of exposed soil surface;

gullies mainly developed from traditional criss-cross drainage ditches,

Drainage conditions: Externally well, internally moderately well drained,

FAO soil classification: Rhodi-Humic Alisols, part rudic phase,

PROF:LP DFq7R:PTION:

AP 0-12cm Very drak reddish brown (5YR 2/3) moist, greyish brown (5YR 4/2) dry; clay loam; massive to weak fine

granular; few fine and medium tubular pores; noncalcareous; EC(1:1) 0,10 dS/s; common medium and many

fine roots; clear smooth boundary; pH(R:0) 5.5 (Sample No FTC1-1),

Iery dark reddish brown i:!YR 2/31 and dark reddish brown (5YR 3/3) moist; common medium and coarse

faint brownish black mottles; clay_loam that auroaches clay; weak medium subangular blocky breaking

into fine granular; few kror.ovinas infilled with black, fine granular clay material; few coarse, common

medium and many fine tubular pores; few fine Fein concretions; noncalsareous; EC11:1) 0,09 dS/m; few

medium and common fine roots; clear wavy boundry; 0(1120) 5,8 (Sample No, FTC1-2).

C 7 OPRIDII 1

Bt2 62-200cm+ Dark reA41c'' hrown (5YR 3/4) moist, common medium and coarse faint reddish yellow and brownish black

mottles; ciar; moderate medium and fine angular to subangular blocky; few coarse, common edium and

many fine tubular pares; thin nearly continuous clay cutans on ped faces; many fine and medium Fe-Nn

concretions; noncalcareous; EC(1:1) 0.05 dS/a; few to common fine roots; pH(1120) 5,4 (Sample No,

FTC1-4).
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'A9RA7345 ANALYTIC:A!: DATA :PFD04 :5

! TEXT4RE g/Ch. cations (aeq, )g;

(

. Class

ANNEXE C APPENDIX I

! ! !t'f (

24c,121 3

;4 3 ! 46 ! C:

82-Pc- 2 ! 47 : 51 !

p.

pp/. parfs :er lillicr
lel,' u3lie8):::va2,818s pet litre

51e/ens per aette

t- 1,12171)
g4aas of soil

g"-
CI : "el':ce-re

ca'L a iL.:',1:ge capaPillty

5.53! 4,17 0.10 :0,55 L0,93
! 5.94 4,37 0,09 6,41 0,89

! 5.40 4.09 ! 0,05 ,' 40 0,79 !

171

ga E Ca 4g : Al ! 4

! 2.97 ad : ad :41,29

.37 ! Rd ! nd :42 84

2=47 nd ! ad :2' 98 :

p ri- 3L5le citLcas So1h1e anions

:Lab 4p.:C,, !7ota1!Avail: ,me,l, 1?

4g (C( ! C1kg/ha Fe

.-1,)-12 :5,74 :0.30 (3,13 :151,30 24.

:285:2 -2 2-4"4!' 7i '0.20 (5,36 :155,30 :15:62

641 4' 49 "009 :1.90 :132,20 :10,52

tr tr ! tr
tr tr ! tr
tr tr

! tr

tr

a, a ----- ^ - +M1

ad

tr

F,C 71-11 ca;a-'87
84LP:2,4 Point

ai-rlents 1
.

Zn Cu : Na K Ca

, ! 0,32 :0,69 ! tr tr tr

! 39 : 0.23 !I: c9 tr tr tr

5,81 0,27 ; tr tr tr



AB :5-5cs

Bti 50-92cm

9t2 90-150co

PIDO N II (Site lo, FTC21

LOCATION: About 4.5ks NW of Fart village (along Addis idame - Fagta Hill track, about 1 km CSR of Sigle Tohannes Church)

in Vest 30an Aden, Region, on a gently sloping cultivated terrace; approx, coordinates 11, 05,5 1 and 310 0.511,

r operlop r4111A0117:-Tcs:

Landfore and physlographic position: Gently sloping old alluvial terrace/terracette with 3-4% slope;

elevation 2,152 amsl,

Soil parent material: Mixed river alluvium probably with some admixture of volcanic ash.

Present land use/vegetation cover: Aable land used for rainfed cultivation of mainly maize and teff; 2-5% surface

cover of stones.

Present en status: Moderate sheet and rill erosion; few gullies in the adjoining parts.

Drainage conditions: Externally well, internally moderately well drained.

FAO Soil Classification: Runic Alisols, rudic phase.

PROFT.LP Dr3CRIPTION;

AP 0-5:s brown (5YR 3/3) moist, dull brown (5YR 5/3) dry; clay loam; weak fine granular; few Irotovinas;

sticky, plastic, very friable moist, slightly hard dry; few tedium tubular pores; noncalcareous;

EC(1:1) 0.11 dS/m; few medium and sany fine roots; clear smooth boundary; 01(1420) 5.3 (Sample No, FTC2-

1).

°HIE C 7 APPUDII I

Brownish black (7.5YR 3/2) moist; clay loam; soderate medium and fine subangular blocky; few

krcicvinas; sticky, plastic, friable moist; few tedium and common fine tubular pores; noncalcareous;

EC(1:1) 0,09 dS/m; common to many fine roots; diffuse smooth boundary; pH(H20) 5.5 (Sample No, FTC2-2).

Brownish black (7,5YR 2/2) soist; clay loam that approaches clay;; moderate medius subangular blocky;

few krotvinas; sticky, plastic, friable moist; common medium and many fine tubular pores;

noncalcareous; EC(1:1) 0.08 dS/m; cotton fine roots; gradual smooth boundary; pli(Iii0) 5.3 (Sample No,

FTC2-31

Dark brown (7,5YR 3/4) moist, common fine and medium faint yellowish brown mottles; clay; soderate fine

and medium subangular blocky; few pockets of brownish black loamy material; very sticky, very plastic,

firs moist; few coarse, few medium and common fine tubular pores; thin patchy clay cutans on ped faces;

noncalcareous; !C(1:1) 0,06 dS/s; few very fine roots; 0020) 5.4 (Swale No. FTC2-4).

Btg 150-200cm+ Same as Bt2 except having many medium and fine prominent black mottles.
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Àbbreviations:

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

n9 : not det:!

tr : --aces

P.W.P Pertarent itt.rag Point
SiCL S_J-y C,ay :cam

SiC S.:Ity Clay

parts p-r million

meo 1 ccvìeos :.er litre

dSim - :er metre

! 'd mmL.:

Te: "ì ints 5er 100 grams of soil
g : grate ter t'tt.c, cetf_metre

e'tImetre

41, e''!are

CEC : Cation FY,-:'lange 2a?atility

PC : Electrical 7oteuctiltI
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ANNEXE C APPENDIX 1

LAK(A47q? ANEYTI:1AI, DATA (PRD(A

Haab Nc

'
,
TTREEX U : pH(1:1) :

i

1

1' : 't, : H2t ! .:.-- ,',1S.1 41 ', K Ca RK ki : R 1 9at '',.

, ,
17ard ,Si.f : 'jay

1 .r
1 t

cations (meq/104)

!2.664/'1;,',771-1!d-15 5 66 29 ,5,71 5,30 4,17'', 0.11 '' '', 7d !_?...,::!, : 2.25 ad : nd '49.99 ;11 44
,2665, .?0!8"772-2,5-',1 3 : 60 ! 5.49 ! 4,06 : ° o'1 ' ' 24 12,35 ' 2.45 nd : no :25.6,!, :i' 12

2666 ',',H7772-":03-',,2 4 53 ; 528 ! 1.84 ', 0.35 ., L ,t.32 6,48 2.36 ad nd V::4.21': '11 42 1

:2!¡g^t,, w,,71,,:.:)2-+ 5 : 42
: 5.43 ! 3,88 0,06 i2 :0,27 : 6,27 : 2,48 nd nd :14.62

-,-tl!nle icro 3occ.e -Ations 5,

N: : gatt,` ! g

;Lb No.!Samole! !C-ga, !.rients (ppm)

1t1 ,J77 Fe : gn : 7n : Cu Na ! 6 ! Ca Kg !CO3 4C07 ! CI : SO4

'243,4 '41 1,72-!0-15 :6.66 ;0,40 1.31 ,7 : 7,43 ! 0,37 '0 tr tr tr tr tr ! tr ! tr ; tr
772-215-50 '6 12 !0,33 ; 1,52 ,48 96 !1 ! 2.65 ! 0.26 ;3ÇZr tr ; tr Fr1tr1 tr tr tr-f

!4.75 :0,25 !11,72 ! 1.42 ; tr tr tr tr tr tr tr

!1,69 !0,10. 3.82 , :! '6 ; tr tr ! tr tr tr tr ; tr tr ;



PIDOM

WEIR C7 APPIMD/I 1

LOCATION: About 5 Is NV of Fagta village (about 7501 14 of Sigle Yohannes Church) in Mest Gojam Admn. legion, on a

steeep culvated tract of land alongside the Fagtit river; approx. coordinates 110 05,6' N and 37' 0.41,

LANDSCAPE CgARACTRRISTICS:

handform and physiographic position: Moderately steep, lower part of a colluvial slope/escarpment; 15-

20% slope; elevation 2,310m amsl,

Soil parent material: Mixed river alluvium with some culluvium derived from the glacio-fluvial deposits of the old

'atea surface and the upper alluvial terraces.

Present land use;vegetation cover: Arable land used for rainfed cultivation of mainly maize and finger millet;

5-! percent surface cover of stones.

Present erosion status: Severe sheet, rill and gully erosion; about 30% area occupied by exposed rock; common

deep gullies evident.

Drainage conditions: ftternally well internally moderately well drained.

FAO Soil Classification: Rhodigaplic Alisols, sloping phase,

PROFI,.:E DESCRIPTION:

AP 0-10 cm Dark reddish brown (2,5YR 3/6) moist, reddish brown (2.5YR 4/6) dry; clg loam; massive; sticky,

plastic, friable moist, very hard dry; noncalcareous; EC (1:1) 0.07 dS/m; few medium and fine roots;

WHO) 5.3 Sample No. ETCH).

Bt 10-100cm+ Dull reddish brown (1YR 1/6) moist, reddish brown (1YR 4(6) dry; c a ; very sticky, very plastic, firs

moist, extremely hard dry; noncalcareous; EC(1:1) 0.06 dS/m; pR(H20) 5, (Suple No. FTC7-2).

ea-ks: The soil was described and sampled by augering right from the surface.
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ANNEXE C APPENDIX I

LABORATORY ANALYTICAL DATA (MOON 17)

...........,...................... ....
TEXTURE 1 t

: Exch. oa,_ .. :aeq;100g) : CFC : Base ,1 1

Haeple: .:',.?-.n :-----:-----:------:------: ,
1

i :faeql : sat
1

: ofc 'Sand :Silt : Clay !Class , -----:------'3C-----:-----:------:------:----:---- 100g : fV: -
I i 1: (%) : ! R2:".': ! KC; 'A,Sla: : Na : A : CA Mg : Al : R :

1 1

: 2 : 31 ! 65 : C : ...: 25: : 3,95 : 0,r '0:57 1,37 : 6,"" : !../.3 : ad : al
2 : 33 : 55 : C : 6.05 : 5,27 ! 1.'6 1.64 ;1'1 24 ' ' ,H,,, ' 2.74 : ad : 1! "12.26 :'8 64 !

Extratcabli.1:_.:rn- : Soluble cations
:

Sclub,, anons,

."Saule' r.ortn H7rga.;Total;Avail :Avail : nutrients prill 1 y!eq !
1 ,i

(%) ;(ppm))kg/ha : Fe Na : Zn Cu Na I Ca : Rg ,CO,' ' 6co3 : Cl

2,04 ;51.65 : 5 4, 7,51 : : tr tr tr tr tr tr

: 0.85 :42 44 : 3.16 : 0.16 ' tr tr tr ; tr tr tr tr 1 -r

--------



?IMO 10 !lit, lo._ATIlt

LOCATION: About 2.5ka NE of Agut village (about 200 aetres east of the lain foot track crossing of Tingri

river) in Vest Gojal Advt. Region, on a flat cultivated tract of land; approx. coordinates 10.40.31

and 17.11.4)1(

LANDSCAPE CHARACTERISTICS:

Landfora and physiographic position: Almost flat tiddle part of a levee in recent floodplain; 1 to

1.5 percent slope; elevation about 2,1401 Hsi

Soil parent tattrial: Nixed river alluvia probably with sose adaikture of volcanic ash/igniabrite:

Present land use/vegetation cover: Arable land used for rainfed cultivation of tainly saike, teff

and barley with sosa potatoes, supplemented with irrigation by diverted canal.

Drainage conditions: Noderately well drained; casually receiving light, short-lived sheet flooding

from Yingri river; groundwater table between 150 and 200 Cl.

FAO soil classification: Rhodi-Usbric Fluvisols, phreatic phase

PROFILE DESCRIPTION:

Ap 0-12ca Dark reddish brown 15Y9. 1/11 soist; clay loas; lassive; slightly sticky, plastic, friable

aoist; few fine tubular pores; few krotovinas; noncalcareous; EC(1:1) 0,21dSis; cocino

sedium and fine roots; clear "nnq boundary; pH(H20) 5.4 (Sample No. ATI7-1!.

By 12-42c3 Dark reddish brown (5YR 1/1) soist, many fine faint reddish brown, few fine di°fi"F black

lottles; loas and clay lot!, aLsed; very weak coarse subangular blocky with about 10%

reanant of original rock structure; slighfly slighi-ly plastic, friable moist; few

fine tubular pores: noncalPareous; EC(1:11 0.12dS/m; few sedius and comson fine roots;

clear saooth boundary; pH(R9o) 5 No ATT7-"

Bwgl 42-76cm Very dark reddish brown (5YR 2/1) aoist, coteon aediut and fine distinct black and few

medium Aiel-irirt rAddiO, 11/.64n mnffleg; loas: weak coarse subangular blocky with about 10%

remnant of original rock structure; slightly sticky, plastic, friable soist; few fine

tubular pores; noncalcareous: FC(1:1) 0,11dS/s; few fine roots; clear ssooth boundary;

01(020) 5.7 (Saaple No, ATI7-1),

Bwg2 75-98ca Dark reddish brown (SOR 1/2) loist, early fine distinct reddish brown and cotton fine and

seriinm Aistinct klack aoweo; very weak coarse subangular blocky, part stratified;

slightly sticky, slightly plastic, fire aoist; few fine tubular pores; noncalcareous;

EC(1:11 0.11dS/s; no ,or,fs: Plear slooth boundary; pH(H20) 5.1 (Saaple No. ATI7-4).

Abg 98-115ca Brownish black 17.500 2/2) soist, !any fine and mediut black sottles; clay loas; soderate

aedius and fine subangular blocky breaking to fine granular; sticky, plastic, very friable

mPiet; few fine tubular pores; few fine Fe-Mn concretions; noncalcareous: EC(1:1) 0,01dSis;

no roots; clear smooth boundmry; pH(H20) 5,1 (Staple No AT17-5),

Pbg 115-150cm+ Very dark brown (7.500 9/1) "if, feW fine 4nct black and redriish i,rown aany

proainent yellowish brown and reddish brown below liOca; clay; aoderate mediva and fine

subngular blocky breaking to fine granular; very sticky, very plastic, very fira moist;

few fine tubular pores; common fine Fe-Nn concretions: noncalcareous; EC(1;1 0.14dS/a; no

roots; p0(020) 5.9 (gample No. ATI7-E).
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' i.89 : !C.53 ,1272 :11.82 : 5.22 : :39 62 :46.59

' 4 , -J.'2" '2,70 0.42 ,70 Si 17.86 : 71 ;44.80 :94 90

: 1,112 '0,"0 '0,45 .12.3" : 4,37 : n : nd 38.00 :46 45

: 7,113 ' 7. 4 35 :'2.7" :

¶
:65.32

5.32 ; 4 4 : 0.033 ')I '0 '2 22 .21.98 ' " 71 135.98 '85.'5 :

, 5.91 ! 4.77 : 0.136 .C.54 ,0.50 '5 29 ' 7. Y ,43,'4 ;58,95

La

4A:rICAL DATI 52C4 20)

:1) ,
'

,
catio ' : CEO : ?ase l

,
1

"HS : ($1
2C.: AC1, HSI!: ' 4! 1 A : Ca . : AI : 4 :

1

!

. .ir.ra:trle t:ro- : , , 7pns, ,

:At 4: ' :37g.171.7.: Total ' Aial . ,.a11., -.;:-:s7ts :::m 0'1)
, ,

,

: 11) : (%) : (ppm) : kg/ha : Fe : gn : Zn : Cu : N! : A : Ca : , :CO3 ' 4C25 : CI ! SO4

, f t f
,

:2692/90:4'17-1:C-'5 ! 4,495 : 0.215 5,80 :135.10 : 2'.22 :'5.18 : 0.34 ,0,245 ! tr tr : tr : tr : tr : tr tr : tr
'2695'30,4'27-5

: It-j.i "53 : 4.71 : 58.96 : 16.52 :15,43 : 2.25 :281 : tr tr : tr : tr ! tr : tr tr : tr

:26.34/90:4727-0 6.26 : 74.97 : 19,27 :17.99 tr : tr : tr : tr : tr tr : tr

2695/901,1717-:,
i

5.67 461,25 ! 23 56334 : 11,14 ; 77 tr : tr : tr : tr : tr tr tr

'1Rqg'V i-tt... .. .3.58 ; 42.00 : 22,22 : 9.46 ; , -.7 tr : tr ! tr : tr : tr tr : tr

28.9"/SC:1":75.-
, ..)

! 22.25 : 35.26 ! 7.33 tr : tr : tr : tr : tr tr

Water Content (1)

Depth : Bulk. : ;Avail.;
(r.); de-:. ;0.35 bar: :15 bar :Water

7,1 Par: 3 bar :f.P,W.P);Capac,:

269219C417-1:0-15
r

ç2' 45.57 41.42 r21,09 ! 2503 :1639
!

2592,9C,1-17-215-42 C.79 59.44 50.59 ! 22.97 29.12 :21.47 !

2694,90:4'27-342-76 7.54 41,75 ! 40.09 31.47 : 29.02 '12,05 !

2535,9027-475-98 2.5. : 44.41 44,35 : 31.62 28.44 :15.91

39-"5 nd : 7d nd 71 ; 7d :

22', 40,177 - "5-153-, 2.56 ! 35.72 ! 35.42 28.78 29.10 7,32

_____ ------- ------ ------- t

177
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rrii 2'

,
,

t ,

1

,

t

tr tt.. E

',2692:90;1"2"-1:0-15 : 5 : 52 : 42 : SIC

2592.904"7.-2 :15-42 i
, 6 ! 58 : 36 : S1C1.

,2694.32 1'77-2,42-76 : 5 : 5? : 36 : S1CL

:2595 90 727-4:7' 7 76 : 24 : S11..

'2595' 97. 1"2"- ' 1 ! 7' ! 22 : SiL

259":92,47:-5.' , 2 ' 59 : 28 : SICL

: parts per miI1.1c7

meo millieou'valents

ae:1 Siemens per matre

Till,¡1J-
Yelre :er
:rt'lretre
4a:tre

CEC

EC z Ela:t'



pH

AGUT 'A' AREA (Irrigation Site No. lgA)

LABORATORY ANALYTICAL DATA OF WATER SAMPLE
(Y:nlri River water, sampled in Nov., 1990)

EC (mmho/cm)

111

Calrium (Ca)

asznesium (M

Potassium (K)

Sodium (Na)

Boron (B)

ANNEXE C APPENDIX I

= 7.89

= 0.172

= 190

=

= 0.

= 0.036

= 0.218

= 0.003

n-ris pr:-71

Water quality assessment: Hio:hlv suitable for
irrislation

17ki F

Cart,onates (CO3)

Bicarbonates (HCCO)

=

=

Nil

1.199

chloride (C1) = 0,176

Sulphates (s,04) = 0.003

Nitrate (NO3) = Nil

(odium Adsorption Ratio) = 0.24

iusted SAR = 0.'29

Sodium Carbonate) = Nil



Ptg9 45-75do

'

,
f.YR

led.and co

cf -ery11 an:

PEDOK ATIll

Aonit /:"T of Agut v.C.lage aboat 300 aetres SW of the ,.:ak riverl in West nai Arian. Region, on

n 7 g, rerraced, cll7Ivated tract :f land: e,P-dx :ooroinates :0.41).3'N ano 37011 1'E

and ysiographic eoition er..1y sloping, lower parte of cld alluvial terrace; 1 to 6%

s:doe; eeaton aot .,,..s ass_

Soil parent : Riled voicani.-.7 a

Present land se!vegetation cover, .and Lsed f

17:d ba 'ey with scanty

Drainage conditions: Externally well, internally soce- well drained,

FAO soil classification: Rhodi-Haplic Alisois

f)-1:2.71 Dari redd:sh :ron (,5v.R 1/!) ooist, lull reddish brown "..7.RI 4 r7; Pia/ lovc lassi-e

sticky, plastic, friable ooist, hard dry; few fine tubu.sr pores: noncalcarecus,

n :.).dS's; few sedius and cosson fine roots; clear smc;:n Irv; pHli5.8

5Y.R 3/3 and 3/6? acist, arA colrse -

aeliuo and coarse subargilar sticky. r,las7io,rm aoi,

infillirgs of 7,:pscil la7eriai; fe, lediuo ar.d fire 7it',..ar pires, feQ fine '77
tiE 60(1:1? 0.12d6it; few fine roots;

cicars :"a faces,

and fire Fe-WP concretions: o:. ,..carec
few very fine rc: o4'42:, 5.d Sao:die Vo.

179
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..,a7idn of sainly aai:e, 7.eff

! 7e: oanal.

96A0A61.WSF



,,,1,1,__1____,..1,...,.. ......--. . ------ 1 ------ .. ------ -.............'. ................ ......' ..... ........ ............ '

Extractable micro- Soluble cations ; Soluble anions
1

, ,

Total Avail. Avail. : nutrients (ppm) (meO/1) , (mebil! ,

,

''Ar N P K :

i

,

1

' ...' ....».....- ...... ......-:
i ! I

(1) (PPIr,) k9/ha : Fe Mn : in ; Cu Na K : Ca : Mg :CO3 ; HCO3 Cl SO4
,

,

1.81 154,70 ; 19.41 17 ,.07 3.35 ;1.30 tr tr : .. ,1 tr ; tr ; tr tr tr ''':

2.35 54.20 : 7.81 5.45 : 0.21 :0.57 tr tr : tr : tr : tr ; tr tr tr

2.78 42.88 : 3,79 4.80 ; 0.08 ;0.21 tr tr ; tr : tr ; tr : tr tr tr

691.9AT-45-5H 0.589 , 1 , 1.99 37.45 : 2.27 6.78 ; 0.10 :0.25 , tr tr ; tr tr tr ; tr tr , tr
i ii i i i I i i

58993 47:'-' 2-12 4.0

9.33,4721-)45 3.

5.K. '3C ,

Water 0:intent (%)

9

, :
1

;Avail.

;0.33 bar: :15 tar ;Water

, :cm :0.1 bar; (F.C.)
: 3 bar !iP,W.CaPac,

0.51 39.25 35.00 ; 31,08 21,58 ;14.42

12-45 : 0.55 ; 27.53 28.29 24.49 ;13.04

2592 ;93:471-2,45-75 ;

' 41.49 ; 29.09 25.79 :15.70

3.58 J!.:8 : 29.54 : 32.15 : 26,94 ;12.60

,______ ,,,1__ ..... .......

LABORATORY ANALYTICAL DATA (PEDON 21,

180

Anireviatiorisi.

ANNEXE C - APPENDIX

nd : not determined

tr traces

F.0 : Field Capacity

Permanent Wiltin Point

SiC : Silty Clay

ppm : parts per million

meq/1 milliequivalerts Per litre

dS/m deci Siemens per retre

(equivalent to m. cm

milliequivalerts per 100 grams of soil

m : grams per cubic centimetre

: Centimetre

: Hectare

CEC : Cation Exchange Capacity

EC : Electrical Chrr.i..tt'Oty

: Clay

.......

' ' 2e:t1,

................................
TEXTURE__________:; pH(1:1)

............
Exch. cations !meq/100g! ; CEC : Base

mso/ : sat.
iahc ; Silt

11)

: Clay : Class ;-------:- .....
(%) ! ,-!20 : KC!.

,

:
: -----

:m) ; Na

:-----;- ---- -; -----

: K : Ca ; Mg

;----:----; 100g

Al : H

: (%)

89»20:ATI1-110-'2 5 51 : 44 : SiC : 5.8 ; 4.5 ; 0.131 :0.71 :0.85 :10.14 :3.82 nd ; nd :38.20 ;40.83
:

89'9C:47:1-2,'" 5 3 25 : 72 : C ; 5.9 : 4.5 : 0.117 ;0.71 ;0.49 ; 9.53 :3.55 nd : nd :40.32 :25.95

20,v:147:1-2:45- 5 4 22 : 74 : C : 5.9 ; 4.5 : 0.120 ;0.7! ;0.40 ;12.92 ;4.02 nd : nd ,29.24 .45,00
cl,,Dn ,-'AT74'7c-. ... ... 4 22 : 74 : C : 5.6 : 4.3 : 0.12:0 .3.70 :0.37 :11.77 ;3.75 nd ; nd 40.55 ;40.80
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AGUT 'B' AREA (Irrigation Site No. 42)

LABORATORY ANALYTICAL DATA OF WATER SAMPLE
' p4,.)il in Nv., 1991).

= 7,

=

= 1 "..) 4

:Sodium

Ca

Bic;s 1ates 11C 0 -1

Chi.! i

St.

Nit r:

(

ANNI=AE C - APPENDIX 1

= Nil

= )1.149

=

= (1 . 0

7 t )) = 0,21

BRACAP1,,) -

Ad SAR ?

( -te) = Nil

so:it:able fi»dt
1,pn

Calcium. Ca ) =

\1»47.07nes 'rum M2) = 0.74

ss )

,(Na) = 0 . 74

B = O. 0o4



S? :n-195c,4

MN 11 (1iiikjini

LOCATION: About 3.5km Sg of lankusa town, about 300 metres vest of the Debohila river, in Vest Gojae Aden.

Region, It a gently sloping cultivated tract of land; approx. coordinates 10.40.3'0 and 37.11.41.

ND:,CAPE CHARACTERISTICS:

Lendfors and physiographic position: Gently eloping, lower parts of old alluvial terrace.; 4 to 5%

slope; elevation 1,?201 tes!

Soil parent ial: Nixed river alluvium probably with soee admixture of volcanic ash/ign,s,,"-

Present land use/vegetation cover: Arable land used for growing of tai,e, ,off.e, teff, 7.0^7ar,

sugarcane and banana with supplemental :anal irrigation; sany trees and bushes cosmonly

found in F.:1,e fields.

Drainage conditions: Well drained

FAO soil classification: Rhodi-Chromic Luvisols

PROFTLE

Ap r)-27cm Imri 'nrown 5YR 1/1 soimn, dull reddish brown 5YR 4/4 dry; clay loss; tatilive

t2 weak coarse subangular blocky; sticky, plastic, friable soist, very hard dry; few medium

mnd many fine tubular ocres; nonnalnareous; wC'1:1! 0,07dS/s; few coarse, common medium and

sany fine rocts; clear sscoth boundary: Sample N'.!

27-102:m Dark reddish brown 1.57R moist, dull reddish brown 1.5YR 4)41 ry; :lei; scderate

medium tnd coarse angular blocky; very sticky, very plastic, very firs scist, ev.-m

hard dry: few krotovinas: thin patchy clay cutans :n ft:es; few tine t:::.bu p:res:

fe w fine Fein concretins: few subrounded ''" vtth so:ieratmly r coat-

in;.t of Fe2M: noncalcareous; FOJI:1! W ocarse and medium, comaon ' e roots:

diffuse ssooth boundary: pFA20! 6.1.(Saspie Mo Ng11-2

OEM C 411t1III

Dmri reddish brown 12.5YR 1/5 soist; clay; weak medium subangular blInky: very sticky,

very plastic, very firs scist; very thin patchy clay cutans on ped faces; few fine tubular

pores: few fine Fe-wn few subrounded stones and boulders with soderately

think coatings of Fe201, boulders increasing with depth; non:calcareous: KW!) r.l.r.17dS/s:

few ser.Hus and cosmon fine roots; pH(H20) 6.2, (Satple No. WK:1-3!

Rem!rks: The soil ezceptionally has stonesiboulders and relatively low porosity in the subsoil; the normal

Ecils rtrely nave stones and are quite porous. The site was selected because all :ther fields under

different crops.

13



- APPENDIX I

LAIONATORY ANALYTICAL DATA (PEDON 22)

184

Water Content )4) AtbreviatIons:

!
!Avail. nd not determined

0.22 ar: :15 par :Wer tr : traces

:0,1 bar : (F.C.) 3. tar :iP.M.PI,ICapac. F,C : Field Capacity

______ )________ _______ ______ _________________ _ ______ P.W.P : Permanent Milting Point

'615 90.21-10-27 0.78 29.58 25.55 30.00 25.64 9.91 S1CL : Silty Clay Loa!

)59690 4K:1-227-102 0.75 29.29 38.45 20.89 29.60 9.95 pp! : parts per million

)517190:mK11-3:102-115+ 0,15 40.46 37.81 32.23 30.62 : 7.25 meq/1 milliequivilents per litre 100 grams of soil.,

_______,_______,_ _____________________ ______ dS/m z deci Siemens per metre

(equivalent to mmho/cm)

meo/1001: milliequivalents per

gras per cubic centimetre

Cm : Centimetre

43 : Hectare

CEC : Cation Exchange Capacity

EC : Electrical Conductivity

C Clay

TEXTURE : 04(1:!) :

,

,

Exc. cations lled/10011
: CEC lose :

1 No. ,e Depti' 1-------1- ----- -1--------1-------; i :*di sat.

4o (cm; : Sind
,

: .1)

: Silt

: I)

Clay

1)

; Class -------:------1C(1:1):-----:-----: ------ :

420 : KCL :(dS/m) : Na ; K : Ca :

------

Kg : Al

:----:----: l009

: H

(8)

35'90:ok21-1H-27 ; 5 i 57 11 SiCL 5.15 4.48 ', 0.066 ;0.90 ;1.34 ;25.58 ; 8.18 ; nd id :39.28 :93.38

16:90:4K:1-2:27-102 : 3 : 15 82 : C 6.06 : 4.81 : 0.055 ;0.78 :1.07 ;11.08 ; 8,35 : nd nd :33.34 :53.13

il:92.'01-115+: 2 : 22 76 ; C , 5.20 : 4.97 : 0.169 :1.02 :1,0.37 : 7.50 ; 5.44 1 nd nd :28.70 :50.28

)

1...____I

Extractable micro-

I

Soluble cations

I I I

Soluble anions

b No.:Sample! Oectn :Organic Total Avail. Aval. nutrients (oo") (mod/I) Iled/1)

; No (tm) :Matter 4
K _______ ______, __________ _____ ____)______, ____ ) ______

(%) (4) (ppm) kg/ha Fe Mn 2n : Cu Na A Ca 4g CO3 : HCO3 : Cl : SO4

27 4.190 0.291 21,23 :227.50 15.05 65.44 1.92 '413' tr tr tr tr tr tr tr

6:-2:27-102 1,481 0.125 I .16 ;211.00 3.27 1.22 1.14 :1.18 tr tr tr tr tr tr tr

HK.D-302-185+ 0.692 0,052 0.11 63.30 1.43 3.48 0.12 :0.40 tr tr tr tr tr tr tr tr

)__ _____________--II IIIII I



PEDON 22 (MKI1)

WATER INFILTRATION CURVE

ANNFXv C - APPENDIX I

o
0.02 0.11 0.30 0.55 0.94 139 1.91 2.53 3.23 3.93 4.59 534

0.05 0.19 0.41 0.74 1.16 1.64 123 2.85 3.63 4.28 4.98
Time (hr)

Ring 1 Ring 2 Ring 3 Avg

Fig. 2

nfiltrtio.n Rate (cm/hr): Replicate 1

eplicate 9

Replicate 3

Average

rks: The high infiltration rate was obtair prcb,
s presence of krotovinas in the soil the r-rm

1
1 and 5 cm/hr as es mated T

r.ld structure of this

185

= 20.5

= 34.3

= 27.3

= 27.4



LA_BORATnRY ANALYTICAL DATA OF WATER SAMPLE
(st --01!a water, s,ltru,led in ov., 1990)

Fi = 7.99

TDS ."! = 294

186

ANNEXE C - APPENDIX 1

MANKT:SA AREA (Irrigation Site No. 15)

quality Highlr suitable for
irrigation

c'J°,--i.!m ((Th.) = 1.'24

um (Mg) = 1.64

potassium (Fi) = 0,049

Sodium (Na) = 0,296

(B) = b.00

Carbonates (000) = Ni(

(A4CO3) = 2.248

Chtor' (21.) = b,11A;Y

1 nht es (504) = 0.011

Nitrates (NM = Nit

SAR (Sodilrp Adsorption Ratio) = 0.25

Adjust e.i =

N'itl Sodium Carbonate) = Nil



8eorereal 7. 07
r 4eSY:. n n a :la-

dlanT

Snil parent matah'..a. .ser hh:ra....: with sole aipia-

Present land.zse/yegena n Arable land used for rai-fel culr.

-1y .c ff: fellow parts with T',8811% ¡rass ::,nr, nc -rees.

,ell4 rshs.'Ir¡ :h¡h+ sh. .t-

sreia rl,sr ¡r::rawa-er tahls ner4ssr

Ty` sificatih,n

Dark hrnwn
irvy sc,1:17 hr-wn (7 '73. HV liss a,

tie fire! -e-- ;a:i ard; Fvs fihe r.rs.

fine roots: clei- Y.ihr '
"

Very dark row,: :7,51R 2v1'

81 '

eary;

7-7.11E . ' ns cr:mi'ent 'riles arc

crown lotile , sr: h:arss s.thar¡h.tr

plastic, firh ist; fe;,, !;se ;;:v.rn fire r n

7nn.i :-,rsr_rs. nch-s.hars:.s;

a: D.s'- rOdd:. No. YCI6-8),

.11arw rivt- T.YhR 2:

Prown mat- 1,ah. 4ss --this s,na,¡,- fsa,

7 J;as' s-;:sh p 1HH.7 1v!L.S1 fes teoil and 2,nn1l2n fi'8
vT:" an,1 !..hrs hhh:aiharsrls, ;P?.

very fine rco-s: 1.1 ymample Ic, 101".8-4L

2: The soil was saturated with wa the 180 om deptL

187

N!48T.f.; : -1.PPqD11i. :

1. nadiuM and cdarEe .1r* hinchrs

,e41

72.edl "" I': .7.IT:" -e ST^vvv,



Mo.

78/10

71/90

80/90

(81/90

Extractable micro-
ab No. Sample: Depth Organic; Total Avail. Avail. nutrients (ppm)

No : (cm) Matter ' N

(N) (%) (ppm) kg/ha Fe ; Mn Zn : Cu

2678/90YC16-10-15 4.052 0,234

2579/901(C16-215-35 2.647 0.155

2680/10YC15-335-85 1.172 0.099

2581/90YC16-485-160+ 0.935 0.051

Lab No. Sample Depth gulk:Avail.,

No (cm) dens. ;0.33 bar; :15 bar ;Water

g/cm 0.1 bar; (F.C.) : 2 bar :(P.W.P):Capac.

2678/90;q16-1
2679/90;YCI5-2

2680/90:YCI5-3

2581/90:YC15-4

TEXTURE
Sample; Depth

Na ; (cm) Sand Silt Clay

(%) (%) (%)

YCI5-1:0-15 5 61 34

YCI6-2:15-35 6 58 35

YCI6-3:35-85 4 54 42

YCI8-4:85-160+ 5 62 32

LAIONATORY ANALYTICAL DATA (PEON 21)

Class

pH(1:1)

6.3 4.88 0,304

SiCL 5.9 4.54 0.366

SiC 6.5 4.88 0.317

SiCL 7.1 5.96 0.280

9,50 ;145.80 35,80 ;30.24 1.20

3.78 ;124.30 24.45 :26.80 0.88

3.47 : 54.25 15.90 :21.48 0.54

5.75 ! 54.35 13.00 :22.82 1.58

Water Content (%)

0-15 0.70 57.47 : 43.33 39.80 25.53 ;17.80
15-35 0,67 44.54 ; 40.50 ; 31.75 ! 27.85 12.75

35-85 0.40 48.33 ; 47,91 ; 32.65 : 31.52 ;16.29

15-160+ 0.70 47,25 ; 41.88 31.78 130,75 :11.13

188

EC(1:1)

420 KC1 (dS/m) NaK Ca Mg Al H

Exch. cations (1.0100g)

0.63 :0.92
0.75 ;0.77
0.15 ;0.36
0.83 :0.27

1

1.87 tr tr

1.66 tr tr

1,23 tr tr

1.13 tr tr

Abbreviations:

ANNEXE C APPENDIX I

CEC

(1.0

/00g

Bast

tat.

(%)

51.84 62.33

48.21 60.03

37.54 84.31

45.87 :71.92

ad : not determined

tr : traces

F.0 : Field Capacity

P.W.P : Permanent Wilting Point

SiC : Silty Clay

ppm : parts per million

meg/1 millieguivalents per litre

dS/m deci Siemens per metre

(equivalent to mmho/cm)

meo/100g: milliequivalents per 100 grams of soil

g/ccm : grams per cubic centimetre

Cm : Centimetre

Ha : Hectare

CEC : Cation Exchange Capacity

EC : Electrical Conductivity

: Clay

SiCL : Silty Clay Loam

$04

Soluble cations Soluble anions

(meg/1) (WM)

Na K Ca Mg CO3 4CO3 Cl

tr tr tr

tr tr tr tr

tr tr tr tr

tr tr tr I tr

21.75 9.00 ad ad

18.05 9.35 ad ad

20.13 :10.31 ad nd

21,20 :10.69 ad ad

tr tr

tr tr

tr tr

tr tr
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Fig. 3

1' / 0.27 1.10
Time (hr)

Ring 1 Ring 2 Ring3 Avg

e t e

E. e at e 3

=

=

=

1.

1H.

4

7

C =

1 9 P



'I) (Mgr)

Pfs'. . (K)

Sodioo, (Na)

. (R1

Carbon (CO3 )

ChJoi)rider; C.1 )

Soiphate (504)

Nitrto)s. ( NO3 )

$A)i (SoOiom Adsorotion Ratio)

C - APPENDIX I.

YE1FPFKA .\ tion Site No, 14)

tk'J T.TAL DATA F 'TR SAMPLF
)

= 7.6:1

= O.

= 106

0.20

,WSOF

So(Aiom Carbonat) =

' oL?). tor



Ao 0-15ca ',ark br '7

r! a:.

.. !any fH- T:c7s: S.?

Btgl 15-7r)ca

fk! Folth 2f the Finote Selta-Detbecha !Ain road bridge of YechTek: river ,tbout k

-00-herea 'own; 'L2 ¡lest :aja a ieg:on. i flat :Alt:vexed jara aan aever;
qprot dcord.nates 1'1.15.1'4 and

".F.A.D.A01'.ERESTICS:

nd physdographic position' .eveeìbasin in the r00. ht f'

of 'ernereka rl,er, : "o l.E on 2,DDO. ems!

Soil parent material: Hainly clayey river prabably witn some adaixture of volcanic ash,

Present land use/vegetation cover: Arable :and daed tor rainted/flood-watered culti,a-.lon of mainly

teff: fallow parts with 7D-EDN grass cover; no trees,

Drainage conditions; Iaperfectly seasona.11y naor..y drained; anual ecedving light, short-lived

sheet flooding fro. Yechereka river undwater table widr' Hr.- depth,

FAO soil classification: Eutric 3leysols, phreatic phase

191

e ' 2'2' t

-na: alLr"achPs

OINFIE e I

PF,D04 ite No. !COI

:T1Cr

?' !any tedld! 'f di. blacW and fa.t redd:sh brown

0:7,Yes: suhaqIlar ...y; very ,..ery plastic,to.». fine and lany fery tine tub.: cor.0s; ,ery thIn ;a:

, faces; ::ITC fine ze-Bn. ronorenidns; ':i.717?nS; Er',1'1: 9 :4!S t; fflf
nd coscan fine ro:- i.7

Saae as BTgl except being satura:e: with water nc rc. structure or porosity h'hehvabl.,

The soil had groundwater table at ED cm depth at the tive of observation,



Water Content (N) Abbreviations:

nd not _e.e.mined

tr z t)loss

F.0 Fiel Capacity

Permanent Wilting Point

SiC : Silty Clay
ppm : parts per million

____ ____ __ ! ______ meq/1 milliequivalents per litre 100 grams of soil

dS/m deci Siemens per metre

(equivalent to mmho/cm)

meq/100g: milliequivalents per

5/cc! : grams per cubic centimetre

:m : Centimetre

Ha : 'Hectare

:EC : Cation Exchange Capacity

EC : Electrical Conductivity

LABORATORY ANALYTICAL DATA (PEDON 24)

' TEXTURE 1 ,i...1±
Exch. cations lmeq11009 : CEC 8488, r ,

:Lab No.:Sa*plel0eptn -------: ...... -;--------;-------; , . l(fecii ; sat. :.

Sand : Silt : Clay : Class : ....... :------1C!1:1);-----; ----- : ------ ;------:----:----; 100g ; 1) 1!.

' (N) : (1) : 1) : ) H20
: KC! :'9:m, : Na : K : Ca : Mg : Al : H.

, ,

2675'1: C::-1:0-15 2 ; 54 44 ; Si: : 6.3: 4.86 ; 0.153 1.05 :0.68 :15.34 ; 8,54 nd nd ;42.55 ;60.19

267:90,vC:2-25-'04, 4 1, 56 40 Si: 0; 5.09 0.142 :0.94 ;0.25 ;18.23 :10.28 nd : nd ;49.12 :60.46
------ 1 -------1,1, I _____ 1 ______ ,______,____,____,

,

Extractable micro- ; Soluble cations : Soluble anions
:1 :eccr 3rgnc; Total Avail. :Avail. ; nutrients (ppm)

,

, (me(1/1)
,

, (med/1)
oatter : N

p I I( I _______I______I. ___________________________ _____I----1----1______I______1_..___
,

,

, 1; 1' (ppm) kg/ha : Fe ; On ; 2r. Cu : Na ; K Ca 4g :CO3 : HCO3 Cl SO4

26'5 9::YCl2-1 ;!-15 5.776 ; 0.2!.'9. 5.80 :124.20 33.90 :10.90r 0.41 ;0.79 ; tr tr : tr ; tr tr tr tr L tr

7;" VC"--- 1 190 I 3.10:5 3.25 37.87 19.60 :16.01 0.56 1,1.32 " tr tr tr ; tr tr ; tr tr ! tr-Irr-III
- -------,

0.33 bar' :15 bar :Water

_1 bar: (F.C.) 3 bar :(P.W.P):Capac.1, ,_______,

:-15 0.67 6.55 56.05 33.53 33,19 )92.i7

,26-!90:3-2:.5-70.: 0.54 87.13 44.25 43.45 : 30.95 113.30
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Ap

Ptg 65-155ca+

Dark brown (571 3/3;

. friable 3:
medium in:

reddish brown

fe... fine t:t-'

:1Ack (7.5f oc. any fine distin:t

CII:' su'oang.lar

3la coarse end med_

Fe-Mn ..) LIldS 1:

A' smooth boundary; oH(H20j 6,9 (orle Mc. FST..1-2.

r113 ;:l:k 2.12 moist, many fine distinct reddish brown mottles;

very sticky, very plastic, firm moist: few fine tub.d
..ns on ped faces: few distinct sli:kens..'

calcareous; FC(1:1) m: few 1.,..?21.:3 And fine roots;

Remarks: The soil was sAturated below 115 co depth; the groundwater table was 't

ANNUE C -APPENDIX 1

11?D;) 15 ,. te Ifo. FS111

LOCATIO:kn east :f Finote Selas town sboit l!km W f the Finote Selam-Lgt main road bridge of

Tz. along its right bank ¡Jest ';o:am Admn, Regipn, in a ':Itt oultL,ated strip of the

it_n' aperp, ,..c:rdirttes 1,'.°41.''M and 17.1i'E,

":"7.,?.?7,: :A:1.

LaP.df,:ra reph'.c position: n flat part of the rece . Temim. river; I

ItHn about 1,i3.n ams1

Soil parent material: ixed r ver alluvium probably with sono Avs.:xtlIre ashfigniabrite,

Present land useiveget cover: Arable land used for rainfed;''p,d-wa,A-A 'tivation of mainly

maize, barley and rapeseed with some potatoes.

Drainage conditions: Moderately well nerfeotly (seasonally draine': anua ' recei.;inl

light, short-lived sneet flooding frca tne rlver; gr,,,:nowatem table at . :a

FAD soil classification: Humi-Gleyi: Luvisols, phreatic phase

PROF:LE

193

e tru.a: :_res;
:own fine roots;



2,90,'S11-1
901FS:1-2,2

4 92,F931-2:
...... I.

, ;Sam:le :act"-

LABORATORY ANALYTICAL DATA (PEDON 25)

..... .... ... ................ .....
1 1 TEXTUPF Exch. cations (110.:1100V ; CEC Base

;(meqi sat.

: Sand Silt Clay 1:11: ..... :-----1------:------1----1----; 1009 (%)

(%1 ; (%) 1 H20 1 KCL 19.m) Na K Ca 4g Al H

.-----'------'-------'-------i---------- ...... --------- ____________

;Avai 1.

6.2,1
:15 bar :Water

0.1 bar, :F.C. 1 2 bar 1(P.W.P)1Capac.

194

Abbreviations:
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L L L ....1.___. .............!
Extractable micro- Soluble cationsSoluble anions

:

Í i I

. S1MP'e, '
'rgnir Total : Avail. :Avail.

L

nutrients (ppm1 imaO111 ,( ,

,

N2 Hatter N : P-----------Kred/1)

,

,

1,
.! : (..1 kg h Fe : Mn. Zn : Cu Na : K : Ca ; Mg :003 1 HCO3 ; CI ; SO4 *1,

, ,, ,

HH______ __ __H _ : ______ _______H ------ H:H :HH____,
82:92,,SI1-1 0-20 : 2 , 1.64 L186.00L 24.50 ;26.91 0.74 ;1.72 L

tr 1 tr ; tr : tr : tr : tr
:

tr : tr , 1

80,22,FS:1-P,0C-65 1 2.2 :,22 : 2.21 49.77 28.97 :13.71 2.86 ;2.45 tr ', tr
', tr ; tr : tr : tr : tr 1 tr 1

94 1,11 -159- 1.132 0.139 : 2.77 55.15 :25.36 ,' 7.94 0.52 :1.89 tr : tr tr ; tr 1 tr ; tr ; tr ; tr 1

I I I I I

nd : not determined

tr : traces

F.0 Hald Capacity

: Permanent 'Wilting Point

SiCL : Silty Clay Loam

SiC : Silty Clay
ppm : parts per million

meq/1 milliequivalents car litre 100 grams of soil

dS/m deci Siemens per metre

(equivalent to mmno'cm)

meq/100g: milliequivalerts per

g/ccm : grams per cubic centimetre

Cm : Centimetre

Ha : Hectare

CEO : Cation Exchange Capacity

EC : Electrical Conductivity

692 9.01;S:1-1 65.61 52.49 36.27 28.54 :22.95

q2:90,cs14-: 1 0.49 54.74 49.43 : 29.28 24,56 :24.97

694 92 FS:1-265-195+1 2.74 49.29 44.14 39.29 1 34,52 9.61

' _____ ______ ______
Ri

36 3:13'.. ; 7.12 ; 5.84 0.202 ;0.84 11.00 ;26,09 :11.30 1 nd nd :51.20 76.62

2L 54 : 44 SiCI 6.81I 5.10 , 0.107 :0,39 :0.33 :21.80 :14.28 ; nd ; nd :63,04 75.03

: 2L 41
L

56 SiCL 5.50 : 4.26
L 0.115 :1.20 :0.25 :25,92 ;17.27 : nd 1 nd :59.12 75.68

L L L L L L L LL I



' '',1-!RAT6FY AN)IPP"AT. DATA :NF 1NAT,RR

/cm)

)0S (upl,j1) = )6:2

Pc°

SodA7 (Na)

Boron

Carbonates (CO2)

bicarbonates '

des (CI!

(s04)

'ates

o-um Adsorption Ratio)

Psted RAR

ese (Residual Sodium Carbonate

a m )

= Nil

1:7 ,ble for
it ,°-,o
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Wet Dow Zone (Elev:2300-3200m;

"vr

R' fall :1400-2000ine)\-"--N,

Mountainous, partly cultivated/forested ./1

subzone

Ridge And vA/leY, cultivated subzone
Rolling. dissected terrace, cultivated

subzone

Undulating terrace, cultivated subzone

Undulating, dissected terrace, cultivated

subzone

Basin and lake, grassland subzone

Bouldery chennel, bush forest subzone

Wet Woyna Ow lone (flev200e-2300m;

vfall:1400-1600m)
Mountainous, partly cultivated/forested
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subzone
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.,p17)
1 I ,
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Moist Kolla Zone (Elev: 1100-1500m

R.fell:f200-140040

ElE1 Steeply dissected,bush forest subzone
Kin2 Rolling, dissected terrace, cultivated

subzone

Undulating terrace, cultivated subzone

Undulating, dissected terrace, cult4vated

subzone

Bouldery channel, bush forest subzone
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