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CHAPTER I

INTRODUCTION

1.

The Purpose of the Survey

The purpose of the survey was to provide the Government with basic soil data
and an assessment of the agricultural potential of the region with particular reference to irrigation farming. The A description of the soil conditions, therefore,
forms an important part of this report. Geology, land form, land use and vegetation
are, however, also desoribed, as they provided basic information for the soil survey
and additional criteria for the land classification. The survey was carried out as
a part of the project comprising hydrological, topographical, engineering and agricultural investigations aimed at the improvement of the water regime of the Sokoto
river and its tributaries. Such investigations are necessary for the increase and
diversification of agricultural production in this densely populated region.

2.

Location and Size of Pro.iect Area
•

^

The project area covered the whole of the Sokoto (Rima) river basin in northeast
Nigeria on the borders of the Republics of Dahomey and Niger.
'. It lies betwec
between 4°
or 22 400 000 ac
and 8° E and 11° and 14° N, and is approximately 35 000 mi 2 o
(90 000 km 2 ) in area. (Map l)
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3.

Survey Methods

Two types of soil survey were carried out; a broad reconnaissance of the whole
area and a semi-detailed survey of the Rima floodplain. The area covered by the
semi-detailed soil survey was about 800 000 ac.
1
|

Good quality aerial photographs were supplied by Government in the form of contact prints at a scale of 1:40 000 and uncontrolled photomosaics at ItlOjOOO.

i

The survey was based on photo interpretation which was checked in the field.
The photo interpretation was done by the FA0 soil surveyors who also led the field
parties. Each field party consisted of one FAO soil surveyor, one soil describer
and several labourers. In the reconnaissance and semi-detailed surveys, one soil
surveyor often directed two parties, the second being led by an experienced soil
describer or someone of authority able to read aerial photographs. In the reconnaissance soil survey, the soil observation sites were ohosen mainly along roads and
paths; in the semi-detailed survey they were chosen at roughly regular intervals on
or near imaginary lines across the floodplain. For the reconnaissance survey, only
the profile pits from which samples were collected are indioated on the soil map«
For the semi-detailed survey, both auger holes and profile pi4s are indicated on the
maps. A total of 1 300 auger holes and 190 profile pits were examined for the reconnaissance survey (33 000 mi'), and 6 000 auger holes and 130 profile pits for the
semi-detailed survey (800 000 ao;. The average density of auger holes and pits in
the semi-detailed survey was one per 5° a c &t 1*20 000 scale and one per 90 ao at
1:30 000 scale.
The time required for the reconnaissance survey was one surveyor-month per photomosaic covering approximately 1 200 mi . In the semi-detailed surveyes, one surveyor
could oover 2 000 to 6 000 ao per month. Including general researoh, classification
studies and the preparation of a draft report, the coverage was 10 000 mi^ per surveyor/year for the reconnaissance soil survey (I125O 000 scale), and 113 mi 2 per
surveyor/year for the semi-detailed survey (li20 000 or lt50 000 scale).
On completion of the field work the soil profile data were correlated with land
forms, geological formations, vegetation, land-use and other relevent features already mapped as a result of the photo-interpretation and earlier field work. The
soil boundaries and topographical features were then transferred on to permatraoe
transparencies which were joined together and reduced to a suitable scale for printing.
The mapping of land forms, geology, vegetation and land-use followed a similar
procedure.
Soils were described according to the standards of the U S M Soil Survey Manual.
The soil colours given refer to soils in moist condition, unless indicated otherwise.
For most auger holes, pH values were determined in the field by the Hellige-Truog
colorimetrice test. Carbonates and manganese were qualitatively assessed by means
of hydrochloric acid and hydrogen peroxide respectively.
Both the surface infiltration rate and the hydraulio conductivity ("permeability")
were also measured in the field at several selected profile pits. The infiltration
rate was measured in cylindrical infiltrometers 10 in in diameter. The rings were
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presented into the soil to the depth of 2 in, and the hydraulic head varied from 1
to 2 in. The rate of intake of water was computed by dividing the total intake by
the period of the test (usually one to two hours) and the results of five suoh
determinations made at one site were averaged. Where sealed top layers occurred,
two measurements were made) one with the sealed layer and one without. The hydraulio conductivity tests were carried out by one of two methods, depending on the depth
of the water table. Where the water table was relatively near the surface, i.e.
within 4 ?t or so, the so-oalled auger hole method was used. On sites with the water
table well below the surface, the hydraulic conductivity was measured by a "pour-in"
test as developed by the Bureau of Reclamation, Denver, USA.
Undisturbed samples, were taken from the upper horizons of the same selected
profiles, for estimation of the soil moisture storage capacity by pF moisture percentage determinations, whioh were oarried out by the Royal Tropical Institute of
Amsterdam. This Institute addionally undertook the mineral analysis of sand fractions of selected samples) determined the mineralogical composition of clay fractions
by differential thermal analysis and calculated the percentages of silica and sesquioxides. The routine laboratory analyses were, however, all carried out at the
soils and water laboratory of the project in Samaru. The methods employed are referred to in Appendix II.
A serious problem arose at the start of the soil survey as a result of the
Government's request that priority be given to the production of soil and land class
maps of the floodplain area at a soale of ltlO 000. The objeot of so doing was to
enable the Government officers to use the maps for detailed farm planning in connection with the proposed irrigation schemes. To produce a useful map at this scale
would have required many more soil surveyors or a much longer period of time than
was envisaged in the Flan of Operation. The present It20 000 and 1*50 000 semidetailed soil maps are a compromise between the Government's request and the available manpower and time. It is a well known principle of cartography that the scale
of the field maps should either be retained for final printing or more commonly, reduced to a half or a quarter. On no aooount should the field scale be increased for
printing, as this greatly reduces the aoouracy of the map. Any enlargement of the
present field maps oan therefore only lead to trouble.

4*

Period of Vork and Personnel Bnployed

The survey began with the arrival of the first soil surveyor in April 1962, and
was completed in March 1966 with the departure of the Senior Soil Surveyor and the
submission of his draft report to Headquarters.
A total of 137 surveyor/months was spent on the survey, inoluding field and offioe work and the production of the report with maps and diagrams. The FAO chemist
spent 32 months on establishing a new laboratory and analyzing soil samples.
Four FAO cartographers were employed in the drawing office on the preparation of
the maps and diagrams for printing.
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Other experts who worked for varying periods of time werei T. Dames, temporary
Senior Soil Surveyor, succeeded by I.3. Zonneveld, who remained in oharge until the
end of the survey] V.O. Sombroek, K. Bhattacharrya, J. Doorenbos and R.T.M. Crul,
Soil Surveyors, and J. Dewis, Soil Chemist.
Mallam Ahmed Jarwa was a counterpart Soil Chemist, Hallam Abdulai Bauchi spent
some time on land olassification in the projaot and also aoted as a liaison offioer,
and T. Crane, Peace Corps Volunteer, was a temporary assistant in the field and
office. No graduate soil surveyors were assigned to the project as counterparts,
but several field assistants were employed and trained during the oourse of the
survey. During the latter half of the survey period especially, fruitful oontaots
developed with the soil scientists and ecologists of the Ahmadu Bello university,
Samaru, Zaria.
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CHAPTER I I

SUMMARY. CONCLUSIONS AND RECOMMENDATIONS

1.

Summary

The purpose of the survey was to provide the Government with basic land data
and an assessment of the agricultural potential of the region with particular reference to irrigation farming.
The project area was situated in the north-west of Nigeria and covered approximately 35 000 mi 2 (90 000 km 2 ) or 22 400 000 ac).
Two types of soil survey were carried out} first a broad reconnaissance of the
whole area, and second, a semi-detailed survey of the river floodplains where irrigation schemes may soon be established.
The surveys were based on a thorough stereoscopic analysis, of the available
aerial photographs, accompanied and followed by checks on the ground. Photo interpretation of major land features closely associated with the soil pattern in the
project area were very helpful in demarcating soil boundaries and in mapping land
forms, geological formations, vegetation types and present land-use.
The soil profiles were described from inspection of routine auger holes and representative profile pits. In addition to the chemical and physical analysis of
representative samples in the laboratory, several types of test including those on
surface infiltration and hydraulio oonduotivity were carried out in the field.
The project area has a hot semi-arid climate, with a severe dry season lasting
from October till May and a short wet season characterized by frequent torrential

rains of relatively short duration.
from south to north.

The mean annual rainfall decreases gradually

The whole of the project area is underlain "by the pre-Cambrian basement oomplez
rocks whioh outorop in the south-east of the area. In the Cretaceous period, the
northwestern part of the area was oovered by a series of kaolinitio gravelly and
other, mainly continental, sediments. This process of sedimentation oontinued in the
Tertiary period, and many sediments have undergone a variable degree of metamorphism.
In the Holooene and Pleistocene periods, several changes of olimate took plaoe.
. During the arid periods, eolian material, was deposited over the older formations,
and in the alternating pluvial periods much alluival and lacustrine deposition occurred. Intermittent uplift and changes in olimate brought considerable ohanges in
the river cyoles and resulted in several drainage patterns that were superimposed on
one another. The extent and distribution of the geological formations and descriptions of these formations are given in Chapter III, seotion 2.2.
The projeot area has had a complex geomorphio history, beginning with the formation of the oldest known erosion surface, oommonly referred to as the Oondwana
peneplain, in the Jurassio period. During the Jurassio period, a general subsidence
ooourred and a large part of the Oondwana surface was covered by lacustrine and
fluviatile deposits. Prom the Late Cretaceous onwards, an intermittent uplift caused
extensive erosion and removal of the older sediments. In the Lower Miocene an extensive pediplain, known as the Afrioan surface, was formed. Despite subsequent
erosion, the remnants of the Afrioan surface are relatively well preserved in the
form of horizontally disposed sheets of massive and indurated laterite. In the
Fliooene period, the uplift oontinued and oaused a rejuvenation of the drainage
system and locally the formation of T-shaped valleys outting through the old sediments. During the Pleistocene and Holooene, teotonically stable conditions prevailed.
The geomorphio processes that were operative in these periods were largely controlled
by several ohanges of olimate, from arid to moist and wet, assooiated with deposition
of loess and wind-borne sands alternating with river sedimentation periods. Many
present day soils have developed over these wind-borne, and alluvial deposits.
Five major land forms, grouped according to relief intensity and each subdivided
into several components, have been recognised in the area and are desoribed in
Chapter III, seotion 3.2. Brief descriptions of physiography associated with eaoh
soil mapping unit are given on the soil map legends. Erosion, for whioh sheet floods
are mainly responsible, is widespread in the area.
In some parts rill wash and river or stream gullying also ooour. Wind erosion
is important, particularly during the harmattan period. All these erosion processes
are often aooelerated by indiscriminate burning of the existing vegetation by the
shifting cultivator, cutting for firewood and overgrazing. These practices often
leave the land devoid of a protective cover of vegetation at the beginning of the
rainy season when soil erosion is at its peak.
The natural vegetation in the project area reflects a transition between two
major eco-climatio zones. In the dry northernmost part, close to the Sahara desert,
the vegetation even on the better soils consists of tree or shrub savanna with relatively sparse grasses and scattered fire tolerant trees and shrubs charaoteristio
of the Sahel zone. With an increasing rainfall and higher humidity in the south, the
vegetation merges into relatively densely wooded types characteristic of the Korthem
Guinea zone. This climatic influence is supplemented by soil conditions, hydrography,
and the activities of man. The resulting plant communities therefore often form
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secondary plant successions with a marked predominance of stunted trees and shrubs
and with relatively sparse grass stands»
Eight main vegetation formations have heen reoognized and mapped in the project
area. They are described in Chapter III, section 4.2 and shown on the vegetation
map (Map 3 ) •
The area is relatively densely populated and there are numerous herds of cattle
with aooess to extensive grazing on the fallow farmland as well as in uncultivated
savanna and woodland. Shifting cultivation is common in the uplands, and where there
is sufficient supply of water for domestic needs permanent cultivation with or without a short fallow period has been established.
Crops are grown in the uplands
during the wet season and in the floodplains during and after the flood season.
In the vicinity of ponds, wells or perennial streams, primitive irrigation is practised. Vater is lifted by hand in oalabash containers into small irrigation channels, and many small vegetable gardens are irrigated in this way.
A wide range of both subsistence and cash crops is grown in the uplands including cassava, coco-yams, millets, Guinea corn, cowpeas, sweet potatoes, groundnuts, ootton and tobacco. ,
,
•
_
.
Sugarcane is commonly grown in the smaller floodplains and rioe in the low lying
parts of the main floodplains. Uncontrolled floods, however, often cause failure of
the rice orop by arriving too early to allow for preparation of the land or by damaging the young orop.
A comparison of the present land use map (Hap 4) with the soil maps shows d e a r ly that at present the light textured soils with slowly permeable substrata are preferred for cultivation.
A striking feature common throughout the project area is the presence of small,
but relatively numerous, patches of virtually bare land that appear to be associated
with the activities of certain speoies of ants or termites. In some localities these
patches are the flattened remnants of large fossile termite mounds} elsewhere these
mounds may still remain intact and densely overgrown. These patches of unproductive
land will affeot farm planning and the assessment of crop yeilds.
The soil classification adopted for the project area was based on profile morphology and the chemical and physical characteristics as influenced by climate, topographic position and type of parent material or parent rook. Thirteen major soil
groups have been recognized and each of these has been divided into several subgroups. These soil classification units have been correlated with the international
classification system of D*Hoore as outlined in his legend to the.Soil Hap of Africa.
A tentative comparison has also been made with the system of the so-called 7th Approximation drawn up by the soil survey staff of the United States Department of Agriculture. The soil olassifioation units are described in Chapter IV,-section 4«2
which also contains a discussion on the physical properties and laboratory data.
In Appendix I representative profiles are described and their analytical data given.
Owing to the generally complex pattern of occurrence and distribution of the soil
groups and sub-groups and to the limitations of the mapping scale, it was very seldom
possible to show individual soil classification units on the soil maps. Even in the
semi-detailed surveys, for which mapping was done at 1*50 000 and sometimes at
lt20 000, some of the soil olassifioation units are shown as associations of two or
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more untis. In the reconnaissance surrey map at It250 000 (Map 7) the mapping units
are even broader and more inclusive, each representing several soil classification
units. Both types of map are also land form maps.
Among the soil environmental faotors that have contributed to the formation of
soils in the area, the influences of climate both past and present, parent material
and topo-drainage have had the most profound effeot on the soil morphology as well
as on the physical and chemical properties.
The soil organic matter content is very low. This condition is aggravated by
losses of the potential humus material in the form of leaf and grass litter through
widespread fires in the dry season and sheet or gully erosion of the unprotected
soil surface by torrential rains at the beginning of the wet season.
The dominant olay mineral in the soils of the project area is kaolinite, but a
relatively high oation absorption oapacity in many of the soils indicates the presence of oolloidal materials other than kaolinite. Montmorillonita has been found
in some dark ooloured and oracking soils, but this mineral always occurs in the
presence of varying proportions of kaolinite. The latter has also been found in
soils with morphology and physical properties normally associated with the exolusive
presence of montmorillonite. The dominance of kaolinite cannot be entirely attributed to the weathering processes under the present semi-arid climate, and provides
further evidence of the occurrence of more humid tropical climates in the past.
The soils of the project area, even most of those of the floodplains, are
characterized with few exceptions by the downward movement of olay and the formation
of textural B or argillio horizons at a variable depth. In fine textured soils the
argillio horizons may restrict the movement of water in the profile and reduce the
amount easily available to plant roots. In coarse textured and rapidly permeable
soils, an argillic horizon may improve the water holding capacity in the root zone
and to some extent reduce the capillary rise and subsequent excessive evaporation
from the soil. However, under intensive irrigation without subsoil drainage, the
slowly permeable argillic horizons may give rise to perched water tables causing
waterlogging and uneven,'distribution of the irrigation water. Eivaporation from such
slowly subsiding water taVles will, in time, cause progressive accumulation of injurious salts within the root zone of crop plants. These processes are already occurring to some extent and are becoming more and more common.
Some soils in the project area display compacted and hard surfaced horizons
which vary in thickness from one to several in. These horizons seal the soil surface
so effectively and are so impermeable that the rain or flood water does not penetrate them easily and may stand on the surface for several days without reaching the
underlying horizons whioh remain absolutely dry. The surface sealing is not only
confined to fine and medium textured soils with a high ailt/olay ratio but also occurs in some coarse textured soils containing a relatively high proportion of fine
sand and silt. The soils with compacted surface crusts are avoided for cultivation,
and the farmers in the area show a distinct preference for the non-sealing soils.
Bark ooloured surface and subsurface horizons are common in the area in soils
with high exchangeable calcium percentages. The dark ooloured clayey soils with
cracks, slickensides and self-mulohing properties belong to the order of Vartisols.
In the project area several intergrades, referred to as vertisolio soils, have been
found. The inherent fertility of Vertisols and their intergrades is generally high,
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hut their poor internal drainage would he difficult to overcome in intensive irrigation farming.
With the exception of Solonetz-like and related soils, the soil alkalinity in
the area is low, with exchangeable sodium percentages well below 15. Similarly, the
soil salinity as shown by the electrical conductivity values which are well below 4
mmhos/cm is not at present a limiting factor in crop growth. In local or Government
irrigation schemes, however, dangerous concentrations of salts have been observed.
Formations of plinthite (massive and hard laterite) are very common in the area.
At least five levels of plinthite have been recognized, dating from the Cretaceous
to the Pleistocene when sporadic periods of humid tropical climates induced intense
laterization. The recognition of the various plinthite formations on the aerial
photographs greatly eased the identification and mapping of geological formations,
land forms and soils in the area.
The land capability criteria for irrigation farming are based on soil properties
and particularly on the physical status which controls the movement, storage and
availability of water to plant roots.

2.

2.1

Conclusions and Recommendations

Use of the maps

The reconnaissance soil survey map gives a general picture of the soils/as well as
of the land-forms, as the survey carried out was comprehensive. The map and the report can serve as a source of data for small scale analyses and planning in the
future. The vegetation and land-use map3 supplement the soil map. The semi-detailed
maps will aid the more detailed planning of irrigation schemes, more especially because land forms is also included.

2.2

The land classification system

It is important to bear in mind that the crucial factors in any land classification system such as the standard of management of land and water, farming skill and
socio-economic considerations have not been taken into account since these will depend on the technical and financial resources that will be made available for agricultural development in the future. There is no doubt that with good management and
skilful farming, a large proportion of what is now marginal land will be improved.
However, the land development costs may be very high and cash returns per ao relatively low in soils with many inherent irremediable deficiencies euch as unfavourable
texture, restricted natural drainage and the presence of limiting horizons within the
root zone of crops.
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Seven land irrigability olasses, A to E 3, have heen established as a result of
the semi-detailed survey of the floodplain soils, hut the classification system can
also he applied with some modifications to the upland soils if necessary. The land
classes are designated with the capital letters which are shown in the legend of the
semi-detailed survey maps in the appropriate legend units. They are enumerated here
in a descending order of suitability for irrigation farming and with an increasing
number and degree of limitations and deficiencies.
Class A - Very suitable with only minor local limitations; soil mapping units
Mi, M2 and M3 of the semi-detailed soil map with soil classification units Tl, T3
and Y5» Micaceous Juvenile Soils. Total area mapped approximately 51 300 ac.
Class B - Well suited, with some limitations arising from the present uncontrolled flooding: soil mapping units C j , Co and M5, with soil classification units VH2,
H2, B2 Y4 and Y2: Eutrophic Hydromorphic, Vertisolic Hydromorphic and Typic Juvenile
Soils. Total area mapped approximately 33 900 ac.
Class C - Suitable, but with limitations due to uncontrolled flooding and often
unfavourable texture: soil mapping units C4 and M5 with soil classification units
VH1, Y4 and Y2. Vertisolic Hydromorphic and Juvenile Soils. Total area mapped
approximately 94 000 ac.
Class D - Moderately suitablej suitability restricted mainly to rice and flood
irrigated pasture, with textural limitations of a heavy, impermeable clay: soil
mapping units C3, C5, C6> Of and P2, with classification units TEL, VH3» VH4 and H3:
Vertisolic Hydromorphic and Eutrophic Hydromorphic Soils. Total area mapped is
approximately 50 700 ac.
Class Ei- Unsuitable because of the present high alkalinity and difficulty of reclamation: soil mapping units M4, Ti, Pi, and T2 with soil classification units H2,
Z2, HS3: Solonetz, Solodized Solonez, Eutrophic Hydromorphic and Weakly Bleached
Hydromorphic Soils.
Class E2- Unsuitable because of extremely coarse textures and the consequent low
water holding capacity and excessive soil moisture losses« soil mapping units Li,
I>2> Si, S2 and S3 with classification., units S2, HS1, HS: Acid Sands and Weakly
Bleached Hydromorphic soils on Medium Sandso
Class E3- Unsuitable because of poor drainage, irregular topography and heavy
texture: soil mapping unit D with classification units Y4 and Y6: Juvenile Soils with
horizons of non-ripe clay.
The total area of Classes El, E2 and E3 is approximately 291 300 ac. A summary
of the present irrigability potential of the Rima flood plain between Sabon Birni
and Bunza is given below.
Irrigable lands; classes A, B and C

s

170 200 ac

Restricted irrigable lands: Class D

=

50 700 "

Unsuitable for irrigation;
El, E2, E3

=

291 300 '•

Classes

Total area mapped

521 200 ac
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The reconnaissance soil survey enabled a more general agricultural land classification of the whole project area to he prepared. This classification system attempts to assess the present and potential value of the soils not only for irrigation
hut also for rainfed crops, grazing and forestry development. Nine major categories
of the potential land use have heen established and these are shown on the generalized land capability map (Map 6 ) . Sub-units of these categories are indicated with
the appropriate soil mapping units in the legend of the soil reconnaissance map
(Map 7)» The land categories are described in Chapter 7 section 5*3.
The acreages for the main oategories, summarized below, are given in detail on
the generalized land capability map.
Irrigable non-flooded lands (l)

430 750 ac

Partly irrigable floodplain and
low-terrace lands ( 2 + 3 + 4 )
Agricultural uplands ( l A + 5 + 6 + 7 )
Non-agricultural uplands ( 8 + 9 )

1 488 350 ac
16 487 700 ac
3 991 700 ac

Total area of project
22 398 500 ac
The main expanses of irrigable non-flooded lands are found formed along the
tributaries with catchments in the crystalline basement .area, near their points of
entry into the sedimentary plain.

2.3

Nomadio grazing

Permanent and semi-permanent controlled grazing areas to ease the major problem
of nomadic grazing could be selected with the help of the soil map. An area near
the reservoir of the Bakolori dam site is especially recommended for the purpose.

2.4

Surface sealing

While modern cultivation methods and soil conservation measures are quite likely
to reduce the effect of surface sealing, it would seem advisable to concentrate
agricultural development, at least in its initial stages, on the more promising nonsealing soils which occur in sufficiently large expanses to justify such measures.

2.5

Fertility

Nitrogen and phosphorus are deficient in most soils of the area and fertilizers
supplying these elements will be required to increase and maintain crop yields above
subsistence level. Although potassium may appear to be adequate, intensive farming,
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particularly under irrigation, is likely to lead to a need for a balanced fertilizer
mixture containing this element. Under such intensive farming, especially on the
older and less fertile soils, other nutrients, including micronutrients, may also
become deficient. Soil fertility studies should be based firmly on the soil units
of the reconnaissance and more detailed surveys.

2.6

Irrigation and soil salinity and alkalinity

Though at present soil salinity and alkalinity are very limited. There are
indications that intensive irrigation of the floodplain soils without adequate subsoil drainage will increase the present low soil salinity and alkalinity. It is
important, therefore, to provide an efficient drainage system and to allow for leaching when- calculating water requirements for farming under irrigation. Data on which
calculations for the drainage system can be based are available for the more important soil units.
Artificial drainage is required on all but the very deep, rather permeable soils,
with low capillary rise and natural drainage towards non-irrigable land.

2.7

Irritable lands

Although the area of irrigable land as mapped at present is very small in relation to the total project area, it is nevertheless large enough to justify the
development of irrigation farming which, if properly planned and managed, is likely
to increase the agricultural output and to bring considerable economic benefits to
the farmers and to the region as a whole. As local farmers have no knowledge or experience of modern irrigation methods, irrigation should first be developed on the
most suitable soils and gradually extended to the more difficult and less promising
soils.
The largest unbroken irrigable areas are found on the river terraces (reconnaissance survey legend units 10-2, 10-3 and 9-2) and in the floodplain (reconnaissance units PC, FM3 and FMx, semi-detailed untie C2, Mg» ^3» ^7» and C u , K5,
Mg). These areas are favourable for gravity irrigation, if necessary combined with
pumping. Parts of legend units 1-4, 1-5 a*»d 2A-5 also have good irrigable soils,
although water will be difficult to obtain.
Dam building would immediately benefit a large area of the floodplain by prevention of early floods. It would protect rice from damage by the irregular flash
floods which affect reconnaissance survey units FC and half of unit FMx (units M5
and Mg of the semi-detailed survey). On the other hand, dam building alone would
adversely affect some of the most productive floodplain soils which have a very high
waterholding capacity and are of first class quality for irrigation. By so cutting
off floodwater, salinity would increase in reconnaissance units FMl, FM3 and part of
unit FMx. If flood control dams are to be constructed, these units must therefore
be provided with irrigation water to prevent soil deterioration.
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Some of the land of legend group PM, Juvenile Micaceous soils, is very unstable and in a deteriorating condition. River channels change relatively rapidly,
established land is eroded, new land builds up and meso-topography often changes
from year to year. It was to such land that specific reference was made in the
Plan of Operation. Flood control will' stabilize this land but the inherent fertility and soil physical conditions will be reduced.
The Rima floodplain could be reclaimed by construction of polders, but often
only at the cost of using the better quality lower lying land for reservoirs. The
highhjüraulic conductivity of many of the soils concerned and that of the deeper
subsoils of the lower and better lands are a further disadvantage. Close attention
should, therefore, be given to the drainage and seepage problem. Irrigation under
a flooding regime is also possible.
In the neighbourhood of Illela and Tungan Tudu there is a nearly continuous
piece of irrigable land of high potential (reconnaissance legend unit YK.), with
artesian water nearby, where there are local and government irrigation schemes.
The possibilities of using groundwater and water from lakes Kware and Kalmalo should
be studied. Close attention should be given to drainage which is naturally rather
poor. The soils and their substratum should first be studied in a detailed survey.

2.8

Erosion

Natural erosion arising from sheet floods and rill wash in the project area
is already considerable, and is aggravated by overgrazing and burning. The main
area affected is the crystalline basement zone. The sedimentation pattern in the
floodplains indicates that accelerated erosion started many hundreds of years ago.
Gully erosion is negligible, except in some hilly areas that have a very low development potential. Stabilization of the forest floor vegetation will be the most
important method of checking erosion. The control of grazing and burning is also
essential, but difficult to achieve because of prevailing nomadic grazing habits.
These erosion control measures cannot, however, be undertaken quickly enough to
stabilize the rivers without the help of additional technical flood control works .
The sandy arable land is subject to wind erosion during the dry season. Shelterbelts are recommended which could be planted with local trees and shrubs (Acacia
albida, Euphorbia and neem). Such belts of trees would also serve as sources of
firewood.
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CHAPTER III

THE ENVIRONMENT

1.

Climate

The project area has a semi-arid climate characterized by a long and severe
dry season lasting from October to May, and a short but intensive wet season from
May or June to September. The dry season is caused by a dry, hot, continental air
mass coming from the north-east, and the rainy season is attributable to the effect of humid equatorial maritime air coming from the south-west i.e. the Gulf of
Guinea. Because of its geographical position in the extreme north-west of the
country and away from the sea, the project area remains under the influence of the
harmattan for an even longer period, and the effect of the humid wind from the
south-west is similarly reduced, resulting in a short wet and a long dry season.
A characteristic single peak rainfall reaches its maximum in August and the
precipitation drops sharply in October. The three wettest months are July with the
average precipitation of 8 to 9 in» August with 10 to 11 in and September with 5 to
8 inc. In November, December, January, February and March there is either no rain
at all or the total monthly precipitation is less than 1 in. The mean annual rainfall decreases gradually from south to north. For instance, it is 38 in (950 m m )
in Gusau but only 28 in (700 mm) in Sokoto. During the wet season the rain falls
in short but intensive showers causing surface run-off to an extent dependent both
on the type of rocks or sediments and on the variable total annual rainfall. The
average monthly rainfall is shown in Figure 1A.
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The mean maximum temperature increases from January onwards reaching a peak of
95-100°F or more in April. The mean minimum temperature is lowest in DecemberJanuary at about 55°^» i.e. during the harmattan period when the nights are cloudless and there is a considerable radiation of heat from the ground. Maximum temperatures are highest from March to June, generally well above 90°*" and sometimes
up to 110°P. Mean daily maximum and minimum temperatures are shown in Figure IB.
The mean relative humidity reaches its peak of over 90 percent in August and
is lowest at 10 to 30 percent in December and January. There is an overall increase of relative humidity in the project area from north to south. During the
rainy season there are many hot humid days, but during the harmattan the humidity
may fall at mid-day to desert-like levels of about 10 percent, resulting in very
high moisture losses from soil and plants. Just before the onset of the wet season,
the increasing air humidity and the first showers in the period March to May cause
many trees and shrubs in the savanna to turn green. Mean relative humidity percentages are shown in Figure 1C.
*

2.

Geology

2.1,

Introduction

The acoount of the geology of the area has been based on maps and information
supplied by the Director of the Geological Survey Department, Kaduna, and his staff,
as well as on original investigations into the occurrence and composition of the
various younger sediments (Pleistocene and Recent). The latter, which had received
little attention from the geologists, appeared to constitute the parent material of
at least one third of the soils in the area'. Map 2, therefore, is a reproduction on
a reduced scale of the official geological map of the Kaduna Survey Department, with
the addition of mapping units for the'yovmgsr sediments. The names given to the
latter units and their place in the stratigraphic column should be considered provisional.
The project area covers a wide range óf geological formations, including the
pre-Cambrian igneous and metamorphic rocks referred to as the basement complex,
volcanic rocks of uncertain age and a number of consolidated and unconsolidated
sediments of more recent origin. Many unconformities occur between the older geological formations, the most conspicuous being one between the Cambrian and Cretaceous rocks. The metamorphic rocks are considerably folded, forming distinct
isoclines and outcropping in the south and south-eastern parts of the area.

2.2

Brief description of the geological formations

Each geological formation has been numbered and the same numbers are used on
the geological map (Map 2) showing the extent and distribution of the formations.
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The distribution of the formations can be deduced in greater detail from the
soil maps, after consulting the explanatory notes on mapping units and mapping
symbols, (Chapter IV, 3*2). References to mineral analyses of the samples are to
be found in Tables 1 and 2.

1. - Pre-Cambrian basement oomplex
The main components are a pegmatite granite and aplite complex with relatively smaller bodies of meta-gabbro and hornblende schist complex. The granites
and aplites consist mainly of quartz and feldspar which on weathering give rise
to relatively poor soils. On the other hand, the gabbros and hornblende schists are
rich in ferromagnesian minerals and give rise to more fertile soils.

2.- Lower Paleozoic to pre-Cambrian rocks
The exact age of these rocks is uncertain. They belong to the basement
complex and are widely distributed in the area. They can be subdivided into the
older granites and the younger metasediments.
2A. - Granites - These are represented by undifferentiated granites and re- .
lated migmatites, granite gneisses, granodiorite, quartz diorite, diorite and syenite, most of them being leucocratic rock types.
Although the granites are relatively resistant to erosion, several erosion
cycles have caused considerable planation and have resulted in a virtually flat
landscape with some scattered inselbergs mainly of the porphyritip granites.
2B. - Metasediments - These consist of psammitic and migmatitic rocks and
semi-pellitic to pellitio phyllites. Ferruginous quartzites and metaconglomerates
also occur in small quantities, of which the former are particularly hard and resistant to erosion. They often overlie and protect the other sediments and thus
maintain a high relief. The rocks are considerably folded and form isoclines.
The structure is very complicated with anticlines, synclines and faults particularly in the south-western part of the area.

3. - Volcanic series
Rhyolites, dacites and tuffs have been found in some places overlying the
basement complex. It is not certain whether they are of pre-Cretaceous or early
Cretaceous age* The volcanics are melanocratic rocks and give rise to relatively
fertile soils.
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Cretaceous and Tertiary sedimentary rocks - These sediments numbered 4 to
12, were deposited in a synclinal basin which formed an extension of the southeastern part of the old Niger basin. They were not folded and show a very small
angle of dip to the north. Several caps of massive and indurated laterite have
developed in the formations giving rise to extensive flat topped hills and plateaus.

4. - Gundumi deposits
There are continental deposits of lacustrine and fluviatile origin, derived from highly weathered basement hinterland. They consist of clayey grits,
dark grey or sometimes blue and purple clays, pebble beds and poorly sorted base
conglomerates, all forming rather poor soil parent materials. The maximum thickness of the formation is about 900 ft. The analysis of two samples has disclosed
a tourmaline-hornblende association.

5. - Illo deposits
These are younger than the Gundumi deposits and consist of medium to
coarse grained grits sometimes interbedded with white blue or mottled clay, and
white kaolinitic clays which are pisolitic and nodular. There are also grits and
sandstones with minor quantities of clays. The analysis of two samples for heavy
minerals have revealed a tourmaline -zircon - staurolite association.
Rima group - This groups is divided into the Taloka, Dukamaje and Vfurno
deposits, numbered 6 to 8 respectively.

6. - Taloka
The deposits consist of predominantly fine grained sandstones in the
south grading into siltstones to the north. Thin beds of carbonaceous mudstones
also occur. The maximum thickness of this formation is about 350 ft.

7« - Dukama.je deposits
(formerly "Mosassaurus shales'1) consist of shales with spheroidal nodules
of aluminium sulphate and some marly limestone. There is a bone bed in the formation containing Mosassaurus spp. and other vertebrate and invertebrate fossils.
The formation crops out in escarpments and its maximum thickness is about 20 ft.
The caps of massive laterite of the Rima group are largely developed on the Dukamaje
deposits.
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8. - Wurno deposits
, The top of this formation is considered to constitute the boundary
between the Cretaceous and Tertiary periods. 'It consists of fine grained sandstones, mudstones and siltstones. The mineralogical analysis of two samples for
heavey minerals has revealed a tourmaline - zircon - staurolite association.

9. - Dange deposits
These are marine deposits of coastal or estuarine origin, consisting
of bluish grey or green, well laminated, shales, with bands of limestone and calcareous phosphate concretions. They cover only small areas, always associated with
the Kalambaina deposits.

10. - Kalambaina deposits

The upper part consists mainly of clay shales and calcareous mudstones,
and the lower part is composed of chalky and hard nodular limestones. Nassive and
indurated laterite is common on the shales. The limestones exposed on some valley
slopes give rise to dark coloured and relatively fertile soils. A shallow aquifer
occurs at the base of these deposits whioh are approximately 60 ft thick.

11-12. - Lower and upper Gwandu deposits
These consist of massive clays and clayey grits, interbedded with red and
white, medium to fine grained, sandstone showing a criss-cross bedding pattern which
indicates a continental lacustrine origin. The lower part of the Gwandu has been
separated as mapping unit No. 11 as it appears to be of marine origin. The heavy
minerals obtained from two samples form a tourmaline - zircon - staurolite association.
Pleistocene, Holocene and later deposits

sections:

The Pleistocene, Holocene and later deposits can be divided into two
(a) 14 types of aqueous deposits (b) and 5 types of aeolian deposits.
(a) Aqueous deposits

I3C and 15A - Gusau and Bakoori deposits - These are probably of Early
Pleistocene age and are deposits of loess-like material (13C) and deposits of
loamy texture (15A) respectively. They now form terrace-like terrains ("high
terrace"). The Gusau deposits (13C) are not shown on the geological map (Map 2 ) .
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14. - Tureta deposits
These deposits consist of fine to medium grained sands derived from the
Sangiva (13A) aeolian formation by sheet erosion and are deposited in terrace-like
plains, constituting the "sandy wash plain". The mineralogical analysis of seven
samples has shown a tourmaline - zircon - kyanite association.

16. - Rabah« Talata and Kaura Namoda Terraoe deposits
("Main Terraoe") - These are yellowish brown, brown or reddish brown,
medium textured, sandy to loamy deposits. The Rabah and Kaura Namoda terrace
deposits are medium to fine sands or loamy sands, very well sorted. The Talata
deposits consist of fine loamy sands to sandy loams. The heavy minerals obtained
from the analysis of seven samples of the Rabah terrace belong to a tourmaline zircon - kyanite association. In the Talata and Kaura Namoda terraces a hornblende epidote association has been found.

17A. and 17B. - Zazagawa and Bagodu deposits
("Low Terrace") - The former belong to a braiding river system and consist of fine sands that are very well sorted. The latter deposits seem to have
originated more from a meandering river system and consist of very fine loamy sands
to clay loams. Whether they are contemporary with the Zazagawa deposits is an open
question. The heavy minerals obtained from the analysis of five samples of the
Zazagawa deposits are represented by a tourmaline - zircon and staurolite association.

18. - Argungu "Floe" deposits *
Medium to fine and very well sorted sands of a braiding river system
with heavy minerals of a tourmaline - hornblende association..

19. - Diggi "Park" deposits *
These were laid down by a meandering river system, and consist of very
fine sands to loams on levées and spills and silty clays in the former back swamps
and in old river beds. Five samples analysed have given a hornblende - epidote
association.

* For explanations of these names see Chapter 17 3.3
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20. and 21. - Ambursa "central" and Tungan Tudu deposits
These consist of sandy to heavy clays which, unlike the Diggi park deposits, contain very small amounts of silt. The Tungan Tudu clays are more
fertile than the others. The heavy minerals from the analysis of four samples of
the Ambursa central deposits constitute a tourmaline - zircon - staurolite association.

22. and 23. - Kurukuru and Cande "micaceous" deposits
These are recent deposits of a meandering river system consisting of micaceous, very fine, sands to loams of the levées and spills, and olay loams and
eilty clays in the back swamps. The heavy minerals from the analysis of five
samples form a hornblende - epidote association»
(b) Eolian deposits
The eolian deposits have been divided into five parts.
the degree of sorting of the sands is discussed in Chapter IT.

The importance of

13A. - Sanfliwa cover sands
Are ill-sorted and contain a tourmaline - zircon - staurolite association.
13B. - Funtua loess
Has a very high content of very fine and fine sands, usually mixed with
the Zumi formation and other deposits. The analysis of one sample for heavy minerals has revealed a high content of sillimenite.
15B. - Sokoto cover sands
Are well sorted. Mixtures with sedentary materials contain a tourmaline zircon - staurolite association, but in the Sokoto sands uncontaminated by the sedentary material, staurolite is replaced by kyanite. The mineralogical analysis
was carried out on 19 samples.
16A. - Z u m i cover sands
Are moderately to ill sorted and analysis of 11 samples showed them to
contain a hornblende - epidote association.
21A. - 111ela cover sands
Are very well sorted and analysis of 10 samples showed them to contain
a tourmaline - zircon - staurolite association.

- 22 -

3.

3.1

Oeomorphology

Geomorphic history

The project area has a complex geomorphic history, beginning in the Jurassic
period with the formation of the oldest known erosion surface, commonly referred
to as the Gondwana peneplain. During the Cretaceous a general subsidence occurred,
and the Gondwana surface was covered by the lacustrine and fluviatile Gundumi and
lllo sediments in the western and north-western parts of the project area. The Hima
sediments that appear to be mineralogically related to the lllo formation were deposited over the latter, probably in the Middle Cretaceous. It is likely that the
subsidence stopped after the deposition of the lllo formation, and a general uplift
followed in the Late Cretaceous period. The post-Gondwana process of pediplanation
in the Late Cretaceous has caused the removal of the thinner parts of the Gundumi
and lllo formations on the northern fringe of the basement complex, but some remnants of these sediments still persist in small pockets.
In the Early Tertiary period the deposition of the Dange and Kalambaina sediments took place after a general subsidence. During the Eocene there was apparently a local subsidence to the south-west of Sokoto andthe marine and lacustrine
facies of the Gwandu were deposited.
In the lower Miocene another uplift began and this resulted in a pediplanation
oyole represented by what is commonly referred to as the African surface. This
surface is marked by the presence of extensive sheets of massive and indurated laterite on the crystalline basement and broad meanders of the river Ka which reached
maturity in this cyole.
In the Pliocene period the uplift known as the Niger cycle continued, causing
the rejuvenation of the drainage system which resulted in the formation of V-shaped
valleys outting through the old sediments.
During the Pleistocene and Holocene, tectonically stable conditions prevailed,
although there may have been some relative uplift in the south-western part of the
area. The geomorphic processes that were operative then and up to the present time
were controlled by several changes of climate from arid to moist and wet and vice
versa, the evidence for which is the presence of several river sedimentation patterns alternating with various deposits of loess and cover sands.
Four arid periods and their associated windbome deposits, probably originating from the Sahara desert, have been tentatively dated as follows:
- Early Pleistocene: Sangiwa cover sands and Funtua loess.
- Middle Pleistocene: Sokoto cover sands
- Middle to Late Pleistocene: Zurmi cover sands
•= Middle Holocene: Illela cover sands
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At least five major drainage patterns that developed from the late Pleistocene
to recent times are indicated in a tentative classification as followst
- The older braiding and locally meandering river system associated with the
Zazagawa and Bagodu low terraces.
- The younger braiding river system identified with the Argungu floe- The sub-recent meandering river system to which the Diggi park deposits
belong.
- The lacustrine conditions reflected in the formation of the Ambursa central
and Tungan Tudo deposits.
- The recent meandering river system with the resulting Kurukuru and Gande
micaceous deposits.

3.2

Description of land forms

Five major land forms or geomorphio elements, (numbered I to V) each subdivided into several components, have been recognized in the project area. A brief
description is given below, and their geographic occurrence can be deduced from the
soil maps and their legends. A provisional map with these land forms has been used
by the hydrologists of the project for calculation of run-off percentages and other
purposes.
I.

Areas with very high relief intensity

1^ - Sharp ridges The ridges consist of quartzite which has resisted
.erosion and now forms a series of virtually bare rocky hills, with sharp crests
standing well above the present relief. . A minor subdivision was made between the
very sharp ridges rising very steeply from the pediplain and the more gently sloping
ridges.
12 - Scarps formed at the edges of laterite oaps as a result of lateral slope retreat. Two components have been distinguished} the steep upper slope
with no debris, and a more gentle middle to lower slope covered by partially disintegrated fragments and boulders of laterite.
13 - Rock outcrops in the form of inselbergs, consisting of granites
and gneisses, are the most prominent features of the area.
II.

Areas of high relief intensity

/

Hi - Hilly landscape A series of hills and gentle ridges, consisting
of meta-sediments and some quartzite, dissected by deeply incised and steep sloped
valleys.
' . •
.
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Ü 2 - Talus elopes result mainly from the present erosion processes.
They are found in the hilly landscape unit as well as at the "base of inselbergs
where they form talus cones and in other mapping units where erosion has resulted
in fragmentation, downward movement and re-deposition of the rocks,
II3 - Isolated gravel hills have an irregular base from about 1 200
to 1 800 ft, are 100 to 150 ft high, and occur in partially eroded gravel areas of
the Gundumi and Illo formations.
III.

Areas with medium relief intensity

IIIl ~ Badlands. This name has been given to areas dissected by numerous valleys and gullies where erosion has often penetrated to the underlying
unweathered rock. The rock outcrops are common even in the highest parts of the
watersheds and this, combined with frequent burning and overgrazing, has rendered
the area quite unsuitable for any agricultural development.
l ü g - Valleys excluding floodplains have been divided into IIl2a,
deeply incised V-shaped valleys) Hl2al> young V-shaped valleys formed by the rejuvenation of the old landscape; IIl2b> broad valleys with flat bottoms} IIl2 c ,
fans and other colluvial deposits along the valleys} IIl2di wide valleys partly
filled-in with colluvial and eolian deposits.
1113 - Dissected pediplain. This forms the highest part of the African
erosion surface which has been severely eroded by numerous water courses and gullies.
In some parts the frequent and deep gullies have resulted in the formation of a hilly
landscape grading into mapping unit H i «
1114 - Dunes. Dunes of the Illela cover sands are still preserved
fairly well. Their width is 1 200 to 1 500 ft and height 45 to 60 ft. They often
overlie an indurated laterite but may occur in other areas. At present they are
stabilized.
Dunes of the Sokoto cover sands vary in length from 1 5 0 0 t o 2 000 ft
and in width from 600 to 1 500 ft. They are 30 to 60 ft high and occur in isolated
and scattered expanses.
Hummocky dunes with a more or less circular base are associated with
the Sangiwa cover sands in the northermqst zone. They are about 30 ft high and are
spaced about 600 ft apart.
IV^.

Areas with low relief intensity

IVi - Other Eolian forms. These refer to the Sangiwa, Sokoto, Zurmi
and Illela cover sands and Ruitua loess that were attacked by erosion to some extent.
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IVi a - Actively denudating dunes are associated with the Sokoto and
Sangiwa cover sands. They have been levelled and considerably flattened by sheet
flood erosion and do not show a clear dune structure.
Some sandy material of the Sokoto drift was blown over the older and
flattened Sangiwa cover sands and now forms scattered, small, elongated, low dunes.
IV^ij- Denudation plain of former dunes. This developed in the Sangiwa
and Zurni cover sands after they had been completely levelled by sheet floods and
rill wash.
IVj c -

Almost flat eolian deposits occur on some pediplain remnants.

172 - Sandy wash plains occur along many rivers and wadis and lie 30
to 60 ft or more above the present river bed. They consist of originally windborne material, resedimented into alluvial plains sloping gently to the rivers.
IV3 - Upland river terraces are divided into a high terrace", (iVßa),
which may be strongly dissected and eroded, and a main terrace, (IV?^), still well
preserved and occurring at 10 to 30 ft above the present flood level. The originally wind borne material has been transported by the river and deposited as alluvium.
IV4 - Flat pediplain remnants of the African surface have been subdivided into those whioh do not show any drainage or dissection pattern, (iVda)>
and those which have been dissected and gullied, (IV^J,), and resemble unit I1I3
IV5 - Denudating sedimentary plains comprise most of the Cretaceous
and Tertiary uplands which are not protected by hard laterite sheets and are, therefore, undergoing sheet erosion. Two sub-divisions have been made; IVja with moderately strong sheet erosion and IYjb with strong sheet erosion.
IVg - Structural plateaus are the elevated areas protected from erosion by thick strata of hard laterite.
IV7 - Headwater regions are very badly eroded old peneplain surfaces
with numerous gullies and water channels.
V.

Areas with very low relief itensity (floodplains)

The term floodplain refers to the areas adjacent mainly to the major river
courses and remaining under the influence of fluctuating water level. Eleven components of this geomorphic element have been recognized and they are briefly defined as followBt
Vi - Low terrace of the older braiding C.4 meandering river system.
It is still well preserved, with very few scattered gullies.
V2 - Dissected floe terrace of the younger braiding river system has
been considerably eroded and often occurs in small scattered patches only. This
unit has been subdivided into V2a» non-flooded parts; V2 D , seasonally flooded parts
and T201 shallow gullies and eroded parts.
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V^ - Intersected levees and spills of the sub-recent meandering river
system which are seasonally flooded in the lower parts.
V4 - Levées of the recent meandering river systems have been divided
into 74a, terrace-like deposits and V^t, deposits in the form of low ridges.
V5 - Pointbars and spills of the recent meandering river systems
subdivided in Vija and Vtjb sub-units according to their development and shape.
Vg - Back swamps (basin lands) of the recent and subrecent meandering
river systems are often the lowest parts of the floodplain and may remain waterlogged during the whole of the flood season.
Vy - Former lacustrine flood basins also remain waterlogged during
most of the flood season.
VQ - Gullies of the sub~recent braiding river system found on the
low river terrace.
Vo - Partly silted-in gullies and ponds of the meandering river systems and the lacustrine period are divided into Vga, elongated depressions) Vat,,
oxbow lakes and Vq c , sub-circular depressions.
V^Q-

Present day channels of the meandering river system.

V\\Undifferentiated minor flood plains belonging to small tributaries where flooding is inextensive and irregular.

3.3

Contemporary erosion processes
Accelerated erosion in the area is shown by sheet, rill, gully and wind erosion.

Sheet erosion is generally confined to relatively gentle slopes with slowly
permeable soils and a sparse vegetative cover. Surface self-sealing in otherwise
permeable soils is another contributory factor. At the base of slopes 150 to 300 ft
wide, shallow water channels are usually formed which may give rise to an incipient
braiding system. The areas affected by sheet erosion are the denudating sedimentary
plains (IV5), the levelled old cover sands (IV^), the flat pediplain remnants (IV4)
and the wide and flat valleys partly filled with oolluvial material (lll2d)•
Rill wash erosion is common on slopes steeper than those affected by sheet
erosion and under somewhat denser vegetation. It results in the formation of small
but frequent channels up to 3 ft wide and about 1 ft in depth.
Gullies are generally confined to steep slopes with very sparse vegetation
cover. The areas most affected by this type of erosion are badlands mapped as unit
III}. Gullies have also been found at the edges of the pediplain remnants and on
steeper valley slopes.
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Vind erosion and partiele deposition occur in the cover sand and dune areas
and reach, theirI seasonal peak during the hannattan period from December to February.
Attemps are made to prevent the loss removal or sandy top-soil from farmland by
establishing grass covered bunds. During the hannattan, large amounts of dust are
carried from the Sahara and deposited as a very thin layer of loess in the project
area.
All these erosion processes are often accelerated by indiscriminate burning
and overgrazing which destroys the protective cover of vegetation. It is essential,
therefore, to introduce appropriate soil conservation measures into the area.

3.4

History of erosion
j

The erosion processes flattening the landscapes of the project area must have
been active for a long time. These are shown by formation of the Gondwana peneplain in the Jurassio period, the pediplanation in the Late Cretaceous and the pediplanation of the Pliocene (African surface). In Quaternary times, the apparent
changes in climate must have caused considerable changes in type and strength of the
erosion processes. Climates comparable to that of the present time were favourable
for sheet and rill erosion and resulted in the formation of the Bagodu and Diggi park
deposits. The dryer climates caused sand deposition over large areas of dense formations (Sangiwa, Sokoto, Zurmi, Illela). This was followed later by intensive erosion of loamy materials from the uncovered crystalline basement area and erosion of
sandy materials from the dense covered areas resulting in loamy or sandy terraces
and sandy wash-plains downstream (Tureta, Rabah, Zazagawa and Argungu floe). The
present extent of these fluviatible sands shows that the catchment of the RimaSokoto basin was formerly mainly located in the Niger Republic north of the project
area. This Sahara catchment may well have been cut off by obstruction with blown
sand in the Illela age.
Climates more humid than at present must have caused intensive rock weathering,
the formation of deep soils and the growth of a dense, protective vegetative cover.
In such circumstances, erosion was slight and confined to fine-textured particles
(resulting in the lacustrine clayey Ambursa central deposits in the Rima).
The entrance of the present day climate again favoured sheet and rill erosion
from the orystalline basement area, while the erosion of the sedimentary area remained limited. The result was the deposition of the micaceous sediments, which
have already covered the floodplains of all tributaries that have their catchment
in the crystalline basement and also about one fifth of the Rima floodplain. A
rough estimate can be made of the thickness of the surface layer that has been removed from the basement area since the present-day climate took effect, probably
about 2 000 years ago. The volume of the micaceous sediments is about 2 500 million
m3 and the basement catchment area is roughly 40 000 km^. This would imply that
only 6 cm or about 2£ in of the surface in the basement area has been removed over
the last 2 000 years.
Though climatic conditions are the main cause of present day erosion, human
influence may have accelerated it, especially after the arrival of the nomadio Pulani,
- whose herds roam particularly over those areas already liable to sheet and rill
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erosion. There have been alarming reports about accelerated erosion during the
last few years. Such could be due to a sudden increase in the rural population
and number of cattle, as would change the land use in and along the main floodplains and lead to disastrous erosion of terrace lands and the deposition of huge
amounts of sand on top of older, fertile deposits.
Study of the composition, age and extent of the micaceous sediments shows,
however, that present-day erosion is largely part of a process which has been going
on for many hundreds of years. Spill formations form an inherent past of the older
phase of the micaceous deposits (the Kurukuru type). There may, however, be a
slight increase in the frequency of spilling (Sabon Birni, Wurno, Talata Mafara,
Sokoto, Gummi). Figure 2 illustrates the changes that may take place in a few
years.
At present the front of the new sedimentation has reached Wurno in the upper
Rima and Silame downstream of the confluence of the Rima and Sokoto rivers. The
silt measurements of the hydrology section reveal that assuming an average depth
of sedimentation of 4 ft, 150 ac and 250 ac respectively of the floodplain are
yearly covered by the advancing micaceous sediments.
It should be mentioned in this connection that the new sediments often form
the highest quality farmland if sedimentation is allowed to continue and flatten
the land.

4.
4.1

Vegetation
Introduction

The broad, climatic-influenced vegetation zones of northern Nigeria are well
described in the literature. The project area is located mainly in the so-called
Sudan zone which shows savanna woodland on the better soils and tree and shrub savanna on less good soils. In the northern, dry parts bordering the Sahara desert,
these types merge into the shrubby and thorny vegetation of the so-called Sahel zone.
In the south-eastern part, where rainfall and humidity are higher, they merge into
the relatively densely wooded vegetation of the so-called Guinea zone. The vegetation
study carried out was necessarily limited, the foremost task of the soil surveyors
being the actual soil survey of the area whioh required practically the full period
of their assignments. During excursions, valuable assistance was received from the
provincial forestry authorities, while several hundred rough descriptions of tree
vegetation were made by the senior soil surveyor with the advice of an ex-Forestry
Department assistant who had some knowledge of the local species. These descriptions were made during field checks of the soil survey at the soil observation
points.
In spite of their fragmentary character, these data, proved useful for a general classification of the vegetation for which the studies of Boughey (195^), and
Clayton (i960) were also consulted. A description of the grasses was possible
through the kind cooperation of Mr. P. de Leeuw of the Shika Grassland Station,
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Ahmadu Bello University. Samaru, Zaria. More detailed data on grass growth and
grazing were published by de Leeuw (1966).
The main divisions for the classification of the vegetation were based on the
structure of the vegetation, i.e. on the "formation", botanical composition and
structure being correlated. Within the formations, subdivisions were made according
to the botanical composition. The classifications are, as far as possible, adapted
to the existing literature, even if it were thought that a different delimitation
or name would have been preferable. The names are tentative, and it should be borne
in mind that the use of a species name fora unit does not imply that the species is
restricted thereto or that it is the only important species in that specific unit.
It only indicates that is is physiognomically important for that unit.
The aim of this classification and of the map made on the basis of the units
is only to give a general description of the main ecological features of the area,
and thus outline the distribution of valuable grasses and useful woody vegetation.
A full photo-interpretation, as was done for the soil survey, could not be undertaken. Vegetation units and patterns played an important role in the soil survey
(cf. Chapter IV 3»2), because they were clearly visible on the aerial photographs.

4.2

Vegetation classification units

A. Woodland. Woodland in the project area is characterized by a more or less
olosed canopy of medium-sized trees 30 to 45 ft in height.
Al. Anogeissus woodland. Prevalent trees and shrubs are» Anogeissus leiocarpus. Parkia clappertonia, Tamarindus indica, Adansonia digitata, Commiphora
pedunoulata« Commiphora africana, diospyros mespiliformis, Prosopis africana,
Combretum nigricans.
Grasses! Dominant: Loudetia togoensis; occasionally dominantt Andropogon
pseudapricus. Tripogon minimus and Zornia diphylla. Constant occuring species are:
Brachiaria stigmatisata, Sporobolus festivus and Zornia diphylla (= Loudetia type).
In shaded and not too intensively grased areas, Pennisetum pedicellatum.

A2. Combretum nigricans (Detarium woodland). Most important trees and shrubs
are: Detarium macrooarpum, Boswellia dalzielii and most of the species mentioned
under Al.
Orasses: Dominant and/or constantly occuring: Sohizechyrium urceolatum, .
Loudetia togoensis, Andropogon pseudapricus. Rather constant: Mircochloa indica,
Tripogon minimus and Pennisetum pedicellatum (= Schizachyrium urceolatum type).
On the ferruginous and shallower soils, species are similar to those listed under
A3 but also include Detarium and Boswellia.
A3. Anogeissua - Isoberlinia woodland. Predominant trees and shrubs: AnogeisBus leiocarpus, Isoberlinia doka, Isoberlinia dalzielii, Butyrospermum parkii,
Terminalia avicennioides, Strychnos spinosa.
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Anona senegalensis and various other species, especially frequent in the
Guinea zone.
Grasses: Dominant and constantly occuringt Braohiaria stigmatisata.
Constant: Sporobolus pyramidalis. Andropogon pseudapricus. Braohiaria juhata.
In shaded situations Pennisetum pedicellatum and Andropogon gayanus. (» Braohiaria
type) occur in the southern part of the area, transitional to the Guinea zone.
B. Savanna-woodland. Savanna-woodland is characterized by an open stand of mediumsized ;trees 25 - 30 ft and occasionally more in height, with a more or less closed
canopy under which small trees and shrubs grow. More open patches with a short
(under 3 ft) grass vegetation may occur, representing a transition to tree-savanna
(see under C.)
Bl. Combretum nigricans savanna-woodland (Cf. Clayton, i960). The pattern of
the Combretum savanna-woodland is a matrix of shrubs in which the most important
species are: Quiera Senegaleni3« Combretum glutinosum. Patches of denser and higher
vegetation occur in a very typical pattern, in which the same species are found,
especially Piliostigma and some Acacia ataxacantha. but also some trees such as
Combretum nigricans. Balanites aegyptiaca and some other species which are more common in the next unit (B2) such as Anogeissus leiocarpus. Sclerocarya birrea, e t c
The most important grasses are the same species as in A, but poorer (less
dense) and without Pennisetum.
The unit is transitional to the tree-savanna and occurs on the stronglysealed sandy soils of the Sangiwa cover sands and similar soils.
B2. Combretum nigricans-Anogeissus savanna-woodland. This is a more homogeneous, denser vegetation than Bl and similar to the denser patches of this unit.
Common species are medium-sized trees such as Combretum nigricans. Prosopis africana
Anogeissus leiocarpus, Butyrospermum parkii. Entada africana, Sclerocarya birrea.
Balanites aegyptiaca, and in the southern areas Bombax costatum.
Among the shrubs, Combretum glutinosa, Piliostigma sp., Acacia ataxacantha,
Acacia pennata (?) and Dichrostaohys glomerata are very common. Planted Azadirachta
(Neem) does very well. A noteworthy shrub, rather common in this unit, is Cochlospermum tinctorium with yellow flowers just at the soil surface in the dry season.
To the north the vegetation is poorer in species and of more open structure (tree
savanna-like). There, Prosopis. Anogeissus and Balanites are the most important.
When strongly burned and overgrazed, the vegetation in the southern area also takes
on the appearance of a tree-savanna. On the air photographs, however, the homogeneous appearance remains, unlike unit Bl.
Grasses: Dominant: Diheteropogon hagerupii, constantly occurs (sometimes
also codominant): Digi'taria gayana, Byparrhenia bagirmioa, Loudetia annua and Borreria radiata. For shaded areas Pennisetum pedicellatum (»T Diheteropogon type) is
fairly abundant. The unit occurs mainly on the sands of the Tureta formation, the
Sokoto cover sands and also on the loamy, not heavily sealed, kaolinitic soils and
red ferruginous soils.
B3. Acacia savanna woodland. This unit which is not shown on the vegetation
map (Map 3) is composed of Acacia" spp. of which the most important are Acacia
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nilotica var. adansonii, Acacia nilotica var. nilotica. Acacia senegalensis. Acacia
seyal« Acacia polyacantha subsp. campylacantha and Acacia Siberians. Various other
trees and shrubs may oocur as well, e.g. Anogeissus, Piliostigma thonningii•
Grasses: Cymbopogon schoenanthus often dominates. On shallow soils the
Schizachyrium type (see A2) may be present. Pennisetum pedicellatum occurs in
shaded situations.
Most typically this unit occurs on scarps of the calcareous Kalambaina
formation and on Tertisols developed on these geological deposits. Most probably a
more differentiated delimitation would be possible. Part of the riverine woodland
(E), described below, is quite similar, in particular the woodland growing on
Vertisols and Solonetz in the floodplain. (see also unit C3).
C. Tree savanna. Tree, savannas are rather open units of vegetation, with low
shrubs or grasses and regularly distributed, single, medium-sized trees or clusters
of trees. The last mentioned clusters are often supported by termite mounds.
CI. Combretum nigricans - Combretum micranthum tree savanna. (Cf.. Clayton, i960)
This vegetation is in fact a poor variant of BI. Guiera senegalensis and Combretum
mioranthum are the dominant species. Combretum nigricans is common. Soattered
trees, mentioned in Bl, occur. Quite a common shrub is the Cassia singueana with
its yellow flowers in spring.
Grasses:

Poor:

Loudetia type, se» Bl.

Occurrence: on shallow, sealing soils (thin sand layers on plinthite
caps), other very strongly sealing sandy soils, eroding soils and all other transitions of savanna-woodland to shrub-savanna.
C2. Combretum nigricans - Acacia ataxacantha tree savanna. This is a most
characteristic vegetation, easy to recognize on aerial photographs ("black dot*1
areas). It consists of a rather low vegetation of small trees and shrubs with regularly distributed very ancient termite mounds that are covered with dense shrubs
and usually have some trees on top. The mounds are up to 7 to 8 ft high and up to
30 ft in diameter. More to the south the vegetation between the mounds is rather
dense and the tree-savanna character less pronounced, grading to woodland. To the
north, most of the termite mounds are fully eroded and the intervening vegetation
tends towards unit CI or shrub-savanna.
The normal pattern of the Combretum nigricans and Acacia ataxacantha in
between the mounds is similar to that of A2 or CI. The vegetation of the mounds
is a dense shrub growth of Acacia ataxacantha, Acacia pennata (?), Dichrostachys
glomerata. Capparis tomentosa and others. Asparagus is often found. Trees are often
Combretum nigricans, Tamarindus indica, Diospyros mespiliformis. The area in
between the mounds is always more or less waterlogged during the wet season. In
extreme cases the soil is almost a bare, whitish (kaolinitic) d a y and on the slopes
Mitragyna and Kaya can be found.
Grasses are: Pennisetum pedicellatum on the mounds. Between the mounds,
if the ground is not bare, the species are of Loudetia type. Miorochloa indica and
Borreria octobden on strongly sealed and waterlogged Bites respectively. Occurrence«
on Gray and Red Kaolinitic soils and some soils developed on the Gundumi deposits.
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C3. Lannea acida - Acacia seyal tree savanna. This is a type of tree-savana
which is easily recognized on air photographs as an open space with only few or no
shrubs and dominant Loudeita grasses. The cover of grass and tiny herbs is broken
by almost bare spots which are due to temporary activity of ants and probably termites. Scattered throughout the area are medium-sized trees, most characteristic
of whioh are Acacia seyal and Lannea acida. although they are not dominant. Adansonia digitata and Anogeissus leiocarpus are usually present, and various other trees
and shrubs from the Anogeissus woodland. The physiognomy is a classical park landscape. Many transitions to Anogeissus woodland occur.
Grasses« Dominant species are Schoenefeldia gracilis. Andropogon pseudapricus, Chloris lamproparia and Loudetia togoensis.
Occurrence: Semi-I§rdromorphic soils and especially on solodized solonetz
on crystalline rocks.
D. Shrub savanna. The shrub savannas consist only of shrubs at various densities
and in the project area are, almost purely anthropogenous. In many places the tree
savannas and savanna woodland tend towards shrub savanna. Under shifting cultivation and other fallow systems,a shrub savanna established itself within a few
years, may even develop a tree savanna and, if no burning, overgrazing or overcutting ocour, may regenerate to a woodland stage. The main distribution is within
the zones of shifting cultivation and fallow cycles.
Three main types of shrub savanna were distinguished»
SI. Guiera - Combretum mioranthum shrub savanna. Occurs on heavely eroded land,
almost bare laterite outcrops and only on the poorest, driest, shallowest land in
areas of shifting cultivation. Grasses are similar to those of B, but no Pennisetum.
and often with many herbs because of overgrazing (Cassia tora, Aoanthospermum hispidum and Triumfetta pentandra).
B2. Piliostigma reticulata shrub savanna. On most, not too poor and not too
heavily eroding land. Various delimitations could be made which correspond to devastation type and soil condition. Bi or B2, but often with many herbs because of
overgrazing (species as in Si).
S3. Terminalia avicennioides shrub savanna. On the loamy areas in the southern
parts of the project area, being the shrub stage in the Anogeissus-Isoberlinia
cycle (A3 and A2).
E. Farm (park) land. Almost everywhere, the farmland is characterized by scattered
trees. The most dense tree cover is found in the southern areas (Unit E3)j the
most open, (even not park-like) areas are in the north. A closer study of farmland vegetation would allow a more detailed delimitation on the basis of trees and
shrubs, while herbs could also give an indication of farming practices, fertility,
hydrologioal conditions, erosion, etc. This report oan only give a rough physiognomic delimitation.
El. Acacia albida farmland. This is a very heterogenous unit including all
arable land that cannot be included in the other units. From a physiognomy point
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of view Acacia albida and Balanites aegyptiaca are the most important species.
In the north, the occurence of the remarkable dichotomical palm, Byphoene thebaica«
should be mentioned. The fallow lands tend to the shrub savanna type Dl and D2,
depending on the soil conditions.
Occurrence^ on all kinds of sandy and Kaolinitic soils in the northern
area. On lower river-terraces a variant may be found having Borasaus and other
palms.
E2. Parkia farmland. A typical park landscape, dominated by the rounded umbrellas of Parkia clappertonia. Acacia Albida is still common. Ficus spp. Vitex
doniana and especially Adansonia digitata are frequent. Tamarindus indiea and
Butyrospermum can be found occasionally. Occurrencet on the sandy river—terrace
soils and the farmlands on nonflooded Juvenile S O Ü B and on Ferruginous and Brown
soils. In the central and northern part, fallow lands show the L2 shrub savanna
type.
E3» Butyrospermum - Parkia farmland. Closely related to E2 but Butyrospermum
parkii is abundant, and usually also other species such as Mangifera indica and
Ceiba pendandra. In the Guinea zone, Vitei doniana and Ficus spp. have an optimum.
Adansonia is less common than in units El and E2.
Fallow lands develop into Isoberlinia and Anogeissus woodland, via the 2)2
and D3 shrub savanna stage.
Occurrence:

mostly on loamy soils in the southern parts of the area.

F. Riverine forest, woodland, e t c This formation is rather complex. For the sake
of convenience, the true riparian forest and woodland are combined with the tree
savanna and shrub-like degradation stages.
A delimitation according to the influence of flooding type, hydrological
regime in general and soil conditions would be possible after detailed research.
Most common trees are: Borassus flabellifer (syn. aethiopum), Mitragyna
inermis. Dipspy ros mespiliformis. Parinarium macrophyHum. Acacia nilotica« Khaya
senegalensis. Daniella oliveri, Ficus spp. and Terminalia spp., Bauhinia rufescens,
Mimosa pigra. climbers such as Acacia ataxacantha and others. Various perennial
grasses occur including Pennisetum pedicellatum and Vetiveria nigritana.
Ocourrencet on the Solonetz areas in the main floodplain, forest reserves
on the Juvenile soils in the main floodplain and the smaller floodplains with their
borders, scattered in the area.
G. Seroiaquatio non-tree vegetation. Vegetation of grasses, herbs and some shrubs,
regularly flooded but not permanently waterlogged.
Gl. Semiaquatic grass and rush vegetation.
Seirpus and Cyperus as well as Echinochloa spp*
Occurrence!

Cense stands of wild rice, various

on various soils in the floodplain that are regularly flooded.
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02* Vetiveria grassland. The most common speoies is the tufted grass Vetiveria
nigritana. Mimosa pigra usually occurs.
Occurrence«. on higher, briefly or irregularly flooded soils in the floodplain, some of which are slightly alkaline. Moderately matured Juvenile soils. A
mosaio of Vetiveria grassland and riverine grasslands (unit G3) covers the floodplain of the Niger river within the project area. Transitional stages between 01
and 02 contain species rather suitable for grazing.
03* Riverline grasslands.
Vetiveria nigritana.

Various perennial grasses and Cyperaceae, hut no

Occurrence! on the sandy, medium high areas of the Niger and Rima floodplains (especially units S2 and S3 of the semidetailed survey map).
04« Rice farmland. Cultivated parts of units 01 and 03, with domestic rice
varieties and various grasses such as wild rice, Echinochloa, etc. All kinds of
transition occur to unit 01. Rice farmland is not shown on the vegetation map
(Map 3 ) .
E. Aquatio vegetation. Vegetation on constantly wet or flooded soils, the occurrence
of which is not shown on the vegetation map (Map 3 ) .
El* Waterlily vegetation. Dominant are various Iymnophytic species among which
a white and pink'coloured waterlily is most striking.
Occurrence» in depressions with ponded water during the greater part of
the year. Oooasionally on superficially dried out Juvenile soils with non-ripe
horizons at shallow depth.
E2. Typha vegetation. Dominant species is the cosmopolitic Typha (compare
with I. angustifolia« hullrush) various other rushes, Scirpus and Cyperus spp.,
grasses and herbs are present.
Occurrences

in constantly flowing water (artesian and semiartesian wells) .

This unit has a fair value for indicating reliable sources of water.

4*3

Vegetation map

The vegetation map (Map no.3) shows units that contain usually more than one
of the classification units described above.
The map is a sketch map only. Thorough photo interpretation with an adequate
field check, as was done for the soil survey, was not carried out. For lack of time,
only a rough estimate could be made of the position of the boundaries between the
vegetation mapping units by studying the 1«40 000 photomosaics while compiling and
interpreting the scattered field data.
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It is certain, however, that the quality of the aerial photographs themselves
allows for a much more acourate and detailed survey which would yield much valuable
data for land classification and planning.

5.

Present Land Use
The following types of land use have been observed in the area:
Extensive grazing,
Cutting of trees and shrubs for firewood,
Shifting cultivation in the upland savanna,
Permanent cultivation on the richer uplands with wet season oropping.
Permanent cultivation on the floodplains during and after the flood season.

Extensive grazing by numerous wandering herds of oattle owned by the Rilanis is
practised in both the fallow farmland and the uncultivated areas. Indiscriminate
seasonal burning of the vegetation and severe overgrazing cause soil Brosion. Some
trees are also damaged by cutting off their branches for fodder; Kaya senega!ensis
and Acacia albida are particularly affected.
Cutting of trees and shrubs for firewood is also oommon, particularly in the
vicinity of the settlements. Some firewood plantations have been established by
the Government and the most successful species appears to be the neem tree. Azadirachta indica. With the exception of Borassus palms which are used for the manufacture of canoes, construction of bridges and other purposes, hardly any other timber species are found in the area. Attempts are being made to establish timber plantations, (Kaya. Anogeissus and some exotics), but this is a difficult task requiring strict control of burning and grazing.
Shifting cultivation is common in upland areas with cultivable soils but lacking the water supply for domestic use, and with a rapid increase in the population
the fallow period ia being shortened.
Where water is available, settlements have been established which are associated
with permanent cultivation. A wide range of both subsistence and cash crops is
grown including millets, Quinea corn, cowpeas, cassava, cocoyams, sweet potatoes,
groundnuts, cotton and tobacoo. In the small flood plains sugar cane is frequently
grown but in the large floodplains rice is the main crop of the lower lying parts
and millets in the seldom flooded parts. Those sections of the large floodplains
that are covered with recent sediments (micaceous deposits) are also used for the
growing of cassava, Guinea corn, tobacco, gourds and vegetables.
In the vicinity of ponds, wells, or perennial streams, primitive irrigation is
practised. The water is lifted with calabash containers into the small irrigation
channels.
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Several kinds of vegetable, particularly onions, are cultivated in this way. In some
places, insufficient drainage leads to waterlogging in the rainy season and to the
accumulation of salt in the dry season.
A generalized map of the present land use (Map 4) has been prepared by methods
similar to those used for the vegetation map. It shows the major types of laud use
in the area as well as the official forest reserves. The latter are very similar
to the surrounding areas as they too are affected by widespread fires and extensive
browsing. Areas marked "Floodplain Complex" are those on which crops are grown with
the aid of floodwater and other areas above flood level that are used for other crops
or are uncultivated.
Comparison of the present land use map with the soil map shows dearly that at
present the light textured soils with slowly permeable substrata are preferred for
cultivation. The main centres of agriculture are near the towns of Sokoto, Kaura,
Namoda, Puntua and Katsina.
For details on crop sequences in relation to soil conditions see also Chapter 7,
5.2 and 5.3.

6.

Miscellaneous Features

numerous termite mounds carrying clusters of shrubs and trees have already been
mentioned. These show up clearly on the aerial photographs as dark dots, ("black
dot" areas) particularly in the open woodland or tree and shrub savanna, which contrast with the light tone of the surrounding sparse vegetation.
Other common features, easily observed on the contact prints, are white dots
which represent bare circular .patches of ground from 15 to 30 ft in diameter ("white
dot" areas). They often have scattered fragments of plinthite on the surface, have
a high clay content and are usually somewhat alkaline. They represent the eroded
remnants of termite mounds formerly inhabited by a species which is now extinct, as
compressed termite chambers are commonly found in the soil profile, and transitional
stages between overgrown still existing mounds and the bare flattened patches can be
locally observed. They are particularly well developed on flat terrains with soils
consisting of a layer of sand underlain by an impermeable clay layer. In some areas
the bare patches form the starting point for considerable rill and gully erosion
("feathery white dot" areas).
On the ferruginous and Bemihydromorphio soils of the basement complex, patches
of bare ground smaller in size(6 to 12 ft in diameter) have been observed. They do
not show so distinclty on the prints, and seem to move their positions from year to
year, ("shifting white dot" areas). These patches appear to be associated with the
activities of ants, probably Attinea.
The origin and formation of these particular patches of ground could be the
subject of an interesting ecological study. From the practical point of view, they
must be considered in farm planning and in the assessment of crop yields as they represent areas of unproductive land. They have also been a great help during photo
interpretation for the soil survey because they indicate specific soil conditions.
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CHAPTER IV

THE SOILS

1.

Introduction

The soil classification adopted for the projeot area was based on profile morphology, chemical and physical characteristics as influenced by climate, topographio
position) type of parent material or'parent rock.
Thirteen major soil groups, divided into several subgroups, have been recognized, and an attempt has been made to oorrelate each with the corresponding soil
classification unit of the Soil Map of Africa 4 (D'Hoore, 1964). Correlation presented no difficulty» mainly because D'Hoore's categories are so very broad and inclusive that each usually covered several classification units of the project area.
For each subgroup, reference also is made to the new American soil classification
system as outlined in the so called 7th Approximation (U.S. Department of Agriculture, 1964). Field and laboratory, data, however, are often insufficient for most
units to be given a definite place in the system. Because this American system is
still being revised and elaborated,especially as regards tropical upland soils,
references to it are always given between parentheses.
The soil classification units T3 to T5 usually occur in the present or former
floodplains, of whioh a substantial proportion was surveyed in semidetail. The
many field and laboratory observations enabled these units to be more clearly defined and so more readily placed in the American system.
The soils have been given descriptive names based on the important features
by which the soils were distinguished and classified. This system of nomendature
is thought to be more precise and less liable to generalizations and confusion than
that of naming soils after local villages or areas as is commonly done in soil
surveys.
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.2.

Description of Soil Classification Units

The morphological features and other properties of the soil classification
units described below are based on the examination and analysis of relatively few
profiles in relation to the size and importance of the individual units. For this
reason, the properties and their permissible range for each unit should not be regarded as the sole characteristics of these units. More detailed investigations
in the future may result in more complete definitions comprising other properties.
These oan then be used either as additional criteria for the present classification
units or as separate criteria in the establishment of any, new classification units,
particularly at the subgroup level.

Group K - Kaolinitic Soils
These resemble D'Hoore's Ferrallitic Soils and are divided into four subgroups
K1A, Kl, K2, £3 desoribed below.
K1A: Modified Pray Kaolinitic Soils
These have been affected by termite activities and show little or no horizon
differentiation. They consist.of sandy clay-loams or clays, often mottled grey,
brown and pink. Fragments of plinthite are common within the profile and on the
surface. The solum is often underlain by a continuous layer of soft or indurated
plinthite at a variable depth, while blocks of indurated plinthite often occur
scattered in the solum or at the surface. Soth the top-soil and subsoil become hard
to extremely hard when dry.
The soils occur in the previously described bare patches of ground ("white
dots"). The cation exchange capacity is 7-12 milli-equivalents per 100 of soil in
the surface horizon, and up to 30 milli-equivalents per 100 of clay in subsurface
horizons. The pH (BgO) is usually above 8 with a correspondingly high percentage of
base saturation. The Ha of the adsorption complex . is up to 6 percent and the electrical conductivity of the saturation extract is usually above $mmho in some parts
of the profile, making the soil saline. Both surface infiltration rate and hydraulic conductivity are very low. A representative profile is as given in description
Ho. 1 of Appendix I.
Kl;

Prey Kaolinitic Soils (Ustox, Aquox or Typic Normustult)

The A horizons of these soils vary in thickness from 6 to 12 in and consist of
loamy sands to sandy loams, gray to yellow brown in colour, friable when moist but
hard when dry. The sand fraction is medium to fine, ill-sorted. The underlying
horizons are heavier in texture and range from sandy clay loam to d a y with subangular blocky structure. The most common colours are light grey to pink or very pale
brown, i Mottling is common. The consistence is hard to very hard when dry and firm
when moist. The soil is usually underlain by half indurated plinthite at the depth of
of 80 in or so. The cation exchange capacity varies from 9 to 16 milli-equivalents
per 100 of clay in the subsurface horizons, and the base saturation ranges from 20
to 40 peroent. This is reflected in low pH values ranging from 4.5 *° 5»°» Organic
carbon is between 0.4 and 0.7 percent in the A horizon.
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The water holding capacity is moderate but surface infiltration rate and permeability are slow. The relief is flat and external drainage poor in the denudating sedimentary plain where these soils are found. A representative profile
is as given in description No. 2 of Appendix I.
The subgroup is derived from the clay deposits of Gundumi, Illo and Upper
Owandu formations which may be overlain in places by the Sangiwa or Sokoto cover
sands . Vegetation types commonly enoountered are Combretum and Combretum-Acacla
tree savanna (CI and C2), Ouiera-Combretum and Piliostigma shrub savanna (LI and
D2) as shown on the vegetation map.
K2i

Leached Yellowish Brown Kaolinitio Soils (Typio Normustult and Vetustalf)

The A horizons vary in thickness from 10,to 20 inc and consist of pale brown
to brown of very pale brown fine sand to loamy fine sand, with weak medium subangular blocky structure. The B horizons oonsist of fine loamy sand to fine sandy
loam, yellow brown to reddish yellow in colour. The structure is weak medium angular to 8ubangular blocky, and evidence of downward movement of clay is shown by
the presence of clay skins and an increase in the d a y consent with depth. The C
horizon begins at the depth of about 30 in and usually consists of very pale brown
sand. The cation exchange capacity of the A horizon is extremely low, namely 1.3
to 2.7 milli-equivalents per 100 of soil. It increases with depth to 14 and up to
20 milli-equivalents per 100 of olay. The percentages of base saturation vary from
20 to 60 and pH values are from 4*3 to 3*8* The organio carbon is about. 0.13 percent and the exchangeable potassium content'about 10 percent in the A horizon, the
latter diminishing with depth to about 4 peroent in the B and C horizons.
The water holding capacity is moderate, the permeability is satisfactory but
the surface infiltration rate is very slow to slow. A representative profile is
given in description No.3 of Appendix I. In the denudating sedimentary plains, river
terraces and valley slopes where these soils are found most frequently, the relief
is flat to gently undulating and the external drainage generally good.0
These soils are associated with the following geological formations: Rabah,
Tureta and Sokoto. Shifting cultivation is common and typical vegetation ranges
from savanna woodland (B) to shrub savanna (D).
K3. Leached Red Kaolinitic Soils (Vetustalf, Normustult and possibly Eaplargids).
The A horizons consist of yellowish to reddish brown loamy sand to sandy loam
and occasionally sandy clay-loams. They vary in thickness from 6 to 12 in, have a
weak medium subangular blocky structure and are very friable when moist, but hard
when dry. In some A horizons a platy structure has been found associated with sunface sealing. The B horizons consist of yellowish red to red, sandy clay-loam and
occasionally sandy clay, with a moderate to strong, fine to coarse, angular blocky
or sometimes prismatic structure. Clay skins and reddish mottles are common. These
horizons become hard to very hard when dry, but are friable when moist and usually
extend to a depth of about 30 inc.
The cation exchange capacity in the surface layers is between 2.3 and 4*3 milliequivalents per 100 of soil and 5-19 milli-equivalents per 100 of olay in the B
horizon. The base saturation in the A horizon ranges from 10 to 30 percent and may
rise to 40 percent in the B horizon. As may be expected, the soil is acid with pH
values from 4.5 in ^ n e t o P soil, increasing with depth to 7* The organio oarbon in
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the A horizon is about 0.8 percent, potassium in the absorption oomplez 1.6 to 6
percent and the acid-soluble phosphate is very low. Both the water holding capacity and permeability are moderate, but the infiltration rates are slow. The relief is gently undulating and external drainage is good.
Differences in agricultural use are related to the capacity of the soil to be
surface self-sealing. This sealing is greater when the silt/clay ratio is higher.
The subgroup is therefore further subdivided into K3A and K3B, with the silt/clay
ratio in the topsoil more than 100 and less than 100 respectively. Representative
profiles are given in description No. 4 of Appendix 1.
The soils are derived from the Gundumi, Illo and Gwandu deposits which are
overlain by the Sangiwa and Sokoto oover sands. Shifting cultivation is common,
and the vegetation types range from woodlands (A) to shrub savanna (D) depending
on local variations in climate as well as on the frequency of burning and grazing.
Group F - Ferruginous Tropical Soils
They resemble D'Hoore's Ferruginous Tropical Soils and are divided into five
subgroups Fl to F5 described below.
Fl: Red Ferruginous Tropical Soils on Non-Crystalline Rooks or on Quartzites
The A horizons vary in thickness from 6 to 16 in and consist of dark to reddish brown, fine sands to loamy sands or occasionally sandy loams. They are underlain by B horizons which extend to a depth of 60 in or more and consist of bright
red to yellowish red (10R 4/6| 2.3yR 5/8) sandy loams to sandy clay-loams, with
moderate, fine to medium, angular blocks or prisms and with clear clay skins. They
are typical textural B or argillic horizons.
The cation exchange capacity is only about 2 milli-equivalents per 100 grams
of soils in the A horizon, but it increases in the B horizon to about 25 milliequivalents per 100 of clay. The base saturation is 65 to 100 percent in the A
horizon, but diminishes with depth to 60 percent or less. The pH values range from
5*6 to 6.6. Both permeability and water holding capacity are moderate, and surface
infiltration rates are moderate to slow. The raliof is rolling to undulating and
external drainage is good. A representative profile is as given in description
No. 5 of Appendix I.
The soils are derived mainly from the Illo grits, Taloka sandstones, Dukamaje
shales and Wurno sandstones. They are usually cultivated, and the principal crop
grown are Guinea corn, millets, cotton and groundnuts.
F2t

Reddish Brown Ferruginous Tropical Soils on Unconsolidated Sediments
(Vetustalf and some Haplustalfic intergrades)

The A horizons are 8 to 18 in thick and consist of brown or dark brown or
strong brown very fine loamy sands, or very fine to fine sandy loams, with a weak
subangular blocky and in the upper part occasionally platy structure; their consistence is friable when moist, slightly hard when dry. They grade into B horizons
which extend to the depth of about 60 in or more, and are strong brown to reddish
brown or yellowish red, vexy fine, sandy clay-loams with the same structure, though
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weak, very coarse, prisms have heen seen in some profiles.
The cation exchange capacity in the surface layers is 3.4 to 5*0 milli-equivalents per 100 of soil, but increases with depth in the B horizon to 30 or 40 milliequivalents per 100 of clay. The base saturation shows no definite trend and is
60 to 100 percent. The pH values vary from 5 to 7« The organic carbon in the A
horizon is 0.35 to 0.5 percent. The content of potassium appears to he adequate hut
the supply of phosphorus is low (2.5 to 6 percent horizon in the A ) .
The water holding capacity is moderate to high, permeability moderate to rapid
and surface infiltration rates are moderate to slow. Description No. 6 of Appendix
I is representative of this type. The soils occur on the pediplain remnants, valley
slopes and river terraces with gentle relief and good external drainage.
The soils are derived from the Funtua loess deposits and river terrace material
such as the Gusau loess terrace. They are intensively cultivated.
F3»

Yellowish Brown Ferruginous Tropical Soils on Unconsolidated

Sediments including Semi-Hydromorphic Yellowish Brown Ferruginous Tropical
Soils on Clayey Sediments. (Vetustalf and Aquic Tetustalf or Typic and Mollic
Haplargids respectively).
The A horizons range in thickness from 5 to 20 in and consist of yellow brown
to brown or pale brown, fine sands to fine loamy sands. Finer textures are found
in soils developed from the clay sediments. Under undisturbed woodland or forest,
much darker and more humic A horizons have been found. The A horizon is underlain
by the B horizon which extends to the depth of 55 in o r more and consist of pale
brown to strong brown, mottled, loamy fine sands to fine sandy loams. Finer textures ranging from sandy clay to clay are characteristic of the soils derived from
clayey sediments.
Mottling is generally quite pronounced. Clay accumulation occurs in the form of fibers up to 1 in thick, but in the clayey profiles clay skins
are frequent. The B horizon normally overlies C horizon consisting of pale brown
to reddish yellow, fine sandy loams, but bedrock or indurated plinthlte may occur
instead.
The cation exchange capacity ranges from 2.5 to 7*5 milli-equivalents per 100
of soil in the top-soil and increases with depth to about 30 milli-equivalents or
more per 100. The base saturation is more than 70 percent in the A horizon, pH
varies from 4*0 to 6.5 or more, and the organic carbon content is about 0.2 percent
except for the clayey profiles where it may be 0.8. The acid-soluble phosphate is
very low, often less than 30 parts per million, but the potassium reserve appears to
be adequate.
The water holding oapacity is moderate to high, permeability very rapid (more
than 5 in per ft) and infiltration rates very rapid, often more than 10 in per hour.
The relief is flat or gently undulating, and the external drainage good.
Description No. 7 of Appendix I refers.
A subdivision is made as follows: F3A for those profiles with sandy loam starting only at a depth of over 20 in, fine sandy top-soil, and usually an acid B horizon. F3B for those profiles with sandy loam occurring within 20 in depth, loamy
fine sandy top-soil and usually neutral B horizon. F3C for those profiles with clay
loam occurring within 20 in depth. This subunit is semi-hydromorphic as manifested
by mottling.
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The soils are associated with the Zurni cover sands, Bakolori terrace material,
Rahah deposits, Sokoto cover sands and the Lower Gwandu shales. They are intensively cultivated, groundnuts and cotton being the principal crops.
P4_: Yellowish Brown Ferruginous Tropical Soils on Acid Crystalline Rocks
(Typio Vetustalf and occasionally Haplustalf or possibly Haplargids).
The A horizons are 5 to 12 in in thickness and consist of brown to dark yellowish brown, very fine to fine, sandy loams, with weak to moderate, subangular, blocky structure often becoming platy just below the surface the consistence is friable
when moist, slightly hard when dry. The B horizons extend to about 40 or 5° in
and consist of brownish yellow to yellow brown (10YR 4/7)» red and yellow, mottled,
fine sandy clay loams or heavier. Clay skins are distinct. The C horizons contain
frequent to abundant fragments of partially weathered crystalline acid rocks.
The cation exchange capacity ranges from 3*5
of soil in the top-soil, and increases with depth
100 of clay. The base saturation is more than 85
than 70 percent in the underlying layers. The pH

to 6.4 milli-equivalents per 100
to 30 or 45 milli-equivalents per
percent in the top-soil and more
values range from 5 to 7.

The permeability and surface infiltration rates are slow to moderate and surface infiltration rates are generally slow. The relief is gently undulating and
external drainage good. A representative profile is as given in description No. 8
of Appendix I.
The soils oocur on the Afrioan pedeplain remnants and are associated with preCambrian to lower Faleozoio granites and related rocks. In the southern part of the
area they are under shifting and often permanent cultivation, while elsewhere they
support a wide range of vegetation types from dense woodlands (A) to shrub savanna
F5?

Dark Reddish Brown Ferruginous Tropical Soils on Ferromagnesian Rocks
(Vetustalf)

The A horizons are 12 in or more thick and consist of dark brown to dark reddish brown, sandy clay loams with fine to medium, subangular, blocky structures.
The underlying horizons are dark reddish brown very fine sandy clays to clays, they
often contain ironstone and manganese dioxide concretions and have a strong crumbly
or moderate, medium, subangular, blocky structure. They gradually merge into partially weathered rock.
Ho analytical data are available for these soils. A few measurements of pH
have shown that these soils, in common with their counterparts elsewhere in Africa,
are neutral to near neutral in reaction throughout the profile. The surface infiltration rates are moderately rapid and the water holding capacity is moderately
high.
The soils are derived from the weathering products of basic rocks, mainly gabbros and hornblende schists, and can support a wide range of crops including good
cotton and groundnuts. The vegetation types are mainly woodlands with Anogeissus
and Isoberlinia species i.e. Al and A3 units on the vegetation map. Details of a
typical profile are given in description Uo. 9 (C 6/6 1A) of Appendix I.
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Group B - Brown Soils of Arid and Semi-Arid Tropical Regions.
They resemble D'Hoore's group of a similar name and are divided into six
subgroups Bl to B6 described below.
Bit

Reddish Brown Soils ASTR» on Sandy Sediments (Typic Haplargid)

The A horizons range in thickness from 15 to 24 in and oonsist of brown to
strong, fine sands to sandy loams with a weak, subangular, blocky structure and
hardly any surface sealing. Their consistence is very friable when moist and
slightly hard when dry. The B horizons are yellow brown to reddish brown, fine
sandy loams to fine sandy clay loams, with a weak subangular or occasionally angular blocky structure with some clay skins. Indurated plinthite is often found
underlying the B horizons.
The cation exchange capacity in the A horizon ranges from 1 to 6 milli-equivalents per 100 of soil and from 20 to 30 milli-equivalents per 100 of d a y in the
lower layers. The base saturation is from 40 to 70 percent at the surface and increases to 55 - 80 percent or more with depth. The pH values vary from 5*0 to 6.6.
The water holding capacity is moderate to high, and both permeability and
surface infiltration rates are rapid. The relief is flat or gently undulating and
external drainage good. A subdivision is made into B1A and BIB. The former has
sandy loam starting only below 16 in depth, the latter has sandy clay loam occurring at a lesser depth. A representative profile of B1A given in description Ho.10
of Appendix I.
The soils are associated with the Sokoto and Illela eolian deposits overlying
calcareous shales of the Kalambaina formation or erosion products of these rocks.
They are intensively cultivated with millets, Guinea corn, cow peas and groundnuts
as the principal orops. The most common vegetation types is Acacia albida. parkland,
shown as unit El on the vegetation map.
B2t

Yellowish Brown Soils of ASTR on Sandy Sediments (Typic Qjuartzipsamment)

These soils characteristically display an A/C type of profile. The A horizons
are 12 to 32 in thick and consist of brown fine sands, friable to very friable when
moist and slightly hard when dry, and with very weak, subangular, blocky structure.
They merge into the C horizons which are yellowish brown to brownish yellow, medium
to fine sands or loamy sands. These horizons are virtually structureless and single
grained, friable when moist and only slightly hard when dry, and may contain thin
fibers of somewhat higher clay content.
Analytical data for this subgroup are incomplete. The organic carbon in the A
horizon is 0.45 percent and the acid soluble phosphate is very low. As may be expected, the water holding capacity is low to very low, with less than 3 in of moisture in the top 2 ft, permeability rapid at about 5 in per hour and surface infiltration rates 20 in per hour or more. The relief is gently undulating to flat and
external drainage good.

*

ASTR -

Aris and Semi Arid Tropical Regions
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The soils are derived from the Zurmi cover sands and Namoda, Rabah, Talata and
Kaura sediments of Pleistocene age. They are often cultivated, most commonly with
groundnuts. Details of a typical profile are given in description No. 11 of
Appendix I.
B3» Lithosolic Brown Soils of ASTR (Lithic Eaplorthent and Lithic Xeroll)
The A horizons vary in thickness from 6 to 12 in and consist of dark brown to
dark reddish brown, friable fine sandy loams with weak, subangular, blocky structure. Occasionally a weak and thin B horizon is present consisting of strong brown
to yellowish red, fine sandy loam to fine sandy clay loam. In most cases, however,
the B horizon is absent, and the A horizon directly overlies an indurated plinthite.
The cation exchange capacity of the A horizon ranges from 6 to 8.5 milli-equivalents per 100 of soil and is 25 to 50 milli-equivalents per 100 of clay in the
lower layers. The base saturation is from 70 to 100 percent throughout the profile
and the pE values approach or slightly exceed neutrality. The organic carbon content in the A horizon is about 0.4 percent. The water holding capacity is moderate,
permeability slow to moderate and infiltration rates generally rapid. The relief
is flat and external drainage good. A representative profile is as given in description Ho, 12 (DA/33) of Appendix I.
The soils are derived from the Sokoto, Illela and Sangiwa deposits, mixed with
shales and plinthite of the Kalambaina formation. They are generally cultivated,
the main crops being Guinea corn and millets.
B4» Dark Brown Soils of ASTR on Sandy Sediments (Typic Haplargid)
The A horizons vary in thickness from 30 to 80 in and consist of dark brown
to dark greyish brown (7.5TR, 4/2} 10TR, 4/3} 10TR, 4/2) fine to medium loamy sands,
with weak subangular blooks. Free lime is often found in the lower part of the horizons. They are underlain by C horizons consisting of weathered marls and calcareous shales mixed with fragments of plinthite.
Few analytical data are available for this subgroup. The cation exchange capacity in the subsurface parts is about 50 milli-equivalents per 100 of clay. The
water holding capacity is moderate, and both permeability and infiltration rates
are rapid. The last mentioned are often 8 in per hour. The relief is gently undulating and external drainage good. Description Ho. 13 of Appendix I may be representative.
The soils are derived from the Sokoto and Illela cover sands mixed with calcareous deposts of the Kalambaina formation. They are intensively cultivated and
support a wide range of subsistence and cash crops.
B5» Dark Brown Soils of ASTR on Loamy Sediments
The A horizons vary in thickness from 16 to 50 in and consist of dark brown
to black, fine sandy loams to sandy clay loams, with weak medium, subangular to
angular, blocky structures. They are vexy friable when wet and firm when dry. Thin
salt crusts have been found on the surface, but the electric conductivity which ranges between 0.3 and 3*0 mmho is still below the danger level. However, intensive
irrigation without efficient drainage may cause an increase in soil salinity well
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above the safe limits for crops. The C horizons contain free lime and consist of
yellowish brown, often greyish mottled, loamy sands to sandy clay loams.
The cation exchange capacity in the A horizon ranges from 7 to 33 milli-equivalents per 100 of soil. In the lower horizons it is about 50 milli-equivalents
per 100 of clay. The base saturation in the A horizon is more than 90 percent and
the pH values range from 6.5 to 8.8. The percentage of acid-soluble potassium in
the A is 0.3 - 1.4.
The water holding capacity is moderately high, permeability moderate and infiltration rates moderately high.
The soils ocour on levee-like parts of extensive fossil flood plains (Tungan
Tudu deposits) or on sloping terrains where they are derived from Kalambaina shales
mixed with Sokoto and Illela drifts. A representative profile is as given in description No* 14 of Appendix I.
The soils are intensively cultivated with cotton and Guinea corn as the principal crops. Irrigated vegetables and tobacco are also grown on these soils in the
vicinity of major settlements.
B6i Bydromorphio Brown Soils of ASTR on Sandy Sediments (Aquollio Eaplargid)
The A horizons are about 20 in thick and consist of dark greyish brown, mottled
grey and brown, fine sands or fine sandy loams to sandy clay loams with medium, subangular, blocky structures. They are friable when wet and firm when dry. The B
horizons are dark yellowish brown, mottled greyish' brown, fine sandy loams to sandy
olay loams with angular, blocky structure and some olay skins. The C horizons, when
present, usually consist of loose and friable fine to medium sands with distinot
brown mottling.
The oation exchange capacity in the A horizon ranges from 5 to 19 milli-equivalents per 100 of soil and in the underlying horizons from 25 to 50 milli-equivalents per 100 of clay. The base saturation is above 90 percent in the A horizon and
below. The pH values range from 6*0 6o 8.0 and the organic carbon in the top layer
is 0.6 to 1.2 percent. The soil has an adequate potassium reserve but acid-soluble
phosphates are likely to be low.
The water holding capacity is moderate to moderately high (3 to 5 in in the
top 2 ft) permeability ranges from slow to rapid (0.04 to 5«0 in per hour) and the
infiltration rates are moderately slow to moderately rapid (0.2 to 5*0 in P e r hour).
A relatively heavy textured profile is as given in description No. 15 of Appendix I.
The soils occur in the valley bottoms filled with partly alluvial, partly
eolian, deposits of the Sokoto, Illela and Kalambaina formations. Intensive cultivation is common, and the principal crops are tobacco, Guinea corn and irrigated
vegetables.
Group C - Brown Calcareous Soils
They correspond to the group of the same name in D'Hoore's classification
system. Only one subgroup, Cl, has been recognized so far and this is described
below (Aridic Entic Haplustoll)

- 47 -

Cl: The A horizons are about 24 in thick and consist of dark brown to black,
fine sandy clay loams, with subangular blocky to prismatic structure. These horizons are underlain by a calcareous parent rock,, mainly marl deposits of the
Kalambaina formation. In some ways the subgroup is related to Vertisols, but the
clay content is too low for an exact correlation. Other morphologically similar
soils are those of the subgroup B3, Lithosolic Brown Soils, but they differ in that
their pH status and cation exchange capacity are much lower than those of subgroup
CI.
The cation exchange capacity in the A horizon of CI soils is about 30 milliequivalents per 100 of soil and in the underlying horizons 75 *o 90 milli-equivalente per 100 of clay, which indicates a more active type of clay mineral with 2x1
lattice. The base saturation is 100 percent throughout the profile and the pH
values range from 7.9 to 8.8.
The water holding oapacity is moderately high to high, 4 to 6 in of water in
the first 2 ft; the permeability is slow to moderate, 0.04 to 2.3 in per hour, and
infiltration rates show wide variations from slow, 0.04 in per hour, to rapid i.e.
up to 10 in per hour, presumably due to the presence of cracks.
A representative profile is as given in description No. 16 of Appendix I.
The soils are associated with structural plateaus and flat wide valleys and
are derived from the calcareous Kalambaina deposts. The natural vegetation is
Acacia Savanna Woodland, but the soils are intensively cultivated with a wide range
of crops.
Group 7 - Vertisols
They correspond to D'Hoore's Lithomorphic Vertisols and-Vertisols of Topographic Depressions. They have been divided into six subgroups VI to V6 which are described below.
Vit Lithomorphio Vertisols on Calcareous Rooks (Entic Grumustert)
The A horizons are about 60 in thick and consist of dark greyish brown (2.57,
4/2 - 10YR, 3/2) slightly mottled, clays with coarse angular blocky to prismatic
structure. Slickensides are common and indicate a self-mulching process. Calcium
carbonate concretions become numerous with depth and the soil merges into partially
weathered fragments of the Kalambaina marls.
The cation exchange capacity is 23 to 35 milli-equivalents in the top 12 to
15 in and about 50 milli-equivalents per 100 of clay in the underlying layers.
The base saturation varies between 90 and 100 percent and the pH values ranging
from 7.4 to 8.7, show an alkaline reaction. The organic carbon in the top horizon
is O.75 to 0.55 percent and both potassium and phosphrous reserves appear to be
adequate. The analysis of the clay fraction has shown the presence of a large proportion of montmorillonite.
The water holding capacity is moderately high with 4 to 5 in of moisture in
the top 2 ft; permeability is slow, 0.04 - 0.8 in per hour, and infiltration rates
are also slow from 0.04 to 0.2 in per hour. The relief is undulating and the external drainage good. A representative profile is as given in description Ho. 17
of Appendix I.
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The soils are derived from the Kalambaina marls and their oolluvial deposits
and the natural vegetation is Acacia Savanna Woodland« Intensive cultivation is
oommon and the principal are cotton and Guinea corn.
V2t

Litho-Topomorphio Vertisols on Crystalline Rocks
(Qrumostert, Qxumaquert and possibly Haplaquoll).

These soils consist of very dark brown to nearly black, sandy olay-loams to
d a y s , with coarse angular blocky to prismatic structures and distinct slickensides. Yellowish red mottling is commonly found a depth.
Ho chemical data are available for this subgroup. Both infiltration rates and
permeability are slow, ranging from 0.04 to 0.8 in per hour, and water holding capacity is moderately high with an equivalent of 4 to 5 in of moisture in the top
2 ft of soil.
The soils are associated with flat pedeplain remnants and some parts of dissected pedeplains. They are derived from aplites, meta-gabbros, hornblende' schists
and possibly some volcanio rocks. The natural vegetation xs open tree savanna, but
the soils are intensively cultivated with cotton and Ouinea corn as the principal
crops.
Details of such a profile are given in description No. 18 of Appendix I.
73»

Topomorphic Vertisols on Clays of Riverine Sediments (Grumustert)

A full profile description of such a soil is given in Appendix I (description
Ho. 19).
The cation exchange capacity is about 35 milli-equivalents per 100 of soil in
the A horizon and 70 to 80 milli-equivalents per 100 of clay at lower level. The
base saturation is high and ranges from 85 to 100 percent, with pH values from 8.0
to 8.5 but may be below 7*0 in the A horizon . The clay fraction consists of vary
ing propertions of kaolinite and montmorillonite. In the lower part of the profile,
the electrical conductivity of the saturation extract may be 6.0. mmho, making it
slightly saline.
Both the permeability and infiltration rates are slow, and the water holding
oapacity moderate to moderately high, ranging from 3 to 5 in of moisture in the top
2 ft. The relief is flat and the external drainage poor.
The soils occur in back-swamp-like parts of extensive very ancient floodplains
(Tungan Tudu deposits). They are intensively cultivated, and if not waterlogged
support good cotton. With intensive irrigation a serious drainage and salinity
problem will arise on these heavy and slowly permeable clays.
V4«

Topomorphic Vertisols on Loams to Clay of Riverine Sediments (Grumustert)

These soils are comparable and associated with the foregoing, but their oation
exchange capacities are smaller and the solum is usually thinner.
A full profile description of such a soil is given in Appendix I (description
Ho. 20).
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The cation exchange capacity, ranges from 15 to 30 milli-equivalents per 100 of
soil in the A horizon and is about 60 milli-equivalents per 100 of clay in the
solum. The base saturation is typically 100 percent with the pH values from 7.0 to
8.5. The organic carbon is 1.0 to 1.2 percent and there are adequate reserves of
potassium and phosphorus. When irrigated, the solum may be slighly saline.
Both the permeability and infiltration rates are slow; 0.04 - 0.8 and 0.04 0.2 in. per hour respectively. The water holding capacity is moderate to moderately high) 3 to 5 in of moisture in the top 2 ft of soil. The relief is flat and
the drainage poor.
Their occurrence and origin is like those of V2. Their agricultural uses are
also similar, but a higher percentage is in natural vegetation.
V5t

Topomorphic Vertisols on Heavy Clays of Lacustrine Sediments
(Vertio Argiaquoll and some Grumaquert).

A full profile description of such a soil is given in Appendix I (description
No. 21)
The cation exchange capacity in the A horizon is over 40 mili-equivalents per
100 of soil and is from 50 to 55 milli-equivalents per 100 of clay in the lower
layers. The base saturation is high, between 80 and 100 percent, with pH values
from 7.0 to 8.0, The organic carbon is 1.4 to 1.7 percent in the upper layers and
there are adequate reserves of potassium and phosphorous, though the latter not
necessarily in a form available to plants. The water holding capacity is moderate
to high (3-5 in in upper 2 ft), the permeability and infiltration rates very slow
(both 0.04 in per hour).
The soils occur in the former lacustrine flood basins of the main flood plains
and are still seasonally flooded. Incipient gilgai formation has been encountered
on these soils which are derived mainly from enriched Ambursa Central deposits.
They are intensively cultivated for tobacco, irrigated wheat and vegetables: uncultivated parts are under grasses and herbs.
A further subdivision has been made into medium deep phase and deep phase,
to distinguish differences in the thickness of the clayey part of the profiles.
V6t

Topomorphic Vertisols on Heavy Clays of Lacustrine Sediments

Shallow Phase.
presence of a B21).

(Vertic Argiaquolls, possibly Pragiaquolls in view of the

Details of a typical profile are given in description Ho. 22 of Appendix I.
The cation exchange capacity is about 40 mili-equivalents per 100 of soil in
the top layers and 50 - 55 milli-equivalents per 100 of clay in the lower horizons.
The base saturation is 80 to 100 percent with pH values between 7.0 and 8.0.
The permeability and infiltration rates are very slow, generally not exceeding
0.004 in per hour, and water holding capacity is moderate with an equivalent of 3
to 4 in of moisture in the top 2 ft.
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The parent material, relief, drainage, vegetation and land-use are similar
to those of the V5 soils.
Group VH - Vertisblio gydromorphic Soils
These soils may be compared with D'Hoore's Vertisols and Mineral Efcrdromorphic
Soils. They have been divided into four subgroups, VH1 to VH4, described below.
VHlt

Vertisolic gydromorphio Soils on Sandy Clays to Clays of Lacustrine
Sediments

(Vertio Ochraqualf).

A full profile description of such a soil is given in Appendix I (description
No. 23).
The cation exchange capacity is 19 to 23 milli-equivalents per 100 of clay in
the lower layers. The base saturation varies from 75 to 85 percent with pH values
ranging from 5*5 to 7*0. The organic carbon is 1.7 percent in the A horizon and
the acid soluble potassium and phosphorus are low.
Slow infiltration rates (0.04 - 0.2 in hour) and slow permeability (0.04 0.8 in hour) account for poor internal drainage conditions. The water holding capacity is moderately high with a moisture content equivalent to 4 or 5 i n of water
in the top 2 ft.
The soils are derived from the Ambursa Central deposits and occur in the former
lacustrine flood basin. They are seasonally flooded and used for the cultivation
of rice.
A further subdivision has been made into medium deep phase and deep phase to
account for differences in thickness of the clayey parts.
VH2t

Vertisolio gydromorphio Soils on Sandy Clays to Clays of Lacustrine
Sediments» Shallow Phase.

(Mollic Ochraqualf possibly or Fragiaquoll)

A full profile description of such a soil is given in Appendix I (description
No. 24).
The cation exchange capacity of the top two horizons is about 25 milli-equivalents per 100 of soil. In the lower horizons it becomes about 38 milli-equivalents
per 100 of clay. The base saturation ranges from 70 to 85 percent with pH values
between 5»° and 7*5« The organic carbon is 1.7 to 1.3 percent in the top two horizons and the acid soluble potassium and phosphorus contents are low.
Both permeability and infiltration rates are moderately slow and the water
holding capacity moderate with 3 to 4 in of moisture in the top 2 ft.
The soils are derived from the Ambursa Central deposits, occur in the former
lacustrine flood basins and are seasonally flooded. The natural vegetation consists of grasses and herbs, but the soils are frequently used for the production of
rice.
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VK3t

Vertisolic Hydromorphio Soils on Heavy Clays of Lacustrine Sediments
(Ventimollic Ochraqualf and some Gruma. uert)

A detailed profile description is given in Appendix I (description No. 25)
The cation exchange oapacity in the A and B^ horizons ranges from 30 to 34
milli-equivalents per 100 of soil and in the lower horizons it is between 33 and
37 milli-equivalents per 100 of clay. The base saturation varies from 80 to 95
percent and shows an increase with depth. The organic carbon in the A horizon is
1.5 percent and there are relatively low contents of aoid-soluble phosphorus and
potassium.
Both permeability and infiltration rates are very slow, around 0.004 in per
hour, but the water holding capacity is moderately high with an equivalent of 4 to
5 in of moisture in the top 2 ft of the profile.
The soils are derived from the Ambursa central lacustrine deposits and occur
in the former lacustrine flood basins. They are seasonally flooded and often used
for the production of rice.
A further subdivision has been made into medium deep phase and deep phase, to
account for differences in the thickness of the clayey parts*
VH4t

Vertisolic Hydromorphio Soils on Heavy Clays of Lacustrine Rediments
Shallow Phase

(Vertimollic Ochraqualf, possibly Fragiaqualf because
of the characteristics of the B12T

A generalized profile description is given in Appendix I (description No. 26).
The cation exchange capacity ranges from 31 to 33 milli-equivalents per 100
of soil in the A and B^ horizons and is about 40 milli-equivalents per 100 of clay
in the underlying horizons. The base saturation is 65 to 75 percent in the A horizon and increases to 80 - 90 percent in the B horizon.
The pH is about 5*° tout increases similarly to 6.0 - 8.0 with depth. The organic carbon content in the A horizon is relatively high at about 2.4 percent. The
potassium content is relatively low. The permeability is slow (0.04 - 0.8 in hour)
the surface infiltration rates are very slow (0.04 - 0.2 in/hour) the surface infiltration rate, are very slow (0.04 - 0.2 in/hour) and the water holding capacity
moderate with an equivalent of 3 to 4 in of moisture in the top 2 ft of the profile.
The parent material, relief, drainage, vegetation and land use are all similar
to those of VÏÏ3 soils.

Group H - Non-Bleached Hydromorphic Soils
They correspond to Mineral Hydromorphic Soils in D'Hoore's classification
system. They have been divided into four subgroups, BZL, H2, H3 and H4 which are
described below.

\
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Hl:

Semi-Hydromorphio Soils on Crystalline Rocks. (Argiustoll, Argixeroll
and possibly Vetustalf.)

The A horizons are from 6 to 20 in thick and resemble mollic epidedons. They
consists of very dark greyish brown to dark brown, fine to very fine sandy loam with
angular blocky or prismatic struoture and occasional plates. Yellow and red mottling may be present. The B horizons consist of grey brown to pale brown, sandy
loams to sandy clay loams with a similar structure. Mottling and free calcium carbonate is often present. The C horizons are similar but are often absent and then
the solum directly overlies the R horizon consisting of partially weathered rock.
This stratum often oontains frequent quartz gravel and stones derived from quartz
veins. An indurated plinthite containing traces of weathered rock and embedded
quartz stones and gravel is often present in the upper part of this stratum.,
The cation capacity of the A horizon ranges from 4 to 14 milli-equivalents
per 100 of soil and is often above 35 milli-equivalents per 100 of clay in the B
horizon. The base saturation in the A horizon is 50 to 80 percent and increases
with depth to 70-100 percent. The corresponding pH values are from about 5*0 at
the surface to 7 or 8 with depth. The acid-soluble phosphate is low but potassium
contents are relatively high.
The permeability is slow to moderate, 0.04 to 2.5 in hour near the surface;
the infiltration rate shows similar variations and the water holding capacity is
low to moderate with an equivalent of 2 to 4 in of moisture in the first 2 ft of
the profile. The relief is flat and the external drainage imperfect to poor.
The vegetation is an open park landscape of Lannea acida and Acacia tree
savanna (type C3). It may be cultivated with cotton, Guinea corn and sometimes
rice. The soils occur on flat pediplain remnants and the parent materials are
crystalline rocks and metasediments of variable composition. A representative profile is as given in description No. 27 of Appendix I.
H2:

Eutrophio Hydromorphic Soils on Sandy Clay LoamB of Riverine and
Lacustrine Sediments.

(Normustalfic Mollic Ochraqualf)

A generalized profile description is given in Appendix I (description No. 28).
The cation exchange capacity in the A horizon ranges from 10 to 15 milliequivalents per 100 of soil and is about 37 milli-equivalents per 100 of clay in
the B horizon. The base saturation in the A horizon varies from 65 to 80 percent
and in B horizon from 75 to 95 percent. The pH values increase with depth from
about 5*0 to 7.0. The organic carbon content of the A horizon, is relatively high
at 2.2 percent, the acid-soluble phosphorus is low but potassium reserves appear
to be adequate though it is not certain what proportions of these nutrient elements
are actually available to plant roots.
Both permeability and surface infiltration rates are moderate from 0.8 to 2.5
in/hour and the water holding capacity is moderately high with an equivalent of 4
to 5 in of moisture in the top 2 ft of the profile.
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The soils are derived from lacustrine sediments of the Ambursa Central underlain by alluvial sands of the Argungu Floe formation. They occur at edges or slightly raised patches within the former lacustrine flood basins and support predominantly grassy vegetation. They are seasonally flooded and often cultivated for rice.

H3i

Eutrophic Rydromorphio Soils on Clays of Riverine Sediments
(Normustalfic Mollic and Natric Ochraqualf).

A full profile description of such a soil is given in Appendix I (description
No. 29).
The cation exchange capacity is about 20 milli-equivalents per 100 of soil in
the A horizon and about 42 milli-equivalents per 100 of clay in the B horizon. The
base saturation is around 90 percent throughout the profile and pH values increase
with depth from around 5.0 to 7.0 or more. The organic carbon content is about 1.7
percent in the A horizon and shows the usual decrease with depth. In the lower part
of the profile (B2 - C) the sodium content of the absorption complex varies from 8.0
to 30 percent. The acid-soluble potassium is relatively high but the phosphrous
content appears to be low. The water holding capacity is low (2 - 3 in in the top
2 ft) and the permeability and infiltration rates are very slow (0.04 in per hour).
The soils are derived from the alluvial deposits of the Diggi Park formation.
They occur on the river floodplains which are seasonally flooded and support grassland with tall grasses and many herbs. When cultivated they are used mainly for
rice.
H4t

Mesotrophic Hydromorphio Soils on Very Fine to Fine Sandy Loams to
Clay Loams of Riverine Sediments. (Vetustalfic Ochraqualf).

A full profile of such a soil is given in Appendix I (description No. 30).
The cation exchange capacity ranges from 5 to 15 milli-equivalents per 100 of
soil in the A horizon and is between 20 and 35 milli-equivalents per 100 of clay in
the lower horizons. The base saturation shows wide variations from 40 to 100 percent with pH values from 5»5 t° 8.5«
Permeability and infiltration rates are moderate at 0.8 to 2.5 in/hour with a
moderate water holding capcity equivalent to 3 - 4 in of moisture in the first 2 ft
of the profile.
The soils are derived from, the Bagodu alluvial deposits and occur on the low
terrace parts along the rivers.which have their catchment on the crystalline basement. The relief is flat and the external drainage is poor. The vegetation consists of riverine woodland with many tall, largely overgrown termite mounds ("black/
dot" terrace). Rice is cultivated in only a few parts, while Guinea corn may be
grown on slightly raised patches which are the only areas without strong surface
sealing. The terrains are flooded only exceptionally, mainly with stagnant rain
water.
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Group HS - Bleached Rydromorphio Soils on Sandy Riverine Sediments
These soils correspond to D'Hoore's Mineral Hydromorphic Soils and are divided
into three subgroups.
HSli

Strongly Bleached Hydromorphic Soils on Sand of Riverine Sediments
(Aquipsamment).

A general profile description of such a soil is given in Appendix I (description No. 31).
Few chemical data are available for these soils. As may be expected from the
coarse texture, both permeability and infiltration rates are very rapid from 5 to
10 in per hour or more and the water holding capacity is very low; iess than 2 in
of moisture in the top 2 ft of the profile.
The soils are derived from alluvial sands of the Zazagawa low terrace formation
and are seasonally submerged by rain water. The relief is flat to gently sloping
and external drainage seasonally impeded. Trees and palms abound. In some places
cassava or vegetables are grown on these soils; they may have a salt crust in the
latter case.
HS21

Weakly Bleached Hydromorphic Soils on Sands and Loamy Sands of
Riverine Sediments. (Aerie Aquipsamment)

A full profile description of such a soil is given in Appendix I (description
Bo. 32).
The analytical data for these soils are incomplete. The organic carbon content in the A horizon is low} about 0.3 percent. The pH ranges from 5.0 to 6.5.
As would be expected the permeability and infiltration rates are very rapid; more
than 5 in/hour and more than 10 in hour respectively and the water holding capacity
is very low at less than 2 in in the top 2 ft.
The soils are derived from alluvial sands of the Argungu Floe formation and
occur on the occasionally flooded channels and eroded parts. The relief is flat
to gently sloping« and the soils support a vegetation consisting of grasses and
herbs and oommon trees* The low-lying components of this unit are used for the cultivation of rice.
HS3i

Weakly Bleached Hydromorphio Soils on Sandy Loams of Riverine
Sediments.

(Mollic Aerio Albaqualf)

A full profile description of such a soil is given in Appendix I (description
No. 33).
The cation exchange capacity in the Ai horizon is only about 6 milli-equivalents per 100 of soil and about 35 milli-equivalents per 100 of clay in the B horizon. The base saturation ranges from 60 to 80 percent in the A horizon and from
75 to 100 percent in the B horizon with corresponding pH values of 5.5 to 7.5«
The organic carbon in the Aj horizon is 0.8 percent. The contents of phosphate and
of potassium appear to be low.
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The permeability is very rapid, often more than 5 in hour, infiltration rates
rapid at 5 to 10 in hour and water holding capacity is low with an equivalent of
2 - 3 in of moisture in the top 2 ft of the profile.
The soils are derived from alluvial deposits of the Argungu Floe formation,
often mixed with some materials of other formation. They support predominantly
grassy vegetation. They are shallowly flooded and commonly used for the cultivation of rice, but not intensively.
Group Z - Halomorphio Soils.
These soils correspond to halomoerphio soils (Solonetz and Solotized Solonetz)
in D'Hoore's classification system. They are divided into three subgroups, Zl to
Z3, described below.
ZI»

Solodized Solonetz on Crystalline Rocks and other not recent Parent
Materials (Typic and Mollic Natraqualf).

A general profile description of such a soil is given in Appendix I (description No. 34).
These soils are characterized by a high exchangeable sodium content which is
not less than 15 percent in some parts of the profile. The cation exchange capacity in the A horizon ranges from 4 to 20 milli-eguivalents per 100 of soil and in the
B horizon from 30 to 60 milli-equivalents per 100 of clay. The base saturation is
more than 85 percent and up to 100 percent with depth. The pH ranges from 5«5 to
7*2 in the A horizon and from 7*2 to 9*4 in the B horizon. The organic carbon in
the A horizon is about 0.5 percent.
Both permeability and infiltration rates are very slow} less than 0.1 in hour
and less than 0.04 in/hour respectively, but the water holding capacity is moderate
with an equivalent of 3 to 4 in of moisture in the top 2 ft.
The soils are derived from various orystalline rocks of pre-Cambrian to Lower
Paleozoic age mixed with Zurmi Sakolori and Talata sediments. They occur on the
flat and dissected peneplain remnants with flat to slightly undulating relief.
The typical vegetation type is an open tree savanna (C3).
Z2«

Solodized Solonetz on Sandy Clay Loams of Riverine Sediments
(Typio Natraqualf) .

A full profile description of such a soil is given in Appendix I (description
No. 35)
The soils are characterized by high exchangeable sodium content in the B and
C horizons, namely 20 to 30 percent.
The cation exchange capacity in the A horizon is about 6 milli-equivalents
per 100 of soil and about 5° milli-equivalents per 100 of clay in the B horizon.
The base saturation and pH values show a definite increase with depth from about
65 percent at pH 5.0 to 5*5 in the A horizon to 90-100 percent at pH approaching
neutrality. The organic carbon content is relatively high at 1.3 percent in the A
horizon.
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Permeability as well as surface infiltration tests are very slow (less than
0.04 in per hour) but the water holding capacity is moderate (3-4 in in the upper
2 ft).
The soils are derived from alluvial deposits of the Diggi Park and Argungu
Floe formations and are shallowly flooded. Tall grasses and herbs from dense stands
and the soils are only occasionally used for rice cultivation.
Z3:

Solonetz on Very Fine Loamy Sands to Clay Loams of Riverine Sediments
(Aerio Natraqualf, or Natraqualfic Eaplustalf).

A full profile description of such a soil is given in Appendix I (description
No. 36).
The soils are characterized by high exchangeable sodium contents which usually range from 20 to 30 percent in the B and C horizons and occasionally above 15
percent in the A horizon. The electrical conductivity is usually below the 4 mmho
limit.
The cation exchange capacity in the A horizon is about 8 milli-equivalents
per 100 of soil and about 48 milli-equivalents per 100 of clay in the B horizon.
The base saturation, at about ?0 percent in the A horizon, increases with depth
vhere it ranges from 80 to 100 percent. There is a corresponding increase in pH
from about 5 t° over 7* The organic carbon in the A horizon is 0.8 percent and the
total potassium and phosphate are often relatively high.
The permeability and infiltration rates are very slow, often less than 0.04 in/
hour, and the water holding capacity is moderate with an equivalent of 3 to 4 in of
moisture in the top 2 ft.
The soils are usually derived from the Diggi Park deposits and occur on old
levees and spills. The relief is flat} flooding is shallow and brief. They support mainly Yetiveria grassland characteristically- with many trees, palms and
shrubs (units F and G2),and large interspersed mounds.
Group OY -

Rejuvenated Hydromorphic Soils and Rejuvenated VertisolB
of Riverine and Lacustrine Sediments.

The top-soils of these units are comparable with D'Hoore's Juvenile Soils on
Riverine Alluvium, but the subsurface horizons are comparable to those of D'Hoore's
Mineral Hydromorphic soils and Vertisols of Topographic Depressions.
A characteristic feature of these soils in the presence of very recent to contemporary deposits of micaceous d a y loam or olay in the upper part of the profile,
with characteristics comparable to those of the top-soil of classification unit Y4.
This layer rests abruptly over older horizons, constituting buried profiles of the
classification units V, VM and M. The profiles are enriched in the sense that they
share the high potassium and phosphorus contents of the T4 unit.
The soils are derived from shallow Gande micaceous deposits over Ambursa Central and other subrecent deposits. The relief is flat, and flooding is shallow to
deep. The woody vegetation is still largely comparable to that of non-enriched
counterparts; the grasses and herbs are pioneer species. Rice may be grown, as well
as tobacco. Details of such a profile are given in description No. 37 of Appendix I.
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Group Y - Juvenile Soils.
These soils can be correlated with B'Hoore's Juvenile Soils on Riverine Alluvium. They have been divided into six subgroups, XI to Y6, which are described
below.
Yli

Moderately Matured Juvenile Soils on Micaceous Very Fine Loamy
Sands to Clay Loams of Riverine Sediments.

(Aquic Haplorthent).

A full profile description of such a soil is given in Appendix I (description
»o. 38).
The cation exchange oapacity ranges from 5 to 20 milli-equivalents per 100 of
soil in the A horizon and is about 46 milli-equivalents per 100 of clay in the
lower horizons. The base saturation is relatively high} 90 to 100 percent in the
A horizon and 70 to 100 percent in the lower horizons with pH values ranging from
5.0 - 6.5 at the surface to 5*5 - 7»5 lower down. The electrical conductivity may
be relatively high in the A horizon ranging from 0.2 to 7*0 mmhos/cm. The exchangeable sodium content does not normally exceed 15 percent. The electrical conductivity of the saturation extract may however exceed the 4mmho limit in the top-soil.
The permeability and infiltration rates are very slow but the water holding
capacity is moderately high (2.5 - 5«0 in in the upper 2 ft).
The soils are derived from alluvial sediments of the Kurukuru older micaceous
formation and sometimes of the Siggi Park formation. They occur on older levees
and spills and are shallowly flooded. Characteristically they support Vetiveria
grassland with scattered trees and shrubs. Rice is only occasionally grown on these
soils.
Y2:

Slightly Matured Juvenile Soils on Micaceous Clay Loams and Clays of
Riverine Sediments. (Normustalfic Aquic Haplortent).

A full profile description of such a soil is given in Appendix I (description
Wo. 39).
The exchange capacity in the A horizon ranges from 15 to 20 milli-equivalents
per 100 of soil and from 45 to 50 milli-equivalents per 100 of clay in the underlying horizons. The base saturation is relatively high throughout the profile at
70 to 100 percent. The organic carbon in the A horizon is about 1.2 percent and
only slightly decreasing with depth. Phosphorus and potassium reserves appear to
be relatively high.
Permeability and infiltration rates are slow to moderate ranging from 0.004 to
2.5 in/hour and the water holding capacity is high with an equivalent of 5 to 6 in
of moisture in the top 2 ft.
The soils are derived from the alluvial deposits of the Kurukuru micaceous
formation.
They occur in the back swamps of the recent meandering river system,
and are deeply flooded. They support a semi-aquatic vegetation and are frequently
used for the cultivation of rice. In the upper stretches of the Rima floodplain
(Shinkafe) Ouinea corn and cotton are grown on these soils and shrubs and trees are
found.
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Y3t

Slightly Matured Juvenile Soils on Micaceous 7ery Fine Loamy Sands
to Loams of Riverine Sediments (Eaplustalfic Aquic Eaplortent).

Ai (0 - i 10 in) - Brown (10YR 5/3) very fine loamy sand to loam, with many
micas. Weak medium suhangular blocky. Dry, slightly hard) moist, friable.
Transition clear or smooth, depending on stratification.
A full profile description of such a soil is given in Appendix I (description
No.40).
The cation exchange capacity in the A horizon ranges from 5 to 10 milli-equivalents per 100 of soil and is about 50 milli-equivalents per 100 of clay in the B
horizon. The base saturation varies from 60 to 100 percent and increases slightly
with depth. The corresponding pH values range from 5.0 to 7.0 and may reach 8.0
in the lowest horizons. The organic carbon is about 0.6 percent and shows only
little decrease with depth. The total contents of potassium and phosphorus appear
relatively high. The electrical conductivity of the saturation extract and the exchangeable sodium content may be high in the C horizon.
The permeability is generally rapid, from 2.5 to 5*0 in/hour, with similar intiltration rates and the water holding capacity is very high, often more than 6 in
of moisture in the .top 2 ft.
The soils are derived from the Kurukuru and Gande alluvial deposits. They occur
on terrace-like terrains and are intensively cultivated with Guinea corn, cotton and
vegetables as the main crops. The fallow vegetation is mainly Parkia farmland.
T4:

Typio Juvenile Soils on Micaceous Clay Loams and Clays of Riverine
Sediments

(Aquic Eaplortent).

A general profile description of such a soil is given in Appendix I (description No. 41).
Few analytical data area available for this subgroup. In general the data will
be comparable to those of Y2. The fertility, however, should be slightly higher.
Both permeability and surface infiltration rate range from slow to moderate; 0.004
to 2.5 in/hour and water holding capacity is often very high more than 6 in of
moisture in the top 2 ft of the profile.
The soils are derived from Gande micaceous deposits (23) and are found in the
back swamps, the fringes of spillways and other depressions. The external drainage
is poor, seasonal flooding often to the height of about 3 ft from the surface, occurs every year. The vegetation is predominantly semiaquatio with dense stands of
grasses and herbs and with very few shrubs. The soils are used for rice and also
for tobacco and gourd cultivation.
Y5«

Typio Juvenile Soils on Micaceous Very Fine Loamy Sands to Loams
of Riverine Sediments.

A full profile description of such a soil is given in Appendix I (description
No. 42).
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The cation exchange capacity is the A horizon ranges from 5 to *5 milliequivalents per 100 of soil and is 55 to 60 milli-equivalents per 100 of clay in
the lower horizons. The "base saturation is high at 70 to 100 percent throughout
the profile and pH values range from 5»5 to 7»5» The organic carbon content varies
from 0.2 to 0.6 percent throughtout the profile and both potassium and phosphate
reserves appear to be adequate.
Permeability (2.5 - 0.5 in/hour) and infiltration rates are moderately rapid
and the water holding capacity is very high (more than 6 in of moisture in the top
2 ft).
The soils are derived from the alluvial Qande deposits and occur on recent
spills and levees. The relief is often irregular, as is the depth of flooding.
The soils support a semiquatic vegetation. The main crops grown on these soils are
tobacco, cassava, rice, gourds and vegetables.
A representative profile is as given in description No. 42 of Appendix I.
T6*

Juvenile Soils with Fon-ripe Horizons at Shallow Depth. (Hydraquents)
(Hydraquents and Aquio Eaplortrents)

These soils consist of dark grey muddy silty clays, clays or heavy clays.
They have little or no mottling,, no structure and soft consistence. The sediments
have never dried to the point at which proper soil forming processes could take
plaoe. They are derived from the Eurukuru or Gande, Ambrusa or Diggi deposits, or
mixtures of these. They oocur in depressions and silted-up gullies of the flood
plains, are poorly drained and seasonally flooded for long periods with the water
table never very far below the surface. They carry a typical semiaquatic vegetation and are not cultivated.
Description No. 43 of Appendix I refers to this type of profile.
Group S - Acid Sands
These soils correspond to D'Hoore's Weakly Developed Soils on Loose Sediments
Not Recently Deposited. Two subgroups, SI and S2 have been recognized, both belonging to the Qiartzipsamments of the 7th Approximation.
Sit

Red Acid Sands

The A horizons vary in thickness from 12 to 24 in or more and are usually brown
to reddish brown, fine to medium sands. They are virtually structureless or weak
subangular blocky, always very friable and loose. The underlying horizons consist
of yellowish red to red, loamy sands with weak subangular blocky structure, very
friable when moist, soft when dry and extend to a considerable depth.
The pH values of the top layers show high acidity at less than 5 but there is
a gradual increase in pH with depth though it seldom exceeds 6 even in the lowest
layers. The organic carbon content in the A horizon varies from 0.15 to 0.30 percent. Due to ooarse texture, both permeability and infiltration rates are very
rapid at 5 to 10 in/hour or more and water holding capacity is low or very low,
often less than 2 in of moisture in the top 2 ft of soil.
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The soils are derived.mainly from the eolian and fluviatile deposits of the
Sangiwa, Tureta, Sokoto and Illela formations. The soils occur on flat to gently
undulating terrains and the external drainage is good.
Within the subgroup there is a wide range in natural vegetation and in agricultural use which is oonnected with the degree of surface self-sealing (see also
section 4.4.4). It was found that this sealing is stronger when the sorting of
the sand is poorer, i.e. when mechanical analysis shows that sizeable weight percentages occur in more than one or two of its fractions. Subdivisions have therefore been made on the degree of sorting of the sand as follows:
S1A (surface sealing completely absent). Very well sorted sand: two adjacent subfractions contain together more than 80 percent of the total mineral
particles.
SIB (little or no surface sealing). Well sorted sand. Two adjacent subfractions contain together between 70 and 80 percent of the total mineral particles.
SIC (moderate surface sealing). Moderately sorted sand« two adjacent subfractions contain together between 60 and 70 percent of the total mineral particles.
SID (strong surface sealing). Ill sorted sand: two adjacent subfractions
contain together less than 60 percent of the total mineral particles.
The S1A and SIB are often intensively cultivated (millet, some groundnuts),
the SIC unit often has shifting cultivation, Anogeisus savannah woodland being the
natural cover. The SID unit is not cultivated; its vegetation shows a peculiar
pattern of Combretum shrub to tree savannah and Anogeisus woodland.
Description No. 44 of Appendix I refers to this type of profile.
S2:

Yellow and Brown Acid Sands

The A horizons vary in thickness from 6 to 25 in and consist of brown to pale
brown fine sands with little or no structure. Thin plates, however, may be encountered at the surface of subdivisions B and C which have a strong tendency to
sealing if the sand is not well sorted. The consistence is friable to very friable
when moist, slightly hard when dry. The underlying horizons consist of yellowish
to pale brown or strong fine sands to fine loamy sands, friable or very friable
when moist and slightly hard to hard when dry. The structure is porous massive or
weak subangular blocky. Very small £ to 1 cm clay lenses (fibers) are often found
in these horizons of subdivision A (very well sorted sands), indicating downward
translocation of clay and an incipient B horizon formation.
The organic carbon content in the A horizon varies from 0.2 to 0.5 percent
and the pH values show wide variations from 4*0 to 6.7* As in the Red Acid Sands,
both permeability and infiltration rates are very rapid and water holding capacity
very low.
The soils are derived from eolian or fluviatile sediments of the Sangiwa,
Sokoto, Tureta, Habah, Zazagawa and Argungu formations. They occur on flat to
gently undulating terrains and mostly have a good external drainage. The vege-
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tation and land use depend fully on the presence of absence of surface sealing,
and are as a whole comparable to those of unit SI. In the present case also, the
silt/clay ratios proved to be a reliable index for sealing capacities of the soils.
Compared to SI, the subdivision is based on two criteria instead of one, as follows!
S2A - -very well sorted sandt sum of two adjacent sand subfractions above 80
percent and silt/clay ratio in surface horizon, 100 percent.
S2B - well sorted sand: sum of two adjacent sand subfractions between 70 and
80 percent and silt/clay ratio in surface horizon *• 100 percent.
S2C - moderately sorted sands sum of two adjacent sand subfractions between
60 and 70 percent and silt/clay ratio in surface horizon 100 percent.
S2D - ill sorted sandt sum of two adjacent sand subfractions lower than 60
percent and silt/clay ratio in surface horizon 100 percent.
Description No. 45 ot Appendix I refers to this type of profile.
Croups L and R Shallow soils have been subdivided into two subgroups; L - Lithosols on Various
Rocks and Rendzinas. Subgroup L corresponds to D'Hoore's Weakly Developed Soils,
Subgroup R - Rendzina has its exact equivalent, also called Rendzina, in D'Hoore's
system.
L_: Lithosols display a typically A-R type of soil profile with a thin A
horizon (less than 12 in thick) containing fragments of weathered rock and overlying partially weathered rock. The soils are associated with rock outcrops, inselbergs, quartzite ridges, scarps and other prominent features in the area. They
typically occur on steep slopes and carry various types of shrub and tree savanna.
Due to their shallowness, often combined with such features as steep slopes or surface rock outcrops, they are very seldom if ever cultivated. A profile of a lithosol on mica schist is as given in description Ho. 46 of Appendix I.
R: Rendzinas no profile descriptions of Rendzina soils are available. They
typically consist of dark grey brown, humic A horizons merging into a calcareous
parent rock at shallow depths.
Non soils»
Other classification units which are self-explanatory are listed below:
P:

Ironstone Crusts

AB:

Outcrops of Crystalline Rocks

AG:

Outcrops of Non-Crystalline Rooks and Gravels
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3.

3*1

The Soil Maps

Introduction

The pattern of occurrence of the soil olassification units described above
is usually complex. The units often alternate vith one another over relatively
short distances or merge into one another through a series of intergrades. With
the exception of most of the mapping units of the semidetailed survey where mapping
was done at either 1:50 000 or lt20 000 scale, it was seldom possible to map individual soil groups or subgroups. Even those which were mapped separately contain
variable proportions of other soil classification units which oould not be separated owing to their intrioate and complex distribution pattern. Therefore any one
mapping or cartographio unit shown in the legend as representing one soil classification unit may have up to one third of its total area occupied by scattered expanses of other classification units. Hore commonly, a cartographio unit indicated
by an appropriate symbol in the map' legends represents two or more soil classification units forming a complex association. This is particularly the oase in the
legend of the reconnaissance soil map (Map 7) drawn at 1:200 000. Here again the
same rule applies) a mapping unit shown as consisting of an association of two or
sore soil classification units indicates the dominance of these units and does not
exclude the existence of minor occurrences of other classification units in the .
mapped area.
The reconnaissance soil map at 1:250 000 and the semidetailed soil maps at
1:20*000 or li50 000 have been prepared specifically for land use planning in the
project area. They therefore often show units and patterns that are too intricate
to enable one to deduce easily which are the main soils of the area. For national
and international correlation in the sphere of pure soil classification, a generalized soil map at 1:500 000 has therefore, also been prepared (Map No. 5)> the
legend for which is self explanatory.

3,2

Explanatory notes on the mapping units and the mapping symbols
A.

Reconnaissance soil map of the whole basin

In general, consideration of all factors which were thought to have a practical bearing on agricultural development contributed to the demarcation of areas
on the maps as far as this was possible within the limits imposed by the scale of
the map and the amount of checking in the field. The criteria included not only
the classification of the main soil in an area and the composition of the soil association or complex, but also the general relief (for reservoir studies, irrigability classification), the slope (for run-off estimation), the erodibility (for reservoir siltation estimates), the degree of surface sealing (for run-off and affective soil moisture storage), the presence and quality of subsoil water and the
effect of ironstone crusts on rooting, etc. In this relatively densely populated
area with its marginal climatic conditions it is very apparent that small differences, especially in the three factors last mentioned, play an all-important
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role in the failure or success of local agriculture, be it permanent or shifting
cultivation.
The many nomadic Fulani of the area, moreover, depend largely on the
poorer, for their cattle herding sealing soils; differences in grass growth and
rate of regeneration of grass on these soils at the start of the rainy season are
therefore important in the separation of mapping units, as also are the quality of
the natural woodland and the possibilities for reafforestation.
Sometimes mapping units were distinguished on the basis of differences in
age or composition of parent material, when on general relief, sealing and erosion,
and soil classification there was no apparent difference. In such cases, the vegetative cover or degree of agricultural occupation led to the expectation that there
were indeed important soil differences which would appear after more field work and/
or more detailed laboratory analysis had been done.
Sometimes also, subdivisions were made on the map, while soil conditions
seemed comparable, to show visually the physical build-up of the terrains and the
relationship between the various mapping units, and so provide a guide for future
more detailed soil mapping.
It will be noticed that the pattern of mapping units in the central northwestern part of the area is more intricate than elsewhere, due to various factors.
Many different sediments occur, of Cretaceous to Becent age (see Hap No. 2) and the
area has a relatively dry climate which causes vegetation and land use to react more
sharply to the differences in soil conditions as is well recorded on the aerial
photographs. Also, greater case of access allowed more field data to be collected.
The numbering of the mapping units on the reconnaissance map was drawn up
to show the geologic-geomorphologic basis of the various units distinguished.
A combination of two numerals, separated by a dash, refers to upland mapping
units without predominance of lithosols, rock outcrops or ironstone crusts. The
first numeral indicates the geological formation from which the soil or soils of the
mapping unit were mainly derived, the key to which follows:
122A3456789-

Crystalline basement complex
Cretaceous Gundumi deposits.
Cretaceous Illo deposits
Cretaceous Rima deposits
Tertiary Kalambaina and Dange deposits
Tertiary Gwandu deposits
Oldest cover sands (Sangiwa deposits)
Younger cover sands (Sokoto deposits)
Youngest cover sands (Illela deposits)
Oldest terrace, i.e. sandy wash plain (Tureta, Bakolori and Gusau
deposits).
10- Main terrace (Rabah, Talata and Kaura Kamoda deposits).
I- A combination of I and a letter, separated by a dash, refers to upland
mapping units on the crystalline basement complex with a predominance of
lithosols or rock outcrops.

L, L*- A combination of L or L* with another capital letter refers to upland
mapping units with a predominance of ironstone crusts. The second letter indicates the geological formation concerned which can be identified by reference to the
description of legend group L and L' which follows shortly.
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P- A combination of P with another capital letter refers to mapping units
of the floodplains (and the lowest terraces). The second letter again indicates
the geological formation concerned.
The relationships are shown in the diagrammatic cross-section showing the
geology, geomorphology and soils of the Rima - Sokoto river basin (Figure 3 ) .
In more detail the significance of the various indications is as follows:
Legend Group 1
1-1, 1-2, 1-3, 1-4, 1-5, 1-3E and 1-4E.
Legend units with soil derived mainly from the crystalline basement complex,
consisting of igneous and metamorphic rocks, metasediments and volcanio series with
local shallow covering by eolian and aqueous sediments. Separation is oo7 the basis
of different grades of complexity of the soil association, possible agricultural
Use, topography, erosion and run-off.
1-1, 1-2 and 1-5 are legend units with eolian sediments on top of igneous
and metamorphic rooks. The most closely related are 1-1 and 1-2, because the soils
of these legend units have been developed mainly on cover sands {Zurmi deposits).
In comparison to 1-2, 1-1 has a thicker and more homogeneous oover of these sands
which results in a more homogeneous soil association. 1-2 includes several soils
also belonging to 1-4.
The main reasons for separating the 1-5 unit from the above were: a) the
parent material is different, namely loess (Puntua deposits) or a fine textured
variant of the Zurmi cover sandj b) the topography is different, namely flat or
very gentle undulating due to valley filling of the fine eolian sediments. Only
within the latter mapping unit does the Reddish Brown Ferruginous Tropical soil
form an important constituent of the soil association, which is one of the reasons
for its intensive agricultural use.
1-3> 1-3E, 1-4 and 1-4E are legend units with soils developed fully or mainly from igneous, metamorphio and some volcanic rocks. The first two units are
characterized by waterlogging, due to the topographic position; the soil classification for 1-3 or 1-3E and 1-4 or 1-4E respectively reflects fully the difference
in drainage conditions. Separation between 1-3 and 1-3E was necessary due to the
difference in parent material} in the latter unit Vertisols form an important part
of the association.
The 1-4 and 1-4E units together occupy the greater part of the basement area.
Their soil classification and their topographical and hydrological features are
rather similar. Nevertheless, they were separated because 1-4E only occurs on the
older rock types which are generally richer in heavy minerals and give somewhat
better soils, locally Vertisols. In the easternmost and southernmost areas separation was difficult) there, terrains mapped as 1-4 may contain soils normally occurring only in the 1-4E and 1-3E mapping units.
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Legend of Figure 3
Diagrammatic Cross-Section of Geology, Oeomorphology
and Soil of the Rima - Sokoto River Basin

A combination of 2 numerals separated by a dash refers to upland mapping
units without predominance of lithosols, rock outcrops or ironstone crusts.
The first numeral indicates the geological formation from vhioh/t'he soil or
soils of the mapping unit were mainly derived, the key to which followst
1 2
2A 3 4
5 6 7 8 9
•>
10 -

Crystalline basement complex
Cretaceous Gundumi deposits •
Cretaceous Illo deposits
Cretaceous Rima deposits
Tertiary Kalambaina and Dange deposits
Tertiary Gwandu deposits
Oldest Cover Sands (Sangiwa deposits)/
Youngest Cover Sands fSokoto deposits)
Youngest Cover Sands (Illela deposits)
Oldest terrace i.e. sandy wash'plain (Tureta, Bakolori and
Gasau deposits)
/
Main terraoe (Rabah, Talata and Kaura Namoda deposits)

A combination of 1 and a letter separated by-a dash refers to upland
mapping units on the crystalline basement
complex with a predominance of
/
lithosols or rock outcrops.
/
A combination of L or L' with another capital letter refers to upland
mapping units with a predominance or ironstone crusts. The second letter
indicates the geological formation
concerned which can be identified by
reference to the description7 of Legend Group L and L' which follows shortly.
A combination of F with another capital letter refers to mapping units of
the floodplains (and the lowest terraces). The second letter again indicates
the geological formation concerned.
/

Legend group 1 / 1-1, 1-2, 1-3, 1-4, 1-5, 1-3E, 1-4E.
Legend units with soil derived mainly from the crystalline basement
complex consisting of igneous and metamorphic rocks, metasediments and volcanic
series with local shallow cover by eolian and aqueous sediments.
I-l, I-2/and 1-5 are legend units with eolian sediments on top of igneous and
metamorphic rocks.
1-3, I^3E, 1-4 and 1-4E are legend units with soils developed mainly or fully
from igneous, metamorphic and some volcanic rocks.
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Legend group 2

-

2-1, 2-2, 2-3, 2-4, 2-5, 2-6, 2-H

Legend units with soils derived mainly from the Cretaceous/Oundumi deposits
often with some Sangiwa cover sand in upper part of the profiles.
2-1 and 2-5 are non-hydromorphic soils.
/
2-2, 2-3 and 2-4 concern flat land, often with impermeable ironstone at some
depth "beneath the surface.
/
2-6 has imperfect drainage.
/
2-H concerns hilly terrains of gravel hills and badlands7with little or no
vegetative cover.
Legend group 2A

-

2A-1, 2A-2, 2A-3, 2A-5

Legend units with soils developed mainly from Cretaceous Illo deposits,
locally with cover sand addition.
/
2A-2 and 2A-3 have less sealing and higher fertility than their two counterparts.
2A-5 has Red Ferruginous Tropical Soil.
Legend group 3

-

3-1 and 3-2

Legend units with soil development mainly from the Cretaceous Eima deposits
(Talokam Dukamaje f-Mosasaurus shales) and/Vuroo beds).
3-1 concerns sloping, strongly sealing and'eroding terrains.
3-2 concerns largely flat terrains, similar soils to 2-5«

Legend group 4

-

4-1» 4-2, 4-3» 4-4/

Legend units with soils derived/from the Tertiary Dange and Kalambaina
deposits, often with the addition of non-sealing cover sands. These are the
richest soils of the whole sedimentary area.
4-1, 4-2 and 4-3 are structural plateau with ironstone-caps.
4-4 has shallow soils occuring on'' the top of tablelands with shallow covering
of cover sand.
Legend group 5

-

5-1» 5-la/ 5-2, 5-4

Legend units with soils/derived mainly from Tertiary Gwandu deposits.
5-1 and 5-la occur on gently sloping terrains in valleys among the Upper Gwandu
tablelands.
(Structural p'lateau with ironstone caps.
5-2 and 5-3 can "be compared respectively with 2-3 and 2-2.
5-4 bas richer soil than ythe other five units.
ƒ
6-1', 6-1 (d), 6-2, 6-3
-/
Legend units with eoils derived fully or largely from oldest Sangiwa cover
sands.
.
6-1, 6-lb and 6-ld are units where cover sand is in a thick layer from which
the soils are fully derived.
6-2 and 6-3 are units in areas where Sangiwa cover sand forms relatively thin
mantle.

Legend group 6

-
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Legend group 7 -

7-1» 7-2, 7-3, 7-5

Legend units with soils developed mainly from younger Sokoto cover sands.
7-1 concerns Sokoto sands unaffected "by any other influence. /
7-2 occurs in valleys among components of the Kalambaina structural plateau.
7-3 concerns flat, rather thin cover of Sokoto cover sand. /
7-5 comparable to 7-3« Concerns flat thin cover over sand/overlying structural
plateau.
Legend group 8 -

8-1, 8-2, 8-3

/
/

Legend units with soil derived fully or largely from the younger Illela
cover sands.
7
8-1 is comparable in geographio position to 7-1, 8-2 to 7-2 and 8-3 to 7-3«
Legend group 9 - 9-1, 9-l(d), 9-2, 9-3
Legend units referring to oldest river terrace i.e. sandwash plain.
9-1 and 9-l(d) concern very flat or gently undulating land. 9-1(d; does not
have such flat land as the former.
9-2 is characterized by medium textured fluviatile sediments.
9-3 is composed of loessic materials. They are S O I I B of an excellent quality.
/

Legend group 10 - 10-1, 10*<2, 10-3
Legend units which refer to river terrace occuring at lower level than
that of Group 9.
10-1 compared in texture to 9-1
10-2 has medium textures which have given rise to soils similar to those of
9-2. 10-3 bas geographic, association with 10-2.

7

Legend groups 11/and 12
Comparable/ to groups 10 and 9 respectively as regards geographic position
but soil origin is uncertain or variable because of later colluvial movement
and erosion,/
Legend group 1 - 1-P, 1-Pa, 1-Ga, l-Gb, 1-Gi, 1-H, 1-h, 1-S, 1-e
Legend units in an area of crystalline basement complex in which lithosols
or rdck outcrops are prominent.
1-p/to 1-Gi consist of several types of rock outcrops and lithosols. They mostly
refer to metasediments.
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Legend groups L and L*
Tablelands with a continuous ironstone crust. LB refers to the^ironstone
crust on the crystalline basement and has several associated soils.
L'O and LO refer to ironstone level of the/Illo deposits.
L'R and LR refer to the ironstone level^of Rima deposits.
L'M and LM refer to ironstone level on/the Mosassaurus shale's.
LK and L'K refer to the ironstone level on the Kalam baina'deposits.
L*WB and LVo refer to the ironstone^level of the lower Gwandu deposits.
L'WL and LWI refer to older ironatone level of upper Gwandu deposits.
L'W2 and LW2 refer to the younger ironstone level of/the upper Gwandu deposits.

/

/

Legend group F
Legend units which/refer to f loodplains -'(f adamas) in general.
FB, FR and F, IV concern small floodplains, and some lacustrine-like deposits
with upland areas.
/
FB refers to small floodplains in the area of the orystalline basement complex.
FR and F units are small floodplains in Gundumi, Rima and Illo deposits.
FK unit concernsa very ancient lacustrine-like floodplain in flat land. Unit
FW is intermediate in agricultural potential between units Fk and FR.
Other F units refer to the main Rima-Sokoto floodplain.
From old to young the units are FLl, FL2, FL3 and FD.
FLl refers to poor randy sools of low terrace (Zazasawa braiding river deposits)•
FL2 and FL3 refer to the loamy to clayey soils of the low terrace (Bagudo
meandering river deposits).
FS applies to soils of the sandy (Argungu) floe deposits.
FP applies to soils of the loamy to clayey (Diggi) Park sediments.
FP2 is intermediate between FS and FP in areas where separation between the two
types of sediments was not possible.
FC concerns soils of the Ambursa Central deposits which are clayey but low in
silt. The various FM units refer to the sediments of the Micaceous system
(the older Kurukuru and the younger Gande deposits).
FM3 concerns terrace-like parts.
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Legend Group 2
2-1, 2-2, 2-3, 2-4, 2-5, 2-6, 2-H.
Legend units with soils derived mainly from the Cretaceous Gundumi deposits
with often Borne Sangiwa cover sand in the upper part of the profiles. Except for
the last mentioned, they all comprise well developed, strongly self-sealing soils.
2-1 and 2-5 concern gently sloping terrains with only nonhydromorphic soils.
They are separated 'because the former has more gravelly subsoils and contains also
lithosols as a component (older strata of the Gundumi deposits), both resulting in
poorer woodland and poorer grazing conditions.
2-2, 2-3, and 2-4 concern flat land, often with impermeable ironstone at
some depth below the surface which impedes drainage. Large ancient termite structures are common. In 2-2 ("black dot" areas) these termites structures still exist
as mounds and are densely overgrown. Consequently the woodland is denser than in
2-3 ("white dot") where the mounds have been flattened to form large bare spots,
often solonetzic (Modified Grey Kaolinitio soil).
2-4 ("feathery white dot" areas) concerns those terrains where considerable
rill erosion has started and the general vegetative cover is still poorer.
2-6 also has imperfect drainage, but in this case due to former back swamp
position. The areas form the outliers of a river terrace (compare 10-3) • The soils
are therefore different.
2-H (or 2-h) concerns hilly terrains of gravel hills and badlands with little
or no vegetative cover* They have no agricultural or grazing value at all.
Legend Group 2A
2A-1, 2A-2, 2A-3, 2A-5. Legend units with soils developed mainly from the
Cretaceous Illo deposits, locally with cover sand addition (Sangiwa or more often,
Sokoto deposits). The subdivision is along similar lines as group 2. Because of
the different parent material, 2A-2 and 2A-3 have somewhat less sealing and higher
fertility (?) than their two counterparts, which partly accounts for the better
vegetative cover (land classification VII.3 for 2A-2 and 2A-3 against VII.2 for 2-2
and 2-3). No equivalent of 2-4 occurs in the 2A group.
2A-1 differs from 2-1 in practical value (land class VIII-1 against VII-2)
mainly because of its stronger relief. 2A-5 has, in comparison to 2-5, a good soil
as leading associate (Red Ferruginous Tropical soil) and is consequently largely
used for shifting cultivation.
Legend Group 3
3-1 and 3-2. Units with soils developed mainly from the Cretaceous Rima
deposits (Taloka, Dukamaje (= Mosasaurus shales), and Wumo beds), locally with
addition of Sangiwa and some Sokoto cover sands.
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3-1 concerns sloping, strongly sealing and strongly eroding terrains, largely bare throughout the year (badland).
3=2 concerns largely flat terrains, with soils similar to 2—5j it has however less practical value because of the different topography and more surface
sealing.
Legend Group 4
4-1» 4-2, 4-3, and 4-4. Units with soils derived from the Tertiary Dange
and Kalambaina deposits, often with addition of nonsealihg cover sands (Sokoto,
sometimes Illela deposits).
The soils of this group being the richest of the whole sedimentary area much
sought after for agriculture; for this reason therefore, even relatively small patches occurring within areas of poor soils have been mapped.
4-1, 4-2 and 4-3 occur in valleys among the Kalambaina tablelands (structural plateaus with ironstone-cap). 4-1 concerns the richest soils, in terrains
where little or no addition with cover sand has occurred. The soils of 4-2 and 4-3
are derived from a mixture of colluviated cover sands and Kalambaina-Dange deposits,
with 4-3 occurring at the bottom of the valleys and therefore having mainly hydromorphic soils (but also an all-year-round water supply), and 4-2 occurring on the
slopes and having better drained soils.
4-4 concerns shallow soils occurring on top of the tablelands. The ironstone cap in these areas has been covered anallowly with cover sand, which has been
considerably enriched by biologic activity through the cap.
Legend Group 5
5-1» 5-la, 5-2» 5-3 and 5-4. Unite with soils derived mainly from the
Tertiary Gwandu deposits.
The first four are derived from the poor upper strata,
often with addition of the sealing Sangiwa cover sands, the fifth from the relatively rich lower strata, often with addition of the nonsealing Sokoto cover sands.
Units 5-1 and 5-la are rather similar to 2-1 and 2-5. They occur on gently
sloping or sloping terrains in valleys among the Upper Gwandu tablelands (structural plateaus with ironstone caps). The main soils of both are however different
from those of 2-1, and more comparable to 2-5» Unit 5-1» however, covers poor land
(badland), but in 5-la the land is stabilized and much better (little or no sealing,
land class 1.6). The soil classification for unit 5-la is very tentative, because
of shortage of field and laboratory data; compare also with 3-1 and 3-2 respectively«
5-2 and 5-3 can be compared with 2-3 and 2-2 respectively ("black dot" and
"white dot" areas; the numbering should be reversed to be systematic), but the dot
aspect is less pronounced.
The soils of 5-4» because of the different parent material, are much richer
than the other five units.
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Legend Group 6
6-1, 6-l(d), 6-2 and 6-3^ Units with soils derived fully or largely from the
oldest Sangiwa cover sands. Their separation from those of the younger cover sands
is essential, in view of the strong surface sealing. Ho agriculture is possible on
these mapping units and the natural vegetation is very poor and occurs in specifio
patterns.
6-1, 6-1(d) and 6-ld are units where the oover sand is present in a thick
layer from which the soils are fully derived. While the soils are therefore similar for the three units, 6-1 concerns land without any relief, (the former dunes
being completely flattened)} 6-1(d), land with only a slight relief (dunes partly
flattened) and 6-ld is land with still a distinct dune topography. In the last
mentioned, the surface sealing is less strong and the differences in vegetative
growth between (former) dune tops and (former) dune valleys are less marked. Some
Sokoto cover sand may have contributed to these features. The 6-2 and 6-3 units
refer to those areas where the Sangiwa cover sand now forms only a relatively thin
mantle (upper Gwandu deposits) over non-indurated Gundumi and Rima deposits. Consequently, soils other than those of the units above join in the respective soil associations. The vegetation is comparable, but has a different pattern of density.

Legend Group 7
7-1» 7-2, 7-3, 7-5 (7-4 as originally designed was subsequently replaced by
4-4) . These mapping units concern soils developed fully or mainly from the younger
Sokoto cover sands. These sands have little or no surface sealing and therefore
are suitable for shifting cultivation or permanent wet season agriculture. The
few parts of these units that have not yet been cultivated, show wood and grass
cover of better quality than that of group 6, and the vegetation lacks any pattern.
The original dune pattern is also different and not easily detectable in the field.
The 7-1 unit concerns Sokoto sands unaffected by any other influence, and in fact
usually occurs to the windward or leeward of the Gwandu structural plateaus.
The 7-2 unit concern's the Sokoto sands in valleys among the components of the
Kalambaina structural plateau, where because of colluviation and presence of subsoil water the soils are different and somewhat better than those of 7-1.
A similar difference applies to unit 7-3» which concerns the flat and rather
thin cover of Sokoto cover sand on top of the Kalambaina and Dukamaje structural
plateaus. Better soil conditions in this case are due to biological activity
through the ironstone cap.
7-5 is comparable to 7-3 insofar it also concerns a flat and rather thin oover
over the sand overlying the structural plateau. In this case, however, the "inert"
Gwandu and Rima caps are concerned, and admixture of some Sangiwa cover sand is
common. The soil association is therefore different and its value usually less.
Legend Group 8
8-1, 8-2 and 8-3. Units with soils derived fully or largely from the youngest
Illela cover sands. These sands are characterized by the absence of any sealing.
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A still active dune topography is present causing somewhat different soil associations from those of group 7* They are fully cultivated.
8-1 is comparable in geographic position to 7-1» 8-2 to 7-2 and 8-3 to 7-3»
No equivalent to 7-5 occurs.
A legend group (8a et seq.), for units derived from the Zurmi oover sands
(row 1-1, 1-2 and 1-5)» shall logically be entered here.
Legend Group 9
9-1. 9-l(d), 9-2 and 9-3. Units referring to the oldest river terrace ("high
terrace"; i.e. the sandy wash plain.
9-1 and 9-1(d) concern flat or very gently undulating land, in broad bands
along former or present rivers largely in-between the areas of the Sangiwa old
cover sand, formed by fluviatile transport and sorting of these sands ("sandy wash
plain"» Tureta deposits). The soil association is rather comparable to that of
6-1, but surface sealing is slight or absent, so increasing the value of the land;
the wood and grass oover on the terrains not under shifting cultivation is comparable to that of 7-1. Unit 9-1(d) differs from 9-1 by being slightly less flat, an
effect of the action of the Sokoto oover sand.
Unit 9-2 ooours in the transition zone between the crystalline basement and
the sedimentary area and is characterized by medium textured fluviatile sediments
(Bakolori terrace deposits), which give rise to better soils than those of $-1,
Unit 9-3 occurs along the rivers in the upper catchment area in the crystalline basement zone and is more often than not composed of loessio materials (Puntua
deposits) whioh usually have been redistributed into terrace-like terrains (Ousau
terrace deposits). The soils are of excellent quality.
Legend Group 10
10-1, 10-2, 10-3. These units refer to a river terrace which may be termed
"main terrace", ooouring at a lower level than that of group 9.
10-1 occurs in the sedimentary area, within the sandy wash plain of 9-1» as
well as in the main area of the Sokoto sands. The parent material of the soils
(Rabah and Kaura Namoda terrace deposits) is comparable in texture to that of 9-1
and the Sokoto sand, but soil conditions are better (e.g. more subsoil moisture),
and so reflooted in the intensive agricultural use. The presence of clay fibers
in the soil profile is very common ("fiber terrace").
Unit 10-2 oocurs roughly within the 9-2 area and somewhat downstream. Its
medium textures (Talata terrace deposits) have given rise to soils of similar quality to those of 9-2 but of somewhat different classification.
Unit 10-3 is not comparable to 9-3 j it is geographically associated with 10-2
and represents former back swamp conditions. The present day soils reflect unfavourable drainage conditions and are less valuable than those of 10-2.
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Legend Groups 11 and 12
These groups are comparable to groups 10 and 9 respectively as regards geographic position, but the (soiT^origin is uncertain or variable because of later colluvial movement, erosion-j-"or overblowing. The topography is therefore often less
regular and the soil association or complex reflects the influence of various parent
materials.
Legend Group I
I-P, I-Pa, I-G, I-Ga, I-Gb, I-Gi, I-H, I-h, I-S and I-s. These are legend
units of the area of the crystalline basement complex, in which lithosols or rock
outcrops are prominent or predominant.
I-P, I-Pa, I-G, I-Ga, I-Gb and I-Gi are units consisting mainly of several
types of rock outcrops and lithosols. Mainly non-soils are concerned, with lithosols as associates and deeper soils only as minor inclusions. Separation was made
on a) rock type, b) geomorphological forms and c) run-off class.
I-H, I-h, I-S and I-s are legend units with non-soils rock-outcrops) and lithosols but also a sizeable percentage of deeper profiles. These units refer mainly to
the metasediments, and cover large areas.
ness,

Subdivision is based on a) rock types and their respective mineralogical richb) topography, including run-off class and c) soil depth.

The soils associations of I-E and I-S are the same, but I-S has more with deeper soils than I-H. Both have fairly abundant ferromagnesiam rocks and schists,
shales and gravels predominate in I-S. This is reflected in the different topography
(no sharp, V-shaped valleys as in I-H) and different run-off class. I-h and I-s are
mapping units in which deeper soils predominate over lithosols and rock outcrops
and the rocks are largely acidic. Subdivision was undertaken for reasons similar
to those for the subdivision of I-H and I-S.

Legend Groups L and L'
Tablelands with a continuous ironstone crust (structural plateaus) and their
scarps or separate hilly parts, strewn with ironstone rubble, were separated as L'
and L units respectively whenever the areas were large enough to be shown on the
map. Often the various L' units differ among each other in root and water penetrability, whereby differences in the composition of the geologic strata below the crust
become of importance. The L units (scarps) were separated from the L' units (flat
tablelands) because of differences in topography (differences in run-off, erodibili„ ty and land use) and the presence of non-ironstone soil classification units. They
differ between each other in the type of non-ironstone classification units. More
often than not, however, the above differences are too small to change the land
classification (mostly class IX.l), but subdivision was undertaken because the various plateaus and scarps may give some hint of the agricultural value of nearby
terrains, clarifies the general pattern of the mapping units and facilitates more
detailed studies.
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LB refers to the ironstone crust on the crystalline basement and has several
associated soils. Subdivision into plateaus and scarps was not possible as the
latter were absent or insignificant (L'B would therefore have been a more systema-"
tic denomination to use). L'G and LG refers to the ironstone level of the Gundumi
deposits (two laterization levels probably being conoemed). The plateau parts
(L'G) are small and the crust is thin and broken (conglomerates or hollow cobbles);
the Bcarps and separate hills (LG) normally have short and comparatively gentle
slopes, with little erosion.
L'l and LI refer to the ironstone level of the Illo deposits. The ironstone
crust seems predominantly to be thick and to consist of large criss-cross stratified blocks; the slopes (Li) are often long and steep.
L'R and LR refer to the ironstone level of the Rima deposits. Massive blocks
or huge conglomerates predominate. L'R seldom occurs (transitional to the L'H of
the Mosasaurus shales), LR is frequent and has topography similar to LG but is more
liable to erosion and has a poorer vegetative cover (comparable to the badland of
unit 3-1)»
L'M and LM refer to the ironstone level on the Mosassaurus shales (Dukamaje
deposits), a formation which was probably contemporary with L'R and LR. The crust
of L'M is more massive than that of L'K, but the different substratum gives it a
vegetative cover better than that of L'R or L'G. LM also is intermediate in quality
between LK and LR.
L'K and LK refer to the ironstone level on the Kalambaina deposits. It has
developed on mainly shaley layers immediately above marls. The plateau land (L'K)
shows micro-undulations (karst influence?) the crust is largely easily penetrable
by roots and moisture and relatively good woodland can be found (Acacias). The
scarp (LK, i.e. the "Dange scarp") has mostly short but rather steep slopes, with
very rich soils as associates to the ironstone rubble. A shallow aquifer or pseudoaquifer under the ironstone level greatly influences nearby mapping units (e.g. FK,
4-3» 7-2, 4-2) by providing a continuous of nutrient-rich water.
L'Wo and LYo refer to the ironstone level of the lower Gwandu deposits, which
are rich in comparison to the upper. The crust is normally thick and consists of
large, massive, fine-grained blocks. The plateau parts (L'Wo) are small in area;
the scarps (LWo) are common and steeply sloping with little erosion, but the richness of the parent material is reflected only in nearby soils (unit 5-4).
L'WL and LWl refer to the older ironstone level of the upper Gwandu deposits.
L'Wl is extensive, the slopes of the scarps (LWl) are long and steep, with more erosion than LWo, but less than LW2. The sedimehts capped by this crust seem to contain a deep aquifer (USAID survey team data) which will account for the sizeable
expanse of lacustrine-like bottom lands in its are of occurrence (part of PW).
L'W2 and LW2 refer to the younger ironstone level of the upper Gwandu deposits.
This level, the youngest of all mentioned and presently constituting the highest
tablelands in the western part of the survey area, is characterized by a relatively
thin crust consisting often of cobble-like elements. The vegetation on the tablelands (L'W2) is poorer than that of L'Sl. Slopes (LW2) are long and steep, with much
erosion.
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Legend Group F
This group of legend units refers to the floodplains (fadamas) in general.
FB, FR and F, FK and FW concern small floodplains and some lacustrine-like
deposits with upland areas.
FB are small floodplains in the area of the crystalline "basement complex, with
a land capability rather comparable to that of the FM unit (see below). FR and F
units are small floodplains in the area of the Gundumi, Sima and Illo deposits. Their
agricultural value is small or none.
7exy important agriculturally, however, is the FK unit, being either very ancient lacustrine-like floodplains (Tungan Tudu deposits) in flat land, or small floodplains in valleys, occuring in the area of the calcareous Kalambaina deposits. Unit
FW is intermediate in agricultural potential between units FK and FR. Small floodplains or lake bottoms in the area of the Gwandu deposits are concerned, of which the
latter especially is rather similar in agricultural potential to the FK unit.
The other F units refer to the main Rima-Sokoto floodplain, much of which was
surveyed in semidetail. Combinations of legends units of the semidetailed maps are
therefore often involved. The differences in soil or soil association and the agricultural capabilities are always distinct (see below). From old to young the units
aret
FL1, FL2, FL3and FDi Mapping units of the low terrace system. FL1 refers to
the poor sandy soils of the low terrace (Zazagawa braiding river deposits) along
those rivers or parts of rivers which have (had) their oatohment in the sedimentary
area (LI and L2 of semidetail). FL2 and FLJ refer to the loamy to olayey soils of
the low terrace (Bagudo meandering river deposits) along those rivers whioh have (had)
their catchment in the crystalline basement area, FL2 representing the former leveelike areas (relatively light textures, dense woody vegetation and many tall, termite
mounds} "black dot" low terraoe) and FL3 the former basin land areas (heavy textures,
a less dense woody vegetation and bare, completely flattened, termite moundst "white
dot" low terrace). Former channels and depressions within the areas of FL3 are so
large that it is possible to separate them as FD.
^^
FS applies to the soils of the sandy (Argungu) floe deposits (SI, S2 and S3 and
some of T^ and T2 of the semidetail), occuring along those rivers which have their
catchment in the sedimentary area. The deposits are comparable in sedimentological
composition to those of FL1 but occur at lower level, resulting in more imperfect
drainage.
FP applies to the soils of the loamy to clayey (Diggi) Park sediments (PI and
P2, part of D, and most of the Tl and T2, all shown as Tu on the semidetailed, soil
map which occur along the rivers with their catchment on the crystalline basement.
They are comparable to those of the FL2 and FL3 units but occur at lower level.
FP2 is intermediate between FS and FP, in areas where separation between the two
types of sediments was not possible (near the Niger river; PSP might have been a
better denomination).
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FC conerns the soils of the Ambursa Central deposits, which are clayey but low
in silt. They occur only in the Rima floodplain downstream from the confluence of
the rivers of the former Sahara catchment (in the semidetailed soil map, units C 1
to C 7j C 3b, C 51), and C 7h, shown also as Cu, and part of D.
The various PM units refer to the sediments of the micaceous system (the older
Kurukuru and the younger Gande deposits). These sediments occur also only along the
rivers with a catchment in the crystalline basement, are comparable to those of FP
and FL2 + FL3, but occur largely at lower level though covering the Central sediments if present.
FM3 (M3 of the semidetailed map) concerns terrace-like parts, of sufficient size
to maintain separation at reconnaissance scale. The other M units of the semidetailed 6urvey usually occur too intermixed to be separable at reconnaissance scale,
and are therefore grouped together as FMx (M2, M4» M5, M6, some of D ) . An exception
is made, however, for the Ml unit (recent spills) of the semidetailed surveys, since
it shows the present day speed of sedimentation about which alarming reports have
been made (cf. Chapter 3.3)•
This appears on the reconnaissance map as FMls. Present
day changes such as pointbar features, which occur only upstream of the area of the
semidetailed survey, have been given the denomination FMlp, if covering a sufficient
area.
The young, also micaceous, sediments of the M g e r river have been mapped together as FMn.

3.3

B.

Semidetailed soil map of the main floodplain

This survey was executed specifically for an irrigability study. All aspects,
therefore, which were thought to be of importance for an irrigability classification
were taken into consideration when preparing the map. These include not only soil
and fertility classes but also meso-topography, depth and length of present flooding,
textures of top-soil (for infiltration rate, water holding capacity), texture sequence in the soil profile and depth and characteristics of subsoil sand (for root
penetrability and subsoil drainage). Because of differences in the factors mentioned, units have commonly been separated even though the soil classification proper was identical. It should be mentioned, however, that application of the American
7th Approximation enables nearly all units to be separated on soil classification
criteria as well).
The maps indicate the relationships between the various units, and the diagrammatic cross-section of the Rima floodplain (Figure 4) gives much additional information. The following explanations may be added:
/
"^
/ Legend Group <£; These are units of the Argungu floe deposits. They occur usually as
/
floe-like patches within the main floodplain, hence the name and the symbol (the use
/
of S from the Dutch schol-floe is preferable to F which might be with floodplain/
:
fadama as a whole). The noneroded S^ parts are rather comparable to Li, but the milj
lets grow much better and the woody vegetation is richer, perhaps because of proximity to a ground water table in the growing season. S2 parts are normally eroded and
\jy
therefore have a n i r r e g u l a r m e s o - t o p o g r a p h y . They a r e n o r m a l l y n o t cultivated a n d
1
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may have a rather dense woody vegetation. S, parts are more deeply eroded and often
flattened by a shallow layer of younger sediments. Trees and shrubs are very scarce
and rice growing is common.
Legend Group Ft These are units of the Diggi Park deposits. The levee-like parts
(Pi) usually have a dense woody cover, tufted grasses of poor palatability and
characteristically high active termite mounds. This aspect, together with the common oxbow depressions, effectively the impression of a nice urban park, hence the
name and the symbols. The Pi terrains have little or no agricultural use, due in
part to a strong surface sealing and the predominance of a horizon with sodium accumulation. The basin land parts (?2) are of better quality, trees and termite
mounds are sparse and rice growing is rather common. Nevertheless, soils are different from those of the C units, because of darker top-soils, less hydromorphic
character, clays of lower cation exchange capacity, higher alkalinity hazard, less
regular texture sequences in the profiles, greater compactness and some surface
sealing.
i

Legend Group T: These are units with sediments in their top layers that are admixture of floe, park and central deposits. In Tl this cover is thicker than in T2 •
The sedimentary composition and possibly also liability to flooding, have apparently led to superficial leaching and sodium accumulation in the subsurface layer
(Solodized Solonetz). This has made the soils largely unsuitable for growing rice
and other crops. Trees and shrubs, however, are normally absent, grasses and tall
herbs taking their place. C^ has a similar, sedimentary composition but soil conditons are more comparable to those of the other Central units, hence its symbol.
Legend Group C» These units are derived from the Ambursa Central deposits, all
having clayey upper horizons over sandy subsoils with good drainage capacities,
(floe sediments). In the highest locations the clayey layer ia usually the thinneat and least heavy. The deposits were given the name Central and the symbol C
was chosen because they are central in age between the others} they occur usually in
the central parts of the main flood plain, and the soils are the most important for
present day rice growing. Trees, shrubs and tall herbs are characteristically absent,
the land is flat and no surface sealing occurs. Tall termite mounds are also absent,
though the units with a thin clay layer often have low mounds (dating from a former
period when flooding was less deep?).
Subdivision has been made on thickness of the clayey layert in C2, C3 and C ^
the layer is thinnestj in C^, C*, Cc and Cc-^ the layer is medium thick and in Cg,
C-n> the clayey layer may extend to below 6 ft in depth. The first group has characteristically a loamy horizon (B'2> pseudo-fragipan), due to illuviation, in the sandy
subsoil which may adversely affect rooting and drainage. A second subdivision has
been made to demonstrate the heaviness and fertility of the top-soili C2, C* and Cg
have sandy clay to clay top-soilj C3, C5 and Cn have heavy clay top-soils and C^v»
Cjij and Cy-jj have heavy clay top-soils that are conspicuously dark and have a higher
fertility, notably as regards lime, phosphorus and potassium. The last mentioned
soils are used not only for rice - as the others are - but also for vegetables, tobacco and some wheat growing, leading to the expectation that fertilizing of the normal Central soils may greatly enhance their agricultural value (tobacco, cotton, wheat
and vegetables such as onions.
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It may "be noted here that the black soils of Tungan Tudu-Illela (FK of the reconnaissance soil map) in comparison even to the "enriched" Central soils, have no
hydromorphic features, a much higher oation exchange capacity of the clay fraction
and higher silt/clay ratios - i'ie. a higher salinity hazard under irrigation.
Legend Group Mi These are units derived from the Kurukuru (older) and Gande (younger) micaceous deposits. Flakes of mica are abundant in these recent sediments,
hence the name and the symbol.
Mi, M 2 , M^> and M4, all units with relatively light textured soil, represent a
range in age or the sediments and degree of soil development, in fact soil deterioration. Many crops can still be grown on the'first two because of their high
fertility and high effective water holding capacity, but on especially cultivation
is no longer possible because of compaction, surface sealing, sodium accumulation
and some salinity. Tufted grasses of poor palatability (Vetiveria) have taken over,
and trees and termite mounds are becoming common. MR and Mg are units with relatively heavy textures, subdivided only on thickness and heaviness of the clayey layer.
Here again there is a gradation in age and soil development, but this could not be
mapped and is less important agriculturally. But it is true that units composed of
young d a y s sustain tobacco and other existing crops, while older d a y s are mainly
used for rice growing.
It must be noted that in a large part of the floodplain between Gande and Bunza
many natural features as desoribed above have been temporarily erased by large scale
Government supported plowing.

,4. • Soil Formation. Morphology. Chemical and Physical Properties
Among the soil environmental factors that have contributed to the formation of
soils in the area, the influences of olimate both past and present, parent material
and topo-drainage have had the most profound effects on the soil morphology as well
as on the physical and chemical properties.
The upland soils of groups K and F have, developed over thoroughly weathered
parent materials in which the presence of secondary minerals such as iron, aluminium
and manganese oxides indicates an advanced degree of alteration probably associated
with the effect of a more humid tropical climate in the past.
Despite the powerful influence of climate, the nature of the parent material is
clearly shown in Reddish Brown Ferruginous Tropical Soils on Ferromagnesian Rocks
with high exchange capacities and neutral to near neutral reactions, in soils developed over calcareous rocks (sub-groups B6, CI, VI) characterized by the presence
of free calcium carbonate and high base saturation with a dominant calcium ion and
in Acid Sands developed over coarse, textured wind-borne deposits.
The lowland soil of groups V, VH, H and HS were derived from various unconsolidated deposits. Their multi-coloured mottling and gleying is evidence of their
having developed under seasonally impeded drainage conditions associated with their
low topographic situation which resulted in partial reduction and hydration of the
iron oxides.
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The relationship of these soils to their parent material is still apparent in their
their texture and stratification. The inherited clay content, in particular, controls not'only the internal drainage conditions but also the accumulation of organic matter, the cation exchange oapacity and the availability of plant nutrients.
The morphological similarity of soils to their parent materials is well illustrated
in the Juvenile soils of group T developed over recent alluvial deposits and characterized by a very weak horizon differentiation. Where parent rock has largely resisted weathering, shallow lithosolic soils of groups L and R have developed directly
from the underlying rock, the fragments of which oan be found in the soil profiles
at or just below the surface.
Some outstanding morphological features which are common in many soils of the
area are a low content of organio matter due to its rapid oxidation and decomposition, particularly in the long and severe dry season, and the translocation of clay
with the resulting textural B or argillic horizons.

4*1

Organic matter and fertility

Several determinations of the organic carbon have shown a low content of organio matter in the soils of the project area. Even in the heavy textured soils of
valleys and other topographic depressions, the organio carbon is well below 2 percent and in coarser textured soils it is frequently less than 0.5 percent.
The hot semiarid climate is inimical to the formation and accumulation of humus,
and widespread and frequent bush fires destroy much of the potential humus material
present in the form of leaf and grass litter. In soils with no vegetation cover,
direct insolation causes rapid oxidation of the humus and subsequent erosion of the
top-soil results in further losses of organic matter.
To some extent termites, by burying and storing large quantities of plant remnants, may contribute to the conservation of potential humus material but this matter
requires further study.
Beoause of the consistently low organic matter content in most of the project
area soils, a deficiency of nitrogen and phosphate is likely to occur, particularly
in soils subjected to more intensive cultivation and more frequent cropping.
There are no fully reliable methods of soil analysis for an assessment of the
availability of nitrogen to plant roots. This can only be done in a series of pot
experiments involving incubation of nitrogen bacteria and controlled application of
nitrogenous fertilizers. The data for total nitrogen content as obtained by the
Kjeldahl digestion method can only give a very rough indication of the amount of this
element in relation to organic carbon, but even these are not available as the laboratory was not equipped to carry out such tests.
However, a deficiency of nitrogen can be inferred from the low content of organio matter, poor growth and leaf colour of crop plants and the response to nitrogenous fertilizers which has been obtained in a number of experiments carried out by
the Department of Agriculture.
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It is well known that in most soils the supply of phosphorus and its availability to plant roots is largely controlled by the organic matter. The measurements
of phosphates soluble in weak acid (Morgan test) and in strong sulphuric acid have
shown a widespread deficiency of this element. Generally the phosphate soluble in
2N sulphuric acid is less than 50 parts per million. In the Hydromorphoc (Group H ) ,
Vertisolic Hydromorphic (Group VH), Brown (B), Kaolinitic (K) and Ferruginous Soils
(P) the phosphate content is well below 30 parts per million.
The exception are the Grey Kaolinitic (Kl) and especially Modified Grey Kaolinitic (KIA) soils in which the acid soluble phosphate is often Up to 100 parts per
million. Some Juvenile Soils (Group Y) on the Gande micaceous deposit and Solonetz
Soils (Group Z) have a similar content of acid soluble phosphate and the samples of
two analysed Vertisols (VI and V4) have shown more than 100 and up to 800 parts per
million.
The results obtained by the Morgan test have shown similar trends but they are
so low, from a fraction to about 6 parts per million, that their accuracy and value
for a comparison between the samples is very limited.
The exchangeable potassium content varies from one to three percent. It is
thought that the potassium ion is easily available to plant roots as the clay minerals which tend to fix this element are absent and losses in leaching do not appear
to be serious.
The so-called mineral reserve of potassium has been measured as the total amount
of this element soluble in 0.5 N hydrochloric acid. It appears that in the soils
developed on crystalline rocks or young sediments derived from these rocks, the mineral reserves tend to be relatively high. The highest percentage figures in relation to the clay content occur in Brown Soils. Relatively high percentages of potassium reserve are also found in the soils derived from the Zurmi cover sands, the
Talata terrace deposits and the Gande young riverine sediments, and in the Solonetzlike soils of the Diggi Park deposits. By contrast, the Kaolinitic soils on Cretaceous and Tertiary sediments, except the calcareous ones, contain a very low mineral
reserve of potassium. Similarly, the Vertisolic Hydromorphic soils derived from
Ambursa Central sediments also show low percentages of potassium.
In conclusion it may be said that the soils of the project area are generally
deficient in nitrogen and phosphorus and that these elements will have to be suplied
in fertilizers particularly where a more intensive cropping system is to be established. Although the potassium mineral reserve appears to be adequate in many samples
analysed, there are local deficiencies associated with certain soil types, and crops
grown on them are quite likely to benefit from a balanced mixture of nitrogenous and
phosphatic fertilizers containing a proportion of readily available potassium.

4^2

Clay minerals and sesquioxides

Differential thermal analysis and the determination of silica and sesquioxides
has been carried out on 25 representative samples of clay (Table 3 ) • On the basis
of these analytical data it was possible to distinguish some groups of soils according to the type of clay fraction as described below.

J
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A.

Predominantly kaolinite

1.

Almost pure and well crystallized kaolinite, in soil units K1A, K2 and K3*

2. Moderately crystallized kaolinite with a proportion of iron oxides, in soil
units P2 and H2.
2a.

The same type of kaolinite but with hematite, in soil unit Fl.

3. Poorly crystallized kaolinite with a proportion of iron oxides, in soil
units P4, F3, T4, VH1, F2, T3.
3a. Poorly crystallized kaolinite with a proportion of iron oxides, in soil
units F4, F3, H3, Y4, VH1, F2, Y3.
3a. The same type of kaolinite but probably including hematite, in soil units
F4 and F5.
B.

Mixtures of kaolinite and montmorillonite.

1.

Poorly crystallized kaolinite with some montmorillonite, in soil unit VH3.

2. Poorly crystallized kaolinite with a larger proportion of montmorillonite,
in soil units 73, 75, ZI, Hl, B4-.
3. Poorly crystallized kaolinite with a very large proportion of montmorillonite, in soil unit 71.
Table 3 shows the type of clay mineral in the d a y samples analysed together
with the ratios of iron and sesquioxides. The data indicate that the kaolinitio
soils (K) containing almost pure and orystallized kaolinite have a silica/sesqui—
oxides ratio (81203/820,) of less than 2.4.
The silica/alumina (Si^O^/A^O,) ratios vary from 2.21 to 2.55 and the iron
oxide content is low as shown by the A^O^/FsoO, ratios which are more than 13.4«
The Ferruginous Tropical Soils (F) containing poorly crystallized kaolinite have a
larger proportion of iron oxides with the silica/iron oxide ratios of less than 19»5
and the alumina/iron oxide ratios varying from 4.84 to 7•64« * n the reddish coloured
Fl and F2 subgroups transitional towards the Kaolinitic Soils, the iron oxide content
is again low. The red coloured Ferruginous Soils on crystalline rocks (F5) as well
as those on the Illo formation (Fl) probably have hematite.
All these data conform very well with the definition of the Ferruginous Soils
and Kaolinitic Soils, but the relatively high cation exchange capacities indicate
that there must be a considerable amount of colloidal material in these soils with a
higher adsorption capacity than pure crystalline kaolinite. The cation exchange capacity is higher than 10 milli-equivalents per 100 of clay in the Kaolinitic Soils
and often higher than 30 milli-equivalents in the Ferruginous Soils.
Another interesting conclusion that may be drawn from the data is that even the
most typical 7ertisols derived from calcareous rocks contain a proportion of kaolinite in their predominantly montmorillonitic clay fraction. All the other 7ertisols
and dark coloured soils contain even less montmorillonite and a higher proportion of
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kaolinite. The Vertisolic Hydromorphic Soils (VH1 and VB3) consisting of clays with
distinct cracking and slickensides which are normally associated with Vertisols,
contain little or no montmorillonite though their total cation exchange capacities
are high enough to justify their classification into the order of Vertisols. In the
"Soils of Africa" D'Hoore has stated that the current criterion for Vertisols to
have a predominantly montmorillonitic clay fraction is not applicable to many such
soils closely resembling Vertisols but containing little or no montmorillonite. Our
findings are in full agreement with this statement.
The dominance of kaolinite in the soils of the project area cannot be attributed
to the weathering processes under the present semiarid climate. There is evidence
already obtained from the depositional pattern of the Quaternary geological formations that the area had experienced a tropical, humid climate several thousand years
ago| probably during the Atlanticum sub-boreal period in the Holocene, when the sediments of the Ambursa Central were formed. It is probable that during this period
extensive kaolinizatiön of the basement'complex soils took place and most if not
all minerals were' converted into kaolinite. On the other hand, the Gundumi sediments are derived from originally cretaceous erosion products of the basement complex and it is possible that crystalline kaolinite was already formed at this period.
This may also apply to the Tertiary Gwandu deposits which may have produced kaolinitic parent materials for the soils.
The frequent occurrence of non-crystalline colloidal materials in soils of the
project area may indicate that at present a re-fsynthesis and-a new formation of clay
minerals such 'as montmorillonite may be taking place. This may be evident in the
Vertisolic Hydromorphio Soils (VH) but not in the Juvenile Soils (T) which presumably because of their relatively low degree of maturity, do not yet show signs of
montmorillonite formation.

/4»3

Translocation of clay

With very few exceptions the soils of the project area are characterized by the
downward movement of clay -resulting in the formation of textural B horizons which are
referred to as argillic horizons in the 7th Approximation. The soil classification
units with well developed argillic horizons are K2, K3, Fl to P5» H and VH. In most
profiles of soil units SI and S2 relatively well developed argillic horizons can also
be seen, and it is only in some Brown Soils (Group B) and Lithomorphic Vertisols (Vl)
where there is little or no evidence of clay accumulation.
Generally, the downward movement of clay in the profile begins with a low degree
of structural stability in the top-soil and with a sufficient amount of percolating
water as the transportation medium. These conditions are well developed in the upland soils with low contents of binding substances such as humus and organic colloids
and with predominantly kaolinitic clays which do not as a rule form very stable soil
aggregates. Effective percolation of rain water in the wet season takes place and
this causes the translocation of clay which accumulates at a lower depth in the profile. This process is markedly accelerated by bush and grass fires which cause rapid destruction of organic matter.
In the regularly flooded lowland soils also, the percolating flood water may
cause the translocation of clay as evidenced by the presence of numerous clay skins
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and of finer textured B horizons. In texturally .stratified soils it has been found
that the accumulation, of the translocated clay ^n the underlying sandy layers (B2* or
pseudo-fragipan horizons) was greater where the overlying clay layers were less than
3 ft in thickness. Thicker overlying clay layers show more resistance to the clay
movement and consequently less clay accumulates in the underlying sandy horizons.
In this case, the movement of clay does take place within the overlying clay layers,
the lower part of which always shows distinct clay accumulation.
The occurrence of argillic or textural B horizons is an important diagnostic
criterion in the soil classification as well as in a land capability assessment* It
is, however, often difficult to decide whether a given argillic horizon is being
formed at present or is an ancient feature - a legacy of the pedogenetio processes
which are no longer operative.
From the practical point of view the presence of argillio horizons may have
several implications.
In fine textured soils the argillic horizons may restrict the movement of water
and cause very low hydraulic conductivity. In coarse textured and rapidly permeable
soils under a semiarid climate, an argillic horizon may improve waterholding capacity
in the root zone and to some extent reduce the excessive capillary rise and subsequent evaporation of moisture from the soil surface. This is because there is a
stronger capillary attraction in the fine textured argillic horizon and consequently
the soil moisture would tend to move from the upper coarse textured layers into this
horizon. However, under intensive irrigation a slowly permeable argillic horizon may
give rise to perched water tables causing waterlogging and uneven distribution of irrigation water affecting the growth of crop plants. Evaporation from such slowly subsiding water tables will in time cause progressive accumulation of salts.

4«4

Surface sealing

A common feature encountered in many soil types of the project area is the presence of extremely compacted and hard surface horizons which vary in thickness from
a few to several centimetres. Such horizons seal the soil surface so effectively and
are so impermeable that the rain or flood water cannot penetrate them and may stand
on the surface for several days without reaching the underlying horizons which remain
absolutely dry. A very small slope is enough, in these circumstances, to cause the
rain water to run off superficially.
The sealing effect on fine and medium textured soils is always more pronounced
where losses of humus have occurred as a result of burning or erosion and also in
soils with a high silt/clay ratio in the surface horizon. It may be assumed therefore that the loss of organic colloids considerably weakens the aggregate stability
of the soil and^renders the surface horizon liable to unchecked compaction. This
can take place either as a result of beating action of heavy rain drops or cattle
trampling or even a direct insolation of the bare surface causing a rapid loss of
moisture and the formation of a dehydrated and baked surface layer. In the Solonetz
or Solonetzic Soils containing much sodium saturated and therefore structurally weak
clay, similar phenomena have been observed.
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Surface compaction and sealing are not confined to the medium and fine textured
soils but also occur in the sandy soils. Particle size and distribution analysis
and examination of thin sections of some some Acid Sands (see Table 4) have revealed
that the compaction and sealing in the sandy soils occur in ill-sorted, sands especially where their silt/clay ratios are relatively high. Apparently, very fine sand
and silt particles are small enough to fill the spaces between coarser sand grains
so effectively that a oompact and sealed layer is formed at the surface as a result
of the same disturbances as those affecting the finer textured soils. Good examples
of ill-sorted sands are soil classification units SIC, SIB, S2C and S2D. The wellsorted sands, showing little or no compaction and sealing, are units S1A, SIB, S2A
and S2B.
The soils with surface crusts are avoided for cultivation and the farmers in
the area show distinct preference for the non-sealing soils. It is quite possible
that with modern cultivation methods and with appropriate soil conservation measures,
the tendency to compaction and sealing may be reduced. However, without actual experiments it is difficult at present to assess the degree of limitation and the agricultural potential of these soils. Therefore, it would seem advisable to concentrate
agricultural development, at least in its initial stages, in the more promising nonsealing soils which occur in sufficiently large areas.

4»5

Dark ooloured soils

In the project area, as in other semiarid zones with little accumulation of humus and low organic matter content, dark coloured horizons are associated with high
saturation percentages of divalent ions, particularly calcium, and with the presence
of free carbonates. When cracks and slickensides develop the soil grades into and
eventually becomes a Vertisol. In the project area several intergrades occur which
possess certain but not all characteristics of the Vertisols. These soils are called
vertisolic. An outstanding example of the transition is a large part of floodplains
with heavy Ambursa Central clays which have given rise to what is referred to as
Vertisolic Hydromorphio Soils (Group VH).
Typical dark coloured soils on sandy to loamy materials are represented by Dark
Brown Soils óf Arid and Semiarid Tropical Regions (Group B ) . They occur on eolic
and alluvial deposits in close contact with oalcareous rocks which on weathering release calcium ions and give rise to accumulations of free carbonates in the form of
concretions. The Semi-Hydromorphic Soils on Crystalline Rocks (Hi) also contain numerous lime ooncretions in both the top-soil and subsoil. They gradually merge into
Vertisols on Crystalline Rocks (V2) derived from basic rocks rich in ferro-magnesiam
minerals and calcium, which on weathering give rise to dark, heavy, cracking and selfmulching clays. The most typical Vertisols in the project area are those developed
from calcareous deposits of the Kalambaina formation (Vl). Vertisols and related
soils are also formed on fine textured alluvia derived from these rocks.
In conclusion, dark coloured soils or horizons are formed wherever weathered
calcareous material is available to provide sufficient calcium ions for the saturation of the exchange complex which, in combination with some humus material, imparts
dark grey to black colours to the soil. With inefficient leaching and high losses
of moisture due to evaporation, free calcium carbonate concretions or nodules usually
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accumulate in the profile at various depths. If internal drainage is good, Dark
Brown soils are usually formed but with impeded internal drainage, particularly in
low lying flats and depressions, conditions are favourable for the formation of
Vertisols. The process takes place through several transitional stages giving rise
to hydromorphic or semi-hydromorphic intergrades. There is therefore a fairly close
genetio relationship between Dark Brown Soils, hydromorphic Soils and Vertisols in
the project area.

4.6

Salinity and alkalinity

Salinity and alkalinity are common features of semiarid zones where evaporation
often exceeds precipitation and where the depth to which the percolating waters can
penetrate the soil profile is limited by evaporation from the soil causing the precipitation and accumulation of salt. Over a number of years this process results in
large accumulations of salts at or just below the surface or at various depths in the
profile, often within the root zone of crops, and the soil becomes progressively more
saline. If there is a high concentration of monovalent cations and particularly sodium in the soil solution, conditions become favourable for soil alkalinization. As
the soil solution becomes concentrated through evaporation or water absorption by
plants, the solubility limits of calcium sulphate and carbonate and magnesium carbonate are often exceeded and these compounds precipitate, bringing about a corresponding increase in the relative proportion of sodium. Under such conditions a part
of the original calcium and magnesium is replaced by sodium ions in the exchangeable
complex and with time the soil becomes progressively more alkaline. The two processes i.e. salinization and alkalinization may operate concurrently, resulting in
soils that are both saline and alkaline, or they may occur independently, resulting
in soils that are either saline or alkaline. The degree and type of salinity and the
extent of alkalinity depend mainly on the amount and chemical composition of salts,
the rate of evaporation, physical characteristics of the soil such as external and
internal drainage, type of parent material, texture and the presence of slowly permeable layers.
Crops vary in their tolerance to these conditions. Generally, if the electrical
conductivity of soil saturation extract exceeds 4 millimhos/cm, only salt tolerant
crops can be grown. Above 8 millimhos/cm very few crops, if any, can give economic
returns and the soil requires reclamation measures aimed at the removal of salts from
the root zone by leaching with large applications of irrigation water.
Although excessive exchangeable sodium may cause plant toxicity, the main effect
of this ion is the deflocculation of clay and the consequent loss of aggregate stability in the soil. Under such conditions the soil becomes muddy and sticky when wet
and very hard and compact when dry. As a consequence, both water movement and its
availability to plants and root development become severely restricted.
Generally the upper limit of crop tolerance to alkaline conditions is exceeded
when the percentage of exchangeable sodium is more than 15» Reclamation of alkaline
soils is possible, but it is often very expensive since it involves not only straightforward leaching but also the application of soil amendments such as gypsum, sulphur
and limestone.
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In the project area, the soils containing relatively high proportions of exchangeable sodium have been classified as Group Z consisting of Solonetz and Solodized Solonetz soils. The younger loamy soils of the floodplains classified as
Qroup Y and developed on the Gande and Kurukuru deposits "often show incipient
alkalinization. It is likely that this process will continue under natural
conditions, since the existing natural range in age of the loamy riverine sediments
is closely associated wih the degree of alkalinization and other soil deterioration
aspeots. This range ist mapping units M-^ + Mg (classification unit Y5)
^>
M

3 (T3 + Y l)

> M 4 (Tl " T 3 + z 3 ) ' — > p l (z3 + * i ) — ~ > ^

(H4 + Z 3 + S 2 A ) .

For the silt-rich clayey riverine sediments a similar tendency exists, though less
pronounced»

M5 + M6 (Y^) -I-->'-MC + Mg (Y 2 )

£ FL, (% + Zg + H,)

> P 2 (H3 + VH^)

^ 1 0 - 3 (F,C + Zg).

It is quite possible that under

irrigation without adequate drainage this deterioration process will take place at
increase/ speed.
The alkaline soils in the project area are not cultivated and the natural vegetation is always park-like. Besides grasses (Vetiyeria), Cyperaceae and tall herbs,
various tree and shrub species are present, often Acacia spp. and Borassus palms.
S^no'e these trees appear to grow reasonably well, silviculture based on these species may constitute a proper use of these soils.
Soil salinity in the area has not assumed any serious proportions. Surface
salt crusts that have been encountered are largely confined to low topographic sites
and depressions with impeded drainage. The salts are concentrated on the surface in
the form of very thin patchy crusts which do not appear to affect the soil salinity
status to any appreciable depth judging by the electrical conductivity(values deeper
in the profile which are well below 4 mmhos/cm. Moreover, the salt crusts have been
found to consist mainly of the less dangerous sodium sulphates} the carbonates and
chlorides are infrequent. An exception is provided by some recent irrigation
schemes for wheat promoted by the Government in which sodium chloride crusts are
common and often associated with harmful salinity in the soil profile. Although
the present soil salinity is very low and does not normally constitute a limitation
to crop growing, frequent irrigation without adequate drainage will certainly cause
a rapid increase of soil salinity and damage to orops. This will occur particularly
in the silt-rioh rivarine_ sediments such as those jof^ mapping units M^ to_M^ and FK.
It is important therefore to -yi-v-ixae an adequate drainage system where irrigation
farming is undertaken.

4*7

Plinthite formations

Formations of indurated plinthite i.e. ironstone or laterite, are quite widespread in the area. The most extensive caps of hard plinthite occur on the structural plateaus of the Gwandu and Kalambaina geological formations. Three levels
of Gwandu plinthite have been recognized and one on top of the Kalambaina formation.

/
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In the area of the Hima, Illo and Gundumi formations, hard plinthite outcrops
are at present mainly restricted to isolated flat topped hills, representing
plateau remnants. In the Oundumi formation lenses of extremely hard plinthite
occur in the sandy layers which are embedded in white deposits of kaolinite. The
Rima and Illo deposits also oontain fragments of very hard plinthite developed in
sandy strata which have beoome impregnated with iron solutions probably under
waterlogged conditions.
In the basement complex plinthite outcrops occur on the main watershed between)
the Chad and the Niger drainage basins. A oharacteristio feature of the basement
complex is the oocurrenoe of still soft to only slightly indurated plinthite at
a variable depth, usually between the soil parent material and the underlying deeply
weathered rook.
The observed alternation of plinthite strata and non-laterized sediments in
all Cretaceous and Tertiary geologic formations (of* Figure 2) provide evidence
that these plinthites are all of great antiquity. Apparently all through the
Cretaceous and Tertiary there have been periods when the climates and land surface
conditions were favourable for plinthite formation suoh as stable flat land surfaces
with imperfect drainage under a moist tropical olimate. There is evidenoe that
the hardening of the plinthite strata sometimes took place in later periods. There
is no evidence that plinthite formation takes place under present day conditions on
more than a small scale*
The recognition on the aerial photographs of the various caps of hard plinthite
has considerably faoilitated the indentification and mapping of the soil classification units and geological formations in the area.
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CHAPTER V

THE LAND CAPABILITY

1.

Land Capability Criteria

A good deal of information regarding the agricultural potential of the soil
classification and soil mapping units as described in Chapter IV can be inferred
from the soil profile data and the map legends as well as from the geological,
vegetation and present land-use maps. In this seotion detailed land class oriteria
will be given with particular reference to the suitability of the soil mapping
units for irrigation farming which is to be established in selected parts of the
project area.
It may be recalled that a land capability classification refers not simply to
the Boile as arranged in a classification system, but to land, i.e. the horizontal
extension of the soil, the pattern of association of it or the complex with other
soils, the looal land form (topography) the local vegetation, hydrographic aspects
etc. Land classification therefore necessarily takes the mapping units of the soil
maps, not the soil olassifioation units, as a basis* This implies that one soil
classification unit may appear in several land olasses. On the other hand, a mapping
unit in one area could conoeivably belong to a different land class in another,
depending for example on water availability.
Eight basic soil properties have been used as the major land capability criteria
and these are« relief, natural fertility, tillage characteristics, internal drainage expressed as hydraulic conductivity, external drainage, surface infiltration
rate, water holding capacity and oapillary rise. Each of these criteria has a definite range of values whioh are expressed quantitatively in the case of internal
drainage, infiltration rates, water holding oapacity and capillary rise. The range
definitions for relief and external drainage have been taken from the USDA Soil Survey
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Manual but tillage properties and natural or inherent fertility classes have been
based on local experience in the area and are, therefore, more or less arbitrary
and relative to the local conditions only. For instance, the soil classification
units defined as naturally fertile will still require the application of artificial
fertilizers, particularly nitrogen, in order to maintain high production. There is
no doubt that the present tillage properties will improve as a result of modern
cultivation methods adapted to the inherent soil properties and coupled with appropriate soil conservation measures.
The physical properties of the soil are second only to the relief in their
importance in the assessment of irrigability. Thus, the water holding capacity
determines to a large extent the frequency of water application. The amount of water
available to plants, commonly referred to as the effective water holding capacity,
is generally considered to be about 50 percent of the field carrying or water holding
capacity, but it should be correlated with texture and other physical characteristics.
Soil moisture contents at various pF values (soil moisture stress values) have therefore been determined. They can be used in determining the amount and frequency of
irrigation for land of a given class and in estimating total farm water requirements.
The feasible limit to the frequenoy of irrigation is generally considered to be
once in five or six days, and if the soil requires more frequent applications of
water, it may be uneconomic to irrigate.
Other important physioal properties are the permeability and surface infiltration rates. These oontrol the water movement within the profile and, together with
the rates of capillary rise, determine the drainage requirements of a land olass.
For instance, soils with a good water holding oapaoity but with low permeability
and infiltration rates may be classified as being of a very restricted suitability
or in extreme oases as unsuitable for irrigation.
Finally, it is important to bear in mind that the land olass oriteria as described
here are based entirely on the soil properties and environmental faotors influencing
these properties. The diruoial faotor i.e. the quality of land and water management,
has not been taken into account since it depends on the technical and finanoial
resources that will be made available for projeot development in the future. There
is no doubt that with good water management and skillful irrigation farming, a
proportion of what is now marginal land both in the uplands and in the lowlands will
be improved, and consequently may be upgraded to a higher land class. On the other
hand, poor management and inadequate farming methods will soon cause the deterioration of what is at present excellent land and result in its downgrading to the
lower classes.
The basic land class criteria, their definitions and quantitative expressions
are described below. The numerals refer to the corresponding entries in Table 5.
Relief within
the mapping unit

1. Flat
2. Normal

yj

Natural fertility of
the main soils

1. Very low
2. Low

Consistenoe for tillage

1. Very hard
2.
3.
4.
5»

3.
4.

Above normal
Excessive

\_f

Meso-relief in the case of the floodplain mapping units.

3.
45-

Moderate
High
Very high

Hard
Moderate
Light
Very high
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Internal drainage as hydraulio conductivity
coefficient K in inohes per hour
1.
2.
3.
4.

Very slows
Slowt
Moderatet
Very rapid:

External drainage

less than 0.04
0.04 - 0.8
0.8 - 2.5
more than 5*0

1.
2.
3.
4«
5.

Effeotive water holding capacity in inches
for the top two feet (moisture content at
pP 2.0 minus moisture content at pF 6,.2)

Surface infiltration rate
in inches per hour

1.
2.
34.
56.'
7.

Very slow:
Slow:
Moderately slow:
Moderate:
Moderately rapid:
Rapid:
Very rapid:

Poorly drained to
ponded
Imperfectly drained
Moderately well
drained
Well drained
Excessively drained

less than
0.04 - 0.2
0.2 - 0.8
0.8 - 2.5
2.5 - 5.0
5.0 - 10.0
more than

1.
2.
34.
5.
6.

Very low:
less than 2
Low:
2-3
Moderate:
3-4
Moderately high: 4 - 5
High:
5-6
Very high:
more than 6

Capillary rise on disturbed
samples in inohes per 48 hours

1.
2.
3.
4.
5.
6.
7.

2.

Extremely low:
Very low:
Low:
Moderate:
Moderately high:
High:
Very high:

less than 4
4-8
8-12
12 - 20
20 - 30
30 - 40
more than 40

Land Classification for the Floodplain Soils

With the criteria described in 5*1 and the data of Tables 5, 6, and 7 and
Figure 5» a land classification was drawn up for the floodplain areas that were
surveyed in semidetail. It is mainly an irrigability classification. In terms of
suitability for gravity irrigation, the classes distinguished are as follows:

Class A
Class B
Class C
Class D
Classes Et, E£, Ej

very suitable
well suited
suitable
moderately suitable
unsuitable

Figure 5
CAPILLARY RISE IN DISTURBED SAMPLES, IN INCHES PER
DAY FOR VARIOUS MAPPING UNITS OF THE FLOOD - PLAIN
( TEXTURE

OF SAMPLES GIVEN BETWEEN

PARENTHESIS

)
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Subdivision in the above classes is preferred to that of the American land
classification system, as described in "Irrigated Land-Use" Vol. V of the U.S.
Bureau of Reclamation. For those technicians who are used to work with the U.S.
system, a tentative correlation of the above "pragmatic" olasses with those of
the U.S. system is given.
Class A corresponds to land olass 1 of the Bureau, olass B to land class 2
and olass C has limitations often enoountered in land class 3« Class D appears
to correspond to land olass 4 whioh is a "speoial use land" limited by virtue of
its inherent oharaoteristios to a narrow range of orops. Class E 1 may be regarded
as land olass 5» a tentatively non-arable and non-irrigable land whioh may be
either upgraded to the arable olasses or downgraded to land olass 6 depending on
the outcome of agronomic, engineering and economio studies. In other words, E^,
despite its serious deficiencies and limitations, may have a potential value
sufficient to warrant this tentative segregation for special studies and experimentation prior to the completion of the classification. Classes £2 and E? represent
land olass 6, non-arable under the existing projeot plans because of serious
inherent deficiencies whioh are either irremediable or oan be oorreoted only at
a prohibitive cost.
A brief description of eaoh land irrigability class recognized in the projeot
area is given below, together with the corresponding mapping units containing the
soil classification unit as shown on the legend of the semidetailed soil survey
maps at the scale of 1:50 000 and 1:20 000 (Map 8). Aoreages refer only to those
parts of the floodplain surveyed in semidetail (see Table 5)*
No separate irrigability map with the undermentioned classes is given for the
area covered by the semidetailed survey, as such would have been of little value
in relation to time and oost. The land irrigability can, however, easily be visualized for any partioular area by combining the soil map sheets with the land classes
described below.
CIass At

Very suitable land of soil mapping units H^, Mg and M3 with soil classification units (Y3 and 75) Juvenile Soils.

Relieft Mainly high extensive levees with flat relief. Occasionally excessive
meso-relief (slopes between 0.5 to 2.0 peroent) which would require levelling prior
to irrigation.
Texturet Very fine sands to very fine sandy loams to the depth of 10 ft or
more. The lower strata consist of medium sands.
Fertilität

High

Effeotive water holding capaoityt Moderate to very high varying with texture;
field capacity is 30 to 40 percent volume and 5 to 15 percent volume at wilting
point. Furrow irrigation is reoommended.with water applications every 15 to 20 days
depending on the season, stage of orop growth and root development.

- 97 - .

Infiltration»

Moderately rapid to rapid.

Drainaget Moderately well to well drained.
tate adequate drainage.

Intensive irrigation would necessi-

Salinization and alkalinization» At present very low
these conditions may develop on intensive irrigation when
to 4.0 ft in 48 hours) and high evaporation may cause the
mulation of salts. Provision for leaching must therefore
the amount of water for consumptive use of orops.
Consistence for tillage»

and not limiting, but
high oapillary rise (2.5
preoipitation and accube made in oaloulating

Very light.

Flooding» Very seldom flooded during a normal rainy season. The proposed
measures of flood control will eliminate the risk of flooding in seasons of exceptionally heavy rainfall and will lower the water table, thus reducing the oapillary
fringe and the salinization hazard.
Present land use» Intensive cultivation with tobacco, cotton, pepper, Guinea
corn and vegetables as the main crops.
Total area mapped»
ClasB B»

51 300 acres.

Veil suited land of soil mapping units C|, C2 and Me with soil classification units VH2, H2, Y4 and T2» Eutrophio Hydromorphic, Vertisolio
Hydromorphio and Juvenile Soils. Also some Vertisols of mapping units
Cjb> Cjjjj, Cyb but these are often transitional to Class D.

Relief» Mainly back swamps of a medium level with normal meso-relief and
slopes not exceeding one percent.
Texture» Sandy d a y s to heavy sandy d a y loams in the top soils, loamy sands
at the depths of 2 to 4 ft underlain by medium sandy subsoils.
Fertility:

Generally moderate in Cj and C2 and high in Mc.

Effective water holding capacity» Moderate to high. Field oapaoity varies
from 30 to 40 percent volume and wilting point is reaohed at 15 to 20 peroent
volume. Furrow irrigation is recommended, with water applications every 10 to
20 days.
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Infiltration»
Permeability«
subsoil.

Varying with texture from moderately slow to moderate.
Slow to moderate in the top-soil, rapid to very rapid in the

Drainage» Imperfectly to moderately well drained. Water table at about 3»5
ft below the surface. Artificial drainage will be required when irrigation farming is introduced.
Salinization and alkalinization»
Consistence for tillage»

At present very low and not limiting.

Moderate.

Flooding» Flooded seasonally to the average depth of 1.5 ft. The extent of
flooding will be considerably reduced when the proposed flood control measures
are introduced.
Total area mapped»
Class Ct

33 900 acres.

Suitable land, with limitations due to uncontrolled flooding and often
unfavourable texture. Mapping units C* and Mg with soil classification
units VH1, Y4 and Y2s Vertisols Hydromorphio and Juvenile Soils.

Helief»

Flat to normal.

Extensive back swamps.

Texture» The top soils consist of clays in C* and silty d a y s in Mr underlain
by loamy sands and sand at the depth of 28 to 48 in in C. and 18 to 48 in in Mg.
Fertility»

Moderate to high.

Effective water holding oapacity» Moderate to high. Field capacity varies
from 40 to 50 percent volume and wilting point is reached at 15 to 20 percent
volume. Basin type irrigation is recommended.
Infiltration»
Permeability»
subsoils.

Slow.
S]ow in the top soil in wet conditions, rapid in the coarse textured

Salinization and alkalinization»

Extremely low and not limiting at present.
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Drainage » Imperfeotly drained requiring an artificial drainage system.
Consistence for tillage»

Medium to hard.

Present land use« At present mainly rice cultivation, but with drainage
and supplementary irrigation ootton and wheat can be grown.
Flooding» Seasonally flooded to the average depth of 2.5 ft. The proposed
flood control measures will considerably reduoe the extent of flooding.
Total area mapped»
Class D»

94 000 aores.

Moderately suitable land; suitability restricted mainly to rioe and
flood irrigated pasture and with textural limitations of a heavy olay.
Mapping units C,, Cc, Cg, C-r, P 2 with soil classification units VB3,
VH4 and S3: Vertisolic Hydromorphio and Eutrophio Hydromorphio Soils
with small expanses of Vertisols grading into Class C of mapping units
C

3b» C5b» C7b*

Relief»

Extensive flat and low lying back swamps.

Texture» Clays in Cg and P2> heavy o lays in C-», Cc, Cg and underlain by loamy
sands or sands at the depths of 12 - 28 in in C,, 28 to 48 in in Cc, 48 to 72 in
in Pg and more than 72 in in Cg and Cr.
Fertility*

Moderate (see however notes under Legend group C of Chapter IV

4.3.2"TJ^
Effeotive water holding capacity» Moderate to high. Field capacity varies
in clays from 33 to 40 percent volume and in heavy d a y s from 40 to 50 percent
volume. Wilting point is reached at 20 to 30 peroent volume in clays and 30
to 40 percent volume in heavy clays.
Infiltration»
Permeability»
sandy horizons.

Very slow to impermeable under wet conditions.
Very slow in clay horizons, moderate to rapid in the underlying

Drainage t Poorly drained to ponded. Perohed water tables often form in the
clay horizons. Because of very low permeability and infiltration rates, open
surface drains would have to be exoavated at very close intervals. Tile or sole
drains would have to be constructed at the depth of 3 ft and 20 ft apart. These
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requirements render the construction of an effective artificial drainage system
both expensive and uneconomic The oosts of oonstruotion and subsequent maintenance of the drains vould be extremely high in relation to the future payment oapaoity of these lands. If the soils are to be used for rioe cultivation a surface
drainage system for the disposal of excess flood and rain vater will have to be
made. Experiments on drainage, cultivation and leaching would be necessary to make
an accurate assessment of the agricultural potential of these soils.
Salinization and alkalinization» Hot limiting at present but may develop
with frequent irrigation under severely impeded drainage conditions.
Consistenoe for tillaget

Hard.

Present land usei Rice cultivation, but orop failures common due to submergence as a result of uncontrolled high floods*
Flooding» Flooded annually to the average depth of 1.5 ft in P2» 3 ft in C
and Cc and more than 3»5 ft in Cg and CU* The proposed flood control measures '
will not eliminate flooding but will make it possible to grow better rice orops
with a lesser danger of submergence.
Total area mapped»
Class St

50 700 acres.

Unsuitable land, because of high alkalinity and a difficult reclamation
problem. Mapping units M,, T^, Pj, Tg comprising soil classification
units 71, Z2, Z3< Moderately Matured Juvenile, Solonetz, Solodized
Solonetz, Eutrophic Hydromorphio and Weakly Bleached Hydromorphio Soils.

Relief» Subnormal to excessive. Intersected levees including some spills and
higher edges of extensive baok swamps.
Texture8 Varying from loamy sands to olay-loams in the top-soil and extremely
variable in the subsoil.
Water holding capacity» pF measurements indicate a negative water holding
capacity and the field oapaoity is presumably very low.
Infiltration»

Very low, particularly in wet conditions.

Permeability»

Very slow due to weak structure.

Drainage»

Extremely poor and ponded«
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Salinization and alkalinizationt High percentages of exchangeable sodium
and often visible accumulations of salts.
Consistence for tillage;

Extremely hard.

Present Land use: Mainly uncultivated;
requires reclamation measures.

some poor rioe crops.

The land

Flooding: Flooded annually to the average depths of 0.3 ft in M4 and Pi,
1.0 ft in Ti and 1.5 ft in T 2 .
Class E2'

Unsuitable land because of extremely ooarse textures. Mapping units
I'll I»2» Sli 32 and S3 with soil olass units S2A, HS1 and HS2, HS3,
S1/S2D. Acid Sands.and Weakly Bleached Hydromorphio Soils on Medium
Sands.

Relief: Slopes vary from 0.5 to 10 percent, meso-relief is excessive and
topographic sites vary from 1 ft below to 25 ft above the average flood level.
Texture:

Medium sands throughout.

Effeotive water holding capacity: Very low. Field capacity varies from 5
to 10 percent volume and wilting point is reaohed at 1 to 5 percent volume.
Infiltration:

Very rapid.

Permeability:

Very rapid.

Drainage:

Excessive.

Salinization and alkalinization:
Consistence for tillage:

Very low and not limiting.

Very light. .

Present land use: Mainly uncultivated. Rough grazing and occasionally
poor crops of millet. Poor crops of rice in mapping unit S^.
Flooding: Only mapping unit S3 is flooded annually to the depth of about
>' 1 ft. When the present flood control measures are introduced it will not be
possible to grow flood irrigated rioe on the soils of mapping unit S3.
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Class E,:

Unsuitable land because of poor drainage, irregular topography and
heavy texture. Mapping unit L, soil class unit Y6; Juvenile Soils
with layers of non-ripe clay.

Relief: Subcircular and elongated depressions and silted-up gullies.
irregular topography.
Texture:

Very

Clays to heavy clays.

Water holding capacity:

High.

Infiltration:

Very slow.

Permeability:

Very slow.

Alkalinization and salinization:
Consistence for tillage:
Present land use:

Very low, not limiting.

Hard.

No cultivation.

Rough grazing and fishing.

Flooding: Deeply submerged with the water table close to the surface even
in the dry season. Flood control measures will bring little or no improvement
for agriculture.
Total area mapped: The total area occupied by Classes Ej_, E2 and E3 is
approximately 291 300 acres.
To summarize the foregoing, there are altogether approximately 179 200 acres
of land suitable for irrigation in the area of semidetailed survey made up as
follows: Class A 51 300 acres, Class B 33 900 acres and Class C 94 000 acres.
Approximately 50 700 acres of land consisting of soils of restricted suitability
for irrigation have been put into Class D and about 291 300 acres of land have
been classified as unsuitable for irrigation farming and put into Classes E,, Ep
and E3.
Since the land of Class D often occupies large flat expanses, its use for
large-scale irrigation schemes may still be preferable to that of land of classes
A to C, which often occurs in small patches or intermixed with land of the E
classes.-
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3.

General Land Classification on the Basis of the Reconnaissance Survey

As a result of the reconnaissance survey a more general agricultural
classification of soils has been worked out in respect of their present and
potential value not only for irrigation farming but also for rainfed crops,
grazing and tree plantations. This classification is much broader and more
inclusive than that of the semiSletailed survey. It is based on numerous observations on vegetation and landruse in delation to the soil type mapped in the course
of the survey and on local field experience of the staff of the Agriculture and
Forestry departments.
As far as the present farming is concerned, four crop sequences have been
recognized and are referred to as heavy, medium, light and wet. The most
important crops in the heavy sequence are cotton, wheat and Guinea corn. In the
medium sequence the dominant crops are Guinea corn, beans, groundnuts, sweet
potatoes and some cotton in relatively moist areas. Cocoyams often interplanted
with other crops and vegetables, mainly onions, are also grown on favourable
sites. This sequence often contains a tobacco crop. The light sequence comprises millet, cowpeas, cassava and some groundnuts. The wet sequence consists
of sugar cane and rice with locally common gourds and vegetables. In extensively
and deeply flooded areas the wet cropping is limited to rice only.
Nine major categories of the current and potential land use have been
established and these are shown on the generalized land capability map (Hap 6)
at the scale of 1:300 000. The subdivisions within each category cannot be shown
on this map. Since they are, however, directly correlated with the soil mapping
units of the reconnaissance survey, the occurrence of these subdivisions oan be
visualized by studying the reconnaissance soil map and its legend.
The description of the nine categories equivalent to general land capability
classes and their subdivisions is given below. Data on permeability and water
holding capacity, as far as such exist, are given in Tables 5, 6» 7 and especially

8.

ClasB I.

Irrigable non-flooded lands, also highly suitable for.wet season
cropping, forestry and grazing.

1.1 Land subject to little or no flooding, with optimal permeability, effective
water holding capacity, and reasonably high inherent fertility.
Most of the soils in this unit correspond to land irrigability class A of
the semi-detailed surveys as described in Chapter V,5«2. These soils are
eminently suitable for irrigation farming as well as for any other form of land
use such as forestry including timber production and good pasture. They are
cultivated at present with a predominantly medium crop sequence. In uncultivated
areas a vigorous forest growth is notioeable with Kaya senegalensis. Dlospyros and
and Acacia species* Both soil salinity and alkalinity are very low at present
but intensive irrigation without adequate drainage may lead to a rapid build-up
of salts and sodium. Reconnaissance legend units FMlp, FM3 4-3 and 9-3 belong'
to this category.
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1.2 Reasonably flat land, non-flooded and well-drained, with rather high
permeability and moderate effeotive water holding oapaoity.
At present these lands have wet season agrioulture with medium orop sequence.
Excellent forest growth would be possible and also high quality grazing land oould
be established.
Reconnaissance legend units 10-2, 9-2, 12-2, 11-2 and 4-2 belong to this
oategory.
1.3 Flat land in high position with reasonable inherent fertility, water holding
oapaoity and permeability. Kuch of the soil may be shallow. Generally no water
souroe is available for irrigation but it is potentially good irrigable land.
Fully cultivated at present under wet season agrioulture, medium to heavy crop
sequence. Very good possibilities for forestry, perhaps even timber, and grazing.
Legend units: 4-4, 1-5, 5-4* This sub-unit has been plotted on the generalized
land capability map as 1A.
1*4 Land with heavy soils, high inherent fertility, low permeability (exoept in
the cracks) and a medium water holding capacity. This land is flat or gently
sloping. At present it is partly cultivated with a heavy crop sequence but most
of it is under Acaoia bush. There are good possibilities for irrigation if water
can be supplied. This unit has the same qualities as 11*4 except that it is more
easily drained. Under proper management, good results may be expected from
grazing and forestry.
Legend unitt 4-1«
1.5 Lands with rather good soils, comparable with 1.2, alternating with alkaline
or too sandy patches. At present almost fully cultivated in the wet season with
medium to heavy crop sequence. If in forest, high potentiality including some
timber. Potentially good grazing land.
Legend Units: FL2, FL3, 10-3.
1.6 Lands with deep loamy soils with some surface sealing and chemically rather
poor. Usually far away from water resources. At present under shifting cultiva- .
tion. Medium crop sequence. Reasonable Anogeissue woodland and its degrading
stages. Most probably not much permanent cultivation because of lack of domestic
water. Medium to good land for forestry and grazing, usually no timber
possibilities.
Legend units: 2A.5, 3-2, 5-lA (3-2 may be transitional to VI, partly even to VIl).

Class II.

Irrigable lands containing expanses of well-drained not flooded soils
alternating with similar expanses of annually »flooded and/or waterlogged soils.

II.1 Lands of which the higher parts are similar to unit 1.1 and the lower parts
comparable with III but less heavy and with higher chemical fertility and water
holding capacity. Same crop sequence at present and in future &B in the mentioned
units.
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Some alkaline areas are also included. The unit PMn is at present almost
completely under grass, due to the peculiar flood régime of the Niger river, with
high water level in most of the year except in June-July.
Legend units: FMx, FMn and F+10.
II.2 Lands partly, but usually briefly, flooded. Rather high ohemioal fertility.
At present with wet and heavy crop sequence at the lower places, and enriohed
medium orop sequence at the higher. If in forest, well grown Borassus, Kaya,
Mitragyna. Ficus etc. often observed.
Legend units: FB and the narrow parts of FK.
11.3 Lands similar to II.2 but with lower chemical fertility and less constant
moisture condition. Usually not cultivated but under forest or grass. Rather
good forest with some timber (Borassus) and grazing potential.
Legend units: F/FR and FW (partly).
11.4 Lands in rather extensive lower areas of closed former river floodplains,
with alternating clayey low-lying soils and loamy soils in higher positions..
High chemical fertility, medium to high water holding oapaoity and varying
permeability. In between are patches of rather shallow soils on impermeable ironstone. Never fully flooded but temporarily submerged by rain and runoff water.
At present in permanent or shifting cultivation with heavy to enriched medium
crop sequence exoept in shallow places. Local irrigation schemes existing;
recently also a Government irrigation scheme (Tungan Tudu). The heavier soils
may suffer from lack of drainage, damaging the crops in wet season by waterlogging and in the dry season by salinity.
If well drained and well irrigated, high potentiality on the not too shallow
soils. If in forest, Acacia spp. are abundant.
Legend unit: FK, FW (partly).

Class III.

Irrigable lands, at present annually flooded but which oan be
improved for agriculture by flood control measures.

III.l Regularly flooded land with clay to heavy clay soils. Medium water
holding capacity. Low permeability, medium chemical fertility. At present only
limited wet crop sequence (rice and wild grass). Much damage to agriculture by
early floods. Therefore, the wild grasses and rushes often become dominant in
the rice fields that are usually scattered over the area. Rice-plowing schemes
have been tried to overcome these problems but without much success due to
administrative obstacles. Main area for grazing in the dry season for Fulani
cattle. No forestry potential. Rice cultivation will benefit greatly from peak
flood control as a result of dam building in the upstream parts of the rivers.
After flood control and irrigation has been achieved most of these lands will
have a good potential for wet and heavy crop sequences. The heaviest parts will
be only suitable for rice. Compare units C and D of the irrigability classification of the eemidetailed surveys.
Legend unit: FC (FD?).
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Class IV.

Partly irrigable and partly flooded lands.

IV.1 Higher parts of floodplain with gully-like lower areas in between; strongly
varying ratio of both components. The high areas are sandy and have too high a
permeability and too low a water holding capacity for economic irrigation (compare units E2 of irrigability classification of semi-detailed survey). Tbey are
either fully cultivated with light crop sequence (ÏS) or in forest and grass
(P?2). The latter areas are possibly influenced by the peculiar regime |of the
nearby river Niger. The lower patches .are usually under grass, or bear "Borassus
palms, while the larger areas of this type are cultivated with "sand rice", i.e.
short-strawed quick-growing varieties. The water holding capacity and
permeability are close to minimum requirements. After irrigation and flood
control has been completed, a wet to medium crop sequence may be possible on the
lower parts. The intermediate and higher parts may be good to very good for
oitrus orchards and timber production.
Legend units: FS, FP2.

IV.2 Higher parts of floodplain with alkaline soils and park-like forest. Very
good Borassus palms. Uncultivated, in spite of frequent, but always unsuccessful
attempts by the local population. Lower parts have limited wet orop sequence and
are flooded, but less than the lands of unit III. Compare B and Ex of the land
classification for the semidetailed survey. Reclamation of lower parts is
recommended, the higher parts should be used exclusively for forestry with some
timber production (Borassus) and grazing.
Legend unit: FP.

ClasB V.

Uplands of doubtful suitability for large-scale irrigation farming
but suitable for wet season agriculture, forestry and grazing.

V.l Slightly undulating land with intricate shallow drainage pattern.
variation in depth of the soil.

Large

In general remote from water sources. Included are small scattered patches
that belong to V.3. At least 50 percent of the area has reasonably good soils
with good water holding capacity and permeability. The latter, however,
decreases with depth in the profile. Present land use ranges from scattered
patohes with permanent wet season agriculture of the medium to heavy orop
sequence, to pure savanna bush which if not devastated included good Anogeissus
woodland with trees such as Diospyros. Adansonia (also far away from settlements),
Tamarindus etc. On the shallower places Boswellia is abundant, in the south,
Isoberlinia doka occurs. After control of fire and prevention of overgrazing
good grasses will grow.
A large part of the area is under shifting cultivation. The impossibility
of well digging in most places (substratum of crystalline rock) and some tsetse
fly in the south may be causes of this restricted land use.
A drawback for irrigation is the fact that the patches of good soils are
intersected with bad soils, many shallow natural drainage gullies and quite
commonly rock outcrops. These features combined with the difficulty of getting
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water make this land unit unsuited for irrigation, except for some areas with
rather homogeneous soils near possible water sources. A more detailed survey,
at least at a scale of 1:50 000, would be required to estimate more accurately
the qualities of the various components of this land unit.
This land unit gives reasonable prospects for forestry. The local olimate
restricts timber growing to the moist places, but of all the uplands this unit
may be considered as one of the best forest areas where even some timber growing
(AnogeiBsus) is possible. Prospects for grazing are good and improvements can
be made. True "ranging" is possible and schemes in this connection are being
carried out.
Legend units: 1-4 and 1-4E.
V.2 Intermediate between V.l and VI.1. Usually the same or somewhat stronger
relief, but further south the latter parts are transitional to unit 1.3« Where
narrow bands have been mapped, the relief is always stronger, since in this case
rather steep slopes of river valleyB occur.
Present and future land use are also intermediate between those of unit V.l and
VI.1.
Legend unit: 1-2.
V.3 Very flat land with moderately permeable soils of medium to high water
holding capacity that are temporarily waterlogged by rain. Locally very shallow
soils may occur. Included are small patches that are similar to V.l and V.2. At
present partly cultivated especially on the areas transitional to V.2, with heavy
to wet, locally medium, crop sequence. The bush has a typical open park aspeot.
The waterlogging, in combination with burning practices, prevents tree
growth. Nevertheless, groups of trees occur on some of the better soils»
Alkalinity exists locally; in such places, acacias are found. Usually remote
from exploitable water sources. On irrigation, close attention should be given
to drainage. Drainage is also important for improved wet season cropping and
forestry.
Legend units: 1-3, 1-2 + 3 etc., 1-3B.
V.4

Land intermediate between L.6 and VII.

Usually strong to medium surface sealing. Shallow soils are included as well
as rather deep loamy, but chemically poor soils. Almost exclusively savanna
forest at present. Tree growth is usually considerably better than on unit VII.,
more comparable to that of VI.3.
Quality for future land use is also intermediate. It iB inappropriate to
create special irrigation schemes for these soils. However, parts would give
reasonable returns provided fertilizer is used. Forestry and grazing can be
improved considerably, but timber production does not seem appropriate.
Legend units: 2-5 and 5-2
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ClaBg VI.

Uplands with water holding capaoity too low for gravity irrigation
but with good potential for wet season cropping, forestry and grazing.

VI.1 Land with relatively rich sandy soils, having some mineral reserve of
weatherable minerals and relatively high percentage of organic matter. At a
oertain depth, usually more than 3 ft, an impermeable layer occurs that holds
extra soil moisture. This is well below the root zone of agricultural crops, but
has a value for trees. Outside the official forest reserves, the terrains are
fully cultivated with a medium to light crop sequence.
In the forest reserves good Anogeissus woodland occurs and there are good
possibilities for dry land forestry inoluding some timber (Anogeiaaus).
Legend units: 1-1 and 11-1.
VI.2 Same as VI.1, but inherent fertility is lower. Fully cultivated with a
light crop sequence, sometimes tending to medium. Neem plantations give
excellent results; some timber would be possible.
Legend units: 7-3, 8-3 and FL1, 10-1, 12-1.
VI.3 Same aa VI.2, but usually without impermeable or water holding layers in
the deeper subsoil. In areas where water is available for domestic use,
permanent agriculture with the light crop sequence is frequently found. Elsewhere shifting cultivation oocurs. Neem plantations give good results, but
prospects for timber growth are not very good. The original vegetation is
Anogeissue woodland of medium character and in degrading stages. The grass growth
is reasonable when oompared with units VII.
Legend units: 7-2, 7-1i 8-1, 8-2, 9-1i 9-1(d).

VI.4 Same as VI.1 and VI.2 but with still lower fertility and occasionally some
surface sealing. Usually shifting cultivation with light crop sequence.
Permanent cultivation oocurs locally where domestic water supply exists.
Quality for forestry and grazing less than the other units of VI.
Legend units: 6-ld, 7-5 (6-1 (d) transitional).

Class VII.

Non-irrigable uplands with a medium to low value for wet season
cropping, forestry and grazing.

VII.1 Lands with strongly sealing sandy top-soils, and sandy to loamy subsoils.
The surface sealing prevents soil moistening during the first months of the
rainy season. At present not cultivated. Vegetation of low shrubs and scattered
low trees (vegetation unit B^, C^, Di). Grasses are of low quality. Usually
no sources of water for domestic use are available. It would be most
appropriate to use this land for extensive grazing and some firewood production
by control of grazing and burning. Many of the so-called forest reserves in the
project area were founded on this land because of its low agricultural value.
Transitions to unit V.4 and VI.4 occur (ó-l(d)).
Legend units: 6-1, 2-1, 6-l(d), 6-2, 6-3.
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VII.2 Lands with strongly sealing sandy to clayey top-soils. Very low inherent
fertility, strong variation vertically (in the profile) and horizontally
(between various profiles). In about half the area an impermeable layer reaches
the surface and causes serious waterlogging during rains and extreme desiccation
later. This seriously hampers tree and grass growth, while severe sheet, erosion
often occurs. In between/there are some areas with conditions similar to units
VII.1 and V.4.
\
As a whole, the land has little value for any purpose.
tions can be made as for VII.1.
Legend units: 2-2, 2-3.

The same recommenda-

VII.3 Same as VII.2 but less unfavourable. Locally, wet season cropping of a
low standard: is found. Improvement of grazing would be the most appropriate land
use.
Legend units: 2A-3, 5-2 and 5-3, 1-3 + 2 , (2A - 2 ) .
VII.4 Plat land with strongly sealing, rather heavy and very impermeable soils.
Strong alkalinity in most parts. Very little cultivation except for some rice
in ponded parts. Rather poor shrub vegetation. Better tree growth may be
possible. Reservation for extensive grazing seems most appropriate.
Legend unit: 2-6.

Class VIII.

Non-irrigable uplands unsuitable for wet season cropping and only
locally suitable for forestry and grazing.

VIII.1 Land with strong relief and/or many rock outcrops and with only small,
flatter patches with reasonably good soils in between. Rather severe erosion in
many places. Oenerally only of use for extensive firewood cutting and grazing.
Legend units: I-H, I-h, I-S, I-s, 2A-1 and all combinations.
VIII.2 Land with calcareous soils on relatively steep slopes that are strewn with
ironstone boulders. The less steep parts are at present usually under Acacia
forest that is often strongly devastated. On the lower slopes natural springs
quite often occur with semi-artesian water. Useful grasses occur. Occasionally
high-quality cropping on small plots is observed (guinea corn, cotton).
The value of these slopes is at present negligible, but it would be advisable
to protect, or to encourage planting of, Acacia nilotioa (Bagarua). There is a
great demand by the tanning industry for the pods of this tree.
Legend units: LK (LM).
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Class IX»

Non-irrigable uplands unsuitable for wet season cropping or forestry
and of a very limited value for grazing.

IX.1 Bare rock surfaces of various types, such as gravel hills, terrains heavily
eroded by sheet and gully erosion, ironstone oaps, scarps and other steep slopes.
The vegetation, if any, consists of low shrub. Its composition varieB according
to the fertility of the rocks. The value of this land, even for grazing, is
negligible. On the ironstone oaps some eolic drift sand may ooour whioh permits
locally the growth'of taller shrubs and good grasses. On the soarps also some
vegetation may grow between the rook fragments. Thus, some of the land is of
limited local use for grazing and firewood production.
Legend units: 1-0, I-Gb, I-Oi, I.Pa, 2-H, all LW and L'W, LR, LB, L0, L'K, L'R,
L'G, LI, L'l, 3-1, 5-1, 2-4.
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APPENDIX I

DESCRIPTION OP THE SOIL CLASSIFICATION UNITS

*
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PROFILE D5/22

SYMBOL

1.

SOIL CLASSIFICATION UNIT»

K1A Modified Gray Kaolinitio Soil.

K1A

2.

CORRELATION WITH SOILS OF AFRICA!

3.

CORRELATION WITH 7th APPROXIMATION»

4.

GEOLOGY AND PARENT MATERIAL: Kaolinitio olays of Gundumi and
Illo and Gwandu oontinental phaBe*

5*

LAND FORMi Remnants of termite hills fully eroded leaving white
round patohes on denudating sedimentary plain with strong sheet
erosion (lV-5b).
( IV-5b

6.

RELIEF AND DRAINAGEl

7.

VEGETATION AND LAND USEl Bare rounded patohes of 30-60 ft. in
diameter, typically surrounded by strips of dense shrubs, e.g.
Aoaoia, and some short grasses during the wet season*

Ferrallitio Soils (?)
4»5 and
12

Very flat and poorly drained.
within unit»
C1-C3

8.

GENERAL DESCRIPTION» Material mixed by subreoent termite aotion
without horizon differences in the solum. The material is
usually a mottled grayish brown to pink, heavy sandy d a y loam
or d a y . When dry it has a hard to extremely hard structure, with
many remnants of pores made by termite activity* The soil often
contains blocks of indurated plinthite, whioh are also found
soattered at the surface* A continuous layer of noWindurated or
indurated plinthite may be present in the subsoil* /The oolour
is always somewhat darker than the'soils outside the bare white
dots* The base saturation, oonduotivity and C.E.C. are considerably
higher* Salt content may also be high* The higher C.E.C* values
compared with those óf the gray hydromorphio kaolinitio soils are
probably oaused by the mixing of lesB weathered material from the
lower subsoil.

9*

CLAY PROPERTIES»
(i)
(ii)
(iii)
(iv)
(v)

10.

CEC of B and C horizons in mEq/lOO g clay» 17-30 (40)
Base saturation B+C horizon» 80-100$
Minerals in the d a y fraction» Pure crystalline kaolinite
Silt/olay ratio in B and C horizons» 26-110%
Natural clay/total olay ratio» surfaoe layer) *Q_AOJ
subsurface layer)
^^"

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS»
(i)
(ii)
(iii)
(iv)

CEC surfaoe horizon in mEq/lOO g soil» 7*3-11*5
Base saturation A horizon» 80-100%
K% of oomplex in A horizon»
)i \_A S
KJ* of absorption oomplex in B+C horizon» J'*-*""40
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(v)
(vi)
(vii)
(viii)
(ix)
(xj
(xl)
11.

Phosphate (Morgan test)* 2.4-6.5
Soluble phosphate (2N H2S04)t 17-60
Organio oar bon« 0.3-0.7$
Na $ of adsorption oomplex: 2.5-6.5
pH (KCl)* 6V1-8.0
pH (H 2 0)* 7.4-8.6 (usually over 8.0)
Bleotrioal oonduotivity* 0.7-16.8 mmho (usually over 5 in
some parts of the profile).

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT EROSION.ETC*
(i) Sorting oharaoteristio - Silt/Clay in the top soil*
+ 80-110#
(ii) Sand sorting in profile* (iiiJ Permeability* medium to slow
(iv) Water-holding oapaoity* (v) Infiltrations slow

12.

SUBDIVISIONS*

-

PROPILS D5/61

SYMBOL

1.

SOIL CLASSIFICATION UNIT*

K1 Gray Kaolinitio Soil.

2.

CORRELATION WITH SOILS OF AFRICA*

3.

CORRELATION WITH 7th APPROXIMATION*
typio Normustult (?)

4.

GEOLOGY AND PARENT MATERIAL» Kaolinitio olayey deposits of
Gundumi Illo and Upper (Continental) Gwandu beds, looally
oovered with Sangiwa or Sokoto oover sand*

4.5» 12
12A, 15B

5.

LAND FORM*

IV-5a, IV-5

6.

RELIEF AND DRAINAGE*

Ferrallitio Soils (?)
Ustox (?) Aquox and/or

Denudating sedimentary plain less strongly eroded.
Flat and poorly drained.

VEGETATION AND LAND USE*

K1

No cultivation

(°it

*hJ

^ Dl, D 2

GENERAL DESCRIPTION» A,BG, profile with a 6-12 in. thick/A
horjLzon of grayish to yellow brown friable to hard (dry) /
ill sorted fine to medium loamy sand to sandy loam with a massive
to~subangular blookly struoture and oooasionally some mottling.
In the A horizon sand of a different geologioal source is often
incorporated (Sangiwa oover sand and others). The BG(tending
towards CG) horizon oonsists of light gray to pink, oooasionally
very pale brown sandy olay loam to kaolinitio d a y , in dry
condition, hard to very hard; in moist oondition, firm, with
massive to weak to medium subangular to angular blookly struoture
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and oommon medium distinct mottling. The d a y horizon may be
deeper than 80 in« but within that depth an incomplete indurated
plinthite horizon is often found* Original sand lenses in the
d a y are transformed into very hard indurated plinthite by
aooumulated sesqui - (or only iron?) oxides«
9«

CLAY PROPERTIES:
(i) CEC of B and C horizons in mEq/lOO g olay» 9-16
(ii) Base saturation B+C horizon« 20-40$ (oooasionally higher)
(ill) Minerals in the d a y fraction! Pure orystalline kaolinite
(iv) Silt/Clay ratio in B and C horizons: 15-70#
(v) Natural clay/total d a y ratio: surfaoe layer: 60-70J&
subsurfaoe layer: 36-5°>

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS:
(i) CEC surfaoe horizon in mEq/lOO g soil: (ii) Base saturation A horizon: (ill) Kj6 of adsorption oomplei in A horizon: (iv) K% of adsorption complex in B+C horizon: (v) Phosphate (Morgan test): 0.1-0.5 in BC horizon, 0*7-2.9
in A horizon
(vi) Soluble phosphate (2N H2SO4): 4-7 in Bg horizon, 12-14
in A horizon
(vii) Organio oarbont 0.4-0.75e in A horizon, 0.25-0.355e in lower
horizon
(viii) Na % of adsorption oomplex: (ix) pH (KCl): 3.O-5.2
(x) pH (H 2 0): 4.3-5.9 (usually 4^5-5.0)
(xi) Eleotrioal oonduotivity: 0.1-0.6 (usually 0.1-0.2)

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETC:
Sorting oharaoteristio - Silt/Clay in the top soil:
IOO-3OO55
Sand sorting in profile: sandy layers in profile
(i) 28-49 (ii) 51-68
Permeability: slow
Water-holding capacity: moderate
Infiltration: slow

12.

SUBDIVISIONS:

-

-115 -

PROFILE! S 5/34

SYMBOL

1.

SOIL CLASSIFICATION UNIT1
Soil.

2.

CORRELATION WITH SOILS OF AFRICA!

3.

CORRELATION WITH 7th APPROXIMATION«
Vetustalf.

4.

GEPLOOT AND PARENT MATERIALt Sangiwa, Rabah, Tureta and Sokoto
sediments. Sangiwa fluviatile and eolio sediments and mixtures
of these.

13A, 14
15B, 16B

LAND FORM1 Denudating sedimentary plain (IV 5 ) . Flat river
terraoes; slopes of river terraoes; valleys filled in with
flat eolio deposits; low parts in denudation plain of former
dune fields (IV 1B). Slopes of valleys with mixed eolio and
fluviatile patterns.

IT-5
IV-1B

5.

Leaohed Yellowish Brown Kaolinitio

K2

Ferrallitio Soils (?)
Typio Nermustult and

6.

RELIEF AND DRAINAGE»
drained.

Normal to oonoave and moderately to well

7.

VEGETATION AND LAND OSEt
shifting cultivation.

8.

GENERAL DESCRIPTION» A, B, C profiles. The A horizon ranges
from 10-20 in. thick» Its colour is pale brown or very pale
brown. Texture is fine sand (friable) to sometimes loamy fine
sand, with a weak medium subangular blooky struoture. The B
horizon is (light) yellowish brown to reddish yellow. In a moist
oondition it is friable, when dry it is hard. Texture is fine
loamy sand to an oooasional fine sandy loam, with a weak medium
angular to subangular struoture. In subdivision A there is a
slight, in subdivision B a strong, downward increase of olay d e a r olay skins are sometimes visible - thus fulfilling the
requirements of a texture B horizon. The C horizon is usually
very pale brown with a fine sand or loamy sand texture, which
starts at or below 50 in.

9.

CLAY PROPERTIES»

Usually not cultivated, or some

(i) CSC of B and C horizons in mEq/lOO g olay» + 14-20
(ii) Base saturation B+C horizon: 20 and 60
~"
(iii) Minerals in the olay fraotion: Pure crystalline
kaolinite
(iv) Silt/Clay ratio in B and C horizons» surface layer»
subsurfaoe layer»

B1, B2, C1,
D2, D1, El, eto

-

- 116 -

10.

CHEMICAL PROPERTIES AMD OTHER FERTILITY FACTORS:
(i)
(ii)
(iii)
(iv)
(v)
(vi J
(vii)
(viii)
(ix)
(xj
(xi)

11.

CEC surface horizon in mEq/lOO g soilt 1.3-2*7
Base saturation A horizon: + 24-80J&
K$ of adsorption ooraplei in A horizon« + 10
K$£ of adsorption oomplex in B+C horizont"* 4
Phosphate (Morgan test): Soluble phosphate (2N H2SO4): Organic oarbon« 0.15$
Na % of adsorption oomplex: 5-10
pH (KCl): 3«8-4»3
pH (H2O): 4.3-5.8
Eleotrioal conductivity: 0.1-0.3

PHYSICAL PROPERTIES IM RELATION TO WATER MANAGEMENT. EROSION. ETC:
(i)

Sorting oharaoteristio - Silt/Clay in the top soil:
80-100$ (+ 100)
(ii) Sand sorting in profile: 1-22-38
(iii) Permeability: moderate
. (iv) Water—holding capacity: moderate
(v) Infiltration: very slow to slow
12.

SUBDIVISIONS:

A - with sandy loam less deep than 16 in.
B — with sandy loam only deeper than 16 in.

PROFILE D5/85. D5/76

SYMBOL

1.

SOIL CLASSIFICATION:

Leaohed Red Kaolinitio Soil.

K3

2.

CORRELATION WITH SOILS OF AFRICA:

3.

CORRELATION WITH 7th APPROXIMATION:
possibly Haplargid.

4.

GEOLOGY AND PARENT MATERIAL: Gundumi (4) and Illo (5) and Owandu
continental (12) deposits with or without a shallow oover of
Sangiwa (13A) and Sokoto (15B) oover sand.

Ferrallitio soils.
Vetustalf, Normustult and

5.

LAMP FORM:

Denudation plain of former dune fields (IV-1B)
Denudating sedimentary plain (lV-5)
Struotural plateaus (IV-6)
Badlands (III-I)

6.

RELIEF AMD DRAINAGE:
well drained.

7«

VEGETATION AND LAND USE: Usually there are various degradation
etages of Combretum Nigrioans and Anogeissus. Savanna-woodland
(in the Sudan zone), and Isoberlinia woodland in the (luinea zone
Shifting cultivation is oooasionally found.

Almost flat to undulating.

4, 5, 12
IV-1B
IV-5
IV-6
III-1

Moderately to

B1, B2, B3,
C1f D1,
D2, e t c
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GENERAL DESCRIPTION* A,B,C,R profiles. The A horizon has a 6.12
in. thiok horizon of yellowish to reddish brown oolour (sometimes
darker or lighter). It has a moist, very friable, to dry hard,
oonsistenoe and a loamy sand (fine to medium) to sandy loam (fine
to medium) texture, oooasionally up to sandy olay loam, with a
usually weak to medium subangular blooky struoture, often platy
at the top. The latter is oonneoted with surfaoe sealing* A part
of the sandy content of the A horizon is probably of eolio origin.
The B horizon reaohes usually deeper than 5° in., when no R
horizon exists. It is yellowish red to red in oolour; friable
to very friable when moist, and hard to very hard when dry* The
texture is sandy olay loam to an occasional sandy olay or olay*
There are usually few to many, distinot to prominent, reddish
mottles* The structure is moderate to strong, fine to ooarse angular
blooky or even prismatio, with usually distinot olay skins* Texture
B oharaoteristios seem to be evident in spite of the mixture of eolio
and authoohtone sand of the top. Sandy loam always occurs within
the top 20 in*
O U T PROPERTIES * ,
(i) CEC of B and C horizons in mEq/100 g olay* 5-19
(ii) Base saturation B+C horizont 20-40Jfe(oooasionally up to 80$)
(iii) Minerals in the olay fraotiont pure orystalline kaolinite
(iv) Silt/olay ratio in B and C horizons» (15) 30-60 (90$)
(•) Natural clay/total olay ratios surfaoe layers subsurfaoe layers CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i)
(ii)
(iii)
(iv)
(v)
(vi J
(vii)
(viii)
(ix)
(x)
(xi)

CEC surfaoe horizon in mEq/lOO g soils 2.5-4.5
Base saturation A horizons 10-30$ up to 80$ at the very
top few inohes
K$ of adsorption oomplex in A horizons 1.6 + 6.0 (up to
15.0?)
~
•
K$ of adsorption oomplex in B+C horizons I.O-5.0 usually
+ 2 or 3
Phosphate (Morgan test)s 1.0
Soluble phosphate (2N HgSO.)» 1.0
Organic carbon: one value; 0.8
Na $ of adsorption oomplexs 2.0-10.0 (usually 5.0)
pH (KC1)S 3.8-4.8 at top sometimes up to 5.6
pH (H2O)* 4«5-6.0 in top and up to 6.9
Eleotrioal oonduotivity: Nil-0.9 usually 0*1 or 0*2

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETC»
(i) 30Ti(ihg
(ii)

characteristic - Silt/Clay in the top soil

Sana-Porting in profiles in sandy layers
A - (1) 23-48 (2) 41-79
B - (1) 34-48 (2) 61-67
(iii) Permeability* moderate
(iv) Water-holding oapaoitys moderate
(v) Infiltrations slow
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12.

SUBDIVISIONS!

At with silt/olay in top soil over 100%
B» with silt/olay in top soil less than 100%
and eventually a group without sandy olay loam within 40 in*

PROFILE B 2/2

SYMBOL

1.

SOIL CLASSIFICATION UNITl Red Ferruginous Tropioal Soil on
non-orystalline Parent Material*

2.

SOILS OF AFRICA»
material»

3.

CORRELATION WITH 7th APPROXIMATION»

4.

GEOLOGY AND PARENT MATERIAL» Illo and Rima impure sand and mud
stones and mixed materials* Also some poorly oryataliized
quartzitos of the basement complex*
5»6f7|8

5.

LAND FORM» Denudating sedimentary plain (iVc)* Hilly landsoape (11-1» + H-1*») and isolated gravel hills*

6.

RELIEF AMD DRAINAGE»

7*

VEGETATION AND LAND USE» Usually oultivated. Cultivated orops
transitional between heavy and light orop sequenoe (Guinea
oorn; millet, ootton, and groundnuts)*

Ferruginous tropioal soils on sandy parent

Normal{

Vetustalf

IV-5, II-1a+
II-1b, I1-3

moderately to well drained*

8.

GENERAL DESCRIPTION» A, B, C, R profiles* The A horison is
0-16 in* thiok* It has a dark brown to reddish brown oolour*
Friable when moist* Its texture is fine sand to loamy sand
or sandy loam (the sand may be not V9rj well sorted)* The A
grades into a B horison that has a bright red to yellowish
red oolour (lO R 4/6 or 2*5 YR 4/8, 5 YR 5/8)* Its texture
is sandy loam to sandy olay loam with a slightly hard to hard
oonsistenoe when dry* The struoture is moderate, fine to
medium angular blooky to prismatio, with olear olay skins,
showing a olear texture B (argillio horison) oharaoter. A few
small distinot to prominent mottles often ooour* If there is
no R horison (bedrook), the B horison usually reaohes a depth
of 60 in* or more*

9*

CLAY PROPERTIES»
(i)
(ii)
(iii)

Fl

CEC of B and C horison in mEq/l00 g olay» 20-30
Base saturation B+C horison» 15-60% (80%)
Minerals in the olay fraction» moderately orystallized
kaolinite and some iron oxide (haematite)
(iv) Silt/Clay ratio in B and C horizons» 15-50%
(v) Natural olay/total olay ratio» surfaoe layer» —
sub8urfaoe layer» —

A3, B2, D2,
D3, El - 3
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10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i)
(ii)
(iii)
(iv)
(v)
(vil
(vii)
(viii)
(ix)
(xj
(xi)

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETC:
(i)
(ii)
(iii)
(iv)
(v)

12.

CEC surface horizon in mEq/lOO g soil: oa 2
Base saturation A horizont 65-100$
TS$ of adsorption oomplex in A horizont + 5-6$
K> of adsorption oomplex in B+C horizon: +• 2
Phosphate (Morgan test): Soluble phosphate (2N HgSO^t Organio oarbon: Na $ of adsorption oomplex: 6-12$
pH (KC1)| 4.2 - 5*1
pH (H20)t 5.6 - 6.5
Eleotrioal oonduotivity: 0.1-0.4

Sorting oharaoteristio - Silt/Clay in the top soil:
+ 90-1005J
Sand sorting in profile: (l) 14-25
Permeabilityt moderate
Water-holding oapaoity: moderate
Infiltration! moderate to slow

SUBDIVISIONSt

-

PROFILE 0 7/4
1.

SYMBOL

SOIL CLASSIFICATION UNIT: Reddish Brown Ferruginous Tropical
Soil on Unconsolidated sediment.

F2

2.

CORRELATION WITH SOILS OF AFRICA:
on sandy parent material.

Ferruginous tropioal soils

3.

CORRELATION WITH 7th APPROXIMATION:
intergradesj.

4.

QBOLOOT AND PARENT MATERIAL: Funtua loess (13 B) and related
river terrace deposits (Qusau terrace deposits) (13 C ) .

13B and
13c

5.

LAND FORM: River terraoe-like valley fillings (lV-3a), filled
up valleys (lll-2d). Flat pediplain remnants (IV-4) oovered
with loessio sediments.

IV-3a
III-2d
IV-4

6.

RELIEF AND DRAINAGE:

7.

VEGETATION AND LAND USE:
orop sequence.

Vetustalf (+ some haplustalfio

Flat to undulating;

well drained.

Usually fully cultivated with medium

E 2 - E3
(&2~ ^3)
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8.

GENERAL DESCRIPTIONS A, B, C, profile vith an A horizon of 8-40 in.
and C 8-18 in. thick and consisting of brown (occasionally dark brown
or strong brown), very fine loamy sand or very fine to fine sandy loam.
Friable when moist, slightly hard when dry. It has a weak subangular
structure in top sometimes platy structure (during fallow periods).
The A horizon grades into a B horizon consisting of strong brown to
reddish, brown or yellowish red, occasionally red, very fine sandy d a y
loams. In moist condition, friable} in dry condition, slightly hard to
hard consistence. Weak to medium blooky occasionally weak very coarse
prismatic structure. The B horizon may reach deeper than 60 in. and has
certain characteristics of a textural B horizon.

9.

CLAY PROPERTIES!
(i) CEC of B and C horizons in mEq/lOO g olayt 22-40 (usually more
than 30)
(iij Base saturation B+C horizont 60-100$
(iii) Minerals in the clay fractions Poorly to moderately crystallized
kaolinite with some iron oxides
(iv} Silt/clay ratio in B and C horizonss 23-66$
(v) Natural clay/total clay ratios surface layers 29-36$
subsurface layers
28-41$

10. CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(l)
(ii)
(iii)
(ivl
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
11.

CEC surface horizon in mEq/lOO g soils 3«4-5.0
Base saturation A horizons 68-100$
K$ of adsorption complex in A horizons 2.4-5*9
X$ of adsoption complex in B+C horizons 1.9-5«7
Phosphate (Morgan test)s 0.3-0.8
Soluble phosphate (2N RgSO,) s 1-9
Organic carbons 0.35-0*5 i» •*• horizon
0.1-0.15 in B horizon
Ha $ of adsorption complexs 1.9-5*9
pH (KCl}s 4*0-6.9 (usually 4-5)
pH (B^Ojs 5.O-7.I (occasionally up to 8.1)
Electrical Conductivitys 0.1-0.3 (occasionally up to 2.0)

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETCt
(i^
(ii)
(iiij
(iv)
(v)

Sorting characteristic - Silt/Clay in the top soils
Sand sorting in profiles
Permeability! moderate to rapid
Water-holding capacity! moderately high
Infiltrations moderate to slow

12. SUBDIVISIONSs

-

63-150$
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PROFILE D4/15 (subdivision A ) ; E6/l7 (subd.B)j D5/89 (subd.C)
1.

SOIL CLASSIFICATION ÜNITi Yellowish Brown ^Ferruginous Tropical
Soil on Unconsolidated Sediment (including Semiïhydromorphic
Yellowish Brown Ferruginous Tropical Soil on Clayey Sediment).

SYMBOL

F3

2.

CORRELATION WITH SOILS OF AFRICA1
on sandy parent material.

Ferruginous tropical soils

3.

CORRELATION WITH 7th APPROXIMATION 1 Vetustalf including
Aquio Vetustalf on olayey sediment (and Typic and Mollic
Eaplargid).

4.

OEOLOQY AND PARENT MATERIALt Zurmi cover sand (l6A) and
alluvial sandy sediments on Bakolori deposits (l5A) Kaura Namoda
and Rabah deposits (l6B). Thin cover of Sokoto cover sand (15*0
over lower Gwandu (ll).

16A
l6B
15 B

5.

LAND FORM1 Actively denudating dunes (iV-la) and rather flat
deposited' eolian materials.(iV-lc) Structural plateaus (lV-6).

IV-3, IV-la,
TV-lc,IV-6

6.

RELIEF AND DRAINAGE1
excessively drained.

7.

VEGETATION AND LAND ÏÏSEt Nearly the entire area is intensively
cultivated in a light crop sequence (groundnuts on the lighter
parts). A transition to a cotton sequence occurs on the loamy
parts. When not cultivated as in the case of forest reserves,
a relatively rich savanna/woodland is found on it. On shallower
parts of indurated plinthite (legend unit 1-2 and I-h etc.)
relatively poor bush and long periods of fallow are common.

8.

GENERAL DESCRIPTION! A, B, C, profile. The A, horizon ranges from
3-20 in. thick with a texture of fine sand to fine loamy sand,
occasionally very fine loamy sand in subdivision C d a y loam.
The main color is yellowish brown to brown or pale brown. There
is usually no mottling except in subdivision C. Under forest
growth the surface layer of A^ horizon may be much darker (very
dark grayish brown). There is often a genetic stratification
in the A horizon due to the local translocation of humus and
d a y to the furrows after hoeing. The consistence is friable.
The A horizon grades into a texture B horizon that has its culmination usually below 30 in. The colour varies from brown to
yellowish brown to pale brown to strong brown, with mottles of
strong brown to/a reddish yellow oolour. Texture is loamy fine sand
to fine sandy loam, and in subdivision C up to clay. There are
usually clay accumulations in the form of fibres of one half to
a few cm. thick and in subdivision C there is a continuous
texture B (argillic horizon)} sometimes yellowish red colours
may occur. The horizon, if present, is usually deeper than 55 i n *
and has a pale brown to yellow or reddish yellow colour. Texture
is fine sand to sandy loam. In the Zurmi cover sand material, an
old profile, bedrock, or laterite often directly underlies the B
horizon. Over this rock mottling often occurs. The cover sand
with the present profile development, has by definition at least a
12 in. thickness. The very fine loamy sand profiles occur in the
extreme southwest part of the area.

Normal to flat; well drained to somewhat
E2 + E3
D2 + D3
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CLAY PROPERTIESt
(i)

CEC of B and C horizons in mEq/lOO g olayt 27-52 (usually
about 30)
(ii) Base saturation B+C horizons (iii) Minerals in the olay fraotiont Poorly crystallized kaolinite
with some iron oxides
(iv) Silt/clay ratio in B and C horizonst 20-70JÉ (occasionally
10-100#)
(v) Uatural olay/total olay ratios surfaoe layers subsurface layers 10-6O#
CHEMICAL PROPERTIES AMD OTHER FERTILITY FACTORSs
(i)
(ii|
(iii,
(iv)
(v)

CEF surfaoe horizon in mEq/lOO g soils 2.3-7.5
Base saturation A horizons more than 70#
E$C of adsorption oomplez in A horizons + 1.5-6.0
KJS of adsorption complex in B+C horizons"" + 1-6 (8)
Phosphate (Morgan test)s 0.5-1*5 (some higher values
up to 15 due to fertilizers)
(vi) Soluble phosphate (2ff E9SO.)s 5-33
(vii) Organic carbons subdivision C m 0.75
A s 0.2
(viii) Ha % of adsorption oomplexs 2-8£
(ix) pH fKClJs 4»1-5«6 (occasionally up to 7.2 at surface)
(x) pH (B^Ojs 4.O-6.7 (occasionally up to 8.2 at surface)
(xi) Eleotrioal oonduotivitys PHYSICAL PROPERTIES IÏÏ RELATION TO WATER MANAGEMENT. EROSION, ETCs
(i)

Sorting oharaoteristio - Silt/Clay in the top soils 20-200JÉ
subdivision b s more than 100j£
(ii) Sand sorting in profiles (iii) Permeability! very rapid (5 in./hour)
(iv) Vater—holding capacityt moderate to moderately high (3-5 i n « P ° r ft.)
(v) Infiltrations very rapid (10 in./hour)
SUBDIVISIONSs

A s

sandy loam ocourring more than 20 in. below surface.
Top soil is often fine sand.
B s with sandy loam occurring at a depth of less than
20 in. from the surface. Top soil usually loamy
fine sand. Usually a neutral B horizon.
C s with clay loam at a depth of less than 20 in. below
the surfaoe. Other subdivisions may be made according
to the parent material. The soils developed from the
' Zurmi oover sand and Kaura Namoda and Bakdori sand
deposits often contain micas; subdivision A is
restricted to these parent materials. Further subdivision could be made according to pH of subsoil and
on intensity of gleying related to temporary waterlogging. The content of very fine sand may be another
means of subdivision.
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PROFILE C6/47a

SYMBOL

1.

SOIL CLASSIFICATIONt Yellowish Brown Ferruginous Tropical
Soil on Acid Crystalline Bock.

2.

CORRELATION WITH SOILS OF AFRICAt
on crystalline acid rocks.

3.

CORRELATION WITH 7th APPROXIMATION! Typic Vetustalf, occasionally Haplustalf and possibly Haplargid.

4.

GEOLOGY AND PARENT MATERIAL! Crystalline rocks of Ovarian
complex (2) volcanic series (3) and the leucocrate parts of
the pegmatite aplite and granite oomplez and the hornblende gabbro schist - complex (l) and oolluvial materials derived
therefrom. The coarse grained granites produce soils vith
a lover d a y oontent and fine sand (see D7/15)» Host other
rocks, however, give very fine sand and more clay (see C6/47»)»
In acreage the Ovarian complex is by far the dominant one.
There is often a superficial mixture vith Zurfi (16A) and
Funtua (13B) eolio deposits.

5.

LAND FORM 1 The least flat parts of the pediplain ( U M ) of
the African erosion cycle intersected vith intricate gullies, mostly shallow, vith some deep ones occasionally found
on the slopes of scarps of the older pediplain remnants or
inselbergs and hard ridges or in steeper gullies.

6.

RELIEF AND DRAINAGE1
drained.

7.

VEGETATION AND LAND USE1 Anogeissus woodland, in the Sudan
grading into Anogeissus-Isoberlinia woodland in the northern
Guinea zone in the southern parts of the area. Shifting to
permanent cultivation of Guinea corn e t c (medium upland
sequence).

8.

GENERAL DESCRIPTION! A, B, (C), R profiles! The horizon
ranges from 3-12 in. It has brown to dark yellowish brown
oolours, a friable consistence vhen moist and becomes
slightly hard vhen dry. Texture is very fine to fine sandy
loam, usually vith a weak to moderate subangular blocky.
structure, often platy just belov the surface due to
surface sealing. The B horizon reaches down from 12-50 in.,
but is usually not lower than 40 in. Exceptionally a depth
of (65 in.) has been recorded. The colour varies from
brownish yellow to yellowish brown (lOYR-4/7)» Texture is
usually very fine, but in the north only fine sandy d a y
loam. Common to many, distinct to prominent, yellowish red
to red mottllngs are found. The B horizon shows clear
texture B (argillic horizon) features such as clay skins
and clay accumulation. It occasionally grades to natric
horizon. In the lower parts of the B horizon the oolour

F4

Ferruginous tropical soils

1, 2, 3

17-4

Normal to subnormal) moderately to veil
Al, A2, A3,
D2, D3
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may often be brownish gray to white with many prominent red
to yellowish red mottles. The C layer is usually lacking,
or transitional between B and R. R is rotten crystalline
rock (including angular quartzite gravel) or more or less
indurated plinthite. Pure indurated plinthite seldom occurs.
9.

CLAY PROPERTIESt
(i)
(ii)

CEC of B and-C horizon in mEq/lOO g olayi 30-45
Base saturation A horizont more than 70$ (usually
more than 80$)
(iii) Minerals in the clay fraction 1 Poorly crystallized
kaolinite and some iron oxides
(iv) Silt/Clay ratio in B and C horizons! 50-80$ sometimes
20$.
(v) Natural clay/total clay ratio 1 surface layer1 ± 43$
subsurface layer1 33-57$
10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS1
(i)
(ii)

CEC surface horizon in mEq/lOO g soils 3*5-6.4
Base saturation A horizons more than 85^ (usually
more than 90$) (few exceptions are lower)
(iii) K$ of adsorption complex in A horizons 2-7
(iv) K$ of adsorption complex in B+C horizons 0.8-3.6
(v) Phosphate (Morgan test)s O.5-I.6
(vi) Soluble phosphate ^ N H g S O ^ t
2-14
(vii) Organic carbons (viii) Na $ of adsorption complex* 2-9
(ix) pH (KCl)s 4.0-6.0 (usually 4.1-5.8)
(x) pH (H20)s 5-7 (usually 5.5-6)
(xi) Electrical conductivity! 0.1-0.5
11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETCs
(i)

Sorting characteristic - Silt/Clay in the top soils
(usually + 120$)
(ii) Sand sorting in profiles (iii) Permeability! slow to moderate
(iv) Water-holding oapacitys moderately high
(v) Infiltrations slow to moderate
12.

100-200$

SUBDIVISIONSs According to texture, fine versus very fine sand,
and to depth of rock.

PROFILE C6/61A
1.

SOIL CLASSIFICATION UNITs Reddish Brown Ferruginous Tropioal
Soil on Ferromagnesian Rock.

SYMBOL
F5
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2.

CORRELATION WITH SOILS OP AFRICA* Ferruginous tropical
soils on rocks rich in ferromagnesian minerals.

3.

CORRELATION WITH 7th APPROXIMATION

4.

GEOLOGY AND PARENT MATERIAL! Aplite, metagabbro and
hornblende schist of the old basement complex (lA and
IB) and colluvial material thereof. There may also be
some rocks of the volcanic series (3) and the most
ferromagnesian rocks of the Ovarian complex (2). f

5.

LAND FORMi Dissected pediplain (III-3) Flat pediplain
remnants (lV-4) Some headwater regions (lV-7).

6.

RELIEF AND DRAINAGEt
drained.

7.

VEGETATION AND LAND ÜSEt Anogeissus woodland and
AnogeisBUB-Isoberllnia woodland of Northern Guinea zone,
and cultivated land with a heavy crop sequence of ootton,
Guinea corn etc.

8.

GENERAL DESCRIPTIONt Too few examples to give a complete
description A, (B?), R profiles. The surface horizon is
more than 12 in. thick and has a dark brown to dark
reddish brown colour, with a texture of sandy d a y loam
and a fine to medium subangular blocky. to crumbly struoture.
The subsurface horizon has a dark reddish brown colour.
In moist conditions it is rather friable with a very fine
sandy clay loam to clay texture. The structure is very
strong crumbly to medium, moderate, subangular blocky and
many indurated plinthite like nodular concretions of iron
and manganese occur. In the lower parts of this horizon
blocks of the parent material occur in various stages of
decomposition.

9.

CLAY PROPERTIESt

Vetustalf

CEC of B and C horizons in mEq/lOO g clays Base saturation B+C horizont Minerals in the clay fractions Poorly crystallized
kaolinite with some iron oxides (haematite)
(iv} Silt/clay ratio in B and C horizonss ± 50 to 75#
(v) Natural clay/total clay ratios surface layers
subsurface layers
-

CHEMICAL PROPERTIES AND OTffRR FERTILITY FACTORSs
(i}
(ii)
(iii)
(iv)
(v)

1A, IB,
2, 3

H I , , IV.,
IV<i

'7

Normal to rolling relief; well

(i)
(iil
(iii;

10.

SYMBOL

CEC surface horizon in mEq/lOO g soils Base saturation A horizons K$£ of adorption complex in A horizons KJS of adorption complex in B+C horizons Phosphate (Morgan test)s -

Al, A2, A3,
D2, D3
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(vij
(vii)
(viii)
(ix)
(x)
(xi)
11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCs'
(i)
(ii)
(iii)
(ivi
(v)

12.

Soluble phosphate (2N H^SO.)i Organic carbons Na # of adsorption complex! pH (KCl)s pH (HgOjs ± 5 - 796
Electrical conductivitys -

Sorting characteristic + Silt/Clay in the top soils
Sand sorting in profiles Permeabilitys rather rapid
Water-holding oapacitys moderately high
Infiltrations moderately rapid

SUBDIVISIONSs

± 50 - 70$

-

PROFILE E4/11 (Division A)
1.

SYMBOL

SOIL CLASSIFICATION UNITs Reddish Brown Soil of Arid and
Semiarid Tropical Regions on Sandy Sediments.

Bl

2.

CORRELATION WITH SOILS OF AFRICAs Brown soils of arid and
semi/arid tropical regions on loose sediments.

3.

CORRELATION WITH 7th APPROXIMATIONS

4.

OEOLOQY AND PARENT MATERIALS Well sorted sand and sandy
loams of Sokoto (15B) and Illela (21A) cover sands. Eolic
deposits overlying calcareous Kalambaina rocks (lO) or
colluvium or sediments derived from these rocks.

15B, 21A
10

5.

LAND FORMS Rather flat deposited eolian materials on
structural plateaux (iVg). Valleys filled up with eolian
and colluviated eolian materials (III24).

IV-6
III-2d

6.

RELIEF AND DRAINAGES

7.

VEGETATION AND LAND XJSEs In general, fully cultivated with
a light crop sequence which includes, millet, Guinea corn,
cowpeas and groundnuts.

8.

GENERAL DESCRIPTIONS A,B, (C), R profiles. The A horizon
usually has a 15-24 in. thickness. It has a brown to
strong brown colour (occasionally more reddish or yellowish)
with a very friable (when dry) to slightly hard consistence.
Its texture is a well sorted fine sand to loamy fine sand or
sandy loan, with or without a very weak subangular blocky
structure and hardly any surface sealing. The A horizon

Typic Haplargid.

Normal; well to excessively drained.
El
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grades into a B horizon of yellowish brown to reddish hrown
colour; fine sandy loam to fine sandy clay loam texture, and
a structure which is usually weak subangular "blocky, or
occasionally angular hlocky with some clay skins. It may be
defined as a texture B only because of the clay content, but
the argillic characteristics are weak. The lower parts may
grade into a dark red or brown colour. A few fine mottlings
are occasionally found in some of the horizons. There is
usually an R layer between 30-80 in. which consists of
indurated plinthite on top of Kalambaina (calcareous) beds, or
calcareous groundwater influence, or a direct contact with
calcareous rocks or sediments derived from them.
9.

CLAY PROPERTIES»
(i)
(ii)
(iiij
(iv)

CEC of B and C horizons in mEq/lOO g clay» 20-30
Base saturation B+C horizont 55-80 (100)$
Minerals in the clay fractions Silt/clay ratio in B and C horizons» 15-80$ usually
less than 50$
(v) Natural clay/total clay ratio« surface layer* - •
subsurface layer» -

10. CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS»
(i)
(ii)
(iii;
(iv)
(v)
(vi)
(vii^
(viii)
(ix)
(x)
(xi)

CEC surface horizon in mEq/lOO g soil» 1-6 Base saturation A horizon» 40-70 (100)$
K$ of adsorption complex in A horizon» 2-6
KjS of adsorption complex in B+C horizon» 2-6
Phosphate (Morgan test)t Solüble phosphate (2N HgSO^)* Organic carbon* Na $ of adsorption complex» 3-8
pH (KCl)« 4.0 - 5.5
pH (HgO)* 5.O - 6.6
Electrical conductivity» 0.1 - 0.4«

11. PHYSICAL PROPERTIES IN RELATION TO ¥ATER MANAGEMENT, EROSION,ETC»
(ij Sorting characteristic - Silt/Clay in the top soil»
(ii) Sand sorting in profile» 1*32-50
2»60-80
(iii) Permeability* very rapid to moderate
(ivj Water-holding capacity» moderate to high
(v) Infiltration* rapid

10-70$

12. SUBDIVISIONS» A, with sandy loam starting between 16-40 in. and no
texture heavier than sandy loam in the B horizon. B, with sandy
loam starting at less than the 16 in. level and with sandy clay in
the B horizon.
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PROFILE C6/56a

1.

SYMBOL

SOIL CLASSIFICATION UNITt Yellowish Brown Soil of Arid
and Semi-arid Tropical Regions on Sandy Sediment.
CORRELATION WITH SOILS OF AFRICAI Brown soils of arid
and semfarid tropical regions on loose sediments.

B2
n

3.

CORRELATION WITH 7th APPROXIMATION

Typir^xartzipjammen^.

4.

GEOLOGY AND PARENT MATERIALI Zurmi cover sand (l6A).
Rabah-Talata-Kaura Namoda deposits (l6B) fluviatlle sand of
Ratah, Talata and Kaura Namoda deposits.

16A and
16B

LAND FORMi Actively denudating dunes (iV-la), and rather
flat deposited eolian materials (IV-1C), often in narrow
contact with dissected pediplain (III3). Main terrace
(lV-3b) and wide valley filled up with partly colluviated
eolic materials (lll-2d).

IV-la,
IV-1C,
IH-3,
III-

RELIEF AND DRAINAGE I Normal to flat; well to somewhat
excessively drained.
VEGETATION AND LAND USEi Usually rich part of light crop
sequence with groundnuts as important cash crop. If not
cultivated, all degradation stages of Anogeissus to
Isoberlinia savanna'woodlands.

E2+E3+
D1+D3
A1+A3

GENERAL DESCRIPTIONt A, C, (R) profiles with an A horizon
of 12-32 in. thick and consisting of a neutral, brown to
occasionally light or dark grayish or yellowish brown fine
sand (occasionally loamy fine sand). Some reddish mottling
may occur. The consistence in moist condition is friable
to very friable and slightly hard when dry. The structure
is usually weak fine to coarse subangular blocky tending to
crumby, occasionally platy, with surface sealing." The A
horizon grades into a subsurface horizon either with an R or an E - character, consisting of neutral yellowish to
brownish yellow or yellowish brown. Occasionally more red
or more dark, fine sand to loamy sands. Sometimes medium
or very fine sand and usually friable if moist and slightly
hard consistence when dry. It has usually a weak subangular blocky to friable single grain structure. In deep
profiles fibres of ^-1 cm. wide may occur with a slightly
high clay content showing that clay transportation takes
place.
CLAY PROPERTIESi

-

(i)
CEC of B and C horizons in mEq/lOO g clayt (iiJ Base saturation B+C horizon!
(iii) Minerals in the clay fractiont
(ivj Silt/clay ratio in B and C horizons: (v; Natural clay/total clay ratiot surface layer: 80$
subsurface layer: 50$

L

%
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10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSi
(i)
(iij
(iii)
(iv)
(v)
(vi)
(vii)

CEC surface horizon in mEq/lOO g soils Base saturation A horizont K$ of adsorption complex in A horizoni KJS of adsorption complex in B+C horizoni Phosphate (Morgan test)i 0.8-1.8
Soluble phosphate (2N H2SO4)t 3-12
Organic carboni 0.45 i n A, horizon
0.1 in AC
(viii) Na $ of adsorption complexi (ix) pH (KCl)J (x) pH (EgO)! (xi) Electrical conductivityi 11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION,ETC 1
(i)
(ii)
(iii)
(iv)
(v)

12.

Sorting characteristic - Silt/Clay in the top soili 20-28$
Sand sorting in profilei (l) (24) 37-50 (2) (46) 6O-85
Permeabilityi rapid (5 in./hour)
Water-holding capacityi very low to low (0.3 in. per ft.)
Infiltrationi very rapid (20 in./hour)

SUBDIVISIONS 1 May be made according to sorting of the sand and other
texture criteria. A hydromorphic subdivision may be made according to
intensity of mottling, etc.

PROFILE D4/33
1.

SOIL CLASSIFICATION UNITi
Tropical Regions.

SYMBOL
Lithosolic Brown Soil of Semiiarid
j

B3

2.

CORRELATION WITH SOILS OF AFRICA1 Brown soils of arid and
semiarid tropical regions on loose sediments.

3.

CORRELATION WITH 7th APPROXIMATION!
Lythic Xeroll.

4.

GEOLOGY AND PARENT MATERIAL! Sokoto, (15B) Illela (21A)
Sangiwa (13A) cover sand, mixed with shale and plinthite of
Kalambaina (lO).

15B, 21A,
(13A) 10

5.

LAND FORM1 Scarps (l-2), Talus slopes (II-2), badlands
(III-l), and flat wide valleys without sediments (III-2B)
or partly filled with colluviated eolian materials (lll-2d).

1-2, II-2,
III-l,III-2B,
III-2d

6.

RELIEF AND DRAINAGE! Normal to excessive} well to
excessively drained.

Lythic Haplorthent and
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VEGETATION AND LAND USEi If uncultivated Acacia, savannah
woodland, shruh and grasslands related to it. Usually
cultivated with a light crop sequence of Guinea corn and
millet.

SYMBOL
B3, D2,
E2, El

GENERAL DESCRIPTIONt A, (B)-R, profilesI The A horizon
is 6-12 in. thick with colours of dark brown to dark
reddish brown (no mottling). It has a friable consistence
when moist and texture of fine sandy loam with a weak, fine
to medium, blocky structure. There may be an" underlying B
horizon of strong brown to yellowish red colour composed of
moist, friable fine sandy loam to fine sandy clay loam.
The transitional horizon is never thicker than 1 in. and has
weak texture-B characteristics. R is normally the plinthite
cap of the Kalambaina deposits, and may direct underlie the
A horizon.
CLAY PROPERTIESi
(i}
(ii)
(iii)
(iv)
(v)

-

CEC of B and C horizons in mEq/lOO g clayt 25-50
Base saturation B+C horizont 85-100$
Minerals in the clay fraction 1 Silt/clay ratio in B and C horizons 1 20-30$
Natural olay/total clay ratiot surface layer1 subsurface layer1 -

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

CEC surface horizon in mEq/lOO g soili 6-8.5
Base saturation A horizon* 75-100$ (usually 90$)
K$ of adsorption complex in A horizon: KjJ of adsorption complex in B+C horizont 1.1-19.2 (E 4/75)
Phosphate (Morgan test)t Soluble phosphate (2ÏÏ B^SO^) Organic carbon t + 0.4$^
Na $ of adsorption complext 2.1-4.4
pH (KCl}t 5.I-6.4 (usually more than 5.8}
pH (HpO;t 6.4-7.7 (usually more than 7.0)
Electrical conductivityt 0.1-0.8

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCt
(i}
(ii)
(iii)
(iv)
(v)

Sorting characteristic - Silt/Clay in the top soilt
Sand sorting in profilet Permeabilityt slow to moderate
Water-holding capacityt moderate
Infiltration 1 rapid

SUBDIVISIONSt

-

25-70$
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PROFILE F4/61 or D4/25(?)

SYMBOL

1.

SOIL CLASSIFICATION UNIT! Dark Brown Soils Semi/arid
Tropical Regions on Sandy Sediments.

2.

CORRELATION WITH SOILS OF AFRICAi Brown soils of arid
and semikrid tropical regions on loose sediments.

3.

CORRELATION WITH 7th APPROXIMATIONt

4.•

GEOLOGY AND PARENT MATERIALi Sokoto and Illela cover
sand (15B and 21A) on top of Kalambaina marls (lO) or
colluvium, hut always somewhat mixed with limestone.

15B and
21A
10

5.

LAND FORMi Mainly eolic thin drift cover at the fringe
of extensive drift areas, in broad valleys between the
scarps of the Kalambaina (lll-2d). Also on minor parts
of the scarps themselves.

III-2d

6.

RELIEF AND DRAINAGEt
drained.

7.

VEGETATION AND LAND USE1 Full medium to heavy crop
sequence if cultivated. If not, Acacia savanna'woodland.

8.

GENERAL DESCRIPTION! A-C, (R) profiles with an A..horizon
that is usually more than 30 in. up to more than 85 in.
thick, consisting of dark brown (7«5YH 4/2, 10YR 4/3>
10YR 4/2) to dark grayish brown, fine to medium loamy sand
usually without mottling. Friable to firm when moist,
with weak medium sized subangular blocky structures. Free
lime may be found at least in lower parts. The C horizon
varies from weathered marls or calcareous shales (including
plinthite blocks) to a brown or strong brown firm sandy
loam or sandy clay loam. The C horizon may be absent if
the A-l horizon directly overlies the plinthite cap.

9.

CLAY PROPERTIES:
(i)
(ii)
(iii)
(iv)
(v)

10.

Typic Haplargid.

Flat to normal and moderately well

-

CEC surface horizon in mEq/lOO g soilt CEC of the
clay fraction is 50 mEq/lOO g clay (R)
Base saturation B+C horizoni Minerals in the clay fraction 1 Poorly crystallized
kaolinite and some montmorillonite.
Silt/clay ratio B and C horizons!
Natural clay/total clay ratio! surface layer1 subsurface layer 1 -

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i)
(ii)

B4

CEC surface horizon in mEq/lOO g soil!
Base saturation A horizon! -

-

(E2 B3
D2)
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(iii) KjS of adsorption complex in A horizon» (iv^ KjS of adsorption complex in B+C horizon« (v^ Phosphate (Morgan test)» (vi) Soluble phosphate (2N H2SO4)1 (vii) Organic carbon» (viii) Na jS of adsorption complex» (ix) pH (KCl)« (x) pH (HgO). (xi)

Electrical conductivity»

-

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETC»

12.

(i) Sorting characteristic - Silt/Clay in the top soil» • (ii) Sand sorting in profile»
(iii) Permeability« moderate to rapid
(iv^ Water-holding capacity» moderate
(v) Infiltration» rapid (8 in./hour)
SUBDIVISIONS» -

PROFILE F4/21

SYMBOL

1.

SOIL CLASSIFICATION ÏÏNIT» Lark Brown Soil on Loamy
Sediments.

2.

CORRELATION WITH SOILS O F AFRICA« Brown soils of arid
nJUa
and semilarid
tropical regions on loose sediments.

3.

CORRELATION WITH 7th APPROXIMATION«
Argiustoll.

4.

GEOLOGY AND PARENT MATERIAL» Sandy loams to clay loam,
often stratified, of Tungan Tudu (21) or mixed Kalambaina,
S o k o t o a n d Illela drift deposits (10+15+21). Tungan Tudu
deposits (21B). Sokoto and Illela cover sand (15B + 21A)
mixed with colluvial or sedentary 'material of Kalambaina
deposits ( l O ) •

5.

LAND FORM» Extensive depressions (fossil floodplain) on
top of structural plateau of lime and arid deposits, or
small floodplains in valleys of this plateau ( 7 ) . Bottoms
and slopes of valleys filled with eolian and colluviated
eolian materials (III-2).

6.

RELIEF AND DRAINAGE»
drained.

7.

VEGETATION AND LAND USE» Acacia, shrub and woodland.
Heavy crop.sequence and local irrigation.

Normal to flat«

B5

Aquic.to acidic
21B,
15B, 21A,
10

IH2»

v

moderately well
B3, El or
E2, L2
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GENERAL DESCRIPTIONi A-B, (g), (R) profilest The A horizon
may "be 16-50 in. deep and has a dark brown to "black colour.
In lower parts faint to distinct yellowish "brown mottles.
Consistency is very friable to firm in moist condition.
Texture is fine sandy loam to sandy clay loam, with weak to
moderate, medium subangular blocky to angular blocky or
prismatic structures. The C horizon may be a yellowish brown,
moist friable, loamy sand to sandy clay loam. It may also have
a hydromorphio character, distinguishable by the mottling and
grayish colours. The R horizon, if any, is of hard plinthite
and may be found even directly under the A horizon. Free lime
is available in at least the lowest part of the profile.
Salinity is not uncommon. Salt crusts have been observed, but
probably much higher tendencies toward salinization occur in
irrigation schemes.
CLAY PROPERTIESt
(i)
(iij
(iii)
(iv)
(v)

CEC of B and C horizons in mEq/lOO g clay» 50 (usually + 60)
Base saturation B+C horizont Minerals in the clay fractioni Silt/clay ratio in B and C horizons» Natural clay/total clay ratio 1 surface layer» subsurface layer» -

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS»
(i}
(ii)
(iii)
(iv)
(v)
(vil
(vii)
(viii)

CEC surface horizon in mEq/lOO g soil» 7-33
Base saturation A horizon» more than 90$
K$ of adsorption complex in A horizon» 0.3-1*4
K$ of adsorption complex in B+C horizon» 0.6-1.7
Phosphate (Morgan test)t Soluble phosphate (2N HgSO*)» Organic carbon» Na % of adsorption complex» 0.6-1.4 (A)
2.3-5.4 (B)
(ix) pH (KCl)» 6-8.2
(xj pH (HgO)» 6.5-8.8
(xi) Electrical conductivity» 0.3-3

PHYSICAL PROPERTIES IN RELATION TO VATER MANAGEMENT. ERC-ION, ETC»
(i}
(ii^
(iiij
(iv}
(v)

Sorting characteristic - Silt/Clay in the top soil
Sand sorting in profile»
Permeability» moderate
Water-holding capacity» moderately high
Infiltration» moderate to rapid

SUBDIVISIONS»

-

50$
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PROFILE D4/54, C3/51

SYMBOL

1.

SOIL CLASSIFICATION UNITi
Soil on Sandy Sediments.

2.

CORRELATION WITH SOILS OF AFRICA» Brown soils of arid and
semiarid tropical regions on loose sediments.

3.

CORRELATION WITH 7th APPROXIMATION»

4.

GEOLOGY AND PARENT MATERIALS Eolic and fluviatile deposits
transported Illela (21A) and Sokoto (15B), cover sands,
superficially mixed with alluvial and colluvial material of
various sources, predominantly from the Kalambaina and
Tungan Tudu deposits (10 and 21B).

21A, 15B

5.

LAND FORM» Bottoms of valleys filled with eolian and
colluviated eolian materials.

III-2d

6.

RELIEF AND DRAINAGE» Subnormal to flat; imperfect to
moderate drainage (calcareous water received from slopes).

7«

VEGETATION AND LAND USEt Intensive agriculture with enriched
medium crop sequence of Guinea corn, tobacco, vegetables and
onions under irrigation. Acacia woodland forms part of the
natural growth.

8.

GENERAL DESCRIPTION» Ag, Bg, Cg, profiles. The horizon is
over 20 in. thick and has a grayish or dark grayish brown
colour with grayish brown to strong mottling (few to many
and fine to distinct)* Consistence is friable; texture is
fine sand to fine loam to clay loam. Structure» weak to
moderate, medium subangular blocky. The B horizon shows signs
of clay accumulation. Colour is (dark) yellowish brown with
many fine to medium grayish brown mottles (faint to distinct).
Texture, fine sandy loam to sandy clay loam. Structure»
angular blocky with some clay skins on the-peds. The Cg
horizon, if present, may be a loose or friable, fine to medium
sand, with brownish coloured mottles.

9.

CLAY PROPERTIES»
(i)
(ii)
(iiij
(iv)
(v)

10.

Hydromorphio Brown Caloareous

B6

Aquollio Haplargid

CEC of B and C horizons in mEq. 100 g clay: + 25-5O
Base saturation B+C horizon»-^85$
Minerals in the clay fraction» Silt/clay ratio in B and C horizons» + 30-60$
Natural clay/total clay ratio» surface layer* subsurface layer» + 30—

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS»
CEC surface horizon in mEq/lOO g soil» 5-19
Base saturation A horizon» more than 90J£ .
K$ of adsorption complex in A horizon» 1.1-6.2

B3, D2,
E2
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(ivj
(v)
(vil
(viil
(viii)
(ix)
(x)

K$ of adsorption complex in B+C horizon* 2-10
Phosphate (Morgan test)t Soluble phosphate (2N H?S0.)t Organic carbon! A s 0.6 aïïd 1.2$
Na fo of adsorption complex! 1.4 - 14.0$
pH (KCl) t 5.0 - 7«0
Electrical conductivity! 0.2-1.5

11. PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION.ETC I
(i}
(ii)
(iii)
(iv)
(v)
12.

Sorting characteristic - Silt/Clay in the top soilt +
Sand sorting in profile» ~
Permeability« slow to rapid
Water-holding capacity! moderate to moderately high
Infiltration! moderately slow to moderately rapid

SUBDIVISIONS«

-

PROFILE F4/14

SYMBOL

1.

SOIL CLASSIFICATION UNIT! Brown Calcareous Soil.

CI

2.

CORRELATION WITH SOILS OF AFRICA»

3.

CORRELATION WITH 7th APPROXIMATION! Aridic Entic Haplustoll.

4.

GEOLOGY AND PARENT MATERIAL! Marls of Kalambaina deposits
(10) partly covered with Illela cover sand (21A).

10 and
21A
10

5.

LAND FORM! Scarps (1-2), flat wide valleys without sediments
(III-2b), structural plateaux (IV-6) with thin cover of flat
lying eolian deposits (IV-IC).

IV-6, IV-1C,
1-2, 111-213

6.

BELIEF AND DRAINAGE! Normal to flat; moderately well drained
to somewhat imperfectly drained.

7.

VEGETATION AND LAND USE! Acacia savannaf woodland and
agriculture with medium to heavy crop sequence.

8.

GENERAL DESCRIPTION! A - R profiles with a dark brown to
black A horizon (if not too stony) up to 24 in. thick. Subangular blocky to prismatic structure and a fine sandy clay
loam texture on calcareous parent material and having a
high base saturation, high pH and free lime. (The example
profile is just an intergrade towards vertisol, yf» more clay
would be sufficient. Other similar soils are in lithosolic
brown soils group (B3) because of lower CEC in spite of
dark brown colour.

Brown calcareous soils.

B3, D2,
E2
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9«

CLAY PROPERTIES!
(i}
(ii)
(iii)
(iv)
(v)

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

CEC of B and C horizons in mEq/lOO g clayi 89-77
Base saturation B+C horizont 100$
Minerals in the clay fraction! Silt/clay ratio in B and C horizons! more than 100$
Natural olay/total clay ratio! surface layer 1 subsurface layer! -

CEC surface horizon in mEq/lOO g soil! 29.5-33
Base saturation A horizon! 100$
Kjê of adsorption complex in A horizont 0.3-1.2
KJJ of adsorption complex in B+C horizon! 1.3-1.7
Phosphate (Morgan test)! Solüble phosphate ^ N ^ S O ^ J i Organic oarbon! Na % of adsorption complex! 1.2 - 5.2
pH (KCl)! 6.9-8.2
pH (H20)i 7.9-8.8
Electrical conductivity! 0.3 - 0.4 (Carbonate)

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION. ETCi
(i)
(iij
(iii)
(iv)
(v)

Sorting characteristic - Silt/Clay in the top soil! 5CfS
Sand sorting in profilet Permeabilityt moderate slow
Water-holding capacityt moderately high to high
Infiltrationt moderately slow to moderate

12. SUBDIVISIONSt

According to depth of rock.

PROFILE E4/96
1.

SOIL CLASSIFICATION UNITt
Rock.

2.

CORRELATION WITH SOILS OF AFRICAt

3.

CORRELATION WITH 7th APPROXIMATION! Entic Grumustert.

4.

GEOLOGY AND PARENT MATERIAL! Marls of Kalambaina deposits (lO)
including colluvium.

5.

Lithomorphic Vertisol on Calcareous
Lithomorphic Vertisol.

LAND FORM! Flat wide valleys without sediments (lll-2b), scarps

77=27:
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6.

RELIEF AND DRAINAGE! Normal to approximately flat;
moderately to somewhat imperfectly drained.

SYMBOL

7«

VEGETATION AND LAND U5Ei Heavy crop sequence, e.g. cotton,
Guinea corn. If natural, Acacia savanna'woodland.

8.

GENERAL DESCRIPTION1 A-C (R) profile in which the A horizon
is usually more than 60 in. thick, consisting of dark grayish
brown (2.5Y 4/2 - 10YR 3/2) little mottled clay (occasionally
dark brown (7»5"ni 3/2) in top). Friable when moist in top,
downwards firm clay, with coarse angular blocky to prismatic
structures, often showing slickensides, related to a selfmulching character. Free lime is usually found in lower parts.
The C layer consists of whitish, more or less weathered marl.

9.

CLAY PROPERTIES 1

B3, D2,
E2, El

(i) CEC of B and C horizons in mEq/lOO g clayt 50
(ii) Base saturation B+C horizon1 (iii) Minerals in the clay fraction 1 Poorly crystallized
kaolinite and much montmorillonite. This shows that a
considerable part of the clay fraction has a 2.1 lattice,
(iv) Silt/clay ratio in B and C horizons! (v) Natural clay/total clay ratio 1 surface layer! 50$
subsurface layer 1 40$
10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i)
(ii)
(iii)
(iv)
(vl
(vi)
(vii)
(viii)

CEC surface horizon in mEq/lOO g soil! 25-35 ("top 30 cm.)
Base saturation A horizon! 90-100$
K$ of adsorption complex in A horizon! 0*4-1*3
K$ of adsorption complex in B+C horizon! 8.0
Phosphate (Morgan test)! 2.2-3.3 (at surface 2*5)
Soluble phosphate (2N B^SO^)t IO5-I5O (120 at surface)
Organic" carbon! 0.75-0*55
Na $ of adsorption complex! A = 1*3-1*5
B = 2.0-5*3
(ix) pH {KCl}1 6.4-7.4
(x) pH CH205* 7'4-more than 8*7
(xi) Electrical conductivity! 0*3-0.6
,\r~

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETCi

—_i

(i)
(ii)
.(iii)
(iv)
(v)
12.

—

Sorting characteristic - Silt/Clay in the top soili 40-80$
Sand sorting in profile! Permeability! Slow
Water-holding capacity! moderately high
Infiltration! slow

SUBDIVISIONS! -
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PROFILE C6/6lA

SYMBOL

1.

SOIL CLASSIFICATION UNIT»
on Crystalline Rock.

Litho and Topomorphic Vertisol

2.

CORRELATION WITH SOILS OF AFRICAt
depressions.

3.

CORRELATION WITH 7th APPROXIMATION1 Grumostert, Aerie
Grumaquert and possibly Haplaquoll.

4.

GEOLOGY AND PARENT MATERIAL1 Aplite, metagabbro and hornblende schist of the older basement complex (lA and IB).
Transitional soils may be on some rocks of the volcanic
series (3) and the most ferro 'magnesian rocks of the Gwarian
complex (2).

Vertisol of topographic

5.

LAND FORM1 Flat pediplain remnants (lV-4); some parts of
dissected pediplain (III-3) and headwater regions (IV-7).

6.

RELIEF AND DRAINAGE1
poorly drained.

7.

VEGETATION AND LAND USE 1
cultivated, a heavy crop
and rice is found. Bare
for the hydromorph soils

8.

GENERAL DESCRIPTIONt A (Cg) R profile with an A horizon
of very dark brown to nearly black colour and a sandy clay
loam to clay texture. Often common to distinct yellowish
red mottling is found. The structure is coarse angular
blocky to prismatic. Slickensides.

9.

CLAY PROPERTIES 1 (i)
(iij
(iii)
(iv)
(v)

10.

1A, IB,
3> 2
3, 2
IV-4,
III-3, IV-7

Flat or concavej moderately well to
Open grassy tree savanna* when
sequence with cotton,Guinea corn
spots similar to those described
on crystalline formations.

CEC of B and C horizons in mEq/lOO g clayi Base saturation B+C horizon» Minerals in the clay fraction! Silt/clay ratio in B and C horizons» Natural clay/total clay ratio» surface layer»
subsurface layer»

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS»
(i)
(ii}
(iii)
(iv)
(v)
(vi)

V2

CEC surface horizon in mEq/lOO g soil» Base saturation A horizon* Y$» of adsorption complex in A horizon» Kj£ of adsorption complex in B+C horizon» Phosphate (Morgan test)» Soluble phosphate (2N HgSO^» -

-

D2, C3,
E2
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(vii) Organic carboni (vidi) Na j5 of adsorption comp lex t
(ix) pH (KCl)! (xV pH (H20)t (xi) Electrical conductivity* 11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCi
(i)

12.

-

Sorting characteristic - Silt/Clay in the top soilt +
on surface horizon
~
Sand sorting in profile! Permeability! slow
Water-holding capacity! moderately high
Infiltration! slow

SUBDIVISIONSi

PROFILE F4/20

SYMBOL

1.

SOIL CLASSIFICATION UNIT!. Topomorphic Vertisol on Clayey
Riverine Sediments.

V3

2.

CORRELATION WITH SOILS OF AFRICA1
depressions.

3.

CORRELATION WITH 7th APPROXIMATION! Grumustert.

4.

GEOLOGY AND PARENT MATERIAL! Tungar Tudu clayey sediments
(21B)" derived from nearby calcareous Kalambaina deposits
(lO) and still enriched with their perennial groundwater.

21B

5.

LAND FORMi Extensive depressions (fossil floodplain) on
top of structural plateaux of limestone deposits or small
floodplains in valleys of this plateau (V-Il).

V-ll

6.

RELIEF AND DRAINAGE!

7.

VEGETATION AND LAND USE! Acacia forest and reeds (Typha)
occur on the shallow soils and in the low lying places
respectively. The remainder is under low grass or cropped
with cotton and Guinea corn. Local and government irrigation schemes troubled with lack of drainage in wet season
and salinity in dry season.

8.

GENERAL DESCRIPTION! A x (0-6 in.) Dark brown (lOYR 4/3) clay,
little if any mottling. Moderate to strong,' medium subangular
blocky to coarse crumbly. Moist, firm to friable| dry, very
hard. Transition clear. B-, (6-20 in.) Very dark gray brown
(2.5 Y 3/2), less commonly 2.JY 4/2 or 4/1. Clay or heavy
clay. Little if any mottling. Moderate to strong coarse

Vertisol of topographic

Flat to concave; poorly drained.
Gl, G3,
G4, (H2)
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prismatic. Clay skins faint to distinct, complete. Moist,
very firm; dry, very hard. Transitional gradual.
Bg (20 - + 50 in.) Very dark gray brown (2.5 Y 3/2) or dark
gray brown (2.5 Y 4/2) clay or heavy clay. In lower part
often common fine distinct mottles of brownish yellow.
Moderate coarse prismatic. Clay skins distinct and complete.
Slickensides complete and distinct. Few or common fine lime
concretions. Very firm.
C 1 (50-80 in.) Gray (10 YR 5/1) or similar, with mottling in
varying quantity, size, distinctness and colour (brown, red,
white). Texture varying from sandy clay loam to olay. Pieces
of snail shell and crystals of gypsum usually present.
CLAY PROPERTIES!
CEC of B and C horizons in mEq/lOO g clayi 80-70
Base saturation B+C horizont 85-100$
Minerals in the clay fraction» Poorly crystallized
kaolinite and some montmorillonite.
(iv} Silt/clay ratio in B and C horizons! 40-100$
(v) Natural clay/total clay ratiot surface layer! subsurface layer 1 10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i) CEC surface horizon in mEq/lOO g soilt A-l, 34; B-l,
40; B-2, 39.
(ii} Base saturation A horizont Bofo
(iii) K$ of adsorption complex in A horizon» 1.0
(iv^ Kj£ of adsorption complex in B+C horizon» 0.9
(vj Phosphate (Morgan test)t (vi)
(vii)
(viii)
(ix)
(x)
(xi)

Soluble phosphate (2N H SO )» 2
Organic carbon1 4
^
Na $ of adsorption complext A_ - 7j C » 4; B« - C = 6
I
pH (CI)» A = 5.5, B-C = 7.0 -7.5
pH (EUO)» A - 6.5, B-C • 8.0 - 8.5
Electrical conductivity! A = 1.2, Bj = 2.2, B-C = 6.0

H . PHYSICAL PROPERTIES IN RELATION TO ¥ATER MANAGEMENT. EROSION ETC»
Sand sorting in profile! Permeability» slow
Water-holding capacity» moderate to moderately high
(3-5 in. per ft)
(v) Infiltration» slow
12. SUBDIVISIONS»
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PROFILE E 4/82. E4/110

SYMBOL

1.

SOIL CLASSIFICATION TJNITi Topomorphic V e r t i s o l on Loamy
to Clayey Riverine Sediments*

2.

CORRELATION WITH SOILS OF AFRICAi
depressions.

3.

CORRELATION WITH 7th APPROXIMATIONt

4.

GEOLOGY AND PARENT MATERIAL! Tungan Tudu loamy to clayey
sediments derived from nearby calcareous Kalambaina deposits
(lO) and still being enriched with their perennial groundwater flow. Below this often a platy plinthite crust,
forming the capping of the Kalambaina deposits.

2 IB

LAND FORMi Extensive depressions (fossil floodplain) on top
of structural plateau of limestone deposits or small floodplains in valleys of this plateau.

V-ll

V4

Vertisol of topographic
Orumustertic Haplustalf.

6.

RELIEF AND DRAINAGE! Flat; poorly drained, shallowly submerged with rain water during rainy season.

7.

VEGETATION AND LAND USE1 Low trees (mainly Acacia) or dense
cover of low shrubs (mainly gumbi). Dry season cultivation
in many parts with heavy crop sequence of Guinea corn, wheat,
onions, rice, vegetables and cotton.

8.

GENERAL DESCRIPTIONt A (0-10 in.) Dark grayish brown
(10 YR 4/2). Sandy clay loam. Moderate medium, subangular
blocky to coarse crumbly. Dry, hardy moist, friable.
Transition gradual.
Bg (IO-25/35 in.) Dark brown (10 YR 3/3), less commonly
10 YR 3/2 or 5/3.' Clay loam or light clay (35-45 percent
clay). Moderate medium angular blocky, sometimes crumbly.
Clay skins absent, or faint and complete. Dry, slightly hard;
moist, friable to firm. Lime concretions common, fine,
commonly mycelium-like tissues.
R (>25-23 in.) Fossil indurated platy plinthite with CaC03
enrichment, or CaC03 and gypsum containing clayey to loamy
sediment.
CLAY PROPERTIES!
(i) CEC of B and C horizons in mEq/lOO g clay! 60
(ii) Base saturation B+C horizon! 100$
(iiij Minerals in the clay fraction! (iv) Silt/clay ratio in B and C horizons! 50$
(v) Natural clay/total clay ratio! surface layer!
subsurface layer!

40$

Gl, 3, 4,
F, D2 (E2)
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10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i)
(ii)
(iiii
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

$.0,

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETCt
(i)
(ii)
(iii)
(iy)
. (v)

12.

CEC surface horizon in mEq/lOO g soili 15-28 (22)
Bi 20-30 (24)
Base saturation A horizont 100$
Kjfi of adsorption complex in A horizont 0.6
KJ£ of adsorption complex in B+C horizont 0-5
Phosphate (Morgan test)t 2.7
Soluble phosphate (2N H^SO^)t 600
Organic carbont At 1-2J Bt 1.0
Na Jo of adsorption complex! At 2.0-3.0 Bt 2.0
pH (KCl)t At 7.0 - 7*5, Bt 8.0
pH (HgOjt At 7.0, Bt 8.0 - 8.5
Electrical conductivity! At 0.5» under cultivation
Bt 0.5

Sorting characteristic - Silt/Clay in the top soilt Sand sorting in profilet Permeability! slow
Water-holding capacity! moderate to moderately weak.
Infiltration! slow

SUBDIVISION!

-

PROFILE SR/17

SYMBOL

1.

SOIL CLASSIFICATION UNITt Topomorphic Vertisol on Lacustrine
Heavy Clayey Riverine Sediments.

V5

2.

CORRELATION WITH SOILS OF AFRICAt
depressions.

3.

CORRELATION WITH 7th APPROXIMATION
some Orumaquert.

4»

GEOLOGY AND PARENT MATERIAL 1 Lacustrine heavy clays of
Ambursa Central (20) enriched by groundwater from the
calcareous Kalambaina deposits (lO).

20

5.

LAND FORMt

V-7

6<

RELIEF AND DRAINAGEt Flat, (sometimes slight micro-relief
of gilgai)} somewhat imperfectly drained and subject to
flooding (3-4 ft depth).

Vertisol of topographic
Vertic Argiaquoll and

Former lacustrine flood basin (V-7).
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7.

VEGETATION AND LAND ÜSEi No trees or shrubs, except gumbi
locally; no termite mounds. Intensively used for agriculture. Partly irrigated by primitive calabash. Onions,
tobacco, wheat, vegetables (e.g. sweet potatoes) and rice*

8.

GENERAL DESCRIPTIONi A, (0-4 in.) Very dark gray (lOYR 3/l),
sometimes 10YR 4/1 or 3/2, heavy clay, with common fine
distinct mottles of yellowish brown. Moderate, medium subangular blocky, to coarse crumbly. Dry, hard or very hard.
Moist, friable. Transition gradual.
B 1 (4-12 in.) Very dark gray (lOYB 3/l) heavy clay, with
few fine faint mottles of reddish brown or similar. Moderate
coarse prismatic; slickensides distinct, complete. Clay
skins weak, broken. Dry, very hard; moist, very firm.
Transition gradual.
B2 12-30 in. (or up to 40 in.) Very dark gray (2.5YR 3/l)
sometimes 2.5YR or 5YR 4/1, 4/0 or 3/2, heavy clay with few,
if any mottles of yellowish brown - olive yellow. Moderate
coarse prismatic, clay skins distinct complete. Slickensides
prominent, complete. Concretions of CaCO-j few to common,
fine. Sometimes a few manganese concretions. Dry, very
hard; moist, very firm.
Bj 30-40 in. (or 40-70 in.) Dark gray (N 4/0) or gray
(N 5/0) with few to common fine fain mottles of Lt. olive
brown or similar. Sandy d a y loam to clay, sometimes heavy
clay. Weak ooarse angular blocky, d a y skins faint,
slickensides absent or faint to distinct, depending on
texture. Moist, friable to firm. Common fine lime ooncretions.
Transition dear*
C.Cg eto. over 40 in. (or deeper than 70 in.) Very pale brown
(to YR 7/3) or light olive brown. Sand, single grains. Moist
or wet, loose. In the relative shallow profiles there may be
a weak B ^ in the C horizon.

9.

CLAY PROPERTIES!

-

(i) CEC of B and C horizons in mEq/lOO g clays 50-55
(ii) Base saturation B+C horizont 90-100$
(iii; Minerals in the clay fractions Poorly crystallized
kaolinite and some montmorillonite
(iv} Silt/clay ratio in B and C horizons 1 10-20$
(v) Natural clay/total clay ratio 1 surface layer1 subsurface layer1 50$
10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS 1
(i)
(iii
(iv
(v)

CEC surface horizon in mEq/lOO g soil« At 42, B 1 # 42,
B2* 43» B y + 20
Base saturation A horizont 80-90$
K$ of adsorption complex in A horizont 1.4
K$ of adsorption complex in B+C horizont 1.0
Phosphate (Morgan test)t A - Bt + 5

SYMBOL
04, (F)
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Soluble phosphate (2N HgSO.)t A - Bi + 400
Organic carbon! At 1*7, B]_i 1.4, % ! 0.8
Na $ of adsorption complext Ail.5, B-Ct 1.3-2.0
pH (KCl)i A15.O, B-Ci 6.0-7.0
pH (H20)i A16.O, B-Cl 7.0-8.0
Electrical conductivity! A1O.5, BiO.5-1.0, C up to 4.0
11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION. ETCi
(i)
(iil
(iii)
(iv)
(v)

12.

Sorting characteristic Sand sorting in profiles
Permeability! very slow
Water-holding capaoityt
(3-5 in./2 ft)
Infiltration 1 very slow

SUBDIVISIONS!

Silt/Clay in the top soili (0.04 in./hour)
moderate to moderately high
« 0 . 0 4 in./hr.)

-

PROFILE -

SYMBOL'

1.

SOIL CLASSIFICATION UNITi Topomorphio Vertisol on
Lacustrine Heavy Clay or Riverine Sediments. Shallow
phase.

V6

2.

CORRELATION WITH SOILS OF AFRICA!
depressions.

3.

CORRELATION WITH 7th APPROXIMATION!
(possibly Fragiaquoll).

4.

GEOLOGY AND PARENT MATERIAL! Shallow layer of lacustrine
heavy clay of Ambursa Central deposits (20), enriched by
groundwater from the calcareous Kalambaina deposits (lO),
overlying fluviatile sands of Argungu Floe (l8).

20
Ï8"

5.

LAND FORM!

V-7

6.

RELIEF AND DRAINAGE! Flat; somewhat imperfectly drained.
Regularly flooded to 2-3 ft depth.

7.

VEGETATION AND LAND USEl

8.

GENERAL DESCRIPTION! Top soil (Ax, AB X ) as for the V-5
unit. B2 relatively thin, B3 thin or absent. Within 28 in.
depth, a thin Agi (± 5 in.) of very pale brown, 10 YR 7/3,

Vertisol of topographio
Vertic Argiaquoll

Former lacustrine flood basin. (V-7).

See soil type V-5.

G4 (F)
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sand. Weakly coherent massive or single grains. Dry, soft}
moist, very friable. Transition d e a r or abrupt. A thick
Bpv (+ 20 in.) of yellowish brown, or similar colour, sandy
loam or sandy olay loam, weak coarse angular "blocky, with
olay skins. Dry, very hard) moist, friable. Lime concretions
present. Belowi C p Co, C, etc. of very pale brown or
yellowish brown sand. Single grains. Moist, very friable to
loose.
9.

CLAY PROPERTIES t
(l)
(ii)
(iii)
(iv)
(v;

10.

CEC of B and C horizons in mEq/lOO g clayi 50-55
Base saturation B+C horizont 90-100$
Minerals in the olay fractiont Silt/clay ratio in B and C horizonst more than 10$
Natural clay/total clay ratiot surface layert subsurface layert -

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS 1
(i)
(ii)
(iii)
(iv)
(vi
(vi)
(vii)
(vili)
(ix)
(xj
(xi)

CEC surface horizon in mEq/lOO g soilt At 40, B,1 40,
B2t 40, B ^ t 4-12
Base saturation A horizont 80-90$
K$ of adsorption complex in A horizont 1*5
K$ of adsorption complex in B+C horizont 1.0
Phosphate (Morgan test)t Probably high
Solüble phosphate (2N ^ S O ^ t Probably high
Organic carbont Na $ of adsorption complext 1.5-2.0
pH (KCl)t At5.0, B-Ct 6.O-7.O
pH (HgOjt At6.0, B-Ct 7.0-8.0
Electrical conduotivityt -

A
11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETCt
(ij Sorting characteristic - Silt/Clay in the top soilt
(ii) Sand sorting in profilet (iiij Permeabilityt very slow (0.04 in./hour)
(iv) Water-holding capacityt moderate (3-4 in./2 ft)
(v) Infiltrationt very slow (less than 0.04 in./hr.)

12.

SUBDIVISIONSt

-

PROFILE BX7, SKI6
1.
2.

-

SYMBOL

SOIL CLASSIFICATION UNITt Vertisolio Hydromorphis Soil
on Sandy Clay to Clay of Lacustrine Sediments.
CORRELATION WITH SOILS OF AFRICAt
Hydromorphic soil 2.

Vertisol of mineral

VH1
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3.

CORRELATION WITH 7th APPROXIMATIONI

4.

GEOLOGY AND PARENT MATERIAL! Lacustrine sandy clays to
clays of Ambursa-Centfal (20).

20

LAND FORM» Extensive former lacustrine flood basin (V-7),
or low strips within tree covered or floe-like stretches.

V-7

5.

Vertic Ochraqualf.

6.

RELIEF AND DRAINAGEt Flat} imperfectly drained.
yearly to about 2-3 ft deep.

7.

VEGETATION AND LAND USEi No trees or shrubs, no termite
mounds. All used for rice cultivation; fallow vegetation
consists of tall grasses or wild rice.

8.

GENERAL DESCRIPTIONt A x (0-8 in.) Dark grayish brown
(10 YR 4/2), less commonly 10 YR 3/l> with common fine
distinct mottles of yellowish red sandy clay or clay.
Moderate medium to coarse subangular blocky. Dry, very
hard. Transition clear.
B, (8-22 in.) Gray (lOYR 5/1) or gray brown (lOYR 5/2)
with common fine faint mottles of yellowish brown to strong
brown. Clay or heavy sandy clay. Moderate very ooarse
prismatic, olay skins faint or distinct, complete. Slickensides absent or weak and broken. Dry, very hard} moist,
very firm. Transition gradual.
Bp (22-36 in.) Colour as for B 1 with many fine distinct mottles
of strong brown. Heavy sandy olay loam to clay. Weak or
moderate coarse angular blocky, clay skins faint to distinct,
slickensides faint or distinct, complete. Moist, firm or very
firm; dry, very hard. A few manganese concretions may be
present.
B, (36-48 in.) Gray (10 YR 6/l less commonly 5/l), with common
medium sized distinct mottles of reddish yellow or similar
oolour. Texture varying from light sandy loam to light sandy
clay. Weak coarse angular blocky or prismatic. Clay skins
weak, broken. Commonly a thin coating of bleached sand grains
on the peds.
Cl» C 2 (48 in. +- Very pale brown (lOYR 7/6 or 8/3) with or
without mottling. Sand, single grains. Moist, very friable
or loose. If profile is relatively shallow, then a B21 may
occur in the C, but little pronounced.

9.

CLAY PROPERTIESt
(i)
(ii)
(iii)
(iv)
(v)

SYMBOL

Flooded

-

CEC of B and C horizons in mEq/lOO g .clay« 38
Base saturation B+C horizont 85$
Minerals in the clay fractions Poorly crystallized
kaolinite and some iron oxide,
Silt/clay ratio in B and C horizons» 30$
Natural clay/total clay ratio 1 surface layer» 40$
subsurface layer» 60fo

Gl, G3, G4
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10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i)
(ii)
(iii)
(ivl
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

PHYSICAL PROPERTIES IN RELATION TO VATER MANAGEMENT. EROSION. ETCt
(i)
(ii)
(iii)
(iv)
(v)

12.

CEC surface horizon in mEq/lOO g soil» 19 (23 in B,)
Base saturation B+C horizont 75$
K$ of adsorption complex in A horizont 2.5
KJ» of adsorption complex in B+C horizon» 1.5-2.0
Phosphate (Morgan test)» At 0.5, B-Ct 0.5
Soluble phosphate (2N H-SO,)t At 34, B-C« 14
Organic carbon» A» 1.7, BÏ 0.7, Bg-C» 0.4
Na fo of adsorption complex» At 5.6. B,» 5.0, B--C» 4.0
pH (KCl)» A»4.0, B-C» 4.5-6.0 (5.O)
pH (B^O)» At 5«0-5^5» B-Ct 5*5-7.0 (6.5)
Electrical conductivity» At 0.3, B,t 0.2, Bg-Ct 0.2

Sorting characteristic - Silt/Clay in the top soilt Sand sorting in profile» Permeability» slow (O.O4-O.8 in./hr.)
Vater-holding capacity» Moderately high (4-5 in./2 ft)
Infiltration» slow (0.04-0.2 in./hr)

SUBDIVISIONS t -..

PROFILE BK/21

SYMBOL

1.

SOIL CLASSIFICATION UNIT» Vertisolic Hydromorphic Soil on
Sandy Clay to Clay of Lacustrine Sediments, shallow phase.

VH2

2.

CORRELATION WITH SOILS OF AFRICA»
hydromorphic soil.

3.

CORRELATION WITH 7th APPROXIMATION»
possibly Fragia quoll).

4.

GEOLOGY AND PARENT MATERIAL» Lacustrine sandy clay and
clay of Ambursa Central (20) over fluviatile sands of
Argungu Floe (18).

20
IB"

5«

LAND FORMt Relatively high parts of former laoustrine
flood basin.

V-7

6.

RELIEF AND DRAINAGE» Flat] imperfectly drained, flooded
yearly to 1-2 ft depth.

7.

VEGETATION AND LAND USE» No trees or shrubs but commonly
very low (deserted ?) termite mounds. Cultivated with
rice, with relatively much under fallow of grasses and
tall herbs. .

Vertisol or mineral
Mollic Ochraqualf (or

Gl, G3>
G4
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GENERAL DESCRIPTIONi A (0-5 in.) Very dark gray (10 TH 3/l)
less commonly 10 YR 2/l1or 3/2, with common fine distinct mottles
of yellowish brown to yellowish red. Clay or heavy sandy olay.
Moderate medium to coarse subangular blocky. Dry, very hard.
Transition gradual.
B., (5-11 in.) very dark gray (10 TR 3/l) less commonly 10 YR 4/1
or 3/2 with many medium distinct mottles of yellowish red. Clay
or heavy sandy clay. Moderate coarse angular "blocky to prismatic.
Clay skins sandy clay. Moderate coarse angular blocky to prismatic.
Clay skins faint, broken. Dry, very hard• moist, very firm.
B2 .(11-26 in.) (sometimes absent) pale brown (10 YR 6/2) less
commonly 10 YR 3 A or 6/3, with many medium distinct mottles of
brownish yellow. Sandy loam to sandy clay loam. Weak to moderate
coarse prismatic. Clay skins weak to moderate, complete. Also
coating of bleached sand. Dry, very hard} moist, firm to very firm.
Transition d e a r to abrupt (but sometimes a transitional horizon,
B , about 5 in. thick, with weak prismatic structure and loamy sand
texture. A few manganese concretions may be present.
A* 2 (26-36 in.) Yellowish brown (10 YR 6/4) or very pale brown
(10 YR 7/4), sometimes 10 YR 7/1-7/2. Sand (0-5$ clay). Single
grains. Moist, very friable to loose) dry, soft. Transition clear
or abrupt.
B-L (36-46 in.) light brownish gray (10 YR 6/2) to yellowish brown
(10 YR 7/4) or intermediate, with common medium distinct mottling of
variable colour. Sandy loam or heavy loamy sand (8-20$ clay).
Massive or weak coarse angular blocky, to columnar. Moist, friable
to firm; dry, very hard. Sometimes subdivided when upper part
hardest.
C, (46 - > 7 6 in.) very pale brown (10 YR 7/4) or yellowish brown
(10 YR 5/8) Sandy (2$ clay) Single grains. Moist, very friable or
loose.
CLAY PROPERTIES 1
(i)
(ii)
(iii)
(iv)
(v)

CEC of B and C horizons in mEq/lOO g clays 38
Base saturation B+C horizoni 70-85$
Minerals in the clay fraction* Silt/clay ratio in B and C horizons! 20 - 40$
Natural clay/total clay ratio 1 surface layer 1 20$
subsurface layer 1 30-40$

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

CEC surface horizon in mEq/lOO g soili Ai 26, BJ^I 23,
B21 10, B 1 2 + 5
Base saturation A horizoni 70$
K$ of adsorption complex in A horizont 3*0
I^S of adsorption complex in B+C horizoni 3*0
Phosphate (Morgan test)i At 0.3, B-C 0.5
Soluble phosphate (2N HgSO^t At 16, B-Ct 10
Organic carbont At 1.7, Bi* 1*3
B2-Ct 0.2
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Li)
(vin)

Na ia of adsorption complex! At 2.5, B, t3«0, B ? i5.0, B 12 t6.5
Lx) pH (KCl)t A t 4.0, B-C i 4.O-7.O (5.5)
[x\
pH (HgOjt A t 5.0, B-C t 5-0-7-5 (6.5)

;tf

...

(xi) Electrical conductivity!

A! 0.4» B,! 0.3> Bgt 0.2, B..-! 0.3

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCi

12.

(i} Sorting characteristic - Silt/Clay in the top soil!
(ii^ Sand sorting in profile! (iii) Permeability1 moderate (0.8-2.5 in./hr)
(iv} Water-holding capacity! moderate (3-4 in. /2 ft)
(v) Infiltration! moderately slow (0.2-0.8 in./hr)
SUBDIVISIONS»

-

PROFILE AR1, BK37

SYMBOL

1.

SOIL CLASSIFICATION UNIT! Vertisolio Hydromorphic Soil on
Heavy Clay of Lacustrine Sediments«

VH3

2.

CORRELATION WITH SOILS OF AFRICA!
hydromorphic soil.

3.

CORRELATION WITH 7th APPROXIMATION1
and some Grumaquert.

4.

GEOLOGY AND PARENT MATERIAL! Lacustrine heavy clays of
Ambursa Central.

20

5«

LAND FORM! Lower parts, often more or less elongated, of
extensive former lacustrine flood "basin.

V-7

6.

RELIEF AND DRAINAGE! Flat; poorly drained, flooded yearly
to ahout 3-4 ft depth.

7.

VEGETATION AND LAND USEi No trees, shrubs (except gumbi
locally) or termite mounds. Rice cultivated, with fallow
of grasses or wild rice. At lowest parts short' grasses and
stolonic aquatic plants or rushes.

8.

GENERAL DESCRIPTION! A, (0-6 in.) very dark gray (10 YR 3/1)
or dark gray (10 YR 4/17, with common fine distinct mottles
of yellowish red. Heavy clay (70-90$) Moderate to strong,
medium to coarse subangular blocky. Dry, very hardj most
friable. Transition clear.
B, (6-22 in.) dark gray (10 YR 4/1) less commonly 10 YR 3/l>
5/1 or 4/2, with common fine distinct mottles of yellowish
brown, brown or similar colour. Heavy clay (70-90$).
Moderate, coarse to very coarse, prismatic. Clay skins faint
and broken. Slickensides faint and broken. Dry, very hard}
moist, very firm. Transition gradual.

Vertisol or Mineral
Vertimollic Ochraqualf

Gl, G3,
G4
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B2«(22-36 in.) Gray (lO YR 5/l), less commonly 10 YR 4/l, 4/2
or 5/2 with common medium faint to distinct mottles of yellowish
brown or similar colour. Heavy clay or clay. Weak to moderate
very coarse angular blocky to prismatic. Clay skins distinct,
sometimes faint, complete* Slickensides distinct, complete.
Moist, very firm; dry, very hard. Transition gradual. Sometimes
a few manganese concretions.
B22 (36-47 in.) gray (10 YR 5/0 or 5/l), less commonly 10 YR 4/1
or 6/1, with common to many, medium, faint to distinct mottles of
yellowish brown to strong brown. Sandy clay loam to heavy clay,
weak coarse angular blocky. Clay skins faint, complete.
Slickensides faint or distinct.
B3 (47-57 in. or to 70 in.) Qray (10 YR 5/0) or dark gray (lO YR 4/0),
less commonly 10 YR 5/l> 6/1 or even 7/2, common medium distinct
mottles of yellowish brown. Texture varying from sandy loam to clay.
Weak coarse angular blocky, to prismatic or massive. Clay skins
strong or faint, broken or complete. Slickensides absent or, where
clayey, up to distinct and complete. When prismatic, thin coatings
of bleached sand. Moist, friable to very firm, depending on texture.
Transition clear.
C
12 (over 57 i n # ) V e r y pale brown (10 YR 7/4) less commonly 10 YR 8/2,
sometimes with mottling. Sand. Single grains. Moist, very friable
or loose, or wet. In the relatively shallow profiles there may be
a faint B ^ in the C.
9.

CLAY PROPERTIESt
(i) CEC of B and C horizons in mEq/lOO g*clayi 33-37
(ii) Base saturation B+C horizont 85-95$
(iii) Minerals in the clay fraction! Poorly crystallized kaolinite
and some montmorillonite.
(iv) Silt/clay ratio in B and C horizons! 10 - 20$
(v) Natural clay/total clay ratio 1 surface layer 1 30$
subsurface layer 1 50$

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i) CEC surface horizon in mEq/lOO g soil! Ai31-24, B-,130-33,
Bgi 29(+lt), B3!25-8
(iij Base saturation A horizon! BOfo
(iiij K$ of adsorption complex in A horizon! 2.0 (3«4 d)
(iv) K$ of adsorption complex in B+C horizon» 2.0 (l.O d)
(vV Phosphate (Morgan test)! A! 0.7, B-C 0.8
(vi) Soluble phosphate (2N H2SO4)! Ai26, B-C 15
(vii) Organic carboni Ail.5. B^sl.l, Bg-Ctl.O to 0.2
(viii) Na $ of adsorption complex! A!2.5, Bj_!4.5, B2-Ci6.0 (9.0 d)
(ix) pH (KCl)! Ai4.0
(xj pH (HgO)! A!5.0
(xL) Electrical conductivity! A! 0.3, Bxi 0.3, B2-Ci0.3
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11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION,ETC»
(i} Sorting characteristic (ii) Sand sorting in profile!
(iii) Permeabilityi very slow
(iv) Water-holding capacityi
(v) Infiltration! very slow

12.

SUBDIVISIONS!

Silt/Clay in the top soili (0.04 in./hr)
moderately high (4-5 in./2ft)
(less than 0.04 in./hr)

-

PROFILE BK/38

SYMBOL

1.

SOIL CLASSIFICATION ÜNITi Vertisolic Hydromorphic Soil on
Heavy clay of Lacustrine Sediments, shallow phc.se.

VH4

2.

CORRELATION WITH SOILS OF AFRICA 1 Vertisol or mineral
hydromorphic soil.

3.

CORRELATION WITH 7th APPROXIMATION!
possibly Fragiaqualf.

4.

GEOLOGY AND PARENT MATERIAL! Lacustrine heavy clay or
Ambursa Central (20) over fluviatile sands of Argungu Floe
deposits (l8).

20
Ï8"

5.

LAND FORMi

V-7

6.

RELIEF AND DRAINAGE!
to 2 ft depth.

7.

VEGETATION AND LAND USE! No trees, shrubs or termite mounds.
Rice, or fallow of local short grasses, rushes or stolonic
aquatic plants.

8.

GENERAL DESCRIPTION! A, (0-4 in.) very dark gray (10 YR 3/l)
or dark gray (10 YR 4/lJ heavy clay. Common fine distinct
mottles of yellowish red. Moderate medium subangular
blocky. Dry, very hard. Transition clear.
B (sometimes thicken Bo of 4-18 in.) very dark gray (10 YR 3/l)
or very dark gray brown (10 YR 3/2) heavy clay with common fine
faint mottles of dark yellowish brown. Moderate, coarse
prismatic. Clay skins faint, broken. Slickensides faint,
complete. Moist, very firm: dry, very hard. Transition abrupt.
A L (18-22 in.) gray brown (10 YR 5/2) or pale brown (10 YR 6/3)
sSnd, sometimes mottled, massive, little cohesion. Dry, soft,
moist, very friable. Transition abrupt, irregular.

Vertimollio Ochraqualf,

Parts of forcer lacustrine flood basin.
Flat; poorly drained, flooded yearly

01, 03,
G4
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B- 2 (22-50 in.) gray (lO YR 5/2) or 10 YR 5/2 or 6/l, with common
dfstinot medium mottles of yellowish "brown (10 YR 5/4). Sandy loam
or sandy clay loam (10-30$ clay) Weak coarse angular blockly or
columnar. Clay skins weak, broken. Moist, friable to firm; dry
very hard to extremely hard. Transition clear.
C-, C 2 (50 in.) light gray (10 YR 6/l) very pale "brown (10 YR 7/3)
or yellowish brown(10 YR 5/6). Sand. Single grains. Moist, very
friable to loose; dry, soft.
9.

CLAY PROPERTIESi
(i)
(ii)
(iii)
(iv)
(v)

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i}
(ii)
(iii)
(iv)
(v^
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

CEC of B and C horizons in mEq/lOO g clayt + 40
Base saturation B+C horizont 80-90$
Minerals in the clay fraction! Silt/clay ratio in B and C horizons! 10-20$ in Bj_, 30$ in B 1 2
Natural clay/total d a y ratio 1 surface layer! subsurface layer! -

CEC surface horizon in mEq/lOO g soil! Ai33, B.13I, B,2i4-12
Base saturation A horizom 65-75$
K$ of adsorption complex in A horizon! 2.0
K$ of adsorption complex in B+C horizon! 2.0
Phosphate (Morgan test)! Soluble phosphate (2N ^804)1 Organic carboni Ai2.4, B,il.4
Na $ of adsorption complex! A O , B-, !5, B,?i5-40
pH (KCl)1 A14.O, B-Ci 5.O-7.O (5.57
pH (H20)i A!5.0, B-Ci 6.0-8.0 (6.5)
Electrical conductivity! AiO.4, B,i0.2, B 12 !0.2

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION,ETC!
(l)
(ii)
(iii)
(iv)
(v)

12.

Sorting characteristic - Silt/Clay in the top soil!
Sand sorting in profile! Permeability! slow (O.O4-O.8 in./hr)
Water-holding capacity! moderate (3-4 in./2 ft)
Infiltration! very slow (0.04-0.2 in./hr)

SUBDIVISIONS 1 -

PROFILB D7/l
1.

-

SOIL CLASSIFICATION UNIT! Semi-Hydromorphic Soil on
Crystalline Rock.

SYMBOL
HI
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CORRELATION WITH SOILS OF AFRICAt
soil.

Mineral hydromorphic

CORRELATION WITH 7th APPROXIMATION!
Argixeroll (Vetustalf).

SYMBOL

Argiustoll and

GEOLOGY AND PARENT MATERIALi Crystalline and metasediments
of Gwarian complex (2), igneous rocks and volcanic series
(3) and some parts of the older Gwarian basement complex
(I A and I B ) .

2,3
I A, IB

LAND FORMi

IV-4

Flat pediplain remnants.

RELIEF AND DRAINAGE! Very flat; poorly to imperfectly
drained, waterlogged . in the wet season. Sometimes called
fadana by local people, but not really flooded - only
temporarily submerged by rain water.
VEGETATION AND LAND USEi .Open park landscape of Lannea aoida
Acacia seyal tree savanna/with a dense mat of Loudetia as
ground vegetation. Cultivated areas under a heavy crop
sequence of cotton, Guinea corn and sometimes rice. Bare or
nearly bare spots, several metres in diamet'er| which appear
on aerial photographs are typical of the area and are caused
by black ants bringing up the subsoil and killing the
vegetation. In cultivated areas these spots can be recognized
by the difference in soil colour and by crop failure. Similar,
less distinct, spots are also seen on yellowish brown ferruginous soils.

C3

GENERAL DESCRIPTION! A - Bg (C ) and R profiles! The A horizon
has usually a "mollic" character and is usually 6-20 in. thick
with a very dark grayish brown to dark brown colour. The structure,
however, is not very "mollic". It is very fine to fine sandy loam
(occasionally loamy sand), with angular blocky to prismatic and
platy structure at the surface. Sometimes contain clear to
distinct yellowish red mottles. The B horizon has a mottled,
gray, grayish brown to pale brown colour, its texture is fine to
medium sandy loam to sandy clay loam, with a coarse angular
blocky to prismatic structure. Free lime may be present.
The C has the same grayish colour as the B, but is usually absent,
the B directly overlying R. The R is a more or less weathered
crystalline rock ranging from 20-40 in. but occasionally goes much
deeper on shales and is often also much shallower. Under the
shallower soils, the weathered layer may have the character of
indurated plinthite. Angular quartz gravel as remnants of quartz
veins is often present there. In the white spots, yellowish
brown soil colours have been measured. After the full restablishment of vegetation on such spots, a thin 3 in. layer of very dark
gray A horizon has been found (D7/2). Texture and pH in the white
spots varies widely depending on the character of the subsoil.
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CLAY PROPERTIES!
CEC of B and C horizons in mEq/lOO g clayi 25-67 generally> 35
Base saturation B+C horizont 70-100$
Minerals in the clay fractioni Poorly crystallized kaolinite
and some montmorillonite
Silt/clay ratio in B and C horizons: + 50$ - 170$
Natural clay/total clay ratios surface layert 31$
subsurface layert 25-35$
10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS »
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

CEC surface horizon in mEq/lOO g soil» 4.O-I4.O
Base saturation A horizon 1 5°-80$
K$ of adsorption complex in A horizont 1.5-3«5
K$ of adsorption complex in B+C horizont 1.3-5*2
Phosphate (Morgan test)» 2.6-5.9
Soluble phosphate ^ N H g S O ^ t 350-820?
Organic carbon» Na $ of adsorption complex» 1.1-7.3
pH (KCl)1 3.6-6.6
pH (HgO)« 4*9-8.0
Electrial conductivity» 0.1-1.4

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETC»
(i) Sorting characteristic - Silt/Clay in the top soil»
50-180$ (usually more than 100$)
(ii) Sand sorting in profile* (iii) Permeability* slow to moderate
(iv) Water-holding capacity» low to moderate (2-4 in./2ft)
(v) Infiltration» moderate to slow

12.

SUBDIVISIONS»

-

PROFILE BK49, BK39

SYMBOL

1.

SOIL CLASSIFICATION UNIT« Eutrophic Hydromorphic Soil on
Sandy Clay Loam of Riverine and Lacustrine Sediments.

2.

CORRELATION WITH SOILS OF AFRICA»

3.

CORRELATION WITH 7th APPROXIMATION»
Ochraqualf.

4.

GEOLOGY AND PARENT MATERIAL» Lacustrine sediments of
Ambursa-Central (2o) over fluviatile sediments of ArgunguFloe deposits (l8).

H2

Mineral hydromorphic soil.
Normustalfic Mollic
20
Ï8"
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5«

LAND FORM» Lower part of broad ridges around floe-like
high patches, or slightly raised patches within extensive
former lacustrine flood basins (V-7).

6.

RELIEF AND DRAINAGE» Flat; moderately well (to somewhat
imperfectly) drained. Flooded yearly with about 1-2 ft
river water.

7.

VEGETATION AND LAND USEt No trees or shrubs. Rice, or
fallow after rice consisting of tall grasses. Surface may
be somewhat sealed.

8.

GENERAL DESCRIPTION»
A (0-7 in) Very dark gray (10 YR o/l),
less commonly dark gray (lOYR 4/l) or very dark grayish
brown (lOYR 3/2). Light sandy clay loam to light sandy clay.
Common fine faint distinct mottles of dark yellowish brown
or other colour. Weak or moderate medium subangular blocky.
Dry, hard; moist, friable. Transition clear.
Bp or B 2 1 (8-17 in) Gray (lOYR 5/1) less commonly gray
brown t l ° Y R 5/2)« Heavy sandy loam to light sandy clay.
Common medium distinct mottles of yellowish brown to strong
brown. Weak or moderate coarse prismatic (rarely angular
blocky, or columnar). Clay skins (darker coloured) faint
to distinct, broken to complete. Dry, hard or very hard;
moist, firm. Transition gradual.
E
22 (1?"'39' i n ) P r e s e n t o n l y i n t n e profiles with thicker
layer of lacustrine sediments» Light gray (lOYR 6/l).
Heavy sandy loam to sandy clay loam. Many medium distinct
mottles of strong-brown to brownish yellow. Moderate very
coarse prismatic, with distinct and complete coatings of
darker clay + bleached sand. Dry, very hard; moist, firm.
B-, (17-27 in) (Where B 2 2 , from 39-52 in or absent) Pale brown
(10YR 6/3) loamy sand or sand, with many, medium, distinct
mottle3 of strong brown-brownish yellow. Massive to weak,
coarse angular blocky or prismatic. Coatings of clay +
bleached sand, faint and broken, if any. Moist, friable to
very friable; dry, slightly hard.
C
l ' C 2 ' C 3 (27 i n + ° r -*2 i n +^ V e r y p a l e b r o w n (10YR 7/4-8/4)
with mottles in variable strength of strong brown-brownish
yellow (sometimes sand forming the matrix). Single grains or
weakly coherent massive. Moist, very friable or loose. In the
shallow profiles a B2 of loamy sand may occur within the C,
massive or weak coarse angular blocky, dry hard.

9.

CLAY PROPERTIES»
(i)
(ii)
(iii)
(iv)
(v)

CEC surface horizon in mEq/lOO
Base saturation A horizon» 75-95$
Minerals in the clay fraction« Silt/clay ratio in B and C horizons» 30-40$
Natural clay/total clay ratio» surface layer» 20$
subsurface layer» 20-30$

SYMBOL
V-7

01, G3, G4
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10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

CEC surface horizon in mEq/lOO g soili 10-15
Base saturation A horizont 65180$
Y$ of adsorption complex in A horizont 3.0-4.0
K9S of adsorption complex in B+C horizont 2.0
Phosphate (Morgan test)t At0.4, B+Ct0.6
Soluble phosphate (2N RgSO^,) t At20, B+Ct5
Organic carbont At2.2, B21 + B 2 2 + C J 0 . 1 0
Na fo of adsorption complext At3.0-4.0, Bt5«0
pH (KCl)t Ai4.0, B-C14.5-6.0 (5.5)
pH (HgOjt A15.O, B-Ct5.5-7.0 (6.5)
Electrical conductivityt AtO.2-0.4» B+CtO.2-0.3

11. PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCt
(i)
(ii)
(iii)
(iv)
(v)
12.

Sorting characteristic - Silt/Clay in the top soilt Sand sorting in profilet Permeabilityt moderate (0.8-2.6 in/hr)
Water-holding capacityt moderately high (4*5 in/2 ft)
Infiltrationt moderate (0.8-2.5 in/hr)

SUBDIVISIONSt

-

PROFILE BK48, (AR12)

SYMBOL

1.

SOIL CLASSIFICATION UNITt
Clay of Riverine.

Eutrophic Hydromorphic Soil on

H3

2.

CORRELATION WITH SOILS OF AFRICAt
soil.

3.

CORRELATION WITH 7th APPROXIMATION! Normustalfic Mollic
and Natric Ochraqualf.

4.

GEOLOGY AND PARENT MATERIALt Fluviatile clay loams to
clays of Diggi Park (19) and Argungu Floe (l8)./

19, 18

5.

LAND FORMt Main flood plains of old braiding to meandering
river system.

VI, V2,
V8

6.

RELIEF AND DRAINAGEt Flat; poorly to relatively well
drained, flooded yearly 1-2 ft.

7.

VEGETATION AND LAND USEt Rare low trees or shrubs, and
rare low termite mounds. Agriculture, rice, with rather
much under fallow of tall grasses and tall herbs.

Mineral Hydromorphic

Gl, G3,
G4
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8.

GENERAL DESCRIPTIONt A* (0-6 in) dark gray (10 TR 4/l) less
commonly 10 TR 3/1-3/2-%/2.
Clay, to heavy clay. Common fine
or medium distinct mottles of yellowish brown or similar colour.
Moderate coarse subangular blocky structure. Dry, very hard.
Transition gradual.
B. (6-24 in) very dark gray (10 TR 3/l) clay, with common fine
faint mottles of brown or similar colour. Moderate coarse
prismatic (composed of medium subangular blocks), with weak to
moderate complete d a y skins and weak broken slickensides. Dry,
very hard) moist, very firm. Transition gradual.
B 2 (24-44 in) Dark gray (10 TR 4/l) or gray (10 TR 5/l) clay with
common fine distinct mottles of yellowish brown or brownish yellow.
Moderate coarse angular blocky, sometimes prismatic. Clay skins
moderate, broken to complete) slickensides weak to moderate, and
broken to complete.
Moist, very firm; dry, very hard.
B, (44-60 in) gray (10 TR 6/l) sometimes 5»1» Clay loam or light
clay with many medium distinct mottles of strong brown. Veak coarse
angular blocky, with weak to distinct, broken to complete coatings
of d a y and sometimes of bleached sand when prismatic. Sliokensides
absent or weak and broken. Transition clear to abrupt, sometimes few
to common fine micas present. Sometimes a few manganese concretions
^OT
mottles.
J ^ C 1 2 (6C—7O in) very pale brown (10 TR 7/3) or similar colours. Loamy
sand or sand with or without mottling. Weakly coherent massive or
single grains. Moist, very friable to loose.

9.

CLAT PROPERTIESi
(i) CEC of B and C horizons in mEq/lOO g clayt 42
(ii) Base saturation B+C horizont 90jS
(ii*i) Minerals in the clay fractions Poorly crystallized kaolinite
and some iron oxides
(iv} Silt/clay ratio in B and C horizonst 50$
(v) Natural clay/total clay ratios surface layers 30$
subsurface layers 40j£

10.

CHEMICAL PROPERTIES AND OTHER FERTILITT FACTORSt
(i} CEC surface horizon in mEq/lOO g soils 20
(ii) Base saturation A horizons 90$
(iii) K# of adsorption complex in A horizons 2.0-2.5
(iv) K$ of adsorption complex in B+C horizons 1.0
(v) Phosphate (Morgan test)s As. 0.6
(vi) Soluble phosphate (2N HgSO^)s As 22, B^rf, B2-CS5
(vii} Organic carbons As 1.7, B^sl.O, Bo-CsO.8-0.1
(viii) Na j6 of adsorption oomplexs Als4«0, B1s6.0, B2-CS8.O
up to 30
(ix) pH (KCl)s As 4.0
(x) pH (H20)s As 5.0, B-Cs 5.5-8.5 (7.0)
(xi) Electrical conductivitys As0.2 B^O.3 B ^ C s O O

- 158 -

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETCt
(i)
(ii)
(iii)
(iv)
(v)

12.

Sorting characteristic - Silt/Clay in the top soil»
Sand sorting in profiles Permeahilityt very slow (0.04 in/h 2 )
Water-holding capacityi low (2-3 in/2 ft)
Infiltration» very slow(0.04 in/hr).

SUBDIVISIONS»

-

-

PROFILE C3/39

SYMBOL

1.

SOIL CLASSIFICATION UNIT» Mesotrophic'Hydromorphic Soil, on
Very fine Sandy Loam to Clay-loam of Riverine Sediments.

R*4

2.

CORRELATION WITH SOILS OF AFRICA»

3.

CORRELATION WITH 7th APPROXIMATION»

4.

GEOLOGY AND PARENT MATERIAL» Very fine or fine, sandy loams
to clay loams of old riverine alluvium of Bagudo deposits
(17 B ) .

17 B

5«

LAND FORM»
system.

V-l, V-8

6.

RELIEF AND DRAINAGE» Flat; poorly to imperfectly drained,
just not or only shallowly and briefly flooded, mainly with
rain water.

7.

VEGETATION AND LAND USE» Acacia savanna'woodland and riverine
woodlands etc. with many species of tall trees, and shrubs
often clustered on top of tall active termite mounds or around
eroding termite mounds, surface vegetation of short grasses,
some tufted. Slightly raised patches may be in Guinea corn,
elsewhere some rice cultivation. Surface strongly sealed,
except on raised patches.

8.

GENERAL DESCRIPTION» A, (0-8 in) gray brown (10 YR 5/2), less
commonly 10 YR 4/2 or 3/2. Very fine sandy loam, less
commonly clay loam or loamy sand. Structures medium moderate
subangular blocky. Moist, friable; dry, hard. Transition clear.
B~ (8-30 in) Light brownish gray (10 YR 6/2), less commonly
10 YR or 5/3 or 6/3-5/2. Clay loam, less commonly very fine
sandy loam or clay. Common medium distinot mottles of yellowish
brown - yellowish red. Moderate medium angular to subangular
blocky. In lower part faint to distinct complete clay skins; in
upper part they are faint and patchy. Moist, firm; dry, very
hard. Manganese concretions, commonly present.

Mineral hydromorphic soil.
Vetustalfio Ochr'aqualf.
t

Low terrace of older sub-recent braiding river

F, El, E2,
E3, D2,
B3
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B, (30-40 in) Transitional horizon, with less structure.
C 1 (40 in +) Pale or very pale "brown, very fine sandy clay loam,
less commonly clay or sandy loam. Mottles of varying colour and
intensity. Massive or weak angular "block structure.
CLAY PROPERTIES!

(iv)
(v)
10.

CHEMICAL PROPERTIES AMD OTHER FACTORS!
(i}
(ii)
(iiil
(ivl
(v)
(vi)
(viij
(viii}
(ix)
(x)
(xL)

11.

CEC surface horizon in mEq/lOO g soil! 5-15
Base saturation A horizon! 4O-807S
Y$> of adsorption complex in A horizon! 4*0 (2.0-8.5)
KJJ of adsorption complex in B+C horizont 3»0 (1.0-7.0)
Phosphate (Morgan test)t Soluble phosphate (2N HgSO.)t Organic carbont -?
Ha i» of adsorption complext As4.0, Bt5(4«13)
pH (KCl)t At4»5(up to 7*0), Bt4»5(up to 7.5)
pH (HgOjt At5.5(up to 8.0), Bt5.5(up to 8.5)
Electrical conduotivityt At0.2(up to 2.0), Bt0.l(up to 1.0)

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCi
(i^
(iij
(iii)
(iv)
(v)

12.

CEC of B and C horizons in mEq/lOO g clayi 20-35
Base saturation B+C horizont 40-100JÉ
Minerals in the clay fraction 1 Poorly crystallized
kaolinite and some iron oxides
Silt/clay ratio in B and C horizons 1 5O-8OJ6
Natural clay/total clay ratios surface layer1 subsurface layert -

Sorting characteristic - Silt/Clay in the top soil!
Sand sorting in profiles Permeability! moderate
Water-holding capacity! moderate
Infiltration! moderate

SUBDIVISIONSt

-

-

PROFILE BK/57

SYMBOL

1.

SOIL CLASSIFICATION UNITt Strongly Bleached Hydromorphic
Soil on Sandy Riverine Sediments.

2.

CORRELATION WITH SOILS OF AFRICA1

3.

CORRELATION WITH 7th APPROXIMATIONt

4.

GEOLOGY AND PARENT MATERIALt

HS1

Mineral Hydromorphic Soil
Aquipsamment.

Fluviatile sandy deposits.

17B
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5.

LATO) FORMi Elongated depressed parts (with braiding
pattern) of low terrace of older subrecent braiding
river system.

SYMBOL
7-1

6.

RELIEF AM) DRAINAGEi Concave} imperfectly drained,
shallowly flooded with rainwater or groundwater.

7.

VEGETATION AND LAND USE I Mostly many trees and palms
(Borassus). Cassava planted looally.

8.

GENERAL DESCRIPTION! A
(0-2 in) very dark gray brown
(10YR 3/2) fine sand. " W e a k crumbs. Moist, very
friable; dry. soft. Transitional d e a r .
Ajo (2-15 in) gray brown (lOTR 5/2) fine sand, with some
moftling of yellow red. Single grains, or weak medium
subangular blocky. Moist, very friable} dry, soft.
Transition clear. Sometimes a transitional horizon with
yellowish brown (10 YR 5/4-5/6) colours and mottling of
light gray to white (lOTR 7/2-8/2). Fine sand. Single
grains.
Ag (15-60 in) Moist, very friable to loose. White (lOTR 8/2)
medium to fine sand. Single grains.

9.

CLAY PROPERTIESt
(i)
CEC of B and C horizons in mEq/lOO g clayt (ii) Base saturation B+C horizont (iii; Minerals in the clay fractions (iv) Silt/clay ratio in B and C horizonst
(v) Natural clay/total clay ratios surface layers
subsurface layers

10.

F, D2, E2

-

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(i) CEC surface horizon in mEq/lOO g soils (ii) Base saturation A horizons (iii) K$é of adsorption complex in A horizons (iv) Kj£ of adsorption complex in B+C horizons (vj Phosphate (Morgan test)s (vi) Soluble phosphate (2N H-SO.)* (viij Organic carbons (viii) NA i» of adsorption complex» (ix) pH (ZCl)s (x)

(xi)
U.

pH

(ILJOJS

-

Electrical conductivity»

As 0.3 or more, A_s 0.1 or more

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETCs
(i) Sorting characteristic - Silt/Clay in the top soils (ii) Sand sorting in profiles (iii) Permeabilitys very rapid (over 5 in/hr)
(iv) Water-holding capacitys very low (less than 2 in/2 ft)
(v) Infiltrations very rapid (more than 10 in/hr)

12. SUBDIVISIONSs -
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PROFILE BK/2

SYMBOL

1.

SOIL CLASSIFICATION ÜNITs Weakly Bleached Hydromorphic
Soil on Sand or Loamy Sand of Riverine Sediments.

2.

CORRELATION WITH SOILS OF AFRICAi
Soil.

3.

CORRELATION WITH 7th APPROXIMATIONi

4.

GEOLOGY AND PARENT MATERIALi
Floe deposits.

Mineral Hydromorphic.

Aerie Aq.uipsamment.

Fluviatile sands of Argungu

5.

LAND FORMi Rather high separate patches and shallow gullies
of non-flooded main level of floe terrace.

6.

RELIEF AND DRAINAGE! Subnormal (often with distinct mesorelief)| moderately well drained, very shallowly and briefly
flooded to a depth not exceeding 1 ft.

7.

VEGETATION AND LAND USEi Common to few trees, palm (Borassus.
Hyphaene) and shrubs. No, or rare and low, termite mounds.
Only lower parts in use for rice but not intensively.

8.

GENERAL DESCRIPTIONt A, (O-IO in) Very dark grayish brown,
to grayish brown (10YR 3/2-5/2) sand, loamy sand or light
sandy loam, with few to common, fine and faint mottles of
brown to strong brown (7«5YB 5/4-5/6)« Weak, coarse subangular blocky. Dry, slightly hard; moist, very friable.
Dry. slightly hard; moist, very friable.
BTX/(10-26 in) Brown to pale brown (lOYR 5/3-6/3) sand or
loamy sand, with common medium faint mottles of strong brown
or yellowish brown (7»5YR or 10YR,^5/6). Weakly coherent
massive to weak coarse subangulas, blocky* Dry, slightly hard
to hard; moist very friable. —'•**
Alp (26-44 in) (Not in the higher situated profiles) Very
pale brown (lOYR 7/4 - 8/3) sand (0.5$ clay) sometimes with
some mottling, as above. Weakly coherent massive or single
grains. Moist very friable to loose; dry, soft to slightly
hard.
Big (44-64 in) (Not in the higher situated profiles). Grayish
brown to yellowish brown (lOYR 5/2-5/4) or light brownish
gray to light yellowish brown (lOYR 6/2-6/4) sand or loamy
sand (2-12Jfe). Massive, sometimes weak coarse angular blocky.
Dry, hard; moist, friable consistence.
C, over 64 in (or over 26 in) very friable to loose sand of
variable colours, mostly very pale brown.

9.

CLAY PROPERTIESt
(i)
(ii)
(iii)
(iv)
(v)

HS2

CEC of B and C horizons in mEq/lOO g clayi Base saturation B+C horizons Minerals in the clay fractions
Silt/clay ratio in B and C horizonss less than 50$
Natural clay/total clay ratios surface layers 25$
subsurface layers 25$

18
V-2a

02, 03,
(G4)> (F)
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10.

CHEMICAL PROPERTIES ARP OTHER FERTILITY FACTORS!
(i) CEC surface horizon in mEq/lOO g soils (ii) Base saturation A horizont (iii) K$ of adsorption complex in A horizont (4*0)
(iv^ KJS of adsorption complex in B+C horizont (v) Phosphate (Morgan test)t At 0.7} B-Ct 0.4
(vi) Soluble phosphate (2N HgSO^)1 At 6} B-Ct 5
(viil Organic carbont At 0.3} B-Ct 0.2
(viii) Na # of adsorption complext A (3«0)
(ix) pH (KCl)t 4.O-6.O (4.5); B-Ct 4.5-6.0 (5.5)
(x) pH (HgOjt At 5.O-6.5 (5.5)} B-Ct 5.5-7.5 (6.5)
(xi) Electrical conductivityt At 0.3; B-Ct 0.3 (0.4 in B l 2 )

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETCt
(i) Sorting characteristic - Silt/clay in the top soilt (ii) Sand sorting in profilet (iiiJ Permeabilityt very rapid (more than 5 in/hr)
(ivl Water-holding capacityi very low to low (2-3 in/2ft)
(v) Infiltrationt very rapid (more than 10 in/hr)

12.

SUBDIVISIONSt

-

PROFILE Bg/23

SYMBOL

1.

SOIL CLASSIFICATION UNITt Weakly Bleached Hydromorphic
Soil on Sandy Loam of Riverine Sediments.

HS3

2.

CORRELATION WITH SOILS OF AFRICAt
Soil.

3.

CORRELATION WITH 7th APPROXIMATIONt

4.

GEOLOGY AND PARENT MATERIALt Fluviatile sands of Argungu
Floe (18), with superficial admixture of more or less
clayey sediment mainly of Ambursa Central deposits (20).

20
Ï8"

5.

LAND FOBMt Rather high separate patches or broad fringes
around floe-like high patches of flooded main level of Floe
terrace.

V-2b

6.

RELIEF AND DRAINAGEt Subnormal; moderately well drained.
Shallowly (1 ft) flooded.

7.

VEGETATION AND LAND USBt Rarely a low tree or shrub. Some
rice cultivated but predominantly in fallow of tall nontufted grasses and tall herbs.

Mineral Hydromorphic
Mollic Aerie Albaqualf.

G3 (G4)
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8.

GENERAL DESCRIPTIONt A, (0-8 in) (12 in when relatively sandy).
Very dark gray brown (lOYR 3/2), sometimes (lOYR 3/l or 4/2),
sand or loamy sand, with fev to common, fine and distinct mottles
of strong brown or similar colours. Weak to moderate medium subangular blocky. Dry, slightly hard; moist, friable. Transition
clear.
Ag (8-17 in) Brown (lOTR 5/3) sand or loamy sand, with common
medium distinct mottles of strong brown. Weak medium to coarse
subangular blocky structure. Dry slightly hard, moist friable.
Transition clear.
Bg (17-35 in) Gray, gray-brown or brown (lOTR 6/1-5/4) light sandy
loam to light sandy clay loam, with many medium distinct mottles of
variable colours. Weak, sometimes moderate coarse columnar, or
subangular to angular blocky. Clay-skins shiny to faint, broken.
Dry, very hard: moist, firm.
B3 (35-45 in) (A transitional horizon which occurs in some of the
profiles only). Very pale brown (lOTR 8/3) and similar colours,
with variable mottling. Sand. Porous massive, or weak coarse
subangular blocky. Dry, slightly hard to hard.
c
4 (45-65 in or 35-55 in) Very pale brown (lOTR 8/4 or similar)
or brownish yellow (lOYR 6/6) sand. Single grains. Moist,- loose
or very friable} dry, soft. Sometimes below this a Bgg horizon
occurs which is slightly less sandy, massive and hard when dry.

9.

CLAY PROPERTIESt
(i}'
(ii)
(iiiJ
(iv)
(v)

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS«
(i}
(ii)
(iii)
(ivj
(v)
(vi)
(vii^
(viii)
(ix)
(xj
(xi)

11.

CEC of. B and C horizons in mEq/lOO g clay« 35
Base saturation B+C horizont 75-100$
Minerals in the clay fraction« Silt/clay ratio in B and C horizons* 0-30$
Natural olay/total clay ratio« surface layer» 30$
subsurface layer« 40$

CEC surface horizon in mEq/lOO g soil* 6
Base saturation A horizon« 60-80$
K$ of adsorption complex in A horizon» 2.0-3.5
K$ of adsorption complex in B+C horizon« 2.0
Phosphate (Morgan test)« A« 0.4; B« 0.6; Ct 0.4
Soluble phosphate (2N HgSO*)
Organic carbon» A1« 0.8; A2* 0.3; B.» 0.2
Na $ of adsorption complex* A* 5.0-6.0; B» 3.0
pH (KCl)« A» 4.O-5.5 (5.O); B-C« 5.O-6.O (5.5)
pH (HgO)» A» 5.O-6.5 (5.5); B-C* 6.O-7.5 (6.5)
Eleotrical conductivity» A* 0.4-0.2; B-C» 0.2

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION, ETC«
(i) Sorting characteristic - Silt/clay in the top soil« (ii) Sand sorting in profile* -

\
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Permeabilityi very rapid (more than 5 in/hr)
Water-holding capacityt low (2-3 in/2 ft)
Infiltrationi rapid (5-10 in/hr)
12.

SUBDIVISIONS!

-

PROFILE D7/15

SYMBOL!

1.

SOIL CLASSIFICATION UNIT! Solodized Solonetz on Crystalline
Rocks and other not recent parent material.

2.

CORRELATION WITH SOILS OF AFRICAi
and solodized Solonetz).

3.

CORRELATION WITH 7th APPROXIMATIONt
Natraqualf.

4«

GEOLOGY AND PARENT MATERIAL! Various crystalline rocks of
the Gwarian complex (2) eventually mixed with some Zurmi
drift, (l6A) and Bakolori and Talata Mafara deposits (15 A
and 16B).

5.

LAND FORM! Flat pediplain remnants (IV4). Dissected pediplain ( H I , ) and some headwater regions (IV-).

6.

RELIEF AND DRAINAGE1
drained.

7.

VEGETATION AND LAND USEi Open Lannea, Acacia tree Savanna
of Sudan and Northern Guinea zones.

8.

GENERAL DESCRIPTION! AB(C)R profiles with an A horizon
ranging from 4-8 in. in thickness. The A horizon has a
grayish brown to brown colour, with fine loamy sand to very
fine sandy clay loam texture. Few to common yellowish to
red mottles are present. The structure is moderate to strong.
Subangular to angular blocky with strong planty tendencies at
the surface. The B horizon has a grayish brown to brown
colour, with few to common yellowish to red mottles. The
texture is fine sandy clay loam to light clay. Iron and
manganese concretions may occur with lime concretions also
in the lower parts. The structure is angular blocky to
prismatic or, in the sandier parts, massive to sometimes
columnar. When dry the consistence is very hard. There is
d e a r evidence of downward clay transportation.
Chemical properties etc. By definition there is always part
of the B horizon where the Na jS is over 15# (profile B 5/29
marginal with 13$} perhaps a lower horizon not sampled would have a higher

2 1

Halomorphic soils (solonetY
Typic and Mollic
15A
l6B

IV-4, III-3»
IV-7

Flat or slightly concave; poorly
C3
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9.

CLAY PROPERTIESs
(i) CEC of B and C horizons in mEq/lOO g d a y s 30-58
(ii) Base saturation B+C horizons 100$
(iii) Minerals in the clay fractions see unit HI
(iv) Silt/clay ratio in B and C horizonss + 25-50$
(v) Natural clay/total clay ratios surface layers + 40$
subsurface layers + 455^

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

CEC surface horizon in mEq/lOO g soils 4-20
Base saturation A horizons more than 85$ throughout
the profile
K$ of adsorption complex in A horizons 2-2.5$
K$ of adsorption complex in B+C horizonss O.5-2.5
Phosphate (Morgan test)s Solüble phosphate (2N HoSO,)s Organic carbons As 0.5$
Na $ of adsorption complexs As3-7
Bs8-21
pH (KCl)s As4.6-6.2
Bs6.1-7.5
pH (H20)s As5.5-7.2
Bs7.2-4.4
Electrical conductivitys 0.1-0.8

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCs
(i) Sorting characteristic - Silt/Clay in the top soils
(ii) Sand sorting in profiles (iii) Permeabilitys very low (0.1 in/hr)
(iv) Water-holding capacitys moderate
(v) Infiltrations very slow (2 in/hr)

12.

SUBDIVISIONSs

75-100$

-

PROFILE Bg/30 (AR 14)

SYMBOL

1.

SOIL CLASSIFICATION UNITs Solodized Solonetz on Sandy
Clay loam of Riverine Sediments.

2.

CORRELATION WITH THE SOILS OF AFRICAs
(solonetz + solodized solonetz)

3.

CORRELATION WITH 7th APPROXIMATIONS

4.

GEOLOGY AND PARENT MATERIALS Fluviatile sediments of
mainly Diggi Park (19) shallowly over those of
Argungu Floe deposits (19)«

Halomorphic soils
Typic Natraqualf.

Z 2
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5«

LAND FORMi Fringes around tree-rich areas; less commonly
fringes around floe-like patches or separate raised
strips in former lacustrine flood basin.

6.

RELIEF AND DRAINAGE! Subnormal; poorly drained, only
shallovly (± 1 ft) flooded.

7«

VEGETATION ACT) LAUD USE! Hare low trees or shrubs. Some
rice, but predominantly a fallow of tall grasses and many
tall herbs.

8.

GENERAL DESCRIPTION!
A^ (0-7 in) dark gray brown (lOTH 4/2),
sometimes 10 TR 4/1, loamy sand or sandy loam, with common
fine distinct mottles of strong brown-brownish yellow. Weak
to moderate medium subangular blocky. The surface is selfsealing. Dry, hard; moist, friable. Transition abrupt and
irregular.
^(7-20 in) Varying colour mostly gray (10 TR 6/l), with
common medium distinct mottles of brown in top of columns.
Heavy sandy loam or sandy clay loam. Moderate coarse columnar.
Clay skins faint to distinct, broken. Sometimes a thin sheet
of bleached sand grains between the columns. Dry, extremely
hard. Transition gradual.
Bfc (20-42) in) Gray 10 TR 5/l-6/l, with common distinctly
prominent mottles of brown or other colour. Sandy clay loam,
olay loam or light sandy clay. Moderate coarse prismatic.
Clay skins faint to distinct, complete. Dry, extremely hard;
moist, firm. Transition gradual.
B^ (42-52 in or absent). Gray brown (10 TR 5/2) with common
medium distinct mottles of brownish yellow or other colour.
Loamy sand or sandy loam. Massive or weak coarse prismatic.
Thin coatings of bleached sand on all ped faces. Dry, hard;
moist, friable. Sometimes a few fine micas.
C-j^ (42 in + or 52 in +) Light gray (10 TR 7/2) or very pale
brown (10 TR 7/4) sand, slightly coherent massive or single
grains. Sometimes there is a weakly developed B 1 2 vithin the
C.a.

9.

CLAT PROPERTIESt
(i)
(ii)
(iii)
(iv)
(v)

10.

CEC of B and C horizons in mEq/lOO g clayi + 50
Base saturation B+C horizont 90-100$
"
Minerals in the clay frationt Silt/clay ratio in B and C horizons! 70jS
Natural clay/total clay ratio 1 surface layer 1 5 ^
subsurface layer 1 $0

CHEMICAL PROPERTIES AND OTHER FERTILITT FACTORS!
(i) CEC surface horizon in mEq/lOO g soil! + 6
(i±S
Base saturation A horizon! 65$
(iii) K$ of adsorption complex in A horizon! 3*0
(iv) Y#> of adsorption complex in B+C horizon! 2.0

STMBOL
V-7

*C2, C4, F
(C3)
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Phosphate (Morgan test)t A1O.4 B-Cs 0.6
Soluble phosphate (2N HgSO^s Atl7 B-C13
Organic carbons Asl.3> B^T 0.5, Bp-Cs 0.2
Na $ of adsorption complexs As6.0, B.s22, Bg-Cs30
pH (KCl)1 At4.0-4.5, B+Ci5.0-6.S (6.0)
pH (EjO)! A150-55, B+Ci 6.5(6.0)
Electrical conductivityt A1O.4, B+C1O.5
11.

PHYSICAL PROPERTIES IN RELATION TO ¥ATER MANAGEMENT, EROSION, ETCi
(i^ Sorting characteristic (iiJ Sand sorting in profiles
(iii) Permeahilitys very slow
(iv^ Water-holding capacity!
(v) Infiltration 1 very slow

12.

SUBDIVISIONSs

Silt/Clay in the top soils
(under 0.04 in/hr)
moderate (3-4 in/2 ft)
(under 0.04 in/hr)

-

PROFILE AR/ll, (BK 16)
1.

SOIL CLASSIFICATION UNITs Solonetz on Very Fine Loamy Sand
to Clay Loam of Riverine Sediments.

2.

CORRELATION WITH SOILS OF AFRICAs
(solonetz + solodized solonetz).

3.

CORRELATION WITH 7th APPROXIMATIONS
Natraqualfic Haplustalf).

4«

GEOLOGY AND PARENT MATERIALS Fine to very fine loamy sands
to loams of Diggi Park deposits.

5.

LAND FORMs Intersected levees (including some spills) of
subrecent meandering river system.

6.

RELIEF AND DRAINAGES Flat, hut crossed by old, largely
silted-up oxbows and spillway gullies. Poorly drained.
Only briefly and shallowly flooded.

7.

VEGETATION AND LAND USEs Trees of many species, palms
(Borassus) and shrubs in a dense pattern. Many herbs and
grasses, the latter often tufted Vetiveria nigricans.
Common, tall, active termite mounds. Surface strongly
sealed.

8.

GENERAL DESCRIPTIONS A (0-7 in) (-2 or -12 in, variable
with texture) Dark grayish brown (10 YR 4/2) sometimes
10 YR 3/1, 4/1» 5/2. Texture^yarying from moderate medium
to coarse subangular blocky. The upper part is however
platy, associated with strong surface sealing. Dry hard,

L

Halomorphic soils
Aerie Natraqualf (or

-
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sometimes slightly hard or very hard; moist, friable.
Transition olear or abrupt. A bleached Ag sometimes oocurs,
namely where macro stratification is prone to such.
Bj (7-20 in) gray brown (10 YE 5/2) sometimes 10 YR 5/1 or 4/2,
with few fine faint mottles, commonly of brown. Texture
varying from light sandy loam to light clay loam, with macrostratification still vaguely present. Weak to moderate very
ooarse oolumnar or moderate coarse angular blocky. Clay skins
absent or faint and broken. Dry, very hard or extremely hard;
moist, firm. Sometimes few fine micas. Transition gradual to
abrupt.
% (20-40 in) gray brown (10 YE 5/2) or light brownish gray
(10 YR 6/2), sometimes 10 YR 5/3, 6/3 or 7/3. Many medium
distinot mottles of yellowish brown or similar colour. Texture
varying from light sandy loam to light clay loam, with often
distinot macro-stratification. Structure varying with texture
from massive to moderate ooarse angular blocky or prismatic*
Clay skins absent or weak and broken. Dry, very hard; moist,
firm to friable. Sometimes few to common fine micas. Sometimes
a few manganese or lime concretions.
B3 (40-52 in) Light brownish gray (10 YR 6/2) or pale brown
(IO YR 6/3), sometimes 10 YR 5/2-3 or 7/2-3» Many medium to
coarse distinct mottles of varying colour._ Texture varying from
fine sand to clay loam with olear macro-stratification. Structure
varying from massive to moderate coarse angular blocky. In the
latter case distinot, broken clay skins. Dry, hard; moist, firm
or friable.
II C, (52 in + ) . Mostly very friable or loose sand of varying
colour e.g. very pale*brown; contains sometimes a B 1 2 if profile
is not too deeo.
9.

CLAY PROPERTIESs
(i) CEC of B and C horizons in mEq/lOO g clays 48
(iiJ Base saturation B+C horizon. 80-100$
(iii) Minerals in the clay fractions
(iv) Silt/clay ratio in B and C horizonss 90$ (140?S in A)
(v) Natural clay/total clay ratios surface layers 60jé
subsurface layers 6O-8OJJ
80-100#.

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(l)
CEC surface horizon in mEq/lOO g soils (varying) 8
(ii) Base saturation A horizons 70$
(iii) K$ of adsorption complex in A horizons 0.7-15-0(4)
(ivj 0K56 of adsorption complex in B+C horizons 0.6-10.0(3)
(v; Phosphate (Morgan test)s Asl.0-3.4
B-CsO.2-2.0
(vi) Soluble phosphate (23ST H 2 S0,) s Asl5-45 B-Cs4-30
(vii) Organic carbons As0.8, BsO.5, Bg-Cs 0.2
(viil) Na i» of adsorption complexs Asl.5-33.0 (10)
B,s 5.O-6O.O (21)
K s 3.0-70.0 (27)
Cs 3.O-48.O (20)
(ix) pH (KCl)i As 4.5-5.0, sometimes 8.0
B-Cs 4.O-7.O (6.0)
(x) pH (HoO)! As 3.0-6.0, sometimes 10.0
v
B-Cs 5.5-10.5 (7.5)
(xi) Electrical conductivitys AsO.2-3.4 (0.9)
B-Cs0.2-5.3(1.2)
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11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION. ETCi
(i)
(ii)
(iii)
(iv)
(v)

12.

Sorting characteristic Sand sorting in profiles
Permeabilityi very slow
Water-holding capacity!
Infiltration! very slow

Silt/Clay in the top soil«
(0.04 in/hr)
moderate (3-4 in/2 ft)
(0.04 in/hr)

SUBDIVISIONS!

PROFILE Wl, SK12, SB3

SYMBOL

1.

SOIL CLASSIFICATION UNIT! Rejuvenated Hydromorphio Soils
and Vertisols of Riverine Lacustrine Sediments.

2.

CORRELATION WITH SOILS OF AFRICA«

3.

CORRELATION WITH 7th APPROXIMATION! Various.

4.

GEOLOGY AND PARENT MATERIAL! Thin cover of recent fluviatile
sediments of Gande micaceous (23) over older fluviatile or
lacustrine sediments of Ambursa, Diggi or Argungu deposits
(20, 19 or 18).

5.

LAND FORM«

6.

RELIEF AND DRAINAGE«
imperfectly drained.

7.

VEGETATION AND LAND USE« Vegetation comparable to that of
non-rejuvenated counterparts.

8.

GENERAL DESCRIPTION« 0 - less than 12 in. Fertile young
top soil. Recent deposits, less than 1 ft in depth mostly
of clay loam or clay, with micas visible if not. too heavy.
Colours, structure, and consistence like top soil of typic
juvenile soil on clay loam to clay riverine alluvium. Abrupt
boundary. Less than 12 in. Variable, identical to that of
non-rejuvenated counterpart.

9.

CLAY PROPERTIES!
(i}
(ii)
(iii;
(iv)
(v)

OY

-

Variable, mostly former lacustrine flood basin.

23
18-20

V-7

Variable, mostly flat. Poorly to,
Shallowly to deeply flooded every year.

CEC of B and C horizons in mEq/lOO g clayi variable
Base saturation B+C horizon! variable
Minerals in the clay fraction! Silt/clay ratio in B and C horizons! variable
Natural clay/total clay ratio! surface layer 1
subsurface layer! -

Various
G and F
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10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS«
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

11.

CEC surface horizon in mEq/lOO g soili 20-40
Base saturation A horizont 70-100$
K$ of adsorption complex in A horizont 2.0-3.0
KjS of adsorption complex in B+C horizont Phosphate (Morgan test)t Soluble phosphate (2N H?S04)» Organic carhont A«1.7 (?)
Na # of adsorption complex« Atl.3 - 2.3
pH (KCl)» 6.0
pH (H20)t 6.0-8.0
Electrical conductivityt At0.6

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION. ETCt
Sorting characteristic - Silt/Clay in the top soil« Sand sorting in profilet Permeability« + infiltration +• water-holding capacity of
the top soil is somewhat higher than underlying fluviatile
or lacustrine Ambursa and Diggi sediments.
(iv^ Water-holding capacityt (v) Infiltrationt -

12.

SUBDIVISIONSt

-

PROFILE SK/24

SYMBOL

1.

SOIL CLASSIFICATION UNIT» Moderately Matured Juvenile Soil
on Micaceous very fine Loamy Sand to Clay Loam of Riverine
Sediments.

2.

CORRELATION WITH SOILS OF AFRICA« (Weakly developed soils)
Juvenile soils on recent riverine and lacustrine alluvium.

3.

CORRELATION WITH 7th APPROXIMATION«

Yl

?

Aquic Haplorthent.

. /

4.

GEOLOGY AND PARENT MATERIAL« Fluviatile, rather old, fine
or very fine, loamy sands to loam (and clay loams) of
Kurukuru micaceous and some Diggi Park deposits.

5.

LAND FORM«

6.

RELIEF AND DRAINAGEt Flattishj imperfectly to poorly
drained. Flooded yearly supposedly to about 1 ft.

Old levees of recent meandering river system.

22 and 19

V-4a

-

7.
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VEGETATION AND LARD USE I Commonly low trees and shrubs.
Low termite mounds may be present. Grasses predominantly
tufted. Little or no agriculture (rice). Surface sealed.

8.

GENERAL DESCRIPTIONi A^^ (0-4 in) Dark grayish brown
(10 YR 4/2) fine or very fine loamy sand to clay loam,
commonly with yellowish red mottling. Weak (moderate when
relatively heavy), coarse subangular blocky. Dry, very
hard. Micas common to very few. Surface sealed. Transition
clear to abrupt.
^ (4-14 in) Brown (10 TR 4/3). Similar textures as A x with
common weak and faint mottles of yellowish brown (10 YR 5/4)*
Weak to moderate coarse angular blocky to prismatic, with
tendency to columnar. Clay skins weak, complete. Dry, hard
to extremely hard: moist, firm. Micas common to very few.
Transition clear (usually linked with stratification).
Bp-B^(14-50 in) Brown (10 YR 5/3) to very pale brown
(10 YR 7/4)> depending on texture, which is similar to that
of An. Macro-stratification present, common medium distinct
mottles" of hue 7*5 YR - 10 YR, variable value and chrome.
Weak to moderate prismatic when relatively heavy, weak subangular to angular blocky when relatively light. Dry, slightly
hard to hard; moist, friable to very friable. Common licas.
(il) C ' (50 in +) Similar to above but usually massive to single
grain structure. Sometimes older layeri angular blocky to
prismatic, clay skins, hydromorphic colours etc. -

9.

CLAY PROPERTIES 1

SYMBOL
F, C2, (f)

(i) CEC of B and C horizons in mEq/lOO g clayt 46
(ii) Base saturation S+C horizont 70 - 100$
(iiiJ Minerals in the clay fractiont (iv) Silt/clay ratio in B and C horizonst 70-150^
(v) Natural clay/total clay ratio 1 surface layeri subsurface layeri 10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSi
(i)
(ii)
(iii)
(iv}
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

CEC surface horizon in mEq/lOO g soilt 5-20
Base saturation A horizont 90-100$
Y$> of adsorption complex in A horizon» 1.5-10.0 ^highest values
K$ of adsorption complex in B+C horizon» 1.5-5*°)uPa"fcream
Phosphate (Morgan test)t Soluble phosphate (2NHpS0 4 )i Organic carbont Na # of adsorption complexi At2.3-8.0, Bi3»0-17.0
pH (KCl)1 A14.O-5.5 B»4.0-6.0
pH (HgO)! A15.O-6.5 B15.5-7.5
Electrical conductivity! AtO.2-7.0 B»0.2-1.7
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11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCt
(i)
(ii^
(iii)
(iv)
(v)

12.

Sorting characteristic - Silt/Clay in the top soili Sand sorting in profiles Permeabilityi moderately rapid (2.5-5.O in/hr)
Water-holding capacityi moderately high (4-5 * n / 2 f t)
Infiltration!

SUBDIVISIONS 1 -

PROFILE E6/16

SYMBOL

1.

SOIL CLASSIFICATION UNITi Slightly Matured Juvenile Soil on
Micaceous Clay loam to clay of riverine sediments.

2.

CORRELATION WITH SOILS OF AFRICA1 (Weakly developed soils)
Juvenile soils on recent riverine and lacustrine alluvium.

3.

CORRELATION WITH 7th APPROXIMATION!

4.

GEOLOGY AND PARENT MATERIAL! Fluviatile clay loams and clays
of Kurukuru micaceous deposits.

5.

LAND FORM»

6.

RELIEF AND DRAINAGE1 Concave to flat. Imperfectly drained.
Flooded yearly to 3 ft or more in depth.

7.

VEGETATION AND LAND USEi Scattered shrubs (gumbi), a few trees,
rushes locally. Agricultural crops mainly rice, but also
Guinea corn and cotton upstream.

8.

GENERAL DESCRIPTION! ^ ( 0 - 5 in) Dark grayish brown (10 YR 6/2)
to gray 'brown (lü ia 5/2) clay or clay loam, with common
mottles of strong brown. Micas visible if texture not too
heavy. Moderate medium to coarse, subangular blocky. Dry,
hard} moist, firm.
Bg (5-20/4O in) Brown (10 YR 5/3) Similar texture as A ^ but
with macro-stratification. Mottles of yellowish red to
yellowish brown (5 YR 5/6 - 10 YR 5/6), many medium and distinct.
Weak to moderate medium angular blocky.- Clay skins weak and
broken. Slickensides normally absent, but when B is thick and
relatively heavy they are weak in lower part. No manganese
mottles or concretions.
C (20 in + or 40 in +) Lighter textured. Micaceous. Single
grain structure. Very pale brown (10 YR 7/4) with yellowish
brown mottling. May be underlain with older clay! strongly
structured, manganese mottles or concretions, hydromorphic
colours etc.

Y2

Aquic Haplorthent.

Back swamps of recent meandering river system.

22
V-6

Gl, G3, 04
(F) (B3)
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9.

CLAY PROPERTIES!
(ij CEC of B and C horizons in mEq/lOO g clayt 45-50
(ii) Base saturation B+C horizont 70-100$
(iii) Minerals in the clay fractions Poorly crystallized
kaoUnite and some iron oxides,
(iv} Silt/clay ratio in B and C horizonst 50-100$
(v) Natural clay/total clay ratio $ surface layert 30$
subsurface layers 40$

10.

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(i)
(ii;
(iii)
(iv)
(v)
(vi)
(viii
(viii)
(ix)
(x)
(xL)

CEC surface horizon in mEq/lOO g soils 15-20
Base saturation A horizons 80-100$
X$ of adsorption complex in A horizons 3*5-4*5
K$ of adsorption complex in B+C horizons 1.3-4*0
Phosphate (Morgan test)s At0.7, B+Cs 0.5
Soluble phosphate (2N HgSOO s As80, B+Cs45
Organic carbons Asl.2, B+Cs0.9
Na $ of adsorption complexs As2.0-3*5» Bsl.8-7.0, Cs(l7)
pH fKClJs As3*5-4*5» Bs3*0-4*5» Cs5*0-6.0
pH (B^Ojs As4.0-6.0, Bs4*0-6.0, C16.O-6.5
Electrical conduotivitys

AsO.3-1.1, BsO.2-0.5, CsO.l-O.5

12.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETCs

12.

(i) Sorting characteristic - Silt/Clay in the top soils (ii) Sand sorting in profiles (iii) Permeahilitys slow to moderate 0.04-2.5 in/hr
(iv) Water-holding capacitys High to very high (3-6 in/2 ft)
(v) Infiltrations slow to moderate 0.04-2.5 in/hr.
SUBDIVISIONSs -

PROFILE Wurno II

SYMBOL

1.

SOIL CLASSIFICATION TJNITs Slightly Matured Juvenile Soil
on Micaceous very fine Loamy Sand to Loamy Riverine
Sediments.

2.

CORRELATION WITH SOILS OF AFRICAs (Weakly developed soils).
Juvenile soils on recent riverine and lacustrine alluvium.

3.

CORRELATION WITH 7th APPROXIMATIONS
Haplorthent.

4.

GEOLOGY AND PARENT MATERIALS Fluviatile very fine sands
to loams of Kurukuru Gande Micaceous deposits.

Y3

Haplustalfio Aquio
22 and 23
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LAND FORM* Terrace-like older levees and some younger
levees of recent meandering river system.

STMBOL
V-4

RELIEF AND DRAINAGEi Subnormal to flatj well to
imperfectly drained, usually not flooded. Normal high
water reaches to less than 1 ft from the surface.
VEGETATION AND LAND USEt Fully cultivated (Guinea corn,
cotton, some vegetables); common, often tall, trees
(Parkia,' Acacia).

E2, (F)

GENERAL DESCRIPTIONI A-(0 + 10 in) Brown (10 TR 5/3) very
fine loamy sand to loam, with many micas. Weak medium
sx'bangular blocky. Dry, slightly hard; moist, friable.
Transition clear or smooth, depending on stratification
B (10 - ± 30 in) similar textures, macro-stratification
still present, but micro-stratification usually absent.
The lighter textures are associated with high colour
values e.g. very pale brown (10 TR 7/3)» and the heavier
clay loams) with lower values e.g. very dark brown
10 TR 3/2):
Weak subangular blocky when relatively light,
weak to moderate angular blocky to prismatic with weak clay
skins, when relatively heavy textured. Moist, very friable
to friable.
C (75 in +) Similar textures, macro and micro-stratification
still present. Colours vary with clay content from very
pale brown (10 TR 8/4) to gray brown (10 TR 5/2), often with
common fine distinct mottles of dark yellowish brown
(10 TR 4/4) or strong brown (7.5 TR 5/6), which often
coincides with the micro-stratification. Moist, very friable
to friable. In lower part (below 40 in) older deposits may
occur e.g. fine to medium sand without mica flakes, or firm,
angular blocky clay with clay skins, and hydromorphic colours,
manganese concretions etc.

Ï

CLAT PROPERTIES!
(i) CEC of B and C horizons in mEq/lOO g clayi 50
(iii Base saturation B+C horizont 80-100$
(iii) Minerals in the clay fractions Poorly crystallized
kaolinite and some iron oxides,
(iv) Silt/clay ratio in B and C horizons 1 100-200$
(v) Natural clay/total d a y ratio 1 surface layer1 30$
subsurface layer 1 5 ^
CHEMICAL PROPERTIES AND OTHER FERTILITT FACTORS 1
(i) CEC surface horizon in mEq/lOO g soilt 5-10
(iiJ Base saturation A horizont 60-100$
(iii) K$ of adsorption complex in A horizont 1.0-3.0$
(iv; K% of adsorption complex in B+C horizont 1.0-2.0$

upstream more?
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(v}
(vil
(vii)
(viii)
(ix)
(x)
(xi)
11.

Phosphate (Morgan test)t A»0.6, B$0.2, CtO.5
Soluble phosphate (2N H2SO.)1 Ai30, Bil2, Csl2-40
Organic carbons A1O.6, B1O.4 9varying with clay content)
Na # of adsorption complex* As2-4?S-2.6#, Ct4-25#
pH (KCl)s A14.O-6.O, B14.5-6.0, C14.0-7.0
pH (HgO)! A15.0-7.0, Bt6.5-7.5, C16.0-8.0
Electrical conductivitys Ai0.2, B$0.2, CtO.2-20

PHYSICAL PROPERTIES IN RELATION TO VATER MANAGEMENT, EROSION, ETCt
(i) Sorting characteristic - Silt/Clay in the top soilt (ii) Sand 'sorting in profile 1 (iii) Permeability1 rapid (2.5 - 5.0 in/hr)
(iv> Water-holding capacity! very high (more than 6 in/2 ft)
(v) Infiltrations moderately rapid (2.5-5*0 in/hr).

12.

SUBDIVISIONS!

-

PROFILE Wurno IV

SYMBOL

1.

SOIL CLASSIFICATION UNITs Typio Juvenile Soil on Micaceous
Clay Loam to Clay of Riverine Sediments.

2.

CORRELATION WITH SOILS OF AFRICAs (Weakly developed)
Juvenile soils on recent riverine and lacustrine alluvium.

3.

CORRELATION WITH 7th APPROXIMATIONt
Haplorthent.

4.

GEOLOGY AND PARENT MATERIALS Fluviatile clay loams and
clays of Gande micaceous deposits.

Y 4

Normustalfic_Aquic J?
_^--__

5.

LAND FORMs Backsvamps, or outliers of natural spillways,
or depressed patches vithin spill area of recent and subrecent meandering river systems.

6.

RELIEF AND DRAINAGES Concave to flat (partly irregular
meso-relief); imperfectly to poorly drained. Flooded
yearly to a depth of 3 ft or more.

7.

VEGETATION AND LAND USEs Scattered to many shrubs of gumbi,
Mimosas some trees partly dying. Agricultural cropss mainly
rice but also tobacco and gourds (M5).

23
V-6

Gl, G3,
9 3 ,C
^4,
Ol,
(P) (B3)
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8.

GENERAL DESCRIPTIONt A- (0-5 in, variable). Gray brown
(10 TR 5/2)clay loara,with strong brown or yellowish red
(7.5 YR 5/6) mottles. Micas visible if not too heavy
texture. Weak medium subangular blocky or platy (due to
micro-stratification). Moist friable to firm, dry hard.
C l f 2 (5-20/40 in) Mostly gray to brown (10 YR 5/1-5/3) clay
or olay loam, with dark yellowish brown (10 YR 4/4) or
yellowish brown to yellowish red (10 YR 5/6) mottles, in
variable quantity and size. Macro and sometimes mioro/
stratification present. Micas visible if not too heavy.
Weak subangular to angular blooky, or massive. No or very
weak clay skins, no slickensides. No manganese concretions
or mottles.
(II) C3,4 (20-40 in +). The same as above or as subsoil of
slightly matured juvenile soil (Y2). Physically incompletely
ripened layers may occur, and large polygonal cracks may
occur at the surface indicating irreversible shrinkage.

9.

CLAY PROPERTIES!
(i)
(iiJ
(iii)
(iv)
(v)

10.

CEC of B and C horizons in mEq/lOO g clays Base saturation B+C horizont Minerals in the olay fraotiont Silt/clay ratio in B and C horizons! Natural olay/total olay ratios surface layer!
subsurface layer1

-

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(i} CEC surface horizon in mEq/lOO g soils (ii) Base saturation A horizons - '
(iii) K$é of adsorption complex in A horizons (iv) KJS of adsorption complex in B+C horizons (v) Phosphate (Morgan test)s (vi) Soluble phosphate (2N HgSO*)! (vii) Organic carbons (viii) Na fa of adsorption complex! (ix) pH (KCl)s (xj pH (H20)s (xi) Eleotrical conductivitys -

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCs
(i)
(ii)
(iii)
(iv)
(v;

12.

Sorting characteristic - Silt/Clay in the top soils Sand sorting in profiles Permeabilitys slow to moderate (0.04-2.5 in/hr)
Water-holding capaoitys very high (more than 6 in/2 ft)
Infiltrations slow to moderate (0.04-2-5 in/hr)

SUBDIVISIONSs

-
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PROFILE SK/20

SYMBOL

1.

SOIL CLASSIFICATION ÜNITi Typic Juvenile Soil on Micaceous
very fine Loamy Sand to Loamy Riverine Sediments.

2.

CORRELATION WITH SOILS OF AFRICAt (Weakly developed soils)
Juvenile soils on recent riverine and lacustrine alluvium.

3.

CORRELATION WITH 7th APPROXIMATIONt

Y5

Aouic Haplortnent.

4. . GEOLOGY AND PARENT MATERIALi Fluviatile very fine loamy
sands to loams of Gande - Micaceous deposits.
5.

LAND FORM» Recent spills and levees alongside present day
or recently deserted river channels. •

6.

RELIEF AND DRAINAGEt Subnormal to flat», well to- imperfectly
drained. Flooded yearly to a variable depth.

7.

VEGETATION AND LAND USE» Tall herbs and low shrubs.
Tobacco, vegetables, gourds, cassava, rice and rare small
trees..

8.

GENERAL DESCRIPTION 1 Aj^ (0-5 in, variable). Grayish brown to
brown (10 YR 5/2 - 5/3) very fine loamy sand, very fine sandy
loam or loam, with many micas. Weak medium subangular blocky.
Dry, soft; moist, very friable to loose.
c
l 2 3 e t c * (5~± 40 in) Brown to very pale brown (10 YR 5/3-7/4)«
Few, if any, mottles of brownish yellow, but common thin veins
of gray brown or dark brown. Textures similar to those above,
with clear macro and micro-stratification. Thin clay loam or
clay layers may occur. Weakly coherent massive or platy due to
stratification. Dry, soft; moist, very friable to loose.
II C. (40 in +) Similar layers as above, or of clay loam to clay
texture and then often with clear blocky or prismatic structure,
low chromas and distinct mottles, firm consistence and manganese
concretions.

9.

CLAY PROPERTIES»
(i}
(ii)
(iii)
(iv)
(v)

10.

23
V-4, V-5

Gl, G3, 04,
E2

CEC of B and C horizons in mEq/lOO g clayt 55-60
Base saturation B+C horizont 70-100$
Minerals in the clay fraction» Silt/clay ratio in B and C horizons» 100-300$
Natural clay/total clay ratio» surface layer*
subsurface layer» 50$

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS»
(i}
(ii)
(iii)
(iv)

CEC surface horizon in mEq/lOO g soil* 5-15
Base saturation A horizon* 70-90$
K$ of adsorption complex in A horizon» 1.0-3.0 (up to 5*0)
K$£ of adsorption complex in B+C horizon» 1.0-3*0
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(v}
(vi)
(vii)
(viiiJ
(ix)
(xj
(xi)
11.

Phosphate (Morgan test)» A1O.7, C1O.5
Soluble phosphate (2N HgSO^» At 17, C1I6
Organic carbon» 0.2-0.6
Na <$> of adsorption complex» A»2.0-4.0, C»2.0-8.0
pH (KCl)» As4o5-6.0, C14.5-6.0
pH (HgO)! AI5.5-7-5, C15.5-7.5
Electrical conductivity» A$0.2-0.3, CiO.1-0.3, 0.6
in very recent ones.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCt
(i} Sorting characteristic - Silt/Clay in the top soil» 100-300$
(ii^ Sand sorting in profilet (iii) Permeability» Moderately rapid (2.5-5.O in/hr)
(iv) Water-holding capacity» Very high (over 6 in/2 ft)
(v) Infiltration» Moderately rapid (3-4 in/hr).

12.

SUBDIVISIONS»

-

PROFILE

SYMBOL

1.

SOIL CLASSIFICATION UNIT» Juvenile Soils with non-i-ripe
horizons at shallow depth.

Y6

2.

CORRELATION WITH SOILS OF AFRICA» (Weakly developed soils)
Juvenile soils on recent riverine and lacustrine alluvium.

3.

CORRELATION WITH 7th APPROXIMATION»
Haplorthent.

4.

GEOLOGY AND PARENT MATERIAL» Kurukuru and Gande Micaceous
partly on Ambursa Central deposits. The main parts are
very recently deposited sediments.

22 + 23
20

5»

LAND FORM» Subcircular or elongated depressions and silted
up gullies.

V

6.

RELIEF AND DRAINAGE» Concave; very poorly drained and
regularly deeply flooded.

7.

VEGETATION AND LAND USE»
in rice.

8.

GENERAL DESCRIPTION« Soils with non/ripe horizons (with a
water-factor exceeding 0.7) within 40 in. Artificial (puddled)
surface horizons are excluded. No special study or analyses
have been made of these soils.

Hydraquent and Aquic

Usually weeds and rushes, partly

9<

V

H_ (G4)
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9«

CLAY PROPERTIES!
(i) CEC of B and C horizons in mEq/lOO g clayi
Cii) Base saturation B+C horizont
(iiij Minerals in the clay fractions
(ivl Silt/clay ratio in B and C horizonst
(v) Natural clay/total clay ratios surface layers
subsurface layers

10.

)

None recorded

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSs
(i) CEC surface horizon in mEq/lOO g soils
(ii) Base saturation A horizons
(iii) Kj£ of adsorption complex in A horizons
(iv) KJJ of adsorption complex in B+C horizons
(v) Phosphate (Morgan test)s
(vi) Soluble phosphate (2N HgSO*)s
(vii) Organic carbons
(viii) Na $£ of adsorption complex!
(ix) pH (KCl)s
(xj pH (HgOjs
(xi) Electrical conductivitys

11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT. EROSION. ETCs
(i} Sorting characteristic - Silt/Clay in the top soils
(iii Sand sorting in profiles (iii) Permeabilitys very slow (less than O.o4 in/hr)
(ivj Water-holding capacitys moderate
(v) Infiltrations very slow (less than 0.04 in/hr)

12.

SUBDIVISIONS s -

PROFILE As F/48, B S F4/32, Cs E4/69

SYMBOL

1.

SOIL CLASSIFICATION UNITs

Red Acid Sands.

2.

CORRELATION WITH SOILS OF AFRICAs Weakly developed soils
on loose sediments, not recently deposited.

3.

CORRELATION WITH 7th APPROXIMATION*

4.

GEOLOGY AND PARENT MATERIALS Eolic and fluviatile sands
of Türeta, Sokoto, and Illela. (14, 15B and 21A) and a
transition of Sangiva (13), Sokoto and Tureta (?)
deposits.

S 1

Quarzipsamment.
14, 15B and
21A
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LAMP POHMi Recently fixed dunes (ill 4) and colluvial
filled up valleys (iVpj). Plat to slightly undulating
dune relief. Bather flat deposited eolian materials

(I* lc).
RELIEF AMD DRAINAGE1 Flat to normal; well to excessively
well drained, never flooded.
VEGETATION AND LAMP USEi Predominantly cultivated, light
crop sequence, some groundnuts as cash crop. If not
cultivated, Combretum nigricans Anogeissus savanna.Woodland
with reasonable grass.
GENERAL DESCRIPTION1 A, B, C, profile. The A horizon or
surface horizon ranges from 12-24 in or more in thickness,
with usually a brown to strong brown or reddish brown colour
(occasionally lighter or darker). It is a very friable or
loose, fine to sometimes medium sand, with or without weak
or moderate subangular blocky structure, and little or no
surface sealing. The upper horizon grades into a subsurface
horizon of yellowish red (occasionally red) very friable or
soft, loamy sand (fine to medium), with or without moderate
subangular blocky structure. Within the first 40 in/no sandy
loam or finer textures occur. Often, especially in the subdivisions B and C, there is just enough difference in clay
between surface and subsurface horizons to distinguish a
texture B, (argillio horizon). C.E.C. determinations in
loamy sands, however, are not reliable enough to characterize
the type of clay. The pH (KCl) in lower horizon is mostly
less than 5.0 except in profiles that are transitional for
"yellowish red eutrophio" occuring in legend units 7~2, 7=3»8-3.
CLAY PROPERTIES!
(i) CEC of B and C horizons in mEq/lOO g clayi =
(ii) Base saturation B+C horizont (iii) Minerals in the clay fractions (iv) Silt/clay ratio in B and C horizons! (v) Natural clay/total clay ratios surface layers subsurface layers 0-50$
(up to 80$)
CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS!
(i) CEC surface horizon in mEq/lOO g soils (iij Base saturation A horizons one value + 70$
(iii) K$ of adsorption complex in A horizons (iv) K$ of adsorption complex in B+C horizons -°
(v) Phosphate (Morgan test)s (vi) Soluble phosphate (2N BUSO4)s (vii) Organic carbons in surface O.15-O.3O
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(viii}
(ix)
(x)
(xi)

5a 96 of adsorption complext pH (KCl^t 3«9-5»2 (usually ± 4.3) occasionally up to 6.0
pH (HgO)! 4.6-6.4 (usually £ 5.O) 7»0 in the top (northern areas)
Electrical conductivity! 0.1-0.9 (usually 0.1-0.3)

11. PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCi
(i) Sorting characteristic - Silt/Clay in the top sollt 0-60$ or higher
(ii) Sand sorting in profilei At (l) 36-69 (2) 71-91
Bt (1) 30-57 (2) 56-81
Ct (1) 30-54 (2) 60-74
(iii) Pernteahilityt very rapid
(iv) Water-holding capacityt low (2-3 in/2 ft)
very low (0-2 in/2 ft)
(v) Infiltration t
12. SU.HDIVISIONS1
A Extremely veil sorted!
B Very veil sortedt
C Reasonably veil sortedi
L Reasonably to ill
sortedt

In at least one of the upper horizons two
adjacent fractions have a total of more
than 80jé.
On most occasions two adjacent fractions
have a total of 70-80$.
Two adjacent fractions have a total of
always less than 70$,
O
On most occasions two adjacent fractions
have a total of silt clay exceeding 100. - J

PROFILE At ARg. BZgt Ct D5/l3t Dt E5/l

SYMBOL

1.

SOIL CLASSIFICATION IJNITt Yellow and Brown Acid Sands.

S 2

2.

CORRELATION WITH SOILS OF AFRICA t Weakly developed soils
on loose sediments not recently deposited.

3.

CORRELATION WITH SOILS OF AFRICAt

4.

GEOLOGY AND PARENT MATERIALt Sub-division At Argungu
Floe and Zazagava lov terrace deposits and some Sokoto
cover sand.
Subdivision B-C Sangiva and Sokoto cover sand, Türeta and
Rabah fluviatile (and sheetflood) depositions.
Subdivision D mainly Sangiva oover sand and Tureta
deposits.

18, 17A,
15B, 13A,
14» 16

5.

LAND FORM I High and lov river terraces, sandy vash plain,
filled in valleys in drift landscape, remnants of main
level of braiding river.

IV-3, IV-2,
V-l, III-2d

Quarzipsamment.
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RELIEF AND DRAINAGE« Plat to subnormal.
somewhat imperfectly drained.

Well drained to

VEGETATION AND LAUD USE» Often fully cultivated with light
crop sequence, sometimes shifting cultivation. If not
cultivated, Combreturn nigricans Anogeissua savanna 'woodland.

SYMBOL
E2, B2

GENERAL DESCRIPTION» A, B, C, profile with a neutral to
acid A horizon of 6-25 * n thick of yellow to brown to pale
brown (occasionally dark grayish brown) colour. In moist
condition, friable to very friable; in dry condition
slightly hard. Fine sand with non or weak medium subangular
blocky structure. In subdivisions B and C platy structures
due to surface sealing may occur at surface. The A grades
into a subsurface horizon of acid, strong brown, yellowish or
pale brown, fine sand to loamy fine sand. In moist condition,
friable to very friable) in dry condition, slightly hard to
hard. In transition to yellowish brown soil LB2. Especially
in group A, on Rabah fluviatile deposits legend 10-1, in
profiles transitional to neutral sand, fibers of clay material,
l/2 - 1 cm thick, are found. These indicate that clay translocation occurs and that an incipient texture B (argillie
horizon) is formed that for lack of sufficient clay cannot
fully develop. There is no strict correlation with texture.
The fibers only form in the transitional profiles with
relatively deep, neutral, A horizons. In subdivision A,
especially on the Argungu Floe sediments, some hydromorph
characteristics such as pale colours, mottling etc. may
occur.
CLAY PROPERTIES 1
(i) CEC of B and C horizons in mEq/lOO g clayt (ii) Base saturation B+C horizont (iii| Minerals in the clay fraction 1 (iv) Silt/clay ratio in B and C horizons» in subdivision A 12-75$
"
"
B 40-85$
(v) Natural clay/total clay ratio» surface layer* subsurface layer* CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORS*
(i)
(ii)
(iii)
(ivJ
(v)
(vi)
(vii)
(viiij
(ix)
(x)
(xi)

CEC surface horizon in mEq/lOO g soil* Base saturation A horizon* K$ of adsorption complex in A horizon*
K $ of adsorption complex in B+C horizon» Phosphate (Morgan test) 1.5-2.0
Soluble phosphate (2N HgSO.)* 8-10(20)
Organic carbon» in A horizon 0.2 (occasionally 0.5)
Na $ of adsorption complex« pH (KCl)» 3.7-5-6; in B+C horizon 3»7-5«0
pH (H^O)» 4.O-6.7 in B+C horizon 4.0-6.0
Electrical conductivity» 0.1-0.8 (usually 0.1-0.2)
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11.

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION, ETCt
(i) Sorting characteristic - Silt/clay in the top soilt
subdivision A 40-100$
"
B-D 100-250$
(iij Sand sorting in profile 1
(iii) Permeability1 very rapid (over 5*0 in/hr)
(iv) Water-holding capacity! S2A very low (less than 2 in/2 ft)
S2 very low to low (1-3 in/2 ft)
(v) Infiltration! very rapid (more than 10 in/hr) in subdivision A-C
but in D it is lower 2.5-4 in/hr.

12.

SUBDIVISIONSt

A. with clay ratio at surface 100$ and sum of two sand
fractions in some horizon more than 8C
M
M
B.
"
usually 100$ and sum of two sand
fractions 70-80$
usually more than 100$ and sum
C.
"
w w
of two sand
fractions 60-70$
usually more than 100$ and sum
D.
w w w
of two sand
fractions less
than

PROFILE C6/13

SYMBOL

1.

SOIL CLASSIFICATION UNIT1 Lithosols on various rocks

2.

CORRELATION WITH SOILS OF AFRICAt Weakly developed soils.

3.

CORRELATION WITH 7th APPROXIMATION! Various lithic units.

4.

GEOLOGY AND PARENT MATERIAL! Mica schist of Gwarian complex.

2

5.

LAND FORM! Low hill ridges.

I1t

6.

RELIEF AND DRAINAGE! Normal to excessivej well to
excessively drained.

7.

VEGETATION AND LAND USE! Various types of shrub vegetation
and Comhretum Detarium woodland.

8.

GENERAL DESCRIPTION! A-R profile with an A horizon less
than 12 in.' thick consisting of (dark) brown fine" ill sorted
sandy loam. There is great variation according to parent
material. C 6/l3 developed on mica schist. There the R
layer consists of schists in various stages of weathering.
After grinding, the weathered shale appears to consist of
78$ silt (2-50 micron) and 9$ clay with a C.E.C. of 28
mEq/lOO g clay. The data below were derived from this profile
and do not apply to any other lithosol.

•

L

(Dl) (Bl)
D2 D3 A2
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9«

CLAY PROPERTIESi
(i)
(ii)
(iii)
(iv J
(v)

10.

CEC of B and C horizons in mEq/lOO g clayi Base saturation B+C horizont 30$
Minerals in the clay fractiont Silt/clay ratio in B and C horizons t "> 800$S
Natural clay total clay ratiot surface layert
subsurface layert

-

CHEMICAL PROPERTIES AND OTHER FERTILITY FACTORSt
(i) CEC surfaoe horizon in mEq/lOO g soilt 3
(ii) Base saturation A horizont 83$
(iii) K# of adsorption complex in A horizont 6.7
(iv) KJ5 of adsorption complex in B+C horizont (vi Phosphate (Morgan test)t (viJ Soluble phosphate (2N B^SO,)t (vii) Organic carbont (viii) Na je of adsorption complex! 10-12
(ix) pH (KCl)t 4.I.-4.3
(x) pH (HgOJt 4.8-5.O
(xi)

11.

0.1

PHYSICAL PROPERTIES IN RELATION TO WATER MANAGEMENT, EROSION. ETCt
V

12t

Electrical conductivity!

(i) Sorting characteristic - Silt/Clay in the top soilt 200JÉ
(ii) Sand sorting in profilet (iii) Permeability! lov
(iv) Water-holding oapacityt (v) Infiltrationt SUBDIVISIONSt Could be made according to parent material, texture, C.E.C.
etc.
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APPENDIX II

LABORATORY METHODS FOR SOILS AND WATER ANALYSES

The analytical determinations to be done by the laboratory were decided in
consultation with the Project Manager, the Soil Survey teams and the Senior
Hydrologist, having regard to the facilities and staff available. The working
details of the determinations were then developed by the FAO Soil Chemist and
his counterpart, basing the procedures on traditional methods and introducing
improvements and new techniques where these were thought to be advantageous.
The final list of determinations, with notes on the techniques employed, is given
below.

SOIL ANALYSIS

I.

Particle Size Distribution.

(Mechanical Analysis)

Pretreatment with hydrogen peroxide where necessary, dispersion with sodium
hexametaphosphate and mechanical high-speed stirring, separation of the sand
fraction (greater than 50 micron diameter) by sieving, and determination of the
clay fraction (IQBS than 2 micron diameter) by settling and pipette sampling at
a given depth. The sand fraction separated into five sub-fractions by dry
sieving according to the scheme of the United States Department of Agriculture.
Silt (2 to 50 micron diameter) calculated by difference from 100. All results on
an oven-dry basis.
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II.

Natural Clay

Determination of percentage of particles less than 2 micron diameter by
settling and pipette sampling, without pretreatment and without dispersion.

III.

Saturation Percentage

By drying a known weight of saturated soil paste, prepared by mixing soil
and water to the characteristic saturated condition.

IV.

pH Values

On the saturated soil paste, a 1:5 w/v soil-water suspension and a 1:5 w/v
suspension in 1 N potassium chloride. Measurements on a direct-reading pH meter,
using a glass eleotrode with a saturated potassium chloride-calomel reference
electrode.

V.

Specific Conductivity

On the saturation extract, removed by suction from the saturated soil paste.
Measurements on a battery-operated conductivity meter using a pipette-type cell
with graphite electrodes.

VI.

Caloium Carbonate

Using the Collins' Caloimeter to measure the volume of carbon dioxide
evolved from a known weight of soil treated with dilute hydrochloric acid.

VII.

Cation Exchange Capacity and Exchangeable Cations

A recently published method (D.H. Yaalon, J. van Schuylenborgh and S. Slager,
(1962), Netherlands J. agric, Sei. jLO, p. 217) was adopted. Lithium is used as
the saturating ion, followed by calcium as the replacing ion. The saturating
lithium solution contains chloride as a means of assessing the amount of excess
solution absorbed by the soil after saturation, thuB obviating the removal of
this excess solution before replacement of the lithium ion with calcium.

- 187 -

Lithium by flame photometry. Chloride by titration with merourio nitrate
at pH 3, using diphenylcarbazone as indicator.
Exchangeable cations determined in the lithium extract - calcium plus
magnesium by EDTA titration, using ethanolamine-hydrochlorio acid as buffer
(pH 10) and Eriochrome Blue-Black B as indicator complexing heavy metals with
potassium cyanide and titrating at 60°C. - sodium and potassium by flame
photometry.
Cation exchange capacity and exchangeable cationB of some soils with the
traditional ammonium acetate procedure, and cation exchange oapacity of some
saline soils with the sodium acetate procedure.

VIII.

Water Soluble Ions

On soils of high conductivity only. Ratios of soil to water (w/v) of Ii2
to 1:10 used. . Cations and anions were determined by methods used for water
analysis. (See below).

IX.

Organic Carbon

Oxidation with standard potassium dichromate solution and sulphuric acid,
with heating to produce about 90 percent recovery, followed by titration of
excess dichromate with ferrous ammonium sulphate, using N-phenylanthranilic acid
as indicator.

X.

Potassium soluble in 0.5 N Hydrochloric Acid

1:20 w/v ratio used with 30 minutes shaking.
flame photometry.

XI.

Potassium in extracts by

Available Phosphorus

Phosphorus soluble in 0.5 N acetic acid buffered at pH 4*8 with 0.5 N
sodium acetate, using 30 minutes shaking at a ratio of 1:5 w/v. Phosphorus
colorimetrically determined in the extract by the molybdenum blue method.

XII.

Inorganic Phosphorus

Phosphorus soluble in 0.2 N sulphuric acid at a ratio of 1:50 w/v and 2 hours
shaking. Phosphorus determined colorimetrically.
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WATER ANALYSIS

I.

Insoluble Matter

Material larger than 50 micron separated by sieving; concentration of
material less than $0 micron determined by evaporation of 5° ml sample taken in
special apparatus, making allowanoe for soluble salts assessed from the conductivity value.

II.

pH Value

Measured on a direct-reading pH meter, using a glass eleotrode with a
saturated potassium chloride-calomel reference eleotrode.

III.

Conductivity

Measured on a battery-operated conductivity meter using a pipette-type
cell with graphite eleotrodes.

IV.

Calcium PIUB Magnesium

Titration with EDTA as detailed under soil analysis, normally omitting
potassium oyanide.

V.

Calcium

Titration with EDTA at pH 12 (produced by adding potassium hydroxide)
using HHSNN (Patton and Reeder's) indicator.

VI.

Sodium and Potassium
By flame photometry.
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VII.

Chloride
Titration with merourio at pH 3, using diphenylcarbazone as indicator.

VIII.

Bicarbonate

Titration with hydrochloric acid, using methyl orange-indigo oarmine
screened indicator.

IX.

Sulphate

Precipitation of barium sulphate with exoess barium ohromate in aoid
solution, precipitation of unused barium Chromate with ammonia and, after
filtering, oolorimetrio determination of the yellow Chromate ion, whioh is
equivalent to the sulphate concentration.

X.

Boron
Colorimetrically with carmine in concentrated sulphuric acid.
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APPENDIX III

LIST OP TABLES

Table Wo.
1.
2.
3.
4.
5.

6.
7«
8.

Page No.
Mineralogical Analysis - Fraction 250 100 micronsMineralogical Analysis of Different Soil
Fractions.
Clay minerals, iron oxide and sesquioxide
ratios
Micromorphologioal Features of some Acid
Sands
Acreage, Texture, Topography, Fertility
and Physical Characteristics of Mapping
Units of the Semidetailed Map of the
Floodplain (Sabon Birni to Bunza)
General Review of Soil Properties per Soil
Classification Unit Used in Irrigability
Classification
Percentage Moisture Content (by volume) of
Floodplain Soils at Different pF levels
Percentage Moisture Content (by volume) of
Upland Soils at Different pF Levels

191
193
194
195
196

197
198
200
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Table 6

Texture of
top-soil

Soil
lolaaslfioatlon
unit

•.
X2
K3
Fl
F2
F3
F4

*5
Bl
B2
B3
B4
B5
B6
CI
VI
V2
T3
V4
V5
T6
VH1
VB2
VB3
VH4
El
H2
H3
H4
ESI
HS2
E33
Zl
'
Z2
Z3
Tl
12
T3
T4
T5
8UBC/S2
S1/S2D

Hotel

-

LS-SIa-f
3-SLf
3 - 3 Lf
S-SLf
LS-SLrf
S-LSrf
SLf-vf
SCL
S-SLf
Sf
SLf
SL-LSf
SL-SCLf
S-CLf
S-CLf
C
0
0
CL-C
hC
hC
3C-C
SCL-C
hC
hC
SLrf
SCLa
C-hC
SL(-CL)Tf
3a-f
Sn-f
Sm-f
SL-SCLf-vf
SL-LSrf
S-CLrf
3L-LTf
S1CL-31C
3-SLrf
31CL-31C
S-SLTf
C-hC
Sf-a
3m

General Review of Soil fropertlea per Soil

Relief

Hatural
fertility

Tillage

]i\

I!

2-1
2-4
1-2
2-1
3-1
2-1
2-1
2-3
2-3

(4-5

ii

ll
l
l
l
l
l
l
(i)
3
3
3
(1)
3
3
2
2
2
2
2
4
1-4
1

Drainage
internal

2)
*l
*)
! 3)
(3-4)

(1
2-3
2-3
(2
1-3
2-1
2-3

(3-4
(3-4
(4-5
,3'
2
2
2
[2

(3-5)
4
(-2-3)
3-4
t-2-4)
(3-2)
(2)
(2)
(2)
(2)

'^
«3
'^
2-3
(3)
(3-4
(2-

(2-4

(2

[l

Claaalficatlon Pnlt used in Irritability Classification

(1)

(3-4

«8

Drainage
general

(3-4
(3-4
(4
4-5
(3-4
, (4
(4-5
4-5
(4-5)
3
(3-4
(2-3
(3-2
(3-2
(3-1
1
(1)
1
1
2
2
1
1
1-2

3
3

(1-2)
2
3
3
(1)
1
1
3
2

4
4-5
4-5

2
4
1
4-5
2-4

Infiltration

( 2
(, 1 - 2
(1-2
(4-2
(4-2
7
(2-4

B

Waterholding
oap.
(3
(3
(3
(3
(4
3-4
/

U

4-5
(3-4
1-2
(3)
3

7
(6)
6
(4-5
3-5
(3-4
(2
(2
(2
(2

, (4
(3-4
(4-5

(3)

3-4
3-4
4
3
4
3
2-3
5
2
(3)
1
7
2

(4)

(1)

3-2
3-2

Ö

Capillary
rise

Land o l a s s i f i c a - l
tioBf f l o o d p l a i n »
ami-detailed

;3
[2
[2
12

I
2-3

(3-4

\l
2
\22
[2

If
3
5-6
6
5-6
6
2-1
2-1

The d a t a a r e e x p l a i n e d i n Chapter 5 « 1 | a numeral i n p a r e n t h e s e s i n d i o a t e a an e s t i m a t e o n l y , no determination
being a v a i l a b l e .

C
B
D
O
B
B
E2
£2
E2
El
£1
El
B-C
k
B-C
A
S3
E2
E2

H
—J
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Table 7

Soil Classification Unit

S2A

-

Percentage Moisture Content (by Volume)
of Ploodplain Soils at Different pF Levels -

Mapping
Unit
(1120/50 000)

LI

Pit
Bo.

Texture

AR 16

LS
•

s
•

S2A

SI

AB

9

S2

BK

2

32 29 26
34 31 29

6
6

4
3

4
3

1
-

1

32 30 29
33 30 29

6
6

4
3

4
3

1

1

32 30 28
33 31 29

8
7

6
6

5
6

2

2

31 29 27
30 29 27

9
9

5
5

5 1.2 0.5
5

26 25 24

9

9

S
•

HS2

fb Moisture content by volume
at pP "
0.4 1.0 1.5 2.0 2.3 2.7 3.4 4.2

s

a

ltLS
" 0

HS3
(

S3

"

Z3

PI

BK23
BK 16

LS
m
SL
vf

1

CL
Z3

1

Iy
<

H3

53

-

P2

P2

ABll

BK48

AB12

•

B2

T2

AB14

SCL
vf

CI

BZ49

CI

BK39

23 25 26 26 26 25 21 11
36 35 34 32 29 29
36 38 39 39 39 38 32 21
29 32 35 36 36 36
30 30 31 31 30 29 28 19
24 26 27 27 28 28

hC

48 47 44 42 39 39 41 31
50 49 47 44 41 40

SCL
vf

48 46 43 42 40 39 44. 32
49 48 47 45 43 42

ltLS

SCL

32 31 29 16 13 13 13 10
39 37 32 21 18 17
34 30 29 11
31 30 27 10

8
7

7 16 11
7

SC
41 40 38 34 30 30 23 16
41 40 39 35 31 30

•

B2

6

43 42 40 37 34 34 34 25
43 42 41 38 35 34

•

H2

9

C

a
AR14

33 32 29 16 11 11
32 31 28 18 13 13

SCL
m
SCL
B

38 37 31 25 22 20 34 26
44 43 41 35 30 30 24 17
45 45 43 37 33 33
./.
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Soil Classification Unit

VB2

Percentage Moisture Content (by Volume) of Ploodplain Soils
at Different pP Levels
(Cont'd)

Mapping
Unit
(1:20/50 000)

C2

Pit *

Texture

at pF

0.4 1.0 1.5 2.0 2.3 2.7 3.4 4.2
BX21
BK21

SC

42 42 41 38 35 34 32 23
47 46 44 40 37 36

fcSCL

46
51
42
43
60
58
59
53

•

VH1

C4

BZ7

C

VH3

C5

ABl

kC

VH3

C7

BK37

hC

Yl

HI

SK22

s

Tf

;

M2

SK23

«3

Tfu2

SK24

M6

SK9

Y3

PM3

SiC
C

(1:200 000)

E6/35

v__—

37
46
34
37
47
47
54 51
50 47

36
45
32
34
45
45
49
45

44 44 42 38 25 18
43 43 42 39 30 23

51 38
27 19
48 36
48 36
3

2

46 46 44 39 31 31 19 12
46 45 44 38 19 19

45 44 42 36 12 8
44 43 41 32 15 10

SCL
Tf 37 37 34 30
kSL
Tf

Y2

40
47
38
40
50
51

Tf 41 41 39 33 27 22 20 13
39 39 37 32 27 23

Tf

K4

59
57
59
53

43
49
40
42
56
55
57
52

fcSL

S
Y5

44
50
42
43

LS
Tf

/

T3

I Moisture oontent by voluae

Bo.

•

Yl

i

5

3

36 36 33 29

26 24 18 12
27 24

36
37
45
46
47
52

26
28
14
19
24
36

36
37
42
44
45
51

34
36
40
41
43
49

30
32
33
35
40
45

23
25

23 14

9 8 5
13
15 20 13
28

SL
Tf 45 43 41 32 20 15 11
43 42 39 30 19 14

7

SL
Y4

FMx

E6/16

Tf 47 46 44 37
48 47 45 38
C
51 50 46 40
50 49 47 41

21 15 11
20 14

7

36 28 .27 16
37 30

SL
f

B5

FK

P4/21

SL
m

43 43 41 34 28 20 17 11
43 42 39 32 26 18
36 36 31 21 16 14 12
39 38 32 20 15 13

8

SC
B

V3

PK

P4/20

41 40 38 32 28 25 27 19
40 39 37 32 28 26
45 44 43 41 38 35 34 2 5
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Table 8 - Percentage Moisture Content (fry Volume) of Upland Soils at Different pP Levels

Soil Clasaifioation Unit

f '3

Mapping
Unit
fli200 000)
10-2

Pit
Se.
DS/79

i> Moisture content 1by voluae
at vF
0.4 1.0 1.5 2.0 2.3 2.7 3.4 4.2

Texture

is».*
SCI*_f

B6/73

J

IS,
kSLf

1
1

»6/17

S^t-vt

v_

B2

iSf-Y*

10-1

H4/53

LS.
S»-f

B4

4-4

»4/23

ItSCLf

HI

9-3

D6/67

C

81

7-2

B4/36

LSf
LS f

8-1

F4/38

Sa^f

8-3

»4/8

S

f

ltLS
32

PL

D3/34

3.
3

32 •

6-1

B5/1

.

LS.
ltSL.

6-1 (d)

»5/17

LSf

9-a

•5/16

L

V

LS.

32
31
35
35
35
38
36
36
39
39
37
36
35
33
31
32
35
36
41
39
35
35
29
30
32
34
35
35
37
35
28
32
30
31
28
27
35
34
29
25

29 27
29 27
34 31
33 30
33 31
36 33
34 31
34 30
35 31
37 33
36 33
35 32
31 28
29 26
2 9 26
2 9 26
34 30
35 30
40 39
33 37
32 29
32 29
27 24
28 26
29 26
31 27
33 31
33 31
34 31
32 29
26 20
29 16
26 20
27 21
27 26
26 25
33 30
32 29
27 24
22 20

35
34
33
33

33
31
32
32

17
16
20
20
19
19
21
21
22
19

11
11
15
15
18
12
20
15
13
12

10
9
14
13
9
10
12
13
8
8

25
24
9
8
10
10
20
19
38
37
13
13

19
19
5
4
6
5
16
15
36
36
9
8

15
15
7
7
6
6
9
8
6
5
4
4
15
16
15
15.
8
7
28 10
9
27
28 14
29 14

9
9
5
5
4
4
5
5
3
3
3
3
9
10
9
9
5
5
7
6
11
11

7

5

15 12
8

5

10

8

4

3

14
14
4
3
5
4
13
12
35
35
7
7
7
7
3
3
3
3
5
4
3
3
2
3
7
8
7
7
4
3

13

9

5
5
9
9

2
2

1

11

7

37 26
6

3

5

4

2

1

1

1

4

3

2

1

1

.1

3

2

6

4

2

1

3

2

9

7
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