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ABSTRACT

Soils of five major geomorphic units recognized by
Sembroek and Zonneveld (1971) in the Oakolorl area of
Sokoto State were studied with a view to finding put if
geomorphic units can actually be translated directly into
s0il mapping units in the area. In pursuance of this
objective, the morrhological, physical, chemical and
mineralogical characteristics of the soils were studied,
The soils were also classified according to the U.5.0.A.

S0il Taxonomy (Soil Survey Staff, 1975) and the FAD-UNZSCO

scil legend (1974).

The studies show that soils of the Oakolori area havo
formed in a climatic environment presently characterized by
an annual rainfall of less than 1000mm and a mean annual air
temperature of 26°c. They occur under a dominantly grasslant
vegetation. Soil parent materials consist mainly of laycrs
of aeolian and colluvial materials over old alluvium in the
upland areas and wmainly of recent alluvium and colluvium in

the valley bottoms and leves of the Sokoto rivere.

The soils of the upland aress exhibit unstable, and weak
structural development in the surface horizons and are suscentible
to oevere wind and water erosion. Soils of the
crestal positions do not show any horizon development.

However, those of the upper to lower slopes and terrace-

plateau positions have weskly to strongly developed argillic



horizons. GSoils of the levee areas zre juvenile fluviatilo
deposits, showing distinct stratificetion of soil materials

saparated by fine bands of clay and organic motter.

Soil texturc in upland arees varics from loamy send to
sandy loem over sandy loem tc sandy clay loam, but in the
levee arees, soil texture veories from sendy loam to loam
over sandy loam, loamy sand, eilt loam ~nd gven sand in the
subsoll horizons. Soils of the backswamp and flcod cotchment
areas hove texturcs varying from sandy cley loam tn cley

over sandy clay loam, cley loam and claoy.

Low to very low velues of orgenic carbon, exchangeable
cations and cation exchenge capncity were recorded in tho
uplend scils. Available phesphorus was genernlly low in tho
soils and s0il pH indicates a strongly acid to slightly »ci!
reepction in the upland soil units. Scils of the volley
bottoms cre slightly =cid to neutrsl in rcaction and have

higher fertility status than their asscciated uplend scil units.

Quortz and K-feldspors dominote the mineralogy of the sand
froction of soils of the entire area. Zircon, augite, ilmenite,
magnetite, garnet, hornblende, rutile and tourmeline occurrcd!
es trace minerals in the sond fractions. However, among the
soils of uplend units bictite and hornblende and the sbove
accessory minerels nccurred in the sand fractions of Taleto
loamy to cloy main terrece unit. Alsc, solls of Kurukurye

Gande micaceous and Diggi Fark units contain biotite and
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end hornblende in addition to gernet, tourmeline, ilmenite,
rutile, zirceon and megnetite. Quertz, microcline, plagioclase
end nnorthite dominnte the mineralogy of the silt fractions
of solls of 211 the geomorphic units studied, All the soils
ocf the =ree arc knolinitic, and illite is the only 2:1
lattice layer silicete clay commen in =11 the soils. Also,
emzctite cleys occurrecd in soils of the Digyi Park units
located in the velley bottoms. Frominent pedogenic processcs
ocecurring in these soils include eluvietion-illuvintion of
silicnte clays and iron oxyhydroxides, kaclinization,
il1itizetion and mineral tronsformntion processes, espacinlly
cf 111ite into smectite in the Diggil Ferk and Kurukuru=Gonde

micacenus units.

Aceonrding to the U.S.D0.A. Scil Taxcnomy, the scils of
the Sangiwa cover ssnd on crostol positions are classificd

ot the subgroup level ms Typic Ustorthent. Soils of Sangiwn

cover sand on the upper slopes snd Turcta sandy wosh ploin

on mid end lower slope areas are clnssified as Oxic Paloustolf? .
while soils of the Teleta loamy to cley main terrnce unit =rec
clossified os Ultic Paleustelf. Soils of the Kurukuru-Gamde
micaceous unit arc classified as Typic Ustifluvent while the
breckswamp phase of the Diggil Park unit is clessificed as

Vertic Fluvaquent cr Tropic Fluvagucnt, onc flood catchment
phase cf Diggl Park as Aeric Tropic Fluvequent. In the
FRO-UNESCO soil legend, the scils of Sengiwa cover sand unit
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on crestal arcns nre clessificd =s Hegoscls, Howaver,
srils of Sangiwn cover send on the upper slopes, Turein
sancy wash plain on Dnth mid end lowcr slopes mnd Talnte
loemy tc cloy mein terrace units ere classificed es
Nitoscls., The levee scils are classificd as Fluvisols

anr! the soils of the Diggi Park unit ore classified as

Gleyscls.
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1« INTRODUCTION

Oakolorl is an area lying between latitudes 12030l and
43°%00" North, and longltude 5730 and 7700 Emot, within Sokato
State, Nigeria. Major towns and villages within the arca
include Talata-Mafara, Jirnin-Tudu, Lamba-Nakura and

Bakura (Fig. 1).

Sﬁkutu river and its major tributaries like the Bosn
river, which drains the area hes attracted the develo:ment
of large scale irrigated agrlecultural projects and a fow
experinentzl fFarms in the srea. Consequently, there is an
increased pressure on land in the fekolori aree for
wgricultural, urban and forestry uses. It has, tth&FUr@,
become essential to study the soils within the erea more
intensively, so as to ensure sound planning and decision
maeking regerding the appropriate sllocetion of land for
different purposes. The result of this study will
hepefully provide information for future feasibility and
design studles, for instance, enginzering works relasted
to irrigation development planning and expaneion schemes

in the area.

A team of FAQ gtaff (1969) carried anut a soll and wator
resource survey of the Sokoto valley which include Oakolozi
area. That soil study was maimly a recannaissence level

soil survey at a scale of 1:500,000. It led to the
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conclusion that Oakolor! area consists of twa mein tyes

aof solls nemely:

i) "Dlder agueous sandy to leamy deposits, and
E i1) VYounger mguenus micaceous very fine sands to

lpamy deposits®,

Even more recent spil studies of the arca (Impresii,
19?4) do not appear to have gone beyond this level of
geﬁeralizatinn regarding the characteristics of the soils.
Houwever, Sombroek and Zonneveld (1971} in a geomorphological
study of the ancient dume fields and fluviatile deposita

Iin the Rima-Sokoto river basin of North-Western Nigeria,
identified @ number of geomorphic unite within the basin,
The present study touches on five of these geomorphlc unite.
It ig expected that the peomorphic units will be of hels
when a more detziled soil survey of the area shall be
cerried out. It is, therefore, among the purpose of this
study, to find out if these geomorphic units can be usocd
for grouping the enils together at verious taxonomic levuls,
and alsp to find out if there is any significant differonco
in the mineralogy of the solls from the various geomorshic
urits. Or, to spell it out in deteils, the purpose of tho

present study is as follows:

a) To examine the morphological, physical, chemical,

aend mineralogical characteristics of socils



b)

c)

cccurring within the five major geomorphic unitis

mapped in the Oakolori area.

To find out if there is a relationship between
the geomorphic units and spils they cover, and
also if the geomorphic units already mapped hy
Sombroek and Zonneveld (1971) may aid in the
future detsiled mapping ol soils of the

Cagkolori ares.

To carry out a taxonomic classification of the

snils aceonrding to the U.S5.D.A. Soil Taxonomy

(Soil Survey Staff, 1975) and the F.A.0./UNZSCO

5011 Legend (1974).



Chapter 2

LITERATURE REVIEW

2.1 Pedology and Geomorphology

Pedology can be defined as the science which considore
the soll as a natural body and places minor emphasis on its
immediate practical utilization. It studies, examines and
classifies soils as they occur in their natural enviranment
(Crady, 1974). Geomorphology on the other hand deals with
the arrangement and differentiation of landforms and the
processes that have been or are shaping them. The
difference between pedology and geomorphology is rather
blurred and, in many cases, highly artificiasl (Gerrard,
1901). However, pedology is concerned with the processes
involved in spil formation, while geomorphology deals 1'ith
the arrangement and differentistion of landforms and the

processes that have been or are shaping them.

Cjanuga et al. (1976), in a study of the soils and
stratigraphy of mid to lower slopes in the sguth western
upland of Nigeria, stated that the most recent pedimentation
of slopes and hence, the deposition of the youngest soil
parent matericls, is believed to have occurred about
2360 + 120 years before the present; in confirmation to
the claims of Daniels et al. (1971) that geomorphology

involves the interpretation of landforms as records of



geologic history. However, Stiegeler (1975) referred

to geomorphology as the study of evolution of landforms,

- excluding the major forms of the earth surface, such as

- mountein chains and ocean basins, but including the study
- of the relationships between structures and landforms,
Gzomorphology includes the inductive and deductive study
- af existing landforms from which the processes of their
"evpluation are inferred, as well as the measurements of

- mctual processes operating and the inference of their

- ultimate influence on the landscapzs on which they sare

:acting.

Lepsch gt al. (1977) noted that soll properties that
-:éré expressions of weathering indices are related to

; geamarphic surfaces. RAlso geomorphological and pedoloaical
processes interact on hill slopes, espzreially where the
movement of scil and water is considered (Gerrard, 1961).
Substantiating this assertion, Ojanuga 2t al. (1976) noted
that pedogenic and geomorphologic studies along the mid to
;1nwer slopes of typical landforms in south western Mineria
- revealed simple tou complex stratification of pedisedimonts
- derived through cyclic erosional and depositional phenomena
: that evolved the inselberg landscape in the region. Hence;
'icontemporarv soils owe many of thelr major properties to
;depnaitinnal processes. According to Daniels et al. (1971,
geomorphic surfaces may be depositional or erosicnal or

bp;h. It may bz a level plain, a straight slope, or may howvo



a multicurvate or undulating configuration.

From the foregoing, it may be concluded that pedolony
is the science that studies the soils whose upper boundaricg
are the earth's surface and is concerned with the proczssey
involved in soil formation, while geomorphology is the
science that studies the evolution of landforms and their
interpretation as records of geoclogic history; excluding
the major forms of the earth surface, such as mountain

chains and ocean basins.

2.2 Studies on Padogenesis-Geomorphic Relationshins

Soil formation is the result of the interaction of
various geomorphological and pedological processes.
Geomorphological process may create destructive landforms,
such as erosion surfaces, which have a great influcnce on

soil types and distribution (Gerrard, 1901).

Daniels et al. (1971) while studying the relationshi)
between geomorphology and soil morpholony and genesis in
north Caroline and Maryland, U.5.A., obsarved that
geomorphologists and pedolonists tave an overlapping intorest
in the same object. Geomorphologists study the origin of the
shape of the surface of the earth, the origin of the matovil,
pest climates, watertable regimes, outside additions such
as dust and cyclic salts are also part of the geomorphic

recorde On the other hand, pedolof ists study soils in the



field and laboratory to understand how their characteristics
came to be and also determine the importance of the
characteristics - whether they are durable or transient.

If the pedologist knows the history of the landscape in

which his object, the soil occurs, he is in a better position
to interprete and decipher many things that might seem

either too easily obvious or strange and anomalous.

Geiger and Nettleton (1979) studied the propertics and
geomorphic relationships of some soils of Liberia, and notnd
that the properties of soils are relasted to their position in
the landscape. Also, conclusions about soll genesis based an
conventional analysis and conventional consideration of
present soil-forming factors usually are improved when
geomorphic and stratigraphic information are added (Doni:ls

et al. 1971),

Lepsch et al. (1977) in a soil-landscape relation siury
in the occidental plateau of Sao Paulo, Orazil, agreed that
there is a general relationship between geomorphic surfaces
and soils. Differences in parent materisl can be related to
geomorphic history of the site. Thus, the geomorphic work
was found to be of great help in improving the conclusions
about soil morphology and genesis. Alsp, an understandinn
of geomorphic relationships should prove useful in the
operations of further detailed surveys in similar areas.

Accordingly, Daniels et al. (1571) observed that the knnwlocoe
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about the history of a site, its relation to the surrounding
landscape and especially the duration of ite existence antd
gxposure ta various enviranments help to clarify our

'_understanding of the soll.

Gerrard (1901), citing Tricart and Cailleux (1972),

| stated that the mnst important law of pedologic geomorpholony
is that chemlcal erosion is approximately proportional io thn
r intensity of the soil-forming processes and that the normal
ffevolutiun of soil is all the more advenced as pne chemical
ergsion ig restricted. Many spil forming processes are also
peomoTphological processes and the distincilon between
geomorphology and pedology was peing blurred at the edgzs of
the disciplines. However, pedology and geomorphology are
vitally important in an interpretative sense, in associntion
with other disciplines in deciphering the phases of
develapment within the guaternary period (Garrard, 1901).
Consequently, Coleman and Fenton (1982) in a study of the
stratigraphy and water table pelationship of upland loesse—
derived solls in south central Iogwa, stated that the denth
?fuﬂburfiéd geomerphic surface and/or thickness on the flad
and sloping areas decreeses systematicelly with distance

| from the major area. A3 the depth to the buried geomorphic
surface and loess thickness decreased and distance from the
source area increased, the intermal natural drainege aof the
more extensive soll become poorer and the depth to the watow

table increased.

A
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From the above review, it can be seen that therz is g
close inter-relationship between the geomsrphology of an area,
end the morphology, compuaition; and development of the soils
in that ares. This means that the pedolpbgist, by paying close
attention to the geomorphology of an area, would be abl:? to
make more meaningful contributioms about the the soils in that
aiéa. However, the review elso indicates that a lot has still
~to be done before the full potential of a coordination af

" information from these two disciplines cen be explaoited

:effectively.

'
3

i . 2.3 Use of Geomorphology in Soil Survey

Génmnrphclcgical maps provide infdrmatiun about the

‘location of features formed by fluvial, glacial,
fluvioglacisl, volcanic, colluvial, tectonie, erosional

and aeplian processes. It may also be possible to show

. the nature of the materials (Gerrard, 1981).

|
i

In soll surveys, soil scientists dig many holes in &he
?légdscépe to make the delineations, =nd stury soil calrnr,
texture, structure, porosity, conmsistence, pH, organic matior,
kinds of clay, and other profile characteristics. They
.cambine these observations with their knowledge of
geomorphology, topography, vegetation, land use and other
landscape attributes to map different soll areas (Olson,
1981). Ranges in soil characteristics are alsa describod

for each soil mep unit so that the variations from the "modal”
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soil within esch landscape unilt can be isolated and

ldentified. If lorge spots within a map unit are signiflcantly
different from the defined soil, those spots must be

- 1dentified and mapped as separate solils if the differznoos

;are great enough to affect use and management of the ares

.-(Olaun, 1981).

Geomorphological maps have been used extonsively in
various landuse and land management schemis. In Venczuela,
geamorphological map wes used te define areas of limited
- values for sgriculture, thus, saving time and money on more

detalled surveying (Gerrard, 1981).

It is apparent from the above review thst while soil
profile descriptions are of much interest to the soil
surveyor, the nature of soil parent materials; i.e. fluvlal,
gleclal, fluvio~glacial and seclian, that affect sopil
characteristics and influences stability of the spils
during erosion and lendslides ia of interest to the
geomorphologist. Geomorphelegy, thercefore, acts as a
service arm to soil survey; providing information on the
arrangement and differentiation of landforms and the procusses
- that have been or are shaping them. Also geomorpholonical
meps may be useful 1n reducing soil survey time and costis, by
indicating the origin of the parent materials, aend factors

| ashaping the landscepe under study.
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Chapter 3

PHYSICAL SETTING OF STUDY ARER

3.1 Lpcation and Extent

The Oakolori is bordered by Lamba-=lakura in the north
Bakura town onthe north-east, Talata-Mafara in the south
and by Oirnin-Tudu in the south-east. The study area covirs
about 52,050 hectares, stretching a distance of 20km from
Talata-Mafara town tolembe-Bekure, along Zarie-Sokoto road;
and about 15km towards Cirnin-Tudu town. On the north-east
and south-east borders is the Sokoto river; the main river

draining the area (Fig. 1).

Details of the extent (ha.) and percentage composition
of rach of the geomorphic units covered in this study are

shown in Table 1.

3.2 [Geology and Geomorphology

The landscape of Bakolorl area was mainly formed by
weathering and erosion during the early Pleistocene epoch
(Table 2). The study area is underlain by sedimentary rocks
which in the terrace area are coveret. by clay grits, clays,
sandstones, and pebble beds with coarse conglometrates at
the base (Gundumi Formation). In the flood plain area, the
sedimentary rocks are covered by alluvial deposits composad

of gravel, sand, silt and clay layers (FAD, 1969, Kogbe, 1972).
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Table 1: Extent and percentage composition of totel arga

of selected geomorphic units studied in the area

Geomorphic Units Extent (ha,) % Composition
Sangiwa cover sand 17650.0 33.41
Tureta sandy "wash plain® 7900.0 14,94
Talata loamy-clay main
terrace 17600,0 33,30
Kurukuru-Gande Micaceous 6100.0 11454
Diggi Park 3600, 0 6481
520850.0 1C0.00
E—t -+ 1+ S=====

The following five major geomorphic deposits were among
others identified in this area by Sombroek and Zonneveld
(1971).

i) Sangiwa cover sand deposits

1i) Tureta sandy "wash plain" deposits
1ii1) Talata loamy to clay main terrace deposit
iv) Diggl Park deposits

v)  Kurukuru and Gande micaceous depceit

Aeolic sedimentation of poorly sorted sands in transversal
dunes deposited in the early Pleistocene epoch (Table 2),
resulted in one major deposit - the "Sangiwa cover sand".
The Sangiwa cover send is mainly fine sands, and must have
been transported by saltation due to the influence of the

east-north-east winds. The seolic deposit was later led in
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ble 2: Geclogic and Geomorphic Time-scale of study

1

Area (after Sombroek and Zonneveld, 1971).

'
4
.
i)
i
i

- Rima-Sokoto Deposit Estimated | Eurppean
{Bakolorl Area) age U.FP. |Equivalence Era or Period
1. | Gande milcaceous Sub--
young levees and 0-1000 | atlanticum
splays o
5
2. | Hurukuru-micaceous Sub~ a
terrace-1ike deposits | 1000-1600 |atianticum ':'%‘
3. Kurukuru-micaceous
old levees and splays | 3200-4500 | Sub-boreal
4, | Diggi Park deposit 11,600 c
hi
5. | Habah=Talata=Kaura ' P c
main terrace 15,000 ] O
5 2
G | Tureta ssndy Rwash o 3
plain” 43,000 3 ot
o
7. | Sangilwa Cover sands 400,000 Eemien

I

i o . . . .
climate with lrregular rainfell; givimg rise to = kind

of planaticn  procees (sheet floods). This resulted in the

development of the Tureta sandy "wash plain® and Talata
loamy to clay mein terrace deposits. The Tureta sandy
 "wagh plain" deposits occur at a relstively higher plain

R
" above the present day rivers. They have basen accumulated

wainly by sheet erosion and accumulstion. Telata loamy to
clay main terrace is located on an intermediate level, and

is formed on a flood plaein at a time when the river water

. S ' *
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level was high. Recent aqueous deposits of the study arca
are Diggi Park, and Kurukuru-Gande Micaceous deposits. The
Diggi Park fluviel deposits were formed during e period with
distinct wet season, during which the river meandered.
Kurukuru-Gande micaceous deposits are also fluviatile and
were formed from a sub-recent toc recent meandering river

aystem,

3.3 Relief, Drainage and Soils

The relief of the whole of the Uakolori area is
virtually flat, although from the ground level, scattercd low
table lands or very gently rising high lands pccur. The
altitude of the area varies from about 250m near the bank of
the Sokoto river to about 600m in the south-east wards

direction (Sombroek and Zonneveld, 1971).

Two major river bodies drain the Dakolori area. They
are the Sokoto river and the Oobo river, the Sokoto river
borders the north-east of the Oakolori area. It serves as
the major natural drain of the area, and floods from the hioh
lands empty into it. Sokote river also serves to drain used
and excess water from the Dakolori irrigation project, which
is within the study area. The Gobo river drains mainly the
higher lend area. I¢ flows along the old valleys and lowland

areas of the study landscape.

In general, three main types of deposits have been
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recngnizéd.in the Bakolori area; namely the aenlianldepuaitaj
the older aqueous deposits, and the younger equecus depcsits
(FAD, 1969; Impresit, 1974). The aeolian and older egueous
deposits are mainly of samdy to loamy textures and ere deep
and uell dralned. Many of these upland soils have a tendency
to bacaﬁé“sealed superficially or capped, resulling in a high
run-off coefficient, as well as sheet and wind erosion
(Sombroek and Zomneveld, 1971). The younger egueous deposiic
occur within the meandering river systems and consist of
micaceous very fine sands to loam. In the backswamp arcas

of the meandering rivers, the soils are deep end poorly
drained with clay, silt clay and clay loem textures

(Impreslit, 1974),

3.4 EClimate

Data related tc rainfall, temperature, wind sgpeed,
gvapotranspiration, sunshine hours were collected From the
Irrigation Research Station of the Ahmadu Bello University,

Oakura. This data are summarized in Table 3 and cavers 190d,
1903, 1984 and 1985. The mean monthly rainfall, evapotranspiration

and air temperature for the area are also presented in Fig. 2.

Tﬁedpfeéent-day climété ﬁf the Oakolori area 1s hot and
gsemi-arid, The dry season is very pronounced and lasts from
October to May, while the wet season is gften torrential ant
of short duration. In the area, there are two dominant air

masgea, the northerly dry harmettan winds which come from the
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AND AIR TEMPERATURE FOR 1982-85 IN BAKOLORI AREA.
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Table 3: Climatological dataz of the fOakclori ares - 19082=1905

Sun- Wind Evapotrans~ Air Rain- %

shine speed plration Temps fall Annuel
Year/Month (hrs)  (km) (mm) op (wm)  Rainfall
1802
January 8,21 134.62 247,3 24,0 - ~
Febryary 5.50 148,61 23842 25.7 - -
March 5.22 13h4a55 333.1 30.5 - -
April = G.10 14B.14  297.6 33.95 0.2 0.0
May o Ga17 161.79 295,4 33.65 59,9 9.2
Jdune - B.50 168,29 305,7 29,95 72.4 111
July ' 6,70 94,29 150.7 27,60 134,1 20.5
ARugust 1030 90.60 178.7 27.60 20440 37.08
September 12,60 101,90 160.6 27.60 104.1 15,9
October 6.00 81.90 17445 29,70 33,9 5.2
November 6.70 106.80 218.7 24,485 - -
December 7,00 122,90 225.0 23,75 - -
Total 082,24 1502,59 2836,9 339,05 653. 4
Mean/an 7.4 125,3 236.4 28,25
1963
January LG4 287.1 270.6 19.056 - -
February 71 166.6 241,22 26,76 - -
March 6.8 179.0 3484 28,40 Ca & v
ApTil -+ 5.7 10249 310.3 32.60 - -
May 7.1 164.0 302.0 36.30 3.4 Bafi
June o B.h 149.0 263.5 30,50 105.3 22.4
uly ¢ 6.2 150.2 241.0 28,10 142.6 30.0
August 6.4  120.6 176.0 26.95 116.3 24,4
September 5.7 a4, 11 180.3 27.70  79.9 16.0
October 6.9 92.47 259.68 20.10 -~ -
November 7.9 61.27 239.3 26.50 - -
Pecember 6.6 87.67 2331 23,00 - -
Totsl 77.2 1684.92 3003.7 333.56 475.9

Mean/an. GJ43 14041 257,.0 27.79
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Table 3 (Contd.)

Sun= Wind Evapotrens- Air Rain- fo

shine speed piration Tempe fall  Annual
Year/Month Chrs) (km) (mm) Op (mm) Rainfal{
1904
January be7 15540 260.0 21,8 = -
February 6.5 149,.9 27545 26.0 - -
March 6.5 108.0 2259,2 3161 - -
April 77 120, 4 260.0 33.0 - -
May 642 172.5 287.4 31.5 57.5 14.3
June 8.7 148.0 246,.1 29.0 1L0.7 35.1
July 5.0 128.8 222,3 30,5 51.9 2.9
August 7.0 108.6 167.9 29.8 56.4 16.1
September Sel 120.3 1861 29.9 BL.3 21.0
Dctober 5.5 100.8 204.6 30.0 10.5 2.6
November 71 93.6 272.8 27.8 - -
December b.7 157.7 206446 22.6 - -
Total 75.0 1514.4 2815.3 353.0 &401.3
Mean/an. 6e25 12642 234,6 29,42
1985
January 12.9 130.9 275.9 25,2 - -
February L.B 197.8 299,6 24,1 - -
March 3.2 177.6 2821 28.1 - -
April L.2 110.5 268.0 27 4 - -
May Sel 179.0 322.4 36.3 208.0 22,0
June 5.1 195.0 267.0 33.9 124,0 13.1
July 6.6 1624 120.3 27.0 155.6 16. 4
August 6.0 84,0 197 .1 28.0 267.0 20,2
September 6.0 674 162.0 26,5 192.0 20,3
Dctober 7.0 64.3 214.0 30,0 - -
November 8.0 7645 223.,0 27.0 - -
December 5.0 149,2 237.0 22.5 - -
Total 73.9 1569.6 2088,.4 336.9 9L6.6 -
Mean/an. .16 13048 240,7 2041

(Source: Irrigation Research Statfon, A.0.U., Bakura, 1906).
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Sahara and the south westerly monsoon winds of humid oceanic

air (Kendrew, 1961; Griffith, 1971),
24441 Rainfall

Oakolori area has marked wet and dry seasons. The
rainy season normally begins in the month of May and ends
in the month of September. Alithough mean annual rainfall
fluctuates very much every year (Table 3), it can be generally
said to be about 600mm (Irrigation Research Station, Ahmadu
Oello University, Bakura, 1985). Yearly rainfall totals
range between 400 and 946.6mm with a mean of about 607.3mm
for the 1982-1985 period. The peak rainfall period is betwcen
June and August (Fig. 2). During the months of November to
February, the area is subject to cool, dry north easterly
winds (harmattan), which yield virtually no rain. In the
months of March and April, the area becomes hot and very dry.
Cetween the months of October and May, vegetative growth
decreases drastically, such that scarcely is any vegetative
cover left on the soil surface. Over this period, the soil
solum dries out and pedogenetic processes are slowed down.
From late May to September, the seasons change, as the moist
southerly winds bring rains, vegetative activities start
again, and the processes that develop the soil solum become
re juvenated. Soil moisture regime of the area is generally
inferred to be eridic tropustic. Exgeptions are those of

the Kurukuru~Gande micaceous and Diggl Parks which have ustic
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5011 moisture regimes respectively.

Over the months of June, July and August, maximum
amounts of rainfall are recorded. Mean rainfall opver the
periods June to August for 1982 to 1985 ranged from 58.0 to
76.5% of total annual rainfall. Average per cent rainfall
for these months of peak raeinfall is 22.1% for 1982 to 1900.
Generally, mean monthly rainfall increases from 89.2mm in
May, attains a peak of 171.6mm in August and decrezses to
115.08mm in September (Fig. 2). This seguence agrees with

that observed by Kowal and Knabe (1972) in the study area.

3.4,2 Temperature

Temperature is high in the study area, with mean annual
valuca ranging between 270.0 and 30.0°C. Mean annual
temperature for the period 1982 %o 1985 averaged about
20,39%C. Air temperature usually drops during the peak
rainfall months of June to August; attains a major drop
during the harmattan months of December to February, and
rises tc a peak in the month of Ma,, jusl bifusc the salins
begin (Table &4, Fig. 2). Average maximum temperature during
“he months of March, April and Moy t= 3..0°7, byt commanly

ranges between 30.0 and 34.0%C. *he soil temperature ra2gime

of the Bakolori area has been infirred toc the ischyperthermic.

3.4.3 Evaputranspiration

Mean monthly values cf evi gpotranspiration range beiween
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a8 minimum of 150mm and 200mm in the months of July to
Saptembef,.tﬁ a8 maximum aﬁerage of between 200 and 348.4mm
between the months of September and June (Table 3). For

the period 1982 to 19865, the monthly evapotranspiration in
the Bakolorl area is far in excess of monthly rainfall
(Table &4, Fig. 2). Exceptions to this are during the months
of Rugust 1982 and in July, Aunust and September, 1985.

This means that in some years mean monthly precipitaticn may
exceed monthly evapotranspiration, thus leaving excess soil
‘water for plant use during the reiny season. Howsver, total
annuel evapotranspiration ranges from 2015.3 to 3083.72mm
with a mesn of 2906.08mm. This means that despite the
rainfall, cropping during the rainy season (May to September)
will require supplementary irriqation, while dry sesson
(October to April) cropping will reguire high to moderate

irrigation freguency for most cropse.

3ebolh Radiation pattern
o

Gererally, long sunshine bours per day/month are
observed in the project ares., Generally, mean annual
sunshine”hburs range between 6,2 and 7.4 hours per'daq/mnnth.
A mean value for the period 1932 to 1985 of 6.56 hours/day/
month of sunshine is obtained Tor Bakolori area (Table 3).
Range of sunshine hours is betuseen & and 12,9 bours/day/month
in the srea. This range of 8¢ 1ehine hours will adeguately

enhance viable photosynthetic activity during the cropping



1]

]

' .j;l : _ 23
|
sggson within the survey area.

3.5 Uegetatiun and Land Use

The survey area lisgs within the Sudan Savanna Zoneg
(Keay, 1959). The vegetation is open savanna woodland on

the better solls and trees and shrubs on the poorer onese.

=
The vegetation of the poorer 50il arves is greatly

modified by cultivation, bush burning, tree fC7 11 3 for
fire wood (Flate 10) and gver-grazing. Nearly everyuhere
the trees ang shrubs are leafless during the dry season
(Cctober to May). Both the poor grassy under cover of the
seml-natural vegetation and the stubble of the arable Fields
are either grazed off by gosts and cattle or are carried

underground by termites (Sombroek and Zonnev:ld, 1971).

] : . .
Most of the farming activities are carried out during

“the raipy season. On the better soilg, sespecially ithose
Near the rivers, streams or fland catchment areas, arable
cropping takes place, It ranges from long~-fazllow shiftinn
cultivation to permanent wet-seascn cropping. Guinea corn,
millet, groundnuts, cowpeas &¢nd cotton are the main crops
commonly grown in the area. . n the flood plains, and in the
Bakolori irrigatipn areas, in -¢dition to the crops listed
above; rlce, whest and suggr-c e are also grown. During
the dry season, major cropg gexm in the flood plains and in

the Bakolori Irrigatipn Prgject area include potatoes, tomatoes,



onion, carrots, cabbages, water melon and spinnach.

2L

Upland

ereas are normally left fallow during the dry season.

Table &4: Mean monthly Rainfall, Evapotranspiration and

air Temperature for 1982 to 1985 in Bakolori Area

Rainfall Evapotranspiration Air Temperature

Months (mm) (mm) Op
January - 264 22.6
February - 264 25.6
March - 298 29.5
April - 289 31.8
May 89.2 302 34,1
June 110.6 270 30.8
July 12141 184 2845
August 171.6 180 28.1
September 115.1 189 29.0
Oc tober - 213 29.5
November - 239 2645
December - 226 23,2
Total 607.6 2918 339,2
Mean 2B8.3
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Plate 1 (a)

Tree felling operation and vegetation type in the

Sangiwa cover sand unit
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Plate 1 (b)

Surface capping typical of scils of the upland

units (Tureta sondy "wash plain" unit).
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FIG3. BASE MAP SHOWING MAIOR GEOMORPHIC UNITS  STUDIED

IN THE AREA.
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Chapter &4

MATERIALS AND METHODS

be4 Prepmration of Base Map

_Topographical msps, geolopical maps, genmurphnlngiﬁal
maps, land use maps and road maps covering the gurvey area
were assembled and analyzed for the purpese of obtaining a
background knowledge of study area, snd to help in the detall
planning of the field work. After obtaining the background
knowledge of Bakolori study area, a Pumber of traverses and
auger observation points were selected to represent each of
the mapped geomorphic units., These traverses and auger points

are plotted on the base map before the fleld work starteds

La.2 Field Studles

Soils accurring irn esch of selected five geomorphic unlig
were examined in the field by augering at the pre-determined
observation points. At each aite, the soill was augered to a
depth of 120cm, and described regarding the surface |
characteristics, vegetation, elope, soll depth, texturé,
drainage, moist soil colour, etc. Following the auger-point
descriptions, approximate boundaries betueen the verious |
geomorphic units within the ares were confirmed. A mindmum
of two profile pits were then (iug in each of the flve
geomorphic units; Sangiwa cover sand, Tureta sandy "wash

plain®, Talata loamy to clay rain terrace, Kurukuru-Gande



micaceous and Dingl Park deposits.

Each profile pit waes described in the moist state of
their full range of morpholonical characterlistics. Soil
description followed the pattern described in the Sil
- Survey Manual (So0il Survey Staff, 1951). except that the
horizan designations are the ones of the revised version of
May, 1981 (Guthrie and Witty, 1982). Following the field
descriptions, soil samples were collected in soll bags for

laboratory analyses.

o3 Leboratnry Studies

Soill samples were air-dried, ground and sieved to remove
materials greater than the 2mm fraction. The following

analyses of the less than 2mm fraction were carried out.

Le3.1 Particle size distributian

Particle gize distribution wes determined by the
hydrometer method (Day, 1965), Send, silt, and clay were
determined with the aid of the Bouygucos hydrometer using
sodium hexametephosphate as dispersing agent. GSizes and
gmaupts of particles setiling was determined by emploving
the progreasive time interval of 40 sec, 1 min, 5 min, 1 ho,
3 hrg, 6 hrs and 8 hrs. Sand fractions were collected after
decanting allt and clay, dried at 105°C in an oven and sieved
into the range of sizes 2=1 mm. 1-0.5 mm, 0.5=-0.25 mn,

0.25-0,106 mm, 0.106-8.053mm, using & sieve set with
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cnrrespundihg sizes.

4.3,2 Soil pH

So0il pH was determined potentiomztrically on 1:1 soil
to solution ratio using glass electrode snd Coleman matrio
IV pH meter, in distilled water and 0.D1 m calcium chleride

(UaGlz) solution.

4e3.3 Electrical conductivity

Electrical conductivity was determined on the soil
extract made from a ratio of 1:2 soil to water paste. A
conductivity meter was used for the determination following
the Hower and Wilcox (1965) procedure. Correction was made
for temperature at 25°¢C using the formula

EC,.o- = v EET

25°C where EC,.0. is the electirical

T O.07 (T = 2550 25°c
conductivity at 25°C.

ECT'= Determined electrical conductivity at laboratory
temperature.

T = Temperature at which EET was deirrmined.,

Le3.4 Avallable phosphorus

Rvailable phosphorus wiag determined by the Bray

Nos 1 method (Brey end Kurtz, 1945).

4e3.5 QOrpanic _carbon

Organic carbon was detaymined following the Walkley=

Black method {(Jdackson, 1958), The method involved the
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digestion of the soil organic matter by potassium dichromute
(Hzﬂrzﬂh) using concentrated sulphuric acid to increase the
temperature and hasten the reaction. Per cent organic carbon
was obtained using the formula:

Org. carbon % = (Blenk titre - Actual titre)

R 03 xmx f
Grams of air dry soil

where m = Concentration of ferrous ammonium sulphate

f = Correction factor 1.33

he3e6 Exchange acidity

Exchangeable acidity was determined by the leaching
method described by Peech et al. (1962) using barium
chloride-~triethanolamine (Be-TEA) solution adjusted to pH
Be2, and by the successive leaching of soil with IN KCI using
1:10 soil to solution ratio. Amounts of exchangeable H and
AI in the leachates were determined by the titration

procedure outlined by Mclean (1982).

4.3.7 Cation exchange capacity

Cation exchange capacity of scil sample was determined
using three analytical procedures, nAmely, ammonium acet:ie
(pH7.0) method decribed by Chapman (1965), sum of
exchangeable metallic cations plur exchange acidity by the
BaCl, - TER (pHB.2) procedure of (hapmen (1965), and the

sum of exchangeable metallic catiins plus exchange acidity
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by IN KCI method of Mclesn (1882). Cation exchange capacily

of the clay fraction (CEC-clay) was determined by calculztiocn,

using the formulsa

So0il pH7
% Clay

CEC~clay = CEC - (3.5x4C) 100

where % C = Per cent organic carbon of soil sample.

Lo3.8 Exchangeable catlons

Exchangeable Ca, Mg, K and Na were determined with If

NH. GAc {(pH7.0) using 1:10 soil : solution ratioc. GCelcium end

A
magnesium in the filtrates were determined with a Perkin~-Elmer
model 2908 Atomic Ahsorption Spectrophotometer (AAS), while
sodium and potassium in the filtrates were determined with a

Gallenkamp Flame Analyzer {Chapman, 1965).

ho3.9 Per cent base saturation

Base saturstion was calculated by dividing the total
exchangeable metallic cations (Ca, Mg, K and Na) by the catlon
exchange capacity (CEC) obteined by the NHhUAn, (pH7.0Q), sum
of catians plus exchange acidity hy the BeCl, - TEA {(pH 8.2)

and the aum of cations plus excbhe nge geidity by IN KCI method.

4¢3.10 Extracteble 1ron and aluinium

Extractable iren and alu 1inium were determined by the
sodium citrate, sodium bicarbonaie and sedium dethionite (COD)

method described by Jackson (19€3). It involved the complexing
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of iron and sluminium oxides and hydroxides with sodium
citrate and sodium hydrocen cerbonate. The solution was
heated end reduced with sodium dithionite. After
centrifugation, jron contents of the soil w#xtracts were
determined at 248.3nm wave length in atomlc absorption
spectrophotometer, while aluminium wse determined at 530nm
wave length in aIEQEcﬁrﬁnic 20 colorimeter following a

calour intensity developed after 2.0 hours.

be3,11 X-ray diffraction analysis of the sand, silt and cisy

fractions

S0il semples collected from seven profile pits were
subjected to mineralogical analysis. 0One profile each of
Samgiwa cover sand, Tureta sady "wash plain®, Talata loamy
to clay main terrace, and Kurukuru-Gande micaceous teposiis,

and three profile pits of Diggi Park Unit were studied.

Scil =amples studied mimeralogicaelly were First fréated.
with hydrogen peroxide, and sodium clitrate, sodium bicarbonate
and sodium dithlionite to remove organic matter and sesquioxido,
contents pf the soils. They were further dispersed using
sodium hexametaphosphate soclutign. Sand, silt and clay
fractions were separested after series of decantations and

rentrifugationa.

Send fraction of hetween 2,0 and 75um diameter range

were seperated by sieving. Tise sand particles were wbserved
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under the petrographic microscope to identify minerals
present in the particles. Magnetic minerals were first
separeted with a bar-magnet and alsp identified under the

microscope.

5ilt fractions were air-dried, ground into fine powder,
put into X-ray diffrection sample holder for mineral
identification. A Diano XRD 7C0 JdiiTwectometer which employed
Niwfllter Cu Kv radiation was used. The diffraction tube was
operated at 40wkv and 30 amp for all the samples. Ingstrument

setting for the silt samples are as follows:

Scanning range - é“zg to 65720
Divergence slit - 129
Receiving slit -  BeZ2mm

Scatter siit - 172

Scannirg speed - 29287540
Paper-speed - 2cm/1in

Clay fractions separated by siphoiing at a progressive
time intervel were sedimented with macazrsium acetate (MgBAc)
salt, centrifuped, left to dry in whe a r, and ground 1into
fine powder. The powdered ¢lays were the.' divided into
three for non-gricinted, griented guu tewaw iRd XRD sample

analysis as discussed belouw.

Non~oriented-magnesium snturated clay samnlcs

This powdered clay fraction was put ir an XRD sample

Lp
hnlder and the clay was scanned from QDZQ/tn EUBZQ using a
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Cu~tube, The following specifications were used:

Diversion 51it - 1"
Receiver 511t - D.2mm
Scatter S1it - 1
S5canning speed - 2%g/min
Papér epeed | - 20mm/min

Drientedl.@ggneéium saturated clay samples

0.1g9 Mg = saturated, sir-dried, ground clay was
homogenized in Scm3 of deminerallzed water in a test tube.
1cm2 of the suspension was transferred into a % size clean |
microscane slide (2.8 x 4.6cm) by means of a pipette. This

was allowed to dry overnight. The clay samples were scanned

from 3%20 to 20°. Specifications used were:

Dibergence slit - %P2Q
Recelwlng slit - D, 2mm
Scatter slit - ¥%as
S5canning speed - fnzg{min

Paper speed - 1w/ min

To obtain the oriented, magnesium-saturated, glycerol
treated clay sample, one drop of gly:carol was homogenized
with clay suspension in the test-tuyie gbove, 1cm3 of this
suspension was then transferred lnt> 3 size microscope slids
(2.6 x 4,6cm) with a plpette and =l iouwed to air-dry over night.
Instrument seiting waes as used for ‘oricnted, magnesium

satureted clay".
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Clay sample saturated with potassium chloride and washed
cut three times with ethanol, was sir-dvicd, ground in.a
mortar and O,1g of it was homoganized in 5|::m3 of deionized
water, 'Icm3 of the suspension was transferred into 12 size
milcroscope sllde and allowed to dry over-night. Instrument

setting was as in the case above.

After XRD analysis of the K-saturated ai- dry sumple,
the sample on the microscope sllde was placed in an oven
at 500 to 550°C for ane hour. After cooling to a
temperature at which the slide can be handled with the
finger, it was placed in the XRD gample holder for analysis.

Ingtrument setting was as in the case of Mg-saturated clays.
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Chapter 5

RESULTS AND DISCUSSION

Figure 3 presents the base map showing major geomorphic
units in the Bakolori area. Five major geomorphic units
desigrated Sangiwa Cover Sands, Turete sandy "wash plain®,
Talata loamy to clay main terrace, Kurukuru=Gande micaceaus
and Diggl Park unlts were selected in the survey area. AN
evaluation of morphological, physical, chemical and
mineralogical characteristics of the solls of the project |
area as well as a summary of soil characteristics of each

of the units selected in the area are discussed below,

51 B5Spil Morphologleal Characteristics

Soils around Bakolori area are either aeolian, alluvisal,
colluvial, or a mixture of thase, in origin. The parent
material deposits follow what appears like a toposequence, .
with seclian deposits et the crestal positions, mixed
aeolio-colluvium at upper and middle to lower slope areas,
mixed aenlio-fluvial materisls at terrace-plateaux, mixed
colluvio-alluvium at habksmamﬁ valley ereas cof Sobo river antd
Gada stream, and flopdwcatchment areas; and mainly fluviatile

soll materials at levee areas of the Sokoto river. .

Bails of the crestal end upper slope positions having
seolian (pedons 1 and 2) and mixed aeolio-colluvial parent

materials are those of Sangiwa cover sand. Those of the
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middle (pedon 3) to lower (pedon 4) slope positions are the
soils of Tureta sandy "wash plain" unit. Their spil parent
materials are mainly mixed aeolio-colluvial in origin. Soils
of the Talata loamy to clay main terrace unit (pedons 7 and

8) are plateau like terrace materials that are a mixturz of
aeolian and fluviatile deposits. At the levee areas bordering
the banks of river Sokoto, recent fluviatile parent matericls
cheracterize soils of the Kurdkuru-Gande micaceous unit. The
valley bottoms, the backswamps and flood catchment phases of
the Diggi Park unit are characterized by mixed colluvio-

alluvial soil parent materials (pedons 11, 12 and 13).

A minimum of two profile pits were sunk in each of the
five geomorphic units and described. Two representative
(modal) profile pits, which show the range of morphological
properties, are described below for each geomorphic unit.
Soil descriptions follow the pattern described in the soil
survey manual (Soil survey staff, 1951), except that the
horizon designations are the ones of the revised version of
May, 1981, (Guthrie and Witty, 1982)., Soil descriptions are

for the moist siate of the spil unless otherwise stated.

The elevation of the study area is about 300m above

sea level.

Ss1:1 Egngiua cover sand

Soils of the Sangiwa cover sands include very well-

drained to excessively drained yellowish red (5YR 5/8) to red
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(2.5YR 5/8) sandy loam to sandy loam solls with 98k brown
(7.5YR 4J4) to reddlsh brown (5YR 4/4) sandy loam surface
fhorizons. The solls sre deep and cccupy crestal and upper
slope positions of about 2% slope (nearly level)., Typical
profiles of the crestal phase show o distinct horizon
differentiation. The soil parent materials mainly consists
of seniien deposits. Those of the upper slope phase are
argillic, and weakly plinthic at between 130 and 180cm depthe.

Their parent materiels are mixed aeclif-cpiluvigl in origin.

Coarse fragments in the soils include guartz gravels.
which increased from surface to sub-soll borizons within a
depth of 200cm. Iron concretion and nodule formations
accounted partly for the high content of cosrse fragments

ohserved in the sub-soil.

The solls exhibit unstable, weak to moderate structure
especially in the surface spil horizon, and are, therefore,
very susceptible to erosion which is evident from the
extensive capping and clay depletion of surface horizons

(Figtes 1b and 2).

There is hardly sny observable evidence af pédugenic
processes taking place in the soilg of the crestzl positions.
Howevar, the soilg located on the gently sloping upper slape
positions are arglllic and show evidence of formation of few
soft iron nodules and concretions in the subaoil horizons,.

Possibly, lateral movement of clay and Fe-oxyhydroxides from



Plate 2

Poor crop performance on capped soils in the upland

soils units (Tureta sandy wash ploin)
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the crestal positions through underground seepage may asccount

for the argillic horizons and the presence of the soft

Femnodules. The solls of the Sangiws cover sand occupy

about 33.471% of the total project area (Table 1),

Influence of sheet erosion common on these soils is

evident on the surface scils. Extensively capped soil

surface and the reduced 8ilt end clay contents of scils can

possibly be attributed %o wind and sheet erosion.

Spil pedons 1 and 2 which typify the soils of the

Banglwa cover sands are described below. Typlcel profile

picture 1s shown ag Plate 3,

Pzdon 1

Date described

Location

Geology

Soil Parent Material

Geomorphology

(1]

16/11/84

13km from Lamba-Bakura, along
Zaria~Sokoto road on the right
hand side.

Azgolian deposits aver highly
w3athered fluviatile basement
g@tdiments of the Cretsceous
Cundumi Formation.

Aeglian deposits over gaprolites
derived from sedimentary materials
¥ the Gundumi Formation.

Low dune landscape.



E Topography :

- Vegetstion/Land Use

f
1
|
1
I

; Erosion :
"ﬁfginags _ ' :
Burface characteristics:
Depth to water table :
Depth to any |

impenetrable layer :

~Horizon Depth (cm)

Crestal position; nearly level,
2% slopg.

Sudan Savannea - open woodland, not
cultivated Combretum grass,
shrubs and short trees.

Moderate sheet erosion.

Somewhat excessively well drained.
Extensive cappling of soil surface.

Very deep (below 200cm).

Not encountered,

Descriptlon

A 0=25 ~ Dark brown (7.5YR 4/4) sandy loam;

__:% o ' weak, medlum, sub-angular blocky

gtructure; sllghtly sticky (wet)

very friable (moist), soft (dryds

pores; many, flne

}i | common, fine to mediur, .

roots, many ant holes; gradual,

tt _ ' ' smooth boundary,

AC 2560 Yellowigh red (SYR 5/8) sandy loam;

weak, medium, sub-angular blocky

structure; slightly sticky {(wet),

very friable (moist), slightly hard

(dry); many fine to medium,



Horizen Depth (cwm)

c 60150

5. 150-200

i
e
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Description

pores; common, medium
roots; many termite and ant mounds;
many fine and medium guartz gravels;

diffuse, smooth boundary.

Yellowish red (5YR 5/8) sandy laam;
weak, medium, sub-angular blocky
gtructure; slightly sticky (wet), very
frisble (moist), bhard (dry); many
medium . pores; few, madlium
roots; few termite and ant baorrows;
abundant guartz gravels, diffuse,

emonth Doundary.

Yellowish red (5YR 5/8) gravelly sandy
loam; weak, medium sub-angqular blocky
ptructure; slightly sticky (wet), very
friable (moist), hard (dry); many,
medium roots; common lron concretions
and nodules; bhaematite and quartz
freqnents: few tepmite and ant
burrows; abundant, fine and medlium

quartz gravels.



. Pedon 2

Date described

Location

Spil Parent material

Geomorphology

Topography

Vegetation/Land Use

Erosion

Drainage

-

Surface characteristics:

Pepth to water table

Depth to impenetrable
leyer

i

16/11/54

Abput Bkm from Lambo-Bekura,
along Zarla-Sokoto road, on the
left hand side.

Aeolian deposits over highly
veathered fluvistile Basement
sediments of the Cretacegus

Gundumi Formation.

Aeolio-colluvial msterial over
gsedimantary saprolites of tho

Gunduml Farmation.
Dune lendscape.

Upper slope, nearly lovel, 2%

gradient.

Fallow; old millet farm. Opean

Savanna wopdlond; common
Combretun grasses and few short

trees and shruds.

Moderate sheet.

weil drained.

Extensive capping (surface).

Very deep (deeper than 180cm),

Not encountered,
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Horlzon Oepth (cm) Description

Ap 0-30 Reddish brown {5VR &/4)sandy loam;
| weak, medium, subeangulaor blocky
structure; slightly sticky (wet), very
frisble (moist), soft (dry); common
qu o medium, ' pores; many,
medium and coarse roots; many ant

holes; clear smooth boundary.

Bt 3D-80 Red {2.5YR 5/8) sandy clay loem; weak

to moderate, medium, sub-angular

hlocky siructure; slightly sticky (wet),

very friable (moiet), slightly hard

(dry); fcw, fine clay skins on ped

faces and in pores; common, medium,
pores;

common, fine to medium roots; few,

fine quartz gravels; few termite

+ burrows; gradual smooth boundarv.

Btz 80-130 Redish yellow (5YR 6/8) sandy clay
loam; wezak, medium, sub=-angular blocky
gtructure; sticky (wet), friable
(moist), slightly hard (dry); few, thin
clayskins in pores; common, medium,

pores; few, fine roots;

many medium iran-nodules; few fine to



-
-

Plate 3

A typical profile of the Sangiwz cover sand unit.
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Horizom Depth (cm) Description

medium quartz gravels; clear smobth

boundaTy.

Btv 130=-180 Yellowish red (SYR 5/8) sandy clay
| loem; wmoderate, coarso, sube-angular
blocky structure; sticky (uwet), firm
(moist), hard (dry): common, thin clay
gkins iIn porcs; few, medium,
pores; abundant sofd
iron nodules; many, medium quartz

fragments.

54142 Tureta sapdy "wash plain"

Soils of the Tureta sandy "wash plain" arc grouped into
mid and lopwer slcpe scil phoses. One pedon each will be

described to characterize epach phase of the unit.

Soils of the middle slope phase (pedon 3) are welle
drained yellowish red (S5YR 5/8) to reddish yellow (7.5YR 4/8)
sandy clay loam to sandy loam with dark hrown (7.5YR 4/4)
sandy loam surfece horizons. These goils are deep and occupy
mid slope (pediment) positions of 2% slopes. Typicol pedon
(pedon 3) shows argillic properties, indicating that clay
lessivation is a distinct pedognenic process occurring in
these solls. The seil parent material consists of a mantle
of mixed loesalal and colluvial deposita over sedimentary

materigls, ';‘
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Soils of the lower slope phase (pedon &) are moderately
well-drained, strong brown (7.5YR 5/6) to light gray (5YR 7/1)
sandy loam to sandy clay loam with reddish yellow (7.5YR 6/6)
loomy sond surfoce horizon. These soils arc deep and occupy
lover slope positions of 6% slope. Typicel pedons (pedon &)
show argillans n; their ped surfaces and in pores. The soil
parent materials 1; this phase consists of a mantle of mixed
aenlio=-colluvial materisl over sediments. The profile is

characterized by gleying and hydromorphic mottling; as is

obscrved between 142 - 190 cm depth of pedon &4,

Quartz fragments and soft iron nodules conteined in soils
of this unit asccount, for the coarsencss of the pedons
examined. The iron nodules are thought to have been
solubilized and lesterally transported ferrous iron oxides
which was subsequently re-oxidized inte ferric forms. The
occurrence of these soft iron nodules increases with depth,
ond exists discretelye Few fine mica flakes which were

observed in the pedons of this unit decrensed with depth.

The soils exhibit unstable, weck to moderate structurc
especially in the surface soil horizon, and are, thereforc,
very susceptible to erosion, which is evident from the
extensive capping, gullies, and silt and clay depletion of
the surface horizons. Wind ercsion contributes immensely

in the erosion of surface soil materials.

There is evidence of the development of argillice
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horizons as indicated by the ocourrepce of clay skins in
pures boiween 36 and 200cm depth in pedon 3, and between

70 and 10D0cm depth in pedon &, Also the relative increase
in the clay content of the Bt horizons (pedons 3 and &)
sugpest that clay lessivation 1s a marked pedogenic process
oceurring in the solls of this unit. These solls occupy

about 14.94% of the total project area.

Soils of Turete sandy "wash plain” geomorphic unit are

described below and a typical pedon is shown in plate &,

Pedon 3 .

Dgte described : 13/11/84L

Location ' : 2km from Lamba-Bakura road
junction, olong Zaria-5okoto
road; on the right hand side.

Geology _ : Alluvium over weethercd sediments

of Basement materlals.

5011 pasrent materizls : Acollo-colluvigl materisl overm
sagprolite derived from the

Gundumi Formation.

Geomcrphology - : Strongly undulating landscape
Topography : Middle slope; gently sloping,
o 2% slope.

Vegetation/Land Use : Cultivated to millet, cowped.



Erosicon

Drainage

Surface characteristics :

Depth to water table

Depth to any
impenetrable layer

Horizon Depth (cm)

Ap O=36

Bt 36=150

50

: Severe sheet ercsion.
§ Well drained.

Extensive copping and wind blown

materials in the nearby slopes.

:  Not encountered (deeper than

ZUUE.'I'H) .

Not encountercd.

Description

Dark brown (7.5YR 4/L4) sondy loam;
weak, medium, sub-angular blocky
structure; nonesticky (wet), very
friable (moist), soft (dry); common,
medium pores; common, fine
to medium roots; many ant holes;

clear, smooth boundarye

Yellowish red (5YR 5/8) sandy clay
loam; moderate, medium, subeangular
blocky structure; slightly sticky
(wet), friable (moist), slightly
hard (dry); common,moderately thick
clay skins in pores and ped surfacess
many medium to coarse,

pores; common, medium roots; many

fine, guartz gravels; few soft



Btz 150200

Pedon 4

Date described

Location
Geology

Spil parent materials

Geomorphology

Topography

51

Fa=todules; fow vertical and
continuous crocks (less than 1em wide)j

deffuse, smooth boundary.

Reddish yellow (7.5YR &/8) sandy loamj
moderate medium, subeangular blocky
structurc; slightly sticky (wct),
friable (moist), slightly hard
(dry): few, thin, clay skins in pores;
common medlum pores; feuw,
medium roots; many, soft medium
nodules and concretions, many, medlum
quartz gravels; few continuous, lgss

than 1cm vertical cracks.

: 16/11/84

8km from ULsmba-Bokura, ® ong Sokotoe-

Zarin reod, on the left hend side,
t  Alluvium over sedimentary rocke

Aeolic-colluvial material over
sedimentary soaprolites derived

from Gunduml Formation.
Moderately to strongly undulating

: Lower slope; gontly sloping to

sloping, 6% gradiant.



Venetation/Land Use

Erosion

Drainagae

Surface characteristics

Depth to uwatopr table

Depth to any

impenetrable layer

Horizon PDepth (cm)

Ap

BA

O=17

17=70

52

1 Cultivated +to millet.
5 Moderatz sheet erpsion.

¢ Moderately well-droincd.

Extonsive capping of soll surface.

3 Not gncounterud,

: Not encountereds.

Description

- Reddish yellow (7.5YR 6/8) loaomy

send; weak, medium, syb-engular
blocky structurc; slightly sticky
(wet), very friable (moist), soft
(dry); common, fine to modium,

pores; common, finc roots}
many, finc mica flokes and quartz
fragments; many ant holes; clear

emooth bBoundary,

Strong broun (7.5YR 5/6) sandy loam;
moderate, medium subesngular blocky
structure; slightly sticky (wet),
frinble (moist) hard (dry); common,
fine to medium, o poresy few
fine roots; common, fine mica flakes
and gunrtz fragments: common ant

holes; clenr, smooth boundary.
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Plate &

A typical profile of the Tureta sandy "wash plein" unit,
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Horizon Depth (cm) Description
Bt 70=142 Strong brown (7.5YR 5/6) sandy clay

lpam; coarse, subeangular, blocky
structure; sticky (wet), firm (moist),
hard (dry); common, thin, clay skin in
pores; many medium, : © poTres;
few, tiny mica flakesy many, medium
guartz fragments; few ant holes;

diffuse, smooth boundary.

Btg 142-190 Light grey(3 YR 7/1) sandy clay with

many coarse, distinct, strong brown and
brownish yellow (7.5YR 5/6) end (10YR
6/8) mottleaﬁ strong coarse, éub-
angular blocky structure; sticky (wet),
firm (moist), very hard (dry); common,

- moderately thick clay end Fe-oxyhydroxida
clay sklns in pores; many, medium,

pores; moany, medium soft iron

nodules; few, very fime mica flakes.

5.%«3 Talata losmy to clay main terrace unit

Sulls of the Talata loamy to clay main terrace unit
include well to moderately well-drazined yellowish red
(5YR 4/8) to strong brown (7,5YR 5/8) sandy clay loem sub-

scile with deep dark brown (7.5YR &4/4) sandy loam surface
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horlzons. The soils are decp and ococupy terrace like
pleteau positions of 1% slope. Soil parent materials
consist of a mantle of mixcd loessial and sub-recoent

flovizl materisls over scdimentary substratume.

Baérse fragments in the scils consist of guartz
fragments which arg more dominant in the subsoils. The solls
exhibit unstable weak %o mederate structures, especielly in
the surface horizon. This is evident from the slight capping
of the surfate scils, and very limitcd gullying associlated

with the geomorphic unit.

There 1s evidence of argillatiom as indicated by the
vcecurrence of clay cutans on ped surfaces and a remarkable
increase in clay content in the Bt horizons. This suggests
that clay lessivation is @ major pedogenic process within
this unit. The Telata loamy to clay wailn terrece unit nccupy

about 33.3% of the total project area.

Typical scil profiles of the Telata loamy to clay malpn
torrace unit (pedons 7 and &) are described below:
Podon 7

Date descrilbed 24/11/84

Location

100m nwey from Talata Mafarg =
Birmin/Tudu road junction; ohout

70m away from Birnln-Tudu road.



tGenlogy

Scil parent material

Geomorphology

Topography

Vegetation/Land Use

Erosion

_ Drainage
Surface charnacteristics
Depth to water table

Depth to any
impegnetrable layer

Horizon Depth (cm)

Ap 0=50

|
o |
56 | - i

Cld 21luvium over sedimentary

rocks of the Gunduml Formation.

Mixed loessio~alluvium over
sedimentary materials.
Terrace~plateaux
Terrace~Platocoux, nearly level,
1% gradicnt.

Fellow; old guinca corn plot;
common Imperata sp and Ccmbrotum
5D grasses.

5light shect erosion.

Well~drained,
51lightly capped,

Very deep (beclow 210em),

Not encountercd.

Description

Dark brown (7.5YR 4/4) sendy loams

moderate, medium, sub-angular

blocky structure; nopesticky (uet),

very friable (moist), siightly hard

(dry); common, fine to medium

and horlzontal pores;

common fine and medium roots; few

fine guartz frogments; common ant and

termitec burrows; clear wavy boundaTy.
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Horizon Depth {cm) | Description

Bt 5090 Yellowish red (5YR 4/8)sandy clay

1
lpam; moderate, medium sub-angul ar
blocky structurc; slightly sticky

(wet), frieblo (moist), slightly

hard (dry), few, thin, Fe-oxhydroxide
clay skins on pad surfaces; fow fino
guartz fragments; many ant burrows;

few vertical cracks less than 1 em

wide; gradual, emooth boundary.

Bt  90-170 Vellowish red (5YR 5/8) sandy clay
lpam; moderate, medium, sub-angular
blocky structure; slightly sticky
(u2t), friable (moist) slightly
hard (dry); few thin clay and
Fe=oxyhydroxide skins on ped
surfaces; common, fine and medium,
continuous pores; few fine guartz
fragments and Fe-Mn concretions,
few ants and rodent burrows; few

fertical cracks; clear, smnoth

boundary.

C 170-210 Strong brown (7.5YR 5/8) sandy clay
loam; woderate, medium, sub-angular

blocky structure; slightly sticky



Pedon 8

Date described

Location

Geology

Snil Porent material

Geomorphology

Topography

Vegetation/Land Use
Ercslon

Drazinage

Burface
characterlistics

Depth toD water tzble

Depth to any
impenetrable layer

58

(uwet), friable {moist), slightly hard
(dry); common, finc¢ continuous porcs, Tou

quartz fragments and FeeMn concretions.

20/12/84

Abput 6km along Lambo<Bakura to

Bakura road, 70m into the right

hand side of the rood.

0ld alluvium over sedimentory

deposits of tho Gundumi Formation.

Thin seolisn deposits over cld

Alluvium and saprolite of the

Gundumi Formation.

Terrace=Plotoauxe

Terrace-platenu, nearly leval,

1 gradient.

-

’f‘ ;

L4
L ]
]
.

Fallow, old millet farm.

Slight sheet erosion.

Very well draincd.

Very slight capping.

Very decp (helow 240cm).

+ Net cncountored,



Horizon Oepth (cm) . . Description

Ap - D=A0 Dark brown (7.5YR 4/4) sandy loam;
moderate, medium, sub-angular bBlocky
structure; slightly sticky (wet),
friable (moist), slightly hard (dry);
cammon, fing ond medium | R TR
pores; common, fine end medium ronts;
common termite and an? mounts; cloor,

smaoth houndary. RS

Bt 60120 Strong brown (7.5YR 5/8) sandv'clay
loam; moderate, medium, sub-aongulal
blncky structurc; sticky (wet) firm

(moist), hard (dry); common, woderately

Sl thick, clay skins on ped faces;
common fine and medium, .
pores; few, fine, and medium ronts;
few soft iron nodules, few, fine
qﬁértz fgagmenﬁs aﬁd cammon Fe-Mn

cuncretlons; few znt burrows; cleaor,

smooth bourdacny.

BtE 120~-200 Yellowlsh red (7.5YR 5/6) sandy clay
loam with few, fine, very palc brown
“1IVR 8/4) mottles; moderaste, medium,
suUb~angular bloecky structure; sticky

(uwet), firm (maist), hard (dry); few,
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moderately thick, clay skins on ped
faces and as colloidal stains; fauw,
fine and medium

pores; few soft Fe
nodules; few finc quartz fragments
and common Fe=Mn concrections; few tiny

(less than 1cm wide) verticel cracks.

Selels Kurukuru-Gande Micaceous Unit

Soils of this unit are generally moderately well
drained dark brown (10YR 3/3), recddish yellow (7.5YR 7/6) to
strong brown (7.,5YR 5/8) with silt loam, loemy sand to sand
texturese The surface horizons are deep, light yellowish
brown (10YR 6/4) to brown (10YR 4/3) sandy loam to loam. The
soils are deep, and are inferred to possess an ustic soil
moisture regime becouse of the generally good internal
drainage cof the soils. These soils occupy the levees
bordering the banks of the Sokoto river, and generally occur
on slopes of 1% gradient. Typical pedons show fine clay baonds
end stratification of varied soil parent moterials (Plate 5),
88 well as many fine and medium mica flakes. 5Soil parent
materials consist mainly of recent fluviatile moterials.
Hydromorphic mottling is a common feature within the

sub=surface horizons of the pedons examined,

The soils exhibit unstable, weak to loose structurc in
the entire profile. Influence of wind erosion is very

reduced on this soil. There are no evidence of distinct
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pedogenic processes as no diagnostic borizems appear to have
developed, suggesting that the scils are gtill very voung.
Soils of this geomorphic unit belong to the recent aquecus
terrace scils that gain fresh paront matuerisls from river
Sokoto during every reiny season when the river over-flous

its banks. The seasonal naturc of resh materiasl deposited ot
these levee sites may account for the youthfulness of thoe
80ils, The geomorphic umit occupies about 11.54% of the entirc

project arca (Table 1).

Pedons 9 and 10 typifying the s0ils of the Kurukurus

GCande micaceous units are described below,

Fedon 9

Date described s 11/11/84

Location | ¢ About 15km along Bakolori-Birnin
Tudu road from Talate Mefara -
Sokoto read; 1km across rlver
Sokots bridge, on the right hand
gide at Birnin Tudu.

Genlogy ! Recent olluvium of the Sckoto

Tiver,

501l parent material Recent fluvial micsceous deposits,

Geomorphology

Micaceous depuosits omn flat to
nearly level Tlood plain (levee)

of Soknto river.



Topography
Vagetation/Land Use

Ercslon
DPrainage
Surface characteristics

Depth to water table

Depth to any
impenotrable layer

Horizon Depth (cm)

ap 0-56

ZIS,.I 56=100

:  Levee, nearly level, 1% slope,
valley bottom,

Cultivated to sorghum, perk land

type vegetation in the Savanna.
1 S5light sheet cerosion.
¢ Moderately well-dreined.
: Micaceous, loonse sandy surfaces.
¢ Deeper than 220cm in the dry

seasin.

¢ Not zneountered.

Degeription

Light yellowish brown (10YR &/4)

eandy loam; wenk, medium, sub-angular'

blocky structure; silghtly sticky

(wet), very friable (molst}, loose
(dry); few, medium, ' porTes;
common fine and medium roots; abundant,
ghiny yellow mipg flakes, common

ent mounds; abrupt, smooth boundary.

Dark brown (10YR 3/3) silt loam;
with many medium, distinct reddish
brown (5YR 4/4) mottlies; moderate to
wepk, medium, sub-angular blocky
structure; sticky (wet) friable

(moist), hard (dry); few, fine



382 100-200
QCS 200-220
Pedon 10

Date described

Location

Geology

Soil parent material

63

pores; abundant, shiny,
yellow, and white mica flakes; few
ants and termite mounds; abrupt,

smopth boundarye.

Reddish yelow (7,5YR 7/6) loamy sands
wenk, medium, platy structure; none-
sticky (wet), loose (moist), Loosc
(dry); many fine pores;
abundant, fine mica flakes; gradual

smooth boundory.

Strong brown (7.5YR 5/8) sand; single
graincd structure; non-sticky (wet),
loose (moist)loose (dry); many
medium and coarsc,

pores;

abundant medium mica flakes,

¢ 23/11/84
¢ About 15km from Lamba-Bakura,
1km away from Bank of Sokoto

river in Bakura.

Young aqueous deposits.

Recent fluvial micacenus

deposit.



Geomorphal

i
Topography

ogy

Vegetation/Land Use

il

Erosion

- Drainage

.Surfacc characteristics

Depth tn water table

Depth to any
impenctrable layer

Horizon

Ap

2C

Pepth (cm)

0-30

30-80

&b

+ Micacrous deposits on flat fo
gently sloping flood plain

{Leveae) of Sokoio river.

-

Levee, nearly level, 2% gradient.

Cultivoted to couwpes, Guinea corn,
a park land type vegetation in
the Sudan Savarna,

¢+ Slight sheet crosion.

Moderately well dreined,

Micaceous Fimc sond surface.

3 Decper than 220cm in dry seasone
¢t Not encountercd.

Deseription

Bfnmn (10YR 4/3) loam; weaok, medium,

sub=angular blogky structure;

elightly sticky (wet), friable (moist),

goft (dry); common fine and modium,
pores; common, fine

medium roots; abundant, yellow and

white shiny mica flakes; common,

termite mounds, and rodeni burrous;

elear smooth boundary.
Very pale brown (10YR 8/3) sandy
loam; weak, fine,subw-angular blocky

structure; nonesticky (wet), very
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80-110

110-175
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friaoble (moist), soft (dry) common,
fine pures; common,

fire, medium roots; common clay and
organic matter bands; common, fine,
medium mica flakeas; abrupt, smooth

toundary.

Strong brown (7.5YR 5/8) sandy loom;

- moderate, medium, subeangular blocky

structure; slightly sticky (wet),
firm (molst) slightly hard (dry);
common, fine, mcedium,

pores; few, medium
angd coarse roots; mony, fine mice
flakes; few rodent burrows; common
clay and crganic matter hands;

abrupts smooth boundery.

Very dark gray (10YR 3/1) sandy loam
with fow, fing, foint.strong brown
(7.5YR 5/8) mottles; woderate,
medium, subeangulor blocky structure;
sticky (wet), firm (moist),

slightly had (dry); cnhmnn, fine,
yellow shiny mlica flokes; few

tiny clay bands; sbrupt, smooth

boundary.
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Plate 5

A typical profile showing Layering in the Kurukuru=Ganda

micaceous unit.
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Horizon Depth (cm) Description
hC3 175=220 Reddish yellow (7.5YR 7/8) sand; uweak,

fine, medium, single grained
structure; non-sticky (wet), loosc
(moist), loose (dry); common, medium,
coarsc, pores; fine

to medium, mica flakes; many finc,

medium quartz frogments.

S5¢1¢5 Diggi park unit

Soils of the diggl park geomorphic unit inelude poorly
drained yellowish brown (10YR 5/4), yellowish red (SYR 4/6),
brownish yellow (10YR 4/2) to grey (N5/0) sandy clay loam,
clay loam and clay soils. They have dark brown (10YR 4/3)
to dark yellowish brown (10YR 3/4) clay to sondy loam surface
horizonse The soils arc deep and are flooded during the
roiny season, They have on aquic soil meoisture regime. These
scils occupy the velley bottcms of the study ares and arc
usually located at backswamps of rivers and streoms like the
Bobo river and the Gada stream es well as the flood catchment
ereas and havc slopes of less than 1% gradient. Typienl
pedons show numerous criss-croesing cracks on the soil
surface less then 41cm wide., Soil parent material consists
of alluvial depusits over sedimentary moterials.

Hydromorphic mottling and gleying were obscrved within the

sub-surface horizons of the backswamp phose (pedons 11 and
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12) of the Diggi Park unit. Slickensides were alsn noticor

at ¢ depth of obout 190cm in pedens 11 and 12.

Goerse fragments in the soils include occasionol finc
mangancse and iron nodules which increaosed in size and
guontity with depthe The iron and mangancsc nodulcs are
re-oxidized iron belizcved to have bezen derived mainly
through underground scepage and partly due to ernsion from
the uplands. The iron ncdulcs exist discretely and arc not

cemented together.

The soils exhibit moderate to strong structure especinlly
in the surface horizons. They are hardly susceptible to
either wind or shcoet erosion and thus serve as a zone of
accumulation of eroded fine soll materials from the uplonds.
This is reflectoed in the high content of extractable iron,
gilt and cloy in the soils of this geomorphic unit
(Tables 5 and 6)e The soils nlso show evidence of
hydromorophic mottling and gleying as dominant pedogenic
processes occurring in them. This geomorphic unit occcupy

about 6,81% of the total project area.

Three pedons typifying soils of the Diggl Park
geomorphic unit are described below, Two pedons (pedons
11 and 12) are described as typical of the backswamp
phases, while pedon 13 is typical of flood catchment phase

of the unit.



Fedon 11

Date doscribed

lLocatian

) '-"'H,'%
N
‘;‘."1"
i

e.logu
5c1l porent meterinls

i
Geomorphology
Topography

Vegetation/Land Uge

Evoslon

Drainage

Surface charncteristlics

Depth to water table

bepth to any
impenetrable layer
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17/11/84

2km from Bekoleri-Blrnine
Tudu road junctlon; gerusg
Bobo river bridge, on the
right hand sidg,
Colluwio~aliuvial materials.
Recent alluvium over old
colluvic-alluvial depositse.
Deeply incised backswamps of
thu Bobu rivere

Hackswamp; neerly lovel, 1%
slope (velley bottom).

Sudan gavanna Park land,
cultivated tu sorghum.
S§light sheet erosion.

Poporly drained,

Numerpus cracks on the soll
surface, leoss than fcm In
width,

Not encountored.

Not cncountered,



Horizaon Depth (om)
Ap O=32
AC 32-80
ZC1 80=11¢
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Deseription

Dark brown (10YR 4/3) clay, with
many, medium, distinet yellowish

and (5YR 5/8) mottles; strong,
cuarge, sub-angular blocky structurc;
sticky (uwet), fFirm (mnist), hord
{dry}; many, fing,

paires; common, fine to medium roots;
common, medium, soft Fee-nodules;

few, fine mica flakes; common tormloc
and ants mounds; common, verticel
and oblique, 1cm wide cracks; clear,

amooth boundary.

Yellowish brown (10YR 5/74) clay;

with fow, fine and falint, yellowish
red (5YR 5/8) mottles; strong,
coarse, sub~angular blocky structurc;
sticky (wet), firm (muist),.harﬂ
(dry); few, very fine roots; fow
fine lron and manganese nodules:

few, tiny mica Flokos: few vertical
cracks, less then 1om wide; abrupt,

gmooth boundary.

Brownlsh yellow (10YR 6/6) sandy

clay louam, with many medium distinct



3C

LC

110=155

155«=185
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strong brown (7.5YR 5/8) mottl.s;
strong, coarse, sub-angular

blocky structure; slightly sticky
(vet), friasble (moist), hard (dry);
many, medium soft Fe and Mo nodules;
fow fine mica flakes; few termitao

burrows; clear, smooth boundarye.

Grey (N 5/0) clay loam; with many
medium, distinct, strong brown
(7.5YR 5/8) mottles; strong, coerse,
sub=-angular blocky structure; sticky
and plastic (wct), firm (moist),
hard (dry); common, medium,

pores; many, medium, Fe and Mn
concretions; few, fine mica flokos;
common ant burrows; clear, smooth

boundarye.

Dark greyish broun (10YR 4/3) clay
with common, fine distinct strong
brown (7.5YR 5/6) mottles; strong,
coarse, sub-aongulor blocky structurc;
sticky (wet), firm (moist), hard
(dry); few, medium, ) pores;
few finc mica flakes; few

slicknesides; few verticel crocka.



Pedon 12

Date described

Location

Geolegy

Soil parent material

Geomorphology

Topography

Vegetation/Land Usc

Erosion

DProinage

Surface characteristics

Depth to water table

Depth to any
impenetrable layer
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17/11/84

100cm off Goda stream bridge,
10km away from Talata Mafara/
Birnin Tudu road junction,
along Zarin-Sokcte road, on the

right hand side,

Alluvium over sedimentary

moterialse.

Recent over older olluvial
deposit of Gada strcam.

Diggi Park on flet to gently

sloping backswamp of Gada strcam.

Backswamp; brond valley, loss
than 1% slope, level to nearly

lcvele.

Sudan savanna park lend; cultivater

to sorghum, cassava, potato.

S51light sheet; prominent freshly

deposited soil parent material,

Poorly drezined; scasonally
water-logged.

Fine, loosc sandy surface,.

Not encountercd (decper than

190cm during dry scason).

Not encountercd.



Horizon Oepth (cm)
Ap 0=l
2Ca, 4B=150
2cg, 150190
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Duscription

Brownish yollow (10VR 6/8) sandy
loam; with many, medium, distinct,
strong broun (7.5YR 5/8) mottles;
woak, medioem, sub~angular blocky
structure; slightly sticky (wet),
vepy friable (moist), soft (dry);
many, moedium, poOTRS; Manyy
medium roots; few, Tine mica flokesy

few rodent holes; clear very boundarye.

Grey (N5/0) clay; with many, coarse,
distinct dark brown (7.5YE b/k)
mottles; strong, cuarae;laub-angulax
blocky structure; very sticky (wet),
firm (moist), very herd (dry); many,
medium, poress; many, fing
roots; few Fine, mica flekes; few
termite burrows; vigorous
effervescence with quz? many
vertical, obligue eracks; gradual,

cmooth boundary.

Gray (N5/0C) clay; strong, comrrse,
sub=angular blocky structure;

sticky (wet), firm (moist), very

- hard {dry); common, mecium,



Poedon 13

Dete described
Lucation

Geology

S04l parent matprial

Vegetetion/Land Use

Geumorphology

Topography

Ercalon

Drainamge
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pores; few, fime mica
flakes; slight effervescence with
H,05; poorly developed slickensides
on peds; many vertical ocracks.

: 25/11/64

: 5Bkm fram Lamba Bakurg; 50m auwoy
from Lamba«Bokura road on the
left band side.

:  Alluvium ogver basement rock
materials. |

¢ Recent lnaeaiu-cmliuviai mixcd
deposits over old alluviume
Sudan sawvanna park, land
cultivated with guinea corn and
COw=-pPeas.

: Diggl Parks on fiund ﬁaﬁéhﬁent:
level to gently slopping valley
bottom. .

: Flood catchments neérly level
1.2% slope, valley floor,

{ Slight sheet erosion. |

: Poorly drained to moderately
well drained (seasonally

flopoded).
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Surface characteristice : Multiple criss=crossing cracks.
Bupth to water table : VYery deep (below 230cm An dry
gEason.

Depth to

impenetrable layer Not enccuntoered.

Horizon Depth (cm) Duscripticn
Ap ' O~ 30 Dark yellowish hrown (10VR 3/4) saondy

clay loam; moderate, medium,
sub~angular blocky structurc;
slightly sticky (wet); firm (moist),
thord {(dry): comman, fine and medium,
pores; many, finc and
medium roots; mony ant and rodent
holes slight cffervescene with -
HZDZ; few, fine vertical cracks;

clear, smooth boundary.

AG _ 20~60 Yellowish red (SYR 4&4/6) clay,

‘moderate, mediu, subeangular blocky
structure; sticky (uwet), firm (molst),
slightly hard (dry); common,
moderately thick Fewoxyhydroxide
atrzins on ped surface; few, fine

gnd medium roots; common ants and
rodent burrows; few vorticesl

cracks less than 1om wide, clear,

smooth boundary.
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60-140

140-230
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Dark brown (10YR 4/6) sandy clay
loam; moderate, mediovm, sub-
angular blocky structure, sticky
(wet), firm (moist), slightly hard
(dry); common fine and medium,
pOres;
foew moedium, roots; fow ant holusg
slight effervesconce wilth HZUZ; fow
vertical cracks; clear, emooth

boundary.

Dark brawn (7.5YR 4/6) sandy clay
leam; strong, medium, sub-asngular
blocky atructure; slightly sticky
(wet), firm (moist) hard (dry)s
moderately thick clay skinsg in pod
faces; common, Tine and medium |
pores; few iron-
concretions; fow, fine quortz

gravels; few vertlcal cracks.
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5.2 Physical Charactoristica

56201 Particlee~size distribution

The porticle-slze distribution dota for soils of the

various geomorphic units etudied are presented in Table S.

The data indicates that the top soils of all the
geomorphic units (excopt the Diggl Park umit) are coarae
textured, varying from loamy sand to sandy loam and loam.
This finding is in line with the observation of Jdoncs and
Wild €(1975) that over most of the savanna, soils are
predominentiy sandy, at loast at the surface. The domlnant
sand size fraction in the snils is tho very coarse (2.0 -
1.0mm) fraction. This may mean that the aeclion, alluvial
and mixed peolio-colluvial parcnt materiamls of the snils orc
rich in the very coarse sand fractions. It ls posgsible thot
finer sund fractions may have boen sorted cut during erosion
(water and wind), leaving mainly the yury cuarse Eand

fractions at the upland positions,

S50ils of the Diggi Park unit laocated ot the backswamps
ond in the flogd catchment arcas have top soils varying in
texture from sandy loam to sandy clay loam and clay. Their
gand fracticons are more in the fime (0.2% - 0.1mm) and very
finc (0.1 - 0.05mm) mand fractions. Possibly, these fine
80il materials had been eroded from the upland pesitions

and deposited at the valley bottoms,
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Table S5: Pantinle Size Distribution of the Soils
VCS c MS FS vrS Total s Textural
Pedon Horizon °PHH  (21.0) Aamm.mu (0.5-0.25) (-25-0.10) (.1-.05) e Auwmm.oowv . o piinl
o ) mm : :S.D.A.
%
Sangiwa Cover Sands (Typic Ustorthent, coarse-loamy, mixed, ischyperthernic/Dystric Regosols).

1 A 0-25 58.2 3.2 L.9 6.4 7.3 80.0 10.0 10.0 Sandy loam
AC 25-60 51,2 2.8 7.6 7.8 8.6 78.0 L.0 18.0 Sandy loam
c, 60-150 61,2 10.8 3.2 3.4 3.4 82.0 4.0 14.0 Sandy loam
C, 150-200 55.6 $.2 6.6 7.0 7.6 76.0 4.0 18.0 Sandy loam

Sangiwa Cover Sands (Oxic Paleustalf, fine-loamy, mixed, isohyperthermic/Dystric Nitosol)

2 Ap 0-30 29.0 2.3 17.0 18.8 6.9 4.0 12.0 14.0 Sandy loam
Bt, 0-80 30.4 3.0 22,0 8.6 6.0 70.0 4.0 26.0 S/C1. lsam
Bt, 80-130 26,0 2.4 25.2 9.5 L.9 68.0 6.0 26.0 S/C1. loam
Btv 130-180 31.0 2.4 17.5 L.1 5.0 60.0 10.0 30.0 S/C1. loam

Tureta Sandy Wash Plain (Oxic Palenat~1f, fine<lnamy, mixed, i gohvmantharmio/Dystric Nitosol)

3 Ap 0-36 31.8 13.8 9,0 10.0 1.4 76.0 10,0 14.0 Sandy loam
Bt, 36-150 30.2 5.0 12.4 12.8 13.6 4.0 6.0 20.0 $/C1. loam
meo 150200 22,6 L.6 15.9 16.0 16.9 76.0 6.0 18.0 Sandy loam

Tureta Sandy Wash Plain (Oxic Paleustalf, fine-loamy, mixed, isohyperthermic/Dystric Nitosol)

L Ap 0-17 20.4 8.4 17.2 17.6 18.4 82.0 8.0 10.0 Sandy loam
AB 17=70  19.4 k.2 4.3 15.3 16.8 78.0 12.0 18.0 Sandy loam
Bt 70-142 19.8 L.8 9.7 10.8 1.7 56.0 10.0 34.0 Sandy loam
Btg 142-190 17.0 2,8 9.2 11.0 12.0 52.0 12.0 36.0 Sandy loam

Foot Ny4et S/Cl. = Sandy clay
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Table 5 (Contd.)

Total Textural
Depth CS CS MS Fe VFS Sand Silt Clay Clasgifica-
Pedon Horizon cm (2-1.0) (1-0.05) (0.5-0.25) (.25-0.1) (.1-.05) (2-.05) (.05-.002) ( .002mm) tion
mm mm mm mm - mm m mm e U.S.D.A,
Talata Loamy to Clay Main Terrace (Ultic MmHmMmeme. fine-loamy, mixed, ischyperthermic/Dystric Nitosol)

y Ap 0=50 32,2 14.0 10.6 1.4 1.8 80.0 €.0 14.0 Sandy loam
Bt, 50=90 33.4 1.6 9.7 10.5 10.8 78.0 L.0 20.0 $/C1. loam
Bt,  90-170 k.4 8.6 7.6 8.5 8.9 68.0 6.0 26.0 S/C1. loam
C 170=210 17.4 6.4 12.2 12.8 13.2 72.0 6.0 22.0 S/C1. loam

Talata Loamy to Clay Main Terrace (Ultic Paleustalf, fine-loamy,mixed, isohyperthermic/Dystric Nitosol)

8 Ap 0=60 29.6 10.2 6.0 12,2 20.0 78.0 6.0 16.0 Sandy loam
Bt,  60-120 217.0 10.0 5.0 1.0 17.0 70.0 6.0 24.0 $/C1. loam
Bt, 120-200 27.8 10.6 5.6 10.5 15.5, 70.0 6.0 2.0 §/C1. loam

Kurukuru-Gande Micaceous (Typic Ustifluvent, coarse-loamy mixed, isohyperthermic/Eytpic Fluvisol)

9 Ap 0-56 14.8 13.4 12.5 14.6 16.7 72.0 18.0 10.0 Sandy loam
m04 56=-100 1.2 0.8 8.0 5.0 1.0 26.0 54.0 10.0 Silt loam
3¢,  100-200 6.8 3.6 12.5 13.5 14.6 82.0 10.0 8.0 Loamy sand
row 200-220 76.4 0.6 5.0 Set L.9 92.0 0.0 8.0 Sand

Kurukuru-Gande Micaceous (Typic Ustifluvent, coarse-loamy, mixed, isohyperthermic/Dystric Fluvisol)

10 Ap 0-30 5.0 3.2 8.6 1.6 17.6 146.0 36.0 18.0 Loam
2c, 30-80 1.6 3.8 8.0 19.5 L1.1 74.0 16.0 10,0 Sandy loam
MON 80-110 1.4 k.0 16.5 18.0 10.1 60,0 28.0 12.0 Sandy loam
3C,, 110-175 3.6 12.4 4.7 16.6 18.7 66.0 24.0 10.0 Sandy loam
rqu 175-220 66.6 10.6 5.2 5.0 L.6 92.0 0.0 8.0 Sand

5/C1. = Sandy Clay
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Table 5 (Contd.)

Total Textural
Depth VCs Cs MS FS VFS Sand Silt Clay Classifica=-
Pedon Horizon om (2-1.0) (1-0.5) (0.5-0.25) (.25-0.1) (.1-.05) (2-.05) (.05-.002) (& .002mm) tion
mm mm mm mm mm mm mm mm U.S.D.A.
%
Diggi Park (Vertic Fluvaquent, fine-clayey, montmorillonitic, isohyperthermic/Eutric Gleysol)
11 AP 0-32 6.6 2,8 L.5 7.5 10,6 32,0 28.0 40.0 Clay
AC 32-80 6,2 0.7 L.t 5.0 10.0 26.0 30.0 L4.0 Clay
2C, 80-110 20,0 5.8 11.9 13.4 14.9 66.0 14.0 20.0 S/Cl. loam
wamw 110-155 6£.8 1.4 6.4 8.0 1.4 3.0 30,0 36.0 Clay loam
rou 155-185 3.4 0.2 3.0 2.0 5.4 14.0 34.0 52.0 Clay

Diggi Part (Tropic Fluvaquent, fine-loamy, mixed, ischyperthermic/Dystric Gleysol)

12 Ap 0-48 16.6 9.6 10.4 11.0 L.k 62,0 2L.0 14.0
2Cg,  LB-150 2.0 Q.4 3.6 3.0 5.0 14.0 38.0 L8.0
2Cg, 150=190 2.0 0.0 0.0 8.0 10.0 20,0 26.0 54.0

Diggi Part (Aeric Tropic Fluvaquent, fine-loamy mixed, ischyperthermic/Eutric Gleysol)

Sandy loam

-~

Clay

13 Ap 0=30 17.0 5.6 9.6 11:2 12.6 56.0 16.0 28,0 S/C1. loam
AC 30-60 3.0 2.0 4.0 11.0 12.0 32.0 2L4.0 22.0 S/C1. loam
2C,  60-140 12.8 2,0 9.7 11.8 13.9 50.0 22.0 28.0 S/C1. loam
3C,  140-230 6,2 1.6 8.9 12.8 16.7 L6.0 20,0 34.0 S/C1. loam

NB: VCS represents very Coarse Sand FS represents Fine Sand CS represents Coarse Sand

VFS " "  Fine Sand MS " Medium Sand S/Cl. = Sandy Clay
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dominated the spil toxturc, especiolly at the surfoce
horizons. Mzan sand content for the surface horizon of
these scils is about 77%, with @ range of 70 to 82%. Within
the sand fractions, the very cosrsc (2-1.0mm) sand fractions
were dominant. Their values ranged from 19 to 58%, with o
mean of zbout 34% in the top scil, end from 17 to 61% in the
deeper horizons. Possibly, the soil parent materials
deposited at these sites are rich in the very coarsc sand
fractions; and most of these being more resistant to
weathering and erosion, have remaincd in place. The texturcs
of these uplend soils are mainly sandy loam or loamy sand

at the surface, over sandy leoam or sandy claoy loam ot

sub=surface horizons.

Soils of the Kurukuru-Gonde micaccous unit (levee snils)
nlsc have high emounts of sand which appear to incresse with
depthe. At the surface horizons, mean value is about 59%,
with a range of L6 tc 72%. The snil texture varies between
sandy loam and loam at the surface horizons, over variable
textures of slit loam, loomy sand, sandy loam and even sand
in the subesurfece horizons. Possibly, these send fractions

are freshly water=deposited and have not been weathered yote

Scils of the Diggi Park unit have moderate amounts of
sand dominated by thc fine (0.25«0.1mm) and very fine (0,1 =

0.5mm) fractions, In thc surface horizons, the velues remge

from 25.0 to about 47,0%, with 2 mean of about 35.0%.
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This moy he interprected to meon thot the erodible fine
and very fint pand fractions dominated the spil paront
materials depositod in these valley buttoms on which theso

sulls wore tevelopcds

The dominance of coarse sand fractions in the soils of
Sangiwa cover sand, Turcta sandy "wash plain®, ond Talata
loamy to clay main terrace is thought to have resulted from
the influence of both wind and sheet crosion commonly
accuyrring within these geomorphic unlt arcas. The position
of thesz units within the lendscape appears to encourage the
remgval of the fime particles by ron off water or wind
action, leaving mainly the very crarse sand fractlons.
Sanpiwo cover sands are loceted at the crosts and upper slopw
positions, Turcta sandy "wash plain® ot mid and lower slopo
pusitions, and the Talata ;uamywtqlqlaquain ?gr:aqehqre
located at the plataﬁplaka terrace positiong in tﬁe

Bakclori araa.

Yo T

8ilt fraction: Gemerally, silt contents of scils of

the Sangiwe cover sand, Tureta sandy “wash plain', and Talata
loamy tu clay main terrace (upland soils) are low. The
highest amoynts occur at the surface horizons and renged

from & to 12%, with a mean of about 9.0%. Possibly most

of the gilt contaoined in thesc soils have cither been i

transformed into cloys or eroded $o the valley bottom.

The silt fraction end the 2:1 layered silicate clay

L[]
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mincrals contained in soils of the valley areas (Diggi
Pork units) are greater than those In the Uplend arccs

(Tables 5 and 10).

So0ils of tho Kurukuru=Gende micocecus unit have a
remarkably high eilt content especislly in the surface
horizons (Pedens 9 and 10). The voluea range From 18 to
about 36%, with & mean of about 27 ot the surfacc horizon,
and from trace amounts to 54% in theo sub-scils. Possibly,
thi high amount of silt content may indicate that the
fluvintlle soil parent matcrials deposits are rich in silt,
moat of which have as yet not undergone any meaningful

pedogenesis or transformation, to clay size minerals,

Sollg of the Diggi Park unit equally have high silt
content, which appear to increase with depth. In the top
snil, the values range from 16 to sbout 308, with a mcan of
about 24%. It is possible that the silt may have boen
groded from uplend arcas, and accumulesed downslope. Silt
content of the subwscil horizans ranged from 14 to 38% with

e mean of about 280,

Cloy fraoction: Clay contents of soils within the
upland positions arc low in the surface horizons, but
increase with depthe The range of clay in these soils is
from 10 to 168%, wilth a mean of about 14,3% at the surface
horizons, while in sub-soil the range is from 14 to 36%,

with a mean of about 25%. Clay lessivation or eluviaotion-
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illuvistion processes may accocunt for the increasing clay

contents at tho subesoil horizons, espeocially the B horizon.

In the levee srils, though clay contents are low, the
highost amounts are containcd at the surfoce scils horizonse
Over the cntire horizeons of the pedons exomined (Pedons 9
and 10), thc range nf clay cocntent is from 8 to 20%, with
a mean of about 12%. However, at the surface horizons,
values range frem 10 to 18%, with o mean of about 14%.
Fossibly, the process of scdimentationy through which these
s0il parent materisls have undergone, could be held

responsible for the low clay content of soils of this unit,.

Soils of the Diggl Pork unit have high amounts of clay
which appear to increasc with depth, though not in any
discernible order. Clay contents at the surface horizons
range from 14 to L4%, with a mcon of sbout 30%. Possibly,
mincrel transformotion and neoformation processes from
primary scil minerals to clay as well as sedimentation of
colluvial clays, may accnunt for this high amounts of clay

in this soil unit.

5.3 Chemicel Characteristics

Tables 6 and 7 present data on chemical charscteristics
of the soils. These include soil pH, electrical conductivity
of the soil extract at 2505, organic carbon, avoiloble

phosphorus, exchange acidity, exchangeable cations, cation
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cxchange capacity, hase saturation, oxtractable iron and

aluminium, and exchangeable sadium percentage,.

53,1 501l rooctian

5nil pH valucws for tho surface horizops nf sclls
of the upland arcs range botwern 4.6 ant 5.9 with @ meon
of gbout 5.4 in water and also range from 3.9 to 5.3, with

a mean of about b.h in B.0IMCaCl,. soluticn. These ranges

2
in soil pH indicate very strongly acid o moderately acid
s0il reaction. This generally strong tc moderately ocid
soil reaction observed in the upland spils (Sangiwa cover
sand, Turetz sandy "wagsh plain", and Talata loamy &0 clay
main terrace) is attributed to loss of boses (Table 8),
gspecially Ca and Mg, to ercsian (mainly sheet or gully),
leaching, ponr vegotative cover, nhature of parent materiol

and lpw return of baoses to the surface soil layers

(Flates 1a, 1b and 2).

Solls occurring on the levees {Kurukuru-Gande
micaccous unit) have o moderaete to slightly scid soll
regction at the surface horizon. Soil surfoce pH range
from 5.7 t0 6.2 with a mean of abrut 6,0 in water, and |
between 5.3 znd 5.5, with a mean of about 5.4 in U,07M
GaClz solution, Thig slightly higher pH in the uppermost
goil horizons of the levee soils may be attributed to the
accumulation of cxchangeable bases derived from weathered
mica, annual flocding, plant roots end 1litter

decomposition.
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Scil pH, Organic Carbon, avail=ble phogphorus, Electrical Conductivity and Extrzctable

Tron and iluminium of the pedong studied.

b 1 B a

Pedon Horizon Depth pH mmeoo Org. lH&HWMa. EH«HWMw. Avail.

mmo omowm Czrhon ¥e Al P

cm mrhos/cm % Meq/100g  ppm

Sangiwa Cover 3and nﬂ%uwc Ustorthent, coarse-lozmy, mixed Hmor%ﬁmwwwmﬂsmo\uwmdﬂuo Rogosol)
1 A 0-25 5.7 h.7 0.39 0.13 148 0,08 0.00
aC 2560 5L h,0 0.29 0.02 2.2% 0,08 0.70
op 60-150 5.1 b1 0.39 0.07 3.32 0.08 L.62
2 Sangiwa Cover 3and nowwo Paleustalf, fine loamy, mixed Hmocwdmﬁﬁrmuawa\uwwwdwo zudomowv

m.w,_ wolmo Bl 3,8 0,29 0,07 C.54 0.10 1,05
w&m B0=130 4.6 3.7 0.59 0.03 L.6k 0,08 .00
Biv 130-180 Lody 3.8 0,88 0,03 £.21 G.1Q 0.70
3 Tureta Sandy Wash Piain {Oxic Paleustalf, fine=loamy, mixed, wsmowwme*WmHamo\w%mﬁwwn Nitosol)
Ap 0-36 L.6 3.9 0.49 2.10 2.68 0.07 £.30
Bt, 36-150 L8 L.0 0.49 0,03 0,71 0,08 2.45
Bt, 150-200 5,1 h.2 0,39 0,40 €.79 0.09 1.40

L Tareta Sandy Wash Piain (Oxic Paleustalf, fine-loamy, mixed, ischyperthermic/Dystric Nitosol)
AB 17=T0 4.9 4.0 0.39 0.06 L1 0.09 0.70
Bt TO=142 5.2 .0 0.5% 0,06 7.4 0.19 0.00
Btg 142190 5.3 h.3 C.2L 0.03 1.07 0,22 0,00
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B .
Pedon  Horizon  Depth oH 5, "¢ Org. Fxtract. wxWMno«. rroil
H,0 Call Carbon Fe Al AvELL.
2 P
cm rrthos/en % Meq/100g ppm
T Telata Loamy to Clay Main Terrace (Ultic Paleustalf, fine-loamy mixed, isohyperthermic/Dystric
Mitosol)
Ap 0=50 5.9 h.8 0.39 0.11 3,57 0,00 14.40
'y

P mdd 50-90 €. g.2 0.4L9 0.14 10.71 0,00 0.70
udw 90=-170 6.2 L.L 0.78 0.06 12.32 0.00 0,00
C 170-210 5,7 h.S 0.88 0.08 10.71 0,00 0.00

8 Palata Loamy to Clay Main Terrace (Ultic Paleuatalf, fine-loamy, mixed, ischyperthermic/

Dystric Hitosol)

Ap 0-60 5.8 5.3 0.59 0.13 3.93 0.00 1.40
Bt, 60-120 6.4 5.8 0.78 0.06 6.25 0.00 0.00
Bt 120=-200 7.4 6,7 0.29 0.07 7.32 0.00 .00
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Table 6 (Continued)

Pedon Horizon Depth oH mnmmnn Org. Extract. cxtract. Avail.
Imm nmmwm Carbon ﬂmm+ mﬂmw P
cm mmhos/cm % ppm
g Kurukuru-Gande Miscaceous (lypic Ustifluvent, coarse-’ -camy, mixed,
= - ischyperthermic/tutric Fluvisol)
Ap D=56 5.7 5.3 3.73 0.06  1.96 0,16 GO0
26, 56-100 6.k 5.6 106 0,13 07 0.10 0.00
unm 100-200 6.5 - 59 - 0.78 - 0,00 = 0,89 D.10 - 0.00
rnu 200=-220 GBeb £.0 0,59  0.02 0.71 0.16 0.00-
aﬂ@ ' Hurukupu-Gande Micaceous (Typic Ustifluvent, coarse-loamy, mixed,
isghyperthermic/Dystric Fluvisol)
Ap - D-30 6.2 . 5.5 - 0,78 - D.11  5.36 0.00 1440
20, . 30-80 6.5 5.7 0.49 - 0.02 © 1,73 0.0C 0.00
NUN S0-110 5.6 B © h.B | 0.4L8 0.04 5,00 g.0o0  0.70
wnm.m. - M0=175 647 5.9 o 0.79 C.02 | 1.79 0.00 - 0,00 .
rnw 175-220 6.8 6.0 . 0,59 - Q.0 3.21 0.CN Lo20
- Diggi Park (Vertic Fluvaguent, fine-clayey, montmorillonitic,
o isohyperthermic/Eutric Gleysal)
AR D-32 5.7 Se1 1489 0,36  B8.93 0.20  0.70
' Aac 32-80 6.2 5.3 1437 0,17 2143 . C.09 0,70 -
.. 2, . 60-110 7.9 6.7 3.33 0,05  husk  0.18 2.45
ey unm g { T10-155 7.8 6.6 3e03 0.12 8.93 = Ga&d :r (.70
- UMD, 1554185 7.3 . 8.7 ka1 B.16 23416 0,10 0.70

; L 3
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Table 6 (Continued):

. . pH o
Pedon Horizon Depth Imo nmnwm mnmm C nmwmm: m”“mwnn. m“HWMnﬂ. rcwHH.
cm mmhaos/cm % Megq/100g ppm
12 Oiggi Perk (Tropic Fluvaguent, fine-loamy, mixed, isohyperthermic/Dystric Gleysol)
Ap 0-48 B.6 5.9 0.29 0.06 375 0.10 0.00
2Cg, L8-150 5,7 L,7 0.55 0.31 15.89 0.00 0.00
Nnmm 150-190 5.8 koS 0.20 0,10 15.88 0.16 0.70
13 Diggi Park (AReric Tropic ﬂWHMWM“mmwmcmmeupumac‘ mixed, ischyperthermic/
Ap 0=-30 51 L.5 0.69 0.13 14.11 0.00 0.00
AC, 30=-60 5.3 L.6 0.28 O.L6 21443 0.00 1440
mnm 60-140 5.2 Lol 0.63 0.18 16.61 0.00 1.15

unm 140-230 51 ka2 0.39 0.08 16096 0.00 0.00
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In the Diggi Pork unit, scil pHrange fromb5.1 tn 6.6
and has a nean of about 5.8 in water at the surface horizons,
uhile in QO01IM CaCl , the range is fromkb5 to 5.9, with a
nean of about 5.1. These soila can be said to have a range
in soil pH uhich is between strongly acid to neutral in
reaction. However, soil pH of pedon 11 increased with
depth. Its value ranges fromb5.7 to 7.9 in the entire
profile, and has a mean of about 7.0 in water. This soi
reaction lies within a range of noderately acid to slightly

al kaline. The increasing trend of pH values in the 3ub

surface horizons of this soil unit may indicate o gradunl

build-up of salts within the profile. This noderate to a
slightly alkaline soil reaction trend is thought to have
resulted from accunul ati on of exchangeabl e bases,

especially Ca and Na derived from colluviol soil parent
materials as well as the influence of high ovapotranspirntiun,
and cation adsorption capacity of clays; especially the

2:1 lattice clay mnerals contained in the sub~soil 3.
5.3.2 FElectrical conductivity (ECy-On) and Exchangeabl e

sodi um percent age ESP)

Data related to electrical conductivity and
exchangeabl e sodi um percentage are presented in Table 6

and 8, respectively.

El ectrical conductivity values obtained in the soils of
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the upland units are gencrally less than 1 mmhos/cme Thesc
values aore far leoss then the 4 mmhosdcm critical limit for
snlt affectoed soils (Brady, 1974). Hence, these spils do
not contain 2 concentraticn of scluble salts high encugh

toc sericusly hamper the growth of most plants. Alss, tho
exchangeable sodium percentage of these upland soils is
generally low to moderate, ranging from 3.6 and 10.9%, with
a mean of about 7.,5% ot the surface horizon, ond @ ronge of
from 3.6 to 11.7% in the sub=snil. This low to moderate
range of exchangeable sndium percentage contailncd in these
upland solls appears to confirm that these spils do not have
salinity problems since the ESP volues are much less than
the 15% critical limit for godic soils (Israclsen and

Hansen, 1962).

Soils of the Kurukuru=Gonde micacecous units (Levee soils)
hove electrical conductivity values that ore equally low,
generally beéing less than 1.0 ™mhos/cme However, in poedon 9,
electrical conductivity valucs arc as high as 2.73 ond 1.06
mmhos/em in the Ap ond 281 horizons, respectivelye These
fairly high EE25E values may be attributed to the influence
of the high seasonal water table of the soils, and the
excessive evapotranspiration in the area. Also, the
exchangeable sodium percentage content of snils of this
unit is generally very low,. However, snils of pedon 9 which
had relatively high EC,gf  values also have ESP valucs that

arc as high as 14.6%.
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The high velues of EC and ESP in the Levee scoils
indicates a grodual buildeup of a soluble sodium salts ot
both the surface and sub-snil horizone of the soils. The
fuct that thesc scvils hove clectrical conductivity and
gxchangeablc sodiwn percentage volucs close enough to the
critical limits of &4 mmhes/cm and 15%, respectively, mey
strongly indicatc that these scile can be salt affucted i
nit carefully manoged, especially wnder irrigeted agriculturcl
uSC.

Spils of thce Diggl Perk units (Pedons 11, 12 and 13)
hove a range of ECyfl velues from 0.29 to 1.89 MMhog/cm
at the surface horizons, with o mean of about 0.91 mmhos/cm,
Though scoils of this unit hove low electrical conductivity
values at the surface horizons, soils of pedon 11 have valucs
that increase with depth to a meximum of 4.&1 mmhos/cm.
Electrical conductivity valucs in this pedon range from 1.37
to L.41 mmhos/cm, with a mean of 2.29 mm hos/cm for the
entire profilce This increasing trend of Eczég volues at
the sub=horizons may indicate n buildeup of scluble salts
in the sub-sopil. This could bg sttributed to the
influence of perched wnter table pesitions in these scils,
high rates of cvapotranspiration in the area, occumulotions
of eroded soil matorisls from the uplonds, as well as
adsorption of salts by clays. Paliwnl (1972) in a study
of Indian soils obscrved that occumulation of salts

increased with increasing clay content.
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Regarding the exchangeoble sodium perecentaoe volue of
the Diggi Park, soils of pedon 11 increased with depth to
a maximum of 15.8%. The ESP values in this pedon range from
Be7 to 10.4% in the surfacc horizons, and from 136 to 15.8%
in the sube-soil herizons. In pedons 12 and 13, the ESP
valucs rongc from 1,5 to 7.05% in the entire profile examincd,
indiceting a low exchangcable sodium percentage rangee The
moderate to high exchangeable sodium percentage valucs of
pzdon 11 indicates thot the soils are increasingly sodic with
depthe This might heve rcsulted from reduced percolation
and excessive cvapotrenspiration (Hagen et ol., 1968,
Poliwal, 1972). This level of ccoumulction of scluble sodium
salts in the soils of pedon 11 may hamper proper growth of

most cropse

5¢3.3 0Organic carbon

Organic carbon data arec prescnted in Table 6.
Generslly, soils of the Bekolori area contain very low
amounts of organic matter. In tho scils of the Sangiwa cover
sand, Tureta sandy "wash ploin", ond Tolata loomy to clay
main terrace (upland soil units), values range from 0,02
to 0.5%, with a mean of obout 0.12% at the surface horizons.
Generally in thesc eoiis, organic carbon contents tend to
decrease with increasing scil depthe The low orgaenic carbon
content of the solls may be attributed to ercsion, over
graving by livestock, and annual bush burning which is

rampant in the area.
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In the lovee spils (Peodons 9 and 10), organic carbon
content ranges from 0,06 to 0,11%, with 8 mean of about
.09% at tho surface horizon, but decreescd irregulaorly even
to trace amounts in the subsurfoce horizons. It is thought
that poor vegetative cover, low return of crganic matter rue
to over grazing by cottlc and goats, and annual bush burning,
especially bufore cultivation are responsible for this very

low organic cerbon contents of the sclla.

Snils of tbe Diggi Park unit equelly bave low range of
organic carbon contents. Thoey range from D.6 to O0.46 poer
cent with a mean of about 0.,20% at the surfoce horizons, but
decressed with depth, It is thought that the slight
incrcasc in orgeanic carbon content in these soils con be
attributed to the better vegetative cover (Plate 6) and
morg return of organic matter (in form of plent rootas and
litter decompgosition)., Also, the long pericd of waterlogoing
may cause a reduction in the rote of nrganic matter
mingrallzation, bence leaving a reletlvely high organic

mattoer content in these suils,

5.3e4 Availablie phosphorus

Avallable phosphorus data is presented in Tohle G
Theée reveal that aveileble phosphorus in soils of the upland
units range from itrace amounts to as much as 14.4 ppm in the
surface horizons, with o mean of about 4.346 ppme  Apart

frem pedon 12, which has the highest values of avoilable
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Plate 6

Crop performance in the Diggi Park Unit

(Flood=Catchment Phase)



Plate 7

Landscape position (Terrace=Flateau) and
vegetation in the Talata=loamy to clay
Main Terrace Unit
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nhosphorus in the subsurfazce horizons (51 anc Ez), the
surface hurizons nften have the highost amounts of avoilable
phesphorus, followed by a sharp decrease in the B end C
horizons., This seguence of distribution of aveiloble
phospherus in profiles of well=droined uplend soils of fhe
gavanna region was pbserved by Esu (1982). He attributed
the relatively higher amounts of availablc phosphorus in the
surface horizons of the soils to the genmerally higher
contents of organic motter in the surface horizons of the

sirils,

The low content of available phosphorus in the upland
soils may be attributed to the influence of sheet erosion,
wind crosion, poor vegetation, bush burning and naturc of
parent material. Many rescarchers, including Joncs and
Wild (1975), Acquays and Oteng (1972), reported that loss

of top soil through erosion involves loss of phosphate.

Soils of the Kurukuru-Gande micaccous unit (Levee soils)
have very low volues of available phosphorus. Values range
from trace amounts to 1.40 ppm in the surfacc horizon, with
2 mean of about 0.7 ppme In the subsurface 1layers, value
os high as 4.20 ppm are obtained in pedon 10, though a
sharp fall in available phosphorus occurred between the Ap
and the Csy horizons of the pedon. Possibly the fluviatile
parent materials deposited at these buried layers contain

relatively higher valuces of aveilable phosphoruse.
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In the Diggi Park unit, aveilable phosphorus valuus
renge from trace amgunts to 1.40 ppm, with o meon of about
0.56 ppm in the surfoce bhorizons. RAclatively higher voaluoes
uf avallzble phosphorus arc uhtained at the subsurface
layers of pedons 39 and 13. This increase In ovailabla
phosphorus is attributcd to the fact that these colluvial
soil parent materials may have been doppeited at o time

whon the phosphorus rich top scils of the upleands were erodeds

Thz generally low range of availoble phosphorus in thoe
snils of the study area is attributod to the inflyence of
sheet erosion, bush burning, poor vegetative cover, and

phosphate impoverished parent materials.

5.3.5 Extractable iron and aluminium

Results uf the totzl extractable iron and @luminium

oxides determingd for the spils are presented in Table 6.

Soils of the Sanglwa ecover sands, Tureta sandy "wash
plain®, and Talate loamy to clay main terrace contain low
amounts of extracteblec iron and aluminium oxlidcs.
Extractaeble iron oxides ronge from 1.48 to 4.11% with & menn
of about 2.89%. In all the pedons examined in these upland
geomorphic units, the surface horlzons generally contaln
relatively low total extractable iron oxides, whilec the
subwscil horlzons often contain much higher amounts. This

trend indicatos that the traonslocoation of dissolved Fe from
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the surfzce to the subwsoil hurizons is a major pedegenic
process in the srils. Awwjoola (1979) and Malgwi (19797
cbscrved similar trends in the depth distribution of FGZD3
in the s0ils they stutied, and attributed the high contuants
in the B horizouns of the well-drained soils to translocation
of dissclver Fo coupled with increased precipitation of iron
exide during the dry seaean. Alse, in these upland

ceomarphic units, extractahle 913+ ranges from trace amounts

to 041 meq/100g scil, with a mean of ebout 0,06 me2q/100g soila

In the leuee.snils (Kurukuru-Gande micaceous unit) the
highest emounts of extracteable Fe oxides are conteined in
the upper horizons of the solils. Values obteincd range from
1,96 to 5.36%, with a wean of about 3.66% 1n the surface
horizons. Thrse values appecar to decreoase with depth.

Totsl extractable iron oxide valucs in the subwgoil horizons
range from 0,71 tu 5.0¢ with o meen of about 1.8%. The
gencrally low extractable iron percentage obtained in these
s0ils appear to indicate thot low amounts of eoxtractable
iron ia contained in the fluviatile soil parcnt materiasl
f;um which the soils are presumed tn be derived. Total
ektractabla glluminlum oxides of soils of this unit rango
from trace amounts to 0,16 med/100q soll in the surface
horizons, with a mean of about 0.08 meq/100g soil. Louer

velues were recorded in the subespoll horizoms of the soila,

Relatively hioh amounts of extractable iron oxldes were
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ropcorded in soills of the Diggl Perk unit rcl;tive to suils

nf the upland units, Values obtained in the surface horlzons
range from 3.75 to 21.43%, with @ mean of about 13.935. Thoe
high amounts of extractable Fe-oxlidee abtained in these snils
may be attributed to accumulation of eroded Fine iron rich
enll materials from soils of the upland arpas., The irrugulow
distributicn of cxtractable iron pxidos with depth tend to
suggest thoat mueh of the Fe in the srolls were inherited from
the uplend snil units by erosion and underground lateral
seopagi. VUalues of axtraoctoble amluminium oxide obtained in
anils of this unit are low. They range fram trace amounts

to 0.20 meq/100g soil, with a mean of about 0,08 meg/100g
sulle It ig possible thot aluminium  oxides in these snils
have been depleted and used for clay formation by
neofcrmation such that only troce amounts of extractable
ﬁllis left in the soils., Such clays tha;}mav have formed

in thesc suils include kanlinite, illite, and smectite

(Table 11 and Filgs. 12 to 15).

De3.6 Exchange ocicdity

Data on exchange acidity by BeClg-tricnthanolaming

and 1NKCL procedures are presented in Table 7. 3[)1’1{34

Values of exchange acidity by 1NKC1 method are
generally low and range from trace amounts tc 0.70 meg/100g

soil, with a mean of about 0.24% meq/100g soil in the surfscn

horlzons of the vpland soils. In the sub-soil hg;i;ﬁﬁéf%?Tn.,‘*&
/.‘/hl 1/.’-’-— :

——
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velucs range from O.4 to 0,7 meq/100g scil indicating that

exchange acidity values fur these soils

dcpth-

incroase with soil

In the soils of the Kurukuru—=Gande micacoous and Dingl

Pork units, exchenge nocidity values obtaincd ranged from 0,05

to 0.4 meq/100g soil, with o mecan of about 0,12 meg/100g

scil in the surface horizons. In the sub-soil horizons,

exchange acidity values range from 0,05

to Dos H'IEC!/1DUQ

snil. The exchange acidity determined by INKC1 for all the

suils of the study area was very lowe.

Al present in these soils reflect their

The low exchangeable

generally slight

ncid nature, becausc at pH 5.5 tu 6.0, the exchangeable

oluminium in tropicel soils is known to

the soil soluticn as insnluble gibbsite

5.3.7 Exchangeable cation

The dota on exchangeable cations

bases are presented in Table 7.

Relatively low to very low amounts

2+ 2+ Kt

basecs (Ca "y, Mg~ ", and Na*) are prese

drained to somewhat excessively drainced
units (Songiwa cover sand, Tureta sandy

Talata loamy to clay main terrace). In

precipitate out of

(Sanchez, 1976).

and total exchangeablo

of total exchangeable
nt in the well-

soils of the upland
"wash plain", and

the surface horizons

of these snils, volues range from Q.74 to 4.65 meg/100g soil

with o meen of about 2,64 meq/100g soil, end from 1.93 to
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Table 7: Exchangeable cations and Exchange Acidity of the pedons studied.

Exchangeable Catibnsg Total Exchange Acidity
24 o4 + + 3 + Exch,
Pedon Horizon Depth Ca Mg ¥ Na al H Bage KCL BaCl-TEA
cm Yeq/100g Soil

Sangiwa Cover Sand Unit
(Typic Ustorthent, coarse-loamy, mixed, umor%vmwwwmgwo\uu.mﬁuwo Regosol)

1 A 0=25 1.8 0.1 0.22 0.66 0.00 0.05 2.78 0.25 3.6
AC 25—60 1.7 0.1 0.13 0.37 0.20 0.10 2.30 0.30 2.6
c, 60-150 1.6 0.0 0,12 0.37 0.30 0.10 2.09 0.40 3.2
c, 150-200 1.9 0.1 0.13 0.4 0.20 0.20 2.53 0,40 2.8

2 (Oxic Paleustalf fine-loamy mixed, ischyperthermic/Dystric Nitosol)
Ap 0-30 1.6 0,1 0.14 0.4 0.30 0.1% 2,25 0.L5 0.8
Bt, 30-80 1.6 0.0 0,26 Q.70 0.70 0.15 2.68 0.85 Loy
Bt, 80-130 1.9 0.1 0.31 0.83 0.65 0,10 2.76 0.75 6.0
Bt 130-180 1.9 0.1 0,22 0.54 0,20 0.30 2.76 0.50 5.0

v
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Table 7 (Contd,): Exchangeable cations, Exchange Acidity of the pedons studied.

Exchangeable Cations Total Exchange Acidity

o o4 o4 N " 3 o Exch, .

Pedon Hyrizon Depth Ca Mg X Na Al H Base KCL BaCl-TEA
cn Meq/100g Soil

Tureta Sandy Wash Plain Unit

(Oxic Paleustalf, fine-loamy, mixed, ischyperthermic/Dystric Nitosols)

3 Ap 0-36 0.3 0.0 0.13 0.31 0.05 0.00 0.5 0.05 2.L
Bt, 36-150 1,5 0.1 0.12 0.30 0.60 0.10 1.92 0.70 L.0
Bt, 150-200 1.9 0,1 0.13 0.3t 0.00 0.10 2.4k 0.10 3.6
(Oxic Paleustalf, fine-loamy, mixed, isohyperthermic/Dystric Nitosol)
L Ap 0-17 1.8 0.1 0.13 0.37 0.00 0.20 2,40 0.20 2.0
AB 17-70 1.8 0.1 0.17 0.h2 0,50 0.20 2,49 0.70 3.6
Bt 70-142 2.4 0.6 0.23 0.47 040 0,20  3.70 0.60 546
Bt 142-190 3.5 0.9 0.39 0,62 0.10 0.20 4.L9 0.30 L.6

]
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Srchange Acidi*y of the pedons stud ed,

: E ckageable bases

Zxchangeable Categng Total Exchange Acidity
Exch.

Pedon Horizen Depth ca®t Mgt X Na® At B Bage KCL  BaCl-TEA

en Meq,/100g Soil

Talata loamy to Clay Main Terrace Upit

(U1tic Paleustalf, fine-loamy, mixed ischyperthermic/Dystric Nitosol)
7 ip 0-50 3.4 0.8 0.14 0.31 0,00  0.10 L.65 0.10 3,8
Bt, 50-90 2.8 0.3 0.18 0.34 0.00 0.05 3.62 0.05 3.4
Bt, 20-17C 1.9 0.1 0.39% 0.34 0.00 0.C5 2.69 0.05 L.8
C 170-210 2.1 0.2 0.34 0.39 0.00 0,10 3.03 0.10 5.0

(T1tic Paleustalf, fine-loamy, mixed isohyperthermic/Dystric Nitosol)
8 Ap 0-60 2.9 0.1 0.16 0.37 0.00 0.10 3.53 0.10 L.k
Bt, 60-120 3.L 0.3 0.19 0.37 0.00 0.50 4.26 0.50 3.0
Bt 120-200 4.4 0.4 0.28 0.40 0.00 0.50 5.48 0.50 25.0
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T=ble 7 (Contd.)

—— — S—— - .-

Exchangeable Catioins

el i Tota1  Exghange Acidity
Pedon Horizon Depth ommi 3%m+ 4 Na* LHm+ : o Mwmw. KCL BaC1-TEA
om Meq/100g Soil __ “°° - e
Kurukuru-Gande Micaceous Unit

g (Typic Ustifluvent, coarse-loamy, mixed, isohyperthermic/Butric ¥ uvisol)
Ap 0-56 1.8 0.1 0.15 0.4 0.00 2.05 ¢ 46 0.05 .0
2C, 56-100 3.7 0.2 0.12 0.35 0.00 0.05 )..37 0.05 L.8
uow 100200 1.9 0.1 0.13 0.39 0.00 0.05 2.52 0.05 2.0
rou 200-220 2.0 0.1 0.10 0.31 0.00 0.05 2.51 0.05 1.0

(Typic Ustifluvent, coarse-loamy, mixed ischyperthermic/Dystric Fluvisol)
10 Ap 0=-30 3.2 0.3 0.17 0.35 0.00 0.05 L.02 0.05% 25.0
mnd 30-80 1.8 0.7 0.12 0.30 0.00 0.05 2.92 0.05 2L.L
2C, 80-110 2.6 0.1 0.15 0,35 0,00 0.05  3.20 0.05 4.6
wOmm 110-175 2.1 0.8 0.13 0.31 0.00 0.05 3.34 0.05 L.
C 175=220 1.7 0.0 0.12 0.31 0.00 0.0 2,43 0.05 1.4
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Table 7 (Contd.):

Exchangeable base and Exchange Acidity, Data Sheet

Exchangeable Cations Total Exchange Acidity
Exch,
Pedon Horizon Depth Ca?* sz+ x Na© mwu+ ol Base KCL BaCl1-TEA
cm Meq/100g Soil
Diggi Park Unit
11 (Vertioc Fluvaquent, fine-clayey, montmorillonitie, isohyperthermic/Futric Gleysol)
Ap 0-32 5.0 1.5 0.32 0.70 0.00 0.05 7.53 0.05 8.L
AC 32-80 9.8 143 1.00 2.52 0.00 0.05 14,62 0.05 9.2
mo; 80-100 L.B 0.9 0.52 1.48 0.00 0,05 7.70 0.05 1.6
uomm 100-155 14.5 0.7 1.33 3.70 0.00 0.05 20.23 0.05 4.0
rou 155-185 19.5 1.1 1.67 L.35 0.00 0,08 26,62 0.05 8.4
12 (Tropic Fluvagquent, fine-loamy, mixed wmo:wﬁmdwrmnawo\dwwawwo Gleysol)
Ap 0-48 2.9 0.3 0.14 0.34 0,00 0.05 3.68 0.05 1.6
2Cg, L8-150 5.4 0.8 0.41 0.88 0.00 0.15 T.49 0.15 12,0
2Ce, 150-190 5.7 0.8 0.52 1.61 0.00 0.05 8.63 0.05 9.2
13 (Aeric Tropic Fluvaguent, fine-loamy, mixed, isohyperthermic/Eutric Gleysol)
Ap 0=30 2.8 0.5 0.18 .38 0.00 0.40 3.96 0.L40 6.6
AC 30-60 L4 0.8 0.23 0.37 0.00 0.20 5.80 0.20 11.6
mom 60-140 2.8 0.4 0.19 0.39 0.00 0.4L0 3.78 0.40 7.0
3C 140-230 3.0 0.5 0.22 0.37 0,00 0.50 L4.09 0.50 8.6

3
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26462 meq/100g scil in the sub-soil horizons. Generally in
the pedons exomined, exchangeable bases increased with depth
with maximum values often occurring in the Bt horizons. The
luw exchangeable bases in the surfoce horizons of the upland
s0ils may be due to lesching losscs, eluviation of bascs
into the underlying lower B end € horizons, and plant root

uptake of boses.

Alsc in the uplend soil units, the amounts of

e+ in the surface horizons range from 0.3 to

exchangeable Ca
3.4 meg/100g scil, with a mean cof about 1.9 meq/100g soil,

but volues increascd from 1.5 to Go4 meg/100g snil in the
sub=soils. Exchangeable Mg2+ values range from troce amounts
to 0,8 meg/100g snpil, with a mecan of about 0,15 meq/100q

s0il in the surface borizons. Also, very low to trace amounts
of Mgz+ were obteined in the sub-scil horizons. Exchangeablo
k* values ranged from 0,13 to 0,22 meg/100g soils, with a

mean of about 0,15 meq/100g scil in the surface horizong.
Subesoil volues ranged from 0,12 to 0,39 meq/100g soil.
Exchongeable sodium values obtoined for all the horizons of
the upland units range from 0,31 to 0.83 meqg/100g soil, and

are considered moderate relestive to the nther bases in the

s0ils.

The total exchangeeble bases of soils of the upland
units present a scquence of opccurrence similor to Ca Nad

K> Mge. The predominance of Ca over the other cations in






