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INTRODUCTION
A detailed soil survey of the Gode-West area, resulting in the
delineation of land capability units for irrigation development on a
level of detail required for detailed design and implementation was
recommended by NEDECO in the Draft Preliminary Design Report on the Code
Irrigation Scheme of May 1986.
The Water Resources Development Authority realising the use
and importance of such a detailed study then invited NEDECO for the
execution of this survey.
An agreement for NEDECO's services was worked out and signed
by both parties on February 5, 1987. It was decided that the key staff
would be provided by NEDECO, consisting of a Senior Soil Surveyor, for
three visits of 2 weeks only, responsible for general quality control,
determination of soil legend, interpretation of survey and laboratory
results and editing of final maps and report; a Chief Soil Surveyor for
the entire study period of 4^ months in Ethiopia and 1 month in the
home-office, for general guidance of the two survey teams, daily management
and interpretation of the survey work and coordination of map drawing,
report writing and laboratory results; and two Soil Surveyors charged
with the actual field work and to assist in processing and evaluation of
the collected data, for about 2^ month each.
Finally, a Coordinator to assist in the organization of logistic support,
communication and arranging transport during the field survey was
provided by NEDECO on a part-time basis.
Drivers, field labourers (8) and field laboratory technicians
(for pH and EC analyses), office staff for map drawing, typing etc.,
were to be provided by the Water Resources Authority, as well as office
space, office equipment and consumables, aerial photographs, maps,
analyses of soil samples and operation and maintenance of vehicles etc.
The Senior-, Chief- and one Soil Surveyor, arrived in Addis
Ababa on 7 February 1987 and after meetings with WRDA officials, specialists
and collecting available data, base maps and aerial photographs, they
made a first rapid reconnaissance trip through the Gode-West project
area, from 12 - 19 February 1987.
After this reconnaissance trip, a first preliminary aerial
photo-interpretation and a first draft physiographic legend were made
and completed on 26 February.
The second soil surveyor arrived in Addis Ababa on 24 February
and on the first of March, the 2 Soil Surveyors together with the Chief
Soil Surveyor headed for Code, to start the actual detailed field work
on March the 3rd.
Midway the fieldwork period, the Senior Soil Surveyor made a
second visit to the Gode project area from April 9 - 1 5 , 1987.
Updated aerial photo-interpretation map and legend were
completed on 19 April and second, definitely updated, versions were
finalized on 18 May.
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On the 22nd of May, the 2 Soil Surveyors returned to the
Netherlands after properly updating and processing their field data and
maps.
A third visit to Ethiopia by the Senior Soil Surveyor was made
from June 9 - 24 in order to complete the draft report, together with
the Chief Soil Surveyor.
This draft report had to be entirely based on field data only,
since no results had still been received from the soils laboratories,
and neither were the infiltration tests completed.
After completion of this draft report, the Senior Soil Surveyor
returned to the Netherlands on June 24th.
The chief soil surveyor returned to the home-office on July 1st,
after completion of the slotted-templet base and receipt of the first
part of the laboratory results.
Scale corrections and map updating by means of an optical
pantograph were then executed by the chief soil surveyor and also the
incorporation of the first laboratory results into the report.
In the meantime a fourth visit to Ethiopia was made by the
senior soil surveyor to discuss the comments on the draft report with
the authorities of WRDA on July 31. The remaining laboratory data were
then handed over together with the results of 10 infiltration test
sites. Work on the final report than started in early August.
The arrangements of this report is such that it starts with a
Summary, Conclusions and Recommendations, to ensure that they are not
overlooked or lost amidst text and appendices.
Next, in Chapter I, a General Description of the Area is
given, together with explanatory schematic cross-sections of the geological
setting of the project area and of the three physiographic landtirpes, to
provide information needed to support the conclusions and interpretations
made in the remainder of the report.
Chapter 11 is dealing with the Soil Survey Methods employed.
It will reveal the observation types (pits, augerholes, etc.) and
intensity in relation to the terrain conditions and availability and
quality of existing information (e.g. aerial photographs, base maps),
equipment, labour, technicians and transport facilities.
In Chapter III The General Properties of the Soils: their
Genesis and Classification will be discussed in order to describe their
most significant properties and to explain the principles on which
criteria have been selected to distinguish the individual soil series.
This section will also refer to the schematic cross-sections, showing
the soil-landscape relationships, given in the first chapter.
Besides, a soil correlation table showing for each mapping
unit - the number of soil identification observations per soil series is
given (see Table 3.1).
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Chapter IV, the Soil Mapping Units, will provide a brief
narrative description of all the individual soils (and their % of
coverage) of each mapping unit, shown in the legend. This for the
benefit of the general reader.
Chapter V - Interpretation of Survey Data, will explain the
immediate practical significance of soil and landscape differences
recognized and mapped during the soil survey, in relation to irrigation
development possibility.
Soil capability classes for sustained irrigated agricultural
production will be formulated in this chapter, based on the following
properties:
1.
2.
3.
4.
5.
6.
7.
8.

land clearing requirements;
land levelling requirements;
surface drainage requirements;
deep drainage requirements;
soil tillage requirements;
soil amelioration requirements;
irrigation water requirements, frequency and application rates;
crop suitability.

Removable or permanent limitations to sustained agricultural
production are also indicated in this chapter.
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SUMMARY
Based on the geological and geographical conditions in and
around the project area, the soils have been grouped into three physiographic landscapes:
P - Plateau landscape of the main gypseous formation and basaltic
intrusions.
B - Intermittant tributary braided riverplain, super imposed on the
Wabi Shebelli alluvium.
A - Wabi-Shebelli alluvium.
The P-landscape occupies only a minor area in the northern
part of the project. The B-landscape can be found in the northern part
of the project and the A-landscape in the southern part, both occupying
about a half of the project area.
The P-landscape is of an alluvial-colluvial nature and the
soils are mainly reddish brown to strong brown, fine to very fine clayey
and are highly calcareous and slightly gypsiferous. Only a small part is
of a loamy-gravelly nature. The clayey soils have been named Dakal series
and are classified as Camborthids in the U.S. Soil Taxonomy System. The
subdivision of this landtype has been based on presence of surface
dissection by gullies and the occurrence of sinkholes.
The B-landscape is characterised by a more or less dense
braided drainage pattern running from west-north-west to east-south-east
and further by the presence of sinkholes of varying density and size.
The soils are mainly clayey, highly calcareous and slightly girpsiferous
and have vertisol characteristics.
The water which is conveyed by the drainage gullies has a considerable
siltload which partly has been deposited as loamy streambed ridges,
overlying the original clay soils. On several places this has resulted
in a very complex pattern with ridges of sometimes only a couple of
metres wide. It is impossible to map them seperately and consequently
some mapping units consist of an association of different soils. The
subdivision of the soils of the B-landscape is based on the degree of
dissection by the surface drainage channels and gullies and the density
and size of sinkholes. A further subdivision is based on the presence
and density of the loamy ridges. The loamy ridge soils are named
Imi-Series, and can be classified as Torrifluvents and the clayey
interfluve soils are named Gode-North Series, and are classified in the
Order of Vertisols, suborder Torrerts.
The A-landscape consists of alluvial Wabi Shebelli desposits,
with all the textural variations inherent to such deposits. They range
from sand to clay in lateral as well as in vertical aspect. Based on
this, the soils of the A-landscape are primerely subdivided in a coarse
to medium textured group and a fine textured group. The coarse to medium
textured soils are the levee-, splay- and streambed desposits, the fine
textured soils are the basin desposits. Recent and older Shebelli
deposits are found aside of and superimposed on each other, resulting in
a complex soil pattern. Due to their sedimentary nature the textural
variation in the soil profiles, especially in the coarse to medium
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textured soils, is large and an intense stratification (lamination) can
be observed and forms a basis for the subdivisions of this soils. Wind
activity has reworked the coarse textured deposits, resulting in dune
formation. The size of the dunes and the numbers present form also a
basis for further subdivisions. Also presence of sinkholes are a criterium
for a further subdivision. The predominantly coarse (= sandy) textured
soils have been named Debaldeg Series, and are classified as Torripsamments,
while the predominantly loamy soils are named Ididole Series, and the
predominantly clayey soils, Shebelle Series. Both are classified as
Torrifluvents in the U.S. Soil Taxonomy System. The fine clayey, cracking
soils of the alluvial basins (A2) are named Gode-West Series and they
are classified in the order of Vertisols, suborder Torrerts.
During the fieldwork attention was paid to soil hydrological
aspects. Inverted augerhole tests have been carried out as well as
infiltration measurement. The inverted augerhole tests indicated the
hazard for rising groundwater tables with consequences for deep drainage
system in the future. The few infiltration measurements indicated an
acceptable to good intake of water under irrigated conditions. It has to
be kept in mind, that the available amount of data is limited.
The land development aspects clearing and levelling have been
evaluated in financial terms, making clear that these costs can be
considered as low to medium for nearly the whole project area. Only a
limited hectarage fall in the high cost group (part of the soils with
dunes).
The field work on soils has been complemented by laboratory
analyses. The data made clear that no hazards in the fields of salinity
and alkali problem can be expected. After complete land development the
land of the project area can be considered suitable (highly to moderately)
for irrigated cropping; only a minor hectarage can be considered as
marginally suitable and unsuitable.
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CONCLUSIONS
The pattern of soils as presented on the soil map is complex
especially for the A-units, but also, be it to a lesser extent for
the B-units. In fact the pattern is still more complex than can be seen
on the map. Many mapping units are associations of different soils.
Several soils are found to occupy tiny patches, impossible to map on the
scale 1:20 000, and consequently they had to be incorperated in an
association with the dominant soil.
The design of the scheme gives a layout with plot sizes of
20 - 25 ha's. It will be clear that hardly any plot can be found which
has uniform soil conditions.
In the case of large-scale mechanized agriculture the plot of
20-25 ha's will have to be managed as one unit. The management has to
find for activities as landtillage and irrigated water application, the
most logical denominator in handling the complex pattern of deviating
soil properties. This means that certain parts of the plot will in the
interest of the whole plot not get the optimal treatment.
In the case of smallholders farming, the situation is different.
The farmer with a farm of about 1.5 ha can pay attention to each quarter
acre of land on his farm and consequently he will be in the position to
treat each small part in an optimal way.
The land development costs landclearing, landlevelling and
subsoiling vary from soil unit to soil unit and can be very considerable.
About 50 % of the project area will have rather low land development
costs, 45 % medium high land development costs and 5 % having high
costs. It would seem likely not to develop this area. However in the
detailed design a large part of this high cost area has been rejected
already for topographical reasons. About 200 ha or roughly 2 % of the
project area lays scattered in small areas in the southern part. In
spite of the high costs it seems logical to incorporate these areas for
the land development.
A special problem is formed by the presence of sinkholes,
effecting about two- third of the project area, mainly in the central
and northern part. The holes vary in size and intensity, but are relatively
small; maximal a little over 10 m-^. In the southern part hardly any, or
only small holes are found. Under irrigated conditions, there seems to
exist a potential danger for new sinkhole formation. Previous survey
results complemented by the recent ones however can not forcast the
exact place where the sinkhole formation will take place. The hazards
can only be indicated in general terms. Augerholes are spot observations
and the total amount is too restricted to compose cross-sections of the
canal alignments. Forming of new sinkholes (most likely of limited size)
under irrigated conditions, will form a constraint for an efficient
irrigation crop husbandry, resulting in cost becoming on the increase
and production on the decrease. An alert and well-equiped maintenance
department, attached to the project organization is considered essential
to keep damages and costs on the lowest possible level.
\
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Attention was paid to salinity and alkalinity of the soils,
based on the available EC and pH data. They indicate that about 13 % of
the figures shows a pH above 8.5 and 24 % EC data above 8. Consequently
under present circumstances spotwise some alkali and salinity is found.
Under the future irrigation conditions, it is expected, that due to the
quality of the irrigation water, alkali and salinity hazards will
disappear. The Shebelle water has a favourable ionic composition and
local alkali problems can be controlled properly. Besides, the dissolved
solids in the water are on a sufficiently low level, to leach the
locally available salts out of the rooting zone. Therefore salinity
and alkali hazards will not form a problem in the future under irrigated
conditions, provided of course that the management is up to standard.
In the present design the central part of the area has been
left out for reasons of irregular topography and vegetation problems.
The northern part was incorporated, to be fed by a separate water supply
canal, branching from the main canal, along the western boundary of the
project area.
The present soil survey indicates that the suitable land in
the north is less extensive than was initially thought; moreover, the
land development costs of the initially rejected, Central Zone with
irregular topography and forest, are in fact, within the range of the
medium cost class. This area may therefore be incuded within the project
design. Thus instead of planning a special northern canal branch to
irrrigate the area north of the central zone, north ward extension of
the southern area might be reconsidered in terms of efficiency and by
comparing the development costs.
In concert with the conclusions in the report attached to the
detailed design, the results of the soil survey confirm, that it can be
expected, that the groundwater table will rise rather fast under irrigated
conditions. It has to be expected that within 10-15 years time, the
groundwater has reached such a level that water logging and salinization
hazards will become evident. Rather intensive (deep) drainage measures
will have to be taken in order to prevent and control these hazards.
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RECOMMENDATIONS
The combined activities of field and laboratory work have
increased the knowledge on soils in the Gode-West project area. However
the insight in several aspects still has to be improved. The following
recommendations can be mentioned.
The field survey has made clear, that under future irrigated
conditions, groundwater tables will rise which ultimately will result in
too high groundwater tables resulting in waterlogging and salinization
hazards. Therefor it is recommended to monitor the movement of the
groundwater tables. This monitoring will indicate the right time when
drainage measures will have to be taken. The monitoring can be done with
help of piezometers. At present already a few have been installed.
Installation of some more, evenly speard over the Al, A2 and B soil
groups is advisable.
Up to now only a limited amount of observations on hydraulic
conductivity have been made. A definitive answer for a design on spacing
of a detailed deep drainage system per plot can not be given at this
moment. Therefore it is recommended to carry out in future tests on
hydraulic conductivity to arrive at a firm conclusion per plot. It has
to be expected that at least 2 tests per plot of 20-25 ha will have to
be made in boreholes with a depth of about 5-8 metres.
The same as mentioned for the hydraulic conductivity tests,
can be said for the infiltration measurements. The amount of available
data is too limited. Collection of more data is recommended.
It is expected, based on the survey results, that with irrigation
the initial water losses to the subsoil, via cracks will be considerable.
It is recommended to analyse this situation carefully and investigate
methods of applications of irrigation water in order to avoid excessive
waterlosses as much as possible.
Forecasting the appearance of sinkholes under future irrigated
conditions is very difficult. It is not exactly known, where and in
which form gypsum is present in the shallow subsoil. An increased amount
of deep borings can improve the situation, but even then it is not
possible to forecast the exact places for an eventual sinkhole of 5 or
10 m-^'s. Testing canal alignments with geophysical methods may offer
another improvement of knowledge, as such methods are able to produce
cross sections in stead of spot observations. In the case of the sites
of important hydraulic structures spot observations by deep borings can
indicate the eventual presence of gypsum in the subsoil. Then the
possibility, that such a structure is re-allocated or a solution is
found in the direction of placement of a reïnformced plastic foil, as is
mentioned in the design of the weir in the Wabi Shebelli.
The eventual occurrence of new sinkholes in future remains a
difficult problem. It is likely that it will happen. Considerations
based on the present situation in the Code West project area, make it
likely that new sinkholes will be of a same size as found presently,
i.e. sizes of a few m-^'s. A review of the irrigated perimeters south of
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the town of Gode indicate that the hazards of sinkhole formation are
limited. Anyhow to cope with eventualities it is recommended to have
attached to the Gode West irrigation project a strong and well equiped
maintenance department.
Irrigated agriculture in the Gode area is a rather new activity.
On limited scale, irrigated cropping is found south of Gode town. As
research and well guided demonstrations and trials on irrigated cropping
in the area itself is lacking, it is recommended to install trial and
demonstration field on a few plots in the Gode West project area.
Investigation should deal a.o. with:
-

cultivar trials of the various crops;
crop rotation schemes;
plant protection;
fertilizer application;
irrigation experiments for the best water use.

The two last mentioned aspects will need a backing up with
data of laboratory analysis. For fertilizer trials data on the soil
fertility states will have to be provided eventually complemented with
leaf analyses in order to arrive at a good knowledge of the relation
soil fertility - fertilizer applications - crop yield. In relation with
irrigation practices it is recommended to analyse the data on soil
moisture contents and availability by means of pF data. To compose a
complete pF curve the following points should be analysed: pF 0.4 (for
pore volume), pF 0.5, pF 1.0, pF 1.5, pF 2.0, pF 2.5, pF 3.0, pF 3.4
(or 3.5), pF 3.8 and pF 4.2.
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1

GENERAL DESCRIPTION OF THE AREA

1.1

Location

The Gode-West Irrigation Project is located in the Ogaden
desert, along the left bank of the Wabi Shebelle river, in Harrarge
province, just on the border with Bale province, in Southeast Ethiopia;
approximately 650-700 km southeast from Addis Ababa, and less than 100 km
from the national boundary with Somalia. The approximate geographic
coordinates of the centre of the project area, are 6 northern lattitude
and 43 40 eastern longitude, (see Figure 1.1)
Gode, the nearest township is located about 40 km east of the
project area. National roads leading to Gode are shown in Figure 1.2.
The project area, covering about 11 000 ha, is situated at an
altitude of about 325 m, above m.s.l. in between plateau uplands in the
north, which are too high for receiving gravity irrigation water, and the
Wabi Shebelle river, in the south.
1.2

Climate

The climate of the project area is recorded by the
meteorological station in Gode town. This station has been in operation
since 1967. For the available data on temperature, relative humidity,
daily sunshine hours, wind speed, evaporation and rain-fall reference can
be made to Appendix B of Volume II of the Final Design Report February
1987. A general review is presented below.
Temperature
The climate is hot and dry; the mean average temperature is 28
degree centigrade, with average maximum and minimum temperatures
respectively of 35 degree centigrade and 22 degree centigrade.
Broadly speaking there is a colder season with lower minimum
temperatures from November to March i.e. prior to the early rainy season.
Rainfall
The average annual rainfall is 220 mm. Rainfall tends to be
bmore reliable in the early rainy season (April-May) than in the late
season (October-November).
Rainfall generally is very erratic; the annual rainfall ranges from 38 ram
to 425 mm. A completely or relatively dry period is experienced from June
to October and from December to April.

2

4

Relatively humidity and windspeed
The average relative humidity is 58 %, without any great daily
or monthly variation throughout the year. The mean wind speed ranges from
4-6 m/sec in the period June-September accompanied by south-westerly
winds, and from 2-3 m/sec in the period October-May accompanied by north
easterly winds. During daytime generally strong winds are experienced.
Sunshine duration
Sunshine durations are lower during the dry summer period,
which is accompanined by relatively strong dusty winds. The highest
values occur from November to April.
Evaporation
The mean daily pan-evaporation is generally less than 10 mm
(8-10 mm) from October-January and in April - May. In the other months it
exceeds 10 mm and attains the highest values (12 mm/day) in March, August
and September i.e. relatively driest periods of the year.
The total annual pan evaporation amounts to 3 850 mm.
The potential evapotranspiration according to Penman has been
calculated and the results are presented in above mentioned Volume II.
The potential evapotranspiration according to Penman is about 70 % of the
pan evaporation; thiss can be seen by comparing the averages presented in
the mentioned volume.

1.3

Hydrology of the Wabi Shebelle river and type of floodplain

The hydrology of the Wabi Shebelle river basin is determined by
two rainy seasons. The first rainy season (Belg) occurs in March, April
and May and the second rainy season (Mehr) in July, August and September.
As a consequence the runoff pattern of the Wabi Shebelle river
at Code, shows two flood seasons. The characteristics of these two flood
seasons are different, which can be explained by the occurrence of two
types of runoff.
The first type of runoff is very gradual and is generated in
the mountains which form the North-Western boundary of the river basin
(Arussi and Chercher). The rainfall pattern in these mountains is regular
with low coefficients of variation. The two rainy seasons generate
flood-waves with modest peaks. The second flood peak is generally the
highest. When the flood peaks reach Code they have been very much
attenuated.
The second type of runoff is of a more vehement character and
has the form of flash floods, which are generated by heavy rainfall in
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the North-Eastern and central part of the catchment. These flash floods
generally occur in the first rainy season during April or May. Many
rivers which carry these flash floods, like the Daketa and the Fafen, are
intermittent and are dry during five months of the year.
The result of this runoff pattern is that the second flood
season in Code has the largest flood volume, whereas the higest flood
peaks generally occur in the first flood season.
Type of floodplain
The flow of the Wabi Shebelle river is presently mainly
restricted by steep cohesive banks of an old alluvial Terrace in which it
has cut an Erosion Terrace (T); as illustrated in the schematic
cross-sections of Figures 1.8.
Within the steep banks and on top of the Erosion Terrace, which
is presently flooded almost every year, levees of sandy material are
deposited. They are covered by trees.
The steep cohesive banks, on the other hand, are less
frequently overtopped by the river; on the basis of local information
only once in 7 years. The most recent and according to local information,
highest flood of 1985, has been estimated to have resulted in a
sheet-flow with a maximum depth of one metre.
Depostional meandering features such as levees, splays, and
abandoned river beds such as oxbows have been observed during aerial
photo-interpretation, in the southern part of the project area or the
A landtype, while the northern part of the project area (the B-landtype),
is characterised by a braided drainage pattern, running more or less
parallel to the Wabi Shebelle. These braided channels are formed by the
intermittent (seasonal) run-off flows from the northern plateau uplands
cutting slightly into the "soft" Wabi Shebelle deposits and finally
deposting relatively coarse (=loamy) bedload material within its own
channels.
Mapping units B 12 and B 322 are examples of such filled-up
braided channels (see Figure 1.7 showing cross-section of B landtype and
the map). The finer (clayey) material of the run-off flow will be
deposited mainly sidewards of these channels, on top of its banks, as
overflow deposits. The tributary valleys of the plateau landscape (P),
are characterised by a somewhat fan shaped pattern with decreasing slope
towards the southern floodplain.
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1.4

Geology

1.4.1

Introduction

A 1:250 000 geological map of the Wabi Shebelle area was
released in September 1972 by the National Water Resources Commission.
This map is based on aerial photo-interpretation. Relevant maps are the
Code and Imi sheets. A description of the geological situation of the
Gode Irrigation Scheme follows, based on the above mentioned maps (see
Figure 1.3 + Figure 1.4) and our own field observation. A schematic
geological cross-section of the area is presented in Figure 1.5.

1.4.2

QuaternarY and recent deposits

Apparently a relative decline of the Ogaden-Somali plateau has
occurred in the recent geological past, after which the Wabi Shebelle has
partly filled up its former valleys with alluvial deposits in which the
river is again inciding a flow path. These deposits are reported to reach
a thickness of upto 30 m. In the study area the alluvial deposits have a
width of 12 to 13 km and these deposits are mainly composed of elements
resulting from the weathering of volcanic rocks on the high plateaus.
They consist of sandy silts and gravels rich in ferromagnesian minerals
and in mica, which confirms their volcanic origin. Though their
substratum is gypseous, these deposits are not very salty.
Also recent local deposits are present in the study area. They
are mainly alluvial deposits and debris cones from intermittent rivers,
weathering layers and wind erosion deposits. It is reported that their
petrological nature is directly linked to the nature of the substratum.
(Scarcely saline sandy silt deposits with limestone crusts on the
Mustahil limestone; red gypseous silts with limestone pebbles of local
origin on the gypseous series). These local deposits spread out largely
on the soft gypsum formations.
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1.4.3

Mesozoic sedimentary formations

The main Gypseous Formation (Neocomian, Lower Cretaceous)
This formation occupies a large part of the Ogaden. It is made up of
alternating marls, more or less gypseous clays; of thick beds of massif
gypsum; of dolomites and very thick rocksalt layers. The thickness near
Code is over 250 ra. On top of the g5rpseous formation a
dolomitic-calcareous layer about 30 m thick occurs - the Mustahil
Limestone. This layer comprises more or less marly and chalky beds
surmounted with a reddish coloured dolomitic layer. It forms a very
distinct resistant cover over the main gypsum and represents a major
geomorphological feature of the Ogaden. The very rich fossil content
points to a Barremian-Albian age (Lower Cretaceous). The Mustahil
Limestone is covered with gypseous marly layers. The limestone and
gypsiferous rock present in the area all belong to the "Gypsiferous
Series"

1.4.4

Miocene_intrusive olivine basalts

Dolerite dykes of olivine basalt composition cut through the
sedimentary cover all over the Ogaden Basin. Occurrences of these
dolerites are within 15 km of the building site of the dam. Examination
in the field has shown that the dolerite occurs mainly as rounded core
stones left over from ancient weathering episodes. The core stones
however, have only a very thin weathered skin of brownish coloured iron
(hydr) oxides. They are strong, dense and fresh and suitable for
construction purposes.

1.5

Physiography and major soils

On the basis of physiographic surface characterisitics related
to soil forming factors (e.g parent material, relief etc.) and soil
conditions, the area surveyed has been subdivided into 4 major
landscapes, each with its own characteristic sedimentary and/or erosive
patterns. They are the P-, B-, A- and T landtypes, of which only the
first three are represented within the project area and will be discussed
below, while the Erosion Terrace landtjrpe (T), is situated south of the
project boundary, along the Wabi Shebelle river by which it has been
formed.
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P-Plateau Landscape of Main Gypseous Formation and Basalitc
Intrusions
This landscape, covering about 333 ha, or 3% of the total
surface, is characterised by rocky hills (PI), alluvial - colluvial
sideslopes (P2) and tributary valleys with alluvial fans (P3) spreading
out on the flood plain beneath the hills, (see Figure 1.6)
The PI hills forming more or less the Northern project boundary are not
included within the project area, and only a small part (about 23 ha)
0.2 % of the lower P2 slopes (P22) occurs within the project area. They
are very gently sloping (3-4 % slopes) surfaces with predominantly dark
to reddish-brown gravelly loam soils, calcareous throughout and having
about 5 % of powdery soft CaC03 nodules below 50 cm of depth.
The P3 unit has been subdivided on the basis of surface
dissection, sinkholes and vegetation cover into the following 3 mapping
units.
P31 -

slightly convex, dissected by gullies and with moderately
large sinkholes (80-100 cm diameter and upto 1 m deep),
covering about 77 ha, or 0.7 % of the total surface.

P32 -

Non-dissected, with smaller sinkholes (40-60 cm diameter,
depth upto 60 cm), covering about 123 ha or 1.1 % of the total
surface.
nearly level fan base with very few, very small sinkholes (less
than 40 cm diameter and less than 40 cm depth) and moderately
dense acacia tree cover, covering about 110 ha, or about 1 % of
the total surface).

P33 -

Soils of these units consist of reddish brown to yellowish red
or strong brown fine loamy to clayey, highly gypsiferous soils.
B - Intermittent Tributary Braided River Plain, Superimposed on
Wabi Shebelle Alluvium
This landscape, covering about 5 335 ha, or 48.5 % of the total
surface is characterised by a more or less dense braided drainage
pattern, running from west-north-west to east-south-east.
On the basis of degree of dissection by surface drainage
channels or gullies and density and size of sinkholes, it has been
further subdivided into 4 subland types (see Figure 1.7):
Bl

=

Slightly dissected with wide streambeds and with common small
sinkholes (40-60 cm diameters and upto 60 cm deep).

B2

=

Moderately dissected, with many moderately large sinkholes
(80-100 cm diameter and upto 1 m deep).

B3

=

Strongly dissected, with many large sinkholes (over 100 cm
diameter and over 1 m deep).

B4

=

intensively braided river plain (braided drainage ways covering
up to 30 to 40 % of the surface) with many moderately large
sinkholes.
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Since the increase in surface channel dissection caused by
seasonal run-off floods - is accompanied by an increase in sinkhole
formation, the latter one seams also to be related to the quantity of
available of water.
The above units are further subdivided on the basis of density
of filled-up streambed deposits meandering or braiding within these units
as loamy ridges; B12 and B322, units consist almost entirely of such
loamy ridge soils covering respectively 330 ha, or 3 % and 660 ha, or
about 6 % of the total surface, while the B22 unit consists of an
association of heavy clayey vertisols with 30-40 % (on this scale
unmappable) narrow loamy ridges. This unit covers approximately 1012 ha,
or 9.2 % of the total surface.
Soils of these ridge units are characterised by shallow to
moderately deep slightly g3rpsiferous dark brown loams more or less
abruptly overlying dark brown, slightly gypsiferous clays.
The B321 unit, covering about 759 ha, or 6.9 % of the total
surface, has less, convex loamy streambed ridges and this unit is further
characterised by a fairly dense thorny tree cover.
Soils of the inter-streambed units (Bll, B21 and B31),
respectively covering about 594 ha, or 5.4 %; 275 ha, or 2.5 % and
1562 ha, or 14.2 % of the total surface) are predominantly dark brown,
slightly gypsiferous cracking clay soils (Vertisols).
Soils of the B4 unit, covering approximately 143 ha, or 1.3 %
of the total surface, are predominantly brown clay soils, showing
sedimentary stratification (or lamination) throughout their profile.
A - Wabi Shebell Alluvium
This landscape, covering about 5330 ha, or 48.5 % of the total
surface, is characterised by the occurrence of lighter toned levee -,
splay - and streambed deposits, contrasting with the darker toned oxbowand basin patterns, typical for meander floodplains (see Figure 1.8). The
textural profiles of these soils are extremely varied and heterrogeneous
and usually intensely stratified (laminated) throughout. However,
textural gradients (both vertical - and lateral) being naturally related
to the sedimentary landforms (such as levees and basins) enable logical
groupings of soils as well as their delineation by means of
characteristic surface features (see Chapter 3, Section 3.1.1).
Lighter textured Al, units
Wabi Shebelle levees (All), covering about 202 ha, or 1.8 % of
the total surface, or crevasse splays (A12), covering about 290 ha, or
2.6 % of the total surface, or older streambed deposits with levees (A13)
covering 571 ha, or 5.2 % of the total surface, are all characterised by
their shape and/or relative location and lighter tones on the aerial
photographs and their soils are typically relatively coarse in nature.

%.
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ranging from deep sandy to deep or shallower coarse - and fine loams
often abruptly overlying brown clays.
Wind activity in various directions is thought to be
responsible for the local formation of symmetric dunes or hummocks; since
both a loose source material as well as a trapping vegetation occurs in
these areas, sandy to silty dunes form part of these units.
In total about 600 ha, or 5.5 % of the total surface (see
units A113, A121, A122, A132 and A133) have been effected by dune
formations.
One unit A14 (covering in total about 275 ha, or 2.5 % of the
total surface) is more complex in nature, since it consists of hurried
streambed deposits, levees and basins. It is further characterised by
moderately large (A141) to very large (A142) sinkholes, the latter
obtaining diameters of 2 to 4 meter.
Finer textured A2 units:
Soils of the A2 basins and the abandoned river beds,
collectively covering about 3992 ha, or 36.4 % of the total surface, are
predominantly characterised by dark brown, slightly gypsiferous cracking
clays. (Vertisols).
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This A2 unit is further subdivided on the presence or absence
of (usually small) sinkholes, and/or a coarser textured (mostly shallow)
overburden.
1.6

Present Land Use

The main activity of the local, semi-nomadic population of
Somali origin, is principally centered on animal husbandry, practised in
an extensive manner. Herds consist of cattle, sheep and goats. Hence,
large areas in the Gode-West project area are presently used for grazing.
Prior to the rainy season the existing grass vegetation is burnt. Towards
the end of the dry periods possibilities for grazing have substantially
reduced and as a result- as we observed during our survey- many animals
are dying.
Donkeys and camels mainly serve as a means of transportation of
goods. In the Gode-West area there is a local market.
The main rainfed crop grown by
cultivated during the early rainy season
varieties grown are early maturing; they
after sowing. Little soil cultivation is
than seed, are used.

the local population is sorghum,
on A-landtype soils. The sorghum
can be harvested some 3.5 months
carried out and no inputs, other

It may be noted that the local population is very independant
in charater, and efforts to involve them in permanent agriculature
systems so far have failed.
In contrast, in the settlement schemes near Gode, involving
settlers originating from other parts of Ethiopia, irrigation production
of cereals (maize, teff), vegetables, fruits and pulses is practised.

^
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2

SOIL SURVEY METHODS

In order to establish a physiographic working legend for soil
survey purposes, a reconnaissance trip through the Gode-West project
area, preceded the systematic field work.
This was followed by a first aerial photo-interpretation of the
project area, in the office in Addis Ababa, to enable efficient planning
of field traverses and location of soil profile pits in such a way that
all the delineated major physiographic mapping units would be covered by
field observations.
The aerial photographs available for this study were not of a
very high quality and partly damaged as they had been used before by
others. Besides, the canal alignment and intersection points (IP's) were
in some cases wrongly plotted on these photographs, which caused some
confusion in the beginning. Moreover the scale should have been at least
2 times larger (1:10 000) than the scale of the final map, as is
generally considered good practice to reduce scale variation
inaccuracies, inherent to the aerial photographic projection
characterstics. However, most of the area is covered by rather recent
(1985) aerial photographs of a scale approximately equal to the final map
scale of 1:20 000, which is still acceptable, but a small part in the
north-west corner of the project area, is only covered by much older
1:60 000 scale photographs (see Figure 2.1 showing aerial photograph
coverage of the project area, with run- and photo numbers).
Then, after the arrival of the complete soil survey team in
Code on March the 2nd, the location and digging of the soil profile pits
was first undertaken, to study and describe the soils in detail and to
make soil samples for laboratory analyses, available in an early stage.
Soil descriptions were made according to the FAO Guidelines for
Soil Description, the U.S Soil Survey Manual and both the "Munsell Soil
Color Charts" and the revised Japanese "Standard Soils Color Charts".
The U.S Soil Taxonomy System, 1983, was used for soil
classification, while the U.S Bureau of Reclamation System as well as
FAO, Soil Survey Investigation for Irrigation, 1979 (FAO Soils Bulletin
No. 42), were used for the data interpretation for irrigation purposes.
According to the contractual requirements, the soil profile
pits were located according to a more or less regular grid of 1 pit per
200 ha, but care was also taken to select sites collectively
representative for all the major physiographic mapping units delineated
on the aerial photographs and derived from fieldwork and aerial
photointerpretation.
1:10 000 topographic base maps with 50 cm topographic contour
intervals showing benchmarks (BM's) and canal intersection points (IP's)
were also provided, but unfortunately the Wabi Shebelle river with its
characteristic curves was just randomly plotted on it. This caused also
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some confusion in the beginning when we started to locate IP's and BM's
(needed for later photo- interpretation scale adjustments) on the aerial
photographs.
Another short-coming of the topographic base map is that
inspite of the 50 cm contour-intervals, hummocks of upto 1-2 m high and
with diameters at the foot upto 8-12 m, have not been indicated and
delineated, neither do the lines reflect the presence of gullies which
are usually more than 70 cm deep upto 1 1/2 m and 1-2 or 3 m (or more)
wide.
As a result of the above mentioned short-coming of the base map
etc. some of the first soil profile pits had to be relocated later on the
photographs and some of the pits which were thought to be suitable for
benchmark profiles had to be replaced by newly dug soil profiles.
Therefore, instead of the originally planned 42 soil profiles,
in total 47 pits were dug upto 1.5-2 m deep, sampled and described, out
of which only 25 will serve as so-called benchmark profiles, receiving
full laboratory analyses (4 samples each) as stated in the contract.
Deeper auger observations - wherever possible upto a depth of 3 m were
also made in these pits.
After this, traverses for detailed (=2 m deep) and
identification (=1.20 m deep) soil augerhole observations were thrown out
perpendicular to the overall orientation of the physiographic mapping
units at about 200 m intervals, while in between those observation,
changes in surface characteristics, such as type and density of
sinkholes, drainage channels, vegetation, hummocks and topsoil textures
and color were continuously recorded. In total about 300 of such
selective augerhole observations for soil identification and boundary
checking were made, after which the aerial photo interpretation map and
legend were updated.
A close relationship between external physiographic surface
characteristics and- position with the internal soil profile
characteristics was found to exist. Therefore, as expected in these
(semi)- arid terrain conditions, with minimal vegetation cover and
characteristic (partly meandering, partly braided) floodplain patterns
and wind reworked dune deposits, aerial photo- interpretation was found
to be very useful in obtaining a good appreciation of the type and
distribution patterns of major soil characteristics and - differences. It
also enabled consistant and accurate location of soil boundaries.
From these augerholes, soil samples were taken for pH- and EC
analysis in a simple field laboratory (3 samples for each selected
augerhole). As this field laboratory was never estabilished in the Gode
camp, due to lack of a suitable accommodation and/or some minor equipment
and/or the absence of laboratory technicians, all these samples were
finally transported to Addis Ababa. Some samples got damaged and others
lost during transportation and poor storage, therefore, in total only 351
samples were finally analysed for pH and EC.
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For the purpose of verification, another 305 soil augerhole
observation were made at a more or less regular grid and in between the
areas already surveyed in great detail, together again with hundreds of
very detailed surface observations. Thus in total 605 augerhole
observations were made, of which about 500 are concentrated in the more
heterogeneous A - landtype, which resulted thus an approximate density of
one observation per 10 ha. The B- and P - landtypes have been covered by
just over 100 augerholes plus hundreds of surface observations, which
will be sufficient since these mapping units are rather homogeneous and
composed of clearly distinguishable soils, of which location and
distributions pattern can be readily recognized in the field and on the
aerial photographs, such as the loamy to clay gypsiorthids the clayey
Vertisols (Torrerts) and the moderately deep coarse loamy ridges
Thapto-Torrertic TorrifInvents.
After this the actual soil survey was completed and a start was
made with the execution of the reversed augerhole permeability tests, of
which 126 in total were finally completed on the 12th of May.
In the same time 27 deep augering efforts were made of which
only 13 may be considered successfuly (reaching depths of 4.5 to 5 m). In
all other cases it was completely impossible to penetrate below 2.5 or 3
meters in the bone dry heavy clay or very loose sandy soils.
Then, on the 3rd of May, after we had 3 sets of rings made out
of old petrol drums, a start was made with the infiltration tests. An
Ethiopian geologist was trained by us and instructed about the sites to
choose for the completion of 17 tests in total, after our departure from
the field, on May 13th.
The benchmark soil samples are partly analysed in WRDA's soils laboratory
to determine the following properties.
1.
2.
3.
4.
5.
6.

Particle size distribution or soil texture
pH (1: 2.5 water and KCl)
Organic carbon
Calcium carbonate content
Gypsum content
Electrical conductivity of saturation extract with determination of
soluble cations and anions, when E.C is more than 2 mS/cm.
7. Cation exchange capacity and exchangeable bases (me/lOOg. soil)
8. Exchangeable sodium percentage
In the soils laboratory of the Ministry of Agriculture the
following remaining properties will be analysed.
1. Nitrogen content and C/N ratio
2. Bulk density on air-dry undisturbed samples
3. Moisture contents at pF values of 2 and 4.2.
The pF 2 values on undisturbed core samples.
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3

GENERAL PROPERTIES OF THE SOILS; THEIR GENESIS AND
CLASSIFFICATION

3.1

General Properties of the Soils

3.1.1

§S^iïïÊ5tarY textural_characteristics

All soils of the Gode-West project area are allochthonous in
nature; this means they have been transported from elsewhere before being
deposited in their present location.
The major transporting agent of this sedimentation process has been
water. Evidence of this can be observed on the surface by the
characteristic alluvial landform patterns such as abandoned meandering
riverbeds (oxbows), more or less parallelled by levees and fingershaped
crevasse-splays which are slightly elevated above depressional basins
(all exclusively occurring in the A- landtjrpe, (see Figure 1.7), or by a
braided drainage pattern by which the B- landt3rpe (see Figure 1.6.) has
been characterised, while the site position relative to the neighbouring
hills in combination with decreasing (faint) slopes and parallel to
distributary drainage patterns are typical alluvial features of the
sideslope and tributary fan units of the non-hilly P - landtype mapping
units.
Internal (soil profile) evidence for alluvial sedimentation is found in
the frequent occurrences of textural interstratifications (allernating
clayey or sandy beds) and fine textural laminations within the soil peds.
Therefore, water sedimentation being such a dominant aspect of
soil formation in this area, some general principles governing this
process should be well understood, in order to appreciate the applied
soil mapping - and soil classification procedures.
When a river during high stage, overtops its banks, its flow
and sediment - transporting power will reduce, due to the frictional
increase caused by the increased wetted perimeter. First the relatively
coarser particles (e.g. sands or silts) will be dropped near the river,
forming the so-called river levees, while away from the river with
decreasing flow of the flood, ever finer particles will be allowed to
settle down, such as clays, in the so- called back wash areas or river
basins at the end of the flow. Thus forming a lateral texture gradient
from relatively coarse to finer textures. Besides, sediment built-up of
the coarse particles near the river (= levees) will be at a higher rate
than in the far away basins. This results in the formation of ridgelike levees with a gradual decreasing slope towards the lower lying
basins, (see Figure 3.1).
A vertical textural gradient may result from the built-up of
levees on the river banks, since under equal flow conditions the coarser
particles cannot be lifted high enough to overtop the river levees.
The above picture thus explains the general relationship
between external landform characteristics and internal soil profile
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characteristics. Besides drainage conditions of the higher (= more
run-off) and coarser textured (= more permeable) levees will be better
than of the low lying fine textured basins. Mapping units All and A2 are
examples of respectively levee-units and basins.
Sometimes a river may break through its own levees, spreading
its load (including the eroded levee material) sidewards, in a
distributive, more or less finger-shaped pattern over the low lying
adjoining basins (see Mapping units of A12).
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Therefore, in conclusion of the above principles, we can say that the
farther away from the river, the finer the sediment textures will be.
This is evidenced in the project area by the heavy clayey soils of the B
landtype in the north while the A-landtype - more complicated in textural
distribution patterns (see below) - is partly containing lighter textured
units: generally close to the present Wabi Shebelle river or to an old
abandoned river coarse. The old meandering river beds (unit A24),
parallelled by old levee ridges (unit A132), complicate the general
picture, although they can be readily detected and mapped on the basis of
the above mentioned principles.
Another complicating factor of the textural distribution
patterns within the A- landtype is formed by the action of the wind,
which will be discussed below.
The heavy B-landtype soils in the north, already mentioned
above, are not to be considered as exclusively Wabi Shebelle basin soils,
since they are regularly receiveing fine clayey sediments, deposited at
the these far ends, by extensive large tributary run-off floods from the
northern upland plateau.
During excessively heavy seasonal floods, when run-off flows
will be saturated to full capacity with the available weathering products
of the neighbouring plateau (gravels, silts and sands), channels will be
cut through the soft clayey soils. And after slight decrease of flow the
relatively coarser load will be dropped within these channels.
The channel will then be blocked and the flow will cut a new channel
sidewards through the "soft" neighbouring clayey soils. Thus a braided
drainage pattern is formed, of which the channels have been filled-up
with relatively coarse bedload (here coarse loamy) sediments while fine
clay sediments will be deposited sidewards on its banks. Examples of such
channel fills are the B12 and B322 mapping units, having very contrasting
(loamy) textures compared to the surrounding clayey vertisols.
For the P3-units within the project area, it should be noted
that they are forming the lower parts of so-called alluvial fans. Gradual
sorting of the load, here also resulted in the depostion of finer
particles (fine loamy to clayey soils).
On the alluvial - colluvial P2 - units coarser material (gravelly sandy
loam) have been deposited. On these units, being located just at the foot
of the hill-slopes - not only run-off water but also gravity will be
acting as a transporting agent (= rolling from the slopes).
A third transporting agent, already briefly mentioned, is
formed by the wind. Wherever conditions are suitable, such as the
availability of a dry and loose material source (e.g fine sands or silts,
of the Al- units), that can be lifted up, and a trapping vegetation,
(symmetric) dunes or hummocks (upto 2 m high) have been formed, by whirl
winds around a vertical axis.
On the surface these dunes are characterised by their mounded
forms, crowned with a bush and tree vegetation, while their textural
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profile characteristics consist of very fine criss-cross laminations of
very fine sands and/or silts.
In sununary we can say that the Al soils are generally
characterised by relatively coarser textures ranging from deep fine sands
(e.g. dominating the A13 units) to deep coarse and fine loams (e.g.
dominating the upper and middle All levee - units), to moderately deep
or even shallow fine loamy, abruptly overlying the clayey textures,
typical for the A2- basin soils.
The B-landtype is strongly dominated by cracking clay soils,
with the exception of the contrasting moderately deep to shallow, loamy
channel- fill soils, overlying the clays.
The P2-units consist of coarse loamy footslope and the P3 of deep, fine
to very fine clays of the fanbase.
3.1.2

Organic matter

The vegetation of this semi-arid area (< 300 mm, annual
rainfall spread over 2 rainy seasons with intensive evaporation and
permanent dry winds), is of limited growth and with a short vegetation
cycle. Therefore acciunulation of organic matter is low and soon
mineralised. Hence, by means of the soil color, it is usually very
difficult to distinguish an organic matter accumulation horizon- Al in
these soils; organic matter content being about 0.7 % in the 20 cm
topsoil and 0.5% or less in the deeper horizons.

3.1.3

Lime

All the soils of the project area are calcareous throughout
with lime content varying in between 14-25 %.
The lime is however undistinguishable by the eye, and HCl reactions do
not show a gradient with depth. The climate seems to be unsuitable for
the migration of CaC03 as no individualisation of lime has been observed
in the alluvial soils. Only in the alluvial-colluvial P2 sideslopes, some
lime nodules have been observed; possibly indicating a former more humid
climate, as may also be indicated by their coarser, gravelly texture, and
the downward increase of the clay content, probably due to
clay-illuviation.

3.1.4

Gygsum

Gypsum, being about 15 times more soluble than lime, occurs in
almost all the alluvial soils of the A- and B-landtypes, in the form of
fine powdery accumulations; usually only in small quantities of less than
5% or even 1% (by volume), at 80-100 cm depth of the loamy and clayey
soils. Only in two clayey profiles, one occurring in the Bll-units and the other
in the B31 unit, higher gjrpsum contents of 10-20% (by volumes), have been
observed, in between 60 cm to over 2m of depth, but laboratory results
only showed 1.3-2.3 % CaS04 (by weight). In the more sandy soils, gypsum
only occurs in small interstratified finer-textured layers.
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In the tributary valley fanbase deposits of the P3 units, which
are more reguraly flooded, gypsum occurs at 50-100 cm depth, in often
more than Im thick layers of 35-80% (by volume) gypsum content. These
powdery gypsum accumulations are in the form of crystals of sugary type.
These horizons are probably formed by run- off water from the gypsum
containing hills of the Main Gypseous Formation Plateau (PI), which seeps
into the soil at the fan base. The laboratory results however, only gave
very low quantities of gypsum by weight varying from nil to 2.46 %, which
is slightly gypsiferous.

3.1.5

Salininty - alkalinitY

Field laboratory analysis, executed on 106 soil profiles (or
351 soil samples in total) indicate that most of the soils are (very)
mildly to moderately alkaline (pH 7 - 8.5) and both topsoil or subsoil pH
values are very seldom higher than 8.5 or strongly alkaline (see also
Section 5.9). Alkalinity, therefore, does not seem to be of a problem, in
the project area. Besides, Na- alkalization (caused by Na on the
absorption complex) can easily be removed, when these gypsum - containing
soils are leached by (gypsum-containing) irrigation water. The replacement
of exchangeable sodium by calcium will take place concurrently with the
removal of excess salts.
Electrical conductivity readings on the same 351 soil samples,
reveal salinity effects to be mostly negligible. More than 75% of the
analysed profiles show ECe values below 4 mS/cm, (mostly even < 2mS/cm)
which means they are free from any negative affect on plant growth.
Only 9% of the 351 analysed soil samples, belonging to 21 profiles had EC
values > 16 mS/cm. (see further section 5.9)

3.1.6

Soil structural characteristics

Vertic characteristics in clayey soils are those resulting from
the cracking of clays during the dry seasons and the swelling caused by
wetting during floods of the rainy season. This alternating swelling and
cracking will result in the movement of soil: the pressure exerted during
the swelling is thought to be the origin of wedge shaped soil structures,
as well as the formation of slickensides (= polished or grooved surfaces
that are produced by one mass sliding past another), and gilgai
microrelief, which consists of a succession of enclosed microdepressions
and microknolls in otherwise nearly level areas. All these features
together with the occurrence of open cracks extending from the surface up
to > 50 cm depth, have been observed in the heavy clay soils of the Band A-landtype, and are used to define the order of vertisols.
Development of a weak to moderately well developed, fine to
medium large crumbly and/or subangular blocky topsoil structure,
progressively increasing in size with depth and changing into coarse
angular blocky and finally coarse prismatic structure, is another
structural characteristic of these clayey soils. This favourable surface
structure will facilitate cultivation and it may have been formed due to
the presence of abundant calcium, binding the clayey particles, and in
cofnbination with the influence of the grass roots.
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Development of 3-5 mm thick surface crust has been observed on
most of the clayey Shebelle series, dominating the A122, A134 and A21
mapping units. This may impede germination of plants.
However, this crust is not very nor extensive in seize and usually
overlying a rather stable crumbly or fine angular blocky topsoil
structure, as discussed above.
3.1.7

Sinkholes

Another, extensively occurring surface - phenomenon, of the
project area, is formed by rounded, polygonal, and/or elongated holes in
the ground; varying in size from 20 cm to 2 or 4 m diameter and 40 cm to
over 1 or 1.5 m depth.
The only explanation for the formation of these holes will be
that material in the subsoil is removed and caverns are formed. Then
after loosing support in the subsoil the topsoil will collapse and tumble
down in the cavity below.
The most common idea for the removal of subsoil material is by solution
of soluble solids such as gypsum, which are then transported in solution
to the deeper subsoil. Conform similar features occurring in karst
(limestone) areas, they are called sinkholes.
However, the aridic (dry) climate of the Ogaden desert, and the
generally low gypsum content, as observed during our field survey, in
most of the soils (upto 1.5 - 2 m depth) poses some problem to their
formation.
Geological information and our own field observations in deep
augerings and along the banks of the Wabi Shebelle, have shown the
occurrence of gypsum underlying the whole project area.
Besides, our field observations have shown, that the occurrence
of these sinkholes is typically concentrated (in density and size) in
those northern and central parts of the project area (notably the B, P3,
A23 and A14 units) that are most often subjected to seasonal flooding by
run-off water, from the northern plateau uplands; thus providing the
dissolving agent. For further discussion of the sinkhole problem, see
Section 5.2.
Therefore, under irrigated conditions, there seems to exist a
potential danger for new sinkhole formation in the whole project area
(including the presently non- or little affected units of the Alandtirpe) .
3.2

The Soil Classification and Mapping Legend

3.2.1

Taxonomie soil classification_and_correlation

In detailed soil surveys, such as this, classification at
levels higher than the soil series, may not be essential to the
interpretation of the survey data for practical purposes, but the value
of the findings would unnecessarily be limited to mere local interest.
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Therefore, for the purpose of international soil correlation,
through which interpretations with like soils elsewhere can be compared,
all soils have been classified at higher taxonomie levels, according to
the internationally well- recognized "US Soil Taxonomy System'" 1975,
using the updated "Keys to Soil Taxonomy" of 1983 (USDA, Technical
Monograph no 6).
Taxonomie categories used and the recognition of names
A category of the system used is a set of classes that are
defined approximately at the same level of generalization and that
include all soils. There are 6 categories in this system, which in order
of decreasing rank and increasing number of differentiae and classes are:
order, suborder, great group, subgroup, family and series.
Names of orders can be recognized as they end with sol
(L.Solum, soil), e.g. Vertisols (L, verto, turn or invert) characterized
by more than 30% of clay in combination with the characteristics
resulting from soil movement (described in section 3.1.6), Entisols
(formative ent is derived from recent) are characterised by the absence
of distinct pedogenic horizons. This may be the result of an inert parent
material such as quartz sand, in which horizons do not readily form, or
of the lack of time for horizons to form, as in recent alluvium, (e.g.
A-landtype). A third order observed in the area is named Aridisols (L.
aridus, dry) the unique property is of not having "available" water
(held at tensions < 15 bars) during most of the time that the soil is
warm enough for plant growth (> 5°C) and they never have water
continuously available for as long as 90 days when the soil temperature
is above 8°C. (see definition of soil moisture regime).
The names of the next category of suborders, are formed by two
syllables of which the second is the formative element from the name of
the order e.g. art for Vertisols, ent for Entisols, and id for Aridisols,
while the first syllable connotes something of the diagnostic properties
of the soils, e.g. Torrerts, in which Torr is derived from Torric (hot
and dry) referring to the same soil moisture regime already referred to
under Aridisols (= absence of available water held at tensions < 15 bars,
by a period of 90 days when temp, is > 8°C). Psamments (psammite = sand
texture) are the sandy textured soils without major pedogenic
development. Fluvents (L, fluvius, river ) are characterised by
sedimentary stratification. Orthids (Gr. orthos, true), are typical
Aridisols without major clay illuviation as contrary to the next suborder
of Argids (= modified from Argillic horizons, which is a clay illuviation
horizon).
The name of a great group consists of the name of a suborder
and a prefix that consists of one or two formative elements suggesting
something of the diagnostic properties, e.g. Torrifluvents or
Torripsamments, are respectively fluvents or psamments both subjected to
a torric moisture regime.
Other great groups occurring in the project area are
Haplargids, (G. haplous, simple), having no special other argillic
characteristics, such as an exceptional strongly developed, alkapized or
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hardened argillic horizon, and Camborthids (L. cambiare, to exchange)
having an altered) horizon. It should be noted that the properties of
Torrents are so similar that no subdivisions at the great group level seems
warranted.
The name of a subgroup consists of the name of a great group
modified by one or more adjectives, the adjective Typic is used for the
subgroup that is thought to typify the great group. Each Typic subgroup
has, in clearly expressed form, all the diagnostic properties of the
order, suborder and great group to which it belongs. In the project area
the following Typic subgroups have been classified:
T5^ic
Typic
Typic
Typic
Typic

Torripsamments
Torrifluvents
Torrerts
Haplargids and
Camborthids

Other modifying adjectives used to classify the soils of this
area on the subgroup level are:
Vertic
For those Torrifluvents, having cracks at some period in most
year that are 1 cm or more wide at a depth of 50 cm and have > 35% clay
in horizons that total > 50 cm in thickness within the upper 1 m.
Mollic
(L. Mollis, soft) for those Torrerts that have a color value
moist less (= darker) than 4 in the surface horizon upto 30 cm thick.
Cambic
(L. cambiare, to exchange) for those Gypsiorthids that have a
gypsic horizon in which the product of % gypsum times thickness in cm
above 1.5 m depth is < 3000 and have no calcic horizon above the gypsic
horizon.
Thapto
(Gr. Buried) is used as a modifier of the name of a buried
soil.
In this report a soil is considered to be hurried if there is a
topsoil of more recent material of 50-90 cm thickness, abruptly overlying
older material of contrasting textural characteristics and having
different diagnostic characteristics (at the great group level).
In the texturally often very heterogenous alluvial soils of the
A- landtype or in the channel filled soils of the B-land type, we felt
that for irrigation practices, it would be useful to apply this modifier
indicating a drastic change in soil characteristics, affecting the
internal drainage conditions, permeability and water holding capacity of
the 1-1.5 deep soil column.
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The word Thapto is used with a connecting hyphen as a modifier
of the great group name of the hurried soil. Thus a loamy (statified)
Torrifluvent that includes a moderately deep, buried cracking clayey
Torrert, is called a Thapto-Torrertic Torrifluvent.
Another type of buried soils occurring in the project area is
the Thapto-Torripsammentic TorrifInvents, which are characterised by
fine- or coarse loamy stratified Torrifluvents overlying a thick layer of
fine sands.
For the Family names usually a series of adjectives modifying
the subgroup name are used: such as for particle -size class, mineralogy
class and subclass (calcareous), reaction class (pH), temperature class
etc.
For the particle - size classes occurring in the area we have
distinguished the following groups:
Sandy = sand, fine sand and loamy (fine) sand. (< 15% clay and
> 70% sand)
Coarse loamy = sandy (fine)loam, loamy very fine sand, and silt
loams (15-28% clay).
Fine loamy = sandy clay loam, clay loam, silty clay loam
(28-35% clay).
Fine-clayey = sandy clay, silty clay, clay (> 35-60 % clay; but
for Vertisols > 30-54 % clay).
Very fine clayey = > 60 % clay, but for vertisols > 54 % clay).
Loamy skelettal = has been used in one case only for the
gravelly coarse loamy Haplargids.
However, to avoid redundancy, these adjectives don't have to be
used in all cases; e.g. the adjective sandy for a Typic Torripsamment is
obviously not needed, likewise may the adjective clayey be omitted for
Typic or Mollic Torrerts; only in case of a shallow loamy overburden,
particle- size class will be given with a depth indication such as : very
shallow = < 30 cm deep, shallow = 30-50 cm deep and moderately deep =
50-90 cm deep.
In case of Thapto-subgroup, only the (always moderately deep)
topsoil textural class will be given for the family adjective, since for
Thapto-Torrertic the underlying subsoil will always be clayey and for
Thapto-Torripsammentic, sandy.
For the soils of this area, the following mineralogy classes
have been used, based on the following criteria, since no clay mineralogy
or mineral countings have been executed: For sandy and loamy soils: we
distinguish the following adjectives:
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Micaceous for muscovite rich soils (should contain > 40% mica
by weight); in our case if many very fine muscovites have been observed,
otherwise they are called mixed.
For claye soils we distinguished:
Montmorillonitic wherever the cation- exchange capacity exeeds
60 me/lOOg clay, as the clay fraction should contain more than half
montmorillonite.
Illitic is the name given for clay soils having a cationexchange capacity of < 40 me/lOOg clay, and
Mixed for those clay soils with CEC of 40 - 60 me/lOOg of clay.
For soils having > 40% by weight CaC03 + CaS04 the adjectives
Carbonatic (if >65% of the sum consists of CaCOS) and Gypsic (if >35% of
the sum consists of CaS04) have been used. Without any reference, all
loamy and clayey soils of the A- and B- landtype are to be considered as
very slightly gjrpsiferous (= containg 1-5% of powdery gypsiom, by volume),
unless otherwise indicated, (such as slightly gypsiferous (for 6-20% of
gypsum by volume), or g3rpsiferous (for 20-30% gypsum by volume), within
1.5 m of depth.
For the calcareous and reaction class names the following
groups have been distinguished:
pH values 7.0-7.5
= neutral to very mildly alkaline
pH values 7.5-8.0
= mildly alkaline
pH values 8.0-8.5
= moderately alkaline
pH values >/ 8.5
= alkaline.
It may further be noted that all soils are (highly) calcareous
containing an average of 20% of lime.
Temperature class names are not used, since for all soils it
would be the same:
Hyperthermic (= mean annual soil temperature > 22 C, and the
difference between mean summer and mean winter soil temperature is more
than 5 C at a depth of 50 cm.
For the level of Soil Series, we introduced, as is the rule, as
much as possible the use of local place names.
3.2.2

Brief description of the Soil Series

It should be clear that the soil series described below only
have provisional status, since the survey was carried out in a small
area. Series are normally only given established status after they have
proved to occur extensively on a regional-scale survey or on several
smaller surveys covering a wide area description. Normally, the master
description of an established soil series should be based on at least 10,
preferably 20, detailed profile descriptions supported by full laboratory
data.
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Since soil mapping is essentially a practical operation
intended for practical application, it was found to be more convenient
sometimes, to stretch the range of properties included within a single
series beyond the taxonomie class limits to avoid the mapping of
impractically small units. This lead in some cases to soils within a
single series overlapping 2 subgroups of the US Soil Taxonomy, e.g. the
local occurance of dark brown topsoils in the Gode-West vertisols series
made them fall within the definition of Mollic Torrerts, while most of
this series are Typic Torrerts. These mollic parts are therefore called
variants. They are referred to in the appendix section.
Soil series are mainly differentiated
control section (= between 25-100 cm depth), or
material (texture) occurs at between 50 and 100
is taken as the layer between 25 cm and the top
material (texture) and the series is defined on
layer.

on the properties of the
where a contrasting
cm, the control section
of the contrasting
the properties of this

Where a contrasting material occurs within 50 cm of the
surface, this material is in itself regarded as forming the control
section, and the material above is regarded as forming a shallow
overburden soil type of the underlying soil series.
Variation in thickness (or depth) of the control section
overlying contrasting materials (textures) are called moderately deep
(= 50-90 cm) or deep (> 90 cm) phases, although all these alluvial soils
of this survey area are very deep.
The properties used in differentiating the soil series are:
- color and drainage condition;
- texture (including stratification and (abrupt) textural changes within
the control section);
- structure and consistency (including cracks, slickensides and wedgeshaped structural elements);
- differences in sedimentary landforms reflecting differences in parent
material origin and relative topographic position related to soil
conditions. These latter aspects provided the elements for aerialphoto
interpretation by which means the mapping units have been delineated.
As can be seen in the soil-landscape correlation table (see
Table 3.1) each of the 3 different physiographic landtypes is
characterised by mutually exclusive sets of soil series.
In total 8 soil series have been set up, each with its own set
of narrowly defined range for the above mentioned properties. They are
briefly described below together with their differentiating properties.
All the soils of the plateau landtype can be distinguished from the other
landtype soils by means of their reddish brown to yellowish red color.
These soils have been subdivided mainly on the basis of texture into two
soil series:
1. Deep, well drained, reddish brown, gravelly loams = Ogaden Series.
They are classified as loamy-skelettal Typic Haplargids in the
U.S. Soil Taxonomy System.
^
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This series occurs on the alluvial-colluvial plateau footslopes
(2-4 % slopes) under open acacia forest and with few red anthills of
Mapping Unit P22 (see Figure 1.6), occupying only 0.22 % of the total
project area. Because of their very limited occurrence only
2 detailed soil observations were made and no soil samples analysed.
Textures of these soils increase from sandy loam topsoils to sandy
clay loams below (probably due to clay illuviation =Bt). About 5 %
lime modelues occur below 50 cm depth.
They are calcareous throughout, mildly alkaline, non-gypsiferous and
non-saline.
2. Deep, well drained, reddish brown to yellowish red, very fine,
"vertic" clays = Dakal Series.
They are classified as very fine clayey, montmorillonitic
(calcareous), Vertic Camborthids, having 60-70 % clay. Part of this
series are non-vertic variants, with < 60 % clay and they are
classified as Typic Camborthids in the U.S. Soil Taxonomy System.
This series occurs on the very gently sloping (about 1-2 % slope)
tributary alluvial fan deposits of mapping units P3 (see Figure 1.6).
These soils have rather stable fine subangular blocky and crumbly
topsoil structures and moderate, medium subangular blocky below. They
are calcareous (13.5-19.5 % CaCOs) and slightly gypsiferous, with
upto 2.5 % CaS04 (by weight) below 80 cm depth. They are mildly to
moderately alkaline, and non-saline. These data are based on
2 analysed soil profiles and 8 detailed observations.
Dark yellowish brown to brown cracking clay soils (= Vertisols) occur
both in the B-landtjrpe and in the A-landtype. Apart from these
physiographic differences of sedimentary landforms, the clay soils of
the B-landtype were found to be very fine clayey (with 54-72 % clay;
based on 6 analysed profiles), while those of the A-landscape are
fine clayey (with 30-54 % clay) (= based on 9 analysed profiles).
Therefore two different series have been distinguished.
3. Deep, well to moderately well (locally imperfectly) drained, (dark
yellowish) brown, very fine clays (54-72 % clay) Gode-North Series.
They are classified as very fine clayey, montmorillonitic
(calcareous) Typic Torrerts.
This series occurs on the nearly level, braided riverplain
interfluves with a more or less irregular micro-topography caused by
few to many sinkholes and gullies, under scattered grass cover, of
the B-landtype (see Figure 1.7).
These soils have moderate, fine subangular blocky topsoil structures,
reasonably stable and increasing to weak coarse often wedgeshaped
elements, with depth. They have deep wide open cracks extending from
the surface upto more than > 90 cm depth and slickensides. High CEC's
indicate the montmorillonitic nature of most of the clay minerals.
They are calcareous throughout (13.5-23 % CaCOs) and locally (very)
slightly gypsiferous with 0.14-2.3 % CaS04 (by weight). Reaction
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range is very mildly to strongly alkaline (pH(H20) 7.1-8.4),
non-saline (EC-Sat. paste 0.59 - 3.7 mS) upto 1 m. depth or deeper.
These data are based on 6 analysed soil profiles and 71 detailed
observations.
4. Deep, well to moderately well drained, (dark yellowish) brown or
grayish brown, fine clays (30-54 % clay) Code West Series.
They are classified as fine clayey, montmorillonitic (calcareous)
Typic Torrerts.
These soils occur on the nearby level, slightly depressional basin
areas of the A2 units (see Figure 1.8).
These soils are very similar in profile characteristics to the
Gode-North series except for their clay content, which is fine clayey
and they are even less gypsiferous (very slightly with a measured
maximum of 1.2 % CaS04 by weight, below 60 cm depth). This data are
based on 9 analysed soil profiles and 110 detailed observations.
The remainder (Non-Vertisols) soil series in the B-landtype consist
of very contrasting textures (loams) occuring on clearly contrasting
landforms.
5. Deep, well to moderately well drained, dark brown, moderately deep
loams over clays. Imi Series.
They are classified as loamy over clayey, mixed (calcareous) Typic
TorrifInvents in the U.S. Soil Taxonomy System.
They occur on flat wide distributary streambeds and on narrowly
elongated, slightly convex, stream ridges within the B-landtype,
which are often too narrow to be individually mapped, except for
mapping units B12 and B322 (see Figure 1.7).
These soils have a moderately well developed, fine subangular blocky
topsoil structure, increasing to medium with depth. The loamy
textures (with 20-25 % clay) are overlying clays at a depth varying
in between 50-90 cm from the surface.
They are calcareous throughout (14-26 % CaCOs) and slightly
gypsiferous (1.5-2.35 % CaS04, by weight). Reaction range is
moderately alkaline (pH(H20) 7.8-8.1). They are non-saline (EC-Sat.
paste < 2 mS). These data are based on 2 analysed soil profiles and
14 detailed observations.
The remainder (Non-Vertisols) soil series of the A-landtype are all
stratified and/or very sandy. They are mainly subdivided on the basis
of overall textural characteristics and drainage condition (depth and
types of mottlings) into three different soil series:
6. Deep, moderate to imperfectly drained, dull yellowish brown or (dark
brown), stratified clays, Shebelle Series.
They are classified as clayey, montmorillonitic (calcareous) Vertic
TorrifInvents. Part of this series however are non-vertic variants,
classified as clayey, mixed (calcareous) Typic Torrifluvents in the
U.S. Soil Taxonomy System.
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Moderately deep clay over loam phases also occur locally.
This series occurs in almost all mapping units outside the levees and
crevasse splay units of the A-landtype, but they are mainly
concentrated on the lower levee slopes towards the alluvial basins,
often with shallow to very shallow loamy topsoils (overburden). They
are usually covered by open grassland and some low shrubs on the
loamy overburden sites (see Figure 1.8).
The surface of these soils is often covered by a 3-5 mm thick crust,
below which weak to moderate, fine to medium (sub)angular blocky
topsoil structures have developed, becoming weak, medium to coarse to
almost massive with depth. These soils are calcareous throughout
(16-21 % CaCOs) and locally very slightly gypsiferous (0.36-0.57 %
CaS04, by weight). Reaction range is usually very mildly to mildly
alkaline (pH(H20) 7.4-7.8) and they are non-saline (EC-Sat. paste
usually less than 2 mS) and non-sodic (ESP) less than 15 % ) .
Except for the non-vertic variants, CEC's are usually high,
indicating the montmorillonitic nature of most of the clay minerals.
The non-vertic variants are called mixed. These data are based on
9 analysed soil profiles and 63 detailed observations.
7. Deep, (Moderately) well drained, dark (yellowish) brown, moderately
deep, stratified, micaceous loams, abruptly overlying cracking clays,
Ididole Series.
They are classified as loamy over clayey, micaceous (calcareous)
Thapto-Torrertic TorrifInvents.
Deep loamy variants are classified as loamy, mixed (calcareous).
Typic Torrifluvents in the U.S. Soil Taxonomy System.
This series mostly occurs on the slightly higher levee and crevasse
splay units, with or without hummocks under 3 m. high acacia trees
and lower shrubs without a grass cover of the All and A21 mapping
units (see Figure 1.8).
Topsoil structure is usually weak, fine subangular blocky, locally
covered by a loose single grain overburden. Fine laminations of loamy
strata containing substantial quantities of very fine muscovites and
with 9-28 % clay are visible. They are usually overlying at 50-90 cm
depth fine cracking clays with 42-60 % clay. They are calcareous
throughout (14.5-21 % CaCOs) and locally very slightly gypsiferous
(upto 1.36 % CaS04, by weight) at the depth of the abrupt textural
change.
Reaction range is very mildly to mildly alkaline (pH(H20) 7.2-7.8).
They are non-saline (EC-Sat. paste less than 3 mS) and non-sodic
(ESP) less than 3 % ) .
These data are based 2 analysed soil profiles and 70 detailed
observations.
8

Deep, well to somewhat excessively drained, pale brown, micaceous
sands = Debaldeg Series.
They are classified as sandy, micaceous (calcareous) Typic
Torripsamments in the U.S. Soil Taxonomy System.
A buried variant of this series consists of "Sand covered by loam and
is classified as Thapto-Torripsammentic Torrifluvents.
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This series occurs mostly on the older streambed deposits and levees
of the A13 units, while the buried variant mostly occurs in the
A141 unit (see Figure 1.8).
No samples were analysed of this sandy series, because of its very
limited extent within the project area. In total 36 detailed
observations were made in this series, including one profile pit.
3.2.3

The magging legend

In this section the complete legend of the detailed soil map is
given. It consists of a physiographically structured entry (left column)
showing all the mapping units delineated while the taxonomie names of the
dominant- and associated soils that have been observed within these units
are given in the right columns together with an approximate % of their
coverage within each unit.
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4

THE SOIL MAPPING UNITS

To facilitate the description of the soil mapping units, their
soil contents and their physiographic distribution over the project
area, schematic cross-sections illustrating the location and surficial
characteristics of the mapping units together with the predominant
soils, are shown for each landtjrpe in Figures 1.6, 1.7 and 1.8.
As far as occurring within the project area, all mapping units
are described in the same order as the legend.
4.1

P- Soils of the Plateau Landscape of Main Gypseous Formation and
Basaltic Intrusions

The soils mapped in this landtype form only a small group of
soils in the area surveyed, occuping approximately 333 ha. (3 % of the
total surface).
Though mostly alluvial and/or alluvial-colluvial in nature,
the soils are bound, due to their position, to haveraineralogicaland
chemical characteristics derived directly or indirectly from the
adjacent plateau uplands.
During aerial photo-interpretation 6 different mapping units
could be readily distinguished, and they are shown on the map, though in
fact only 4 occur within the actual project area. Within these 4 units,
only three different soil types (2 soil series and 1 variant) have been
observed. Their distribution is logically related to their physiographic
position, such as coarse loamy gravelly soils on the gently sloping
sideslopes, and fine to very fine to clayey soils on the nearly level
fan base where the lower slopes are (slightly) more enriched by gjrpsum
than those situated higher upslope. (see Figure 1.6, showing
soil-landscape relationships of the P-landtype)
Mapping unit P22
This unit occupies the very gravelly, lower alluvial-colluvial
sideslopes of the plateau, on which a few large (upto 1.5 m high)
reddish anthills occur, and some scattered acacia shrubs. They are very
gently (3-4 %) sloping and cover about 23 ha only, or 0.2 % of the area
surveyed.
The dominant soils of this unit have been named Ogaden series.
They have been tentatively classified as loamy-skelettal, carbonatic,
Typic Haplargids (see Table 3.1).
a. Morphological Description:
They consist of deep, well drained, reddish brown (5 YR 4/4, moist)
gravelly (gravels upto 0.5 cm diameter) sandy loamS with gradually
increasing clay content with depth; becoming at about 50 cm depth
dark yellowish brown (10 YR 3/4, moist) sandy clay loam. This deeper
clayey horizon is probably formed by clay illuviation and contains
soft powdery lime, as well as about 5 % (by volume) CaCOs nodules.
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Good biological activity (nests and worm casts) has been observed. They
are very porous. Field pH and E.C tests indicate that these soils are
mildly to moderately alkaline, and non-to moderately saline.
b. Analytical Data: None
c. Suitability for Irrigation Development
Crop suitability class : 4 (unsuitable), and
Land development class : 2 (medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils: None
Mapping Unit P31
This unit consists of the slightly convex, upper tributary fan
slope, with very irregular surface due to dissection by large, (90 cm
deep) gullies and the presence of many, moderately large sinkholes of
40-80 cm diameter and upto 80 cm deep, covering about 5 % of the total
surface (= sinkholes class S2). The vegetation consists of scattered
grass heaps. This unit covers about 77 ha only, or 0.7 % of the area
surveyed.
The dominant soils of this unit have been named Dakal series.
They have been classified as very fine clayey, montmorillonitic (calcareous)
Vertic Camborthids (see Table 3.1).
a. Morphological Description: See unit P32
b. Analytical data: see unit P32 (profile S-90).
c. Suitability for Irrigation Development
Crop suitability class : 2 (=raoderately suitable), and
Land development class : 2 (medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils: None
Mapping Unit P32
This unit is located in a somewhat lower slope position than
P31 and its nearly level surface is non-dissected by gullies and covered
with fewer, smaller sinkholes (diameter 40-60 cm and depth upto 60 cm
only = sinkhole class SI). The vegetation consists of a few acacia
shrubs (1 - 2.5 m high) and scattered grasses. This units covers about
123 ha, or 1.1 % of the area surveyed.
The dominant soils of this unit have been named Dakal series .
They have been classified as very fine to clayey, montmorillonitic
(calcereous) Vertic Camborthids (see P 3.1 above).
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a. Morphological Description:
These soils are deep and well drained and consist of a dark brown to
yellowish red, fine sandy loam to clay loam topsoil and dark to
reddish brown very fine clayey subsoil (with 60-68 % clay). They have
a moderately well developed, fine to medium subangular blocky topsoil
structure increasing with depth to coarser and more platy wedge-shaped
elements; slickensides have been observed in between 20-80 cm depth.
A gypsiferous horizon containing (7-60 % by volume) small sugary gypsum
crystals has been observed in between 70 and 165 cm depth, but this has
not been confirmed by the analytical data!
They are calcareous throughout and mildly to moderately alkaline, pH
slightly decreasing with depth. EC values indicate that these soils
are non-to moderately saline.
b. Analytical Data:
Textures of these soils are very fine clayey with more than 60 %
clay. These soils are very calcareous, containing 15.6-16.8 % CaCOs
throughout the soil profile. They are mildly to moderately alkaline
with pH (H2O) values of 7.7-8.5.
Gypsum content is nil in all horizons, although fine powdery gypsum
has been observed in this profile (!)•
Salinity effects are negligible with EC values (sal.paste) of 0.45 mS
in the topsoil and upto 4.16 mS upto 1 m depth (= non-saline). Below
1 m depth slightly saline values (upto 6.3 mS) have been recorded.
Organic carbon content is very low and regularly decreasing with
depth (0.544-0.334 % ) .
These soils are very poor in nitrogen (0.07-0.042 % ) .
Bulk densities vary from 1.33-1.57, indicating pore volumes of
41-50 %.
pF values indicate about 15-20 % of total available moisture (average
17.5 %) or about 15 % of easily available moisture.
c. Suitability for Irrigation Development
Crop suitability class : 2 (= moderately suitable), and
Land development class : 2 (= medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils: None
Mapping Unit P33
This unit is located on the nearly level lowest fan base
position with very few, very small sinkholes and under a moderately
dense, (1.5 m high) acacia shrub forest, with almost no grasses. This
unit covers about 110 ha, or 1 % of the area surveyed.
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The dominant soil of this unit is a non-vertic variant of the
Dakal series, which has been classified as fine clayey, montmorillonitic
(calcareous) Typic Camborthids.

a. Morphological Description:
These soils are deep and moderately well to well drained. Topsoil
colours vary from dark brown to yellowish red and textures from fine
sandy loam to fine sandy clay loam or even clay.
Textures of the strong brown to reddish subsoil are clayey throughout
(with 48-54 % clay) clay loam to clay. Topsoil structures consist of
moderate, fine to medium, crumbs or moderate, fine and medium,
subangular blocky, gradually changing with depth to weak, medium and
coarse, angular blocky or almost massive, below 70 cm depth, while
the gypsiferous horizon below about 80 cm depth has moderate, fine,
subangular blocky structure.
Powdery gypsum content increases from 1 % (by volume) near the
surface to 3 % at about 70 cm depth and then suddenly upto 60-80 % in
the form of sugary crystals below 80 cm. The analytical data however,
only show 2.46 % CaS04 (by weight). They are calcareous throughout
and moderately alkaline (pH 7.8-8.4), pH slightly decreasing with
depth. EC values indicate that these soils are non-saline.
b. Analytical Data:
Textures of these soils are fine clayey with less than 60 % clay.
These soils are very calcereous, containing 13.5-19.5 % CaCOs,
throughout the soil profile. They are moderately to strongly alkaline
with pH (H2O) values of 8.3-8.9.
Gypsum content is very low, with 2.46 % CASO4 below 80 cm depth. They
are non-saline with EC values (sal. paste) of 0.4-1.64 mS.
Organic carbon content is very low and regularly decreasing with
depth (0.267 %-nil).
These soils are very poor in nitrogen (0.042-0.028 %).
c. Suitability for Irrigation Development
Crop suitability class : 2 (= highly suitable), and
Land development class : 2 (= medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils: None
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4.2.

B-Soils of the Intermittent Tributary Braided River Plain,
Superimposed on Wabi Shebelle Alluvium

The soils mapped in this landtype form a very extensive part
of the area surveyed, occupying approximately 5 335 ha, or 48.5 % of the
total surface.
All the soils of this landtype are alluvial in nature,
receiving at present, mostly sediments by large run-off floods from the
plateau uplands, while the older sediments have been most probably
deposited as fine basin-clays by the Wabi Shebelle river.
Strong seasonal floods, saturated with fine sediments from
greater distance and coarser textured weathering products from the
neighbouring plateau uplands, are thought to be responsible for the
formation of the braided drainage channels, cut into the "soft" clays,
as well as for the deposition of coarser (loamy) sediments in
distributary and/or braided stream like patterns. The general
orientation of these braided channels and streamlike ridges is from
west-north-west to east-south-east, turning at the eastern project
boundary sharply south, towards the Wabi Shebelle river.
These channels and ridges provide important elements for
photo-interpretation, as they can be readily recognized. Likewise,
another surface phenomenon, abundantly occurring in most of the area of
this landtype is formed by the sinkholes. Their number and size were
found to increase with the increase of surface channel dissection.
Therefore the first subdivision of the B- landtype was based on these
features, visible on the aerial photographs. In total 4 sublandtype have
thus been delineated, (Bl, B2, B3 and B4) of which the first three units
show an increase in topographic irregularity, caused by dissection and
sinkhole formation, while the B4 consists of an intensively braided
river plain with moderately large sinkholes.
The next subdivision of the 4 above units was based on the
density of likewise good visible, loamy stream-like ridges and on the
presence of a relatively dense, tree forest. This resulted in the
mapping of 8 units in total, each with its own clearly distinguishable
surface characteristics, while in fact only 2 very contrasting soil
types dominate this unit: the moderately deep loamy, over clayey
Imi series and the very fine clayey Gode-North series (vertisols). On
the scale of our survey map (1:20,000), the very narrow streambed ridges
with Imi series could not always be individually mapped and were thus
included in the surrounding (clayey) mapping units. Rather good
estimates of their % of coverage within these mixed units was achieved
by comparing exact field measurements with the intensity of their
appearance on the aerial photographs, (see Figure 1.7 showing
soil-landscape relationships of the B-Landtype)
Mapping Unit Bll
This unit is located on the nearly level braided river plan
with few (10-15 % of the surface) coarse loamy streambed deposits. The
micro topography of this unit is irregular caused by small sinkholes of
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40-60 cm diameter and upto 60 cm deep, and about 5 cm deep Gilgai-like
depressions and grassy knolls. The vegetation consists of a few
scattered trees and few small dry shrubs. It covers about 594 ha or
5.4 % of the area surveyed.
The dominant soils of this unit have been named
Gode-North series. They have been classified as very fine clayey,
montmorillonitic (calcereous) Typic Torrerts covering about 85 % of this
mapping unit.

a. Morphological Description
These soils are deep and well to moderately well drained (locally
imperfectly) drained with few faint yellowish brown mottles below
30 cm). They are characteristically dark (yellowish) brown to brown
in colour.
Textures of the topsoil may be slightly lighter (ranging from very
fine sandy clay loam to silty clay), while below 20 to 40 cm they are
very fine clayey throughout (with 54-72 % clay). The occurrences of
cracks upto 2 cm wide at 50 cm depth, moderately well developed
slickensides and coarse platy or wedge- shaped structures are
characteristic features of this soil. They have weak to moderately
well developed fine and medium subangular blocky topsoil structure
and below about 80-90 cm they are often angular blocky to massive or
very coarse prismatic. Consistency varies from slightly to extremely
hard.
These soils are locally very slightly gypsiferous (with 1-5 % by volume
powdery gypsum), while in a few profiles from 10-20 % by volume of
gypsum, below 60 cm depth has been observed, although analytical data
never show more than 1.3-2.3 % CaS04 (by weight). They are calcareous
throughout, mildly to moderately alkaline and non-saline.
b. Analytical data:
Textures of these soils are very fine clayey with 54-72 % clay.
These soils are very calcareous, containing 13.5-23 % CaCOs (mostly
around 16 %) throughout the soil profile. They are neutral to
moderately alkaline with pH (H2O) values of 7.0-7.9 (locally 8.2 or
8.4 in the topsoil).
Gypsiom content is mostly below 0.3 % CaS04, but locally these soils
are slightly gypsiferous with 1.3-2.3 % CaS04. These soils are
non-saline with EC values less than 2 mS upto 1 m depth, and locally
slightly saline with EC values (sat. paste) of 3-7.7 mS below 1 m
depth.
Organic carbon content is very low, varying from 0.2-0.7 % and they
are very poor in nitrogen with 0.014-0.07 %.
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Bulk densities vary from 1.12-1.72, indicating pore volumes of
35-58 %.
pF values indicate about 15-20 % of total available moisture
(average 17.5 %) or about 15 % of easily available moisture.
Infiltration rates are within the optimum value range, varying from
2.0-2.8 cm/hour and augerhole permeabilities are mostly inmeasurable
rapid, but locally moderately rapid to very rapid with 0.39-1.9 m/day.
c. Suitability for irrigation development
Crop suitability class : 2 (= moderately suitable)
Land development class : 1 (= low costs) see Tables 5.1 and 5.3
respectively.
d. Associated soils:
They consist of the Imi series, representative for the next mapping
unit (B12). They cover about 15 % of the Bll unit.
Mapping Unit B12
This unit consists of the flat and predominantely wide, loamy
streambed deposits with a distributary-braided pattern a fairly dense grass
vegetation (25-30 % coverage). This unit covers about 330 ha or 3 % of the
area surveyed.
The dominant soil of this unit is the Imi series, which has been
classified as moderately deep loamy over clayey, mixed (calcareous)
Tjrpic TorrifInvents, covering about 75 % of this mapping unit.

a. Morphological Description
These soils are deep, imperfectely drained. They consists of a moderately
deep (50-90 cm) (dark) brown, loamy, (interstratified), topsoil,
overlying dark brown, hard, cracking clays.
Common, fine yellowish red mottles occur usually just below the abrupt
textural boundary.
The topsoil structure is weak to moderate, fine and medium, subangular
blocky and the subsoil breaks down into extremely hard fine angular
blocky structures.
These soils are slightly gypsiferous.
They are calcareous throughout, moderately alkaline, and non- saline.
b. Analytical data:
Textures of these soils are moderately deep loamy (with 20-22 % clay)
overlying clayey with 30-36 % clay.
These soils are very calcareous, containing 15-17 % CaCOs throughout
the soil profile. They are mildly alkaline with pH (H2O) values of
7.3-7.8, sometimes upto 8.1 in the topsoil.
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They are very slightly gypsiferous below 50 cm depth, containing
0.6-2.35 % CaS04. These soils are non-saline with less than 2 mS, EC
(Sat. paste).
Organic carbon content is very low, varying in between 0.1-0.65 %
and they are very poor in nitrogen with 0.028-0.056 %.
c. Suitability for irrigation development
Crop suitability class : 2 (= moderately suitable)
Land development class : 1 (= low costs) see Tables 5.1 and 5.3
respectively
d. Associated soils:
Gode-North series (see unit Bll), covering about 25 % of the surface
of this mapping unit.
Mapping Unit B21
This unit is located on the moderately dissected braided river
plain. The occurrence of, upto 75 cm deep gullies (drainage channels) in
combination with many, moderately large, sinkholes (diameter 80-100 cm,
depth upto 1 m = sinkhole class S2) and convex streambed ridges (covering
10-15 % of the surface), causes a very irregular microtopography. This
unit is covered under 35 % grass cover with some small bushes and low
shrubs. It covers about 275 ha or 2.5 % of the total surface.
The dominant soil of this unit is the Gode-North series, similar
to the dominant soil of the Bll unit, covering about 90 % of the surface.
5 % of this unit surface consists of this series covered by a shallow
loamy topsoil (5-30 cm thick).
a. Morphological description:- Similar to Bll unit.
b. Analytical data: see Bll.
c. Suitability for irrigation development
Crop suitability class : 2 (= moderately suitable)
Land development class : 2 (= medium costs) see Tables 5.1 and 5.3.
respectively
d. Associated soils:
About 10 % of the surface of this mapping unit consists of loamy
ridges with Imi series, discussed under B12.
Mapping Unit B22
This unit is very similar to the B21 unit above. The dominant
Gode-North series (described under Bll) make up for about 75 % of this
units surface, while the remaining 25 % of loamy ridge soils consist of
Imi series. About 10 % of this unit surface consists of Gode-North
series covered by a shallow loamy topsoil. This unit covers about 1012 ha
or 9.2 % of the total surface.
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Typical Profile: S-54
a. Morphological description: - Similar to unit Bll, Gode-North series.
b. Analytical data:-See Bll and profile S-54 in appendix.
The laboratory results on soil textures of profile S-54 (see appendix),
may not be correct. In the field these soils have been determined as
heavy clay soils and the C.E.C.'s, as determined in the laboratory
are indeed very high (ranging from 77.4 - 96.2 meq/100 gr soil), while
the laboratory results show clay percentages varying in between 18-29 %
only.
These soils are very calcareous, containing 17.43-18.41 % CaCos
throughout the soil profile. They are very mildly alkaline with pH
(H2O) values of 7.3 (in the topsoil) to 7.1 (at about 1% m depth).
Gypsum content is very low and very slightly increasing with depth
(from 2.12 % CaCo4 in the topsoil to 2.32 % at about 1^ m depth.
Exchangeable sodium percentage (ESP) is negligble upto about 1 m
depth (varying from 0.367 to 0.527 % and very low (6.0 %) at about
Ik m depth, corresponding to a Sodium-Adsorption-Ratio (SAR) value of
a saturation extract of this 100 170 cm deep sample of 6. Also
salinity effects are mostly negligible with electrical conductivity
values < 2 mS upto 1 m depth and 4.6 mS at about 1^ m depth. The type
of salinization is chloro-sulphatic (C1-S04), with respectively
18.0 meq/1 CI and 45.23 meq/1 SO42- (at about Ik m depth).
Organic carbon may be as high as 1.17 % in the upper 14 cm, but is
low and somewhat irregularly distributed below 14 cm, varying in
between 0.41-0.69 %. These soils are very poor in Nitrogen
(0.07-0.042 % h) and rich to very rich in exchangeable potassum
(0.7-1.44 meq/100 soil).
Bulk density is 1.27 in the upper 1 cm, and 1.69 in between 14-40 cm
depth, indicating a good pore volume of 52 % in the topsoil and a low
pore volume of 36 % below. pF values indicate 15-20 % of total
available moisture (average 17.5 % ) , or about 15 % of easily available
moisture. Three hydraulic conductivity tests near profile S-54, gave
all immeasurably high values, due to the wide open cracks (see
Table 5.2).
c. Suitability for irrigation development
Crop suitability class : 2 (= moderately suitable)
Land development class : 2 (= medium costs) see Tables 5.1 and 5.3
respectively
d. Associated soils:-Irai series, covering 25 % of this unit.
Mapping Unit B31
This unit consists of the non-forested part of the strongly
dissected braided river plain with deeper (> 75 cm) gullies or drainage
channels and large to very large sinkholes (> 1 m diameter and > 1 m
deep: sinkhole class S3), about 20-30 % of the surface is covered by
slightly convex loamy streambed ridges. This unit covers about 1562 ha
or 14.2 % of the total project area.
*
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Dominant soils of this unit are again Gode-North series covering
about 90 % of this mapping unit. About 5 % of this units surface however,
consists of Gode-North series that have been classified as Mollic Torrerts
because of their darker topsoil color and are therefore considered as mollic
variants, and about ^/s of the Gode-North series (or 35 % of this units
surface) are covered by a shallow loamy topsoil (5-30 cm thick).

a. Morphological description:-See under B 11 and profiles S-85, S-92
and S-94.
b. Analytical data:-See S 92 and unit Bll.
c. Suitability for irrigation development
Crop suitability class : 2 (= moderately suitable)
Land development class : 2 (= medium costs) see Tables 5.1 and 5.3
respectively
d. Associated soils: Imi series, covering about 10 % of this units
surface.
Mapping Unit B 321
This unit is very similar in topography and soils to the
previous unit (except for the relative coverage of the various soil series),
but they are covered under a fairly dense acacia tree and shrub vegetation.
Only about 15% of the total surface of this unit is occupied by fine loamy
streambed ridges (about 5 % as Imi series and 10 % as Gode-North series
covered by a shallow loamy topsoil (5-30 cm thick). The remaining 85 % of
this unit consists of the same Gode-North series discussed above. This unit
covers about 759 ha, or 6.9 % of the total area surveyed.
The dominant soil of this unit is Gode-North series.
a. Morphological description: see unit Bll.
b. Analytical data: see unit Bll.
c. Suitability for irrigation development
Crop suitability class : 2 (= moderately suitable)
Land development class : 2 (= medium costs) see Tables 5.1 and 5.3
respectively
d. Associated soils:
Imi series, covering about 5 % of this units surface.
Mapping Unit B322
This unit consists of that part of the forested, braided river
plain which is predominantely made up of the convex, loamy, streambed
ridges, covering about 80 % of the surface of this unit (60 % as Imi series
and 20 % as Gode-North series, with shallow loamy topsoil). This unit covers
about 660 ha, or 6 % of the total surface.
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The dominant soil of this unit is the Imi series.
ïYEi£2i_?E2Ïiiêi_§z25 (this profile represents in fact a
relatively shallow streambed ridge).
a. Morphological Description: see unit B12.
b. Analytical Data: see unit B12 and profile S-95.
c. Suitability for Irrigation Development:
Crop suitability class : 1 (= highly suitable), and
Land development class : 2 (= medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
Gode-North series, covering about 40 % of this units surface
(20 % without and 20 % with a shallow loamy topsoil (5-30 cm thick).
Mapping Unit B4
This unit consists of an intensively braided river plain in
which the gullies cover about 35 % of the surface. Sinkholes in this
unit are moderately large (diameters of 80-100 cm; depth upto 1 m =
sinkhole class S2). The surface of this unit is very irregular and
partly covered by small heaps of grass. This unit cover about 143 ha, or
1.3 % of the total surface.
The units consists almost entirely of deep cracking clays
of the Gode-North series, locally (about 10 % of the surface) with a
shallow loamy topsoil.

TYBi£fi_?E2fiiÊI_§:§§
a. Morphological description: see unit Bll.
b. Analytical data: see unit Bll and profile S-88.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 2 (= medium costs), see Tables 5.1 and 5.3
resepectively.
d. Associated soils: None.
4.3.

Soils of the Wabi Shebelle Alluvium

The soils mapped in this landt5rpe form also a very extensive
part of the area surveyed, almost equal in size to the B- landtype. It
occupies approximately 5330 ha, or 48 1/2 % of the total surface.
All the soils of this landtype have been formed on usually
clearly stratified (and laminated) sediments from the Wabi Shebelle
river. Part of the more sandy and silty deposits, however, have been

49

reworked by the wind into symmetric dunes or hummocks. Characteristic
meandering floodplain features, such as lighter toned and slightly
elevated levees and splays and darker toned slightly depressional basins
and old river beds (oxbows) could be readily interpreted on the aerial
photographs, likewise the dunes by their mounded shape, lighter grey
tone and characteristic tree vegetation.
The first subdivision of this landtype has been the
distinction between these lighter - toned, slightly elevated units with
relatively coarser textures (Al) and the darker, slightly depressional,
units with fine textures (A2). The next subdivision of the Al units was
on the basis of characteristic site and landform patterns, such as Wabi
Shebelle levee (All), Wabi Shebelle crevasse splay with hummocks (A12),
older streambed deposits and levees (A13) and a more difficult, complex
unit of light greytone, having moderately large to very large sinkholes
(A14).
The All unit has been further subdivided on the basis of
relative position from summit to toe and on the occurrence of hummocks,
into 4 mapping units. In A12 the high ridge-like units (A121) have been
separated from the lower zones (A122). In A13 we distinguish level units
from hummocky units, while the A14 unit were subdivided into 2 different
sinkholes classes.
In the A2 basins, we could distinguish slightly lighter toned
basins with overburden A21, darker toned bare basins (A22), a zone
transitional to B but without a braided pattern and with moderately
large sinkholes (A23), and narrow, dark-toned, riverbed units (A24).
The A21 unit has been subdivided on the basis of minor relief
variations caused by low (50 cm high) hummocks (A211), nearly level
(A212), or very gentle convex surfaces (A213). The A22 unit has been
subdivided on the presence of very small sinkholes (A221), or surface
erosion features (A222), from more homogeneous dark toned areas (A223).
The A24 unit has not been further subdivided. This resulted in the
mapping of 20 units in this rather complex and heterogeneous landtype in
which 5 different soil series have been distinguished.
Figure 1.8 below illustrates the soil-landscape relationships of all
these A- landtjrpe mapping units in a schematic cross-section.
Mapping Unit Alll
This unit is located on the highest levee summit along the
Wabi Shebelle river, mostly south of the project area. It is mostly
characterised by a slightly convex, bare summit which has been locally
strongly dissected by (upto 2 m deep) erosion gullies which drain the
floodwater back to the river. Within the project area, this unit covers
only about 20 ha, or less than 0.2 % of the total surface.
These intensively stratified loamy soils have been named
Ididole series. They have been classified as loamy, mixed (calcareous)
Typic Torrifluvents.
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Detailed description of the eroded gully sides revealed the
following characteristics:
a. Morphological Description
These soils are deep, well drained and intensively stratified,
especially below about 60 cm depth. Textures vary between loamy fine
sand to fine sandy loam, alternating with upto 15 cm thick silty clay
loam and loam layers (often with clear internal laminations) and all
rich in fine rauscovites. They are overall dark brown in colour. They
have a weak, medium and fine subangular blocky structure in the
topsoil and high biological activity in the form of holes and nests.
They are very porous. Fine gypsum powder (1 % by volume) usually
occurs below 60 cm depth. They are calcareous throughout. Below about
1 1/2 m depth they are more sandy textured, with criss-cross
stratification, and clayey gypsiferous layers intercalated. Locally
at about 2 1/2 m depth, older yellowish red clays with about 5 % (by
volume) of gypsum powder has been observed overlying at about 3 1/2 m
depth hard gypsum rocks.
b. Analytical Data: none
c. Suitability for Irrigation Development:
Crop suitability class : 1 (= highly suitable),
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils: None
Mapping Unit A112
This unit is located somewhat below the previous unit on the
lower levee slope. It covers only about 14 ha, or 0.1 % of the area
surveyed.
These soils are in fact very similar to the Alll soils, except
for the downslope decreasing depth at which the loamy, fine muscoviterich layers, are abruptly overlying fine textured clays.
These soils have been classified as loamy, over clayey, micaceous
(calcareous) Thapto-Torrertic TorrifInvents, wherever the hurried
clays showed such vertic features as slickensides or cracks etc. They
are therefore considered as moderately deep loamy variants of the
Ididole series. They cover about 55 % of the surface of this unit,
while the deep loamy Ididole series (see unit Alll) cover another 30 %
of this unit.
TYgical_Profile^_S-51
a. Morphological Description
These soils are deep, moderately well drained, duplex soils, where
moderately deep stratified, coarse loamS are abruptly overlying very
hard, cracking clays with weakly developed slickensides.
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The coarse loamy topsoil has a weak, fine subangular blocky
structure, while fine sedimentary laminations are usually observed
below 40 cm depth. Many very fine muscovites occur throughout the
coarse loamy upper soil layers.
The colour of the coarse loamy topsoil is dark (yellowish) brown to
strong brown with faint rusty mottles below 50 cm. The clayey subsoil
has a strong fine angular blocky structure becoming somewhat prismatic
with depth. These clayey horizons are dark brown with bluish shiny ped
surfaces and yellowish red and brown to light grey mottles below
1-1 1/2 m depth.
Below about 60 cm depth, these soils are slightly gypsiferous (1 % by
volume of fine girpsum powder). They are calcareous throughout and
mildly to moderately alkaline.
Analytical Data:
The moderately deep micaceous topsoil textures consist of loamS or
sandy loamS with 9-12 % clay. They are abruptly overlying heavy
textures with 43-60 % clay, below 50-90 % depth. C.E.C.'s of the
loamy topsoil vary from 22-28 meq/100 gr soil, while the (silty)
clay layers below have C.E.C. values of 51-55 meq/100 gr soil,
indicating that more than half of the clay fraction contains
montmorillonite.
These soils are very calcareous throughout, containing 14 % CaCOs in
the topsoil, increasing to 21 % CaCOs below 1 m depth. They are
mildly to moderately alkaline with pH (H2O) values ranging from
7.3-8.0.
Gypsum content is nil in all horizons. Exchangeable Sodium Percentage
(ESP) is negligble throughout, varying from 1.55-2.9 % and salinity
effects are also mostly negligible with EC values (Sat. paste) of 0.3
mS in the loamy topsoil and < 4 mS in the clayey subsoil upto 1 5 m
depth. The type of salinization is chloridic (CI), with 14.05 meq/1 CI,
and 2.81 meq/1 SO42 .
Organic carbon content is very low (0.33 % in the topsoil to 0.6 %
below 1 m). These soils are very poor in nitrogen (0.042-0.112 %) and
rich to very rich in exchangeable potassuim (0.66-1.83 meq/100 gr. soil
Bulk densities vary from 1.32-1.36, indicating reasonably good pore
volumes of 49-50 %. pF values indicate 20-25 % of total available
moisture, (averages 22,5 %) and about 20 % easily available water.
Infiltration rates are within the optimum value range, varying from
2.9-3.5 cm/hour and auger hole permeabilities are very rapid to
extremely rapid with 2.20-3.40 m/day.
Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable).
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
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d. Associated soils:
Deep loamy Ididole series covering about 30 % of this unit and
stratified clayey Shebelle series (see unit A122) covering the
remaining 15 %.
Mapping unit A113
This unit is located near the levee summit and has been
reworked by the wind. It covers only about 64 ha or 0.6 % of the area
surveyed. It consists of up to 2 m high hummocks under a shrub and
tree vegetation.
The dominant soil of this unit is also Ididole series usually overlying
fine sands below 1 m depth. They cover about 55 % of this units surface.
a. Morphological Description: (see unit Alll).
b. Analytical Data:

(see unit Alll).

c. Suitability for Irrigation Development:
Crop suitability class : 3 (= marginally suitable),
Land development class : 3 (= high costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
Stratified clayey Shebelle series occurs in the lower inter-dunal
parts, covering about 30 % of the unit. They are described under unit
A122. Sandy Debaldeg series, covering about 15 % of the unit, are
described under unit A131.
Mapping Unit A114
This unit is located on the lowest levee toe, overlying the
clayey basin soils. It covers about 104 ha, or almost 1 % of the area
surveyed.
It consists of a nearly level, light textured, usually bare
surface. The dominant soils, covering about 85 % of this unit, are modera
deep loamy Ididole series.
a. Morphological description: see under mapping unit A112 (profile S-51).
b. Analytical Data: see unit A112.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
Stratified, clayey Shebelle series, covering about 15 % of this unit
(see unit A122).
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Mapping Unit A121
This unit is located on the higher crevasse splay ridges.
It covers about 195 ha or 1.8 % of the area surveyed.
It consists of upto 2 m high hummocks, crowned by acacia shrubs
and trees. The dominant soils covering about 65 % of this unit are deep
loamy Ididole series.

a. Morphological Description: (see also unit Alll).
Soils of this unit are deep, well drained, and characteristically
dark yellowish brown fine sandy loamS to fine sandy clay loamS
overlying sand below 1 m depth. They have faint yellowish brown
mottles below 60 cm depth. The topsoil structure is weak, fine to
medium subangular blocky, while below 80 cm depth these soils are
intensively stratified (with fine lamination also visible in the deep
loose sand).
The loamy topsoil is slightly g3^siferous (2-3 % powdery gypsum by
volume). They are calcareous throughout and neutral to moderately
alkaline, and non-saline.
b. Analytical Data: none (see unit Alll), except for infiltration rates,
which fall within the optimum range with 2.2-3.35 cm/hour and augerhole
permeabilities indicating extremely rapid values of 4.83 m/day.
c. Suitability for Irrigation Development:
Crop suitability class : 3 (= marginally suitable), and
Land development class : 3 (= high costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
About 20 % of this unit is covered by shallow coarse loamy over
stratified clayey Shebelle series which are discussed under mapping unit
A122 (profile S-65), and 5 % of this unit consists of deep sand
Debaldeg series , discussed under unit A131 and 10 % of a hurried loamy
topsoil variant of the Debaldeg series..
Mapping Unit A122
This unit is located on the lower inter-ridges of the crevasse
splays. It covers about 95 ha, or 0.9 % of the area surveyed. It consists
of upto 2 m high hummocks crowned by acacia shrubs and trees. The dominant
soil of this unit is a stratified clayey Shebelle series, covering about
55 % of this unit. They have been classified as clayey, montmorillonitic
(calcareous) Vertic TorrifInvents. Part of the Shebelle series of this
mapping unit consist of moderate deep clays abruptly overlying loamS, and
part (about 15 % of this unit) consist of Shebelle series covered by a
very shallow topsoil.
TyEical Profiles^_S-65^_and_S;66
a. Morphological Description
They are deep, intensively stratified, and imperfectly drained soils
usuall-y with re4dish orange mottles ]3elow 20 cm ffom tl|e sv^irface.
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Textures vary from fine loamy, to clayey. They are characteristically
(dark) brown to dull yellowish brown in colour. They have a weak
subangular blocky structure and weakly developed cracks and wedge-shaped
structures. They are calcareous throughout and slightly gjrpsiferous
(usually about 1 % by volume of powdery gypsum). They are non-saline
to slightly saline and mildly to moderately alkaline.
b. Analytical Data:
Textures of these stratified soils are predominantly clayey (30-65 %
clay) with intercalated (silt) loam layers with only 17-22 % clay. Silt
percentages are usually relatively high varying in between 23-53 % silt.
More than half of the clay fraction contains probably montmorillonite,
since the C.E.C.'s are very high (about 60-110 meq/100 g. clay), while
the coarser fractions (and loamy layers) contain a lot of fine muscovites
(= micaceous), but they are of less importance (quantitatively) in the
total soil profile).
These soils are very calcareous throughout, containing 16-25 % CaCOs.
They are very mildly to mildly alkaline with pH (H2O) values ranging
from 7.2-7.5. Gjrpsum content is very low (< 0.22 %) . E.S.P. varies
from 1.06-13.85 %, while SAR values are very low and also salinity
effects are mostly negligible: E.G. values (Sat. paste) are < 2 mS
in the topsoil and mostly < 4 mS below, but in one case EC values of
9.96 mS (in between 20-50 cm depth in profile S-66) has been measured.
Organic carbon content is low (<1 %) varying from 0.55-0.84 % in the
upper 20 cm and from 0.16-0.52 % below 1 m. These soils are very poor
in nitrogen (0.014-0.056 %) and rich to very rich in exchangeable
potassuim (0.416-1.92 meq/100 gr soil).
Bulk densities are 1.12-1.45 in the topsoil and 1.21-1.36 below,
indicating pore volumes of 45-58 % in the topsoil and of 50-54 % below,
which are good. pF values indicate a range of available moisture
between 20-25 %, say average 22.5 %, or 20 % of easily available
moisture.
Two times three hydraulic conductivity tests (near proples S-65 and
S-66), gave all very rapid to extremely rapid values, varying from
2.25-4.70 m/day (see Table 5.2).
Results of infiltration tests near profile S-76, in these Shebelle
series, but executed in dry conditions only gave values of 4.3-4.4 cm/hr.
c. Suitability for Irrigation Development:
Crop suitability class : 3 (= marginally suitable), and
Land development class : 3 (= high costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
About 30 % of this unit is covered by hummocks with moderately deep
to deep coarse loamy Ididole series (discussed under mapping unit
A112 and about 15 % of the soils of this unit are hurried loamy
topsoil Debaldeg-series variants (discussed under unit A132).

/
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Mapping unit A131
This unit is located in old streambeds it covers about 98 ha
or 0.9 % of the area surveyed.
It consists of nealy level very fine (muscovite-rich) sandy
streambed deposits with low hummocks (less than 50 cm high) and small
shrubs. The dominant soils of this unit are deep sandy Debaldeg series,
covering about 55 % of this unit. They have been classified as micaceous
(calcareous) Typic Torripsamments.
ÏYEi£êl_?E2fiie_S-60
a. Morphological Description
They are deep, well to somewhat excessively drained soils, that are
characteristcally very pale brown in color with very fine (muscoviterich) , sandy textures, loose, single grained structureless.
b. Analytical Data: none
c. Suitability for Irrigation Development:
Crop suitability class : 3 (= marginally suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
About 30 % of this unit is covered by shallow, loamy over clayey
Shebelle series, which are discussed under mapping unit A122
(profile S-65), and 15 % of this unit by loamy Ididole series
(discussed under mapping unit Alll).
Mapping Unit A132
This unit is located on the old streambed levees. It covers
about 207 ha, or 1.9 % of the area surveyed.
It consists of hummocky terrain (upto 1-2 m high dunes) along the
streambeds, under a small shrub vegetation. Dominant soils of this unit are
Debaldeg series. They have been classified as micaceous Typic Torripsamments
covering about 25 % of this unit (see A131 above) and loamy over sandy,
micaceous Thapto Torripsamments , covering about 20 % of this unit's surface,
the latter one forming a loamy variant of the Debaldeg series.
a. Moirphological Description: see A131
b. Analytical Data: see A131
c. Suitability for Irrigation Development:
Crop suitability class : 3 (= marginally suitable), and
Land development class : 3 (= high costs), see Tables 5.1 and 5.3
respectively.
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d. Associated soils:
About 35 % of this unit is stratified clayey Shebelle series
(see A122) and 20 % deep loamy Ididole series (see unit Alll).
Mapping Unit A133
This unit is similar to the previous unit A132, except for the
height of the hummocks, which is here only maximum upto 1 m. This unit
covers about 40 ha only or 0.4 % of the area surveyed.
a. Morphological Description: see A131
b. Analytical Data: see A131
c. Suitability for Irrigation Development:
Crop suitability class : 3 (= marginally suitable), and
Land development class : 2 (= medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils: Similar to A132.
Mapping Unit A134
This unit is located on the old levees-toes. It covers about
226 ha, or 2 % of the area surveyed.
It consists of a nearly level, light textured surface with
scattered grass coverage. Locally few very small sinkholes have been
observed in this unit. The predominant soil of this unit is Shebelie-series
covering about 75 % of this unit, which are mostly (55 % of this unit)
covered by a moderately shallow to shallow loamy topsoil.

a. Morphological Description
They are deep, stratified, somewhat imperfectly drained soils, with a
coarse loamy, very fine muscovite rich, topsoil overlying montmorilloniti
clays below, about 40 cm depth.
They are characteristically light yellowish brown to brown in colour.
They have a weakly developed subangular blocky structure near the
surface and weak angular blocky in the deeper clays with cracks and
moderately well developed slickensides (usually below 1 m depth).
They are calcareous throughout the profile and very slightly
gypsiferous (about 1 % by volume of g5rpsum powder) below about 70 cm
depth. They are non-saline and mildly to moderately alkaline.
b. Analytical Data: see also unit A122.
Topsoil textures of these soils are rather intensely stratified and
rich in very fine muscovites. They are predominantly coarse loamy
(varying from loamy sand to sandy loam layers with about 12 cm thick
clay loam layers intercalated. Below about 40 cm depth, textures are
clayey (with 34-44 % clay). C.E.C.'s are high"(38-62 meq/100 gr
soil) indicating that more than half of the clay fraction contains
montmorillonite.

57

These soils are calcareous throughout with 13-20 % CaCOa. They are
(very) mildly alkaline, pH (H2O) ranging from 7.2-7.8. Gypsum
content is very low: 0.62-1.3 % in between 70-150 cm depth E.S.P.
varies from 1.59-3.77 %, while SARs are very low (< 1). EC values
(Sat. paste) vary from 0.85-2.34 mS, indicating that salinty effects
are mostly negligible. The type of salinization is predominantly
Sulphatic (SO4) with soluble SO42- varying from 34.65-40.15 meq/1
below 70 cm depth.
Organic carbon content is low and irregularly distributed throughout
the soil profile, varying from 0.47-0.83 %. These soils are very
poor in Nitrogen (0.029-0.056 %) and very rich in exchangeable
potassuim (0.74-1.19 meq/100 gr soil).
Bulk density values are 1.30 in the topsoil and 1.61 below 40 cm
depth indicating pore volumes of 39 % and 51 % respectively.
pF values indicate a range of available moisture between 20-25 %,
say average 22.5 %, or 20 % of easily available moisture.
Three hydraulic conductivity tests near soil profile S-59, gave in 2
cases very rapid values of 2.50-3.12 m/day, and in one case
immeasurably high values (see Table 5.2). Two other tests in this
mapping unit (near soil profile S-81) gave extremely rapid to
immeasurably high values (see Table 5.2).
Results of infiltration tests near S-76 in these Shebelle series, but
executed in dry conditions only, gave high values of 4.3-4-4 cm/hours.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and
respectively

5.3

d. Associated soils:
About 25 % of this unit is covered by Debaldeg series (20 % deep sandy
and 5 % hurried loamy topsoil variant).
Mapping Unit A141
This unit covers about 69 ha or 0.6 % of the area surveyed.
It consists of very contrasting textural soil profiles, due to the
possible presence of hurried old streambeds and levees. The surface of
this unit is characterised by the occurrence of many, moderately large,
sinkholes (diameter 80-100 cm, and upto 1 m deep = sinkhole class S2).
The vegetation consists of scattered dry grasses and few shrubs and
some small trees on low hummocks (<50 m high).
The dominant soil of this unit is Debaldeg series, hurried loamy
topsoil variant. They have been classified as loamy over sandy, micaceous
(calcareous) Thapto-Torripsammentic Torrifluvents, covering about (80 % of
this unit.
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a. Morphological Description:
These soils are deep, intensively stratified, well drained and
characteristically brown in colour. The coarse loamy topsoil textures
are in total about 70 cm deep, overlying fine sands, while many very
fine muscovites occur throughout the profile. Bright yellowish brown
mottles usually occur below 70 cm depth. These soils have a weakly
developed fine to medium subangular blocky structure. They are
calcareous throughout and very slightly gypsiferous (about 1 % by
volume of fine gypsum powder) below 1 m depth.
They are mildly to moderately alkaline and non-saline
b. Analytical Data:
Not available, except for augerhole permeabilities near profile S-86
(in Shebelle series), which show rapid to inmeasurably rapid values.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
About 20 % of this unit consists of stratified clayey Shebelle series,
non-vertic variant (see profile S-86).
Mapping Unit A142
This unit covers about 206 ha, or 1.9 % of the area surveyed.
This unit is also very complex due to the presence of buried
old streambed and levee deposits. It is characterstics by the presence
of very large sinkholes (diameter; 2-4 m and over 1 or 1 1/2 m depth=
sinkholes class S3). The vegetation consists of scattered dry grasses.
The dominant soil of this unit is formed by the Ididole series,
covering about 65 % of this unit (35 % moderately deep and 30 % deep
loamy variants).
a. Morphological Description: See unit Alll and A112.
b. Analytical Data: See Alll and A112
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 2 (= medium costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
About 35 % of this unit consists of Debaldeg series (25 % hurried,
loamy topsoil variant and 10 % deep sandy throughout).
Mapping Unit A211
This unit consist of old clayey basin soils, locally covered
with a mostly shallow, gently undulating overburden of lighter textures.
It covers about 260 ha, or 2.4 % of the area surveyed.
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The surface of this unit is characterised by the occurence of
few scattered low hummocks (less than 50 cm high) and moderately large
sinkholes (diameter 80-100 cm; depth upto 1 m = sinkhole class S2). The
vegetation consists of scattered grasses and locally small bushes. The
dominant soil of this unit is Shebelle series covering about 65 % of the
surface of this unit (35 % with shallow loamy topsoil and 30 % as a nonvertic variant).

a. Morphological Description
These soils are deep, stratified, moderately well to imperfectly
drained and characteristically dark brown in colour. Textures vary from
clay loam to clay. They have a weak, fine, subangular to angular blocky
structure. They are calcareous and very slightly gypsiferous (1 % by
volume of gypsum powder) throughout. They are non-saline and mildly to
moderately alkaline.
b. Analytical Data:
Textures of these stratified soils are fine loamy to clayey with
24-48 % clay and with 28 to almost 40 % silt. C.E.C's are mostly
high (> 90 meq/100 gr clay) indicating that the clay fraciton contains
more than half montmorillonite.
These soils are calcareous throughout with about 16.4-17 % CaCOs- They
are (very) mildly alkaline with pH(H20) ranging from 7.2-7.8. Gypsum
content is mostly Nil. E.S.P. varies from 1.2-7.37 %, while SAR values
are very low. Salinity is negligble in the topsoil, while E.G. values
(sat. paste) below 60 cm depth may vary from 5-12 mS (= slightly to
moderately saline). The type of salinization is predominantly chloridic
(CI) with soluble Cl' of 27-75 meq/1 below 60 cm depth.
Organic carbon content is low: 0.72 % in the topsoil and irregularly
decreasing with depth (0.178-0.52 % in the subsoil). These soils
are very poor in Nitrogen (0.028-0.056 %) and rich to very rich in
exchangeable potassium (0.576-1.76 meq/100 gr soil).
Bulk density is about 1.25
53 % in the topsoil and of
pF values indicate a range
average 17.5 %, or 15 % of

to 1.72 indicating a pore volume of about
only 35 % just below.
of available moisture between 15-20 %, say
easily available moisture.

Three hydraulic conductivity tests near soil profile S-62, gave very
rapid values (1.8-2.8 m./day (see Table 5.2).
Results of infiltration tests are not available, but were high in
Shebelle series near profile S-76 (unit A132), during a dry run.
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c. Suitability for Irrigation Development:
Crop suitability class : 1 (= highly suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated soils:
About 35 % of this unit consists of Ididole series (20 % as moderately
deep loamy and 15 % as deep loamy variants).
Mapping Unit A212
This unit consist of a nearly level overburden over clayey
basin soils. It covers about 506 ha or 4.6 % of the area surveyed.
On the nearly level
occur (diameter < 60 cm and <
consists of scattered grasses
of this unit is formed by the
surface.

surface of this unit only
60 cm deep=sinkhole class
and locally small bushes.
Shebelle series, covering

few small sinkholes
SI). The vegetation
The dominant soils
about 70 % of the

a. Morphological Description
These soils are deep, stratified, imperfectly drained and are
characteristically (Dull) yellowish brown to brown in colour with few
faint rusty mottles in the topsoil and common, medium to coarse distinct
strong brown mottles below 60 cm depth. Textures vary from muscovite rich
silty loam to clay. They have a weak fine to medium subangular blocky
structure and weakly developed cracks and slickensides in the clay
horizon. These soils are calcareous throughout and very slightly
gypsiferous (< 1 % by volume of very fine gypsum powder). They are
non-saline and mildly to moderately alkaline.
b. Analytical Data: see A211 above.
Hydraulic conductivity tests indicate very rapid to extremely rapid
values of 2.77-5.37 m/day (see profiles S-64 and S-77 of Table 5.2).
c. Suitability for Irrigation Development:
Crop suitability class : 1 (= highly suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated Soils:
About 25 % of this unit consists of deep loamy, Ididole series, and
about 5 % of deep sandy Debaldeg series.
Mapping Unit A213
This unit consists of very gently convex old levee remmants.
It covers about 43 ha only or 0.4 % of the area surveyed.
The very gently convex surface are scarcely covered by dead
shrubs. The dominant soil is also Shebelle series (55 % non-vertic, and
45 % vertic variants).
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a. Morphological Description: see unit A211.
b. Analytical Data: see unit A211.
c. Suitability for Irrigation Development:
Crop suitability class : 1 (= highly suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated Soils: none
Mapping Unit A221
This unit consists of a shallow, level overburden over clayey
basin soils, very similar to A212, but with fewer and smaller sinkholes.
It covers about 530 ha or 4.9 % of the area surveyed.
On the nearly level and mostly bare surface only very few, very small
sinkholes occur (diameter < 40 cm, and < 40 cm deep).
The dominant soil of this unit is formed by the Gode-West series have
been classified as fine clayey, montmorillonitic (calcareous) T3rpic Torrerts
covering about 60 % of the surface.

a. Morphological Description
These soils are deep, well to moderately well (locally somewhat
imperfectly) drained, and characteristically dark (yellowish) brown
to brown (moist) in colour with common bright brown and bright yellowish
brown mottles below 30 cm depth and reddish brown and yellow orange
mottles below about 90 cm depth. Textures are clayey throughout. They
have a weak to moderate medium subangular blocky structure, cracks and
slickensides. They are calcareous throughout, non- or very slightly
gjrpsiferous (< 1 % by volume), non-saline and mildly alkaline.
b. Analytical Data:
Textures are clayey throughout with 30-54 % clay and 30-38 % silt.
C.E.C.'s are high with 31.40-49.20 meq/100 gr soil, or about
60-90 meq/100 gr clay, indicating that more than half of the clay
fraction contains montraorillonite.
They are calcareous throughout with about 14-23.3 % CaCOs- These
soils are very mildly to mildly alkaline pH (H2O) ranging from 7.2-7.7.
Gypsum content is mostly nil, but locally slightly gypsiferous with upto
0.92 or 1.26 % CaS04. E.S.P. varies from 1.12-2.61 %, while SAR values
are very low. Salinity is mostly negligible with EC values (Sat. paste)
varying from 0.69-2.15 mS (= non-saline), but locally below about 70 cm
depth, slightly to moderately saline with 6.35-9.85 mS).
Organic carbon content is low: 0.17-0.81 %, irregularly decreasing with
depth. These soils are very poor in Nitrogen (0.028-0.098 %) and rich
to very rich in exchangeable potassium (0.461-1.344 meq/100 gr soil).
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Bulk density values are 1.26 in the topsoil and 1.45 below 30 cm depth,
indicating pore volumes of respectively 52 % and 45 %.
pF values indicate a range of available moisture between 15-20 %, say
average 17.5 %, or 15 % of easily available moisture.
Three hydraulic conductivity tests near soil profile S-69 indicate
extremely rapid to immeasurably high values of 3.90-7.15 m/day (see
Table 5.2).
Results of infiltration tests measured in the Gode West series, near
profiles S-53, S-70 and S-73, all fall within the optimum range, with
0.9-3.1 cm/hour.
c. Suitability for Irrigation Development:
Crop suitability class : 1 (= highly suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated Soils
About 15 % of this unit consists of loamy Ididole series, and about
5 % of this unit of sandy Debaldeg series and 20 % consists of very
similar clayey Shebelle series.
Similar associated grofile: S 71 (= Shebelle series)
a. Morphological Description
These soils are deep, somewhat imperfectly drained. They are
characteristically dark brown (moist) in colour ... common yellow
orange mottles below about 60 cm depth. They have fine loamy to
clayey textrues and a moderately well developed fine and medium
subangular topsoil structure and often angular blocky below about
60 cm depth, cracks are usually < 1 cm wide. These soils are
calcareous througout and very slightly gypsiferous (< 1 % by volume
of gypsum powder) and mostly non-saline and mildly alkaline.
b. Analytical data Textures are fine loamy to clayey with about
20-39 % clay and 54-68 % silt. CECs are high (38-40 meq/100 gr.
soil or about 90-120raeq/100gr. clay) indicating that more than
half of the clay fraction contains montmorillonite.
They are calcareous throughout with about 18-22 % CaSOs. They are
mildly alkaline: pH (H2O) 7.4-7.5 %. Girpsum content is nil to very
low: upto 0.57 % CaS04. ESP varies from 2.61 to 6.5 %.
Organic carbon content is low: 0.843 % in the topsoil and decreasing
to 0.495 % at depth. They are very poor in nitrogen with 0.028-0.056 %
and rich to very rich in exchangeable potassium (0.58-1.024 meq/100 gr
soil) .
Bulk density is 1.31 in the topsoil and 1.35 just below, indicating
pore volumes of 51 % and 49 % respectively.
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Three hydraulic conductivity tests near profile S-71 indicate two
extremely rapid values and one very rapid one (2.8-4.0 m/day), see
Table 5.2.
Results of infiltration tests are not yet available.
Mapping Unit A222
This unit consists of clayey basin soils with water erosion
features visible on the surface. It covers about 197 ha or 1.8 % of the
area surveyed.
On the mostly bare and level basin surface, locally lighter
textured overburden patches have been observed. The vegetation consists
of scattered grasses. The dominant soil of this is also Gode-West series,
covering about 90 % of this unit.

a. Morphological Description: These soils are deep, moderately well
drained. They are characteristically brown in colour with faint red
mottles below about 50 cm depth and common reddish brown mottles
below about 90 cm depth. They usually have clayey textures throughout,
although the topsoil may be locally fine loamy. They have weak to
moderate fine and medium subangular blocky topsoil structures, usually
becoming coarser and somewhat prismatic to almost massive with depth.
They have weak to moderate developed slickensides and deep (> 1 cm wide)
cracks. These soils are calcareous throughout, and very slightly
gyspiferous (usually < 2 % by volume of powdery gypsum). They are
non-saline and usually (very) mildly alkaline.
b. Analytical Data:
Textures are mostly clayey with 30-54 % clay, but in S-53, there is
a 20 cm thick loamy topsoil with only 23 % clay. Silt % varies from
36-48.5 %. CECs are high (5-63raeq/100gr soil) or > 100 meq/100 gr
clay) indicating that more than half of the clay fraction contains
montmorillonite.
They are calcareous throughout with 14-23 % CaCOs. They are (very)
mildly alkaline: pH (H2O) 7.2-7.7. Gypsum content is nil to very
low: upto 0.20 % CaS04 below about 60 cm depth. ESP varies from
1.14-23.07 % while SARs are usually very low but in one case (in
between 57-80 cm depth) about 17. Salinity is mostly negligible
with EC <2 mS above 60 cm depth, but sometimes slightly saline ECs
varying from 3.28-9.34 mS below 60 cm depth.
Organic carbon content is low: < 0.76 % in the topsoil and decreasing
upto 0.6 % below. They are very poor in Nitrogen (0.042-0.112 %) and
very rich in exchangeable potassium (0.832-1.164 meq/100 gr soil).
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Bulk density is 1.39 in the topsoil and 1.43 just below, indicating
pore volumes of about 47 and 46 % respectively.
pF values indicate 15-20 % available moisture, or about 15 % of
easily available moisture.
Three hydraulic conductivity tests near S-53, indicate 1 rapid and 2
moderately rapid values (0.50-1.50 m/day), see tables 5.2.
Results of infiltration tests measured in these series, all fall within
the optimum range, with 0.9-3.1 cm/hour.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (=low costs), see Tables 5.1. and 5.3
respectively.
d. Associated Soils:
About 10 % of this unit consists of very similar Shebelle series
Mapping Unit A223
This unit consists of dark bare basin soil with polygonal cracks
on the surface. It covers about 1600 ha or 14.5 % of the area surveyed.
The nearly level surface of this unit is coverd by scattered
grasses, and many small, dry shrubs. The dominant soil of this unit is
also formed by the Gode-West series, covering about 80 % of this unit.
About 15 % of this series consists of very similar, dark brown
(= Mollic) variants.
ÏYEi£2i_?ï2fiiÊËi_§:5§2_§:Z9i-§zZ3_and_S;;74
a. Morphological Description
These soils are deep, well to moderately well (locally somewhat
imperfectly) drained. They are characteristically dark brown to brown
in colour, with few fine faint rusty mottles below 20 cm and common
faint ligth brown mottles usually below 60 cm depth. They have clayey
textures throughout ranging from silty clay loam to clays and weak to
moderate fine and medium subangular blocky topsoil structure, usually
becoming (more) angular blocky to almost massive below about 80 cm depth.
They have deep and well developed cracks of >/ 1 cm width below 50 cm
depth, and moderately well developed slickensides and wedge-shaped
structures.
These soils are calcareous throughout and very slightly gypsiferous
(about 1 % by volume of fine powdery gypsum). They are non-saline and
mildly alkaline.
b. Analytical Data: see also units A221 and A222.
Textures are mostly clayey with 30-54 % clay and 37-57 % silt.
CECs are high (41-65 meq/100 gr soil) indicating that more than half
of the clay fraction contains montmorillonite.
They are calcareous throughout with 13.6-20 XXaCOs- They are (very)
mildly alkaline: pH (H2O) 7.2-7.8 (rarely 8.1 in the topsoil =
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moderately alkaline). Gypsum content is very low 0.02-1.26 % CaS04.
ESP varies from 0.85-16.14 %, while SARs are very low only rarely as
much as 18. Salinity is mostly negligible with EC values < 2 mS in the
clayey layers. In the deeper loamy textures (locally occurring below
80 or 90 cm depth) EC values of 2.6-6.35 mS (= non- to slightly saline)
have been measured, and in one soil (S-73) EC values of 4.28-12.24 mS
(= slightly to moderately saline) were found. In this latter soil the
tyge of salinization was found to be predominantly chloridic with soluble
CI upto 85 meq/1).
Organic carbon content is low: 0.30-0.71 % and they are very poor
in nitrogen (0.014-0.07 %) and rich to very rich in exchangeable
potassium (0.576-1.984 meq/100 gr soil).
Bulk densities vary from 1.13-1.43 in the topsoil and from
1.24-1.25 just below, indicating pore volumes of about 46 %-57 %
(mostly about 53 % ) .
pF values indicate about 15-20 % available moisture, or about 15 %
of easily available moisture.
Hydraulic conductivity tests indicate mostly rapid values (0.36-0.80
m/day), but also sometimes very rapid to extremely rapid values of
3.60 m/day. Results of infiltration tests, all fall within the optimum
range with 0.9-3.1 cm/hour.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (= low costs), see Tables 5.1 and 5.3
respectively.
d. Associated Soils
about 10 % of this unit consists of very similar Shebelle series, and
about 10 % of loamy Ididole series.
Profile S-72 represents a very similar montmorillonitic.
Mollic Torents covering about 15 % of this units surface.
Mapping Unit A23
This unit is very similar to unit A223 except for the occurence
of moderately large sinkholes. It covers about 804 ha, or 7.3% of the
area surveyed.
The surface of this unit is characterised by the occurence of
moderately large sinkholes (diameter upto 100 cm and upto 1 m deepsinkholes class S2). The vegetation consists of scattered grasses.
The dominant soil of this unit is also Gode-West series,
covering about 70% of the surface, (including about 10 % as a Mollic
variant.
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a. Morphological Description: see unit A223
b. Analytical Data: see A223.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (= low costs), see Tables 5.1
respectively.

and 5.3

d. Associated Soils
About 30 % of this unit is covered by loamy Ididole series
Mapping Unit A24
This unit is formed by old abandoned riverbeds or oxbows.
It covers about 51 ha only or 0.5 % of the area surveyed.
The surface is locally covered by a less than 10 cm thick
overburden. The vegetation consists of dead grasses covering about 30%
of the surface.
The dominant soil of this unit is also Gode-North series, covering about
90 % of the surface (most of it - about 70 % - as Mollic variants).
ïyEi£-Pr2file_S:57
a. Morphological Description
These soils are deep, moderately well drained and characteristically
brown in color, with a dark brown topsoil color. They have clayey
textures throughout, ranging from very fine sandy clay to clay. They
have moderately well developed, fine to medium, subangular blocky
structures increasing in size with depth. They have deep and well
developed cracks extending from the surface with >1 cm wide at 50 cm
depth and moderately well developed slickensides and wedge-shaped
structures.
These soils are calcareous throughout and very slightly gypsiferous
(about 1% by volume of powdery gypsum), slightly increasing with depth
They are mildly alkaline and only very slightly saline below 80 cm of
depth.
b. Analytical Data: see A223.
c. Suitability for Irrigation Development:
Crop suitability class : 2 (= moderately suitable), and
Land development class : 1 (= low costs), see Tables 5.1
respectively.

and

5.3

d. Associated Soils
About 10 % of this unit consists of the very similar Shebelle series.
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5

INTERPRETATION OF SOIL SURVEY DATA

In this chapter soil survey data and related observations will
be interpreted in terms of the various aspects which come in the picture
for the development of irrigated crop husbandry. These aspects are
discussed in the following sections.
For this interpretation use has been made of all the
information collected during the fieldwork, but also of already existing
data in previous reports. As such can be mentioned the benchmark
profiles, the somewhat over 600 augerings and many hundreds of field
observations which contributed considerably to the insight and
distribution of the various mapping units in relation to their
development. As such can be mentioned:
-

place, distribution, size and intensity of sinkholes;
place, distribution, size and intensity of the gully patterns;
place, distribution, size and intensity of dune formations;
cracking problems of the heavy clay soils;
place and distribution of shallow overburdens on clay soil;
place, distribution and size of the (mostly narrow) streambed ridges
in the B landscape;
- place, distribution and type of vegetation.

These aspects were noted on the profile description forms,
which have been handed over to WRDA and further in many fieldnotes as an
aide-memoire in drawing the boundaries of the mapping units, in which
also the available aerial photographs played an important role.
Further of course use was made of the analytical results of
the laboratory tests.
For the already existing information reference can be made of
the Orstom report and Nedeco's design report.
As experience of land development in the Gode area is hardly
existing and as it was not possible to obtain firm data of the works
done in former times, use has been made, were applicable, of
Nedeco-Euroconsult's experience elsewhere.
5.1

Land clearing requirements

As stated in the earlier report concerning the Gode Irrigation
Scheme the observed area is not heavily forested with exception of some
areas on the northern part (B32 and P-units).
In order to classify the area several tree countings were
performed during the field work. Since it was not possible to execute
tree countings in all the mapping units the ones thought representative
were chosen. The results are given below.
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A 223

near BM117
near S 67
near S 75

trees < 8/ha
shrubs 0-10/ha
light grass cover

B 11

near S 87

trees 8/ha
shrubs 56/ha
medium grass cover

B 321

along road north
of S 86

trees 240/ha
shrubs 40/ha
medium dense grass
cover

B 4

near S 88

trees 32/ha
shrubs 28/ha
medium grass cover

A 121

near S 79

trees l6/ha
shrubs 20/ha
almost bare land

A 122

near S 65
near S 66

trees 8-l6/ha
shrubs 16/ha
almost bare land

P units

near S 96, S 90

trees 0/ha
shrubs 600-1000/ha
almost bare land

According to the density of vegetation, classified from the
caterpillar performance handbook edition 10, 1979, all these area's are
classified as light, with exception of the P units which are classified
as light-medium. Since this classification is considered not sufficient
for this area the following classification is composed and used:
S 1
S 2
S 3
S 4

< 10 trees or 50 shrubs + grass cover - open land
10-30 trees diameter < 30 cm/ha or
- light covered
land 50-100 shrubs/ha
30-100 trees diameter < 30 cm/ha or - medium covered
land 100-250 shrubs/ha
>100 trees diameter < 30 cm/ha or
- dense covered
land >250 shrubs/ha

The equipment to be used for land clearing depends on the end
use of the land and other jobs for which the equipment is to be used,
Since most of the area is lightly covered wi th vegetation no stumps may
be left behind and the equipment must also b e suitable for earthmoving,
a 300 HP track type tractor with straight blade is thought the best
choice. For calculating the production hours needed for landlevelling
with a straight blade no suitable method is given in the above mentioned
book. However, an estimation can be made by using the given hour
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calculation method for kg-blade increased with 50% for stump removal.
The calculated production hours are as follows:
Dense covered land
4 hr/ha
Medium covered land
3 hr/ha
Light covered land
2 hr/ha
Open land
0-1 hr/ha
For the clearing of open land it is advised to combine this
with other jobs, because in case it is done as a separate job the total
operation of clearing will take to much travelling hours.
After clearing the felled trees and shrubs must be windrowed
(stacked) or in case of light covered land piled. For this operation
1.5 hr/ha for all the coverage types except for open land is calculated,
because with the light covered type of land the hauling distance is long
which will cost travelling hours, while in the dense type the
replacement of the amount of trees and shrubs will take more production
hours. In the open land it may be possible to load the felled trees and
shrubs on a truck, because it is thought that piling is impossible due
to the great distance between the different trees and shrubs.

5 .2

The problem of sinkholes

Several soil units in the Gode-West project area are
characterised by the presence of sinkholes. Size of these holes, their
depth and intensity of occurrence are varying. The sizes of one hole
can vary from a few cubic feet to more than 10 m-*. The only explanation
for the genesis of sinkholes will be that material in the subsoil is
removed and caverns are formed. On a certain moment the topsoil looses
its support in the subsoil and tumbles down. The question is: what kind
of material has been removed and how it has been removed.
The most common idea is, that soluble solids are dissolved and
in solution transported, following the hydraulic gradient. But how this
will be possible in an arid, desert like climate, with only a restricted
amount of precipitation during two short rainy season (April/May and
October/November) each yielding about 100 mm of rainfall. Such a regime
can only moisten a shallow top layer and from previous surveys and the
present one it is known, that the soil horizons up to about a metre
depth hardly contain any soluble solids.
Considering the geographical distribution of the concerned
soil units in the project area, it can be concluded that they are
located in the places with the lowest topographical position. These
areas are prone to seasonal flooding by run-off water from rainshowers
in the hilly to mountain regions north of the project area. The
mentioned low places will receive by temporary flooding an amount of
water which can be considered as equal to an estimated rainfall of
700-1000 mm per rainy season of 2 months. Such an amount of water is
able to penetrate rather deep into the soil, facilitated by the larger
cracks and fissures, creating preferential flowpaths to the deeper
subsoil.
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If in the deeper subsoil soluble solids (e.g. such as gjrpsum)
are present, gradually this material will be dissolved and transported
and leaving voids behind. Geological information and field observations
indicate, that it is most likely, that in the subsoil geological gypsum
deposits can be found. Observations along the banks of the Shebelle
show, that from place to place gypsum deposits are present in the
subsoil at depths from 2 to 4 or 5 meters. Two forms were seen:
- solid crystalline gypsum with a broken or fragmented nature.
- a tjrpe of karstic gypsum, full of holes and cavities.
Both types of gypsum deposits are permeable for water. When
sufficient water can enter the soil, be it by natural flooding, be it
under irrigated conditions, gypsum will be solved and cavity formation
in the subsoil begins. The result will be loss of support and falling
down of the topsoil.
The deep augerings up to about 5 meters, have indicated local
gjrpsum deposits in the subsoils e.g. the deep borings 201 and 221 (see
Figure 5.1). This means that a potential danger for new sinkhole
formations under irrigated condition will exist in the whole project
area. Not only in the northern part, where presently sinkholes are found
but also in the southern part where presently hardly any (small)
sinkhole is found.
Reference can be made to the Euphrates Irrigation Project in
Syria. Geological cross-sections in this project area, made clear, that
gypsum deposits on depths of 4-5 meter (and sometimes even deeper) form
a potential danger for sinkholes formation, when irrigated conditions
are created.
When the Gode-West irrigation project will be operational in
future, hazards of breaking down of the canals and of sinkhole formation
in the irrigated plots are present. They will hamper an efficient
irrigation crop husbandary, resulting in cost increasing and production
decreasing.
An alert and well equiped maintenance dempartment, attached to
the project organization is a must. Only in such a way the damages can
be kept on the lowest possible level.
Even after the recently executed survey it is not well
possible to present a clear forecast about the hazards of new sinkhole
formation in a quantitative way. Previous survey results complemented
with those of the recent survey, can only indicate the hazards, but it
is not possible to give a quantification on exact place and size of the
events. For that the obtained amount of data is too restricted.

LOCATION OF DEEP AUGERINGS

FIGURE 5.1
Approximate scale
0

500

1km 1500 2 km
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Further geologic investigations can bring a step forward.
Partly this can be done by more borings, but also the application of
geo-physical methods should be kept in mind. The advantage of these
methods is, that complete cross-sections between two observation points
are obtained, whereas a boring is only a spot observation. For good
interpretation results, the geo-physical method should be complemented
by some borings.
With the mentioned geo-physical methods it is e.g. possible to
obtain complete cross-sections of the subsoil under the alignments of
the main and principle irrigation canals between the two observation
points. In such a way a quantitative approach is possible.
Looking to the sinkholes, found in the field during the
survey, it can be said, that their size is limited from less than Im^
upto somewhat over 10 m-^ (in exceptional cases). This sinkhole formation
can be seen as the result of centuries of influence by temporary
flooding. Based on this observation it is expected, that eventual new
sinkhole formation in future, will give holes of comparable sizes. The
repair of such holes by a well equiped maintenance department will not
be very expensive, neither time consuming and the eventual damages can
be kept to the minimum.
It is possible to refer to the present irrigation scheme,
south of the town of Gode. In 1986 the scheme was visited by Nedeco's
agronomist in the framework of his activities within the Gode-West
project. The purpose of the visit was to obtain information about
sinkhole problems. After his visit he came to the conclusion that in the
existing irrigation scheme, sinkhole did not provide a problem.
During the recent survey the chief soil scientiest paid a
visit to the scheme and he did not observe sinkhole formation.
In this respect also attention can be asked for the small
scale irrigation activity near the old camp in the Gode-West area. In a
rather restricted perimeter maize and some vegetables were cultivated
with help of irrigation. Sinkhole formation was not observed.
Further the Orstom support was studied again on this special
problem. No indication was found, that differences can be expected
between the Gode-West irrigation project and the present irrigation
scheme south of Gode town.
When the present functioning irrigation scheme does not pose
problems in sinkhole formation, the plausible conclusions can be drawn,
that in the Gode-West area no important problem will be expected.
Carefull observations however always will be advisable.
A special problem may occur in the case of hydraulic
structures. When a new sinkhole will be formed in an agricultural plot
or in a canal, the problem will not be too serious. The maintenance
department will be able to repair a hole of limited size on short notice
and consequently the damage to agricultural crops will be restricted.
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With hydraulic structures a breakdown influenced by a new
sinkhole, will have more serious consequences. A repair of a structure
with its concrete work is always a time consuming exercise. The result
is that the structure cannot be used for its purpose of water
distribution for that period, which will have consequences for the
cropped area downstreams.
A structure is a construction on a very limited spot of land.
It is possible to test the conditions of this spot by one or maybe two
deep borings. When no gypsum in the subsoil is found, the situation can
be considered as safe. When gypsum is found two alternatives are
possible. A first one is to relocate the structure, if possible, to a
safe place in the close neighbourhood. A second one is to apply special
foundation techniques may include the application of reinforced plastic
foil as was also proposed for gypsum problem around the weir in the Wabi
Shebelli.

5.3

Land levelling requirements

Except for the area's with hummocks or gullies the area under
consideration is almost level. However, during the field survey it was
observed that in most of the mapping units sinkholes and/or cracks
occured with depth up to 1 m. Besides this it was also observed during
the execution of the permeability tests that in the subsoil sinkholes
and/or cracks occur although they are not visible at the surface. In
case these soils are levelled it is possible that sinkholes and/or
cracks are not completely filled and so forming cavities in the subsoil
which will collapse after short time.
In order to prevent this it is advised to subsoil the total
area before levelling; according to the "agricultural compendium"
subsoiling with a 300 HP track type tractor up to 1.25 m costs 4 hr/ha.
The depth of 1.25 m is chosen because of the measured depth of 1 m of
the sinkholes and/or cracks.
An advantage of the ripping operation is that after ripping
most of the mapping units can be directly levelled by a grader instead
of first a dozer and secondly a grader.
In order to be able to compose a classification for the
intensity of dissection by gullies several gully countings were done. In
this case it was also impossible to execute a counting in all the
dissected mapping units so representative units were chosen.
51
52
53
54

The following classification was
not dissected
0
slightly dissected
0-10
moderatley dissected
10-20
strongly dissected
>20

composed and used.
% gullies/ha
% gullies/ha
% gullies/ha
% gullies/ha (even up to 40%)

Even after ripping it is necessary to level the dissected
area's with a track t3rpe tractor because the amount of soil to be moved
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is to big for a grader. During the counting the depth and width of the
gullies was measured, which varied respectively from 50-100 cm and
1-3 m. For the calculation of the amount of m-^ soil to be moved for both
the mean was used, thus a depth of 75 cm and a width of 2 m. For the
hummock areas almost the same procedure was followed and the following
classification for the amount of soil to be moved was composed:
51
52
53
54

0 - 1000 m^/ha
1500 - 5000 m^/ha
5000 - 10000 m^/ha
> 10000 m^/ha

It is thought that the units with a SI classification need not
to be levelled by a track type tractor. In this areas the hummocks are
not higher than 50 cm which is a height a grader can handle.
For levelling normally a 75-120 HP track type tractor is used.
But as a result of the need for the heavier type of tractor for land
clearing and ripping in this calculation it is assumed the 300 HP track
type tractor will also be used for levelling. According to the
caterpillar performance handbook a 300 HP track type tractor can move
400 m-^ soil/hr over 60 m. For this calculation it is assumed that 60 m
is the maximum hauling distance, because with a higher distance it is
thought, earth moving with wheel loader will be quicker and cheaper. The
production hours per unit per ha needed for ripping and levelling are
given in Table 5.1.
For finalizing the levelling a grader is suitable equipment.
Following the caterpiller performance handbook a 125 HP grader can level
1 ha in 15 hours.
The data of table 5.1 make clear, that levelling of the sand
dune complexes is a costly exercise and is responsible for the majority
of the land development costs of these mapping units. Further when this
sandy material is spread over the land it results in a coarser texture
of the ultimate arable layer and is consequently reducing the
landsuitability. Tillage will become easier, but irrigation water
application more complicated.
The question can be put if the sand can be used for civil
engineering construction purposes. If this is the case than the civil
works have the advantage of the availability of construction material
close to the works to be done and the agricultural land development cost
will be reduced and the land suitability will be increased.
In the case of alternative utilization possibilities of dune
sand, it might be possible to bring down the bulldoser hours for land
levelling to 10 per ha for the mappingunits A 113, A 121, A 122 and
A 132, meaning a reduction of respectively 10, 15, 25 and 10 hours per
ha.
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5.4

Soil amelioration requirements

The soils in the Gode-West area are of an (old) alluvial
nature, be it from Shebelle origin, be it deposited by temporary
intermittant streams, coming from the hilly and mountaineous countryside
in the north.
For soil quality and soil amelioration point of view no
serious constraints are present. Howver, attention has to be drawn to
two aspects.
- The soils in the southern part of the project are rather stratified in
their built up;
- The soils in the northern part of the project are characterised by the
presence of sinkholes and gullies, be it separately occuring, be it in
combination.
Stratification of the soil profile, i.e. alternation of rather
thin sandy, clayey and loamy layers can have disadvantages for rooting
possibilities of the various crops and can influence watermovement and
waterholding capacity in an unfavourable way.
For both aspects it will be advantageous to disrupt the
stratification by subsoiling, using an implement with broad tines. In
the Gode-West area such implements are available, mounted on Fiat FD20
bulldozers. This implement seems suitable for the intended subsoiling
and ripping operations.
The presence of sinkholes forms a rather difficult problem.
The soil units showing sinkholes, have a built up of soil profiles,
which require in fact no soil improvement. The occuring sinkholes,
however, should be removed in relation with the levelling of the land
for irrigation purposes. The best way to cope with the holes is to fill
them by means of subsoiling and afterwards do the finalisation of the
levelling with bulldozer and grader.
Some soil units are intersected by a more or less intensive
gully pattern, sometimes in combination with sinkholes. The soils as
such don't need a ripping treatment, but in combination with the
mentioned topographic features, a ripping and bulldozering will have to
take place, before the final grading.
In general it is advised to apply subsoiling prior to
levelling activities. In the case of soil units with hummocks it will be
necessary to apply first a rough levelling by bulldozing and apply than
the subsoiling.
The cost of ripping can be estimated at 4 bulldozer motor
clock hours per ha.
The subsoiling activities should be executed when the soil is
as dry as possible, which is not problematic for the circumstances in
Gode-West.
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In the Table 5.1 the consequences of the land development
aspects land clearing, land levelling and soil amelioration have been
summarized.
The total land development costs as presented in Table 5.1,
have been grouped in 3 classes.
- low development costs, below 1500 US$ per ha;
- moderate development costs, between 1500 and 3000 US$ per ha;
- high development costs over 3000 US$ per ha.
These 3 classes are indicated on a map (Figure 5.2). About 50 %
of the area is in the low cost group, 45 % of the area in the moderate
cost group and 5 % of the area in the high cost group.
To the high cost group belong several soil units of the A
group on which sand dune formation has taken place. A concentration of
these soils can be found north of the main canal, between IP 7 and IP 8.
In the detailed design about 300 ha of this area has been left out for
topographical reasons. The level is situated too high and therefore un
commendable for gravity irrigation. This means that only about 200 ha
remains in the high development cost group, scattered over the southern
part of the project area, resulting in broad lines in about 2 % of the
area to be irrigated.

5.5

Hydraulic conductivity

5.5.1

Introduction

In order to determine the hydraulic conductivity, permeability
tests were performed in most of the distinguished soil units. The test
were executed according to the inversed augerhole method as described in
"Drainage Priniciple and applications, Volume III Surveys and
Investigations". The principle is similar to the augerhole method with
this difference that in the inversed augerhole method the rate of fall
of the water level in the hole is measured instead of the rise.
This method was chosen because of its simplicity to perform
and its low need for specialized material.
5.5.2

Procedure

All test locations, except for one, were situated near soil
pits. This gave the advantage that the locations and consequently the
soil units and the textural sequence of the soils to be tested were
known. Specially the last mentioned is important because in case of
abrupt textural changes in the profile the permeability of the top
layer(s) must be determined separately (e.g. unit A112).
In most soils the tests were executed as follows.
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Three augerings respectively 10 m east, 15 m north and 20 m
west of the pit up to 1 m depth were made. In those cases where angering
at the north side was not possible or not representative the location of
this angering was changed to the south. After augering the holes were
filled with water and the profile described. This first filling (before
the actual measurement took place) was done to reach a wet condition in
the profile as under irrigation. The water filling was done from a
jerrycan with a hose in order not to disturb the wall of the hole by a
flow of water. After the water of the first fill drained away the actual
width and depth of the augerhole were measured. In some profiles it was
observed that during the first fill the wall of the augerhole collapsed
causing a wider and less deeper augerhole.
For measuring the rate of fall of the water level a float and
a measuring tape installed on a standard were used. After installation
of this equipment the hole was filled for the second time. The rate of
fall was measured after 0, 30, 60, 120, 180, 240, 360 and 540 seconds.
In some profiles the 180 seconds measuring was skipped and the measuring
time was lengthened up to 720 seconds. In highly permeable soils and
shallow augerholes the measuring time was consequently shortened.

5.5.3

Results

During the field work it was observed that the heavy cracking
clay soils and the soil types with cracks or cavities in the subsoil,
which were visible during augering, were impossible to examine because
of the water flowing away through the cracks (e.g. S54, S78). In other
profiles it was observed that the hole couldn't be filled to the top. It
is assumed that this is also caused by cracks or cavaties in the subsoil
of a smaller size which do not show in the augering (e.g. S56, S57, S58,
S63, S67).
For the calculation of the field observation into standard
units (m/day) the method as described in the above mentioned literature
was followed.
A complete list of soil units test results and the
classification is given in Table 5.2.
In this list is visible that some tests are excluded; most of
these profiles are excluded because they differ to much from the soil
profile of the nearby pit. Other are excluded because their test result
deviates too much from the other tests in the same profile. Possibly
this is also a result of cracking or the presence of cavities in the
subsoil.
That these features can influence the permeability is also
stated by the FAO in bulletin 42: Soil survey investigations for
irrigation. Some factors, such as the presence of soil cracks or holes
created by roots, worms or larger animals can exert a very important and
sometimes extremely localized influence on permeability.
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It has to be kept in mind, that the cracking pattern is an
important characteristic of the heavy soils, resulting in a wide
variation of hydraulic conductivity data. A measurement in a hole,
cutting through cracks, will give high permeability figures. A
measurement in a hole in the centre of a dense structure element will
result in low hydraulic conductivity figures. Both however are true and
reliable for the soil in question.
It can be expected that in future under irrigated conditions,
the influence of the cracks will be reduced, resulting in lower
hydraulic conductivity figures. During the ripening time of the crops,
the soil will dry out and sizeable cracks will be found again on the
original locations.
In the Table 5.2, the various columns mean the following
The columns on soil unit, soil pit number and augering number
are self explaining.
The column level of fill indicates the water level in era's
below ground surface, at the beginning of the measurements. Depth 0,
means water level is on land surface. In many cases it was not possible
to fill up the hole completely and the negative figure indicates the
waterlevel depth minus surface at the start of the measurement. In
several cases it was impossible to build-up a waterlevel in the hole,
even after repeated wetting.
The test results are presented in metres per day, respectevely
for augerholes up to 50 cm depth and upto 1 m depth. In some cases the
hydraulic conductivity is immeasurably high; this is indicated with mm.
In the column excluded, the tests which gave disputable data
are indicated with an X. In the last column a classification of the
hydraulic conductivity is presented. As the conductivities were all
rather rapid and higher, the following classification was applied:
I
II
III
IV
V

Moderately rapid
Rapid
Very rapid
Extremely rapid
Immeasurable rapid

0.4 0.8 1.6 3.2 above

0.8
1.6
3.2
6.4
6.4

m/day
m/day
m/day
m/day
m/day

The obtained data show that over 70 % falls in the group very
rapid or faster and only about 30% in the groups moderately rapid to
rapid.
It may be expected, that after long years of irrigation
practices the conductivity data will go down, but it is most likely that
considerable amounts of water will continue to pentrate to the subsoil
resulting in a rising groundwatertable. In due time, this has to be
controlled by a proper subsurface drainge system.
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Table 5.2 - Results of hydraulic conductivity tests

Soil
unit

A 112

Near
soil pit

S 51

A 121

S 97

A 122

S 65

A 122

S 66

A 131

S 60

A 134

S 72

A 134

S 81

A 134

A 141

A 142

S 59

S 86

S 64

A 211

S 62

A 211

S 63

A 212

S 77

A 212

S 64

Augering
no.

512
513
514
600
601
602
582
583
584
585
586
587
537
538
539
485
486
487
515
516
517
534
535
536
543
544
545
604
605
572
573
574
575
576
577
481
482
483
579
580
581

Level
of fill

Test
results
D 50

D 100

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4.47
6.70
5.30

2.50
3.40
2.20
2.42
2.54
4.83
2.24
3.34
2.80

0.-40

1.07

-10
0
0
0
0
-20
0
0
0
0
0
0
0
0

D 50

D 100

D 50

IV
V
IV

III

IV
III

X
X
IV
III
IV
III

IV

4.47
4.47
4.70
3.20
1.87
1.66

X
IV

X
III
III
II
II

2.14
1.47
1.51
2.70
3.30
5.40

X
X
X

IV
IV
IV

X

imm

III
III

3.12
2.50

.84
II

1.82

II
III

X

imm

III

2.77
5.37

IV

III

1.80

2.90
2.78
1.78

D 100

X

3.20

3.70
5.40
8.90

classification
fication

Excluded

2.80
2.70
1.90
1.35
1.83
1.88
2.08
2.20
3.00
2.20
2.04

III
III

X
III
III
III

X
X
X

II
III
III
III
III
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Table 5.2 - (Cont'd)

Soil
unit

Near
soil pit

A 221

S 69

A 222

S 53

A 223

A 52

A 223

S 71

A 223

S 58

A 223

S 70

A 223

S 73

A 223

S 74

A 223

A 223
A 223
A 23

A 24

A 56
S 75
S 67
A 55

S 61

Augering
no.

Level
of fill

Test
results

classification
fication

Excluded

D 50

D 100

527
0
528
0
0
529
464
0
-30
465
466
-20
8 90
470
0
0
1 86
471
472
0
2 10
518
0
0
519
0
520
530 -20,-15 47 10
0
531
1 04
1 39
532
-5
540
-40
541
]Lmm
-10
542
555
-25
556
-10
557
-5
-5
559
561
-15
562
-10
0
563
564
-20
565
-5
0
593
594
0
-20
595
590
0
-5
591
0
592
-20
489
9 .80
490
iram
0
4 .90
491
0
1.70
492
546
0
4 .02
547
_
548

3.90
7.15
6.50
1.50

D 50

D 100

II
I
I

X

.59
X

1.07
4.00
3.80
2.80

.47
.36
.49

D 100
IV
V
V

.35
.50
1.50

D 50

III
III

II
I
IV
IV
III
I

X
X
X

I
I
IV

3.60

X
2.20

III

.49
.59
.71
.40
.40
.80

I
I
I
I

2.30
2.10
1.20
1.20
1.29

III

I
I
III
II
II
II
I

.76

III

2.23
4.72
3.21

.98
imm
1.39

X
X
V
X
X

X
X

X

X
X
X

III

.47
imm
1.19

imm

II

m
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Table 5.2 - (Cont'd)

Soil
unit

Near
soil pit

Auge ring
no.

Level
of fill

Test
results
D 50

D 100

Excluded
D 50

classification
fication

D 100

D 50

D 100

A 24

S 57

566
567
568

-50
-15
-50

B 11

S 84

549
549
550
551

-

-40
0

1.90
6.70

III
II

.80
.40
.40
imm

I
I
I
X

B 22

S 54

521
521
522
523

_-

imm
imm
imm

V
V
V

B 22

S 78

524
524
525
526

--

imm
imm
imm

V
V
V

B 4

S 88

552
552
553
554

0
0
0

4.59

.90
.58
.39

5.6.

Infiltration Measurement Using Double Ring Infiltrometer

5.6.1.

IStroduction

IV

For these measurements the double ring infiltrometer has been
used. The infiltration capacity refers to the vertical entry of water
into the soil surface. Two figures are of interest: the intial intake
rate (say in the first hour) and the equilibrium or basic intake rate
when the intake has become constant after several hours.
The rate of infiltration is measured by observing the fall of
water within two concentric cylinders driven into the soil surface.
The use of a double ring with measurement confined to the inner ring,
minimizes errors due to flow divergence in directions other than the
vertical.

II
I
I
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To avoid misleading results, water of the same quality as will be used
for irrigation should preferably be used for the test. The test should
be run for at least six hours. It does not work very well on cracked
clays as the water disappears too fast and the results are too variable
but they indicate important aspects of soil physical properties.
Evaporation rates are usually too low to be significant, but if the
infiltration rate is very low and the weather is hot and dry it is
necessary to correct for evaporation.
Three to five replicates should be run at each site. It is
often convenient to make the test close to a sampled profile so that
complete data on the soil is obtained.
5.6.2

Procedure

The pairs of cylinders should be installed 3-10 m apart on
sites representative of the soil to be tested. Drive the cylinders into
the soil to a depth of approximately 15 cm. Place burlap cloth (or
similar) over the soil to dissipate the force of the water and reduce
turbidity. Get everything ready for all the replicates before starting
the test.
Fill both cylinders to a depth of about 10 cm and record the
time and the height of the water in the inner cylinder using a hook
gauge.
Do the same for the replicates. Repeat the measurement after 15, 30, 45,
60, 90 and 120 minutes and each hour for the remainder of the test.
The infiltration rate can be measured either by measuring the
distance of the water surface from the top of the cylinder before and
after topping up or by measuring (with a measuring cylinder) the amount
of water required for topping up to a fixed hook gauge. The former is
simpler when different diameter cylinders are used. The outer cylinder
should be kept at approximately the same level as the inner one: it is
important that it should never be filled up higher than the inner
cylinder or the measured water level may rise instead of fall.
The recordings should be entered on a form and the average
hourly rates calculated. The curves of infiltration versus time should
be plotted on graph paper and the cumulative amount of water infiltrated
also plotted as a check. (There is ample time to do this in the field
between measurements and it should be done at once so that errors can be
rectified). If one cylinder gives a widely different rate from the
others it should be rejected in making the averages.
After the test period the cylinders are removed and an
excavation should be made through the centre of the 30 cm cylinder site
in order to draw the outline of the wetted soil on graph paper.
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From the graph the values of the maximum initial infiltration
rate and the basic rate can be obtained.
5.6.3

Remarks

During the field survey the soil surveyors could not use
standardized infiltration cylinders because these were never transported
to the survey area. In order to achieve some information on the
infiltration rates of the various soil series they had three sets of
infiltration rings made in Code from empty fuel barrels. These sets do
not meet standard requirements. Besides this, after carrying out three
complete tests one of the sets was totally damaged so that during the
remainder of the test series only two sets were available.
The infiltration tests were carried out according to the
procedure described above. In addition to this, each test site was
visited two days after another in order to perform both a dry' run and
a wet' run as advised by USER Manual (1967). The wet run procedure is
similar to that of the dry run.
It is uncertain what is the value of the results obtained from
the tests. Firstly, the use of rings that deviate from standard sizes
and standard materials can have considerably influence on infiltration
rates. Secondly, the use of the method on soils that have vegetation
cover conditions that are not comparable with irrigated crop conditions
can be questioned. Finally, the use of this tests on cracked clays as
can be found in various parts of the study area is dissuaded by FAO
(1979).

<*?
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Infiltration measurements
Soil pit

Mapping unit

S73

A223

S97

A121

S53

A222

S51

A112

S76

A132

S70

A223

S92

B31

S84

Bll

S60

A131

S55

A23

Infiltration in
cm per hour
dry run

wet run

4.5

2.33
2.1
2.2
3.35
2.2
3.1
2.2
3.1
2.9
3.5

4.9
6.9
5.6
8.4
7.0
7.3
6.8
7.6
4.4
4.3
5.7
5.9
8.7
5.8
5.8
5.6
14.5
11.4
7.2
7.2

1.3
0.9
2.8
2.7
2.0
2.2
6.9
6.4
3.2
3.4

For interpretation of the obtained data, reference can be made
to FAO soils bulletin 42. In this publication, the following figures are
mentioned.
- If the infiltration rate after six hours remains in excess of 12.5 cm
per hour, gravity irrigation may not be practicable, because of
difficulties with water distribution and excessive percolation losses.
- With rate in the order of magnitude of 0.1-0.2 cm per hour, surface
waste of water may be excessive.
- Optimal infiltration rates are considered to be between 0.7 and 3.5 cm
per hour.
Looking to the figures of the wet run, they show a spreading
from 0.9 to 3.5 cm per hour, except for S.60 showing 6.4 and 6.9 cm per
hour. These last mentioned data refer to mapping unit A 131, having a
sandy profile with high infiltration rates.
All other figures are within the optimum range. This is true
for the medium textured soils belonging to the Al group as well as for
the fine textured soils of the A2 and B soils.
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The amount of data is restricted, making it impossible to
present ranges for mapping units. A certain tendency indicates that the
Al soils show figures which are higher than those of the A2 and B soils.
5.7

Surface drainage requirements

The various aspects mentioned in this section will be based on
the situation after project development. This means that the following
measures have been realised, making the project area independent from
outside influences.
- The run-off water from the neighbouring northern hilly country side,
will be deviated outside the project area. The project area itself
will be protected by an embankment along the northern and eastern
boundaries.
- In case of high Shebelle discharges and overtopping of its levee, the
southern boundary will be protected by an embankment against this
water.
- Also run-off water from upstream western areas can enter the project
area. This water as well has to be deviated and the area itself
protected by an embankment along the western side.
By realising this situation, the project area is an
independent hydrological unit, in which care has to be taken regarding
surface drainage for:
- excess rainfall in the rainy season;
- irrigation tail water which has to be evacuated.
Two components will influence the requirements for surface
drainage:
- the surface irrigation system;
- the peak rainfall
Both components have to be brought into relation with
- the infiltration capacity of the soil;
- the overall topography of the agricultural plot.
Even a very efficiently operated surface irrigation system
always will have some tail water at the lower end of the agricultural
plot, which water will have to be evacuated with help of a surface
drainage ditch system. Such a system has been developed in the detailed
design.
Although, the Gode-West area has a very low rainfall, spread
over two seasons, it has to be recknoned that rather high peak rainfalls
during a thunderstorm may occur. Calculations have made clear, that a
one day rainfall of 55 mm has to be expected with a frequency of 1 in 10
years. Partly this rainfall will penetrate in the soil. A considerable
part, however, will have to be evacuated superficially.
The amount of water penetrating in the soil (be it by irrigation,
be it by rainfall) depends on the structure stability in relation to the
infiltration rate of the soil. The data of the infiltration rate of the
soils are not yet available and consequently conclusions can not be drawn.
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However, it has to be kept in mind, that external kinetic
forces such as peak rainfalls and careless irrigation-water supply,
cause a structure deterioration of the topsoil, resulting in a
superficial sealing layer. For this reason a considerable surface
run-off has to be accounted for, which has to be discharged via a
surface system. The designed system of drainage ditches can cope with
this amount of water.
Special attention has to be asked for a good surface grading.
The overall slope of the land of 0.5-1% is sufficient to take care of
the surface evacuation of water. Hazards of isolated depressions are
present, which can result in surface-water logging and stagnation of
crop growth. Proper surface grading has to eliminate such areas and has
to promote the surface evacuation. With help of the right soil tillage
activities the good surface situation has to be cared for, year after
year.

5.8

Deep drainage requirements

In the section on surface drainage requirements, boundary
conditions have been mentioned to make of the project area an independent
hydrological unit. These conditions are also valid for deep drainage
requirements. Only the hydrology inside the project boundaries and related
to the irrigation water application will have to be considered.
Especially this last item will be of importance, as the irrigation
efficiency is estimated at about 50 %. This means that large amounts of water
such as canal and field losses and for leaching requirements will disappear
to the subsoil, feeding a rising groundwater table.
In the final design report for the Gode-West Irrigation Scheme:
Nedeco; 1987, considerations about deep drainage requirements have been
developed and presented. In broad lines the presented reasoning can be
followed, but the executed soil survey has brought data, which make a
certain revision of the ideas necessary. Especially those on hydraulic
conductivity point in the direction of a deep sub-surface drainage.
At present, the groundwater table in the Gode-West project is
found at depths of approximately 10 metres minus ground level.
Introducing irrigation will create a certain downward flow of water
contributing to a rising groundwater table.
The reasoning in the report indicates a steadily rising
groundwater table, which in about 15 years time will reach a critical
depth, creating serious hazards for salinization of the arable layer.
This will mean the introduction of a detailed drainage system, to
maintain a non-hazardous groundwater level.
To present a clear forecast of the behaviour of groundwater
tables in irrigation schemes is very diffcult. The Gezira Scheme in
Sudan has been irrigated for about 80 years and no problems with rising
groundwater tables have been observed. On the other hand, irrigation
schemes in the Mesopotamian plain in Iraq and in the Indus plain in
Pakistan show considerable groundwatertable rises in a short period.
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The Gezira scheme consists of heavy clay vertisols, whereas
the mentioned alluvial plains consists mainly of coarse to medium
textured deposits. These differences in soil conditions will play an
important role in the feeding of the groundwater.
The Gode-West Irrigation Scheme consists partly of vertisols
and/or of clays with a vertisol character, and partly of coarse to
medium and fine textured Wabi Shebelle deposits. The soil survey data
make it likely, that the soils with a vertisol character, cannot be
considered as impermeable under conditions of irrigated agriculture. The
Wabi Shebelle deposits are locally quite permeable in the subsoil
(sandy) and feeding of the groundwater will take place. On the other
hand, these soils will also contribute to the seepage of groundwater to
adjacent areas outside the irrigation project. The order of magnitude of
this seepage cannot be calculated on this moment, but it will contribute
to a slower rising of the groundwater table.
During the soil survey, data on hydraulic conductivity have
been collected with help of inverted well tests. The test results made
clear that:
- the hydraulic conductivity of the soils is in many cases high to very
high;
- the initial hydraulic conductivity can be extremely high to
immeasurable high, due to the presence of large cracks.
Without going into the exact details of these two aspects, it
will be clear that with irrigation, especially in the initial hours of
water supply, considerable amounts of water will be transported directly
to the subsoil along preferential ways of existing large cracks, and
fissures. Bouma has proven this short cut or bye pass flow, which
remains, existing also after considerable wetting after long time (see
also Arrowsmith and Armstrong).
During the survey indications were found, that under the
present conditions, water percolates to the deeper subsoil.
The topographically low-lying part of the project area receives huge
amounts of run-off water from the northern uplands. The soils over
there, will be thoroughly wetted during the rainy seasons. When wetted
soils would get impermeable, the top metre of the soil profile would get
asphyxated, resulting in clear mottling of the soil. During the soil
survey only weak indications of mottling could be found. This indicates
that the water will hardly stagnate, but next to superficial run-off,
penetrate to the deeper sub-soil.
During the execution of the deep augerings, it was observed,
that augerhole deep boring 216 near soil pit 170 had a perched
watertable at a depth of 4.40 m. This soil pit is representative for
soil unit A223 and is topographically slightly depressional (flood
basin). This area might have received some run- off water from the
neighbourhood during the rainy season.
The top metre of the soil profile does flot show mottling, due
to water stagnation, but the water penetrated to the deeper subsoil,
where it was found at the mentioned depth.

89

Based on the soil survey data, it is most likely, that
critical hazardous groundwater levels may be reached in a shorter period
than 15 years.
A next point coming in the picture is, how to solve the
groundwater drainage problems.
The report, attached to the detailed design, gives the
expectation, that a discharge of the water will take place as a
horizontal flow through the ploughed and rooted layer, towards the field
ditches, having a depth of approximately 1 metre.
Such a discharge pattern (a.o. according Fukuda) is possible,
but only in the case when at a depth of approximately 1 metre (about the
same as the depth of the field ditches) an impermeable layer is found,
over which this flow can take place. If such an impermeable layer would
be present, it is questionable, if proper drainage requirements for the
crops can be realised with the designed plot width of 250 metres.
The performed soil survey has indicated, that an impermeable
layer at the lower fringes of the rootzone could not be seen. The
calculated figures of hydraulic conductivity can be classified as rapid.
Under irrigated conditions it is expected that the hydraulic
conductivity will slow down, but percolation will remain to take place.
This means that in the upper 2 metres of the soil profile, the flow
pattern will follow more or less vertical percolation flowlines to feed
the groundwater, which will in due course rise to unacceptable levels,
from the point of view of crop production and salinisation hazards.
To control these problems a normal groundwater drainage system
will have to be installed. Especially for salinisation control such a
system should be rather deep, say that a design level of the groundwater
should be at least 1.25 metre below the ground surface.
Such a deep drainage system can be achieved in two ways:
- one possibility is the realisation via an open ditch system;
- the other possibility is via a pipe-drain system, discharging in the
plot ditches.
Regarding a tentative calculation on spacing between the drain
ditches or the lines of pipe drains, the following can be brought
forward.
During the fieldwork 26 deep augerings were carried out of
which 15 were deeper than 3.5 meter and partially up to 5.5 meter. Those
augerings could not be made deeper than 2.0 m and 2.5 meter
respectively, due to a (coarse) sandy subsoil which could not be taken
out. One angering hit gypsum at a depth of 2.5 metre. The other
augerings failed at depths of 1 metre to 2.4 metre due to the hardness
of the clay, which made deeper angering impossible.
Also during the normal soil survey with the augerings and soil
pits, many times sand was found at depths of about 1 metre.
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Further 32 inverted augerhole tests were carried out (see
Section 5.5). Also reference can be made to the infiltration tests (see
Section 5.6). The soil mapping unit A131 consist of deep sand and will
influence seepage irrigation water and drainage of this water to the
subsoil in a considerable way.
All these observations give indications that water will be
lost to the subsoil and will cause rising groundwater tables.
The total amount of observation can be considered too small to
arrives at an drainage distance advise, neither for the mapping units,
for an agricultural plot.
Regarding the mapping units a tendecy exist that the soils of
the Al group have less figures in the lowest hydraulic conductivity
class than the A2 and B-blocks. An approach to arrive at drain spacings,
can be based on these "low" figures, taking 0.5 m per day for
calculation purposes. In applying the Hooghoudt-Zon Kirkbara formula two
other parameters have still to be established. For the equivalent layer
10 metre can be taken and for the discharge amount 5.75 mm per day. This
figure is based on the gross irrigation duty of 11.5 mm per day and the
irrigation efficiency of 50 % and accepting that all waterlosses will
have to be discharged by the detailed drainage systems.
The calculation gives:
12 = 8 kd m = 8 X 0.5 X 10 X 0.5 =
s
0.00575

20
= 20 000 = 3478
0.00575
5.75

1 = V3478 = 59 m, rounded off 60 metres.
This 60 metres is the result of a carefull approach, taking
the lowest hydraulic conductivity and a high discharge figure.
This distance can be used for a tentative cost comparison
between an open ditch system and a pipe system.
It is recommended that in the future when monitoring makes it
most likely that drainage problems arise, hydraulic conductivity tests
per plot will have to be carried out, in order to calculate the
neccessary spacings per individual plot.
At the moment it is difficult to forecast how the tests will
have to be carried out. The possibility it most likely a pump test, such
as the augerhole method, in boreholes up to a depth of 5-8 metres, with
an intensity of at least two tests per plot.
For the open ditch alternative, this means the following. The
ditches for detailed drainage should have a depth of 2 metres, a bottom
width of 0.5 metres and a sideslope of 1: 1.5. This gives a cross
sectional area of about 5 m^ per m. With a plot of 25 ha and the
required spacing between the ditches of 60 - 100 metres, this results in
an earth movement by excavation of about 400 - 600 m^ per ha. Further
the excavated amount has to be spread and leveled over the plots.
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This total excercise will be in the order of magnitude of
2.5 US$ per m^ or 1000-1500 US$ per ha.
For the pipe-drainage alternative, the following reasoning can
be given. The depth of the pipelines should be 1.75 m minus land surface
with a slope of 10 cm per 100 m. With a spacing of 60 metres, this
results in 167 metres of drain pipelines per ha. Executing the work with
a laser equipped trenching machine, this excercise will cost about 2 US$
per metre all in, or 334 US$ (rounded of 350 US$) per ha. This amount is
considerably less, than that one of the open ditch alternative.
It has to be kept in mind, that the drain pipes may need
locally a protective hydraulic filter, to protect the pipes for silting
up by fine sandy silty materials which can be found at drainage depth.
Further the open ditch system has as disadvantage:
- the mechanical land- and crop husbandry management operations will
undergo some restrictions;
- the ditches will require regular maintenance, such as removal of weeds
and silt deposits.
To make both alternative systems operational, the field
ditches will have to be enlarged and the same is the case with the
ditches of higher order. The present design is based on a superficial
drainage system. To cope with the requirements of salininty control
drainage, in future, the whole system has to be enlarged and deepened.
As mentioned previously, the operation does not need to take
place immediately, but it is expected that within 15 years it will be
necessary. Therefore the design should be such (and in fact it is) that
the drainage enlargement and deepening work will fit smoothly in the lay
out, without causing major disturbances.
A question may arise: what to do with the structures. Do they
have to be designed immediately on the final capacity or is it better to
design them on the restricted capacity of the first years and redesign
and rebuilt them when ever required. Economic calculations must give the
answers to this question.
5.9

Soil analytical results

Physical and chemical soil sample analyses should be
performed. The following comments can be given,

5.9.1

gH

The pH figures were analysed in a water suspension. The
figures show a probability distribution between 6.8 and 9.4 and a rather
bluntpeak can be seen between 7.8 and 8.1. The procentual distribution
show the following:
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Below 7.5 :
Between 7.5
Between 8.0
Above 8.5 :

12 %
and 8.0 : 42 %
and 8.5 : 33 %
13 %.

Figure above 8.5 are considered to represent alkali
conditions. To a limited extent spotwise alkali hazards can be found.
The B and P units do not show figures above 8.5; they are found in the
A soil units in 46 observation, spread over 20 profiles, of which
12 belong to the A2 group and 8 to the Al group. The total amount of
data and the spotwise distribution of the pH figures above 8.5 indicate
that in the present situation the alkali hazards are limited.
For the future irrigation conditions it has to be questioned
if the situation will deteriorate or improve. This will depend mainly on
the quality of the Wabi Shebelle water used for irrigation and
especially the ratio between the various iones. The available data
indicate a favourable composition. The s.a.r. is low and also the r.s.c.
effects can be considered as negligible. In both cases this is due to
the relatively high amount of Ca ions in relation to the other cat - and
anions.
Based on these considerations it can be concluded that
irrigation with Wabi Shebelle water will result in a pH reducing effect
and the limited alkali hazards found at this moment, will disappear in
the future under irrigation conditions.

5.9.2

E^S^P^

Next to high pH figures (above 8.5) the E.S.P. (exchangeable
sodium percentage) can characterise the alkaline conditions of a soil.
E.S.P. figures of above 15 indicate alkali soils, according the
definition given in USDA Handbook 60.
The E.S.P. in the degree of saturation of the soil exchange
complex with sodium. It can be expressed in the following formula:
E.S.P. = exchangeable sodium/m eq. per 100 g soil x 100
cation exchange capacity/m. eq. per 100 g soil.
The calculation procedure is simple, but in the case of the
Gode-West laboratory data, the situation is confusing. The data
indicate, that the sum of exchangeable cations is in many cases several
times higher than the cation exchange capacity. The ratio exchangeable
sodium to cation exchange capacity will than show in principle to high
figures. In most cases this is not a problem as the E.S.P. figures are
low. However in some cases high E.S.P. figures are found, which may be
not the right ones. Therefor it is proposed to calculate the E.S.P. as
the ratio between the exchangeable sodium and the sum of the
exchangeable rations.
of
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In total 118 analyses on exchangeable rations are performed,
with the following distribution:
-

E.S.P.
E.S.P.
E.S.P.
E.S.P.

below 5
between 5 and 10
between 10 and 15
above 15

100
11
4
3

Alkali-hazards (E.S.P. above 15) are found in only 3 cases. In
100 cases the E.S.P. figures are (very) low. In 15 cases slightly
increased figures are found.
The alkali hazards based on E.S.P. figures can be considered
as low and confirm the results of the results of the pH figures, which
also showed very low alkali risks. The quality of the irrigation water
will take care, that the limited hazards will even get more restricted
in future.
5.9.3

EC

The EC-figures expressed in milli S were analysed in a
soil-water suspension with a ratio 1 soil on 2.5 water. To compare the
obtained data, with the international reference base, as presented in
Handbook 60, the figures had to be recalculated. The mentioned reference
base, works with data obtained from a saturated soil paste. As no data
of the water content in the saturate paste of the Gode-West soils, are
available, average data as presented in the literature have been
applied.
The recalculated data have been grouped in the classes
ECe 0-4, 4-8, 8-16, 16-32 and above 32. These classes indicate an
increasing salinity of the soil and 0-4 meaning a negligible salinity
effect.
The procentual distribution over the groups is as follows:
0-4
4-8
8-16
16-32
above 32

47
29
15
7
2

%
%
%
%
%

(non saline)
(slightly saline)
(moderately saline)
(saline)
(strongly saline).

The data indicate that nearly half of the soils can be
considered as non-saline and another quarter indicating slight salinity
problems in the present situation. The remaining quarter indicates
indeed rather serious to serious salinity. It can be remarked that of
the group of 0-4, about two-third of the data are below 2.
The higher salinity figures (above 8) are spotwise found in
all three main land types, be it that of the P type only a limited
amount of data are available up to now. The opinion exists, just as with
the high pH figures, that locally micro-circumstances influence the
situation and that can not be spoken of a systematic distribution over
certain soil units.
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Regarding salinity of the soils, also the question can be put,
which will be the development in the future under irrigated conditions.
In the sections on deep drainage requirements and irrigation water
requirements has been mentioned, that to keep the soils salt free, deepd
rainage must be up to standard and leaching has to be applied.
In this case as well, the quality of the Wabi Shebelle water
is of high importance: the content of dissolved solids must be as low as
possible. Depending the season, the available data indicate an EC of the
water between 500 and 700 micro S, corresponding with 300-450 p.p.m.
dissolved solids. These data can be considered as favourable.
For the future condition it can be expected that soil
salinization under irrigated conditions will not form a constraint for
crop production. Further it can be expected that the spotwise present
salinity will be removed by leaching.
The pH, E.S.P. and EC figures can also be classified according
to the A, B and P landtypes.
It has to be kept in mind, that the available data are limited,
especially for the B and P types.
The figures indicate, that the (limited) hazards for
alkalinity and salinity are in the A type higher than in both other
types.

5.9.4

ëyik_densitY

From 45 undistributed samples the bulkdensity was determined.
The data are presented in the following table.
Further with the bulkdensity in g per cm^, the pore-volume has
been presented. The pore-volume expressed in a percentage of the
undisturbed soils mass, can be derived of the bulkdensity with help of
the following formula.
p.v. = (1 - b.d.) x 100
s .w.
p.v. = pore-volume in %;
b.d. = bulkdensity in g per cm^;
s.w. = specific weight of mineral soil (2.65).
The obtained figures can be interpreted as follows:
favourable
acceptable

: bulkdensity
pore-volume
: bulkdensity
pore-volume

below 1.325
above 50;
between 1.325 and 1.4575
between 45 and 50;
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questionable
unfavourable

: bulkdensity
pore-volume
: bulkdensity
pore volume

between 1.4575 and 1.59
40 and 45 %;
above 1.59
below 40 %.

The figures indicate that about 80 % is on an acceptable to
favourable level. About 15 % falls in the unfavourable group and are
spread over various mapping units. These units show, that they have
favourable figures as well. For instance mapping unit A223 shows low
figures of 35.5, 38.5 and 38.9 in pore-volume, but also presents
favourable pore-volume of 53.9 and 57.4. The same can be mentioned for
mapping unit B22: 36.2 and 53.6.
It can be said that 45 samples over the whole project area is
a restricted amount, not making it possible to draw definitive
conclusions. The overall tendency of these soil physical data is
however, that the situation can be evaluated as acceptable to
favourable.
Table 5.3 - Bulk density and pore volume of various mapping units
Soilpit

Mapping unit

Sample depth
in cm

Bulkdensity
in g/cm

....-Volume
in %

S68

A132

0-20

1.32

50.2

S51
S51

A112
A112

0-13
13-39

1.36
1.32

48.7
50.2

S81
S81
S59
S59

A134
A134
A134
A134

5-20
33-56
14-26
42-70

1.42
1.18
1.30
1.61

46.4
55.5
51.0
39.2

S66
S66

A122
A122

0-5
5-20

1.35
1.26

49.1
52.4

S67
S70
S70
S73
S73
S72
S72
S56
S56
S52
S52

A223
A223
A223
A223
A223
A223
A223
A223
A223
A223
A223

0-7
9-17
17-13
3-25
25-50
0-8
8-56
0-13
13-50
0-16
16-45

1.27
1.43
1.24
1.13
1.25
1.40
1.36
1.63
1.62
1.26
1.71

52.1
46.1
53.2
57.4
53.9
47.2
48.7
38.5
38.9
52.5
35.5
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Table 5.3 - (cont'd)
Soilpit

Mapping unit

Sample depth
in cm

Bulkdensity
in g/cm

....-Volume
in %

S69
S69
S71
S71

A221
A221
A221
A221

0-16
30-52
0-17
17-42

1.26
1.45
1.31
1.35

52.5
45.3
50.6
49.1

S53
S53

A222
A222

0-20
20-57

1.39
1.43

47.6
46.1

S64
S64

A212
A212

0-17
17-63

1.33
1.25

49.9
52.9

S62

A211

5-24

1.29

52.8

S55
S55
S61
S61

A23
A23
A23
A23

12-42
54-80
?
7

1.32
1.50
1.72
1.33

50.2
43.4
35.1
49.9

S88
S88

B4
B4

10-25
25-75

1.20
1.48

54.8
44.2

S91
S91

B12
B12

0-20
20-56

1.17
1.23

55.9
53.6

S84
S84

Bll
Bll

16-61
61-92

1.67
1.12

37.0
57.8

S78
S78
S54
S54

B22
B22
B22
B22

0-18
29-54
0-14
14-40

1.35
1.23
1.27
1.69

49.1
53.6
52.1
36.2

S90
S90

P32
P32

0-20
20-40

1.33
1.57

49.9
40.8

I
i

i

I
5.9.5

gF analyses

These analyses were performed on samples from the same soil
pits from which the bulkdensities were determined. The results are
presented in the following table 5.4.

.

4
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The values at 0.33 bar, 6.25 bar and 15 bar were determined.
They are equal pF 2.5, pF 3.8 and pF 4.2 respectively. The figures are
presented in vol. % moisture.
The value pF 4.2 is clear and is equal to wilting point. The value
pF 2.5 can not be considered as representative for field capacity.
Studying the pF 2.5 figures and comparing them with the pore-volume,
than a large percentage of pores is not filled with water, which is not
in accordance with the physical behaviour of loamy and clayey soil on
field capacity. The soils of the mentioned textures have at field
capacity only a few percent of their pores, filled with air.
To arrive at an approach of field capacity and availably
moisture, the following excercise was done. The three pF figures can be
extended with a fourth one. The figure of pore-volume can be put equal
to pF 0.4 (0.025 bar). With help of these four figures a schematic
pF curve can be opened and in this curve the point pF 2.0 for field
capacity can be plotted. In this way it is possible, to arrive at more
or less accurate figures for available moisture for the various soils.

Table 5.4 - pF values of various mapping units
Soil p:Lt

Mapping unit

pF 0.4
(0.025 bar)

pF 2.5
(0.33 bar)

pF 3.8
(6.25 bar)

pF 4.2
(15.0 bar)

S68

A132

50.2

21.4

10.7

10.1

S51
S51

A112
A112

48.7
50.2

11.7
34.6

7.6
18.3

5.3
16.3

S81
S81
S59
S59

A134
A134
A134
A134

46.4
55.5
51.0
39.2

20.3
31.7
34.4
29.2

11.8
13.8
26.4
16.9

10.2
13.3
24.3
15.7

S66
S66

A122
A122

49.1
52.4

31.0
33.4

13.6
23.7

13.0
15.8

S70
867
370
S73
S73
S72
S72
856
856
852
852

A223
A223
A223
A223
A223
A223
A223
A223
A223
A223
A223

46.1
52.1
53.2
57.4
53.9
47.2
48.7
38.9
38.5
52.5
35.5

33.2
28.8
29.6
32.0
38.4
31.3
28.5
33.0
32.4
35.8
35.2

22.2
19.9
22.1
29.2
28.3
21.1
19.4
24.6
22.1
24.5
23.2

19.9
16.8
19.5
24.7
23.5
22.6
12.1
22.9
21.3
21.5
21.2
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Table 5.4 - (cont'd)

¥

Soil pit

Mapping unit

S69
S69
S71
S71

A221
A221
A221
A221

S53
S53
S64
S64

pF 0.4
(0.025 bar)

pF 2.5
(0.33 bar)

pF 3.8
(6.25 bar)

pF 4.2
(15.0 bar)

52.5
45.3
50.6
49.1

28.1
32.0
20.2
27.8

18.4
29.4
20.9
16.0

15.9
25.1
18.9
15.3

A222
A222
A212
A212

47.6
46.1
49.9
52.9

30.1
33.7
34.2
33.2

19.9
26.8
20.2
19.5

18.0
21.6
18.1
13.6

S62

A211

52.8

31.3

17.7

16.4

S55
S55
S61
S61

A23
A23
A23
A23

50.2
43.4
35.1
49.9

28.5
35.0
33.1
28.7

19.4
20.6
22.6
12.8

12.1
19.1
20.8
11.1

S88
S88

B4
B4

44.2
54.8

33.1
33.4

24.9
22.9

20.6
18.8

S91
S91

B12
B12

55.9
53.6

25.4
19.9

15.7
10.1

12.4
8.2

S84
S84

Bll
Bll

37.0
57.8

34.5
37.7

25.4
28.4

21.3
26.4

S78
S78
S54
S54

B22
B22
B22
B22

49.1
53.6
52.1
36.2

31.7
31.5
32.7
33.1

23.1
22.6
22.3
22.3

25.1
18.6
20.8
21.2

S90
S90

P32
P32

49.9
40.8

38.2
37.5

26.6
32.8

25.8
27.4

The results of the elaborated data of table are the following:
the Al soils represented in the table by A132, A112, A134 and A122
show a range of available moisture between 20 and 25 %, say average
22.5 I;
the A2, B and P-soils, represented in the table By A223, A221, A222,
A211, A23, B4, B12, Bll, B22 and P32, show a range of available
moisture between 15 and 20 %, say average 17.5 %.

I

(

I

I
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pF 4.2
(15.0 bar)
15.9
25.1
18.9
15.3
18.0
21.6
18.1
13.6
16.4
12.1
19.1
20.8
11.1
20.6
18.8
12.4
8.2
21.3
26.4
25.1
18.6
20.8
21.2
25.8
27.4

All analyses
with the (more or less
figures than the finer
silt content of the Al

point to a favourable amount of available water,
surprising) result, that the Al soils have higher
textured A2, B and P-soils. Most likely plays the
soils an important role in this respect.

Available water has to be split up in easy available water and
the moisture at higher tensions, which is rather difficult available.
Easily available water is considered the moisture between pF 2 and
pF 3.4 to 3.5. As only a limited number of pF points has been
determined, for the purpose of this study use will be made of the
available pF 3.8. The difference between pF 3.8 and pF 4.2 is about
2 to 3 vol. %. This results in an easily available water for the
Al soils in 20 vol. % and for the other mentioned soils in 15 vol. %.
5.10

Soil tillage requirements

In the Gode-West area irrigated cropping is non existing.
Consequently for soil tillage no reference can be made to local
practices and experiences. Also research and practical investigations on
comparable soils under comparable conditions are non existing.
Suggestions for soil tillage practices have to be based on the
physical soil characteristics and experiences on comparable soils
elsewhere.
The clay soils with vertic and vertisol properties can be
considered as indicative. Regarding tillage problems, these soils can be
considered as "minute-soils". This means that the workability traject is
very narrow. The medium and coarse textured soils an less sensitive in
this respect. In the complex situation of the future agricultural plots,
the clay soils form the critical part for the proper moment of tillage
of the whole plot.
The following alternatives for the main tillage operation can
be mentioned.
As a more or less traditional approach can be considered a
pre-irrigation followed by 4 to 6 days of drying and than disc ploughing
up to a depth of 20-25 em's. As the fine textured vertic soils have a
very narrow range of workability, the same day harrowing and ridging.
When possible directly followed by sowing, later followed by a normal
watersupply as furrow irrigation.
As an alternative for this traditional method, the
pre-irrigation can be followed by a disc ploughing up to a depth of
12-15 em's. Such a depth is sufficient for ridge forming and is
successfully applied in several African countries on soils with vertisol
properties.
Another possibility is the following approach. Disc ploughing
up to a depth of 10-12 cm under dry conditions. With the obtained loose
material a rough ridge will be formed. Than an irrigation is applied
and after drying up, the ridge is further build-up. Later on sowing can
take place at the proper time. Under Gode-West conditions this dry
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discipline can be done directly after the harvest and removal of the
previous crop.
Also the following approach can be applied. After harvest and
removal of the previous crop, cultivation can be done under dry
conditions with the Kongskilde fibroflax cultivator. Such a cultivator
is able to loosen a dry soil up to 25-30 em's. After this cultivation a
pre-irrigation is applied and after drying-up, the soil can be harrowed
and ridged.
The above mentioned alternatives have been focussed on the
fine textured (vertisolic) soils. They are known for their difficulties
in tillage, due to the narrow workable range (minute soils).
The medium textured soils have a broader range of workability.
The future agricultural plots of 20-25 ha, will have complex soil
conditions. When the tillage will be based on the conditions of the fine
textured soils, the less sensitive medium textured soils also will be in
good workable conditions.
Eventual complementary tillage will have to be considered in
relation to the structure stability of the arable layer under irrigation
conditions. Laboratory analyses on structure stability e.g. wet
aggregate analyses are not available. An evaluation of the structure
stability has to be based on field observations. The following broad
lines can be given.
- The (very) fine textured soils of the B group have rather stable
topsoils (see also the Orstom report, indicating the grumosolic
character of these soils.
- The medium textured soils have a rather high silt percentage, which
will influence the structure stability in an unfavourable manner.
- The fine textured recent Shebelli-deposits (the A2 group) have many
times a thin crusty topsoil, as observed during the field survey. This
indicates also a certain instability.
A quantification of this (in)stability is not possible. The
results of the infiltrations measurements can give some support. The
data of the wet run have a slightly lower infiltration than those of the
dry run, but still on a completely acceptable level for surface
irrigation. This indicates that the structure deterioration of the
topsoil under influence of irrigation as not too serious and breaking of
the slaked toplayer by complementary tillage by a cultivator, may be
usefull but does not seem stricktly necessary. The practices of
irrigation during the coming years may give a quantitative answer, but
soil physical investigations and analyses should also contribute, to
arrive at a proper answer.
As most crops will be grown on ridges the complementary
tillage will mainly consist of reridging to build up the ridges further
and keeps them in good shape. This re-ridging has at the same time a
function in the field of weed control.
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It is estimated that the power for the main soil tillage
operations will be delivered by a 100-120 hp tractor (this of course in
the case of large scale mechanic and farming).
In the case of smallholders (farmsize 1.5 ha) the approach
will be different. The availability of power at smallholders is
restricted, most likely animal traction, with adapted (small)
implements. Such circumstances require, that the smallholders farms
should be laid out on the coarse to medium textured soils. Such soils
require less power for tillage and can be handled with animal traction.
The approach for the basic tillage operations, will be the
following. First a pre-irrigation and a drying out till the right
moisture content for tillage is reached. A ploughing depth of 12-15 cm
will be sufficient for the build-up of ridges. After ploughing and
harrowing the ridges can be build-up with help of an animal-drawn
implement. Reridging can also be done with this implement.
On the small holdings the areas with various crops are limited
in size. This means that'complementary tillage operations can be
executed in landlabour.
Regular ploughing of the same depth of 12-15 cm may cause a
ploughsole in the run of the years. Once in 8 or 10 years a deeper
tillage will be necessary to break this sole. The earlier mentioned
fibraflex will be a suitable implement for this purpose. A smallholder
can not efford such an implement an therefor inacooperative way or with
help of the project management this activitiy should be taken care of.
As stated, in the beginning years of the project, animal power
seems the most suitable for smallholders. However for the future "small"
tractorised power might be introduced.
5.11

Irrigation water requirements

The frequency and application rates of irrigation water depend
on the soil units concerned.
For the practice of irrigation water applications, the same
remarks can be made, as has been done for soil tillage requirements. The
soil conditions are rather heterogeneous and vary from place to place on
the same plot, with the hazards that some place will get somewhat too
little water, other places somewhat too much. On smallholder plots a
better adaption of water applications will be possible, due to the
smaller scale of activities, taking place.
The results of the pF analyses indicate that:
- the medium textured soils have an available water content in average
of 22.5 vol. % f.c. 37.5 vol. %, w.p. 15 vol. %, of which 20 vol. %
can be considered as easily available;
- the fine textured soils have an available water content in average of
17.5 vol. % f.c. 37.5 vol. %, w.p. 20 vol. %, of which 15 vol. % can
be considered as easily available.
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The irrigation requirements further have to be based on:
- an average rooting depth of 60 cm;
- an Eo according to Cenman of 7.5 mm per day;
- an average crop factor of 0.8.
The medium textured soils can store in the mentioned 60 cm,
starting with a dry soil 225 mm of moisture, of which 120 mm is easily
available. Based on Eo and crop factor, the daily consumption will be
6 mm, or these soils can store water for 20 days. Based on the
calculations on canal and field losses and the leaching requirement, the
gross amount needed can be calculated.
In the case of fine textured soils, the supply of a dry soil
up to field capacity will require also 225 mm of which 90 mm is easily
available, or an amount sufficient for 15 days.
Not all mapping units are covered by pF analytical results.
For instance the sandy unit A131 has no data. Also it has to be kept in
mind that the units A132 and A133 will get more sandy, due to the
landlevelling of the sand dunes. After landdevelopment attention has to
be paid, to the fact, how the topsoil texture has been influenced. It
does not seem unlikely that after development such soils will have about
10 vol. % easily available moisture.
Further the plots of 20-25 ha after landdevelopment will be
rather heterogeneous. This will make it necessary to determine per plot
the best overall irrigation application.
In the case of smallholders with their limited plotsizes, it
is easier to adapt the irrigation frequencies and amount to the
differences in soil conditions.
Regarding the gross irrigation requirements attention has to
be asked for the initial irrigation losses. The soil survey has made
clear, that dry land, especially the heavier soil units, will give very
high initial irrigation losses (see e.g. the section 5.5 on Hydraulic
Conductivity and 5.6 on Infiltration Measurements Using Double Ring
Infiltrometer.)
The dry land has an intensive pattern of (rather) large
cracks. Soil wetting by irrigation will result in a considerable
bye-pass flow, as was observed with the hydraulic conductivity tests
applying the inverted augerhole method. In the initial periods
considerable amounts of irrigation water will be lost to the subsoil and
will contribute to a rising groundwater table.

5.12

Crop suitability under irrigated conditions

As an overall remark it can be mentioned, that the soil
suitability in the Gode-West project area is not hampered by problems of
acidity or alkali and it is expected that saïinity can be kept under
control by a proper drainage system. Limitations in crop development
will mainly be of a textural nature.
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Land development costs vary considerably from soil unit to
soil unit and are in some cases rather high (see the respective section
of the report) and may form a consideration if development of certain
soil units is a worthwhile enterprise.
The presented soil capability is the potential suitability
after completion of all land development works. In the report attached
to the irrigation design, the chapter on agriculture gives a review
about the suitability of the soils for various crops. Since the
submission of that report no new data on crops and crop husbandry have
become available.
The present soil survey can confirm the conclusions drawn in
the above mentioned report in broad lines. As the soils are mapped and
described in more detail than known before, a more comprehensive review
of the crop suitability under irrigated conditions can be given.
It has already been mentioned, that salinity and alkali
hazards will not occur and that the scheme development takes care that
irrigations and drainage practices will be up to standard. This results
in the situation that the suitability for irrigated cropping activities
can be directly derived from the soil profile build-up.
The classification for crop suitability under irrigated
conditions will be made according the FAO system as published in FAO
soils bulletin 42.
In principle six classes can be distinguished, which can be described as
follows:
Class
Class
Class
Class

1
2
3
4

Highly suitable
Moderately suitable
Marginally suitable
Restricted suitability (suited only to special crops or in
special circumstances)
Class 5 Unsuitable pending further study
Class 6 Unsuitable.
For the situation in the Gode-West area, four classes will be
applied: the three suitable classes and an unsuitable class. In comments
the problems of eventual restricted suitability will be discussed.
The various suitability classes have been based on the
distinguished soil profile characteristics. Further the textural
preferences of various tropical low land crops have been taken into
account. In this respect the following has been applied.
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Crop
Sorghum
Rice
Teff
Sweet potato
Maize
Cotton
Kenaf
Oil seeds
Soja
Annual pulses
Vegetables
Fodders
Perennial fruits
Tobacco
Sugar cane

Pre ferential texture
fine
fine
fine
fine

fine
fine

medium
medium
medium
medium
medium
medium
medium
medium
medium
medium
medium
medium

coarse
coarse
coarse
coarse
coarse
coarse

coarse
coarse

medium

In Table 5.5 this has been worked out.
For the overall appraisal the following can be mentioned.
In the highly suitable group those soils have been placed with
medium to fine textured topsoils and having no clear profile
disturbances.
In the moderately suitable group, those soils have been
placed, having:
- a (very) fine textured topsoil, (mostly) from vertisols from which can
be expected, that tillage can give some problems under certain
circumstances;
- a profile disturbance at moderately shallow depth, be it sandy or
clayey and most likely influencing water rentention and/or root
development of the deeper rooting crops;
- the soils having a loamy topsoil and no profile disturbances, which
due to land levelling get a much more sandy topsoil, influencing
moisture retention.
In the marginally suitable group soils are placed having:
- a sandy profile build up;
- a loamy profile build up, but getting due to land levelling activities
in the areas with dunes, rather thick sandy topsoils.
In the unsuitable group the skelletal soils are placed.
The above mentioned classification is valid for an overall
approach. In a review per crop it will become clear that certain crops
will do well on marginally suitable and even on unsuitable soils and
some will perform less on suitable soils.
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In the highly suitable category are placed the following
mapping units:
P33
B322
Alll
A211
A212
A213
A221

110
660
20
260
506
43
530

ha
ha
ha
ha
ha
ha
ha

The highly suitable catagory comprises 2129 ha or 19.4 % of the project
area.
The following mapping units are placed in the moderately
suitable category:
P31
P32
Bll
B12
B21
B22
B31
B321
B4
A112
A114
A133
A134
A141
A142
A222
A223
A23
A24

77
123
594
330
275
1012
1562
759
143
14
104
40
226
69
206
197
1600
804
51

ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha

limitation
Tt
!t

heavier subsoil
heavier subsoil
(very) fine textured topsoil

11
II
1!
II
II
II
II
II
II
II
II
II
It

clay subsoil
II

sandy topsoil
clay subsoil
sandy subsoil
II

(very) fine textured topsoil

II
II
II

The suitable catagory comprises 8168 ha or 74.4 % of the project area.
The following mapping units are placed in the marginally
suitable category:
64 ha limitation : thick sandy topsoil
195 ha
95 ha
98 ha
"
complete sandy profile
207 ha
"
thick sandy topsoil.
The marginally suitable group comprises 659 ha or 6.0 % of the project
area.

A113
A121
A122
A131
A132

In the unsuitable group is placed the mapping unit: P22;
22 ha; limitation: gravelly skeletted soil. This group comprises 0.2 %
of the project area.
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Table 5.5 - Crop suitability of the mapped soil units for various crops of the topical lowlands

Crops

Soil
mapping

Alll

3

2

3

3

3

3

3

3

3

3

3

3

3

2

3

43 3

Alia

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

30 2

A113

2

0

1

2

1

1

2

2

2

2

2

1

2

1

0

21 1

A114

2

2

2

2

2

2

2

2

2

2

2

2

2

2

1

29 2

A121

2

0

1

2

1

1

2

2

2

2

2

1

2

1

0

21 1

A122

2

0

1

2

1

1

2

2

2

2

2

1

2

1

0

21 1

A132

2

0

1

2

1

1

2

2

2

2

2

1

2

1

0

21 1

A133

2

0

2

2

2

1

2

2

2

2

2

2

2

2

1

26 2

A134

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

30 2

A141

2

1

2

2

2

2

2

2

2

2

2

2

2

2

2

29 2

A142

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

30 2

A211

3

3

3

2

3

3

2

2

2

2

1

3

2

3

35 3

A212

3

3

3

3

3

3

2

2

2

2

2

3

2

3

39 3

A213

3

3

3

3

3

3

2

2

2

2

1

3

2

3

36 3

A221

3

3

3

3

3

3

2

2

2

2

1

3

2

3

36 3

A222

2

3

2

1

1

3

0

2

3

23 2

A223

2

3

2

1

1

3

0

2

3

23 2

A23

2

3

2

1

1

3

0

2

3

23 2

A24

2

3

2

1

1

3

0

2

3

23 2

Bll

2

3

2

2

2

3

0

2

3

24 2

B12

2

3

2

2

2

2

2

3

2

31 2

B21

2

3

2

1

1

3

0

2

3

23 2

B22

2

3

2

1

1

3

0

2

3

23 2

B31

2

3

2

1

1

3

0

2

3

23 2

B321

2

3

2

1

1

3

0

2

3

23 2

B322

3

3

3

3

3

3

3

3

3

2

3

3

3

43 3

B4

2

3

2

1

1

3

1

1

1

0

2

1

3

23 2

P22

0

0

0

0

0

0

0

0

0

0

0

0

2

0

2 0

P31

2

3

2

2

2

3

2

2

2

2

2

2

2

2

31 2

P32

2

3

2

2

2

3

2

2

2

2

2

2

2

2

31 2

P33

3

3

3

3

3

3

3

3

3

3

2

3

3

3

42 2

Score: 3
2
1
0

=
=
=
=

highly suitable
moderatly suitable
marginally suitable
unsuitable

il
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At this moment a landdevelopment plan per plot is not known.
After realization of such a plan slight differences in the above
presented classification can be found. For instance mapping units Alll,
A114, A134, A221, A223, A212 are locally bordering units with sanddunes.
Levelling activities may make it necessary that plots with these units
still make it necessary that plots with these units still get locally a
more sandy topsoil, resulting in an upgrading or downgrading of the
suitability.
Further attention has to be asked for the remarks made in
Section 5.3 regarding alternative use of the dunesand. If this sand can
be used for civil engineering construction works enormous savings on
landlevelling can be made and the affected soil mapping units will not
receive a (rather) thick sandy topsoil and these units can be evaluated
according to the described properties.
The following units are involved: A113, A121, A122 and A132.
According to the description they belong to the loamy soils, whereas
A122 has a clayey subsoil. When alternative uses for the dunesand is
found A113, A121 and A132 can most likely be upgraded to the group of
high suitability and A122 to the suitable group.
Looking to a range of tropical low land crops which come in
the picture to be cultivated a picture is obtained as presented in
Table 5.5.
Here as well attention has to be drawn to the two differences
in agricultural approach: the large scale state farms and the
smallholders in relation to the complex soil pattern. The smallholders
will be able to adjust their crops to the differences in soil conditions
on their plot. The large scale state farms have to do their exploitation
in large unit plotsizes of 20-25 ha which will mean, that in one field a
crop will find more and less suitable places for his growth
requirements.
A few complimentary remarks may be made in relation to the
chapter agriculture in the earlier presented report.
The suitability of the soils for teff is mentioned. It is well
known that teff plays an important role in the basic human diet in
Ethiopia. The yields, however, are rather low: up to 1500 kg per ha are
estimated as a possibility. It can be questioned if it is usefull to
grow a low yielding crop on land of an irrigation scheme where
development costs have been rather high.
Rice has been mentioned as a suitable crop for the fine
textured soils. Climate and soils indeed will favour a good growth of
rice. It can be questioned if rice is fitting in the scheme as it is
intended to be developed. Most crops to be cultivated will be grown on a
slightly sloping field with surface irrigation. The water will travel
down the field. Rice, however, has to be cultivated in horizontal basins
with a thin layer of ponded water. Slightly, sloping fields are not
suitable for rice and horizontal basins are unsuitable for the other
crops. Putting rice in the crop rotation will mean every few years a lot
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of costly earthjnovement to change the plot from sloping to horizontal
and reverse. Such an action is not recommended. It will be an other case
when on fine textured soils special horizontal rice plots will be
developed, where this crop can be grown as a monoculture.
A problem with rice cultivation can be formed by the large
quantities of water, needed for the crop development. This water may
form a limiting factor for an extensive rice area.
A tentative calculation indicates, that hazards of limited
availability of water can be expected in the months December, January,
February and March. This may restrict the eventual area, cropped with
rice, considerably or even may make rice cultivation prohibitive.
From the point of view rice cropping will have certain
advantages, as a "deep" drainage system will not be required.
A same reasoning as mentioned for teff, can be given for
sorghum. The anticipated yields for sorghum are not high and anyhow
lower than for maize. The question can be put if it would not be
advisable to leave sorghum out of the cropping pattern and replace it
will the higher yielding and therefore more profitable maize.
Regarding the evaluation of the mapping units per crop, the
following remarks can be made:
- the mapping unit P 22 is unsuitable, due to stoniness, Arable and
vegetable crops are out of question. For these crops intensive tillage
is required and this is not possible. For perennial fruits, the
situation is different. Once established, soil tillage is not
required. However a proper planthole preparation should be taken care
of. In the already mentioned FAO classification, this mapping units
can be considered, as suited to special crops;
- several crops have textural preferences for their development. For
instance rice, cotton and sugarcane prefer finer textured soils and
tobaco coarses textured ones. The consequences are, that soils with
lower suitability classes, still can be considered as (highly)
suitable for certain crops.

5.13

Miscellaneous remarks

Complementary to the soil survey several field observations
were made, which will be of use for the development of the Gode-West
irrigation project. The following items can be mentioned.
- Erosion along the Wabi Shebelle_river
It was observed that along the river and south of the main canal
erosion gullies had been formed. During periods of rising riverwater
levels via this gullies the water is entering the plain and during
periods of lowering of river water levels via the same gullies the
water is discharged to the river.
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During both periods, by the scouring action of the water, the gullies
are extended in length, width and depth. Up to now no danger exists
for the main canal alignment, but any time in future, the alignment
can be reached and the walls of the main irrigation canals can be
endangered.
This development should be carefully followed and when necessary,
protective actions should be undertaken.
- Sand transgort by wind
By this action on several places, dunes have been formed. The
transported material is of a fine sandy-silty texture. Such sand
transports will danger the foliage of crops, which will result in a
reduction of the yields.
It is advised to pay much attention to the planting of windbreaks, in
order to reduce the damage as much as possible.
- Groundwater quality
In many irrigation projects, e.g. in the Punjab in Pakistan
groundwater is used as a supplementary source of water for irrigation.
The water is pumped by means of tube wells. Such activities are only
possible when the aquifer is suitable and the waterquality is good.
Another advantage of tube well irrigated is, that it gives a
contribution to keep the groundwater level low (it is in fact a
vertical drainage) and prevent in such a way hazardous groundwater
levels for salinization.
A few data
above 4000
unsuitable
Orstom and

about the quality of groundwater are available. All are far
ppm dissolved solids per litre. Such water is absolutely
for irrigation purposes. Reference can be made to the
the Nedeco report.

Available data on soil fertility (Orstom report) indicate that the
soils are well supplied with P and K and are poor in N. The P and K
are in such an order of magnitude, that it can be expected, that
during the first ten years of irrigated cropping no fertilising with
these nutrients will be necessary.
Straight from the beginning application of N fertilisers is necessary.
As Gode-West is a rather remote area, the most logical way is to
choose for high N content fertilisers; this means urea, with
approximately 46 % N, in order to keep the transport costs per kg of
nutrients as low as possible.
The soils of the Gode-West project have high, sometimes too high pH's.
Therefore it would be advantageous to use nitrogen fertilisers, which
have an pH reducing effect. Unfortunately, the mentioned urea has
hardly such an effect. For this purpose a fertiliser as sulphate of
ammonia works much better. However this fertiliser has only a
N content of about 20-21 %. This makes the transport costs per kg of
nitrogene more than twice as high, but the working will be better.
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A carefull consideration about the disadvantages of costs and the
advantages of the working will have to be made.
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PROFILE DESCRIPTION

i201!8OO m South East A223!Clayey (1.2 m)/over coarse loamy
i !of pit S-73
!(1.9)/over clayey

DEPTH

2.5 m hard rock (2.5 m)

!202!5OO m North of
! !BM 110

A212!Clayey (3.8 m)/over coairse loamy
!(stratified) with clay

5.5 m

1203! 1 km North of
! !pit S-68

A23 !Stratification of coarse and fine
!loamy deposits (3.2 m)/over clayey

5.2 m

•204! 300 m North of
! !BM 128

B12 !Coarse loamy (0.8 m)/over clay
'

REI^IARK

4.5 m

! 205! Pit S-90

P32
!Fine loamy (1.8 m) over clay
'

4.5 m

1206! Pit S-92

!B31 'Clayey

1.4 m'Clay extremly hard
augering impossible

1207!Pit S-88

' B4 !Clayey

2.4 m Clay extremly hard
augering impossible

!208!Pit S-80

! 210! 20 m West of
! !BM 111

Sand can not be

!A223!Clayey with few loamy
!intercolations (3.8 m)\over sand

4.2 m taken out

A142!Coarse
!
loamy with clay
'
!intercalations (1.7 m) over sand

2.0 m taken out

!211!450 m North
'Ai42!Coarse loamy (1.2 m)/over clayey
! !(azimuth 26 ) of!
! IBM 111
!
!212!25 m South East '
! !of BM 112
B31 !Clayey

Sand can not be

5.0 m

1.7 m Clay extremly hard
augering impossible

'•213! 50 m East of
•
!pit S-54

B22 !Clayey

1.2 m Clay extremly hard
augering impossible

5.5 m

'214! 50 m South of
'• !pit S-52

A223!Clayey (0.4 m)/over coarse loamy
! ' !to sandy (3.8 m)/over clayey

•215! 200 m North of
I !pit S-69

2.5
!A221!Clayey with coarse loamy
!
!intercalations (1.2 m)/over coarse
!
!loamy to sand

'216! 50 m South of
; !pit S-70

!A223!Clayey (4.3 m)/over coarse loamy
!
!(4.7 m) over clayey

!

1

m Sand can not be
taken out

'5.0 m .Perched water table
!at 4.4 m augering
!difficult below
!5.0 m

APPENDIX
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LIST OF DEEP AUGERINGS
!N0 !AFH&)X. LOCATION! UNIT!
1

1

PROFILE DESCRIPJIÖN

'DEHl'H

REMARK

_»—___•

!217!30 m South of
!
!pit S-86

!A14 !Coarse loamy (1.0 m) over sandy
!
!(1.4 m)/over clayey

f

1

1

'1.8 m Clay extremly hard;
augering impossible^

!218!150 m North West!Al34 !Clayey (2.3 m)/over loamy (3.0 m) '5.4 m
•
!of pit S-59
!
!over sandy (4.8 m)/over clayey
«

•

Texture

•

!219!100 m North East!A223 'Clayey (1.2 m)/over coarse loamy
(2.2 m)/over clayey

3.5 m Clay extremly hard;
augering impossible

!220!200 m West of
!
!pit S-78

!
!B22 Clayey

Clay extremly hard;!
4.0 m augering impossible!

•

•

•

•

(

t

!221!300 m North East!Al22 Stratification of sandy, coarse
loamy and clayey (1.6 m)/over
!
!of pit S-66
!
clayey
1
;
1
!222!10 m West of
!
!pit S-71

!A221 Coarse loamy (0.7 m) over clayey
!

•

1

1

!223!30 m South of
!
!BM 127

!B31
!

t

1

t

!224!150 m South West!B31
!
!of pit S-94 . !
I

I

4.9 m Hard rock

1

5.0 m

Clayey

2.0 m Clay extremly hard;!
augering impossible!

Clayey

1.2 m Clay extremly hard;!
augering impossible!

Clayey

1.0 m Clay extremly hard;!
augering impossible!

' I I

!225!200 m North of
!
!pit S-95

!B31
!

•

I

I

!226!14 km North East!Al14 Clayey (2.6 m)/over stratification 5.2 m
•
!of IP 13
!
!of clayey and sandy
I

l

!227!900 m West of
!
!pit S-77

I

I

!A223 Stratification of fine and coarse
loamy and clayey deposits
!

5.1

I
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APPENDIX 2
Procedure

Description

Method

Texture

Hydrometer

Weight 50 g soil,if the soil is sandy weight 100 g.
Transfer to the dispensation cup and fill 2/3 with
water. Add 10 cm^ calgon solution stir for 30 minutes
pour into the sedimentation cylinder and make up to
1 dm^ with water. Keep the sedimentation cylinder in
a constant temperature bath at 20 C, if this is not
available keep the cylinder on the work bench. Mix
the suspension very well. Note the time as soon as
the cylinder is kept at rest. Take the temperature
and the hydrometer reading at the end of 40 s e c ,
4 min and 2 hours.

PH water
Ratio 1:2.5

Potentiometer

Weight 10 gm of soil sample and add 25 ml of
distilled water. Shake for 30 minutes using
electrical shaker and let it for overnight.
Using pH meter measure the PH.

pH Potassium
Chloride
Ratio 1:2.5

Potentiometer

Weight 10 gm of soil sample and add 25 ml of
0.01 MKCL solution shake for 15 minutes and take
the pH reading

Organic
carbon %

Walkely and
Black Chromic
acid oxidation

Take soil sample & pass it through 0.2 mm sieve
weigh 1 gm or less & transfer to conical flask
Add 10 ml of potassium dichromate solution and
swirl gently the flask to mix the reagent with the
soil. Add 20 ml of cone. H2S04. Swirl the flask and
allow it to stand for about 30 minutes, add 200 ml
of distilled water to each flask, place 10 ml of
phosphoric acid. Cool it using ostwald pippet add
two or three drops of diphenyl amine indicator
solution. (Titrate the excess dichromate with Mohr's
salt solution) carry out the Blank titration the
same way.

Bernard's
Calcimeter

Place 0.1 gm of soil in a conical flask using
small test tubes add 10% diluted HCl in to conical
flask pour the HCl from the test tube to the flask
read the reading from the meter. Do, triple 0.1 gm of
calcium carbonate as standard

1
Calcium
Carbonate

JI6

APPENDIX

2

(contd.)

Description

Method

Procedure

Electrical
Conductivity
of Saturation
Extract

Conductimetry

Take 50 gm of soil and using distilled water make
saturation till the soil show falling freely from
spatula take the EC reading

Exchangeable
cations
Sodium

Ammonium
Acetate method

Take 10 gm of soil and leach the soil by Neutral
Ammonium Acetate till the total volume 250 ml
Flame photometer Standardized the flame photometer
using sodium standards, and run the extract.
Standardized the flame photometer using potassium
standards and run the extract.

Calcium & Titration
Magnesiumby

Take 25 me the extract and filtrate the extract
0.01 N EDTA complex

CEC

Take lOgm of soil and saturated with 1 NCaC12,
chloride 2H20 let it for over night and leach the
soil till the solution comes 450-500 ml discardthe
solution and equilibrate with O.IN CaC12, 2H20 replace
the calciumion with IN potassium nitrate and collect
in 500 volumetric flask. Titrate the excess chloride
using KSCN or Mercuric nitrate and titrate the calcium
ion using EDTA. Report the CEC in terms of calcium ion.

Calcium
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APPENDIX 3 - DETAILED DESCRIPTION OF SOIL SERIES, SOIL PROFILES
AND ANALYTICAL DATA
DAKAL SERIES
The Dakal series are very fine clayey, montmorillonitic
(calcareous), Vertic Camborthids in the U.S. Soil Taxonomy System.
They are deep, well drained soils characteristically reddishbrown, very fine, vertic clays with a moderately well developed B cambic
horizon > 7 % (by volume) of small sugary gypsum crystals below about
70 cm depth, which, however, has not been confirmed by the laboratory
data. Structural development is moderate and horizonation is moderately
well defined.
Typical Profile: S-90
This tjrpical profile was examined about 400 m South of BM 134.
The site was on a nearly level plain just above the foot of an alluvial
fan under a vegetation of low shrubs (acacia spp), located in mapping
Unit P32. Narrow, nearly closed cracks were locally observed on the
surface.
Color notation is according to the Munsell Soil Color Charts.
Al

0-20 cm

reddish brown to yellowish red (5 YR 4/5)
moist and (dark) brown (7.5 YR 4/4) dry clay;
moderate fine, medium and coarse
subangular blocky; friable moist,
slightly hard dry; many micro, very fine
to fine pores; calcareous; few fine to
medium and many very fine roots; gradual
smooth boundary, pH (H2O) 8.1;
E.C.-Sat. paste 0.45 mS.
(Sample No. S-90.I; pF core 1-V17).

Bl

20-40 cm

(dark) brown (7.5 YR 4/4) dry clay;
moderate coarse subangular blocky to platy;
very small moderately well developed
slickensides; friable to firm moist, very
hard dry; many micropores; calcareous;
very few small powdery gypsum; common
very fine to fine roots; gradual smooth
boundary; pH (H2O) 8.5; E.C.-Sat.
paste 1.0 mS
(Sample No. S-90.II; pF core 1-V18).
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B2

40-80 cm

reddish brown (5 YR 4/4) moist, clay;
moderate coarse platy with well developed
slickensides and wedge-shaped structural
elements; very firm moist; many micro and
very fine pores; calcareous; few small soft
powdery gypsum; few to common very fine roots;
distinct boundary; pH (H2O) 8.0; EC-sat.
paste 4.16 mS
(Sample No. S-90.III).

B(cs)

80-165 cm

reddish brown (5 YR 4/4) moist, clay;
moderate coarse platy; very firm moist;
many micro and very fine pores;
calcareous; few to common (7 % by volume)
small gypsum crystals; very few fine
roots; pH (H2O) 7.7; EC-sat. paste 6.29 mS.
(Sample No. S-90.IV).

augers

165-180 cm

as above, but with few (2 % by volume)
small gypsum crystals.

180-340 cm

yellowish red (5 YR 4/6) moist clay, few,
small (1 % by volume) gj^sum crystals.

340-440 cm

as above, common (5 % by volume) small
gypsum crystals.

Note: This profile is slightly finer in its topsoil texture (Al) than is
usually found as a whole; often fine sandy loam topsoils (20 cm).
Gypsum content (by volume) is often 10-60 % of small crystals in
between 70-130 cm depth).
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Analytical Laboratory results:

Profile S-90 (Mapping Unit P32)

LABORATORY TEST DATA
90.2 (1V18)
20-40

90.1 (1V17)
0-20

Texture
total sand %
silt
%
clay
%
texture class

11.35
26.25
62.40
C

9.46
25.54
65.00
C

Bulk density
Pore volume %

1.33
50

1.57
41

8.3
7.6

8.5
7.7

8.0
7.6

7.7
7.6

1.00

4.16

6.29

PH-H2O
pH KCl

1:2.5

.45

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g Soil)
exch. Ca
117.00
116.60
exch. Mg
1.60
2.00
Exch. K
2.816
2.688
exch. Na
1.012
3.680
Sum Cations *)
122.428
124.968
% Base sat. (CEC)
ESP
1.801
5.621
SAR
CaCOa
OC
N

%
%
%

CEC (meq/lOOg Soil)*)
Soluble Salts (meq/e)
Na
K
Ca2 +
Mg2+
Sum cations
CO32"
HCO2-

90.3
40-80

90.4
80-165

LABORATORY NO.
Depth (cm)

9.25
22.50
68.25
C

119.00
2.60
2.56
13.201
137.36

19.25
20.15
60.60
C

154.00
3.00
1.92
22.00
180.92

24.812

36.666

16.02
0.544
0.07

16.35
0.521
0.07

15.83
0.487
0.042

15.65
0.334
0.050

56.20

54.80

53.20

60.00

ClSO42'
Sum anions
adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
% CaS04

38.25
26.61
25.76

37.50
32.85
27.44

nil

nil

nil

*•) For problem around sum cations and CEC see section 5.9

nil
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Range of Characteristics
a. Profile characteristics: The series is deep and well drained. Texture
of the topsoil varies from fine sandy loam to clay loam and color
from dark brown (7.5 YR 3/4) to yellowish red (5 YR 4/5) moist.
Texture of the B horizons is very fine clayey (54-72 % clay)
throughout and colors vary from dark brown (7.5 YR 4/4) to reddish
brown (5 YR 4/4) moist. In between 70 and 165 cm of depth upto 60 %
gypsum (by volume) has been observed but no gypsum is shown in the
laboratory results.
Reaction range is mildly to moderately alkaline (pH 7.5 - 8.5); pH
slightly decreasing with depth. Electrical conductivity values (of
saturation paste) vary from 0.32 (at the surface ) to 4.2 mS/cm
(= non-saline) upto at least 80 cm depth.
b. Environmental characteristics: The soil occurs on the very gently
sloping slightly upper part of the tributary alluvial fan in between
the plateau landscape with rocks of the Main Gypseous formation with
Basaltic Intrustions and the braided river floodplain. The vegetation
consists of few 1-2.5 m high acacia shrubs with scarce grass
undergrowth.
Distribution and Extent
The soil is restricted to the upper slope units P31 and P32
Associated Soils: Fine clayey, non-vertic variant of the
same series (see profile S-96 below).
Similar Soils
The only soils of similar morphology occurring also on the
tributary fan slope, are the Typic Camborthids-variants discussed below.

<*»
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Dakal Series; fine clayey, non-vertic variant
These soils are classified in the U.S. Soil Taxonomy System
as fine clayey, montmorillonitic (calcareous) Typic Camborthids and are
therefore considered as a Dakal series variant.
They are deep, well drained and characteristically reddish brown
in color with a moderately well developed B cambic and a slightly gypsiferous
horizon below. Horizonation is reasonably well-defined.
Typical Profile: S-96
This typical profile was examined about 1.1 km south of B.M. 135.
The site is located on the nearly level alluvial fanbase under open
forest of 1.5 cm high trees and shrubs (acacia spp.), in mapping unit
P33.
Color notation is according to the Munsell Soil Color Charts.
All

0-10

(dark) brown (7.5 YR 4/4) moist and
strong brown (7.5 YR 5/6) dry slightly gravelly
(gravels upto 1 cm diameter) fine sandy
loam; moderate fine to medium crumbs;
friable moist, loose dry; many micro and
very fine pores; calcareous; many very
fine and fine roots; clear smooth
boundary.

A12

10-30 cm

reddish brown (5 YR 4/5) moist and (5 YR 5/5)
dry clay; moderate fine and medium
subangular blocky; fiable moist, soft
dry; many very fine and fine pores;
calcareous; very few (1 %) small powdery
gjrpsum; many very fine, fine and medium
roots; gradual smooth boundary; pH (H2O) 8.3;
EC-Sat. paste 0.40 mS.
(Sample No. S-96.I)

31

30-56 cm

yellowish red (5 YR 4/6) moist and (5 YR 5/6)
dry heavy clay; weak to moderate fine and
medium subangular blocky; friable moist
and slightly hard dry; many very fine and
fine pores; calcareous; few to common
(3 %) small powdery gypsum; common very
fine and fine roots; gradual wavy
boundary; pH (H2O) 8.6; EC-Sat. paste 0.26 mS.
(Sample No. S-96.II)

B21

56-70 cm

reddish brown (5 YR 4/5) moist and
yellowish red (5 YR 4/6) dry clay; weak
medium to coarse angular blocky; firm moist
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and slightly hard dry; many very fine and
fine pores; calcareous; few to common
(3 % by volume) small powdery gypsum; few very
fine roots; clear wavy boundary; pH (H2O) 8.4;
EC-Sat. paste 0.36 mS.
(Sample No. S-96.III).
B22

70-82 cm

strong brown (7.5 YR 4/5) moist and
yellowish red (5 YR 4/6) dry clay; almost
massive; slightly hard moist and hard dry;
many very fine and fine pores; calcareous; few
to common (3 % by volume) small powdery
gypsum increasing with depth; very few
fine roots; gradual smooth boundary.

Bcsl

82-115 cm

dark brown (7.5 YR 4/4) moist and reddish brown
(5 YR 4/4) dry, with faint fine yellowish red
(5 YR 4/8) mottled clay; moderate fine subangular
blocky; friable moist and slightly hard to hard
dry; many very fine and fine pores; calcareous;
many (60 % by volume) sugary g3rpsuin crystals;
diffuse boundary; pH (H2O) 8.9; EC-Sat. paste 1.64.
(Sample No. S-96.IV).

Bcs2

115-160 cm

as above but more distinct red (2.5 YR 4/6)
dry mottles, and 75 % by volume gypsum
crystals.

Bcs3

160-185 cm

as above, 80 % by volume gypsum crystals.

Ccs

185-200 cm

red (2.5 YR 4/8) moist clay; 35 % by
volume gypsum crystals.

C

200-250 cm

dark yellowish brown (10 YR 4/4) moist
clay; gypsum decreasing from 15 % to 10 %
by volume with depth.
Analytical laboratory results: see next page.
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Analytical Laboratory Results

LABORATORY TEST DATA

Profile S-96 (Mapping Unit P33)
LABORATORY NO
Depth (cm)
Texture

96.1
10-30

96.2
30-56

96.3
56-70

96.4
82-115

total sand %

33.84
18.00
48.16
C

31.84
16.00
52.16
C

29.84
16.00
54.16
C

30.50
19.50
50.00
C

1.33

1.57

8.3
7.8

8.6
7.9

8.4
7.9

8.9
7.8

0.40

0.26

0.36

1.64

93.00
2.60
2.688
0.418
98.706

148.00
12.60
0.794
0.572
161.966

%

silt

clay
%
texture class
Bulk density
Pore volume
PH-H2O
pH KCl

1:2.5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g Soil)
exch. Ca
90.00
107.00
exch. Mg
5.60
1.40
Exch. K
2.944
3.712
exch. Na
0.396
0.352
Sum Cations
98.940
109.464
% Base sat. (CEC)
ESP
SAR
CaCOs
OC
N

%
%
%

CEC (meq/lOOg Soil)
Soluble Salts (meq/e)
Na
K
Ca2+
Mg2+

19.47
.267
0.042

18.20
0.198
0.028

17.65
0.177
0.028

13.47
nil
0.028

34.00

35.40

35.00

84.00

Siun cations
CO32"
HCO2ClSO42"
Sum anions
adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

1580
2.46
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Range of characteristics:
a. Profile characteristics: These soils are deep and well drained.
Texture of the topsoil varies from fine sandy loam to fine sandy clay
loam or even clay and color from dark brown (7.5 YR 4/4) to yellowish
red (5 YR 5/6) moist. Textures of the B horizons are fine clayey
(48-54 % clay) throughout and colors vary from strong brown (7.5 YR 4/5)
to reddish brown (5 YR 4/5) moist.
The slightly gj^psiferous horizons (Bcs), contain 60-90 % (by volume)
of sugary gypsum crystals in between 70-185 cm depth, but only 2.46 %
(by weight) is shown in the laboratory data.
Reaction range is moderately to strongly alkaline (pH(H20) 8.3-8.9).
Electrical conductivity values (of saturation paste) vary from
0.2 - 1.64 mS (= non-saline).
b. Environmental characteristics: The soils occur on the nearly level
foot of the tributary fan base under an open tree and forest
vegetation of acacia spp.
Distribution and extent:
The soil is restricted to the lower fanslope unit P3.3.
Associated soils: Very fine clayey, vertic Dakal series.
Similar Soils: Very fine clayey, vertic Dakal series.
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CODE-NORTH SERIES
The Gode-North series are very fine clayey, montmorillonitic
(calcareous) Typic Torrerts in the U.S. Soil Taxonomy System.
They are deep, moderately well to well and locally imperfectly
drained soils (with few faint yellowish brown mottles below 30 cm) while
they are characteristically brown to dark brown in color. These soils
contain 54-72 % of clay. Structural development is weak to moderate
subangular blocky to coarse platy with cracks and slickensides upto
about 90 cm depth, below which the structure is often, weak coarse
angular blocky to almost massive. Horizonation is weakly defined.
Typical Profile: S-84
The following profile was examined next to BM 128 of the
lay-out of the irrigation scheme. The location of the pit is in a flat
unit with an irregular microtopography(gilgai - 15 cm) and scattered
small sinkholes (mapping Unit Bll). Vegetation consists of few scattered
trees and few small dry shrubs.
Color notation is given according to the Munsell Soil Color
Charts.
Ai

0-18 cm

dark (yellowish) brown (10 YR 4/3.5)
moist and dark yellowish brown (10 YR 4/4/)
dry very fine sandy clay loam;
moderate, fine subangular blocky and
platy wedges with cracks; slightly hard
dry; few micro and very fine pores;
calcareous; common very fine roots;
gradual wavy boundary.

AC

18-61 cm

dark brown (10 YR 3/3.5) moist and dark
yellowish brown (7.5 YR 3/2) dry clay; moderate
coarse subangular blocky and coarse platy
with cracks; extremely hard dry; moderate
slickensides; few micro and very fine
pores; calcareous; very few, very fine
roots; gradual smooth boundary;
pH (H2O) 8.4; EC-Sat. paste 0.59 mS.
(Sample No. S-84.I; pF core 1-Vll).

CI

61-92 cm

brown to dark brown (10 YR 4/3) moist and
dark brown (7.5 YR 3/2) dry clay with
yellowish brown (10 YR 5/4) more sandy
patches; weak fine and medium subangular
blocky; very hard dry; common micro and
very fine pores; very few very fine
roots; clear smooth boundary; pH (H2O) 8.2;
EC-sat. paste 3.7 mS).
(Sample No. S-84.II; pF core 1-Vl)
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C2

92-118 cm

brown to dark brown (10 YR 4/3) mixed
moist and very dark grayish brown (10 YR 3/2)
clay; moderate very fine angular
blocky and weak subangular blocky
structure elements; hard dry; many
micropores, few very fine pores;
calcareous; common powdery gjrpsum; no
roots observed; abrupt smooth boundary;
pH (H2O) 7.9; EC-Sat. paste 7.86 mS.
(Sample No. S-84.III).

C3

118-160+ cm

very dark grayish brown (10 YR 3/2) clay
with yellowish brown (10 YR 5/6) more
sandy parts; almost massive; calcareous;
few powdery gypsum; pH (H2O) 8.1; EC-Sat.
paste 7.71 mS.
(Sample No. S-84.IV).

0^
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Analytical Laboratory Results

Profile S-84 (Mapping Unit B)) LABORATORY TEST DATA
LABORATORY NO.
Depth (cm)

84.1 (IVll) 84.2 (IVl)
18-61
61-92

TEXTURE
total sand %
silt
%
clay
%
texture class

7.75
32.25
60.00
C

8.25
26.75
65.00
C

BULK DENSITY
pore volume %

1.67
37

1.12
58

8.4
7.8
0.59

pH
PH-H2O 1:2,5
pH KCl

1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
125.6
exch. Mg
8.2
exch. K
1.4
exch. Na
20.9
Sum Cations
156.1
ESP
49.76
CaCOs
DC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na
Ca2'^
Mg^""
Sum cations
CO32"
HCO2Cl
SO42"
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

84.3
92-118

84.4
118-160

8.75
21.00
70.25
C

11.10
20.15
68.75
C

8.2
7.8

7.9
7.7

8.1
7.9

3.70

7.86

7.71

125.0
2.6
1.66
2.42
131.68
22.92

117.6
16.8
1.54
19.8
155.6
34.98

113.6
13.8
1.2
27.5
156.1
62.23

18.53
0.662
0.042

16.52
0.630
0.056

13.39
0.473
0.056

18.35
0.354
0.014

42.00

52.8

56.6

44.20

34.46
25.38
21.33

37.70
28.54
26.44
90
0.18

150
0.30

70
0.14
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Range of characteristics
a. Profile characteristics: The series is well to moderately well
drained (locally however imperfectly drained). Texture of the A
horizons vary from fine sandy clay loam to clay and locally covered
by a shallow loamy topsoil (overbunden). Below the A horizon these
soils are very fine clayey (54-72 % clay) throughout and dark
yellowish brown to brown in color. Structural development is weak to
moderate fine to mediiun subangular blocky to coarse platy with cracks
upto 90 cm depth and moderately well developed slickensides.
Reaction range is very mildley to strongly alkaline: (pH (H2O) 7.1-8.A.
They are non-saline upto 1 m depth (EC 0.59-3.70 mS) and locally
slightly saline (EC-sat. paste 7.7-7.9 mS) below. These soils are
locally (very) slightly gypsiferous with 0.14-2.3 % CaS04 (by weight)
and calcareous (13.4-23.1 % CaCO^) throughout.
b. Environmental characteristics: The soils occur on the braided
riverplain interfluves of the B landtype under scattered grass
vegetation with few low bushes and locally with an open acacia
"forest". The surface of these units has been more or less severely
dissected by gullies and stream-bed deposits and is further
characterized by the formation of sinkholes.
Distribution and Extent
The soil is mainly restricted to the B landtype - inter
streambed interfluves. It occupies about 85 % of the Bll unit, 25 % of
the B12 unit, 90 % of the B21 unit, 75 % of the B22 unit, 90 % of the
B31 unit, 95 % of the B321 unit, 40 % of the B322 unit, 100 % of the B4
unit and possibly 10 % of the A223 unit.
Associated soils
Soils of the Gode-North series are usually associated with the
moderately deep loamy over clayey, mixed (calcareous) Imi series, which
occupy the flat or slightly convex streambed ridges within the
B-landtjrpe.
Similar soils
The Gode-North series is very similar to the Gode-West series
of the basin areas of the A landtype, but they are finer in texture
(54-72 % clay) compared to the Gode-West series (30-54 % clay) and they
differ in origin of the sedimentary material. The Gode-North series are
derived from the tributary braided riverplain coming from the plateau,
while the Gode-West series are formed on alluvium of the Wabi Shebelle
river.
Other representative profiles: S-87, S-89, S-54, S-78, S-92,
S-85, S-94, S-88, S-67 and S-80 are described in the following pages.
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Typical Profile S-87 (Gode North Series)
The following profile was examined about 1 km Southeast of
BM 129. The site was on a flat area with irregular micro-topography
caused by 2-7 cm wide cracks at the surface, slight gilgai relief and a
few scattered sinkholes, in mapping unit Bll.
Vegetation consists of scattered grasses and low shrubs covering
35-40 % of the surface.
Color notation is according to the Revised Standard Soil Color
Charts.

Al

0-15 cm

Brown (7.5 YR 4/3) moist and dry silty
clay; weak fine granular; very friable
moist, slightly hard dry; cracks
2-7 cm wide; many micro and very fine
pores; calcareous; few (< 1 % by volume)
fine powdery gypsum; common fine and
medivun roots; abrupt wavy boundary; pH 8.

A/C

15-36/40 cm

Brown (7.5 YR 4/3) moist and dry heavy
silty clay; weak medium to coarse
subangular blocky; cracks > 2 cm wide; weakly
developed slickensides: firm moist, hard
dry; many micro and very fine pores;
calcareous; few (< 1 % by volume) fine
powdery gypsum; few fine and medium
roots; clear wavy boundary; pHS.

36/40-125 cm

Brown (7.5 YR 3.5/3) moist and (7.5 YR 4/3)
dry clay with few, fine faint reddish
mottles; moderate medium to coarse
subangular blocky; cracks 1-4 cm wide;
moderately well developed slickensides
intersecting planes and wedge-shaped
structures; very firm moist, very hard
dry; many micro pores; calcareous;
< 1 % (by volume) powdery gj^sum; very few
fine roots; pH 8.

125-150 cm

Reddish brown (5 YR 4/5) moist clay with
few, fine faint reddish mottles; moderate
calcareous; 3-5 % (by volume) powdery gypsum.

125-150 cm

Reddish brown (5 YR 4/5) moist clay with
few fine faint reddish mottles;
calcareous; 3-5 % (by volume) powdery
gypsum.

Deep
augers
Deep
augers
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TYPICAL PROFILE S-89 (Gode-North Series)
The following profile was examined near BM 129 in mappping
unit B21. The location of the pit was on a generally flat area,
moderately dissected by gullies upto 75 cm deep and with an irregular
microtopography caused by 1-6 cm wide cracks and moderately large
sinkholes of 80-100 cm diameter, and upto 100 cm deep (= class S2) and
also by slightly convex, about 2-4 m wide. Meandering streambed ridges
with summits about 20 cm elevated above the general land surface. (These
ridges cover about 10-15 % of this units surface.) Vegetation consists
of small (20 cm high) bushes and grass heaps covering about 50 % of the
surface.
Color notation is according to the Revised Standard Soils
Color Charts.
Al

0-10 cm

Grayish brown to brown (7.5 YR A/2.5) moist and
dull brown to brown (7.5 YR 4.5/4) dry
silty clay loam; weak fine granular;
very friable moist, soft to slightly hard
dry; few fine and medium pores, many
micro pores; calcareous; very few, very
fine gypsum spots; many fine, medium and
common coarse roots; abrupt wavy
boundary; pHB.

A/C

10-35 cm

Brown (7.5 YR 4/3) moist and (7.5 YR 4/3) dry
silty clay; weak to moderate, medium to
coarse subangular blocky; cracks 1-6 cm
wide; common small snail fragments;
friable moist, slighthly hard to hard
dry; many micropores, few fine and medium
pores; calcareous; very few (< 1 % by
volume) powdery gypsum; few fine and
medium roots; clear wavy boundary; pH8.

C

35-110 cm

Brown (7.5 YR 4/3) moist and (7.5 YR 4/3.5)
dry clay; weak to moderate medium
subangular blocky; cracks 1-4 cm wide;
weak to moderate slicken sides; thin
sedimentary laminations visible within
structural-elements; firm, moist, very
hard dry; many micropores; calcareous;
< 1 % by volume powdery gypsum; very few
fine and medium roots; pH8.
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Typical Profile S-54 (Gode-North Series)
The following profile was examined at 700 m N of profile pit
S-53 in mapping unit B22. The location of the pit was in a nearly level
surface with moderately large sinkholes (class S2) and upto 180 cm deep
cracks (width upto 5 cm). Besides most of this unit has been dissected
by moderately deep gullies as well. The vegetation consists of scattered
dry grasses. The profile was covered with a sandy overburden of 3-5 cm
thick.
Color notation is given according to the Munsell Soil Color
Charts.
Al

0-14 cm

dark brown (10 YR 4/3) moist and
yellowish brown (10 YR 5/4) dry clay;
moderate subangular blocky, cracked;
friable moist, soft to slightly hard dry;
weakly developed slickensides; many veiry
fine and micro pores; calcareous; no
gypsum observed; many very fine, fine and
medium roots, gradual boundary; pH 7.3;
EC-Sat. paste 1.73 mS.
(Sample No. S-54.I; pF core 1-V6).

AC

14-40 cm

dark yellowish brown (10 YR 3/4) moist
and yellowish brown (10 YR 4/4) dry clay
with cracks; moderate medium and coarse
subangular blocky; friable to firm moist,
slightly hard dry; many very fine, fine
and medium pores; calcareous; few powdery
gypsum; common very fine, fine and medium
roots; clear smooth boundary; pH 7.2;
EC-Sat. paste 1.83 mS.
(Sample No. S-54.II; pF core 1-V7).

CI

40-100 cm

dark yellowish brown (10 YR 3/4) moist
and dark yellowish brown (10 YR 4/4) dry clay
with cracks; weak to moderately
developed slickensides; almost massive;
firm moist, extremely hard dry;
calcareous; few powdery gypsum; few very
fine and fine roots; diffuse boundary;
pH 7.2; EC-Sat. paste 1.78 mS.
(Sample No. S-54.III).

C2

100-170+ cm

this horizon is almost similar to the one
described above, slickensides are
moderately developed; no roots or
observed, pH 7.1; EC-Sat. paste 4.60.
(Sample No. S-54.IV).
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ANALYTICAL LABORATORY RESULTS*
Profile S-54 (Mapping Unit B22)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

54.1 (1V6)
0-14

54.2 (1V7)
14-40

54.3
40-100

54.4
100-170

TEXTURE (see remark above)
total sand %
silt
%
clay
%
texture class

34.43
39.55
26.00
L

24.29
53.20
22.50
SiL

24.52
46.20
29.25
CL

12.19
69.80
18.00
SiL

BULK DENSITY
pore volume %

1.27
52

1.69
36

7.3
7.1

7.2
6.9

7.2
7.0

7.1
7.0

1.73

1.83

1.78

4.60

87.00
5.40
0.704
0.407
93.511

75.20
4.00
1.184
0.407
80.791

79.60
5.60
1.376
5.500
92.076

0.42

0.53

18.41
0.69
0.056

18.41
0.41
0.042

18.41
0.55
0.056

96.20

77.40

91.60

pH-HzO
pH KCl

1:2,5
1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS ([meq/:100 g soil)
exch. Ca
82.60
8.40
exch. Mg
exch. K
1.440
0.341
exch. Na
Sum Cations
92.781
% Base sat (CEC)
ESP
0.37
SAR
CaCOa %
17.73
OC
%
1.17
0.07
N
%
CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

93.00

24.08
0.455
29.20
13.00

Mg2^
Sum cations
CO32HCO2
Cl"
SO42"
Sum anions
Adj SAR
field capacity pF 2.5
pF 3.8
permanent wilting
point
pF 4.2
Total available moisture
Gypsum mg/1 (PPM)
CaS04 %

6.0

3.00
0.10
18.00
45.23

32.75
22.33

33.08
22.32

20.76
11.99

21.19
,vll.89

1060
2.12

1100
2.20

1120
2.24

1160
2.32

Textural analysis of this profile are most probably wrong since the clay %
analysed do not reflect the field determinations of heavy cracking clays
with weak to moderately well developed slickenside structures not do they
seem to correspond to the very high CEC values varying from 77.4 to
96.2 meq/100 g. soils.
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Typical profile: S-78 (Gode-North Series)
The profile pit is located in a flat area with many small
sinkholes in mapping unit B22. The vegetation consists of scattered
grasses.
Color notation is given according to the Munsell Soil Color
Charts.
A/C

0-18/24 cm

brown (7.5 YR 4/4) dry and dark yellowish
brown (10 YR 4/4/) moist, silty clay;
weak to moderate subangular blocky; soft
when dry and friable when moist; common
micro and very fine pores; very few and
very fine powdered g3rpsum; many very
fine, fine and medium and few coarse
roots; gradual wavy boundary; pH 7.8;
EC 1.99 mS.
(Sample S-78.I, pF core 2-V21).

CI

18/24-54/58 cm

brown (7.5 YR 4/3) dry and (7.5 YR 4/4)
moist, clay with medium to very fine
shell fragments; moderate fine to coarse
angular blocky; weakly developed
slickensides, cracks with 1-5 cm width;
slightly hard when dry and firm to hard
when moist; common micro and fine pores;
many very fine and fine and few medium
roots; gradual wavy boundary; pH 7.8,
EC.2.08 mS.
(Sample S-78.II, pF core 2-V22)

C2

54/58-147 cm

dark brown (7.5 YR 4/3) dry and (7.5 YR 3/3)
moist, clay; almost massive to coarse
prismatic; moderately developed
slickensides, cracks with 1-5 cm width;
hard in dry and moist conditions; gradual
wavy boundary; pH 7.8; EC.2.12 mS.
(Sample S-78.Ill)

C3

147-165 cm

dark brown (7.5 YR 4/4) dry and (7.5 YR 3/4)
moist, clay; massive to weak coarse
prismatic; cracks with 1-5 cm width; hard
in dry and moist condition; very few and
very fine powdered gypsum, pH 7.8,
EC 5.89 mS.
(Sample S-78.IV)

Analytical laboratory results: Not analysed except for bulk
density and pF values.

134

Sample
depth (cm)
ulk density
Pore volume
PF 2.5
PF 3.8
PF 4.2
Total available water

2-V21
0-18/24
1.35
49 %
31.67
23.08
25.11
6.56

2-V22
18/24-54/58
1.23
54 %
31.46
22.63
18.57
12.9 %

,*'
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TYPICAL PROFILE S-92 (Gode-North Series)
The following profile is examined 250 m east of B.M. 148 in
mapping unit B31. The location of the pit is in a flat area with deep
gullies and many large sinkholes. The vegetation consists of trees upto
1-2 m high and scattered grasses.
Color notation is given according to the Munsell Soil Color
Charts.
A/C

0-20 cm

brown (7.5 YR 4/4) dry and dark yellowish
brown (10 YR 4/6) moist clay, with very
fine muscovites and shell fragments;
moderately subangular blocky; soft when
dry and friable when moist; many medium
pores; less than 1 % (by volume) powdery
gypsum; common very fine, fine and medium
roots; gradual boundary; pH 8.
(Sample S-92.I)

C

20-120 cm

brown (7.5 YR 4/3) dry and (7.5 YR 4/4)
moist, strong brown (7.5 YR 5/8) mottling
increasing with depth, clay; weak to
moderately developed slickensides increasing
with depth, cracks increasing in width to
5 cm, moderate platy structure; hard when
dry and firm to hard when moist; many very
fine to fine porosity; common very fine
to fine roots; pH 7.5.
(Sample S-92.II)
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ANALYTICAL LABORATORY RESULTS

Profile S-92 (Mapping Unit B31)
LABORATORY NO.
Depth (cm)
TEXTURE
total sand %
silt
%
%

clay

texture class

LABORATORY TEST DATA

92.1
0-20

92.2
20-120

12.50
28.73
59.75

7.84
36.00
56.16

C

C

BULK DENSITY
pore volume %
pH-HgO
pH KCl
EC-Sat. paste

1:2,5

7.8
7.4

7.9
7.5

1.78

2.00

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
256.4
exch. Mg
5.8
exch. K
1.792
exch. Na
.572
% Base sat (CEC)
0.5

208
2.4
2.240
1.056

0.9

ESP
CaCOs %

OC
N

%
%

15.29
.759
0.042

15.65
0.484
0.056

CEC (meq/100 g soils)

125.2

117.6

Gypsum mg/1 (PPM)
CaS04 %

900
1.90

655
1.31
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Typical profile S-85 (Gode-North Series)
This profile is examined near BM 112, in Mapping Unit B31. The
location of the pit is in a generally flat area with very irregular
topography caused by the occurrance of many large sink holes (diameters
> 100 cm and > 100 cm deep) and many (> 75 cm deep) gullies.
Vegetation consists of grasses and few small trees (acacia sp.)- This
profile is slightly moist below 140 cm depth.
Color notation is according to the Revised Standard Soil Color
Charts.

Al

0-20/30 cm

Brown (7.5 YR 4/3 moist and dull brown
(7.5 YR 5/4) dry, silty clay loam; with
very few, very small muscovites; very
weak fine crumbs; cracks below 10 cm
depth, 2-10 cm wide; very friable moist,
soft to slightly hard, dry; many micro
and very fine pores; calcareous; few
(2-3 % by volume) powdery gjrpsum; common
fine and medium roots; clear wavy
boundary; pH 8.0, EC-Sat. paste 1.74 mS.

A/C

20/30-70 cm

Brown (7.5 YR 4/3.5) moist and dull brown
to brown (7.5 YR 4.5/4) dry silty clay,
with many very small muscovites, weak to
moderate medium to coarse subangular
blocky; cracks 2-5 cm wide; weak to
moderately well developed slickensides;
very firm moist, hard dry; common
micropores; calcareous; few (3-5 % by
volume) powdery gypsum; few very fine and
fine roots; gradual smooth boundary;
pH 7.9; EC-Sat. paste 1.70 mS.

CI

70-130 cm

Brown (7.5 YR 4/3.5) moist and dull brown
to brown (7.5 YR 4.5/4) dry clay, with
common very small muscovites; weak coarse
angular blocky to almost massive; cracks
2-3 cm wide; weak to moderately well
developed slickensides; very firm moist,
very hard to hard dry; common micropores;
calcareous; few (3-5 % by volume) powdery
gypsum; very few, very fine roots;
pH 7.4; EC-Sat. paste 1.44 mS.

Deep
auger

130-230 cm

Dark brown (7.5 YR 3/3) moist
clay; calcareous; few (3-5 % by volume
powdery gypsum).
Dark brown (7.5 YR 3/3.5) moist clay;
calcareous; 10-15 % (by volume) powdery
gypsum.

230-340 cm
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TYPICAL PROFILE S-94 (Gode-North Series)
This profile was examined about 1 km E of BM 126 and 2 km West
of BM 127 and then 60 m to the north in Mapping Unit B31. The location
of the pit was on a generally flat area with very irregular micro
topography caused by many (> 75 cm deep) gullies and large (> 100 cm
in diameter and > 1 m deep) sinkholes and cracks (^^ to 4 cm wide).
Vegetation consists of dry grasses covering 10-20 % of the surface and
some small bushes and shrubs.
This profile was dry throughout.
Color notation is according to the Revised Standard Soil Color
Charts.

Al

0-10/25 cm

Brown (7.5 YR 4/4) moist and dull brown
(7.5 YR 5/4) dry clay loam; weak very fine
and fine crumbs; very friable moist,
loose dry; few very fine and fine pores;
calcareous; few (1-2 % by volume) powdery
gypsum; many very fine, fine and medium
roots; abrupt irregular boundary; pH 8.3;
EC-Sat. paste 0.53 mS.

A/C

10/25-60 cm

Dull reddish brown (5 YR 4/4) moist and
dull brown (7.5 YR 5/4) dry clay; weak to
moderate medium to coarse subangular
blocky or massive between (0.5-2 cm wide)
cracks; very friable moist, very hard
dry; few very fine and medium pores;
calcareous; few (2-3 % by volume) powdery
gypsum; few very fine and fine roots;
diffuse boundary; pH 7.8; EC-Sat. paste
1.83 mS.

60-120 cm

Dull reddish brown (5 YR 4/3) moist and
brown (7.5 YR 4/3) dry clay with few
medium distinct orange (5 YR 6/6)
mottles; almost massive; weak to moderate
slickensides; cracks; friable moist,
extremely hard dry; few micropores;
calcareous; few (2-3 % by volume) powdery
gypsum; very few fine and fine roots;
pH 7.9; EC-Sat. paste 1.94 mS,

To hard to auger.

^
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TYPICAL PROFILE S-88 (Gode-North Series)
The following profile was examined at borehole W-4 of the
irrigation scheme piezometric recording stations in Mapping Unit B4. The
site was in a gently undulating unit with locally small sand ridges and
many drainage channels. The unit is characterised by many moderately
large sinkholes. Vegetation is scattered dry shrubs and dry grasses. The
microtopography is very irregular.
Color notation is given in accordance with the Munsell Soil
Color Charts.
Al

0-10 cm

Brown (7.5 YR 4/5) moist and dark brown
(7.5 YR 4/4) dry clay; moderate fine and
medium subangular blocky; friable moist,
soft dry; many micropores; calcareous; no
gypsum observed; common very fine and
fine roots, few medium roots, diffuse
boundary; pH 8.
(Sample No. S-88.I).

AC

10-25 cm

dark brown (7.5 YR 4/4) dry and moist
clay; moderate fine and medium subangular
blocky; friable moist, soft dry; many
micropores; calcareous; few gypsum;
common very fine and fine roots; gradual
bounary; pH 7.5.
(Sample No. S-88.II; pF core 2-V14).

CI

25-75 cm

dark brown (7.5 YR 4/4) dry and moist
clay with few clear reddish (2.5 YR 4/6)
mottling and dark spots (10 YR 3/4);
almost massive with cracks (2 cm wide);
firm moist, extremely hard dry; many
micropores, calcareous; few small gypsum;
very few very fine and fine roots;
gradual boundary; pH 8.
(Sample No, S-88.Ill; pF core 2-V15).

C2

75-130+ cm

the description of this horizon is
similar to the one above. Mottling,
however, is somewhat more developed.

Deep
augers

130-170 cm

as above, but gypsum powder slightly
increasing with depth upto 5-7 % by volume.

220-240 cm

dark brown (10 YR 4/3) moist clay; with
15-20 % (by voliune) gypsum powder.

220-240 cm

dark brown (7.5 YR 4/4) dry and moist,
moderate clear yellowish red (5 YR 5(8)
mottled clay; with 5-7 % (by volume)
gATOsum powder.
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ANALYTICAL LABORATORY RESULTS
Profile S-88 (Mapping Unit B4 )
LABORATORY NO.
Depth (cm)
TEXTURE
total sand %
silt
%
%

clay

texture class

88.1
0-10

88.2 (2V14) 88.3(2V15)
10-25
25 -75

13.80
32.25
53.95
C

13.60
24.75
61.65
C

11.15
20.50
69.35
C

1.20
55

1.48
44

7.85
7.7

7.5
7.6

8.2
7.8

1.39

1.70

2.32

BULK DENSITY
pore volume %
PH-H2O
pH KCl

1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
29.00
exch. Mg
7.00
exch. K
2.304
exch. Na
0.440
Sum Cations
38.744
CaCOs
OC
N

%
%
%

CEC (meq/100 g soils)

146.4
3.60
1.856
0.418
152.274

137.0
3.80
1.984
10.12
152.904

15.23
0.794
0.042

14.31
0.651
0.042

15.60
0.570
0.050

54.40

58.80

61.20

33.37
22.94
18.84
14.53

33.11
24.89
20.61
12.50

pF 2.5
pF 3.8
pF 4.2
Total available water
Gypsum (PPM)
CaS04 %

LABORATORY TEST DATA

185
0.38
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Typical Profile S-67 (Gode-North Series)
The following profile was examined about 800 m north of S-66
in Mapping Unit A223. The site was on a flat unit near a hummocky unit
(A132). Vegetation consists of very open acacia woodland. Locally there
is a 5-10 cm thick sandy overburden.
Color notation according to Revised Standard Soil Colour
Charts,
Al

0-7 cm

brown (10 YR 4/4) dry and (10 YR 4/3.5)
moist silty clay; weak fine subangular
blocky; soft dry, very friable moist;
2-3 cm wide cracks; weakly developed
slickensides; many micropores;
calcareous; common fine and medium roots;
gradual, smooth to wavy boundary.

A/C

7-20 cm

brown (10 YR 4.5/4) dry and (dark) brown
(10 YR 3.5/4) moist clay; weak, very
fine, fine and medium subangular blocky;
2-3 cm wide cracks; weakly development
slickensides; many micropores;
calcareous; < 1 % by volume very fine
powdery gypsum; common very fine, fine
and medium roots; gradual smooth
boundary; pH 7.7; EC-Sat. paste 1.02 mS.
(Sample S-67.I).

CI

20-45/50 cm

dull yellowish brown (10 YR 5/4) dry and
bright brown (7.5 YR 5/6) dry and brown
(7.5 YR 4/3) moist with few, fine faint
reddish mottles, clay; moderate fine to
medium subangular blocky, and fine
angular blocky; weakly developed
slickensides; cracks about 2 cm wide;
hard dry, very firm moist; many
micropores; calcareous; < 1 % by volume,
fine powdery gypsum; few very fine and
fine roots; gradual wavy boundary;
pH 7.7; EC-Sat. paste 1.82 mS.
(Sample S-67.II).

C2

45/50-93/100 cm brownish black (10 YR 3/2) dry and dull
yellowish brown (10 YR 5/4) dry and brown
(7.5 YR 4/3.5) moist clay; almost
structureless to weak Subangular blocky;
1-2 cm wide cracks; hard dry, very firm
moist; many micropores; calcareous; < 1 %
by volume fine powdery gypsum; very few
very fine and fine roots; abrupt wavy
boundary; pH 7.1; EC-Sat. paste 1.47 mS.
(Sample S-67.III).
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IIC3

93/100-135 cm

dull yellow orange (10 YR 6/4) dry and
brown (10 YR 4/4) moist with few fine
faint reddish mottles, finely laminated
loam with many very fine muscovites;
structureless; hard dry, friable moist;
many micro and very fine pores;
calcareous; abrupt smooth boundary;
pH 7.4; EC-Sat. paste 2.04 mS.
(Sample S-67.IV).

135-150 cm

dull yellowish brown (10 YR 5/4) dry and
dark brown (10 YR 3/3) moist with many
medium to coarse distinct bright brown
(7.5 YR 5/8) and bright reddish brown
(5 YR 5/8) and brownish black
(7.5 YR 3/2) mottles, silty clay loam,
with many very fine muscovites; moderate
medium to coarse subangular blocky; hard
dry, slightly firm, moist; abrupt
slightly wavy boundary.

150-185 cm

brown (7.5 YR 4/4) dry and moist, with
moderate mottles (as above) clay;
moderate medium to coarse subangular
blocky; hard to very hard dry, firm
moist.

Deep augers 185-250+ cm

dull orange (7.5 YR 6/4) dry and brown
(7.5 YR 4/4) moist silt loam, with many
very fine muscovites.
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ANALYTICAL LABORATORY RESULTS
LABORATORY TEST DATA

Profile S-67 (Mapping Unit A223)
LABORATORY NO.
Depth (cm)

(2V1)
0-7

TEXTURE
total sand %
silt
%
%

clay

texture class
BULK DENSITY
pore volume %
pH-HaO
pH KCl

67.1
7-20

67.2
20-45/50

67.3
45/50-93/100

67.4
93/100-135

19.00
25.50
55.49
C

16.00
24.00
60.00
C

12.00
20.75
67.25
C

32.00
41.05
26.00
L

7.5
7,1

7.2
7.0

7.4
7.0

7.5
7.0

1.02

1.82

1.47

2.04

70.80
1.00
1.152
1.54
74.492

75.20
8.20
1.376
1.50
86.276

59.00
7.40
0.576
1.815
68.791

3.7

3.1

4.8

1.27
52
1:2,5
1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (;meq/100 g soil)
exch. Ca
71.00
exch. Mg
1.60
exch. K
1.248
exch. Na
1.41
Sum Cations
75.258
% Base sat (CEC)
ESP
3.0
SAR
CaCOs
OC
N

19.02
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)

23.33
0.706
0.042

17.71
0.65
0.014

16.41
0.71
0.084

47.00

41.40

48.20

0.62
0.028
37.40
4.30
0.208
8.80
1.40

H
K %
Ca^;
Sum Cations
0032"
HCO2"

9.00
0.54
2.00
2.14

Cl"
SO42"
Sum Cations
Adj SAR
pF 2.5
pF 3.8
pF 4.2

Gypsum mg/1 (PPM)
CaS04 %

28.76
19.95
16.82

nil

nil

15
0.030

10
0.020
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Typical Profile S-80 (Gode-North Series)
This profile was examined 320 m North (azimuth 4°) of profile
S-76, in Mapping Unit A223.
The location of the pit is in a large flat alluvial basin area with
2-5 cm wide cracks at the surface and a few scattered low (upto 50 cm
high hummocks). No vegetation except for a few dead shrubs on the
low hummocks.
Color notation is according to the Revised Standard Soil Colo
Charts.
Al

0-20 cm

Brown (7.5 YR 4/4) moist and (7.5 YR 4/5)
dry clay; moderate medium to coarse
angular blocky; cracks 2-5 cm wide; weak
to moderately well developed slickensides;
very fraible moist, slightly hard dry;
common micro and very fine pores;
calcareous; very few, very fine roots;
gradual smooth boundary; pH 8.4; EC-Sat.
paste 0.35 mS.

A/C

20-45 cm

Brown (7.5 YR 4/3) moist and dull brown to
brown (7.5 YR 4.5/4) dry clay; moderate
medium to coarse angular blocky; weak to
moderate slickensides, cracks > 2 cm
wide; firm moist, slightly hard to hard
dry; common micropores; calcareous;
gradual smooth boundary; pH 8.2; EC-Sat.
paste 0.97 mS.

CI

45-72 cm

Dark brown (7.5 YR 3/3) moist and
(7.5 YR 3/4) dry clay; moderate medium to
coarse angular blocky; > 2 cm wide
cracks; weak to moderately developed
slickensides, wedge-shaped structural
elements with intersecting plane
surfaces; firm moist, hard dry; few micro
pores; calcareous; < 1 % by volume small
powdery gypsum points; clear smooth to
slightly wavy boundary.

C2

72-98 cm

Dark brown (7.5 YR 3/4) moist and
(7.5 YR 3/3) dry clay; moderate mediiun to
coarse angular blocky and slickensides;
> 2 cm wide cracks; firm moist, hard dry;
common micro pores; calcareous; < 1 % by
volume small powdery gy^jsum points; clear
wavy boundary; pH 7.6; EC-Sat.
paste 3.86 mS.
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C3

98-118 cm

Brown (7.5 YR 4/4) moist and orange
(7.5 YR 6.5/4) dry clay; almost massive;
friable moist, slightly hard dry; abrupt
smooth boundary; pH7.8; EC-Sat. paste
3.26 mS.

C4

118-142 cm

Dark brown (7.5 YR 3/3) moist and dry
clay; weak very fine and fine angular
blocky; > 1 cm wide cracks reappearing
and slickensides; very firm moist hard dry;
calcareous; < 1 % by volume powdery
gypsum; clear gradual boundary.

C5

142-195 cm

Dark brown (7.5 YR 3/3) moist and dry
clay; as above.

Deep
augers

195-310 cm

Dark brown (7.5 YR 3/3) moist silty clay
loam; with thin laminations and < 1 % by
volume powdery gypsum.

310-330 cm

Dark brown (7.5 YR 3/3) moist clay; < 1 %
by volume powdery gjrpsum.

330-380 cm

Brown (7.5 YR 4/4) silty clay; thin
laminations; few gjrpsum.

380-400 cm

Brown (7.5 YR 4/4) clay with very fine
sandy loam layers thinly intercalated
(laminations).
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ANALYTICAL LABORATORY RESULTS

Profile S-80 (Mapping Unit A223)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

80,1
0-20

80.2
20-45

80.3
72-98

80.4
98-118

TEXTURE
total sand %
silt
%
clay
%
texture class

12.00
20.25
67.75
C

10.00
18.00
72.00
C

8.00
19.75
72.25
C

15.00
20.00
65.00
C

8.4
7.8

8.2
7.8

7.6
7.5

7.8
7.7

0.35

0.97

3.86

3.26

120.00
4.80
2.176
3.080
130.056

127.00
4.80
2.304
4.620
138.724

16.33
0.462
0.014

16.52
0.312
0.07

16.52
0.200
0.028

16.70

43.20

42.20

41.20

36.20

BULK DENSITY
pore volume %
PH-H2O
pH KCl

1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
90.00
exch. Mg
8.60
exch. K
2.624
exch. Na
1.452
Sum Cations
02.676
CaCoa
OC
N

%
%
%

CEC (meq/100 g soils)

0.014

pF 2.5
pF 3.8
pF 4.2
Total available water
Gypsum (PPM)
CaS04 %

nil

nil

nil

nil
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GODE-WEST SERIES
The Gode-West series are fine clayey, montmorillonitic
(calcareous) Typic Torrenrs in the U.S. Soil Taxonomy System.
They are deep, moderately well drained soils, dark yellowish
brown to brown in color, with bright (yellowish) brown mottles below
30 cm and reddish brown and yellow orange mottles below 90 cm depth.
Structure development is weak subangular blocky changing with depth to
moderate angular blocky, and with deep cracks extending from the surface
and weak to moderately well developed slickensides. Horizonation is weakly
defined.
Typical profile S-69
The following profile was examined about 340 m north of IP.12,
in Mapping Unit A221. The location of the pit is in a flat alluvial area
and on bare lands.
Color notation is given according to the Revised Standard Soil
Color Charts.
Al

0-16 cm

dull yellowish brown (10 YR 5/3) dry and
dark brown (10 YR 3/4) moist clay; weak
to moderate fine to medium subangular
blocky; slightly hard when dry and
friable moist; common micro pores;
calcareous; common very fine roots;
abrupt smooth boundary; pH 7.7; EC-Sat.
paste 0.70 mS.
(Sample S-69.I; pF core 2-V5).

A/C

16-30 cm

Dull yellowish brown (10 YR 4/3) dry and
dark brown (10 YR 3/4) moist, faint
brownish mottling, clay; weak to
moderate, medium subangular blocky;
slightly hard when dry and friable when
moist; few micro and very fine pores;
calcareous; many fine and very fine
roots; abrupt smooth boundary; pH 7.5;
EC-Sat. paste 2.15 mS.
(Sample S-69.II)

CI

30-52/72 cm

grayish yellow brown (10 YR 4/2) dry and
brown (7.5 YR 4/3) moist, common bright
brown (7.5 YR 5/8) and few bright
yellowish brown (10 YR 6/8) mottling,
clay; moderate medium subangular blocky;
slightly hard when dry and firm when
moist; common fine pores; calcareous;
very few medium to fine roots; clear
irrigular boundary; pH 7.4; EC-Sat.
paste 1.62 mS.
(Sample S-69,III; pF core 2-V6)
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52/72-88 cm

grayish brown (7.5 YR 5/2) dry and dark
brown (10 YR 3/4) moist many bright brown
mottling (7.5 YR 5/8) clay with very fine
muscovites; loose when dry and friable
when moist; calcareous; no roots; abrupt
smooth boundary; pH 7.5; EC-Sat.
paste 0.68 mS.
(Sample S-69.IV)

88-110/128 cm

brown (10 YR 4/4) dry and dark brown (10
YR 3/4) moist, common reddish brown
(5 YR 4/8) and yellow orange (10 YR 8/8)
mottles, clay; strong fine angular
blocky; slightly hard to hard when dry
and firm to slightly hard when wet;
common fine to medium pores; calcareous;
abrupt wavy boundary; pH 7.5; EC-Sat.
paste 1.26 mS.
(Sample S-69.V)

110/128-170 cm

dull yellowish brown (10 YR 4/3) dry and
brown (7.5 YR 4/6) moist, many bright
reddish brown (5 YR 5/8) and yellow
orange (10 YR 7/8) mottles, clay;
moderatly medium subangular blocky;
slightly hard when dry and firm to
slightly hard when moist; calcareous;
shells of mollusces; pH 7.5; EC-Sat.
paste 2.40 mS.

170-260 cm

brown (7.5 YR 4/6) moist silty clay with
very few, very fine muscovites.

260-265 cm

brownish black (10 YR 3/2) dry and dark
brown (7.5 YR 3/3) moist clay with few bright
reddish brown (5 YR 5/8) mottles.

265-300 cm

dull yellow orange (10 YR 7/4) dry and
brown (7.5 YR 4/6) moist silty clay.

é
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ANALYTICAL LABORATORY RESULTS
LABORATORY TEST DATA

Profile S-69 (Mapping Unit A221)
69.1 (2V5)
0-16

69.2
16-30

69.3 2V6) 69.4
30-52/72 52/72-88

69.5
88-110/128

texture class

20.00
32.00
48.00
C

12.00
38.00
50.00
C

10.00
36.00
54.00
C

11.25
37.25
51.50
C

15.23
30.45
54.32
C

BULK DENSITY
pore volume %

1.26
52

LABORATORY NO.
Depth (cm)
TEXTURE
total sand %
silt
%
%

clay

pH
PH-H2O
pH KCl

1:2,5
1:2,5

EC-Sat. paste

1.45
45

7.7
7.3

7.5
7.1

7.4
7.2

7.5
7.1

7.5
7.3

0.70

2.15

1.62

0.68

1.26

68.00
8.600
0.461
0.66
77.721

82.60
1.000
1.28
1.078
85.958

2.10

2.19

17.71
0.33
0.042

19.68
0.500
0.042

31.40

49.20

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
87.000
80.00
81.40
2.800
exch. Mg
2.000
2.400
exch. K
1.344
0.896
0.896
exch. Na
1.10
0.66
0.517
Sum C ations
91.661
83.996 85.356
% Base sat (CEC)
ESP
2.61
1.40
1.12
SAR
CaCOa
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

18.37
0.810
0.042

19.02
0.710

46.00

42.10

23.30
0.098
47.20

2.236
0.151
7.80
2.60

ca^;
Mg2^
Sum cations
CO32HCO2"
Cl~
SO42"
Sum anions
Adj SAR

10.00
0.580
1.00
0.10

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

32.04
29.40
25.15

28.15
18.40
15.87
nil

nil

nil

nil

nil

nil
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ANALYTICAL LABORATORY RESULTS (cont'd)
Profile S-69 (Mapping Unit A221
LABORATORY NO.
Depth (cm)

69.6
110/128-160

TEXTURE
total sand %
silt
%
clay
%
texture class

20.01
31.79
48.20
C

BULK DENSITY
pore volume
pH
pH-HgO
pH KCl

1:2,5
1:2,5

EC-Sat. paste

7.5
7.3
2.40

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
85.40
exch. Mg
2.60
exch. K
1.28
exch. Na
0.78
Sum Cations
90.06
% Base sat (CEC)
ESP
2.58
SAR
CaCOa
OC
N

%
%
%

16.40
0.420
0.028

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na
K
Ca2
Mg2
Sum cations
COs^"
HC02~
Cl~
SO42"
Sum anions
Adj SAR

42.32
9.46
0.192
5.00
2.20
4.00
0.66
5.00
1.09

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

nil
nil

LABORATORY TEST DATA
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Range of characteristics
a. Profile characteristics: The series is generally well to moderately
well drained (locally however imperfectly). Texture of the A-horizon
is variable although mostly clayey. Part of this series is covered by
a shallow loamy topsoil overburden. The series is fine clayey
throughout (30-54 % clay) and dark yellowish brown to brown in color.
Structural development is weak to moderate fine and medium subangular
blocky changing with depth to coarse angular blocky. On the surface a
3-5 mm thick crust is often observed and 4-7 cm wide open cracks
extending below 80 cm depth. Weak to moderately well developed
slickensides are also present in these soils. Reaction range is very
mildly to strongly alkaline and this series is non-saline and
non-alkaline.
The soils are calcareous throughout and locally (very) slightly
gypsiferous.
b. Environmental characteristics: These soils usually occur in the
alluvial basins and abandoned riverbeds of the Wabi Shebelle
floodplain under a very slight grass vegetation or a bare surface.
Distribution and Extent
The soil is mainly restricted to the lowest parts of the A2
alluvial basin (= A 22 unit). It occupies about 60 % of the A221 unit,
90 % of the A222 unit (30 % as a mollic variant), 80 % of the A223 unit
(including 15 % as mollic variant), 70 % of the A23 unit (10 % mollic
variant) and 90 % of the A24 unit (70 % mollic variant).
Associated Soils
Soils of the Gode-West series are usually associated with the
stratified clays of the Shebelle series and the stratified loams of the
Ididole series which occur on slightly higher topographic sites towards
the old and recent levees. In only a few sites, very fine clays of the
Gode-North series with > 54 % clay have been found.
Similar soils
See Gode-North series. Also the stratified clayey Shebelle
series are very similar, especially those with vertic characteristics,
but the intense stratification (lamination) which are only visible in
soil profile pits, as well as the lack of well developed cracks and/or
slickenside features and the intercalation of lighter textured layers
are the major differences. The Shebelle clay layers may also be
underlain at moderate depth by very thick coarses textured strata.
Other representative profiles
S-53, S-70, S-73, S-74 and S-58, which are all described in
detail, in the following pages.
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Typical profile S-53 (Gode-West series)
The following profile was examined about 600 m north and
400 m east of S-52 in Mapping Unit A222. The location of the pit is in
a flat, nearly level area with a few sinkholes 25-80 em's in diameter.
The vegetation consists of small grasses.

De

Color notation is given according to the Munsell Soil Color
Charts.
Al

0-20 cm

yellowish brown (10 YR 5/4) dry and brown
(10 YR 4/3) moist loam; weak to moderate,
fine and mediiam subangular blocky; soft, dry
and friable moist; many micro to very fine
pores; calcareous; many very fine and medium
roots; gradual smooth boundary; pH 7.40;
EC-Sat. paste 0.78 mS.
(Sample S-53.1, pF core 1-V4)

A/C

20-57 cm

brown (10 YR 5/3) dry and (10 YR 4/3) moist
silty clay loam; weak coarse and medium
subangular blocky; weak to moderately
developed slickensides; cracks upto 2.5 cm
width, polygones 1.5 m diameter; hard when
dry and friable to firm when moist; many
micro and very fine pores; calcareous; many
very fine and fine roots; clear to gradual
smooth boundary; pH 7.5; EC-Sat.
paste 0.94 mS.
(Sample S-53.II; pF core 1-V5)

CI

57-80 cm

yellowish brown (10 YR 5/4) dry and brown
(10 YR 4/3) moist with faint red mottling
clay; weak coarse prismatic to almost
massive; slightly hard when dry and firm when
moist; common micro to very fine pores;
calcareous; 2 % (by volume) powdery gypsum;
few very fine roots; gradual smooth boundary;
pH 7.3; EC-Sat. paste 3.28 mS.
(Sample S-53.Ill)

C2

80-95 cm

as above, but with parts that are similar to
the underlying horizon (= darker brown);
common very fine pores; calcareous; 2 %
powdei^r gypsum, diffuse smooth boundary.

C3

95-160 cm

dark brown (10 YR 3/3) moist common
reddish brown (5 YR 4/4) to dark reddish
brown mottles, increasing with depth,
silty clay; weak almost massive breaking
up in fine angular blocky crumbs;
locally with sandy pockets; firm to hard

Note

\53

when moist; many micro pores; calcareous;
< 1 % (by volume) powdery gypsum; no
roots; pH 7.2, EC-Sat. paste 9.34 mS.
(Sample S-53.IV)
Deep
auger

160-310 cm

dark brown (10 YR 3/3) moist clay with dark
brown mottles.

Note: This profile is slightly coarses in its topsoil texture, than is
usual in these Gode-West series.
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ANALYTICAL LABORATORY RESULTS
Profile S-53 (^Mapp:Lng Unit A222)

LABORATORY TEST DATA

LABORATORY NO
Depth (cm)

53.1 (1V4)
0-20

53.2 (1V5)
20-57

53.3
57-80

53.4
95-160

TEXTURE
total sand %
silt
%
clay
%
texture class

28.93
47.82
23.25
L

16.98
48.52
34.50
SiCL

9.55
36.20
54.25
C

10.52
47.48
42.00
SiC

BULK DENSITY
pore volume %

1.39
47

1.43
46

7.4
7.0

7.5
7.0

7.3
7.0

7.2
7.1

0.78

9.94

3.28

9.34

pH-HgO
pH KCl

1 2 ,5
1 2 ,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
106.20
5.20
exch. Mg
exch. K
1.164
exch. Na
0.66
Sum Cations
113.224
% Base sat (CEC)
ESP
1.14
SAR
CaCOs
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

73.00
4.60
1.12
0.957
79.677 •

97.00
7.20
1.08
3.85
109.13
7.49

19.10
0.759
0.042

20.46
0.707
0.056

20.46
0.658
0.056

22.17
0.608
0.112

58.00

54.00

51.40

63.20

60.20
0.13
26.40
5.00

16.00
0.30
25.50
8.60

5.00
1.02
25.50
55.48

49.50
0.512

ca^;

Mg2^
Sum cations
COa^"
HCO2
Cl'
SO42"
Sum anions
Adj SAR

,j«

Gypsum mg/1 (PPM)
CaS04 %

23.07

1.77

K\

pF 2.5
pF 3.8
pF 4.2

90.40
8.40
0.832
14.58
114.212

30.15
19.87
18.02

33.68
26.82
21.61

nil

nil

100
0.20

155

Typical profile S-70 (Gode-West Series)
The following profile was examined 600 m west of BM-117 in
Mapping Unit A223. The location of the pit is in a flat alluvial area.
The vegetation consists of many small shrubs and scattered bush. The
profile is locally hurried under about 5 cm loose overburden.
Color notation is given according to the Revised Standard Soil
Color Charts.
Over
burden

0-5 cm

dull yellowish brown (10 YR 5/4) dry and
dark brown (10 YR 3/4) moist; silty loam;
weak fine subangular blocky; slightly hard
dry and friable to firm, moist; few micro and
very few pores; calcareous; and 5 cm wide
cracks from the surface; with few fine
and medium roots; diffuse boundary.

Al

0-17 cm

dark brown (10 YR 3/4) dry and (10 YR 3/3)
moist, silty clay; weak subangular blocky
structure; with wide cracks; micro to
very fine pores; slightly hard when dry
and friable to firm when moist;
calcareous; very few coarse and common
fine to medium roots; clear wavy
boundary; pH 7.4; EC-Sat. paste 1.94 mS.
(Sample S-70.I; pF core 2-V3)

A3

17-26/38 cm

dull yellowish brown (10 YR 4/3) dry and
dark brown (10 YR 3/3) moist very few
faint bright brown (7.5 YR 5/8) mottles
clay; moderate medium subangular blocky;
wide cracks; hard when dry and firm to
hard when moist; few micro to very fine
pores; calcareous; very few very fine
powdery gypsum; very few very fine roots;
diffuse boundary; pH 7.5; EC-Sat.
paste 1.46 mS.
(Sample S-70.II; pF core 2-V4).

CI

26/38-64 cm

brown (7.5 YR 4/4) dry and moist, clay;
moderate, fine and medium angular blocky; weak
slickensides; 2 cm wide cracks; hard when
dry and firm to hard when moist; few
coarse pores; calcaroues; very few very
fine powdery gypsum; very few very fine
roots; diffuse boundary; pH 7.4; EC-Sat.
paste 1.64 mS
(Sample S-70.Ill)
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C2

64-104 cm

dark brown (7.5 YR 3/2) dry and (7.5 YR 4/4)
moist, common very faint brownish
mottles; clay with very few very fine
muscovites; almost massive to weak coarse
prismatic with cracks and moderate
slickensides; hard when dry and firm to
hard when moist; calcareous; few very
fine powdery gypsum; diffuse boundary;
pH 7.5; EC-Sat. paste 1.84 mS.
(Sample S-70.IV)

C3

104-160 cm

brown (7.5 YR 4/4) dry and dark brown
(7.5 YR 3/4) moist, with few strong brown
mottling (7.5 YR 5/8) clay; almost
massive; hard when dry and firm to hard
whem moist; very few, very fine and micro
pores; very few remmants of shells;
calcareous; very few powdery gypsum.

Deep
augers

160-200 cm

brown (7.5 YR 4/3) moist clay.

200-280 cm

dark brown (7.5 YR 3/4) moist clay.

280-300 cm

dull yellow orange (10 YR 6/4) dry and
moist silty clay.
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ANALYTICAL LABORATORY RESULTS
Profile S-70 (MappjLng Unit A223)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

70.1 (2V3)
0-17

70.2 (2V4)
17-26/38

70.3
26/38-•64

70.4
64-104

TEXTURE
total sand %
silt
%
clay
%
texture class

18.00
41.85
40.15
SiC

21.05
36.95
42.00
C

20.00
38.25
41.75
C

22.00
36.75
41.25
C

BULK DENSITY
pore volume %

1.43
46

1.24
53

7.4
7.2

7.5
7.3

7.4
7.4

7.5
7.2

1.94

1.46

1.64

1.84

86.80
5.80
1.984
0.418
95.002

100.60
1.20
1.728
0.484
104.012

100.40
2.80
1.664
0.638
104.502

0.90

1.09

1.30

pH-HgO
pH KCl

1 •2,5
1 :2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
46.40
exch. Mg
4.40
exch. K
1.536
exch. Na
0.396
Sum Cations
52.732
% Base sat (CEC)
ESP
0.850
SAR
CaCOs %
OC
%
N
%

16.73
0.649
0.056

16.40
0.554
0.07

16.40
0.540
0.056

16.90
0.486
0.056

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

46.80

47.00

44.40

49.00

33.17
22.25
19.90

29 62
22 11
19 53

nil

90 00
0 18

350.00
0.70

630.00
1.26

Ca^;
Sum cations
CO32HC02~
Cl~
Sum anions
8042"
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %
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Typical Profile S-73 (Gode-West Series)
The following profile was examined approximately 1.8 km ESE
(azimuth 105 degree) of IP6 of the irrigation scheme main canal in
Mapping Unit A223- The site was in a flat unit with a cracked surface.
No green vegetation was observed, but many scattered dead wood-like
shrubs and locally small dead trees were present. Cracks at the surface
were 2-5 cm wide and some 10-40 cm long.
Color notation according to Revised Standard Soil Color
Charts.
All

0-3 cm

brown (7.5 YR 4/3.5) moist and (dull) brown
(7.5 YR 4.5/4) dry silty clay; weak fine and
medium subangular blocky; very friable moist,
slightly hard dry; calcareous; very few fine
and
medium roots; clear smooth boundary;
pH 8.

A12

3-25/30 cm

brown (7.5 YR 4/3) moist and brown (7.5 YR 4/3.5)
dry silty clay; weak fine and medium subangular
blocky; friable to firm moist, slightly hard
to hard dry; calcareous; very few fine and very
fine roots; clear smooth boundary; pH 8.1;
EC-Sat. paste 0.78 mS.
(Sample No. S-73.I; pF core 2-Vll).

AC

25/30-50/55 cm

brown (7.5 YR 4/3) moist and brown (7.5 YR 4/3.5)
dry (with 7.5 YR 4/3 ped surfaces) silty
clay; weak to moderate fine and medium
subangular blocky and platy; friable to firm
moist, hard dry; strongly developed slickensides;
calcareous; few small powdery gypsum; very
few very fine roots; gradual smooth boundary;
pH7.5; EC-Sat. paste 4.28 mS.
(Sample No. S-73.II; pF core 2-V12).

CI

50/55-100 cm

dark brown (7.5 YR 3/3) moist and brownish black
(7.5 YR 3/2) dry silty clay loam (with ped surfaces
(7.5 YR 4/3 in color); moderate medium and
coarse subangular blocky and platy; firm
moist, hard dry; strongly developed slickensides;
calcareous; few to common soft powdery
gypsum; few very small gypsum crystals; no
roots observed ; gradual to diffuse boundary;
pH 7.2; EC-Sat. paste 10.95 mS.
(Sample No. S-73.III).

C2

100-155+ cm

dark brown (7.5 YR 3/3) moist and brownish black
(7.5 YR 3/2) dry silty clay (with ped surfaces
7.5 YR 3/3 in color); moderate medium and

Deep
auger
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coarse subangular blocky and platy; friable
to firm moist, slightly hard to hard dry;
calcareous; few to common soft powdery
gjrpsum; few very small gjrpsum crystals;
pH 7.3; EC-Sat. paste 12.24 mS.
(Sample No. S-73.IV).
Deep
auger

155-300 cm

as above, only slightly increase of fine powdery
gypsum upto 2-5 % by volume.
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ANALYTICAL LABORATORY RESULTS
Profile S-73 (Mapp:Lng Unit A223)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

73.1 (2V11) 73.2 (2V12) 73.3
3-25/30
25/30-50/55 50/55- 100

TEXTURE
total sand %
silt
%
clay
%
texture class

10.45
41.45
48.10
SiC

9.60
48.90
41.50
SiC

BULK DENSITY
pore volume %

1.13
57

1.25
53

8.1
7.8
0.78

pH-HzO
pH KCl

1:2 ,5
1:2 ,5

EC-Sat. paste

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

10.00
49.80
40.20
SiC

7.5
7.3

7.2
7.0

7.3
7.2

4.28

10.95

12.24

76.00
2.000
1.152
4.670
83.822

84.80
6.200
1.280
9.520
101.80

100.00
2.200
1.568
10.25
114.038

8.62

16.14

15.67

15.09
0.649
0.28

15.09
0.491
0.168

14.76
0.710
0.056

15.09
0.654
0.025

54.20

54.20

59.00

65.40

15.05
0.135
4.20
2.00

47.30
0.255
9.40
3.60

32.68
0.338
46.80
19.80

0.10
0.05
19.00
0.74

1.00
0.15
19.50
38.62

0.70
0.06
85.00
13.95

250
0.50

460
0.92

ca^;
Sum cations
COs^"
HCO2
Cl~
S042"
Sum anions
Adj SAR
pF 2 . 5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

73.4
100-155

7.12
57.78
35.10
SiCL

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
72.60
exch. Mg
9.400
exch. K
1.664
exch. Na
2.64
Sum Cations
86.304
% Base sat (CEC)
ESP
4.87
SAR
CaCOs
OC
N

h

38.44
28.32
23.50

nil

31.97
29.24
24.67
nil

I
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Typical profile: S-74 (Gode-West Series)
The following profile was examined 700 m north of S-73 in
Mapping Unit A223. The site was on a flat area, with mostly dead small
shrubs and small trees.
Color notation according to Revised Standard Soil Colour
Charts.
Al

0-4 cm

dull brown (7.5 YR 5/4) dry and brown
(7.5 YR 4/3) moist silty clay loam; weak
fine subangular blocky; cracks (2-3 cm
wide); slightly hard dry, friable moist;
many micropores; calcareous; very few, fine
and medium roots; clear smooth boundary;
pH 7.8; EC-Sat. paste 0.78 mS.
(Sample S-74.I).

A3

4-35 cm

dull brown (7.5 YR 5/4) dry and brown
(7.5 YR 4/3) moist silty clay loam; weak to
moderate fine to medium subangular blocky;
slightly hard to hard dry and friable to
firm moist; cracks 2-3 cm wide; moderately
well developed slickensides; many
micropores; calcareous; few very fine roots;
gradual smooth boundary; pH 7.6; EC-Sat.
paste 1.08 mS.
(Sample S-74.II).

CI

35-70 cm

dark reddish brown (5 YR 3/2) and dull
reddish brown (5 YR 4/3) dry and dark brown
(7.5 YR 3/3) moist silty clay; weak to
moderate coarse subangular blocky;
moderately well developed slickensides;
cracks about 2 cm wide; slightly hard to
hard dry, friable to firm moist; many
micropores; calcareous; < 1 % by volume fine
powdery gypsum; very few very fine roots;
gradual smooth boundary; pH 7.2; EC-Sat.
paste 4.94 mS.
(Sample S-74.III).

C2

70-140 cm

brownish black (7.5 YR 3/2) and dark brown
(7.5 YR 3/3.5) dry and moist silty clay;
moderate medium to coarse subangular blocky
with wedge-shaped structures and moderately
well developed slickensides and cracks about
1 cm wide; slightly hard to hard dry and
friable to firm moist; many micropores;
calcareous; < 1 % by volume fine gypsum
powder; pH 7.3; EC-Sat. paste 9.85 mS.
(Sample S-74.IV).
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ANALYTICAL LABORATORY RESULTS
Profile S-74 (Mapping Unit A223)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

74.1
0-4

74.2
4-35

74.3
35-70

74.4
70-140

TEXTURE
total sand %
silt
%
clay
%
texture class

12.00
49.75
38.25
SiCL

10.15
53.10
36.75
SiCL

6.00
53.25
40.75
SiC

9.95
48.85
41.20
SiC

7.8
7.2

7.6
7.2

7.2
7.1

7.3
7.2

0.78

1.08

4.94

9.85

97.000
10.200
1.472
2.530
111.202

93.000
9.000
1.012
4.840
107.852

116.400
6.200
0.897
6.600
130.097

5.34

9.27

11.74

16.728
0.666
0.028

16.728
0.712
0.028

16.400
0.654
0.014

15.740
0.643
0.042

51.20

47.40

52.20

56.20

nil

nil

180
0.360

BULK DENSITY
core volume %
pH-HgO
pH KCl

1:2,5
1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
84.400
2.200
exch. Mg
exch. K
1.012
exch. Na
1.078
Sum Cations
88.690
% Base sat (CEC)
2.11
ESP
SAR
CaCOa

%

OC
N

%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)

l^
K ^
c^'I

Mg^""
Sum cations
CO32HCO2
Cl~
SO42"
Sum anions
Adj SAR

a»

pF 2 5
pF 3 8
pF 4 2
Gypsum mg/1 (PPM)
CaS04 %

nil
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Typical profile S-58 (Gode-West Series)
The following profile was examined 400 north of IP13 in
Mapping Unit A223. The location of the pit is in a flat area with very
small scattered sinkholes. The vegetation consists of scattered grass
bunches and a few scattered bushesColor notation is given according to the Munsell Soil Color
Charts.
Over
burden

10-0 cm

dark brown (10 YR 4/3) dry and (10 YR 3/3)
moist fine sandy loam; single grain; loose
when dry and friable when moist; clear smooth
boundary.

A/C

0-42 cm

yellowish brown (10 YR 5/4) dry and dark brown
(10 YR 4/3) moist, with few very dark grayish
brown (10 YR 3/2) mottles clay loam; weak to
moderate fine to medium subangular blocky;
cracks upto 3 cm width, moderately developed
slickensides, getting coarse with increasing
depth; slightly hard when dry and friable
when moist; many micro pores; calcaroues;
common fine and very fine roots; gradual
smooth boundary; pH 7.3; EC-Sat. paste 0.83 mS.
(Sample S-58.I)

CI

42-77 cm

very dark grayish brown (10 YR 3/2) dry, with
dark brown (10 YR 4/3) spots increasing with
depth and dark brown (10 YR 3/3) moist, with
faint to clear yellowish red (5 YR 4/6)
mottles increasing with depth, clay; weak
subangular blocky; slickensides; cracks upto
3 cm wide; slightly hard when dry and firm when
moist; common, micropores; calcareous; common
very fine roots; gradual boundary; pH 7.4;
EC-Sat. paste 1.80 mS.
(Sample S-58.II)

C2

77-80 cm

dark yellowish brown (10 YR 3/4) moist, clay;
weak coarse subangular blocky, breaking into
fine crumbs; cracks upto 3 cm wide, moderately
developed slickensides; firm to slightly hard
when dry and firm when moist; many micro
pores; calcareous; very few (< 1 % by volume)
powdery gypsum; few very fine roots; abrupt
smooth boundary.

IIC3

80-100 cm

strong brown (7.5 YR 5/6) dry and brown
(7.5 YR 4/4) moist, with very faint rusty
mottles loam; massive to weak coarse prismatic;
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soft when dry and friable when moist; many
very fine pores; calcareous; < 1 % (by
volume) powdery gyspum; gradual boundary;
pH 7.3; EC-Sat. paste 2.59 mS.
(Sample S-58.III)
IIIC4

100-135 cm

brown (7.5 YR 4/4) dry and moist, with
strong brown (7.5 YR) mottles decreasing
with depth, loam; massive very firm when
moist; common very fine and micro pores;
calcareous; < 1 % (by volume) powdery gypsum;
pH 7.4; EC-Sat. paste 6.35 mS.
(Sample S-58.IV)

f
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ANALYTICAL LABORATORY RESULTS
Profile S-58 (Mapping Unit A223)
LABORATORY NO.
Depth (cm)
TEXTURE
total sand %
silt
%
%

clay

texture class

LABORATORY TEST DATA

58.1
0-42

58.2
42-77

58.3
80-100

58.4
100-135

20.40
49.45
30.15
CL

15.00
36.25
48.75
C

38.05
45.20
16.75
L

30.17
44.65
25.18
L

7.3
7.1

7.4
7.2

7.3
7.2

7.4
7.1

0.83

1.8

2.59

6.35

51.20
3.01
0.832
1.760
56.802

61.20
4.00
0.640
1.540
67.38

71.00
3.75
1.152
4.840
80.742

3.40

5.50

10.85

BULK DENSITY
pore volume %
pH-HzO
pH KCl

1 2 5
1 :2 ,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
50.70
exch. Mg
3.20
exch. K
0.864
0.924
exch. Na
Sum C<ations
55.688
% Base sat (CEC)
1.96

SAR
CaCOs %

OC
N

%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

20.06
0.669
0.042

20.46
0.689
0.056

13.64
0.1667
0.014

16.37
0.30
0.028

47.20

51.80

28.00

44.60

3.612
0.208
9.20
5.60

Ca^;
Sum cations
CO32'
HCO2'
Cl"
SO42'
Sum anios
Adj SAR

4.00
0.90
11.00
0.24

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

250
0.50

32.68
0.494
8.80
2.00
8.00
2.25
34.00
0.12
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Gode-West-Series: Mollic variant
The following profiles only differ from the Gode-West series
by their dark brown topsoil color of the A-horizons, for which reason
they have been classified in the U.S. Soil Taxonomy system as fine
clayey, montmorillonitic (calcareous) Mollic Torrerts.
The following profile was examined about 1300 m North of
IP-10, in Mapping Unit A223.
Typical Profile: S-72 (Gode-West Series, Mollic variant)
Color notation according to Revised Standard Soil Colour
Charts.
Al

0-8/14 cm

dull yellow orange (10 YR 6/4) dry and dark
brown (10 YR 3/4) moist clay; moderate
medium to coarse subangular blocky; with
cracks upto 5 cm wide; slightly hard dry,
friable moist; few micro and very fine
pores; calcareous; many very fine, fine and
medium roots; gradual wavy boundary; pH 7.6;
EC-Sat. paste 0.79 mS.
(Sample S-72.I and pF core 2V7).

A/C

8/14-56 cm

dull yellowish brown (10 YR 4/3) dry and
dark brown (10 YR 3/3) moist with brownish
black (10 YR 3/2) spots increasing with
depth, silty clay loam; moderate coarse
subangular blocky subdividing into moderte
fine angular blocky; cracks 2-5 cm wide;
moderately well developed slickensides; hard
dry, friable moist; common micro-, very fine
and fine pores; calcareous; few very fine,
common fine and medium roots; clear smooth
boundary; pH 8.0; EC-Sat. paste 0.64 mS.
(Sample S-72.II and pF core 2V8).

CI

56-72 cm

dull yellow orange (10 YR 6/4) dry and dark
brown (10 YR 3/4) moist, with few medium
faint orange (7.5 YR 6/8) mottles, silty
clay loam; moderate fine to medium angular
blocky; with 2-3 cm wide cracks; slightly
hard dry, friable to firm moist; few fine
and medium pores; calcareous; common very
fine, fine and medium roots; clear wavy
boundary; pH 8.0; EC-Sat. paste 0.72 mS.
(Sample S-72.III).

C2

72-84 cm

dull yellowish brown (10 YR 5/3) dry and
dark brown (10 YR 3/4) moist with few medium
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clear reddish brown (5 YR 4/8) and dull
yellow orange (10 YR 7/4) mottles, silty
clay; moderate fine to medium angular
blocky; cracks 1-2 cm wide; soft to slightly
hard dry, firm moist; few micro-, very fine
and fine pores; calcareous; common very fine
and fine roots; clear wavy boundary.
84-87/90 cm

bright yellowish brown (10 YR 7/6) dry and
brown (10 YR 4/6) moist, with few medium
faint bright yellowish brown (10 YR 6/8)
mottles, very fine sandy loam;
structureless; loose single grain, dry;
common micro pores; calcareous; common very
fine and fine roots; clear irregular
boundary.

87/90-97 cm

brownish black (10 YR 3/2) dry and
brown (7.5 YR 4/4) moist with many medium to
coarse clear bright reddish brown (5 YR 5/8)
mottles, clay; moderate fine to medium
angular blocky; slightly hard dry and moist;
many micropores; calcareous; common very
fine and fine roots; gradual wavy boundary.

97-103 cm

dull yellow orange (10 YR 6/3) dry and dark
brown (10 YR 3/3) moist, with many medium to
coarse clear bright reddish brown (5 YR 5/8)
and common fine faint bright yellowish brown
(10 YR 6/8) mottles, silty clay; weak medium
to coarse angular blocky; slightly hard dry,
firm moist; small cracks; many micropores;
calcareous; very few very fine (< 1 % by
volume) powdery gypsum; common very fine and
fine roots; gradual wavy boundary; pH 7.4;
EC-Sat. paste 3.40 mS.
(Sample S-72.IV).

103-120 cm

grayish yellow brown (10 YR 4/2) dry and
dark brown (10 YR 3/3) moist common bright
reddish brown (5 YR 5/8) and few orange
(7.5 YR 6/8) mottles, clay; moderate medium
to coarse angular blocky; slightly hard to
hard, moist and dry; common micropores;
calcareous; common very fine gypsum powder
(< 5 % by volume); distinct wavy boundary.

120-175 cm

dark brown (7.5 YR 3/3) dry and (7.5 YR 3/4)
moist, with common bright reddish brown
(5 YR 5/8) and orange (7.5 YR 6/8) mottles,
clay; almost massive; slightly hard to hard
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dry, firm moist; many micropores;
calcareous; common (< 5 % by volume) powdery
gypsiom.
Deep
augers

175-210 cm

yellowish brown (10 YR 5/6) dry and brown
(7.5 YR 4/6) moist fine sandy clay loam.

210-250 cm

brownish black (10 YR 3/2) dry and dark
brown (7.5 YR 3/4) moist over fine sandy
clay loam.

250-300 cm

dull yellow orange (10 YR 6/4) dry and brown
(7.5 YR 4/4) moist, very fine sandy clay loam.

I
Ca
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ANALYTICAL LABORATORY RESULTS
Profile S-72 (Mapping Unit A223)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

72.1 (2V7)
0-8/14

72.2 (2V8)
8/14-56

72.3
56-72

72.4
97-103

TEXTURE
total sand %
silt
%
clay
%
texture class

23.84
35.16
41.00
C

11.84
52.36
35.80
SiCL

7.80
54.20
38.00
SiCL

11.88
46.87
41.25
SiC

BULK DENSITY
pore voliune %

1.40
47

1.36
49

7.6
7.4

8.0
7.4

8.0
7.6

7.4
7.3

0.79

0.64

0.72

3.4

75.00
5.80
1.312
1.155
83.267

86.80
11.60
0.4992
1.20
100.0992

63.40
7.40
1.088
4.07
75.958

2.67

3.82

10.44

17.71
0.748
0.07

18.37
0.666
0.056

19.02
0.654
0.014

18.67
0.495
0.028

42.00

43.20

31.40

39.00

pH-HgO
pH KCl

1 :2 ,5
1 :2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
82.80
exch. Mg
2.40
exch. K
1.408
exch. Na
1.10
Sum Cations
87.708
% Base sat (CEC)
ESP
2.62
SAR
CaCOa
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

4.730
0.2132
23.20
8.00

Ca2+
Mg2"
Sum cations
CO32
HCOy
CI
SO42
Sum anions
Adj SAR

1.00
0.40
1.50
32.82

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

31.34
21.14
22.66

28.47
19.37
12.11

nil

nil

nil

100
0.20
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Typical Profile S-61 (Gode-West Series, Mollic variant)
The following profile was examined about 2.7 km N of IP 13 of
the irrigation scheme main canal in Mapping Unit A23. The site was in a
flat unit with moderately large sinkholes (80-100 cm diameter depth upto
1 m = class S2). Vegetation consist of scattered dry grasses. The profile
was covered by a sandy overburden of about 5 cm thickness.
Color notation is according to Revised Standard Soil Color
Charts.
Al

0-5 cm

brown (10 YR 4/4) moist and brown (7.5 YR 4/4)
dry sandy loam;loose single grain, dry;
many micro- and very fine pores; calcareous;
many very fine, fine and medium roots; clear
wavy boundary;

A/C

5-36 cm

dark brown (10 YR 3/4) moist and dull yellow
orange (10 YR 6/3) dry clay; weak, fine to medium
subangular blocky ; friable moist, slightly hard
dry; many micro pores; calcareous; few (< 5 %
by volume) small soft powdery gypsum; many
very fine, fine and medium, few coarse roots;
gradual boundary; pH 7.4; EC-Sat. paste 1.34 mS
(Sample No. S-61.I; pF core 1-V14).

CI

36-82 cm

dark brown (10 YR 3/4) moist and dull yellow
orange (10 YR 6/3) dry clay with small sandy
pockets (10 YR 7/6); moderate fine to medium
subangular blocky; cracks of 2-5 cm width;
firm moist, hard dry; few micropores; calcareous;
few (2 % by voliame) small powdery gypsum; few
fine, and very fine roots; pH 7.6 EC-Sat.
paste 1.60 mS.
(Sample No. S-61.II; pF core 1-V15).

C2

82-106 cm

dark brown (10 YR 3/4) moist and (7.5 YR 3/3)
dry clay; massive to weak coarse subangular
blocky; weak slickensides; cracks upto 3 cm
wide; firm moist, extremely hard dry; calcareous;
very few (< 1 % by volume) fine powdery
gypsum; very few very fine, roots; pH 7.5;
EC-Sat. paste 1.90 mS.
(Sample No. S-61.III).
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C3

106-150+ cm

dark brown (10 YR 3/4) moist and (7.5 YR 3/3)
dry clay with small sandy pockets; weak coarse
prismatic to almost structureless massive;
moderately well developed slickensides;
cracks upto 2-3 cm wide; firm moist, hard
dry; calcareous; very few (< 1 % by volume)
very fine powdery gypsum; very few very fine
roots; pH 7.4; EC-Sat. paste 2.02 mS.
(Sample No. S-6l.IV).

Deep
augers

150-190 cm

dark brown (10 YR 3/4) moist and dry clay;
with about 1 % (by volume) fine powdery gypsum.

190-210 cm

dark brown (10 YR 3/3) moist and yellowish
brown (10 YR 5/6) dry very fine sandy clay
loam.

210-220 cm

brownish black (10 YR 2/2) moist and brown
(10 YR 4/6) dry clay.

220-260 cm

dark brown (10 YR 3/4) moist and dry clay.
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ANALYTICAL LABORATORY RESULTS
LABORATORY TEST DATA

Profile S-61 (Mapping Unit A23)
LABORATORY NO.
Depth (cm)

61.1 (IVIA) 61.2 (1V15)
5-36
36-82

61.3
82-106

61.4
106-150

TEXTURE
total sand %
silt
%
clay
%
texture class

20.16
30.17
49.67
C

20.92
29.08
50.00
C

18.92
17.08
64.00
C

14.92
15.08
70.00
C

BULK DENSITY
pore volume %

1.33
50

1.72
35

7.4
7.0

7.6
7.2

7.5
7.2

7.4
7.1

1.34

1.60

1.90

2.02

128.00
2.80
1.44
0.385
132.625

128.40
10.60
1.76
0.924
141.684

127.80
6.80
1.80
2.86
139.26

0.5

1.6

5.5

pH-HgO
pH KCl

1 :2 ,5
1 :2 ,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
107.14
exch. Ca
5.40
exch. Mg
1.12
exch. K
0.352
exch. Na
114.012
Sum Cations
% Base sat (CEC)
ESP
0.7
SAR
CaCOa
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
N|
K* ^

16.02
0.56
0.056

17.73
0.52
0.056

17.39
0.41
0.028

17.05
0.32
0.028

51.80

71.40

57.40

52.00
11.61
0.52
26.60
7.60

ca'I

Mg^-"
Sum cations
CO32"
HCO2"
Cl~
SO42"
Sum anions
Adj SAR

2.00
0.06
1.00
41.92
if

pF 2 5
pF 3 8
pF 4 2
Gypsum mg/1 (PPM)
CaS04 %

28.67
12.76
11.14

33.06
22.57
20.81

990
1.98

1120
2.24

790
1.58

780
1.56
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Typical Profile S-57 (Gode-West Series; Mollic variant)
The following profile was examined about 1.6 km N of IP 7 of
the irrigation scheme main canal in Mapping Unit A24. The site was in an
old river bed (direction NNW-SSE) that is bordered on both sides by
dunes of 1-2.5 m height. The profile was covered by a sandy overburden
of about 7-10 cm thick. Cracks were visible downwards to 1.5 m depth,
where they were upto 1 cm wide. Vegetation consist of dead grasses
covering about 30 % of the valley bottom surface.
Color notation is according to Revised Standard Soil Color
Charts.
A

0-12 cm

dark yellowish brown (10 YR 3/4) moist and dark
yellowish brown (10 YR 4/4) dry very fine
loam to clay loam; moderate fine and medium
subangular blocky; friable-firm moist,
slightly hard dry; many very fine pores;
calcareous; very few fine powdery gypsum;
many very fine, fine and medium roots;
gradual boundary; pH 7.8; EC-Sat paste 0.82 mS.
(Sample No. S-57.I).

AC

12-45 cm

dark brown (10 YR 3/3) moist and yellowish brown
(10 YR 5/4) dry clay loam; moderate medium
and coarse subangular blocky and platy; firm
moist, very hard dry; common very fine pores;
calcareous; few fine powdery gypsum; common
very fine and fine roots; gradual boundary pH
7.8; EC-Sat. paste 0.71 mS.
(Sample No. S-57.II).

CI

45-85 cm

(dark) brown (10 YR 4/3) clay loam;
extremely firm moist, extremely hard dry;
common micro pores; calcareous; few fine
powdery gypsum; few very fine and fine roots;
diffuse boundary pH 7.5; EC-Sat. paste 3.30 mS.
(Sample No. S-57.III).

C2

85-175 cm

(dark) brown (10 YR 4/3) moist and dark yellowish
brown (10 YR 3/4) dry clay with (10 YR 5/4)
loamy parts; moderate coarse platy; hard dry;
moderate slickensides; calcareous; few to
common fine powdery gjrpsum; pH 7.2; EC 7-Sat.
paste 7.20 mS.
(Sample No. S-57.IV).

Deep
auger

175-280 cm

as above, but with small pieces of charcoal
present in the deepest horizon.
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ANALYTICAL LABORATORY RESULTS
Profile S-57 (Mapping Unit A24)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

57.1
0-12

57.2
12-45

57.3
45-85

57.4
85-175

TEXTURE
total sand %
silt
%
clay
%
texture class

31.00
41.25
27.75
L/CL

28.20
35.00
36.80
CL

29.45
30.80
39.75
CL

26.05
35.45
38.50
CL

7.8
7.3

7.8
7.2

7.5
7.0

7.2
7.0

0.82

0.71

3.3

7.2

BULK DENSITY
pore volume %
PH-H2O
pH KCl

1:2,5
1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
97.00
7.60
exch. Mg
exch. K
1,728
0.550
exch. Na
106.878
Sum Cations
% Base sat (CEC)
ESP
1.13
SAR
CaCOa
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

79.20
5.20
1.216
2.750
88.366

75.14
4.60
1.08
6.49
87.31

3.42

5.88

13.81

19.78
0.621
0.07

19.44
0.616
0.056

19.10
0.544
0.056

18.41
0.585
0.056

48.80

48.20

46.80

47.00

97.20
6.40
1.25
1.65
106.50

ca^;
Sum cations
CO32"
HCO2
Cl"
SO42"
Sum anions
Adj SAR

3.354
0.182
8.00
3.40

19.35
0.338
24.00
10.20

.
-

14.50
0.12

5.00
0.100
44.56
1.46

nil

n£l

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

nil

nil
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Typical Profile: S-83 (Gode-West Series; Mollic variant)
The following profile was examined at BM 127 of the layout of
the irrigation scheme in Mapping Unit B31. The site was in a slightly
undulating unit with more than 75 cm deep gullies and many, large
sinkholes (class S3) in the areas between the gullies.
Color notation is given according to the Munsell Soil Color
Charts,
Al

0-20 cm

dark brown (10 YR 3.5/3) moist and dark yellowish
brown (10 YR 4/4) dry silty clay loam;
moderate fine and medium subangular blocky;
extremely hard dry; many micro and very fine
pores; calcareous; very few small powdery
gjT)Sum; common very fine and fine roots;
clear wavy boundary; pH 7.8; EC 2.14 mS.
(Sample No. S-83.I).

AC

20-60 cm

dark brown (10 YR 3/3) moist and dark yellowish
brown (10 YR 4/4) dry silty clay with common
medium and coarse distinct mottles (5 YR
5/6 dry); weak coarse subangular blocky; hard
dry; moderate slickensides and intersecting
planes; common micro and very fine pores;
calcareous; common fine powdery gypsum; few
very fine and fine roots; pH 7.8; EC 2.24 mS.
(Sample No. S-83.II).

CI

60-100 cm

dark brown (10 YR 3/3) moist and dark yellowish
brown (10 YR 3/4) dry clay with many medium
distinct clear mottles (5 YR 5/6 dry); almost
massive; extremely hard dry; well developed
slickensides and wedge-shape structural
elements; common micro and very fine pores;
calcareous; common fine powdery g3rpsum; no
roots observed; pH 8.0: EC 2.44 mS.
(Sample No. S-83.IV).

C2

100-150 cm

The description of this horizon is almost
similar to the one above; color of the clay
is dark brown (7.5 YR 3/4) to dark yellowish
brown (10 YR 3/4) with reddish slightly sandy
parts (5 YR 5/6).

Deep
auger

150-200+ cm

as above.

Analytical laboratory results; Not analysed.
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IMI SERIES
The Imi series are moderate deep loams over clays, mixed
(calcareous) T3rpic Torrifluvents in the U.S. Soil Taxonomy System.
They are deep, stratified moderately well drained soils that
are characteristically reddish brown to brown moderately deep loams over
dark brown (yellowish) to grayish brown clay loams or clays.
The lighter colored, moderately deep silt loam strata (with
20-25 % clay) show some lamination and are more or less abruptly
overlying hard cracking clay loams (with 30-36 % clay). Overall
structural development is weak to moderate and horizonation is weakly
defined.
Typical Profile S-91 (Imi Series)
The
the layout of
a flat coarse
series of the
25-30%).

following profile was examined about 300 m N of BM 128 at
the irrigation scheme in Mapping Unit B12. The site is in
loamy subunit in association with the clayey Gode-North
braided river plain. Vegetation is dry grasses (density

Color notation is of the Munsell Soil Color Charts.
A/C

0-20 cm

dark brown (7.5 YR 4/4) moist and light yellowish
brown (10 YR 6/4) dry silt loam;
moderate fine subangular blocky; friable
moist, soft dry; many fine and medium pores;
calcareous; no gjrpsuin observed; many very
fine, fine and medium roots; diffuse smooth
boundary; pH(H20)8.1; EC-Sat. paste 0.36 mS.
(Sample No. S-91.I; pF core 2-V19).

CI

20-56 cm

dark brown (7.5 YR 4/4) moist and light yellowish
brown (10 YR 6/4) dry silt loam with
some thin intercalated clay layers; weak to
moderate fine and medium subangular blocky;
friable moist, soft dry; many very fine and
fine pores; calcareous; very few small
powdery gypsum; many very fine and medium
roots; clear to abrupt smooth to wavy,
locally irregular boundary; pH (H20)8.1; EC-Sat.
paste 0.53 mS.
(Sample No. S-91.II; pF core 2-V20).

CII

56-80 cm

dark brown (7.,5 YR 4/4) moist and light yellowish
brown (10 YR 6/4) dry clay loam;
moderate fine and medium subangular blocky
mixed with fine angular blocky; friable
moist, soft to slightly hard dry; many very
fine and medium pores; calcareous; few

177

powdery gypsum; common very fine, fine and
medium roots; clear to abrupt wavy boundary;
pH(H20)8.8; EC-Sat. paste 1.53 mS.
(Sample No. S-91.III).
IIIC

80-140 cm

dark brown (10 YE 3/3) mixed moist clay loam
with lighter more sandy parts; common fine clear
rusty mottling (5 YR 4/8); weak medium and
coarse subangular blocky subdividing into
very fine angular blocky; very hard to
extremely hard dry; many micro pores; few
powdery gypsum and crystal gypsum; few very
fine and fine roots; pH(H20)8.1; EC-Sat. paste
1.64 mS.
(Sample No. S-91.IV).

Deep
augers

140-175 cm

As above, dark brown (10 YR 3/3) moist,
clay loam

175-230 cm

Brown (7.5 YR 4/4) moist clay, with
5 % (by volume) powdery gypsum

230-380 cm

As above brown (7.5 YR 4/4) moist with
common medium to coarse distinct reddish brown
(5 YR 5/7) mottles, clay with 2-5 % powdery
gypsum increasing with depth to 10 %.

380-450 cm

dull brown (7.5 YR 5/4) moist clay, with
common medium and fine grayish yellow brown
(10 YR 4/2) and dark grayish yellow (25 YR 4/2)
mottles; soft powdery gypsum (7-10 % by
volume).
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ANALYTICAL LABORATORY RESULTS
Profile S-91 (:Mapp:Lng Unit B12)

LABORATORY TEST DATA

LABORATORY NO
Depth (cm)

91.1 (2V19)
0-20

91.2 (2V20)
20-56

91.3
56-80

91.4
80-140

TEXTURE
total sand %
silt
%
clay
%
texture class

23.65
56.00
21.35
Sil

27.90
50.25
21.85
Sil

20.80
46.15
33.05
CL

24.00
40.25
35.75
CL

BULK DENSITY
pore volume %

1.17
56

1.23
54

8.1
7.7

8.1
7.7

8.8
7.7

8.1
7.8

0.36

0.53

1.53

1.64

97.20
6.40
0.61
0.528

131.0
3.4
0.72
0.836

125.6
12.8
1.01
6.38

1.76

1.72

11.89

16.02
0.651
0.056

15.29
0.421
0.042

15.47
0.211
0.07

17.11
0.10
0.14

38.00

30.00

48.80

53.80

25.44
15.70
12.45

19.86
10.10
8.25

nil

nil

PH-H2O
pH KCl

1 :2.5
1 :2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
103.6
exch. Mg
4.8
exch. K
1.98
exch. Na
0.418
Sum Cations
% Base sat (CEC)
ESP
1.11
SAR
CaCOa
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

rCa' .
Mg2-'
Sum cations
CO32
HCOj
CI
SO42
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

780
1.52

nil
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Range of characteristics
a. Profile characteristics; The series is deep, moderately well drained.
The Moderately deep loamy topsoil textures contain 20-25 % clay and
are characteristically reddish brown to brown in color overlying dark
(yellowish) brown clay loams or clays. The loamy topsoil strata show
fine sedimentary laminations.
Structural development is usually weak to moderate very fine to fine
subangular blocky. Reaction range is moderately alkaline
(pH (H20)7.8-8.1). They are non-saline (ES-Sat. Paste < 2 mS) and
non-alkaline (ESP(CEC) less than 12 % ) .
They are calcareous throughout (14-26 % CaCos) and slightly
gypsiferous (1.5-2.35 % CaSo4 (by weight)).
b. Environmental characteristics: The soil occurs in the nearby level to
slightly convex streambeds of the braided riverplain of the
B-landtype and appears to be derived exclusively from the coarser
textured tributary deposits under a scattered grass vegetation.
Distribution and Extent
The soil is restricted to the coarser streambed deposits of
the braided riverplain (B-landtype). It occupies about 15 % of the
Bll unit, about 75 % of the B12 unit, about 10 % of the B21 unit, about
25 % of the B22 unit, about 10 % of the B31 unit, about 5 % of the
B321 unit and about 60 % of the B322 unit.
Associated soils
Soils of the Imi series are associated with the very fine
cracking clays of the Gode-North series. The abrupt textural change or
contact between these two series is a characteristic feature in braided
riverdeposits. The Imi series occur on a slightly higher convex
topographic streambed ridges which can be easily observed in the field
and on the aerial photographs, but they are usually too narrow to be
individually mapped.
Similar soils
These soils are similar to the Ididole series. Soils of the
Ididole series are usually somewhat coarser textured and often
characterized by a moderately deep abrupt textural change (upto 20 % of
clay in the topsoil and 42-60 % clay abruptly below), and they have been
developed on Wabi Shebelle floodplain deposits.
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Other Representative Profiles: S-95, below.
Typical profile S-95 (Imi series)
The following profile is examined about 1.1 km north of S-94
in Mapping Unit B31. The location of the pit is in a flat area with
locally slightly elevated ridges and an irregular micro-topography with
large sinkholes. The vegetation consists of a few small bush and very
few small acacia trees; further these land is almost bare.
Color notation is given in accordance to the Munsell Soil
Color Charts.
A/C

0-20/22 cm

brown (7.5 YR 4/4) dry and mixed and
reddish brown (5 YR 4/4) moist, clay;
structureless to weak very fine to fine
granular; loose when dry and very friable
when moist, 2-3% by volume powdery
gypsum, many very fine to fine and few
medium roots; clear wavy boundary; pH 7.8;
EC-Sat. paste 1.20 mS.
(Sample S-95.I)

CI

20/22-40/70 cm

reddish brown (2.5 YR 5.5/4) dry and
brown (7.5 YR 4/3) moist silt few fine
and faint rusty mottles loam with; weak very
fine to fine subangular blocky; soft when
dry and very friable when moist; common
very fine to fine pores; 2-3% (by volume)
gypsum; many very fine and fine and few
medium roots; clear irrigular and broken
boundary; pH 7.8; EC-Sat. paste 1.30 mS.
(Sample S-95.II)

C2(cs)

40/70-60/80 cm

brown (7.5 YR 4/3) dry and dark brown
(7.5 YR 3/3) moist silty clay loam, with
common fine to medium distinct yellowish
red (5 YR 5/8) and reddish yellow (7.5 YR 6/8)
mottles; fine to medium angluar blocky;
soft to slightly hard when dry and firm
when moist; many micro, very fine and
fine pores; 5 - 10% (by volume) gj^sum;
very few, very fine roots; abrupt
irrigular and broken boundary; pH (H2O)
pF 7.9; EC-Sat. paste 1.70 mS.
(Sample S-95.Ill)

C3(cs)

60/80-120

brown (7.5 YR 4/3) and reddish brown
(5 YR 5/4) dry clay loam, with few fine and
faint rusty mottles; very fine, fine and
medium angular blocky; slightly hard when
dry and firm when moist; few very fine
and fine pores; 5-10 % (by volume) very
fine powdery gypsum; pH(H20)7.9; EC-Sat.
paste 1.80 mS.
(Sample S-95.IV)
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ANALYTICAL LABORATORY RESULTS
Profile S-91 (Mapp:Lng Unit B31)

LABORATORY TEST DATA

95.4
95.2
95.3
95.1
0-20/22 20/22-40/70 40/70-60/80
60/80-•120

LABORATORY NO.
Depth (cm)
TEXTURE
total sand %
silt
%
clay
%
texture class

17.80
36.00
46.20

C

19.85
62.00
18.15
Sil

19.50
50.00
30.50
S icl

27.75
40.25
33.00

CL

BULK DENSITY
pore volume %

1 2 ,5
1 2 ,5

PH-H2O
pH KCl
EC-Sat. paste

7.8
7.6

7.8
7.5

7.9
7.6

7.9
7.6

1.20

1.30

1.70

1.80

211.00
24.0
0.691
.418
236.109

168.6
8.00
4.224
1.43
183.254

173.6
5.80
1.600
2.20
183.20

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
132
exch. Mg
7.6
exch. K
3.456
exch. Na
.418
Sum Cations
143.474
% Base sat (CEC)
ESP
SAR
CaCOs
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

26,21

13.83

.51

.30

0.168

0.028

45.00

74.80

16.02

124
0.028

17.29
0.11
0.056

69.00

79.20

1115
2.20

1140
2.35

- :

Mg2^
Sum cations
CO32"
HC02~
Cl"
8042"
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

850
1.48 %
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SHEBELLE SERIES
The Shebelle series are clayey, montmorillonitic (calcareous)
Vertic Torrifluvents in the U.S. Soil Taxonomy system.
They are moderately deep to deep, stratified clayey soils,
often overlying lighter textured strata. They are moderately well to
imperfectly drained soils and are characteristically dark brown in
color,
usually with common medium faint or distinct yellow orange mottles below
20 cm becoming more clear with depth. They usually have such vertic
features as cracks and slickensides. They often have a 3-5 mm thick
crust on the surface. Structural development is weak to moderate and
pedogenic horizonation is ill defined.
Typical Profile S-71 (Shebelle Series)
The following profile was examined 450 m south and 850 m west
of BM114 in Mapping Unit A221. The location of the pit is in a flat surface
with scattered dry shrubs.
Color notation is given according to the Revised Standard Soil
Color Charts.
Al

0-17/20 cm

dull yellowish brown (10 YR 5/4) dry and dark
brown (10 YR 3/4) moist silt loam; moderate,
fine to medium angular blocky; soft to hard,
dry, friable, moist; many micro and very fine
pores; calcareous; common very fine and medium
roots; clear wavy boundary; pH 7.5; EC-Sat.
paste 1.04 mS.
(Sample S-71.I; pF core 2-V9).

A/C

17/20-32/42 cm

dull yellowish brown (10 YR 5/3) dry and dark
brown (10 YR 3/4) moist with common, medium
distinct yellow orange (7.5 YR 7/8) mottles,
silty clay loam with thin stratifications;
moderate, fine and medium subangular blocky;
soft to slightly hard dry and firm moist; with
cracks (1 cm wide); many micro and very fine
pores; calcareous, few very fine powdery
gypsum (< 2 % by volume); few, very fine, fine
and medium roots; gradual smooth boundary;
pH 7.5; EC-Sat. paste 1.54 mS.
(Sample S-71.II; pF core 2-VlO).

CI

32/42-63 cm

dull yellowish brown (10 YR 5/3) dry and dark
brown (10 YR 3/3) moist with many medium
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distinct bright reddish brown (5 YR 5/8)
mottles, silty clay loam; almost massive; hard
dry and firm moist; many micro and very fine
pores; calcareous; very few, very fine powdery
gypsum (< 1 % by volume); very few, very fine
and medium roots diffuse boundary; pH 7.4;
EC-Sat. paste 1.93 mS.
(Sample S-71.III).
C2

63-84 cm

brownish black (10 YR 3/2) dry and dark brown
(10 YR 3/4) moist with few fine distinct
yellow orange (7.5 YR 7/8) and reddish brown
(5 YR 4/8) mottles, silty clay loam; with fine
stratifications; moderate, fine and medium
angular blocky; with moderately well developed
slickensides and cracks (< 1 cm wide); hard
dry and moist; many micropores; calcareous;
very few, very fine and fine roots; gradual
smooth boundary; pH 7.5; EC-Sat. paste 1.88 mS.
(Sample S-71.IV).

C3

84-120 cm

grayish yellow brown (10 YR 4/2) dry and dark
brown (10 YR 3/3) moist with common clear
reddish brown (5 YR 4/8) mottles, clay; strong
medium to coarse angular blocky; hard dry and
moist; with moderate cracks (< 1 cm wide); few
to common micro and very fine pores;
calcareous; very few gypsum powder; very few
very fine and fine roots; clear smooth
boundary.

C4

120-125 cm

brown (7.5 YR 4/3) dry and (10 YR 4/6) moist,
with many medium, distinct reddish brown
(5 YR 4/8) mottles, clay; moderate fine and
medium angular blocky; hard, dry and moist;
common micro and very fine pores; calcareous;
very few very fine gypsum powder (< 1 % by
volume); clear smooth boundary.

C5

125-144 cm

brownish black (10 YR 2/2) dry and dull
yellowish brown (10 YR 4/3) moist, with many
fine distinct reddish brown (5 YR 4/8)
mottles, clay; moderate fine and medium
angular blocky; hard dry and moist; common
micropores; calcareous; very few very fine
gjrpsum powder (< 1 % by volume); gradual wavy
boundary.

C6

144-170 cm

dark brown (7.5 YR 3/3) dry and brown
(10 YR 4/4) moist with few fine faint bright
brown (7.5 YR 5/8) mottles clay; almost
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massive; hard dry, firm moist; many
micropores; calcareous; few sugary gypsum
crystals (< 5 % by volume); very few roots;
Deep
auger

170-300 cm

as above.
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ANALYTICAL LABORATORY RESULTS
Profile S-71 ([Mapp:Lng Unit A221)

LABORATORY TEST DATA

LABORATORY NO,
Depth (cm)

71.1 (2V9)
0-17/20

71.2 (2V10) 71.3
17/20-32/42 32/42-•63

71.4
63-84

TEXTURE
total sand %
silt
%
clay
%
texture class

12.10
67.75
20.15
SiL

9.84
60.56
29.60
SiCl

7.80
58.20
34.00
SiCl

7.12
54.13
38.75
SiCl

BULK DENSITY
pore volume %

1.31
51

1.35
49

7.5
7.2

7.5
7.1

7.4
7.2

7.5
7.3

1.04

1.54

1.93

1.88

75.00
5.80
0.640
1.540
82.98

75.80
8.00
0.608
1.760
86.168

86.00
4.00
1.024
2.640
93.664

3.97

5.53

6.50

PH-H2O
pH KCl

1;:2,5
1::2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
exch. Ca
70.00
exch. Mg
2.00
exch. K
0.589
exch. Na
0.990
Sum Cations
73.579
% Base sat (CEC)
ESP
2.61
SAR
CaCOa %
OC
%
N
%

19.68
0.843
0.056

20.01
0.678
0.056

18.37
0.500
0.028

21.32
0.495
0.042

CEC (meq/100 g soils)
Soluble Salts (meq/e)
N,

38.00

38.80

31.80

40.60

27.82
15.96
15.31

29.21
20.87
18.89

ca^;
Sum cations
COs^'
HCOg'
Cl"
SO42"
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

285
0.57
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Range of Characteristics
a. Profile characteristics: The series is deep, moderately well to
imperfedtly drained. The profile is intensly stratified and
moderately deep to deep predominantly clayey (with 30-65 % clays)
often abruptly overlying predominantly coarser textured strata of
loams or sands. Colors range from 10 YR to 75 YR with values 3-4 and
chormas 3-6 (= Dark brown). Faint to distinct mottles are usually
common and clear to distinct yellow organge, below 20 cm depth.
Vertic features such as cracks and slickensides usally occur, and
structural development is weak to moderate fine to medium (sub)
angular blocky in the topsoil and weak medium to coarse or
structureless massive below. Reaction range is usally very mildly to
mildly alkaline (pH/HaO) from 7.4-7.8). They are non-saline (EC Sat.
paste usually less than 2 m.S) and non-alkaline (ESP/CEC) less than
15 % ) . They are calcareous throughout (16-21 % CaCOs) and locally very
slightly gypsiferous (0.36-0.57 % CaS04, by weight).
b. Environmental characteristics: The soil occurs only in the A-land
type, in almost all units outside the levees and are crevasse splays.
They mainly occur at the lower levee slopes towards the low lying
bassins. Here very shallow and shallow loamy topsoil types are often
transitional stages towards the more purely clayey Shebelle soils.
They are usually covered by grass and some low shrubs on the loamy
overburden sites.
Distribution and Extent
The soil is restricted to the A landtjrpe, mostly excluding the
All units. It occupies only about 15 % of the A112 unit, 30 % of the
A113 unit and about 15 % of the A114 unit. It dominates with 55 % the
A122 unit and it occupies only 30 % of the A131 unit and 35 % of the
A132 and the A133 unit. It dominates with about 75 % the A134 unit and
with 65 % the A211 unit, with 70 % the A212 and with 100 % the
A213 unit.
It futher occurs in the A141 unit with 15 %, in the A221 unit with 20 %
and in the A222, the A223 and the A24 unit with 10 % each.
Associated soils
Soils of the Shebelle series are associated with the Gode-West
and the Ididole series. They differ from the Gode-West series by means
of their stratification and incomplete vertic characteristics, while
the Ididole series are coarser textured and better drained. The Gode-West
series are located more in the lower alluvial basins and the Ididole
series more on the slightly higher levies and crevasse splays.
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Similar Soils
They are very similar to the Gode-West soils, apart from their
sedimentary stratification and/or lack of vertic characteristics. They
are also rather similar to the Ididole series, but the latter one is
characterised by moderately deep to deep coarses textures (9-28 % clay)
abrubtly overlying fine textures.

Other Representative Profiles:
S-64, S-65, S-77, S-81 and S-59 and S56 (shallow loamy topsoil
types) and S-66, S-68, S-52 (moderately deep clay over loam phase) and
S-76, S-86, S-62 and S-63 (non-vertic variant). All are described in the
following pages.
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Typical profile S-64 (Shebelle Series)
The following profile was examined about 800 m north of S-63
in Mapping Unit A212. The location of the pit is in a flat area, with a
vegetation of scattered grass and locally small bushes.
Color notation is given according to the Revised Standard Soil
Color Charts.
Al

0-17 cm

dull yellowish brown (10 YR 5/4) dry, and
brown (7.5 YR 4/3) moist, few fine and faint
mottles; silty clay loam; weak very fine to
fine subangular blocky; soft when dry and very
friable when moist; few very fine pores;
strongly calcareous; very few powdery gyspum;
very few fine roots, abrupt smooth boundary.
(Sample S-64.I; pF core I-V19)

IIA/C

17-63 cm

dull brown (7.5 YR 5/4) dry and brown
(7.5 YR 4/4) moist, silt loam with many, very
small muscovites; weak fine to medium
subangular blocky; soft when dry and very
friable when moist; few very fine to fine
pores; strongly calcareous; few powdery gypsum
(<1 % by volume); few fine to medium roots;
abrupt smooth boundary.
(Sample S-64.II; pF core 1.V20)

IIICl

63-71

dull yellow orange (10 YR 6/4) dry and brown
(7.5 YR 4/4) moist, common medium to coarse
distinct bright brown (7.5 YR 5/8) mottling
clay; weak fine to very fine subangular
blocky; cracks; hard when dry and very friable
when moist; few micro to very fine pores;
strongly calcareous; few powdery gypsum (< 1 %
by volume); very few fine roots; abrupt and
smooth boundary.

IVC2

71-94 cm

brown (10 YR 4/6) dry and (7.5 YR 4/4) moist,
few fine and faint reddish mottles; silty clay
loam with many very small muscovites; weak to
moderate medium subangular blocky; soft when
dry and very firable when moist; few very fine
to fine pores; strongly calcareous; few
powdery gypsum (< 1 % by volume); very few
very fine roots; abrupt and smooth boundary.
(Sample S-64.Ill)

VC3

94-150 cm

dull brown (7-5 YR 5/3) dry, few fine and very
faint reddish mottles, clay; moderate medium
to coarse subangular blocky; cracks upto 2 cm
wide, moderately developed slickensides; hard
to very hard when dry; few very fine pores;
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calcareous; g5rpsum (1 % by volume); very few,
very fine roots;
(Sample S-64.IV)
Analytical laboratory results: Not available, except for pF
and bulk density.

Depth (cm)
sample No.
pF 2.5
pF 3.8
pF 4.2
Bulk densities
Pore volume %

0-17 cm
(IVlO)

7-63 cm
(1V20)

34.17
20.23
18.10

33.17
19.49
13.64

1.33
50

1.25
53
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Typical Profile S-65 (Shebelle Series)
The following profile was examined at about 180 m N of 1P8 of
the irrigation scheme main canal in mapping Unit A122. The site is on a
slightly undulating crevasse splay in a small basin-like part surrounded
by small dunes (upto 0.5 m height) with a tree vegetation (acacia spp).
The profile was covered by windblown sandy deposits of 3-5 cm thickness.
Color notation is according to Revised Standard Soil Color
Charts.
Al

0-6 cm

(dark) brown (10 YR 3.5/4) moist and dull
yellowish brown (10 YR 5/4) dry silty clay
loam; very weak, very fine subangular blocky
to crumb; very friable moist, soft dry; common
very fine and fine pores, calcareous; very few
very fine soft powdery gjrpsum; common very
fine and fine roots; clear smooth boundary.

A/C

6-21 cm

brown (7.5 YR 4/3) moist and brown
(10 YR 4/3.5) dry mixed silty clay; weak fine
and medium subangular blocky; very friable
moist, soft to slightly hard dry; common very
fine and fine pores; calcareous; very few very
fine soft powdery g5rpsum; common very fine and
fine roots; clear smooth boundary; pH 8.7; EC
Sat. paste 0.14 mS.
(Sample No. S-65.I; pF core 1-V21).

CI

21-45 cm

brown (7.5 YR 4/3) moist and dull brown
(7.5 YR 5/4) dry mixed silty clay; weak medium
and coarse subangular blocky to platy wedgeshaped structural elements with very thin
lamination; very friable moist, slightly hard
dry; common very fine and fine roots; gradual
smooth boundary; pH 8.2; EC Sat. paste 0.78 mS.
(Sample No. S-65.II; pF core 1-V22).

C2

45-98 cm

brown (7.5 YR 4/3) moist mixed and grayish
brown (7.5 YR 4/2) dry dull orange
(7.5 YR 7/4) dry and few very fine faint
reddish mottled clay with more loamy parts;
moderate medium and coarse subangular blocky
to platy and wedge-shaped structural elements;
firm to very firm moist, slightly hard to hard
dry; few very fine and micro pores;
calcareous; very few very fine roots; abrupt
smooth boundary; pH 7.6; EC Sat. paste 3.31 mS.
(Sample No. S-65.III).

IIC3

98-132 cm

dull yellowish brown (10 YR 4/3) moist and
dull yellowish brown (10 YR 5/4) mixed dry,
few very fine faint reddish mottled silty clay
loam; weak medium subangular blocky with
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wedge-shaped structural elements; very friable
moist, slightly hard dry; few very fine pores;
calcareous; few fine soft powdery gypsum; very
few very fine roots; abrupt smooth boundary;
pH 7.7; EC Sat. paste 2.99 mS.
(Sample No. S-65.IV).
IIIC4

132-148 cm

brown (7.5 YR 4/3) moist and brown
(7.5 YR 4/4) dry with common fine to medium
faint and distinct 7.5 YR 5/8 mottled clay;
weak medium and coarse subangular blocky;
friable to firm moist, hard dry; few very fine
and micro pores; calcareous; few fine soft
powdery gypsum; abrupt smooth boundary.

C5

148-175+ cm

dull brown (7.5 YR 5/3) moist and dull yellow
orange (10 YR 7/3) dry with common fine and
medium distinct (5 3fR 5/8) mottled silty clay
loam; weak fine and medium subangular blocky;
very friably moist, slightly hard dry; few
very fine and fine pores; calcareous; very few
fine soft powdery gypsum.

Deep
auger

175-225 cm

Dull brown (7.5 YR 5/3) moist and light brown
(7.5 YR 6/4) dry with few fine and medium
distinct strong brown (7.5 YR 5/8) mottled
clay; calcareous; with < 1 % by volume fine
powdery gypsum.

225-250 cm

very dark greyish brown (10 YR 3/2) moist and
dark brown (10 YR 3/3) dry with few fine faint
reddish mottled clay; calcareous; very few
very fine soft powdery gypsum.

250-300 cm

brown (7.5 YR 4/3) moist and dry finely
mottled clay; calcareous; with about 5 % by
volume of soft powdery gyspum.

ANALYTICAL LABORATORY RESULTS: not analysed except for
pF values and bulk density.

Depth (cm)
Samples no.
(field capacity)
6.25 Bar
(permanent wilting
point)
Available water
Bulk density
Pore volume %

6-21
1V21

21-45
1-V22

pF 2.5
pF 3.8

31.15
19.35

32.74
20.30

pF 4.2

19.20
11.95

16.59
16.15

1.45

45

1.21

54
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Typical profile S-81 (Shebelle Series)
The following profile is examined 180 m east of IPIO in
mapping Unit A134. The location of the pit is in a flat alluvial area.
The area is almost bare only some grasses and very few scattered shrubs,
possibly an area cleared and levelled in earlier years.
Color notation is given according to the Munsell Soil Color
Charts,
All

0-5 cm

yellowish brown (10 YR 5/4) dry and dark
yellowish brown (10 YR 3/4) moist, loamy fine
sand; loose dry; many micropores; calcareous;
common very fine, fine and medium roots;
gradual smooth boundary.

A12

5-20/33 cm

yellowish brown (10 YR 5/4) dry and dark
yellowish brown (10 YR 3/4) moist, fine sandy
loam; weak fine to medium subangular blocky;
loose and soft when dry and very friable when
moist; common micro and very fine pores;
calcareous; common very fine and fine and few
medium roots; gradual and smooth boundary;
pH 8.7.
(Sample S-81.I)

A/C

20/33-56 cm

yellowish brown (10 YR 5/4) dry and dark
yellowish brown (10 YR 4/4) moist, clear
strong brown (7.5 YR 5/8), rusty mottling,
silty clay; weak fine to moderate platy;
sedimentary lamination; soft when dry and
friable when moist; common micro, very fine
and medium pores; calcareous; few fine roots;
clear smooth boundary; pH 8.4.
(Sample S-81.11)

CI

56-65 cm

brownish yellow (10 YR 6/8) dry and dark
yellowish brown (10 YR 3/4) moist, many clear
yellowish red (5 YR 5/8) and common faint
brownish yellow (10 YR 6/8) mottling, silty
clay; moderate fine to coarse subangular
blocky; hard when dry and friable to hard when
moist; common very fine to medium pores;
calcareous; crystaline and powdered gypsum;
clear smooth boundary; pH 7.7.
(Sample S-81.Ill)

C2

65-72 cm

brown (10 YR'5/3) dry and dark yellowish brown
(10 YR 4/4) moist, many clear brownish yellow
(10 YR 6/6) and common clear yellowish red
(5 YR 4/8) mottling clay; moderate medium to
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coarse angular blocky; hard when dry and firm
to hard when moist; common very fine to medium
pores; calcareous; common powdered gjrpsum;
clear wavy boundary.
light yellowish brown (10 YR 6/4) dry and dark
yellowish brown (10 YR A/6) silty clay loam
with many very fine muscovites and very few
shell fragments; weak fine to medium angular
blocky; slightly hard when dry and friable
when moist; common micro, fine and medium
pores; calcareous; clear smooth boundary.
yellowish brown (10 YR 5/4) dry and dark
yellowish brown (10 YR 4/4) moist, common
clear brownish yellow (10 YR 6/8) mottles,
fine sandy loam; weak fine to medium
subangular blocky with sedimentary lamination;
loose and soft when dry and friable when
moist; few coarse pores; calcareous; clear
wavy boundary.
yellowish brown (10 YR 5/4) dry and dark
yellowish brown (10 YR 3/4) moist, common
clear yellowish red (5 YR 4/8) and few faint
yellow (10 YR 7/8) mottles, silty clay loam;
weak medium to coarse angular blocky; slightly
hard when dry and friable when moist; many
coarse and few micro to fine pores;
calcareous; clear wavy boundary.
light yellowish brown (10 YR 6/4) dry and dark
yellowish brown (10 YR 4/6) moist, loamy fine
sand with very few very fine shell fragments
and common fine muscovites; loose when dry;
clear wavy boundary.
light yellowish brown (10 YR 6/4) dry and dark
yellowish brown (10 YR 4/6) moist, many clear
strong brown (7.5 YR 5/8), common clear very
dark gray (7.5 YR 3/1) and faint yellow
(10 YR 7/8) mottles, clay; weak fine to coarse
angular blocky; cracks 0.5 cm wide; soft when
dry and firm to hard when moist; many coarse
and common very fine and fine pores;
calcareous; very few powdered gypsum; gradual
smooth boundary.
black (10 YR 2/2) dry and dark yellowish brown
(10 YR 3/4) moist, common clear strong brown
(7.5 YR 5/8) mottles, clay; weak fine to
coarse angular blocky; cracks 0.5 cm wide; few
coarse and few fine to very fine pores; hard

194

when dry and firm to hard when moist;
calcareous; many gypsum crystals; gradual
smooth boundary.
128-144 cm

strong brown (7.5 YR 3/3) dry and dark
yellowish brown (10 YR 4/4) moist, common
clear very dark grey (5 YR 3/1) and few clear
strong brown mottles (7.5 YR 5/8) clay;
moderate fine to coarse angular blocky; cracks
5 cm wide; hard when dry and moist; few coarse
pores; calcareous; common gypsum crystals;
gradual smooth boundary.

144-150 cm

brown (7.5 YR 4/4) dry and moist, common clear
dark bluish grey (5 YR 4/1) and many clear
strong brown (7.5 YR 5/8) mottles, clay;
moderate fine to coarse angular blocky; cracks
upto 5 cm wide; slightly hard to hard when dry
and firm to hard when moist; few coarse pores;
calcareous; gradual smooth boundary.

150-170 cm

dark brown (7.5 IfR 3/3) dry and dark yellowish
brown (10 YR 4/4) moist, many strong brown
(7.5 YR 5/8) mottles, clay with shell
fragments upto 5 cm; massive; hard when dry
and friable to hard when moist.

170-200 cm

brown to dark brown (7.5 YR 4/4) dry and moist
clay, common fine powdery gypsum nests.

200-260 cm

dark yellowish brown (10 YR 4/6) dry and brown
(7.5 YR 4/4) moist clay; with very few, very
fine muscovites.

260-300 cm

very pale brown (10 YR 7/4) dry and dark
yellowish brown (10 YR 4/4) moist, very fine
sandy clay.

Analytical laboratory results: not analysed
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Typical profile S-59 (Shebelle Series; shallow loamy topsoil
type)
The following profile was examined about 1750 m north of
I.P.13 in mapping Unit A134. The location of the pit is in a flat
landform with scattered longitudinal sinkhole remnants. The vegetation
consists of a scattered grass cover.
Color notation is given according to Munsell Soil Color
Charts.
A/C

0-14 cm

light yellowish brown (10 YR 6/4) dry and
brown (10 YR 4/3) moist loamy sand; loose
single grain; many micro pores; calcareous;
many, very fine and fine roots; clear smooth
boundary.

IICl

14-26 cm

pale brown (10 YR 6/3) dry and brown
(10 YR 4/3) moist common rusty mottled clay
loam; moderately fine subangular blocky;
slightly hard when dry and friably to firm
moist; many micropores; calcareous; many fine
and very fine roots; gradual boundary; pH 7.8;
EC-Sat. paste 0.98 mS.
(Sample S-59.I, pF core I-V12)

IIIC2

26-42 cm

brown (10 YR 4/3) moist, common clear rusty
mottles; sandy loam with very fine muscovites;
fine sedimentary laminations; soft, moist and
loose, dry; many micro pores; calcareous many
very fine roots; clear smooth boundary.

IV/Cl

42-70/85 cm

brown (10 YR 4/3) moist (and mixed) many clear
fine rusty reddish yellow mottles (7.5 YR 6/6)
clay; weak to moderate subangular blocky,
dividing in very fine angular crumbs; cracks
of 3 cm width; common micro porosity;
calcerous; few very fine and fine roots; clear
very irrigular boundary; pH 7.6; EC-Sat.
paste 0.85 mS.
(Sample S-59.II, pF core I-V13)

C2

70/85-105 cm

dark brown (10 YR 3/3) moist, many clear rusty
red mottles, (2.5 YR 4/8); silty clay loam;
almost massive; very hard when dry and very
firm when moist; cracks upto 3 cm wide; common
micro porosity; calcareous; 1 % (by volume)
powdery gjrpsum; common small very fine roots;
clear smooth boundary; pH 7.2; EC-Sat.
paste 2.34 mS.
(Sample S-59.Ill)
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105-134 cm

dark yellowish brown (10 YR 3/4) moist and
dry, clay; almost massive; very hard when dry
and hard when moist; cracks upto 3 cm width;
moderate slickensides; common micro pores;
calcareous; 1 % (by volume) gypsum powder;
very few very fine roots; abrupt smooth boundary;
pH 7.3; EC-Sat. paste 2.23 mS.
(Sample S-59.IV)

134-143 cm

light yellowish brown (10 YR 6/4) dry and
brown (7.5 YR 4/4) moist, common fine rusty
mottles, sandy clay loam; laminated
sedimentary structure; slightly hard when dry
and friable when moist; common fine pores;
calcareous very few very fine roots; clear
smooth boimdary.

143-200 cm

light yellowish brown (10 YR 6/4) dry and
brown (10 YR 4/4) moist, sand with very fine
muscovites; loose single grain; many
micropores; calcareous; few very fine roots.

Analytical laboratory results: (see next page).
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ANALYTICAL LABORATORY RESULTS
Profile S-59 (Mapping Unit A134)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

59.1 (1V12) 59.2 (1V13) 59.3
14-26
42-70/85
70/85-105

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

25.00
40.50
34.50

20.92
35.08
44.00

CL

C

1.30

BULK DENSITY
Pore volume %
PH-H2O
pH KCl

51
1:2.,5
1:2;»5

EC-Sat. paste

59.4
105-134

14.00
45.00
38.00
SiCL

20.00
38.00
42.00

C

1.61

39

7.8
7.2

7.6
7.4

7.2
7.0

7.3
7.1

0.98

0.85

2.34

2.23

56.20
3.01
0.864
0.715
60.789

56.80
3.62
1.12
2.31
63.85

58.00
3.54
1.184
0.682
63.406

1.59

3.77

1.09

20.46
0.538
0.028

13.64
0.829
0.056

17.39
0.470
0.042

45.00

61.20

62.60

8.60
0.25
7.00
7.80

9.89
0.312
86.60
8.00

2.00

2.00

2.50
34.65

6.50
40.15

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
53.00
Exch. Mg
2.70
Exch. K
0.74
Exch. Na
0.627
Sum C;ations
57.067
% Base sat (CEC)
1.62
ESP

SAR
CaCOs

OC
N

9.78
0.676
0.042

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na
K
Mg2+
Sum cations
CO32HCO2 0.34
Cl"
SO42"
Sum anions
Adj SAR

38.80

0.05

pF 2.5
pF 3.8
pF 4.2
Girpsum mg/1 (PPM)
CaS04 %

29.22
16.91
15.69

34.37
26.37
24.31
310
0.620

650
1.30
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Typical profile: S-56 (Shebelle series; shallow loamy topsoil
type)
The following profile was examined 800 m north of IP7 in
mapping Unit A223. The vegetation consists of scattered trees
and shrubs.
Color notation is given according to the Munsell soil color
charts.
5-0 cm

sandy overburden

Al

10-13 cm

yellowish brown (10 YR 5/5) dry and dark
yellowish brown (10 YR 3/4) moist, clay loam;
moderate fine to medium subangular blocky;
cracks upto 2 cm width; moderately well
developed slickensides; many very fine to fine
pores; strongly calcareous; gradual smooth
boundary pH 7.8; EC-Sat. paste 0.64 mS.
(Sample S-56.I, pF core 1-V9)

II A/C

13-50 cm

dark yellowish brown (10 YR 4/4) dry and
(10 YR 3/4) moist silty loam; weak to moderate
medium to coarse subangular blocky; moderately
developed slickensides; hard when dry and
friable to firm when moist; many micro and
very fine pores; strongly calcareous; very few
fine roots; gradual to smooth boundary;
pH 7.3; EC-Sat. paste 0,74 mS.
(Sample S-56.II, pF core 1-VlO)

IIICl

50-85 cm

yellowish brown and dark yellowish brown
(10 YR 5/4) and (10 YR 3/4) dry and brown
(10 YR 4/3) moist, mixed, clay loam; weak
coarse subangular blocky to platy; moderately
developed slickensides; hard when dry and
friable to firm when moist; many micro pores;
strongly calcareous, 17 % (by volume) powdery
gypsum increasing with depth; strongly
calcareous; diffuse boundary; pH 7.2; EC-Sat.
paste 5.42 mS.
(Sample S-56.Ill)

C2

85-90 cm

Dark yellowish brown (10 YR 3/4) dry and
(10 YR 4/4) moist mixed with faint dark
reddish brown (5 YR 3/4) and faint bluish
mottles clay; weak coarse angular blocky to
massive; pronounced slickensides; extremely
hard when dry and firm to hard when moist;
common micropores; calcareous; pH 7.3; EC-Sat.
paste 7.49 mS>
(Sample S-56.IV)

Deep
augers

170-210 cm

Dark yellowish brown (10 YR 3/4) diry clay as
above, with faint rusty mottles and dry few
(< 1 % by volume) powdery gypsum.
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ANALYTICAL LABORATORY RESULTS Profile S-56 (Mapping Unit A223)
LABORATORY TEST DATA
LABORATORY NO.
Depth (cm)

56.1 (1V9) 56.2 (IVIO) 56.3
0-13
13-50
50-85

56.4
85-170

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

21.60
40.15
38.25
CL

15.40
69.35
15.25
SiL

24.40
40.10
35.50
CL

20.75
38.05
41.20
C

BULK DENSITY
Pore volume %

1.63
38

1.62
39

7.8
7.2

7.3
7.0

7.2
7.2

7.3
7.1

0-64

0.74

5.42

7.49

72.00
4.00
1.216
1.485
78.701

68.17
3.20
1.120
8.800
81.290

51.50
4.10
0.99
12.65
69.24

3.06

15.02
0.669
0.07

pH-HgO
pH KCl

1:2 ,5
1:2,,5

''•'''• ^^^'^

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
68.26
Exch. Mg
3.40
Exch. K
0.640
Exch. Na
1.012
Sum Cations
73.312
% Base sat (CEC)
ESP
» -,
SAR
^'^^
CaCOa

%

on /^

N

%
^

°-^f
°-°7

0.628
0-07

48 00

Aft ^n
^^"^^

CEC (meq/100 g soils)
Soluble Salts (meq/e)
N|
r ^
Ca2"^
Mg2"^
Sum cations
HCOg"
Cl~
SO42Sum anions
Adj SAR
Pj 2.5
pF 3.8
pF 4.2

32.41
22.14
21.34

Gypsum mg/1 (PPM)
'^'^< "^

240
0 48

33.00
24 56
22.93

23.3
0.617
0.028

r„ .
58.60

54.20

19-35
0.208
30.40
10.00
1-50
0.45
37.00
20.05

35.11
0.255
12.60
6.40
0.40
0.05
53.50
2.61
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T3rpical Profile S-66 (Shebelle Series, mod. deep clayey
phase)
The following profile was examined at about 750 m N of S-65
(or 930 m N of IP8) in mapping unit A122. The site was on a level basin
like spot with scattered small hummocks on crevasse splay deposits. The
profile was covered by about 5 cm thick sandy overburden.
Color notation is according to Revised Standard Soil Color
Charts,
All

0-5 cm

brown (7.5 YR 4/3) moist and dull yellow
orange (10 YR 6/4) dry, silty clay loam with
many very fine muscovites; weak very fine and
fine subangular blocky; soft dry, friable
moist; few very fine and fine pores;
calcareous; common very fine and fine roots;
gradual smooth boundary.
(pF core 1-V23).

A12

5-20 cm

dull brown (7.5 YR 5/4) moist and (7.5 YR 5/3)
dry with few, very fine faint reddish mottled
silty clay; weak fine and medium subangular
blocky; hard dry, very friable moist; few very
fine pores; calcareous; < 5 % by volume soft
gypsum powder; common very fine and fine
roots; clear smooth boundary; pH 7.5; EC-Sat.
paste 2.02 mS.
(Sample S-66.I; pF core 1-V24).

A/C

20-45/50 cm

brownish black (7.5 YR 3/2) moist and greyish
dark brown and brown (7.5 YR 2/3 + 4/3) dry,
few very fine faint reddish mottled clay; weak
medium to coarse subangular blocky; hard dry,
very friable moist; few micro and very fine
pores; calcareous; < 5 % by volume soft
powdery gypsum; very few very fine and fine
roots; clear wavy boundary; pH 7.2; EC-Sat.
paste 9.96 mS.
(Sample S-66.II).

IICl

45/50-118 cm

brown (10 YR 4/3.5) moist and dull yellow
orange (10 YR 6/4) dry, silt loam with intercalated thin clay layers and very small
muscovites; weak single grain to almost
massive; soft to slightly hard dry, very
friable moist;.few very fine and fine pores;
calcareous; no roots; clear smooth boundary;
pH 7.4; EC-Sat. paste 3.82 mS.
(Sample S-66.III).
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IIICl

118-142 cm

dull brown (7.5 YR 5/4) moist and yellow
orange (10 YR 6/5) dry common, fine and
medium, faint to distinct (5 YR 5/8) mottled
silty clay loam to silty clay, with many very
fine muscovites; weak medium to coarse
subangular blocky; slightly hard dry, friable
to firm moist; few very fine and fine pores;
calcareous; clear smooth boundary; pH 7-5;
EC-Sat. paste 4.59 mS.
(Sample S-66.IV).

C2

142-190 cm

dull orange brown (10 YR 3/3) moist, and dull
yellowish brown (10 YR 5/4) dry, few fine
faint to distinct (5 YR 5/8) mottled silt
loams with many very fine muscovites;
structureless massive; slightly hard dry, very
friable moist; few very fine and fine pores;
calcareous.

Deep
auger

190-300 cm

dark brown (7.5 YR 3/3) moist and brown
(7.5 YR 3/4) dry, few fine, very faint reddish
mottles clay; massive; calcareous; < 1 % by
volume soft powdery gypsum.

Analytical laboratory results: (See next page).
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ANALYTICAL LABORATORY RESULTS
Profile S-66 ([Mapping Unit A122)
LABORATORY NO
Depth (cm)

(1V23)
0-5

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

66.1 (1V24) 66.2
5-20
20-45/50
14.00
45.00
41.00
SiC

BULK DENSITY
Pore volume %
PH-H2O
pH KCl

LABORATORY TEST DATA

1.35
49
1 2 ,5
1 2 ,5

EC-Sat. paste

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na
Ca^;
Sum cations
CO32"
HCO2
Cl"
5042"
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

30.99
13.53
13.00

66.4
118-142

12.00
31.00
57.00
C

30.00
52.92
17.08
SiL

12.00
48.00
40.00
SiCL/SiC

7.5
7.1

7.2
7.0

7.4
7.0

7.5
7.0

2.02

9.96

3.82

4.59

87.00
2.20
1.280
3.19
93.67

60.80
5.20
0.416
2.14
68.556

64.80
3.80
0.575
3.74
72.915

9.38

7.43

13.85

20.99
0.829
0.042

18.37
0.730
0.084

15.74
0.263
0.014

25.58
0.160
0.028

41.20

34.00

28.80

27.00

1.978
0.073
9.20
2.00

3.440
0.377
59.40
16.20

9.45
0.146
10.80
6.40

9.03
0.203
14.60
7.00

4.00
0.30
3.00
6.82

1.50
0.09
38.50
40.05

1.00
0.04
14.00
2.64

0.80
0.09
23.00
3.30

70
0.14

nil
nil

nil
nil

1.36
52

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
65.8
1.20
Exch. Mg
0.614
Exch. K
Exch. Na
2.01
Sum Cations
69.624
% Base sat (CEC)
ESP
4.88
SAR
CaCOs
OC
N

66.3
45/50-118

33.44
23.71
15.81
nil
nil
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Typical Profile: S-68 (Shebelle Series; moderately deep
clayey phase)
The following profile was examined about 2.5 km N of IP8 of
the irrigation scheme main canal in mapping Unit A132. The site was in a
level unit with locally small dunes (height upto 1 m) with some small
bush or dead shrubs. The profile was covered by a sandy overburden of
about 5 cm thickness.
Color notation according to Revised Standard Soil Color Chart.
A

0-8 cm

brown (7.5 YR 4/3.5) moist and brown
(7.5 YR 4/4) dry clay; structureless to very
weak fine and medium subangular blocky; very
friable moist, loose to soft dry ; calcareous;
very few very fine soft powdery gypsum; common
fine and medium roots; gradual smooth
boundary; pH 7.5; EC-Sat. paste 0.44 mS.
(Sample No. S-68.I; pF core 2-V2).

IICl

18-28 cm

brown (7.5 YR 4/3) moist and dull yellowish
brown, (10 YR 5/4) mixed dry, thinly
laminated, clay loam; weak fine subangular
blocky; very friable moist, soft dry;
calcareous; few very fine, and fine powdery
gypsum; few very fine, fine and medium roots,
clear smooth boundary; pH 7.7; EC-Sat.
paste 0.29 mS.
(Sample No. S-68.II; pF core 2-V16).

IIIC2

28-75 cm

dark brown (7.5 YR 3/3) moist and dry clay;
moderate fine and medium subangular blocky
with weakly developed slickensides and wedgeshaped structures; firm moist, hard dry;
calcareous; few fine soft powdery gypsum; very
few very fine and fine roots; abrupt wavy to
irregular boundary; pH 8.1; EC-Sat.
paste 0.61 mS.
(Sample No. S-68.III).

IVC3

75-140 cm

brown (7.5 YR 4/3) moist and dull brown
(7.5 YR 5/4) mixed dry, fine to medium faintly
and distinctly yellowish red (5 YR 5/8)
mottled silt loam; structureless massive; very
friable moist; soft dry; calcareous; no roots
observed; pH 7.5; EC Sat. paste 1.16 mS.
(Sample No. S-68.IV),

Deep
auger

140-300 cm

as above, with some intercalated clayey
layers.

204

ANALYTICAL LABORATORY RESULTS
Profile S-68 (Mapping Unit A132)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

68.1
0-8

68.2
8-28

68.3
28-75

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

28.00
24.50
47.50
C

26.60
43.40
30.00
CL

12.00
22.75
65.25
C

25.45
52.50
22.05
SiL

BULK DENSITY
Pore volume %

1.12
58

1.32
50

7.5
7.2

7.7
7.1

8.1
7.0

7.5
7.2

0.44

0.29

0.61

1.16

55.80
4.40
0.832
0.550
61.582

75.20
0.60
1.28
1.595
78.675

73.00
7.40
1.472
1.034
82.906

1.71

3.8

3.67

14.10

15.74

15.09

PH-H2O
pH KCl

1:2,5
1:2,5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
64.20
Exch. Mg
5.00
Exch. K
1.920
Exch. Na
0.440
Sum Cations
71.56
% Base sat (CEC)
ESP
1.06
SAR
CaCOs %
15.74
OC
%
0.55
N
%
0.042
CEC (meq/lOO g soils)
Soluble Salts (meq/e)

0.014

41.60

32.20

0.028
42.00

ü*
K
ca^:
Mg^-'
Sum cations
CO32HC02~
Cl"
S042'
Sum anions
Adj SAR

%
pF 2.5
pF 3.8
pF 4.2

Gypsum mg/1 (PPM)
CaS04 %

29.90
19.07
16.72

21.38
10.69
10.12

nil

nil

110
0.22

68.4
75-140

0.014
28.20
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Typical Profile: S-52 (Shebelle series, moderately deep
clayey phase)
The following profile was examined about 1200 m north and
400 m north-west of IPll in mapping Unit A223. The location of the soil
pit is in a flat area with very few scattered grasses.
Color notation according to Munsell Soil Color Charts.

Al

0-16 cm

brown (7.5 YR 5/3) dry and (10 YR 4/3) moist,
clay loam to clay; moderated to strong fine
subangular blocky; weakly developed
slickensides; cracks 0.5 cm wide; many micro
pores; strongly calcareous; common very fine
and fine roots; diffuse boundary; pH 8.0;
EC-Sat. paste 0.90 mS.
(Sample S-52, I, pF core 1-V2)

A3

16-45 cm

brown (10 YR 5/3) dry and dark brown
(10 YR 5/5) moist, rusty brown mottles
increasing depth clay loam; moderate fine and
medium subangular blocky; cracks 0-5 cm wide;
slightly hard dry, friable to firm, moist;
many micropores; calcareous; 2 % (by volume)
powdery gypsum; very few very fine roots;
gradual boundary; pH 7.2; EC-Sat.
paste 11.52 mS.
(Sample No. S-52.II; pF core 1-VII).

CI

45-56/62 cm

strong brown (7.5 YR 5/6) dry and dark
brown (7.5 YR 4/4) moist, with faint rusty
mottling; very fine sandy clay loam with few
muscovites; weak medium to coarse subangular
blocky; cracks 0.5 cm wide; common very fine
pores; friable to strongly hard when dry and
friable when moist; strongly calcareous;
gypsum, 7 % (by volume); clear wavy boundary.

IIC2

56/62-85 cm

light brown (7.5 YR 6/4) dry and dark brown
(7.5 YR 4/4) moist with common, faint rusty
mottles fine sandy clay loam to loam with many
muscovities; finely laminated; soft and loose
when dry; strongly calcareous; very few
powdery gj^sum; slightly wavy boundary;
pH 7.3; EC-Sat. paste 2.95 mS.
(Sample S-52 III)

C3

85-103 cm

light brown (7.5 YR 6/4) dry and dark brown
(7.5 YR 4/4) moist faint rusty mottling, fine
sandy clay loam with many muscovites;
laminated criss-cross stratification; strongly
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calcareous; very few powdery gypsiun; abrupt
smooth boundary.
IIIC4

103-160 cm

stratified layers of angular blocky loam, with
gypsum powder; interlayered with laminated
sandy loamy pockets; strong brown (7.5 YR 5/6)
dry and (7.5 YR 6/6) moist and more clayey
layers 4-6 cm thick sandy loam pockets upto
7 cm thick; all strongly calcareous; pH 7.2;
EC-Sat. paste 12.00 mS
(Sample S-52.IV).

2^1

ANALYTICAL LABORATORY RESULTS
Profile S-52 (Mapping Unit A223)

LABORATORY TEST DATA
52.4
103-160

LABORATORY NO.
Depth (cm)

52.1 (1V2)
0-16

52.2 (1V3)
16-45

52.3
56/62-85

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

23.44
36.56
40.00
CLIO.

28.35
36.40
35.25

48.12
27.13
24.75
SCL/L

33.72
46.50
19.75

BULK DENSITY
Pore volume %

52

PH-H2O
pH KCl

1.26

1:2,,5
1::2:,5

EC-Sat. paste

7.3
7.2

7.2
7.0

0.9

11.52

2.95

12.00

86.20
7.40
1.140
15.62
110.36

45.20
4.80
0.736
3.08
53.816

78.0
5.40
0.651
13.75
97.801

30.20

21.38

32.28

17.73
0.551
0.07

13.64
0.412
0.028

20.46
0.316
0.028

51.80

14.40

42.60

83.31
0.377
23.00
12.00

11.18
0.174
7.00
2.40

79.00
0.858
33.00
14.60

2.00
0.56
47.00
66.35

4.10
0.93
10.50
3.75

4.00
0.25
67.00
52.61

49.00

Sum cations
CO32HCO2"
Cl"
SO42"
Sum anions
Adj SAR

Gypsum mg/1 (PPM)
CaS04 %

1.71

35
7.2
7.0

ca^;

pF 2.5
pF 3.8
pF 4.2

L

8.0
7.2

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
85.00
5.20
Exch. Mg
1.216
Exch. K
Exch. Na
1.87
Sum Cations
93.286
% Base sat (CEC)
ESP
3.82
SAR
CaCOa %
19.10
OC
%
0.621
0.07
N
%
CEC (meq/100 g soils)
Soluble Salts (meq/e)

Z-L

35.76
24.51
21.48

35.16
23.23
21.21
430
0.86

300
0.60
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Typical profile S-76 (Shebelle series; non-vertic variant)
These soils are clayey, mixed (calcareous) Typic instead of
Vertic TorrifInvents, and have therefore been named Shebelle series
non-vertic variant.
The location of the pit is in a flat area, with some hummocks
upto 60 cm high in mapping Unit A132. The vegetation consists of open
acacia woodland, with some scattered shrubs and bushes.
Color notation is given according to the Munsell Soil Color
Charts.
Al

0-12 cm

dark yellowish brown (10 YR A/6) dry and
(10 YR 3/4) moist clay loam; structureless;
soft when dry and very friable when moist; few
very fine to fine pores; common very fine and
fine roots; gradual smooth and wavy boundary;
pH(H20)8.4; EC-Sat. paste 0.30 mS.
(Sample S-76.I)

A/C

12-25/30 cm

dark yellowish brown (10 YR 4/6) moist and
dark brown (7.5 YR 4/3) dry, clay; structureless; soft to slightly hard when dry and very
friable when moist; common very fine and fine
roots; clear wavy boundary; pH(H20)8.6;
EC-Sat. paste 0.21 mS.
(Sample S-76,II)

CI

25/30-70/75 cm

dark brown (7.5 YR 4/4) dry and (7.5 YR 4/3)
moist clay loam; weak to moderate coarse
subangular blocky; hard when dry and very
friable when moist; few soft powdery gjrpsum;
few fine cracks; few very fine and fine roots;
abrupt, wavy to irrgular boundary;
pH(H20)9.2; EC-Sat. paste 0.44 mS.
(Sample S-76.Ill)

lie

70/75-83 cm

light brown (7.5 YR 6/4) dry and brown
(7.5 YR 4.5/4) moist fine sandy loam with fine
clay laminations; structureles; slightly hard
when dry and very friable when moist; abrupt
wavy boundary; pH(H20)8.9; EC-Sat. paste
0.44 mS.
(Sample S-76.IV)

IIIC

83-98 cm

brown (7.5 YR 4.5/4) dry and dark brown
(7.5 YR 4/3) moi«t fine sandy loam with fine
clay laminations; structureless; slightly hard
when dry and very friable when moist; abrupt
wavy boundary.

IVC3

98-110 cm

pink (7.5 YR 7/4) dry and brown (7.5 YR 4.5/4)
loamy fine sand, finely stratified with clay
laminations; structureless; soft when diry and
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very friable when moist; clear smooth
boundary.
C4

110-122 cm

very pale brown (10 YR 7/4) dry and yellowish
brown (10 YR 5/4) moist loamy fine sand with
fine clay laminations; structureless; soft
when dry and very friable when moist; clear
smooth boundary.

C3

122-170 cm

very pale brown (10 YR 7/4) dry and yellowish
brown (10 YR 5/4) moist clay loam;
structureless; soft when dry and very firable
when moist.

Deep auger 170-200 cm
200-320 cm

reddish yellow (7.5 YR 6.5/6 moist clay loam.
Brown (7.5 YR 5/4) moist, clay loam.

Analytical laboratory results: (next page).
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ANALYTICAL LABORATORY RESULTS
Profile S-76 (Mapping Unit A132)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

76.1
0-12

76.2
12-25/30

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

37.85
32.00
30.15
CL

37.00
22.25
40.75
C

1.26

1.71

8,4
7.8
0.30

BULK DENSITY
Pore volume %
PH-H2O
pH KCl

1:2.5
1:2.5

EC-Sat. paste

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na
K .

76.4
70/75-83

40.00
22.00
38.00
CL

42.80
25.00
32.20
CL

8.6
7.8

9.2
8.0

8.9
7.9

0.21

0.44

0.44

110.20
3.60
2.752
0.418

97.60
5.80
2.240
3.520

85.60
2.40
1.088
1.452

1.493

15.172

11.524

13.58
0.380
0.014

13.76
0.373
0.042

13.76
0.321
0.028

9.79
nil
0.014

26.20

28.00

23.20

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
112.40
Exch. Mg
1.60
2.560
Exch. K
Exch. Na
0.440
Sum C ations
% Base sat (CEC)
ESP
1.679
SAR
CaCOa
OC
N

76.3
25/30-70/75

12.60

C^ +
Mg2^
Sum cations
COa^"
HCO2
Cl"
S042"
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

nil

nil

nil

nil
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Typical Profile: S-86 (Shebelle Series: non-vertic variant)
This tjrpical profile was examined about 3.6 km N of IP 13 of
the irrigation scheme main canal in mapping Unit A141. The site was in a
flat to gently undulating unit with moderately large sinkholes (diameter
80-100 cm; depth upto 1 m = sinkhole class S2). Vegetation consists of
scattered dry grasses, shrubs and some small trees on low hummocks.
Color notation is given according to Revised Standard Soil
Color Charts.

Al

0-10

brown (7.5 YR 4/4) moist and (10 YR 4/4) dry,
silty clay; weak fine subangular blocky; loose
dry; many micropores; calcareous; many very
fine, fine and medium roots; clear smooth
boundary; pH(H2=18.1; EC-Sat. paste 0.53 mS.
(Sample No. S-86.I).

A/C

10-23 cm

brown (7.5 YR 4/3.5) moist and brown
(10 YR 4/3) dry, clay; weak fine, medium and
coarse subangular blocky; friable moist, soft
dry; many very fine pores; calcareous; many
very fine and fine roots; gradual smooth
boundary; pH(H2=18.0; EC-Sat. paste 0.84 mS.
(Sample No. S-86.II).

IICl

23-65/70 cm

brown (7.5 YR 4/4) moist and dull orange
(10 YR 6/4) dry clay; moderate fine medium and
coarse subangular blocky; friable moist, soft
dry; many very fine and fine pores;
calcareous; common fine and medium roots;
abrupt wavy boundary; pH(H20)7.9; EC-Sat.
paste 1.18 mS.
(Sample No. S-86.Ill)

IIIC2

65/70-99 cm

brown (7.5 YR 4/6) moist and bright yellowish
brown, (10 YR 7/6) dry loamy sand with very
thin intercalations of clay; weak fine and
medium subangular blocky and very few fine
angular blocky; loose dry; calcareous; few
fine roots; clear wavy boundary; pH(H20)8.3;
EC-Sat. paste 0.11 mS.
(Sample No. S-86.IV).

C3

99-142 cm

brown (10 YR 4/6) moist and dull yellow orange
(10 YR 6/4) dry laminated loamy fine sand and
clay, weak moderate subangular blocky to
platy; friable moist; calcareous; few soft
powdery gypsum; few fine roots; clear sloping
boundary.

C4

142+ cm

to the right of the horizon described above
brown (7.5 YR 4/5) moist and
brown (7.5 YR 4/3) dry clay with few small
powdery gypsum.

Analytical laboratory results: (next page)
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ANALYTICAL LABORATORY RESULTS
Profile S-86 (Mapping Unit A141)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

86.1
0-10

86.2
10-23

86.3
23-65/70

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

17.90
42.00
40.10
SiC

26.00
28.00
46.00
C

23.75
20.00
56.25
C

30.50
30.75
38.75
CL

1.26

1.71

8.1
7.5

8.0
7.6

7.9
7.6

8.3
7.6

0.53

0.84

1.18

0.11

98.60
1.20
2.944
0.506

115.60
4.40
3.328
0.374

65.00
23.80
0.346
0.264

0.973

0.930

1.737

14.68
1.062
0.07

12.66
0.840
0.098

14.31
0.570
0.056

6.97
nil
0.028

32.40

52.00

40.20

BULK DENSITY
Pore volume %
pH-HgO
pH KCl

1 2 .5
1 .2 5

EC-Sat. paste

EXCHANGEABLE CATIONS (meq/100 g soil)
88.20
Exch. Ca
9.20
Exch. Mg
2.752
Exch. K
0.506
Exch. Na
Sum Cations
% Base sat (CEC)
ESP
1.562
SAR
CaCOs
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na
^ +
Ca^;
Mg2^
Sum cations
COa^"
HCO2
Cl"
SO42"
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

180
0.36

86.4
65/70-99

15.20
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Typical Profile: S-62 (Shebelle Series; non-vertic variant)
The following profile was examined about 2.4 km N of IP7 of
the irrigation scheme main canal in mapping Unit A211. The site was in a
level unit with locally very small and small dunes (height less than
0.5 m) with many dead bush. The profile was covered by a sandy
overburden of 3-5 cm thickness.
Color notation according to Revised Standard Soil Color
Charts.
Al

0-5 cm

brown (10 YR 3.5/4) moist and dull yellow
orange (10 YR 6/4) dry clay loam with very
few, very fine muscovites; weak very fine and
fine subangular blocky; friable moist,
slightly hard dry; calcareous; veiry few very
fine soft powdery gypsum; few fine and medium
roots; clear smooth boundary; pH 7.8; EC-Sat,
paste 0.68 mS.
(Sample No. S-62.I).

A3

5-24 cm

dark brown (10 YR 3/4) moist and dull
yellowish brown (10 YR 5/4) dry clay loam with
very few, very fine muscovites; weak very fine
and fine subangular blocky; very friable
moist, soft dry; calcareous; very few fine and
medium roots, abrupt smooth boundary; pH 7.8;
EC-Sat. paste 0.58 mS.
(Sample No. S-62.II; pF core 1-V16).

CI

24-54cm

brown (10 YR 4/4) moist and dull yellow orange
(10 YR 7/4) dry silt clay loam (darker more
clayey layers and less dark silt loam layers)
with common, very fine muscovites; very weak
very fine and fine subangular and angular
blocky easily breaking into structureless
loose material; very friable moist, soft dry;
calcareous; common small soft and hard
spherical and irregular white calcareous
nodules that are concentrated along a very
thin intercalated clay layer; very few small
powdery gjrpsum; very few fine and medium
roots; abrupt smooth boundary.

C2

54-68 cm

dark brown (7.5 YR 3/3) moist and brown
(7.5 YR 4/3) dry clay with brown (7.5 YR 4/3)
moist loamy parts; few fine faint reddish
mottling; weak very fine and fine angular
blocky; friable moist, slightly hard to hard
dry; calcareous; common small powdery gypsum;
no roots observed; abrupt irregualr boundary.
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IIC3

68-135 cm

brown (10 YR 4/5) moist and dull yellow orange
(10 YR 6/4) dry laminated very fine sandy loam
with common, very small muscovite and
with
many very thin and thin intercalated fine
angular blocky clay layers; structureless
massive; loose to friable moist, soft to loose
dry; calcareous; common small soft powdery
gypsum concentrated along intercalated clay
layers; abrupt irregular boundary; pH 7.3;
EC-Sat. paste 5.08 mS.
(Sample No. S-62.III).

IIIC4

135-155+ cm

dark brown (7.5 YR 3/3) moist and dry clay;
few fine faint reddish mottling; very weak
very fine and fine angular blocky; friable to
firm moist slightly hard to hard dry;
calcareous; very few small soft powdery
gypsum; pH 7.2; EC-Sat. paste 12.22 mS.
(Sample No. S-62.IV).
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ANALYTICAL LABORATORY RESULTS
Profile S-62 (Mapping Unit A211)

LABORATORY TEST DATA

LABORATORY NO.
Depth (cm)

62,.1
0-•5

62.2 (IVl6) 62.3
5-24
68-135

TEXTURE
Total sand %
Silt
%
Clay .
%
Texture class

33 .07
38 .75
29 .18

22.00
39.28
38.72

(:L

53
1 -.2,5
1;•2, ,5

EC-Sat. paste

7.8
7.3

7.8
7.3

7.3
7.0

7.2
6.8

0.68

0.58

5.08

12.22

60.00
5.60
1.760
0.451
67.811

53.00
1.20
0.576
1.150
55.926

78.40
1.60
1.760
0.826
82.586

1.11

7.37

2.28

16.90
0.520
0.042

16.90
0.178
0.028

16.73
0.40
0.028

40.60

15.60

36.20

26.66
0.572
40.80
17.40

1.548
0.364
19.60
6.00

6.00
0.40
75.00
0.920

0.50
0.04
27.00
0.17

EXCHANGEABLE CATIONS (meq/100 g soil)
67.40
Exch. Ca
3.20
Exch. Mg
Exch. K
1.344
Exch. Na
0.352
72.296
Sum Cations
% Base sat (CEC)
ESP
1.20
SAR
CaCOs %
16.40
0.720
OC
%
0.056
N
%
CEC (meq/100 g soils)
Soluble Salts (meq/e)

29.40

ca^r
Mg^"^
Sum cations
CO32HCO2'
Cl"
SO42"
Sum anions
Adj SAR

31.33
17.73
16.38

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (ppM)
CaS04 %

C

20.45
39.55
40.00
CL/C

1.25

BULK DENSITY
Pore volume %
pH-HgO
pH KCl

CL

23.28
28.72
48.00

62.4
135-155

nil

nil

nil

nil
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IDIDOLE SERIES
The Ididole series are loamy over clayey, micaceous
(calcareous). Thapto-Torrectic Torrifluvents in the U.S. Soil Taxonomy
System.
They are deep, moderately well drained duplex soils,
consisting of moderately deep, stratified coarse loams, rich in very
fine muscovites, abruptly overlying cracking clays. They are
characteristically pale brown alternated with brown in color. The
lighter colored and coarse textured strata often show very thin to thin
sedimentary laminations. Overall structural development is weak,
horizonation is weakly defined.
Typical Profile S-51 (Ididole series)
The following profile was examined directly W of IP 11 of the
irrigation scheme main canal in mapping Unit A112. The location of the
pit is just outside an abandoned irrigation scheme and therefore may
have been subject to levelling and clearing activities. Vegetation
consist of scattered small dry grasses.
Color notation is according to the Munsell Soil Color Charts.
Al

0-13 cm

dark (yellowish) brown (10 YR 3.5/4) moist and
light yellowish brown (10 YR 6/6) dry loamy
fine sand with many very fine muscovites; weak
fine subangular blocky; friable moist, soft to
loose dry; many very fine and micro pores;
calcareous; common very fine and fine roots;
diffuse boundary; pH 7.5.
(pF core 2-V17).

A/C

13-39 cm

dark brown (10 YR 3/4) moist and light
yellowish brown (10 YR 6/4) dry fine sandy
loam with many very fine muscovites; weak fine
and medium subangular blocky; friable moist,
loose dry; many very fine and micro pores;
calcareous; common very fine and fine roots;
clear slightly wavy boundary; pH 7.5; EC-Sat.
paste 0.30 mS.
(Sample No. S-51.1, pF core 2-V18).

CI

39-54(64) cm

(dark) brown (10 YR 4/3) moist and yellowish
brown (10 YR 5/4) dry fine sandy loam with
many very fine muscovites; sedimentary
lamination; friable moist, loose dry; many
micro and very fine pores; calcareous; few
very fine and fine roots; abrupt wavy
boundary.
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lie

54/64-56/65 cm

Upper part: yellowish brown (10 YR 5/4) moist
and pale brown (10 YR 6.3) diy; Lower part:
strong brown (7.5 YR 5/6) moist and reddish
yellow (7.5 YR 6/6) dry silty clay with many
very fine muscovites; few rusty mottles;
structureless massive with sedimentary
lamination; fraible moist, very hard dry; few
micro pores; calcareous; few very fine roots;
abrupt wavy boundary.

IIIC

56/65-73 cm

(dark) brown (10 YR 4/3) moist and light
yellowish brown (10 YR 6/4) dry very fine
sandy loam to loam with ves^r fine muscovites;
few rusty mottles; structureless massive;
cross lamination; friable moist, loose dry;
many micro and very fine pores; calcareous;
few small powdery gypsum; few fine roots;
clear smooth boundary; pH 8; EC-Sat.
paste 0.35 mS.
(Sample No. S-51.II).

IVC

73-79 cm

very similar to horizon above but with grey
colors in upper part and brownish mottles in
the lower part; silty clay; abrupt smooth
boundary.

VA/C

79-100 cm

dark brown (10 YR 3/3) moist and (dark) brown
(10 YR 4/3) dry silty clay with grey, red and
bluish ped surfaces, strong fine angular
blocky with cracks; firm moist, hard dry;
calcareous; few very fine and fine roots;
diffuse boundary; pH 7.3; EC-Sat. paste 2.65.
(Sample No. S-51.III).

VCl

100-135 cm

dark yellowish brown (10 YR 4/4) moist clay
with rusty mottling (5 YR 5/6) and greyish
mottling (10 YR 5/6) and bluish surfaces of
structural elements; moderate medium angular
blocky with conchoidal surfaces, breaking into
small elements; cracks; very firm moist, very
hard dry; calcareous; few fine roots; clear
slightly wavy boundary; pH 7.8; EC-Sat.
paste 3.38 mS.
(Sample No. S-51.IV).

VC2

135-185+ cm

(dark) brown (10 YR 4/3) mixed clay with many
rusty mottles (5 YR 5/6), many bluish and few
grey mottles (10 YR 7/2); moderate coarse
almost prismatic; cracks (5 cm wide); weakly
developed slickensides; extremely hard dry;
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many coarse and fine pores; calcareous;
scattered small powdery gypsum;
Deep auger 185-200 cm

dark brown (7.5 YR 3-5/4) moist clay, coarse
angular blocky, with many small powdery
gypsum, (10 % by volume)

200-225 cm

dark brown (7.5 YR 3/4) moist, silty clay
loam, with about 10 % by volume powdery gypsum
pockets.

225-250 cm

dark brown (7.5 YR 4/3) moist and light brown
(7.5 YR 6/4) dry, very fine sandy loam.

250-300 cm

as above, but with 5-10 cm thick silty clay
loam layers intercalated.

300-350 cm

brown (7.5 YR 4/4) moist and light brown
(7.5 YR 6/4) dry loamy very fine sand.

350-400 cm

brown moist and light brown dry very fine
sandy loam.

Analytical Laboratory Results (see next table)
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a. Profile characteristics:
The series is deep, well to moderately well drained. The profile
consists of moderately deep to deep, stratified loamy strata, usually
containing substantial quantities of very fine muscovites, and with
9-28 % of clay. They are abruptly overlying fine cracking clays with
42-60 % clay. The deep loams are classified as Typic Torrifluvents
and are therefore deep loamy variants of the Ididole series.
Color range from 10 YR-7.5 YR with values 3-4 and chromas 3-4 (moist)
Faint reddish yellow mottles are ussualy observed just above the
abrupt textural change (in between 50-90 cm depth). Reaction range is
very mildly to mildly alkaline (pH (H2O) 7.2-7.8). They are
non-saline (EC-Sat. paste less than 3.4 m.S) and non-alkaline (ESP
(E.C.E.) less than 3 % ) . They are calcareous throughout
(14.5-21 % CaCOs) and locally very slightly gypsiferous (upto 1.36 %
CaS04, by weight).
b. Environmental characteristics:
The series mostly occurs on the slightly higher levees and crevasse
splays, with or without wind reworked symmetric dunes or hummrocks,
under (upto 3 m high) acacia trees and shrubs vegetation with almost
no grasses.
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ANALYTICAL LABORATORY RESULTS
Profile S-51 (Mapping Unit A112)
LABORATORY NO.
Depth (cm)

2V17
0-13

TEXTURE
Total sand %

51.1 (2V18) 51.2
13-39
56/65-73
65.00
25.75
9.25
SL

%

Silt

LABORATORY TEST DATA

Clay
%
Texture class
1.36
49

BULK DENSITY
Pore volume %

51.3
79-100

51.4
100-135

52.55
35.20
12.25
SL/L

14.42
42.08
43.50
SiC

7.89
32.60
59.50
C

1.32
50

1:2,5
1:2,5

7.5
7.2

8.0
7.4

7.3
7.0

7.8
7.0

EC-Sat. paste

0.3

0.35

2.65

3.38

66.40
6.20
0.761
0.814
74.175

86.00
9.00
0.896
1.21
97.106

88.40
4.60
1.824
1.43
97.254

2.90

2.33

2.63

14.66
0.3288
0.042

18.07
0.458
0.042

19.78
0.608
0.07

21.14
0.608
0.112

22.60

28.00

51.80

54.40

3.354
0.208
9.00
4.00
18.434
1.00
0.54
12.00
4.05
17.59

1.60
0.611
10.20
6.20

PH-H2O
pH KCl

EXCHANGEABLE CATIONS (meq/100 g soil)
59.60
Exch. Ca
6.40
Exch. Mg
0.660
Exch. K
Exch. Na
0.429
Sum Cations
67.089
% Base sat (CEC)
ESP
1.55
SAR
CaCOa
OC
N

%
%
%

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

Mg2^
Sum cations
CO32"
HCO2
Cl~
SO42"
Sum anions
Adj SAR
pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPj^)
CaS04 %

11.75
7.58
5.35

2.00
0.08
14.05
2.81

34.60
18.26
16.33
nil
nil

nil
nil

nil
nil

nil
nil
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pistribution_and_Extent
The soil is restricted to the A landtype, where it dominates
the slightly higher levee units of All (100 % of Alll; 85 % of A112;
55 % of A113 and 85 % of A114) and the higher crevasse splay ridges
(65 % of unit A121). It further occurs in the lower crevanse splay
units (30 % of unit A122) and as minor inclusion in the older streambed
deposits (15 % in A131; 20 % in A132) and in the transitional zones
towards the alluvial basins (35 % in A211; 25 % in A212; 15 % in A221,
10 % in A223 and 30 % in A23) .
Associated soils
Soils of the Ididole series are mostly associated with the
sandy Debaldeg series, of the older streambed deposits and with the
stratified clayey Shebelle series, towards the basin areas.

Similar soils
They are rather similar to the also stratified but finer
textures and less-well drained Shebelle series, and also to the loamy
Imi series of the B landtype. But apart from mineralogical differences
of the sedimentary parent materials (different sources and different
depositional regimes: braided versus meandering floodplain levees and
splays), the Ididole series are also characterised by the presence of an
abrupt textural change.
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Typical profile S-97 (Ididole series)
The following profile was examined 600 m east and 200 m north
of IP7 in mapping Unit A-121. The location of the pit is on a flat part
in a landform with hiunmocks upto 2 m high. The vegetation consists of
acacia trees of about 3 m high, some small scattered shrubs and almost
no grasses.
Color notation is given according to the Munsell Soil Color
Charts.
A/C

0-56 cm

dark yellowish brown (10 YR 3/4) moist,
yellowish brown (10 YR 5/6) mottled fine sandy
loam; weak fine to medium subangular blocky;
almost loose; very friable (moist); many very
fine roots; 2 % powdery gyspum; abrupt
irregular boundary pH. 7-0.
(Sample S-97.I)

CI

56-80 cm

dark yellowish brown (10 YR 3/4) moist; fine
sandy clay loam; weak fine to medium
subangular blocky; very friable moist; common
very fine roots; 2 % (by volume) powdery
gypsum; clear and smooth boundary, pH 8.0.
(Sample S-97.II)

IIC2

80-105 cm

yellowish brown to dark yellowish brown
(10 YR 4/4 and 5/4) moist, fine sandy loam;
finely stratified (laminated); very few and
very fine roots; 3 % (by volume) powdery
gypsum; abrupt and smooth boundary, pH 8.0.
(Sample S-97.Ill)

IIIC3

105-170+ cm

light yellowish brown (10 YR 6/4) dry and
yellowish brown (10 YR 5/4) moist sand; loose
pH 8.5.
(Sample S-97.IV)

Analytical laboratory results: not analysed.
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Typical profile S-55 (Ididole series, deep loamy variant)
The following profile was examined 1,2 km east of BM 112 in
mapping Unit A23. The location of the pit is in a nearly level area with
some micro topography and moderately large sinkholes (class S2) and > 65
cm deep cracks upto 2.5 cm wide, and often reappearing below 100 cm
depth. The vegetation consisits of scattered grasses.
Color notation is given according to the Munsell Soil Color
Charts.
Overburden 7 cm sand.

Al

0-12 cm

dark brown (10 YR 4/3) dry and (10 YR 3/3)
moist loam; moderate medium to coarse
subangular blocky; soft to slightly hard when
dry and friable when moist; many micro and
very fine pores; calcareous; slightly
gypsiferous (< 1 % by volume); very fine to
fine roots; gradual boundary; pH 7.2; EC-Sat.
paste 1.60 mS.
(Sample S-55.I)

IIA/C

12-42/47 cm

dark brown (10 YR 4/3) dry and (10 YR 3/3)
moist clay loam; moderate medium to coarse
subangular blocky; weakly developed slickensides; many micro-, very fine and fine pores;
slightly hard when dry; firm, moist;
calcaroues; less than 1 % (by volume) fine
powdery gypsum; common very fine and fine
roots; clear wavy boundary; pH 7.2; EC-Sat.
paste 1.76 mS.
(Sample S-55.Ill; pF core 1-V8)

CI

42/47-54/75 cm

partly dark yellowish brown (10 YR 4/4) dry
and partly dark brown (7,5 YR 4/4) dry and
moist with faint reddish yellow mottles silty
clay loam; very weak, coarse primatic to
almost massive; weakly developed slickensides;
cracks 2-5 cm wide; common micro pores;
slightly hard when dry and firm when moist;
calcareous; 1 % (by volume) powdery gypsum;
few fine and very fine roots; abrupt wavy to
irregular boundary.

C2

54/75-80/88 cm

light yellowish brown (10 YR 6/4) dry and dark
yellowish brown (10 YR 4/4) moist clay loam;
loose single grain and soft when moist;
calcaroues; slightly gyspiferous; clear wavy
boundary; pH 7.3; EC-Sat. paste 1.68 mS.
(Sample S-55.Ill; pF core 2-V13)
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80/88-90 cm

dark yellowish brown (10 YR 4/4) moist, silty
clay loam; laminated structure; common micro
pores; calcareous; slightly gypsiferous; clear
wavy boundary.

90-100 cm

dark yellowish brown (10 YR 3/4) moist; silty
clay; fine angular blocky; hard to very hard
when dry; many micro- and very fine pores;
calcareous; clear smooth to slightly wavy
boundary.

100-160 cm

dark yellowish brown (10 YR 3/4) dry and dark
brown (10 YR 3/3) moist, silty clay; massive;
many micro pores; extremely hard when dry;
calcareous; 1 % (by volume) powdery gypsum;
pH 7.5; EC-Sat. paste 2.19 mS.
(Sample S-55.IV).

Analytical Laboratory Results (see next page)
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ANALYTICAL LABORATORY RESULTS
Profile S-55 (Mapp.Lng Unit A23)
LABORATORY NO.
Depth (cm)

55.1
0-12

TEXTURE
Total sand %
Silt
%
Clay
%
Texture class

41.90
33.85
24.25
L

1:2 ,5
1:2 ,5

EC-Sat. paste

55.2 (1V8) 55.3 (2V13) 55.4
12-42/47
54/75-80/88
100-160
7.60
50.40
42.00
SiC

36.05
36.95
27.00
CL

27.05
45.45
27.50
CL

1.32
50

1.5
43

7.2
7.0

7.2
7.2

7.3
7.2

7.5
7.3

1.6

1.76

1.68

2.19

65.00
3.20
1.12
0.45
69.77

61.20
1.48
1.20
0.45
64.33

50.70
2.76
0.80
1.87
56.13

0.82

0.88

2.71

BULK DENSITY
Pore volume %
PH-H2O
pH KCl

LABORATORY TEST DATA

EXCHANGEABLE CATIONS (meq/100 g soil)
Exch. Ca
79.00
Exch. Mg
2.10
Exch. K
0.992
Exch. Na
0.374
Sum Cations
82.466
% Base sat (CEC)
ESP
0.65
SAR
CaCOs %
OC
%
N
%

20.06
0.669
0.056

19.44
0.640
0.056

20.06
0.480
0.042

18.07
0.480
0.056

CEC (meq/100 g soils)
Soluble Salts (meq/e)
Na

57.6

55.20

51.20

69.00
10.80
0.26
23.60
10.40

Ca2^
Mg2"
Sum cations
CO32
HCO2
CI
SO42
Sum anions
Adj SAR

0.50
0.30
0.50
42.75

pF 2.5
pF 3.8
pF 4.2
Gypsum mg/1 (PPM)
CaS04 %

300
0.60

33.25
24.73
19.84

14.96
20.62
19.11

490
0.98

680
1.36

670
1.34
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DEBALDEG SERIES
The Debaldeg series are sandy, micaceous (calcareous)
Typic Torripsamments.
They are deep, well to somewhat excessively drained soils that
are characteristically very pale brown in color with coarse very fine
muscovite-rich textures throughout the profile. Structural development
is very weak to absent and horizonation is weakly to ill-defined.
Typical Profile S-60 (Debaldeg series)
The following profile was examined about 23 km N of IP13 of
the irrigation scheme main canal in mapping Unit A131. The site was in a
flat unit with locally small shrubs and dry grasses,
CI

0-20 cm

dark brown (7.5 YR 4/3) moist loamy (fine
muscovite-rich) fine sand; structureless
massive easily breaking into single grain;
loose moist, soft to loose dry; many very fine
and fine roots; gradual boundary;

C2

20-150+ cm

very pale brown (10 YR 7/3) dry very fine
muscovite-rich fine sand; structureless
massive, easily collapsing into single grain;
loose moist, soft to loose dry; very few very
fine roots.

No samples analysed.
These sandy soils are sometimes hurried under a (moderately
shallow to moderately loamy topsoil, and then classified as ThaptoTorripsammentic Torrifluvents and thus as a buried variant of the
Debaldeg series.
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