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LBSIRA4CT

A detailed s0il survey at a scale of 115,000 was
conducted at the Kontagora seed Multinlication farm of
Niger Statec of Nigeria. _:"G“'ﬁﬁ?g

Tiw soils are fourmed from residual parunt material
derived frgm weathercd coarse Wape Sandstunc; These soils
are reddish in colour, deep, well Jdrained, non-concreticnary
and gravel-frec, IThey arc sandy in the surface horizons,
thouegh the texfufu becomes finer with depth as a result
of incrcase in clay content with Jepth, Low silt content
ig common in all the soils, The s0il structure is better
devceloped in the subsoils than in the surface horizons, Ii:”
~The soils exhiit low to moderate cation exchange capacity,
exchangenble bases and base saturation percentage, _They.'-
are chroractoristically strongly acid to neutral witﬁvvéfy.
low to low uvrganic matter and nitrogen contonts,

Three mapping units were delineated, The suils of
mapping unit 1 have a thin sandy to loamy sand surface
overlying sandy clay to clay loamn, They classify as Typic
Haplustults, The thick sandy to loamy sand surface of scils
of napping unit 2 is underlain bWy claycy materials that
vary between sandy clay leam to sandy claye. These soils
have boen ¢lassified as frenic Haplustultsse The napping
unit % soils have a very dark roddish brown sandy to sandy
loam surface, They have more or less darker surface than
soils of the other mapping units and are classified as
Typic Rhodustulte, ALl the mapping units qualify as

Orthic Acriscls, _ - S e e
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This farm was thcrefore choosen for study becauvse of its
significant position in the seed multiplication programne
of the Kiger State Governuent, It is prescntly devoted to
cotton and groundnut cultivation only (Plate I), Therefore,

a groundnut - cotton-fallow rotaticn is npractised,

le2t uJ Sk

The present study involved characterization of the
morphological, vhysical and chemical features of the so0il
and detailed soil mapping,

The objective cf this study is to provide the
fundamental soil information that can be used by the Niger
State Goverament in planning the nanagenent of the farm in
particular and in general the larger Kontagora environment
especially areas underlain by the Nune sandstcnes, A
proper farm management is the building block for a sound
land use planning (0 januga, 1977). A sound land use planning
is the only sure means of sustaining the development of any
Nation's agriculture, It provides the neans of deriving
the maximum benefits from land resources while at the same

time conserving the same for future generations,

1.3: PREVIOUS \ORK

Thq soils of the area had been classified according to
d'Hoore:'s legend of soil Map of Africa (South of the Sahara)
as Ferrallitic and according to the United States Department
of Agriculture’s soil classificatioﬂ.(?th apﬁroiimation) as
Oxisols (Tomlinson, 1965). Valette (1973) in his study of
the Mokwa - Kontagora - Kainii area repéorted that the

soils are coarse - sand donipated well
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drained, deep, red (2,5 YR c¢v 10R but rarely 5 YR) and non
concretionary sandy clays between 64 and 152 cn, Plate II

illustrates the depth of the soils,



Pigte 1. Crops cultivated on the Farm

A : Groundnut

B. Cotton



Plate II : Profile pit ANOO3
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CHAPTER 2

GENFIRAL DESCRIPTION OP THE ARE]
2. 13

The farn is located south of Kontagora (10.24°N and
05.28°E) along the Kentagora=Mokwa road at about 7.3 knms
frem the Kontagora-Mokwa and Kontagera-Yelwa roads junction
(sece Fig, 1), It lies north of Tungan Wawa (New) Village,
hence it is locally referred to as the Tungan Wawa seed
nmultiplication centre, The area is fenced and occupies

about 120 hectarcs,

2.2: GEOLOGY

An inaginary Kontagora - Auna line (Fig, 2) forms a
boundary between the central basement complex (McCurry,
1976) tou the north and the sediments c¢f the middle Niger
basin to the scuth, Hence, the study area is situated
within the niddle Niger Basin, The pgeclogy c¢f the Basin
has been lescribed by various workers, notably Faconer (19%1),
Tattan (1943), Adeleye (1976) and Ojo and Ajakaiye (1976),
The. basin covers an cxtensive tract of country extending
southwards from Kontagora to Mokwa and Bila further along
the Nipger valley, It is unlerlain by sedimentary rocks
which were noned Lokoja scries (Falconer 1911), These
gedinents do not show traces of a marine series, trace of
linestone or of carb.naccous or calcareous shales suggesting
a shallow water accummulation, These unfossiliferous
sedinents were later referred to as Nupe Sandstones (Russ,
1930) and Faleconer's Lokc ja series was dropped, These
sandstones have recently been renamed Nupe groups (Adeleye

and Dessauvagie, 1972).
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Falconer (1911) and Russ (193C) considered the
sandstones to be of Focene age, Tattam (1943) described
the beds at Lokoja aé unconformably underiying the coal
measures in Dekina destricl and concluded that the gandstones
of the MNiger basin north of Lokoja were of upper Senonian
age., The pedinents of the no:the£n part of the basin have
Leen described as a‘ééuﬁhﬁérd continuation of the Illo
TFormation which Jones (1948) dscﬂibéa to the (enomanian
or older period, lHowever, it has now been generally
accepted that thce Mupe Sandstones (upe groups) are df.
Cretaceous period (Adeleye and Dessanvagle, 19723 QJjo and
Ajakaiye, 1976)s - . |
The stratigraphy and Sedimentation of the Nupe

Sandstonses have been described by Adeleye (1976), Falconer
(1911), Klinkenberg (1965), Pullan and de Lesuw (1964) and
Velette (1973) as consisting of coarse basal sediments
directly overlying Precambrian to Palecczoic Basement CompleX,
As shown in Fig, 3, the basal materials underlie fine |
sediments which are in turn overlain by post cretaceous
ironstones, Also lenses of interbedded siits and clays occur
within the formation (Higgins et al, 1960),. -

- The fine surface sediments are removed 10ca11§ by méjbr
éfr@aﬂsand subseguently expose the hasal materials, The
basal sediments consist of partly consclidated, rounded to
sub~rounded c¢oarse conglomerates, clay-sand-pebble | |
admixtures and cross-stratified sandstones (Adeleye, 1976},
Locally, scattered pebbles, cobbles and boulders occur o

within the basal sediments. Ogunwale (1973) described the
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basal sediments as a conglonecrate of well rounded quartz
peboles in a matrix of white clay, Arkoses and feldspathic
sandstones are common (Adeleye, 1976), The fine materials
are mainly fine grained quartzose sancdstones with subsidiary
claystones, fine conglomerates and siltstoncs,

Much of the thin, not rnore than 50m thick, ironstone
capping which is believed to be partly of sedimentary origin
and partly lateritic that occurred over the sandstones has
been eroded by tertiaty esarth movewents (0jo and Ajekaiye,
1976), Presently the remains of the cappings are found on
flat - topped ironstone-capped hills, The Nupe Sandstones
find their highest elevations in these hills which are
believed to be reminants of the older surfaces (Kowal and
Knabe, 1972), Most often these are associated with the fine
sandstones, though strips of coarse grained conglomeratic
sandstones, still partially capped by irconstone measas and
their degraded forms occur along the border with Basement
Complex (Valette, 1973), The ironstones are ocolitic and

pisolitic (Adeleye, 1976; Reynment, 1965),

2.3: GEOMORPHOLOGY

The topography of the middle liger basin is largely
determined locally by the texture of the Nupe Sandstones,
Areas underlain by coarse-textured sandstones are relatively
flat to undulating and have lese dissected appearance than
those underlain by fine-textured sandstones, The study area,
underlain by coarse--textured sandstones, is relatively flat
to undulating with flat topped ironstone-capped hills
breaking the monotony of the landscape (Reyment, 1965), The
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area shows little dissection due to widely spaced stream
systems, The farm falls witthin the basin of the ﬂeri river
which drains south and east of Kontagora into the Kaduna
river, The Kontagora town itself if located on the

watershed between this basin and the catchmeant areas of two
other rivers (Maxlock Goup Nigeria Linited, 1980), The
Kontagora river which drains south-west and flows into

river Niger just above the Kainji dam, and the Malendo

river systeri about 10 km north of the town drains to the
Niger river near Yelwa at the northern end of the Kainji
;éaérvuir; Tributaries to the main stream are well

developed in areas underlain by the fine-textured sandstcones,
These are characterised by locally steep fluff flanked by 15m
or more deep valleys, Landforms consisting of plains, mesas
and flood plains are recognised in the basin,

The plains are flat-lying to gently rolling with
conical or flat-topped residual hills occuring to break the
monotony of the scenery (Adeleye, 1976), Many of such hills
are common in the Mokwa - Bida - Zungeru - Kontagora area,
The plains lie between 60-430 metres above sea level,

Mesag are recognised in the gently undulating to flat
lying plains, These are flat topped or tabular surfaces
usually rising few metres above the lower lying surfaces
from whichh they are separated by distinct scarps, The mesas
form a discontinucus belt which'runs from east of Mokwa
through areas south of Bida to Baro, Lokoja and south-west
of Dekina (Adeleye, 1576), River Niger and its tributaries

have irregularly dissected the mesas and nany have been
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transformed to more or less irregular or rounded hills
with remnants of an old ironpan or ironstone rubble or
both (Valette, 1973), However, soue well preserved mesas
are usually found associated with strongly disseccted areas,

The flocd plains of River Niger are broad and marked
in most areus by series of elongated ponds running paralled
to the river channel, The tribularies are alsc marked by
fairly wide flood-plaine (fadama),

From the account above, it is evident that the present
landscape of the widdle Niger basin which consists of level
plains alternating with -belts of dissected country descending
towards River Miger has been formed by at least tud_
major erosional cycles, Several hypotheses have been
considered to explain the evolution of these surfaces, Pugh
and King (1952) and Pugh (1956) have advanced the theory of
pediplanation to explain the nanner by which successive
cycles might have been initiated, Briefly, they suzgest
that each change of base-line is accompanied by the formation
of an almost level surface graded to the new base levél-
pediplain, This is caused by escarpment retreatment into
the raised block, A further uplift would give rise to a
further scarp and a lower pediplain; the land eventually
- acquiring a steplike appearance, TIt should be borne in
mind that the higher surface will remain substantially
unaltered until oblite:ated by retreating scarp. Two
erosion surfaces, the lower African erosion surface
(365-609n) seen around Kontagora and the "Higer' surface
(228-289m) which is extensive along the Niger Valley, have beem
recognised by Higgins and others (1960), Pullan and
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de Leeuw (1064) and Vallette and Higgins (1967) reported

the presence of the lower African surface from the Auna-
Birnin Yauri area znd north-east c¢f Auna respectively,
Valette (1973) reported the presence of a surface similar
to the Miger surface from south of Scioranmi,

De Swardt (1946) proposed that the changing climatic
conc¢itions during the Tertiary period could be the major
cause of the procesc of landscape evolution in the Kaduna
valley, ©Briefly, he suggested that the formation of the
ironcapped landscape took place during a humid cliasatic
condition when rock weathering and soil fornation were
daominant., When the cliuate became progressively more arid,
the weathered residues were dissected. This caused the
formation of the present extcusive undulating plains lying
beneath the higher laterite-~capped mesas occupying the
crestal areas as remnants of the middle Tertiary peneplain
surface, Another return of humid climate resulted in the
incision of the lower lying surface creating valley sides,
The floodplains were forned where the incision was severe,
The pericd of aridity that followed caused the filling of
the valleys with alluvial and colluvial naterials, The
onset of the present climatic era rcsulted in further
rejuvanation with a resultant strcam incision into the
alluviun,

This theory could possibly be used to explain the
evolution of the landscape of the middle Niger basin because
de Swardt (1946) ascumes that “the result obtained in the

Kaduna valley might have more than a local application and
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that some light way be throwvn on the recent geomorphic

history of the country as a whole®,

2o4: | CLIMATE

The clinmate o Kontapora and its environ and indeed the
whcle of the middle Miger basin has a marked sénsonality
owing to the alternation of two air masses moving over the
area, Thesc are the dry continental air mass (the harmattan)
blowing from the north-east across the sahara desert and the
rain-bearing south westerly air mass, The zone where the two
air massess meet is referred to as the Inter Tropical
Convergence Zone (ITCZ), The ITCZ which extends roughly
cast-west across West Africa migrates north and south being
situated approxinately 8°N in January and 20°N in July
(Rackhan and Rose-Innes, 1978), This movement of I7CZ
influences the clinatic patternm of.Nigcria « Due to this
movement, the length of the rainy season decreaéea from
south to north and because the south westerly air mass
ios.:es moisture on it way inland, the rainfall dJdecreascs
from the south and southwest to the northeast (Bawden and
Jones; 1973), Consequently, the annual anount, the seasonal
distribution and duration of rainfall are significantly
correlated with latitude,

Kontagora lics in a transitional belt between the
northern zone having a single pesk rainfall regime and the
southern zone with a consistent dual peak regime, Therefore,
the pattern of rainfall regime is not qguite constant, Three
types of rainfall regiries have been recognised in the area

(Pullan and de Leeuw, 1964), These types of regimes are:



Type a:

Type b:

Type c:
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a distinctive dual peak rainfall regine; the
peaks normally occuring around July and September,

August is never devoid of rain, but the contrast

"with the August fall in type b is great;

occcassionally a heavy rainfall in the month of May
can give the impression of the presence of a
triple peak regine;

A single peak rainfall regime with a steep decline

after the maxinum fall in August; and

There is no notable peak and the significant rainy
period is longer than in other years with

appreciable rainfall in April, May and October,

The climatic regime with a single rainfall peak and dry

season of five wonths from early Noveamber until mid March

is the most comion in the study area, The wean annual

rainfall is about 1222mm (Table 1) with lower and upper

limits of 870mm and 1470mm respectively (Eairate Technical

Services Limited, 1975)., A close examination of the mean

monthly rainfall destribution shows that the rains

effectively begin in April and steadily increase to a

maximun of 290mm in September and then virtually cease by

the end of the month of October, Also there is a wide

variation in the duration of the rains, Generally, if the

rains begin late the amount of rainfall will also be less,

According to Kowal and Knabe (1972) Kontagora lies to the

south of 1143mm isohyet and the 21-30 April and 1-10

October isochrones of the start and end of rainy period

respectively, Also the length of the rainy period is hetween

180 and 170 dayse
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Temperature records for Kontagora are not available,
however, there ic a close similarity between the temperature
regines of Yelwa and Kontagora (Kowal and Knabe, 1972;

Pullan and de Leeuw, 1904), Temperature records for Yelwa,
Kaduna, Mokwa and Minna are given in Table 2, The wmean
maximuin temperatures are highest durang the dry season
especlally in Pebruary, March and April, and lowest in
August, the time of greatest rainfall, 7The mean minimun
temnerature is nighest in April at the on-set of rains and
lowest in December and January at the height of the dry
season when the ITCZ is approximately at 8°N and the harmattan
winds blow over the area north of the latitude, The mean
mjnimum and maximum terperature ranges for Yelwa are 14,44 -
26,67°C and 29,44 - 38.89°C respectively, The corresponding
figures for the other stations are 15,56 - 23,89°C and 29,44~
78°C for Mokwa, 18,89-23,89°C and 28,%3-36,67°C for Minna,
and 14,44-22,22°C and 29,22-25,55°C for Kaduna,

Kontagora falls within the arca served by the Yelwa
synoptic and rainfall station, and considering the thiesson
polygon of the annual pattern of evaporation and precipitation,
the evaporation is less than precipitation during the period
of 10th June to 10th October, The maximum monthly
evaporation occurs in March, The study area is located

south of the 1448an potential evaporation line,

2.5: VECETATION
The middle Miger Lasin is broadly classified as southern
and northern Ghinea Savanna , but Kontagora environ falls

within the Northern Guinea Savanna (Fig, 4) which is
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characterised by Savanna woodlands, The vegetation

consists of conmunities ranging in physiognomy from 10 to

15 metres high in a well developed undisturbed woodland
(Keay, 1959), Most of the trees are broad leaved and in
places cast enough shade to supress grass growin especially
where their crowns are more or less touching, However,
grasses distinctly shorter than those in the wetter southern
Guinea Savanna zone occur where the cannopy is open,

Afzelia africana, Butyrogpermum paradoxum, Isoberlinia doka,
Detariwg nicrocarpum, Terminalia avicennioides, and Monotes
kerstingii are among the constant and commeon constituents,
Also erect shrubs such as Gardenia spp and Protea elliolli
are frequent but woody clinmbers are only locally present,

The vegetation of the farm could be described as predominantly
secondary shrub and parkland, The secondary communities form
an: intricate complex of several vegetation types
representing farm regrowth in different stages of successional
development, This is belicved to develop as a result of
differential fallow periods of shifting cultivation, This
vegetation type is represented in parts of the farm left
under fallow for a long period, However, parkland vegetation
type replaces the secondary shrub vegetation type in the
portion of the farm under contineous cultivation, Plate III
illustrates the vegetation types in the study area,

Although the vegetation type of an area is largely an
expression of the overall climatic control, their component
species and sometimes their structure are modified by
activitics of man, fire and soil (Benctte et al, 1978),

The present vegetaticn of the study area has been greatly
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" modified by prolonged continous cultivation, Consequently;
the Savanna woodland has been modified to parkland
vegetation which has reverted to Savanna shrubland in the

section of the farm left under long fallow periods,

2.6 PRESENT LAND USE

The project area is located in an area with abundant
good agricultural land, This area is particulsrly sandy and
pervious to water thus forming a good aguifer with an averagén
depth of water-table of 46-91m (Kowal and Knabe, 1972).
Access bo this area 1s limited by scarcity of waler and by
poor communications, This fact, compounded by the terrible
effect of the past slave raiding in the arca, led to a very
low population density of the area, However, the installation
of wells in the villages along the Kontagnra-Mokwa ;oad has
markedly increased the attractiveness of the area to
farmers, and the population of the ares has more than doubled
within a period of eleven years; 1952-1963 (Valette, 1973),
Use of manure or restoration of the fertility of the land
after it has been under contineous cultivation for a few
years is not possible due to the liwited number of livestock
kept in the area, Shifting cultivation, therefore, provides
a reésonably satisfactory answer to the problems of declining
fertility and soil erosion, e PR

A communual land tenure systen ié“practiséd in the
area, Farmners are permitted to take uﬁ land for farming
anywhere they choose unless it was previously cultivated by
someone elge, TIn which cagse permission of the last owner

and/or of the village head is required before such piece of

B
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land is crltivated by another person, Though land is

neither hought nor sold, the individuals who have cleared
virgin lands egtablish a right to its use for an indefinite
period, Paymenl of ceompensation for clearing, crops grown
and economic tress may be made if the land is allienated

by CGovernment,

Sorghum and early millet are the major fecod crops grown
in the area, They ure grown either as single crops or inter-
cropped with cowpeas, groundnuts, cction or maize, Rice
production is confined mainly to the flood plains (fadams)
along the streans; irrigated rice production is rarely
practised in the area, Cotton and groundauts are the major
cash crops, Casesava, like cotton, is cultivated throughout
the area, but casecava, unlike cotton, is cultivated as a
mono-cron, Other crops being cultivated include vepetables,
sweet potatoes; yaas and late millet, Plates IV and VIA
illustrate the kind of cropping pattern commonly practised

in the study arca,
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PlateJII. Vegetation Types of the study Areg

& ~

A - Typical parkland vegetation

B  Typical secondary shrub vegetation
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Pilate IV :Land use

A Guinea corn interplanted with cowpea

B : Early millet interplanted with groundnut
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CHAPTER 3
LITERATURE REVI KW

3,11 SOIL FORMATION
3e1e1: CQNCEPTS OF SOIL
Simonson (1959) gave a brief evolutionary trend of

concepts of s0il and subsequent theories advanced to explain
its formation, Darlier soil scientists thought of soil as
disgintegrated rock mixed with some decaying organic anatter,
Considering this concept, weathering alone provides adequate
explanation for soil formation, Later on, this idea was
replaced by a concept which regarded soils more than weathered
rock, and according to this concept, soils had profiles
consisting of genetically related horizons, With this new
concept, weathering alone was no longer adequate to explain
soil formation, Congequently, soil formation was considered
to be due to a combination of weathering and certain
additional changes resulting from interactions between
weathered rocks and living organisns, This view and many
others have long been replaced alsc, however, the soil
profile character remains important tough it has to share
place with other features of the soil, The present concept
regards soils as natural bodies formed on the land surface,
occupying space and having a unique morphology (Simonson,
1957) . .

This geographiﬁal abproacn entails that soil is a three
dimentional entity with length, breadth and depth, The
surface of the earth where soil meets the atmosphere forms

the upper boundary of the soil, This boundary is distinct
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in contrast to the lower one where the soil grades into
weathered rock or water, Rarely are individual bodies of
soil set apart from their neighbours by sharp boundaries,
The boundaries of adjacent individual soils are transitional
and inter-grades are common, Thus the s0ils of the world
from a contineous mantle over most of the land surface,

All these variation of individual soils netwithstanding
all soils are alike in some ways. For iunstance, they are
all three-phase systems (Brady 1974), all or nearly all
consist of some wmajor eomponents; mineral materials,
organic matcrials, water and air, Thercfore, any theory
which adequately explains soil formation must be consistant
with similarities and differences known to exist among

soils of the world, (Simonson, 19959).

3e1e2: SOIL FORMING PROCESSES

Studies of soils throughout the world have shown that
soils form as a result of the combined effects of many
processes, kEven so, soil formation can be considered as
consisting of two overlapping steps; mainly the accumulation
of parent materials and the differentiation of horizons in
the profile, Out of these two steps, the second is of more
immediate concern to soil scientists, The process of soil
formation that intimately effects the scil parent materials
onto which it operates is not simple, It is a complex of
or sequence of events, both complicated reactions and
comparatively simple arrangement of matter, These events
may take place simultaneously or in sequence to matually
re-enforce or contradict each other (Rode, 1962), A specific

A



26

process inay tend to change the soil or maintain it in its
current condition,

Four basic kind of changes in the svil eystem, namely
addition, removal; translocation and tranformation may be
caused by the evente (Simonson, 1999). Many svhatances
comprising soil may be affected by any of these changes,
For exanple, there may be additions, transformations,
translocations and removal of carbonates, organic matter,
.éeéunAIides; silicats clay minerals cr soluble salts, All
these changes effect horizon differentiation of most suil,
However, the relative importance of each process operating
in differentiating horizons is not uniforr for all socils,
Furtliermore, the relative importance of the processes
differ from one goll to another and mnay change with time,
Also change in one or more of the processes may alter the
relative importance acong the processes, - It would be noted
that some processes are of little importance in a certain
combination, This notwithstanding, the full chain of
processes seems to leave its imprint on soil character in
the long run (Simonsor, 1999), Nonetheless and without
any prejudice to the relative importance of each process
in any given combination, the balance among the individual
processes in the combination is the key to the nature of
the soil, However, the relative importance of each process
in the combination is reflected in the ultimate character

of the s0il itself,

34143t SOIL FORMLHG FACTORS

Some sinple processes and basic reactions that proceed
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in thc soil sovern the variely of changes that take place

during horizcns differentiation, They include bhydration,
oxidation, leaching and precipitation, These processes in
thelr turn, are controlled by factors such as climate,
living organisms, parent materials, topography and tine,
These factors are the soil forming factors and knoewledsge
of thelr relative inportance is necesszary to uqderstand
the proceszese operating in the soil (Jenny, 1941, aud
Brady, 1974). Clinste determines the degree and nature of
weathering. Concidering the different aspects of clinatey
temperature and precipltation have greater influence in
goll development, The rates of physical and chemical
reactions that are essential for hotizons differentiation
are governed ic a great extent by tempéfétdfé.and B o
precipitation, TFor instance, for every 10°C rise in
temperature, the rate of chemical reactions apprnximately
doubles, The effecct of climate on =seoil formation does not
stop at the chemical and physical processes that take place
within the goil, but it has great influence alsc on living
organisms, HWihe bio—cﬁomical changes by s0ll organisms
are most senbitive to temperature as well as moisture”
{Brady, 1974), Also, climate determines the natural
vegetation, This way, cliwate controls the quantity of
organic material devcloped in or returned to the so0ll and
the activity of degay organisms,. All thesc have bearing
on the amount of organic matter in a scil, The influence
of climate on relief and time though indirectly through

crosion is guite obvious,



The nature of the parent matéfial may greatly infiﬁéhce
the characteristics of young and even oldest goils, HMany
properties of parent materials such as texture, minerslogical
coﬁposition and degree of stratification greatly affect soil
development (Miller, et, al,, 1965), The mineral composition
0f so0ll parent material determines greatly the characteristics
of the profile that developed, If parent material is composed
mostly of minerals which weather slowly, there will be very
little clay formation or clay accummilation in the B horizon,
On the other hand, if the material contains minerals that
weather eagily, there will be much clay formation and some
will accummulate in the B horizon, Iven the type of clay
mineral that develops 1s influenced by parent naterial,

Soil development may he delayed where parent material is
rich in lime, This is a reflection on the effect of the
reaction of parent material on soil development, Acld
condition encourages mineral decomposition, transglocation
of colloids and on overall development of the soll profile
(Brady, 1974), The tektufeﬁ of the parent material
influences soil developyent through its effect on soil
permeability, soll organic matter content and soil solum
thickness, For example, fine~textured material wmay enhance
plant growth by providing greater water and nutrient supplye.
This results in a greater annual addition of organic matter
to the soil, Also fine-textured materimls tend to be less
well aerated and consequently have slightly lower temperature,
thus slowing down organic matter decomposition, These

conditions favour organic matter accumulation,
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There are several ways through which other soil
forming factors affect soil developpent, Topography may
modify soilhdevelopment through its influence on the
(1) quantity of trecipitation obsorbed and retained in
the soil, thereby affecting coil moisture relations
(ii) rate of removal of soils by erosion, and
(iii) movement of materials in suspension or solution from

one place to another,

The major role of diving organisms in soil developnent
can not be over enphasized, Profile mixing, structural
stability, organic natter accummulation and nutrient cycling,
and reduction of natural erosion rates have all been possible
due to the presence of living organisms, The actual length
of time materials are exposed to various processes and
reactions plays a significant role in soil formation,

In discussing the effects of soil forming factors on
profile development, it is usually assumed that all other
factors except the one being discussed are held constant,

In reality, the interactions among these factores is too

" obvious to be ignored, Rarely does a single factor govern
exclusively the kind of soil that develops, The time taken
for a horizon to develop will undoubtedly be related to

the parent material, the clipate and the vegetation, There
is a definate relation between vegetation effects and climate
but a lesser difinite one between parent material and
topography on one hand and the vegetation on the other,

It is therefore easy to visualize the interdependence of

these factors in determining the kind of scil that develops
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3.2: SOIL SURVEY & . .
3,2.1: DEFLNITION AND OBJECTIVE

D

801l survey can be defined as the determination of
the pettern of the soil and the division of this into“;
relatively lomogenoug units, Also, it involves mapning
of the distribution of these units and their characterization,
The purpose of a soil survey is to study the characteristics
of the soils and evaluate their potentialities to determine
their suitabilities for the intended purpose, The accuracy
with which the soil properties are mapped and the relevance
of the properties to the intended purpose for which the soill
survey was conducted determines the usefulness of tlie survey.
Making a soll man is sometimes regarded as the purpose of
soil survey, This concept creates an impression that the
s01l survey is an end in itself and thus, without due regard
to the relevance of the determined soil properties and to
the intended use, The usefulness of a s0il survey is
equatced with the accuracy with which the soll properties arc
predicted, So0il survey is no more than an aid to waking

wige decisions about land use and managenent,

Aele2y KIunis OF SOIL, SURVEYS

Scil surveys can be made at various 1eveis of intensity
depending oun the purroscs and the prevailing field condition
of the area to be surveyed, The difforences between the
various types of soil survevs are based on density of
obgservation in the field and scale of the final map, The
dengity of observations determines the detadls with which

e

boundaries between mapping units arc plotted in the field,
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Soil surveys are described as exploratory, reconnaiseance,
and detailed (Boil Survey Staff, 1951). Exploratory soil
soil surveys are made largely by drawing inferences and
locating boundaries of mapping units after studying
available maps and information concerning geolcgy, relief,
climate, vegetation and other factors, The Loundaries are
checked, if possible, by making traverses in the area,
Exploratory surveys result in schematic maps and are used
in nation wide surveys to show in a very schematic form
the broad di fferences in soil cnnditions, The mapping
scale of this kind of survey is 1:1,000,000 or smaller
(Dent and Young, 1981),

A recomnaissance soil survey is used to identify the
range of soils in a given area and to delineate the areas
having potential for a given project for further
investigation of the relationships ~mong broad scil units,
It is also used for collecting general data for land use
potentiallty, A reconnaissance: soil survey is made by
observing soils and scil beoundaries along traverse lines
through an area, then extending the boundaries of mapping
units between traverses after studying available
information and maps on geology, and aerial photographs,
In essence only part of the course of the boundaries of the
mapping units are actually observed in the field (Soil
Survay Staff, 1951), A reconnaissance soil survey is
relatively of very low intensity, though it is more detailed
than an exploratory survey, The mapping scale ranges from

1:500,000 to 1: 120,000, however, 1:250,000 is the most
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commonly used scale (Dent and Young, 1981), |

Generally speaking, in a détailed soil survey, the
g0il boundary is plotted after observing the soll surface
throughout the course of the boundary, A detailed soil
survey serves in the operational planning for land
development and forms the basieg for planning soll management
systems and determination of the possibility of soil .-
improvenents, It ds the most intensive and is furhtér f
subdividgd into sub~classes according to the intensity of
coverage, The sub-classes are as fOIIOWS;— e |

(1)  Low intensity FER

(ii) Meddum intensit? o

(iii) High intensity.

In fact, many soil surveyers consider thesc subclasses
of detalled soll survey to be different types of so0il
survey, In detailed solil surveys o€ high intengity
(intensive) soils and geologic materials are examined to a
depth 0of a few meters, ©Such ©oll survey is wmade where the
land is to be used so intensively that all the significant
s0il areqs need to be known (Steels, 1976), This type of
501l survay may be wade for development of irrigation
projects or in arceas where much of the land is to be used
for housing. 7The scale of napping is frequently 1:10,000 or
larger, In detailed soll surveys of medium intensity the
routine soil examination ends at a depth of about one meter
or two meters, These are the most common kind in many
countries, The scale of mapping ranges from 1:250,000 to

1:10,000, The detailed soil survey of low intensity, is

Code
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called a semi-detailed s0il survey in many countribs
(Steele, 1976), The type of scil survey provides basic
infomnation_of soil for land classification, planning of
engineering; regional and town planning projects, ﬂlso;
it can be used in arlid regions for the purpose of planning
grazing projects, Often a low intensity soil survey is
used as a baslig for planning for other levels of detailed
501l survey of a project arca, The mapping scale ranges

from 1:100,000 to 1;30,000a

Feless METHOTS OF FIXLD WORK

In soil survey, field work can be conducted by adépting
either the traverse survey or the free survey methods .
Traverse survey methods are of two types, the rigid grid and
grid methcods, 1In both methods, observations arerméaé'aiﬁné:
evenly spaced paralled traverses cut atl a specified angle
to the baseline, However, in a rigid grid method, the soil
observation points are at a specified interval along the |
traverses while in the grid method obgervation polnts along
the traverses are not predetermined, Although traverse |
survey methods could be tedicus and expensive, they”are _
found to be more appropriate in areas where the vegetation
cover is guite dense and the road network is not adequate
and in areas for which aerial photograph or topographic
maps are not avallable, (Dent and Young, 1981), A good
featurs of the traverse survey is that it requires less
experienced staff than the free survey, | s

The free survey method is used in openlterrain aé in.

savanna regions, In this method the selection of solil
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examination points is highly subjective, This type of
survey denmands that the surveyor has a sound understauding
of the relationships between scils, landform, clinate,
geology and vegetation, Therefore, experienced scil

surveyors prefer to use this method,

3432 SOIL CLASSIFICATION
3e341: PURPOSK

A population consists of individuals that have many
common properties, but with great variationg, An individual
has been defined as the smallest natural body that can be
referred toc as a thing coumplete in itself (Cline, 1967).
Man is unable to see sinilarities and understand
relationshnips among individuals in the disorderly -
arrangement in which he finds them, In an attempt to ;.0
the variation in order for his convenience, man groups
individuals that are alike in selected characteristics,
The grouping cof individuals that are alike in selected
properties and distinguished from all other individuals
of the same population by differences in these propertiecs
is referred to as clzssification (Buol et, al,, 1973). The
purpose of classification is to organise our knowledge so
that the properties of objects may be remembered and their
relationships may be understood most easily for a specific
objective (Cline, 19673, Therefore, soil classification
is an arpangement of soils into groups according to their
characteristics, General soil characteristics are used as

the basis for broad grocupings, while Bubdivisions are made



on the basis of more detailed differences in specified

propertics,

3.3,2: CLASSIFICATION SYSTEM

Soil classification systems have been develop=d to
enable man to study soll comprelensively and to communicate
in an orderly manner information about it, Different
classification systems are in use in different countrics,
Most of thesc systems are baged on the recognition of soils
as natural entities possessing definite unique characteristics,
Modern solil clacsification systers in USSR continued the
general approach first ocutlined by Dokuchaev znd his
associates., They are all based on the genetic approach
(Rozov and Ivnova, 1968), Fiv~ different categurirs of soil
classification systems may be fécbgniséd'in U55R,  The |
systens may be based on the conditions of psdofenesis, the
factors controlling pedogenesis, the character of pedogsnetic
processes, evolutionary stages in these processes or a
single process, (Basinsk., 1967), The Russian soil
classification systems are of litthe use outsidgltho sSoviet
Union, _ o |

Thue French soil classification system has been used
in nany African countries especially the French spcaking .
ones, The Frenhch system is hierarchi-l with clasaeszj.. .
subdivided into sub-classes, groups and sub-groups, 0On the.
whole there are ten classes, The degree of evoluation of
the profile as reflected by horizon diffenentiation, - |

hydrouorphic conditions and kiund of weathering as indicated



by the conposition of the soil and humus type are tlie main
features used in classifying at the highest category of the
system (Buol et. al,, 1973). The degree of physical.
translocation of clay particles is used in differentiating
classes in the lower categories,

The British classification system described by Avery
(1956) is also hierarchial. It has at its highest level a
binary clasgification into hydromorphic and automorphic
classes, Fach of these claéééé is further subdivided into
five groups with differentiating featurcs based on so0il
noisture regines and form or type of huaus, Profile type
(kind and arrangenent of horizons) is used as the basig for
dividing the groups into subgroups,. - .

The soil classification system developed in the United

States Soil Taxonowmy (Soil Survey Staif, 1975) is auncother

bYierarchial system, Unlike the British system, this system
has six categories wuich are, from the highest to the
lowest levels, order, suborder, greatgroup, subgroup, family
and series, Diagnostic horizons are the differenting N
characteristics emnloved in grouping scils inte the highest
category, The two stricking features of tlis system are :
(i) Properties of soils as found in the field (propertiecs
wliich can be measured gquantitatively) are used as the
basis for ideutifying different classes, anad |
{ii}) The nomenclature ewployed esﬁgéially for the broader
classification categories,
The TAO soil classification system ig bicategorical
with the higher claés'approximating to the great group ;,  fQ“

level of Soil Taxonomy. DPlagnostic horizons are the
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di fferentiating features of the classes, Some of these
diagnostic horizons were drawn from the criteria for
diagnostic horizons of the United States classification
and the others from other classificaticu systeus (Dudal,
1968a), The lower category is composcd of soils with special
horizons or features cf note, Features, such as textural
classes, stoniness, S}Ope and presence of indurated layers,
hardrock and salinity, important in the usc and management
of the soils are used to subdivide the lower categories into
phases (Duﬁa1;19685). Adnittedly, this system is not a
classification systecm but a map legend of the soil map of
the world (FAQ-UNESCO, 1974), It is therefore,tc scrve as a
common denomninator to other national classification systems,
but is not intended tc replace any,

Presently, there is no soil classification systen
developed specifically for Nigeria, Many systens had been
used in the past in different parts of the country, However,
for our preeent purnoses, it has Leen agreed to adopt the
United States soil classification systew and the FAO-UNESCO
map legend of the s0il map of the world (ederal Department
of Agriculture, 1965).
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CHAPTIR 4

lia1: FLELD STUUIES

For a general--purposes soil survey, like this project
the soil are ususlly mapped a.d classified according to
their morphological and chesical claracteristics, Soil
norphological characteristics can be observed on the field;
thus field studies were conducted for morphological studies,
As the area involved is relatively small and the nain
objzctives of this soil survey is to map s0il properties
as accurately as possible, the rigid grid soil survey method
was emnployed, Travers«s running at right angles to the
baseline, which was aligned paralled to the Kontagora-Mokwa
road, were out at an interval of 100n across the farn,
A total of 14 traverses c¢~vered the whole area, Scils
were exanined to a depth of 150cm at an iaterval of 100 m
along the raverseg, However, whe »ver soil pattern at two
consective examination points differs, augering was done
along the traverse between these two points to locate the
s0il boundary, Soil boundaries between traverses were
similarly established, The auger pointe were plotted
showing the different types of soil, Based on the soil
patterns show on this nap, the locations of soil profile
pits were determined (Fig, 5). Profile pits 200 cm long,
100 cn wide and 200 cn deep were dug, A total of twelve
profile pits were dug, Three to five profile pits were dug
in each of the soils mapping units determined,

The profile pits were studied for morphological

properties, such as snil structure, consistence, cclour,
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voids and horizon differentiation, Soil samples were
later collected from all the identified horizons of each
profile for laboratory physical and chemical characterization
studies, The sanples were properly labelled to indicate the
location of profile pits and depth of horizons, The samples
were taken to laboratory where they were air-dried for a
week, The air dried samples were sieved with a 2mm sieve
after having been crushed in a mortar to break up the clods,
The soil, the fine earth fraction, that passed through .the
sieve was saved for laboratory analysis, No soil material

was retained on the sieve,

_-4,2: LABORATORY STUDI RS

Some physical and chemical properties of the fine earth
material were measured in the laboratory, Particle size
distribution, organic natter content, total nitrogen
content, cation exchange capacity (CEC), exchangeable bases,

total free iron and pH (soil reaction) were determined,

he201: Particle Size Analygis

Particle size analysis was carried out as described by
Day (1965)., One hundred millilitres of 5% Calgon (Sodium
hexanetaphosphate) solution and 300 ml of distilled water
were added to 50 gm of soil material contained in a beaker,
The mixture was allowed to stand for 10 minutes after which
it was transferred to a baffled cup of an electric stirrer,
The mixture was electrically stirred for five minutes, The
suspension was transferred to a 1000 ml sedimentation

cylinder, brought to volume with distilled water and mixed
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thoroughly, A blank suspension containing no soil material
was also prepared,

A hydroueter was carefully lowered intce the cylinder
and a reading was taken aftecr %0 seconds. and without
removing the ﬁydnaﬁetéf another reading was taken at the
end of one minute, !enceforward readings were baken at
progresgive time intervals of 3 minutes, 10 minutes, 13
hours, 4% hours, 12 hours and 24 hours withoat remixing
the suspension but with the hydroueter carefully renoved
after each reacding,

The eand fraction was fractiorated by wet sieving
through a set of sieves with openings of 100 um, 250 um
and 500 um, The sand subfracticn retgined on each sieve
was oven dried at 10500 for 24 hours after Leing thoroughly
washed with water, The subfractions were then weighed and
their percentages calculated, The percentage composition
of the suspended materials was com_:ted from the hydrometer
readings, These percentages were plotted ageinst
corresponding sizes on a semi-log paper, The resulting
graph permits deternination of the proportions of sand,

silt and clar fractions,

he2e2: Qrganic Matter

Organic carbon determination is frequently used as the
bagis for organic matter estimation, This is because of
all the elements of soil organic matter, carbon is the
most readily quantitatively measured element,

Organic carbon was determined by acid dichronate

digestion methods ~n eacribed by VWalkley-Black (1965),
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Two grams of soil materials were weighed into a 250 nl
Erlenneyer flask and then 10 ml of 1N K, Cr, 0? (Potassium
dichromate) were added and the mixture properly swirled to
bring the soil materials into suepension, Twanty
millilitres of concentratad sulnhuric acid (Hé 804) were
rapidly added and the flask waas swirled again to ensure
thorough mixing of the reagents, The flask and its content
were allowed to stand for 30 minutes, Than 100 ml of
distilled water were added snd the aixture filtered into
another Erlenmeyer flask, Ten inillinitres of orthophophoric
acid and 3 drops of orthophenantholine .- ferrous complex
indicator were added before titrating with 0,5 N ammoniun
ferrous sulphate, To standardize the potassium dichromate
solution, a blank containinz al’. the reagents was prepared
and titrated as above,

The percentage organic carmon was calculated using the

volume of ammonium ferrous sulph=’2 used,

Le2e3: Total Nitrogen

Total nitrogen w.s determined by a modified semimicro
Kjeldahl method (Scil Conservation Service, 1972), Ten
millilitres of distillad water were added to 2 gn of soil
material in a 500 ml Kjeldahl digestion flask and allowed
to stand for 30 minutes, Three grams of Kjeldahl catalyst
mixture, 15 ml of concentrated sulphuric acid and few glass
chips were added to the flask before digestion, The content
of the flaskx was digested for at least an hour to ensure
complete digestion, The flask was allowed to cool to room

temperature before 100 a1l of distilled water and 75 ml of
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approximately 10N NaOH were added, Antifoam, 3 _
chips of granular zinc, was added to the content of the
Kjeldahl flask before the commencement of distillation,
The flask was then connected to the distillation |
apparatus and about 100 ml of the content was digtilled
into a 250 ml Erlemeyer flask containing 320 ml of

2% boric acid, The content of the Erlenmeyer :
flask was titrated with 0,025K HESOA' Mixed indicator

was used for this titration,

Total nitrogen was calculated from the volume of

sulphuric acid used, using the formulas . -

Total Nitrogen = Volume of HQSOI+ x Comc, of H2504

Weight of scil material

o

Xt 0 o
heZ2.4¢  Exchangpable Bases
The exch&ﬂéeable baséé (Ca, ¥g, K and Na) were
extracted with 1N, NHQOAC at pH 7 as discribed below

(Peech et al, 1947: Yuen and Polland, 1952).

Ten gréhélof.éirudried soii:material werae weighéd
into a 250 ml Erlemmeyer flask and 50 ml of NH4 OAc¢
golution added, The mixture was shakén and allowed
to stand overnight, Thz suspension was then filtered
through a moist Whatman No, 42 filter paper. The soil
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was leacﬁed with more NHQ OAc solution, The leachate

was brecught to volume with more NHA OAc solutiong

The leachate wns uscd for the determination of
calciun, nagnesiuwag,; potassium and sodium, Five
millilitres of the leachate was pipetted into a
plastic bottlc and diluted five or ten times before
calcium and magnesiun were determined using a Perkin
Elmer atomic absorption spectrophotometer model 2908,
However, pctassium and sodium were read using EEL flame

photonmeter without any dilution,

he2e5: Cation-Fxchnnge Capacity

The armoniun - saturated soil naterial and filter
paper used in Section L4,2.4: were thoroughly washed with
95 percent methylated spirit and then transferred to
a Kjeldahl flask in preparation for distillaticn as
described by Peoch ¢t al (1947). Three hundred
millilitres of distilled water, 10 1l of NaCl, 5 drops

of antifoon mixturc and 30 ml 1N NaOH were added

to the flask and its contents, The Kjeldahl

flask with its content was connected to a distiller
and 200 nl of its content distilled into a conical
flask containing 50 nl of 4% H3BO3 solution,



47

The content of the conical flask Qas titrated tc an
end‘point with 0,28 HCl using 10 drops of mixed indicétor
(nethylred methylene blue and bromocresol green), The
volume of the HCL used was noted and CEC in wmilligXam
equivalent per hundred grams soil (meq/100 g soil) was
calculated from the following formula:-

CEC (meq/100 g scil) = Volume of HCl x concentration of HCl
X 100

rem -

Weight of goil material

Aleo, CEC in nieq/100 g clay was calculated from CEC meq/100g
s80il and percent clay content of the soil material, The
formula used for thig calculation is given below}

CEC meq/100 g clay - CEC_meg/100 g soil x 100
% clay

The base saturation percentages (BS %) was calculated with
the aid of the formula:

BS (%) = Sun of the Bases x 100
CEC meq/100g soil,

Le2,6: Soil pH

The soil pH was determined in a 1:1 soil to water
paste and 1:2 soil to 0,01 M CaCI2 suspension,, For the
1:1 s0il to water dilution, 20 gm of soil material was
weighed into a beaker and 20 ml of distilled water nldded,
The mixture was thoroughly stirred for some minutes, and
then interniteutly for one hour, The pH of the paste was
then neasured using a glass electrode pHe-meter Kent model
7010,

For the 1:2 soil to CaCIE suspension the same produce
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as {described above was used except that 40 ml of 04012 CaCl,

was used, (Peech, 1965; Schefield and Taylor, 1955),

4e.2,7: Totzl Free Oxicde

Total frce ircn oxide was deternined by the sodiun-
citrate-~bicarbunate dithionite extraction (CBD) rmethod
adapted by Ibangn (1980) from Mehra and Jackson (1960),
The sowil material was further ground an.l sieved with 0,21
mrn sieved, One gran of this very finc soil naterial was
weipghed into a 75 nl centrifuge tube and 45 nl of soldium -
citrate-licarbonate buffer was neasured intc the tube,
The centrifuge tube was brought to a temperature of about
80°C in a water bath and 1 grn of sodium dithiconite (NQESZOL})
powder was added and mixed theroughly and constantly for
one minute and intermitently till the iron extraction was
cuinpleted; that is when the scil sample turns greyish or
whitish,

The ceatrifuge tube was renoved Tfrom the water bath
and centrifuged at 1800 r.p.n, for 5 minutes, The
supernatant soluticn was decanted into a 100 ml volumetric
flask, The precipitate in the centrifuge tube was then
washed with anather 45 21 of the sodium=hicarbenate-sodiun-
citrate solution n! centrifuged, The supernatant solution
was decanted int., the volumetric flask and brought to
volume with distillel water, Five millilibres of the
supernatant soluticn was pipetted into a container and
dluted 10 or 20 tirnes before iron was read using Perking

Elmer atomic absorption spectrophutrneter model 290 B,
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51: GENERAL

The parert material cf the soils is residual material
derived from the weathering of Nupe sandatones which are
coarse-textured (Valette, 1973%), Fine to coarse sand ratio
of the soils ranges from 0,49 to 1,744 The s0il profiles
do not exhibit any evidence of weatherable minerals, however,
coarse quartz particles arc present throughout the depth of
all the profiles, The morphological, chemical and physical

characteristicse of the soils are considered below,

9;2: SQIL MORPUOLOGLCAL CHARACTERISTICS:,

For better appreciation of the parent material and the
soil morphological characteristics, tl.e descripticn of the
different kinds of soils identified in the fieid is given
below, Three soil mspping units were ideantified in the study

area, The description of the units follows:

952011 Sodl liappinz Unil 1

Members of this unit are well-drained, deep, non-
concretionary soils, The rurface horizons are dominantly
reddish brown (5YR 4/3, moist) an. dark reddish gray
(5YR 5/2, moist), At deeper depths the colour changes to
red (2,5 YR 4/8, 10R 4/6, and 10R 4/8, noist)

The soils have B horizons of sandy clay loam to clay
loam textures while the texture of the surface horizons
ranges from sand to sandy loam, The soils are grnerally

sandy in texture witlin 20 cm of the surface aund exhibit



ncderate to sto:g structural cdevelopment, A representative

profile oi the soils (profile AN 003) is deacribed below:.-

Profile AN 003

Classification: Typic liaplustult

Geology: Secdimentary Rock (Nupe Sandstone)

Parent Materials Residual material,

Vegetation/Land Use: Guinea Corn Cultivated on ridges
across the slope,

Drainage: Well drained,

Depth to water-table: ot encountered,

Depth to any inpenetrable layer: Not eancountered

lorizor.  Repih Degeription
Ap 0=~ 15 cn Reddish brown (5YR 4/L. moist) sand;

weak medium subangular blocky

structure; soft dry, very friable
moist, aon-sticky non-plastic wet;
many fine to coarse rootsy gradual

smooth boundary,

A3 15 - 33 cu Yellowish red (5YR 4/6, moist)
sand; weak fine to nmedium sub-
anpgular bleocky structure; soft dry,
very friable aoist, non-sticky and
non-plastic wet; occasinnal fine
and mediun rootsp few fine vertical
cracks; abrupt smooth boundary,

B1 33 - 86 cu Red (2,5YR 4/8, moist)‘sgndy loam;

strong, mediun apd coarse sub-aingular



Horizon DRepth Description
blocky; firm nocist, cticky and
plastic wet; occasional fine to
coarse roots; nany fine to medium
vertical cracks; diffuse slightly

wavy boundary,

B21t 125 = 152" en Red (10R 4/8, ncist) sandy clay;
stronpg mediui: and coarse subangular
blocky structure; firm moist,
sticky and plastic wet; cccasional
fine and mediun rOUts;_conmon fine
and mediun VErtical‘?;égka;'comnon
fine horizontal tubular pores with
shiny surfaces, and termite therin;

diffuse slightly wavy boundary.

Ba22t 125-152 cn Red (10R 4/3, moigt) sandy clay;
strong fine to coarse subangular
blocky structure; firm aoist,
sticky and plastic wet; occasional
fine to nediuwm rcots; common fine
and medijum vertical cracks; common
fine and medium borizontal tubular
peres with shiny surface and white
ternite therein; diffuse slightly
wavy boundary,

B23 152 - 20C cnm Rec¢ (10R 4/8, moist) sandy clay;
strong medium to coarse subangular

blocky structure; firm moist, sticky



52
Horizon Deptih Descripntion
and plastic wet; occasional fine

and nediun roots; conmon finé and
medium horizontal tubular nores
with shiny surfaceg and termite

therein,

5.2+2: So0il Mapping Unit 2

Soil of vnit 2 are uuﬁoftléd, drep, and without iron
concretions, The colour of the soils ranges from reddish
brown (5YR 4/, moist) in the surface horizons to red
(2.5 ¥R 4/6, 10R 4/6 and 10R 4/8, moist) in the sub-soils.

The soils are predominantly sand in the surface
horizons and differ from those of unit 1 by the thickness
of the sandy surface horizons which is at least 50 cm in
the soils of unit 2, The subsurface horizons are sandy
clay loam to sandy clay, They exhibit a well developed
moderate to strong subangular blocky structure,

They also have textural B horizons with peds having
shiny surfaces; a characteristics they share with the soils
of unit 1, These features are not necessarily clay skins
(Velette 1973), Though soils of both units have an argillic
horizon,clay skins are not common in the soils except in
tubular terninite pores, A description of profile AN 009,

a typical member of the unit, is presented below:-

Brofile A 009

Classification: Arenic Haplustults

Geclogy: Sedimentary Rock (Nupe Sandstone),
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Pareat material; Residnal material,

Vegetation/Landuse: Xeryinalia SPPR, Combretum Spp,
Dutyrogperpnm Son, Isobeliiia doka
and tall pgrassess.

Drainage: Well drained

Depth to water-table: ot encountered,

Depti: to iupenetrable layer: hlote cacouantered

horizop.  Deptl Description

A1 O - 21 cn Reddish brown (5%R 4/4, noist)sand;
moderste firae and nedium platy
structure; loose dry, loose ioist,
non-sticky and non-nlastic wet; many
fine and nedius roots; many
horizontal tubular pores; clear
s 'oothh boundary,

1 21 - 55 ¢ Red (2,5YR 4/6, noist) loany sand;
noderate wedien and fine subangular
vlocky stricture; loose roist, non-
sticky and non~plastic wet;
occasional fine to coarse roots; few
mecium vertical craci.s; many fine
to coarse horizontal tubular pores;
¢lear snooth boundary.

321t 55 ~ 75 cn Red (2,5YR 5/8, noist) sandy clay
loan; strong mediun to coarse
subangular hlocky; firm woist, sticky
and plastic wet; occasional fine to

coarse roots; many wedium vertical



Bz22t

B235t

B2y

Depth

75 - 104 cm

104 - 180 cm

180 - 200 cnm

Sk

Descrintion
cracks; many fine horizontal
tubular pore with shiny surfaces,

clear smooth boundary,

Red (10R 448, nnist) sandy clay
loam; strong fine to medium
subangular blocky structure; firm
noist, sticky and plastic wet;
occasional fine to coarse roots;
many mediumn vertical cracks; many
horizontal tubular pores with

termites; gradual smooth boundarye.

Red (10R 4/6 moist) sandy clay;
strong fine and medium subangular
blocky structure; very firnm moist,
very sticky and very plastic wet;
occasional fine and medium roots;
nany fine horizontal tubular pores
with shiny surfaces, and termites;
many fine horizontal interstitial

pores; gradul srnooth boundary,

Red (10R 4/8, woist) sandy clay
loan; strong fine and medium
suBangular blocky structure; firm
moist, sticky and plastic wet;
cccasional fine roots; few fine

horizontal interstitial pores,
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De2:3: 1 3 ing Unit

Members of this unit are also deep well-drained soils
without iron concretions, The surface herizons of these
soils are dark reddish brown (SYR 3/4, moist), However,
the sub-gsurface horizons are red (2,5YR 4/6 10R 4/6 and
10R 4/8, moist) to week red (10R 4/4; woist),

The soils have a well expressed subangular blocky
structure, They have a well developed argillic horizon
and are sandy loam,clay loam and sandy clay in texture,
Presence of clay skin on aggregates is common in-the solils
of the unit, The texture of the A horizon ie sand to sandy
loan,

The soils of this unit differ from the soils of the
other units by having surface horizons that have a colour
value, moist, less than 4,

A representative profile, profile AN 005, is described

hereunder:-
Profile AN Q05

Classification: Typic Rhodustult

Geology: Sedimentary Rock (Nupe Sandstone),

Parent material: Residual material

Vegetation/Landuse: Terminaliza Spp, Combretum Spn,
Butyrogpermum Sppr, Parkia Spp and weeds,

Drainage: Well drained

Depth to water-table; Not encountered

Depth to impenetrable layer; Not encountered



Horizon Depth
Al 0 - 11 en

A3 11 - 33 cm

B21t 3% - 55 cn

Be2t 55 - 95 em

Degcription
Dark reddish brown (5YR 3/3,no0ist)
sand; weak fine and medium
subangular bLlocky structures loocse
dry; loose moist, non-sticlky and
non-plastic wet, occasional fine
to coarse roots; clear smooth
boundary.
Yellowish red (SYR 4/6, moist)
sandy loam; moderate mediun
subangular blocky - structure; soft
dry, very friable mcist, slightly
plastic wet; occasional fine to
coarse roots; few fine channels of
dead roots; clear smooth boundary,

Red (2.5YR L4/6, moist) sandy clay

- loam; strong medium and coarse

platy structure; firm moist,sticky
and plastic wet; occasional medium
roots; few fine vertical cracks;
clear smooth boundary,

Weak red (10R 4/4, moist) sandy
clay; strong medium subangular
blocky structure; very firmm moist,
very sticky and very plastic wet;
many fine roots; few coarse
hozirontal tubular pores with

termites; many medium vertical
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Horizon  Denth Description
cracks; clear smooth houndary,

B23t 95 - 136 cn Red (10R 4/6, moist) sandy clay;
strong coarse platy stracture;
very firm moist; very sticky and
plastic wet; occasional fine rocts;
peds with clay skin; few mediunm
vertical cracks; few fine horizontal
tubular cracks with termites; clear

snooth boundary,

B3 136 - 200 cm Red (10R 4/8, moist) sandy clay
loam; strong medium to coarse
subangular blocky structure; firm
moiet, sticky and plastic wet;
occasional fine roots; wmany fine

vertical and horizontal cracks,
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5¢3. PHYSICAL CHAR,CTERISTICS
9.3.1: Textural Differentiation

Tables 3, 4 and 5 contain the results of the particle
size analysis of all the profiles of scil mapping units 1,
2, and 3 respectively, The clay fracticon increases with
depth from 2% at the surface to about 50%, The silt
content is generaldy low and almost constant with depth,

The sand fraction ranges between 50% and 90%, with
the amount decreasing with depth, It is generally dominated
by the coarse sand sub-fraction; with fine sand to coarse
sand ratio between 0,48 and 1,76, Valette (1973) used the
fine: coarse sand ratio to distinguish between fine sand
and coarse sand dominated soils, He defined soils derived
from coarse sandstone as having fine: coarse sand ratio of
one or less and those derived from fine sandstone having
ratio of 1,5 to 5, The highest and lowest amnounts of the
fine sand subfraction are 43 and 21% respectively; the
corresponding figures for the coarse sand subfraction are
61 and 21%, Soils of units 1 and 2 have an average fine to
coarse sand ratios of 0,79 and 0,76 respectively and the
average for soils of unit 3 is 1, The depth of the sandy
surface horizons is generally less than 4O cm in all the
s0ils of unite 1 and 3% except in profiles AN 001 of unit 1
and AN 009 of unit 3, The soils of unit 2 with possible
exception of profile AN 007 have sandy surface horizons of
more tian 50 cm,

All the soil units have very low silt content that is
almost uniform with depth, The silt content is less than
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20% in all the soils, This contrasts with the high silt
content of the loess soils of the neighbouring high plain
of iHausaland in Samaru (Malgwi, 1979) wiich have as much
as 54% silt content, This low silt content indicates a
high degree of weathering (Steward et al, 1970) and/or
lack of loess - derived materials in the study area
(Awu joola, 1979; Harpstead, 1974),

Figure 6 illustrates the clay distribution of
representative profile of the soil mapping units, The
clay content of the A horizons is generally low, with a
value ranging from 2 to 14%, Generally, the clay content
increases from the surface to the underlyling subsurface
horizons with a maximum within the B horizons, and then
decreases in the underlying deeper horizons, This pattern
of clay distribution shows a true feature of soils with
argillic horizons, However, only shiny surfaces not
likely to be clay skins were obscrved ip some profides,
especially such as profiles AN 005 and‘ﬂﬂ‘OIZ of units 3%
and on the termite channels in the soil profiles of the
other units, Clay skin is not a prerequisite for argillic
horizon in all soils (Nettleton et al, 1969),

The pattern of clay as described above is perhaps due
to biogenetic sorting of scil materials; termite nounds
(plate V) and termite channels in many profiles, evidences
of ternite activities, are commonly observed in the study
area, Process of illuviation could bLe another contributing

factor,
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TABLE 3: PARTICLE SIZE DISTRIBUTION OF SCILS OF UNIT 1
HoriZon Depth P.RTICLE-SIZE ANALYSIS Fine:
(cm) S . Coarse
Gravel Coarse TIine 5ilt Clay -
(»2000- Sand Sand  (50- («2,um) ;22;0
pm) (2000- (200~ 2,um)
200,pm) S0,um)
PROFILE AN 001
Al 0 - 15 L9 39 & 4 80
h3 15 - 49 L3 L3 6 8 1.00
B1 L9 - 82 L 3L 8 1 0.77
B21t 82 - 125 35 33 6 26 0.9k
B22t 125 - 163 33 31 8 28 0.94
B3 163 - 200 L1 39 6 LN 0.95
PROFILE AN 002
Al 0 =13 51 37 8 Y 0.73
A3 13 = 140 52 34 6 8 0465
B1 Lo - 56 L7 27 8 18 0,57
B21 56 - 96 39 25 6 30 0.6L
B22 96 - 135 37 25 é 32 0.68
B3 135 = 200 31 25 8 36 0.81
PRCFILE AN 003
A1 0 - 15 52 37 7 l 0.71
A2 15 = 33 L9 39 9 3 0.80
B1 33 - 86 L7 30 7 16 0.64
B21t 86 - 125 26 27 7 Lo 1.0L
B22t 125 - 152 28 26 & Lo C.93
B23 152 - 200 31 25 6 39 0.81
PROFILE AN 00l
Ap 0-- 18 60 30 7 3 0.50
A3 16 - 59 L9 30 7 14 0.61
B21t 59 = 108 28 27 6 39 -~
B22t 108 ~ 150 32 21 8 39 0,66
B23 150 = 200 32 27 6 35 0.84
PROFILE AN 006
Ap 0~20 57 35 6 2 0.61
A3 20 ~ ;5 53 29 6 12 0.55
B21 LS - 79 35 25 & 3L 0.71
B22 79 - 140 26 28 & Lo 1.08
B23 14O « 200 2L 28 8 Lo 1,47
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TABLE L3 PARTICLE SIZE DISTRIBUTION OF SOILS OF UNIT 2
Horizon  Depth PARTICLE~-SIZE ANALYSIS
(cm) Gravel Coarse Fine Silt Clay Fine.]
(»2000pm) Sand Sand (50-2 («2,um) Coarse
(200- (200~ ym) Sand
200,pm  50,pm) Ratio
PROFILE AN 007
Ap 0 - 15 - Sk 36 5 5 0.67
A3 15 = 449 - L3 37 8 12 0.86
B21t L9 - 69 - 28 31 8 33 1,11
B22¢ 69 - 103 - 29 28 10 33 0.97
B23 103 - 165 - 23 27 T 43 547
B2k 165 = 200 - 23 27 10 Lo 1.17
PROFILE AN 009
Al 0=-21 - 56 33 7 L 0.59
B1 21 - 55 - 59 29 6 6 0.L9
B21t 55 = 75 - L5 26 8 21 0,58
B22% 75 = 104 - 34 28 5 33 0.82
B23t 104 - 180 - 30 26 5 39 0.87
B2 180 - 200 - 36 2l 6 3k 0.67
FROFILE AN 010
A1 0 -2 - 61 29 7 3 0.48
B1 2, - 56 - 57 31 6 & 0.54
B21 56 = 76 - L8 26 6 20 0.54
B22 76 - 106 - 36 26 5 33 0.72
B23 106 - 149 - 37 23 6 34 0.62
B24 149 - 200 - 3L 25 5 36 0.74
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TABLE 5s PARTI OLE SIZE DISTRBUTION OF SOLS OF NI T 3
Horizon  Depth PAKTICLE-+SIZE Al SIS
(cm) Gravel GSoarse Fine  Silt Clay Fir
(?eooonm) rid Sand ( 50-2, (*2
(200- (200- jim) Sa)
200 ,jxm)
« AN 005
Al 0 -1 53 B 8 U 0.66
A3 11 - 33 - ¥7 30 15 8 0.6),
B21t 3 -5 37 29 9 25 0.78
B22t S5 - 3% 26 31 7 1.19
B23t 95 - 136 26 27 7 1.01*
B3 136 - h3 29 6 22 0.i
PROFILE AN 008
Al o - 2k 51 0 7 3 0.76
B1 2U - hi 5> 32 5 7 ..57
B21 hi - 79 5 22 1.7
B22 79 - 108 39 3 5 0.79
B23 108 - 1142 33 8 3/ 1.
33 11*2 - 200 27 27 7 1.0
. Oil
Ap 0 - 17 m 6 33 9 2 0/
Bl 17 - 3J $5 8 7 0.
B21t 3U - kh 30 19 17 Ol
B22t 58 - 121 25 7 39 1.16
B3 121 - 200 26 31 9 KV, 1.19
012
Ap 0 - 17 o w 10 10 1.0
Bl 17 - B2 35 36 9 20 1.03
B21t w2 - 77 25 27 8 w 1.08
B22t 77 - 121* 20 30 2 U8 1.50
B23t 12U - 150 23 29 8 w 1.26
B3 150 - 200 21 37 8 3h 1.76
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Plate V : Termite mound
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9¢3.2: Btructural Nevelopment

The degree of structural development of the soils
closely follows the pattern of textural differentiation,
All the soils have a subangular blocky structure except in
a fev cases where platy or crumb structures were observed,
The structural types are of various classes ranging from
coarse to fine, The structural grade is generally weak
to moderate in the A horizons . A maximum structural
development is attained in the B horizons where the grade
is strong,

The stability of soil aggregates is influenced mainly
by climatic conditions, cultivation techniques, the humus
cohtent and mineral constituents of the soil (Baver et al,
1972), The distribution of the soils organic matter and
the climatic conditions of the area, discussed in scctinns
S.A.l and 2.4. respectively, are geuerally uniform, And
the whole of the farm has been cultivated markedly in the
recent past and a large part of it presently, Therefore,
the increase in the structural development is mostly due
to the pattern of clay distribution, The relatively high
clay content and the low silt content of the subsurface
horizons are the wost likely factors contributing toc good
structural development in the B horizons (Heincnen, 1955;
Ibadan, 1974).

The weak to moderate structure of the surface horizons
of the soils imposes soil management problems to
agriculturists, Such soil aggregates are liable to rapid

break down at the onset of the rainy season due to the -
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impact of the rain drops and slaking in rain water, This
may cause sealing of the surface soil which decreases

water intake of the soil and increases ran-off (Kowal,

1972) «

9¢3¢3st  S0il Colour

The significant of soil colour is that it serves as
an indirect measure of other important scil characteristics
that are not so easily and accurately ohserved. Organic
matter ccntent, drainage condition, and aeratién, for
exanple, are soil characteristics related to soil colour,
Generally, dark-coloured soils are relatively higher in
organic matter than the light-coloured ones, Under
imperfect to poor drainage conditions, soils are somehow
mpitled with aifferent shades of brown, gray and yellow
colours, Red and yellow colours are nearly always ascribed
to hydrated aird unhydrated iron oxides, But well developed
red could be an indication that the soils are relatively
old or at least have been subjected to relatively
internsive weathering for considerable time (Solil Survery
Staff, 1951). Consequently, soil colour is being used
intensively for soil identification,

The colour of the soils of the study arca is more
variable in the surface horizons than in the subsgoils,

The colour of the surface soils varies from reddish brown
(SYR 4/3% and 4/4, moist) and dark reddish brown (5YR 3/4,
moist) to dark reddish gray (5YR 5/2, moist), While the

surface soils of the map units 1 and 2 are generally

reddish brown to dark reddish gray, most soils of the mgp
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unit 3 exhibit dark reddish brown colour in the surface,
The colour of the subsoils is generally red (2,5YR and
4/8 and 4/6, 10R 4/6 and 4/8, moist) and in few instances
weak red (iQ'R 4/, nmoist),

Although the orgamic ratter distribution between the
horizons does not differ greatly, the surface horizors are
yet relatively Zdarker in célour. This ie because organic
matter is the wajor colouring agent on the surface soils,
However, the influence of organic matter on the colour of
the subsurface horizons has been greatly masked by the clay
colloids in the horizons, The red colour of these horizons
could be related to the presence of unhycdrated iron oxides,
Hematite is likely to be the dominat iron mineral as
asserted by Thange (1980) that light to dark red colour is
associatel with ligh hematite, Since unhydrated iron oxide
is relatively unstable under moist counditions, red colour

usually indicates pood drainage and good aeration,

Selts CHEMICAL CHARACTARISTICS
S.be1s Qreanic Matter and Total Njitromen

The organic carbon and nitrogen contents of the soils
are shown in tables 9 to 11, All the soils contain low
anounts of carbon and nitrogen, and their distribution with
depth is alnost constant, The organic carbon ranges fronm
0,3 to 1,0% with an average of 0,45%, and nitrogen ranges
fronm 0,02 to 0,05% with an average of 0,03%, There is no
appreciable difference in the status of organic matter and
nitrogen of the soils of the three map units,

v
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Savanne soils of tropical regions have
characteristically low organic matter and nitrogen
(Ahn, 1970), Organic matter status of a soil is closely
related to the rate of return of organic residues to the
soils and hLence, the type of vegetation, 3ut vegetation
type is a function of factors such as rainfall, drainage,
and hunan interference (Jones, 1973), The law annual
rainfall of the srea (table 1) does not support high
annual procductica of organic material, Minerslisation of
the small anount of the organic residues that is added to
the soll is accelerated by the high temperature of the
area (table 2) (Singh and Balasubraiania, 1978). The
degradative effect of cultivation on organic matter in
tropical soils has lonz been appreciated and was fully
discussed by Nye aud Greenland (1960), They concluded
that in addition to the return of low organic residues to
the soil, chenical composition of tropical plants, perhaps,
contrioutes to low orgaric status of tropical soils,
Tropical plants contain more cellulose than lignin in
comparison to the plants of tenperate region (Tomlinson,
1962), Cellulose deco.iposes more rapidly than lignin,
Furthermore, considering the coarseness of the soil
materials, it is obvious that the soil will be sufficiently
porous for casy movement of air in and out of the soil and
ite circulation within the soil, This, certainly, inplies
ample opportunity for rapid mineralization of organic
nmatter, These factors collectively account for the low

organic matter content of the soils,
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The similarly of the amounts of organie carbon and
nitrogen in both the surface and subsurface horizons, is
probably due to bingenetic activities, such as termibes,
and ants (Rolinson, 193€), 1In addition to the wixing of
the soil, the tunnelling by ternites and ants tends to
accelerate aireralization of organic residues due to
increased aeration (Kowal, 1972). Long history of annual
bush burning in the area could also contribute to the low
organic status of the the surface horizons,

The influence of organic natter on soil and crop has
been fully discussed by Allison (1973), The low organic
status of the soils will present management problens to the
farmers, It has been mentioned that cultivation affects the
amount of organic matter in a soil, When a virgin land is
put under cultivation, organic matter losses are most rapid
immediately and thereafter the rate of reduction is
decreased and ultimately the organic content in the soil
reaches a new equilibrium (Joneg, 1971), Once the organic
content has reached a low level, its restoration to its
original level would require that the original vegetation
be re-established (Foth and Turk, 1972), This is aluost
impossible as dong as the land is being farmed, Therefore,
frequent additions of snall quantities of fresh organic
materials so as to maintain the poil orgenic nattor at a

level consistent with good crop yields should be practised,

Sehe2:  Sqll Reaction (pH)

The values of pH in a 1:1 scil to water suspension of

the scils of the study area range between 5,2 and 6,0,
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indicating strong acid to neutral soil reactions (Soil
survay Staif, 1951), This range is in close agreeuent
with the range (5 to 6,8) suggested By Foth and Turk (1972)
as the pH of most agricultural soils in the tropics,

The pH values of all the soil profiles arecgiven in
tables 9 to 11, 1In general, the soils show relatively
higher pH values (pH 5,8 - 7.0) in the A horizons than in B
horizons, The pH values of the 3 horizons ranged between
9.2 and 7,0,

The soil pH values measured in 1:2 soil-calcium
chloride suspension exhibit the same pattern as those
measured in soil: water suspension, excent that the former
is consistently lower, The differences between the pH
values deternined by the two methods ranged between 0,9 and
1e4 pH units, This is accounted for by the fact that soluble
cations in the salt solution displaced the acid hydragen and
the aluminium cations from the soil celloid surfaces and
the subsequent hydrolysis of the released alluminium ions
(Bohn, et al, 1979). The increase of hydrogen ions
concentration caused tha lower pH values of the soil
solution, The low pH value in calcium chloride indicates
that the soils possess low buffering properties (Uyovbisere,
1979) .

The relatively lower pH values of the subsurface
horizons is accounted for hy the distribution of oxides of
aluininium and iron, and silicate clay colloids which tend
to accumulate in the lower horizons of the soils, The
adsorbed hydrogen ion in the silicate clay colloids and the

aluminium and iron oxides made contribution to the soil
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solution hydrogen, The hydrogen ions thus released

increased the acidity of the so0il solution,

holie3: IXCHAUGEARLE SASES

The results of exchangeable bases (Ca,++HgHK+ and
Na') extraction from the soils are set out in tables 6 to
8. In all soils the cegree of abundance of the basic
cations is as follows: calcium, > magnesium, '~ sodiun %
potassiuii, Calcium ranges from 0,45 to 3,18 neq/100g
s0il; magnesiun 0,25 to 1,52 neq/100g soil; sodium 0,06
to 0,83 neq/100g soil and potassium 0,05 to 0,5 neg/100g
soil, If weighed against the exchangeable bases rating
of Hills et al (1974), the base status of the soils 1is
low to moderate, though they compare favourably, bLoth in
value and distribution, with soils of Sanaru (Malgwi, 1979).

In nmost profiles the values of the exchangeable bases
do not show any appreciable change with depth, except in
some profiles such as AN 007 of soil unit 2 and AN 012 of
soil unit 3 where the values of exchangeahble calcium,
magnesiua and sodium increase appreciably with depth, The
values for potassium are almost constant, .

The amount and distribution of exchangeable bases are
influenced by parent naterial of a soil and the extent of
leaciiing, Considering the amount and distribution of the
rainfall (table 1) and the potential evapotranspiration of
the area, digcussed in section 2.4. 801l leaching is not
likely to be very pronounced except during the sihort
period when precipitation is more than evapotranspitation,

This together with the recycling of bases by vegetation
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could explain the dictribution pattern of the bases, The
amount of exchangeable base in the goils reflects tieir
effeciency of replacement except sodium, The
replaceability serics ¢f the bases is Ca ™~ Mg K*'~ Na,
Thus cekciun wiich bas higher replaceability suffers less
losses than other bases, It has also been reported that
in some soils the exchannge sites show specific affinity
for calcium (Beckett, 19G65), The relatively low amount
of potassiuz of tlie soils wmay be due to its low content
in the MNupe Sandstones (Wild, 1971), a parent fobk from

which the s0ils parent material is derived,

ELE C

Selyelss CATLON BXCL PACLTY (C.E,C.).

Tables 9, 10 and 11 show cation exchange capacities

(CeEsC.) of the profiles of the soil units, 1, 2 and 3
respectively, Using the C.E.Ce rating by 1il11l et al (1974)
(appendix 1), the values of C.E.C. of the soils ranging
Letwveen 3,1 and 18,4 meq/100g soil are low to noderate,
In general, the soils exhibit lower C.Ee8e (3,1 = 7.0
meq/100g soil) in the A horizons than in the B horizons
(4420 18,4 neq/100g soil), Thus, consistent increase in
CeEeCe with depth is a common characteristics of the soils,
The é.E.C. values of scil unit 1 range between 3,1 and
18.4 w2q/100g soil, The C,E,C, of the surface horizons
ranges between 3,1 and 6,9 meq/100g soil in all the soil
profiles of the napping unit, The subsurface horizons
have relatively higher C,E,C, values ranging between 7,5
and 1644, The distribution and amount of C,E,C, values

of the other soil units are similar to those of soil unit 1,
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TJELE 6: EXCHANGEABLE BASES OF SCILS OF UNIT 1
. _ EXCilANCEABLE BASES
Horizon - Depth Ca Mg K Na Total
(cm) meq/100g Scil
FROFILE AN 001
A1 0 =15 1.69 0,43 C.09 Ca17 2.38
03 15 = L9 C.96 0.29 0,09 0.16 1.50
n1 L9 - 82 1.11  0.61 0,09 0.17 1.98
B21t 82 - 125 0.67 0.16 0,16 0428 1.71
#22t 125 - 163 0.45 0.49 0.12 0.1 1420
E3 163 - 200 0.68 0,49 0.11 0.38 1.66
PROFILE AN 002
Ap 0D - 13 1.17 0.35 0,07 0.14 1.73
A3 13 = L0 0.72 0.29 0,06 0.15 1,22
B1 Lo - 56 0.91 0.49 ©.06 0.28 t.72
n21 56 - 96 1.16 0,77 0.07 0.31 2.31
B22 96 « 135 0.74 0.49 0,08 041 1.71
23 135 = 200 0.72 0.64 0,07 0.16 1.59
PROFILE AN 003
Ap O = 5 130 K% 0,06 0.17 2,20
A3 15 = 33 1.54 0.49 0,08 0.17 2.28
B1 33 - 8¢ 0.87 0.28 0.08 0.18 141
21t 86 - 125 1,52 0.39 0.08 0.16 2.15
B22t 126 = 152 1.91 1,15 0,10 0.31 3.47
B23 152 - 200 1.98 1.16 0,10 0,19 3.43
PROFILE AN OOL
Ap 0 - 18 1.82 1,15 0,10 0.31 3.38
A 16 = 59 0,95 0,52 0,10 0.16 1.72
B21t 59 = 108 1.0 1.10 0.1 0.30 2.91
B522% 100 - 150 .24 1,10 0.1 0.18 2.63
B23 150 = 200 1.4 1,13 0.1C 0430 2.97
PROFILE AN CO06
Ap (= 20 1.39 0.29 0.05 0,16 1.69
A3 20 - L5 1,22 O.41  0.10  ©.21 1.94
B21 LS - 79 1.3 0.61 0,10 0.18 2,26
B22 70 = 14C 1.3T 0.25 0,10 0.18 1.67
523 140 - 200 1.20 1,16 0,07 0,17  2.60
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TAELE T3 EXCHANCEABLS BASES OF SCILS OF UNIT 2
Horizon  Depth UXCHANGEASLE BASES
(em) Ca Mg K Na Total

mec/100g Soil

TRCTILE AN 007

Ap 0 - 15 1.59 0.33 0.08 0.16 2.16
43 15 = 49 1,39 0.L1 0.1 0.22 2:13
B21% L2 - 69 1,62 0.83 0.1 0,11 2.67
B22t 69 - 103 2.32 (.96 0.12 0.19 3.57
B23t 103 = 165 2.76 0,96 0.12 0,21 L.05
B2y 165 = 200 2,52 1,01 (.12 0.34 3.99

YROFILE AX 009

A1 0=-21 2.10 046 006 0,28 2.9
B1 21 - 55 C.9L 0.25 0.06 0.45 1.7
B21% 55 - 75 1.3y 0.89 0.12 0.5k 2.87
B22t 75 - 104 1.20 1.38 0.20 0.L3 3.21
523t 104 = 180 0,82 Q71 0.50 C.36 2.39
B24 180 = 200 C.69 0.51 0.30 0.39 1.89

TROFILE AN 010

Al 0-24 1,65 0.L3 0.06 0.21 2.35
B1 2l - 56 1.06 0.25 0,086 0.29 1.66
R21 56 = 16 1.81 0.77 (.10 0.35 3.03
B22 76 - 106 1,61 1,20 (.13 0.35 3.30
B23 106 = 149 1.57 1.13  0.25 0.83 3.75

B2Y 149 = 200 0.98 0.65 025 0.68 2.56
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EXCTIANGLEATTE BASHS OF SOILS OF UNIT 3

TABLE 81
Horizon Depth LBACHANCEABLE  BLSES
(om) Ca Mg M N Potal
meq/ 100 Goil

PROFILE AN 005 L
A1 0= 11 1,58 Q.28  0.07 '0.18 2.11
A3 11 - 33 1,28 0,25 0.05 0.06 1.6h
E2it 33 .55 2.32 0.59 0.10  0.18  3.19
L22t RS = 95 2.21  1.22 0,16 0.07 3. 66
B23t 95 - 136 2.12 1,52 0.22 0.22 Lo 08
B2 136 = 200 1.6 1,28 0.23 0,20 3.35

PRCPILE AN 008
A1 0~ 24 141 0.35  0.08 0.17 2,01
B1 2 - L7 0.90 0.40 0,06 0,06 T2
B21 W = 79 1.3 0,90  G.12 0,21 2.57
22 79 - 108 1.37  0.68  0.09 0.17 2.31
B23 108 — 142 1.90 1.02  0.14 0.32 3.38
3 102 - 2¢0 1.57  1.33  0.10 0,30 3.30

 PROFIIE AN 011 o

Ap 0 =17 1.50  0J31 C.06 0.23 2.3
B4 17 - 3L 1,06 0,34 Q.12 0.76 2.3
B21t 3l - 58 1.06 0.5,  0.10 0,38 2.1
B2zt 58 - 121 .81 1.07 Q.10 0.61 3.59
B33 121 200 131 1,06 0,10 0.49 2.95

PROFILE AN 012
Ap 0 - 17 2.56  0.53  0.14 0.16 3.h1
%1 17 = 12 1.95  0.58 (.13 0.28 2.9
321% 42 - 77 2.63  0D.56  0.14 0.39 bal2
B22% 77 - 142 3.12  1.05 0,16 0.39 h.72
523t 1h2 - 150 3.1 1,10 0,15 0,38 77
B3 150 ~ 200 318 1,19 .1 0.27 L8
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The ranges for unit 2 and 3 are 4,7 - 18,6 and L,6 ~ 18,0
neq/100g soil respectively,

The C,E,C, of the soils per 100g of clay (tables 12

to 14) is quite variable, Th2 values for the A horizons
are high ranging between 338,75 and 265,0 neq/120g clay,.
The values in the I horizons range between 3%2,73% and 70,00
except in profiles AN 009 and AN 010 where the values for
the upper B horizone are quite high, However, the values
of C,E,C, per 100g clay decrease with depth,

The high values of C,E,C, per 100g clay of the surface
horizons might be due¢ to the very low clay content of the
horizons, The C,lE.C., of the surface soils is nainly due
to the organic matter, Thus values of C,E,C, per 100g clay
of the subsurface horizons give a better and nore reasonable
reflection of clay activities,

Organic matter, and the awount and type of clay
mineral in a soil are the principal factors influencing the
CeE.C, of a s0il (Foth and Turk, 1972; Jones and Wil.,
19753 Nye and CGreenland, 1960), Since the organic matter
setatus of the soils is generally low and its change with
depthh is insignificant, then, the observed increase in
CoEyCq with depth could be due to the clay distribution
which increases with depth, However, the effect of the
goil organic matter on the C,E,C, of the soils could still
be significant because Jones (1971) has chserved that the
CeE,Ce 0of some Gavanna soils was 368 meq per 100g carbon,

The C,1,Cs of these soils may overstate their capacity

to hold cations under field conditions, The clay
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minerallogy of tropical soils are dominated primarily by
kaolinite, halloysite, and oxides of iron and aluminium
(Van Raij and Pecech, 1972), These colladids, especially
kaolinite and halloysite, have significant anount of pH-
dependent charges {Sawhney and Norrish, 1971),.
Considering the reaction of the soils and pH at which the
CeleCs was determined the pH~-dependent charges of these
colloids might contribute to the C,E,C, The exchange sites
vacated by ferric ions (F93+) could alsc add to the C,E,C,
values, At low pH, ircn is tightly adsorbed on soil clay,
especially 1:2 layer clay, blocking sowme of the negatively
charged sites, thus reducing the C,E,C, (Fitz Patrick 1980),
With increase in pH, the iron precipitates and sites it was
occuping becoic available, Ferric ions are not included in
total exchangeable cations,

C.E.C, is a reasure of the notential of a scil to
attract positively charged ions and to adsorb them in such
a way that tley can be relatively easily given up and nmade
available to crops, Thus, the low C,E,C, of the soils of
the study area weans that the soils have low capacity to
hold caticns (Ca, Mg, K and Na) renuired for crop nutrition,
If such eoils are put under intensive cultivation they
become unable to rieet nutrient requirenents of the crops
within a short period of time, Thig results in low
fertility, Also, if crop nutrients, in form of fertilizers,
are applied to these soil, they suffer from leaching since
a large proportion of them will remain in the soil

solution instead of being adsorbed by the clays to be
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released only when needed, This fact is compounded by the

very porous nature of the soils,
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TABLE 9: CHEMICAL FPROPEKTIES OF SCILS UF UNIT 1
Horizon Depth Urganic Total oH C.B.C. Dase
(em) Cerben  Nitro- 131 1:2 (megq/ Satuca=-
(oc) gen Water CaCl, 100g tion
4 % Soil )
PRCFILE AN CO1
A1 - 15 e 0.73 £.6 6.0 Sy Ll 1G
A3 15 « L9 0.5 0.03 .6 5.8 3,1 LB L0
B1 bg - B2 Mels 002 6.5 5.8 7.5 26 Jlyts
B21t 82 - 125 0,3 0e02 5.5 5.8 Go.6 13.60
n22t 125 = 163 0.6 0.02 5.8 Leb6 11,0 10,50
33 163 = 200 G.h4 (.03 E.8 Lo5 12,8 25.00
PROFILE AN €02
Ap 0w 13 Gb €.03 6.2 5.4 L.C 43.30
A3 13 = LO C.5 0.63 5.6 L9 16t 29,80
e 4o - 52 by 0602 S5e6  LaT7 9.1 18.90
21 56 - 96 145 C.C2 5.8 L.b 18,0 12.50
n22 96 = 135 0. 0.03 5.8 L4 17.4 950
n3 135 = 200 0. C.02 5.8 Lo 17.8 8.90
FRCFILE AN 0C3
Ap 0= 15 R e Ol 6.4 5.6 5.3 L1.50
A3 15 = 33 06 0.03 i 5.2 6.5 35.1C
21 33 - 6 (145 0.03 569 L8 745 18.80
n21t Bf, = 125 i 003 6.0 5.2 16,7 12.90
L22t 125 - 152 0,5 0.03 6,0 6.0 16,2 21.40
523 152.« 2.0 2,6 02 6.0 5.4 15.2 22.6”
PROFILE AN OOl
Ap - 18 0,6 0.03 6.6 Sob 642 5L 56
A3 1t = 59 Uely 0,02 G.0 5.2 6.9 25.17
i1t 59 = 108 C.4 0.03 5.6 L.9 18.L 15,50
522t 108 = 150 0.4 r.02 S LB 17.9 14470
123 150 - 200  CJL C.02 5.5 L.B 18,4 16,10
FRCFILE AN CO6
Ap 0 - 20 (e85 0,03 fy 5,6 L.9 360
A3 20 = 45 0.5 .02 £.6 5.8 L9 39.6"
21 LE = 79 (.5 0,02 Ge2 L€ 17.0 1330
122 79 = 140 0.5 0,02 L8 16.h4 10,20
n23 L0 = 20C T 0.03 5.7 L.E 18.C 154




TABLE 10:

CHEVMICAL rRCFLRTIES OF SCILS CF UNIT 2

4]
L!L}

Horizon  Depth Crganic Total pH C.t,C. Base
(em) Carben Nitro— 1:1 1122 (meq/ Satu-
(oc) gen wWater CaCl 100g ration
% Soil) %
FROFTLE AN 007
Ap 0 - 15 0.6 0.03 6.4 5.7 5.6 38.60
A3 15 = L9 0. 0.03 6l BeT €.0 15.00
B21t L9 - 69 0.3 0.03 6oy 5.7 10.8 27.70
B22t 69 - 103 0¢85 0,03 6.0 5ely 1€.0 19.90
B23t 103 - 165 0.3 0.0l 6.0 5e5 16.0 15,60
B2l 165 - 200 Ouly 0.03 6.2 5e6 16,0 15.50
PRCFILE AN 009
A1 0 - 21 1.00 0.04 644 5ol 5el 55.80
B1 21 - 55 0,30 0,02 6.4 Seli 6.2 27.40
B21t 55 - 75 0.50 0.03 6.1 5e2 12.0 12,10
B22t 75 - 104 0.50 0.02 61 Seli 174 18.50
B23t 10L - 180 0,50 0.02 6.0 4.5 17.6 13.60
B2L 180 - 200 0.30 0.r2 5¢9 Lk 172 3.80
PROFILE AN 010
A1 0= 24 0.6 0.03 6.7 6.0 L7 50.00
B1 2l - 56 0.3 0,02 6ely Sely 6.2 26.80
B21 56 - 76 0.5 0.02 6.4 L6 Teb 41.00
B22 7€ ~ 106 0.3 0.02 6.4 5.8 12.8 25.80
B23 106 - 149 0.3 0.02 5e9 5.9 12,2 30.70
B2Y 149 - 200 0. 0.02 5.9 L.6 15.0 17.10
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TABLE 11: CHEMICAL PROPERTIES OF SCILS OF UNIT 3
Horizon Depth Crganic Total pH 1:2 C.2.,C, Base
(cm) C.rbon Nitro- 1i1Y CaCl me Sotura-
(cc) gen Water T 100g tion
Y Soil %
PROFILE AN 005
A1 0 =11 0.5 0.03 6.8 6.0 Bel 32.80
A3 11 = 33 0.3 0.02 7.0 6.2 lie6 36.70
B21t 33 - 55 0.4 0.03 7.0 6.2 ey 33.90
B22t 55 - 65 0.4 0.02 7.0 6.2 12,2 30.00
B23t 95 -« 136 0.k 0,02 7.0 602 17.7 23.10
B3 136 - 200 0.3 0.02 6.4 5.7 10.6 31.60
PROFILE AN 008
A 0 - 24 0.5 0.03 6. 5.9 5.0 40,20
B1 2 - L7 0. 0.02 5.1 5.6 L2 33.80
B21 47 - 79 0.4 0.03 6.0 5.5 9.4 27.30
B22 79 - 106 0.3 0.03 5.9 5.2 14.0 16,50
B23 108 - 142 0.2 0.03 5.9 5.2 16.1 18.70
B3 142 - 200 0.3 0.02 5.9 53 174 17.00
FROFILE AN 011
Ap 0 =17 0.7 0.03 6.4 5.8 53 L3.L0
B1 17 - 3L 0.4 0.02 6.2 5e2 L.9 L46.90
B21t 3 - 58 Oely 0.02 5.6 4.9 8.L 25,00
B22t €8 - 121 0. 0,02 545 5.0 17.0 18.00
B3 121 - 200 O.L 0,02 0+ T L.8 18.0 16.00
PROFIQE AN 012
Ap Q=17 0.7 0.05 6.6 6.0 7.0 L48.70
B1 17 = L2 0.6 0,03 6.6 5.8 8.9 33,00
B21t b2 - 77 0.5 0,04 6.0 5.4 16.8 244,50
B22t 77 = 124 0.l 0.03 6.4 5.8 17.5 27.00
B23t 12, = 150 0,5 0.03 £.6 6.0 16,7 28.60
B3 150 = 200 0.L 0,02 6.6 6.0 1.2 33.70
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Selie5:  BASE SATURALION

The percent base saturation of the soils ranged
between 15 and S54% in the surface horizons, and 8,9 and
LG% in the subsoils (tables 9 to 11), These values are
low to moderate (!iill et al, 1974), Generally, the percent
base saturation between the horizons shoved a deiinate
correlation with pH values oi the goils, Many workers
(Brady, 1974, Mehlich, 1943, Morgan, 1940, and Peech, 1941)
have reported correlations existing between degree of base
saturation and pil of soils, As the percent base saturation
decreased with denth, the acidity of the lower horizons
increased, conseouently, the pH of the soils decreased,

This decrease in bace saturation at depth might be
due to relatively high C.L,C, of the subsoils (section
Selhel4) and the distributic: of bases at depth (Section
Selie3)s Even in profiles where total bases increase with
depth the increace is so disproportionate to that of C,E,C,
that the percent bhase saturation of the subsoils is lower

than that of the surface horizons,

Selye63 FREE 1RO} OXIDE

The resulty of the sodium-citrate-bicarbonate dithionite
extractions, given in tables 12 - 14, show that the amount
and the distribut on of free iron oxides are fairly
comparable in the sroil units, The values were between 0,73
and 4,55%, This range ancd the distribution with depth are
sinilar to those of Iju series, Ibeshe scries and Alagba

series reported by Ogvnwale and Ashave (1975)., These soils
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are also derived from sandstones,

The free iron oxicde content of the s0oils increases
with increaskng depth, This agrees well with finding of
many other worke;s notably Awujoola (1679), Malgwi (1979)
and Ojanugﬁ e al. (197 7. Thic obsurvation pertits the
conclusion that iron oxides have moved vertically dowanwards
in the soils, Illowever, there is nn evidence of lateral
mevenent as suggested by Ojanuga et al,, (1976), This
might be due to the glone nosition and good drainage of

the soils,
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TARLE 123 FREFE IROE ARD CIAY ACTIVITY OF SCILS OF UMNIT 1
Horizon Depth Free Iron Clay Activity
(cm) % meq/100g Clay

PRCIILE AN OO1

a1l 0= 15 0.73 135.0
A3 15 = L2 1. 11 36,8
B1 L9 - 82 1.43 53.6
B21t 82 - 125 1.79 L5.0
B22t 125 - 163 2.05 L7.1
B3 163 = 200 2.45 L7.1
PHCFTLE AN 002
ip 0~-13 1.03 100.0
A3 13 = L0 1.70 51.3
BE1 LO - 5€ 2,25 50.6
E21 56 - 9% 2.90 61.7
B22 96 - 135 3.07 Sh.ls
B23 135 - 200 3.10 L9.L
{ROFTLE AN 003
AP 0 - 15 0.92 132.5
23 15 = 33 1.00 216,.7
E1 33 - 86 2.15 L16.9
B21t 86 - 125 3.10 L1.2
E22t 125 - 152 3.5 L0450
B23 152 = 200 3.07 L0.00
FUCRILL AN OO
Ap 0 - 18 0.88 206.7
A3 18 = 59 1.87 L9.3
B21t 59 - 108 4.00 UT.2
B22t 108 - 150 3.75 LS.9
B23 150 = 200 L.05 1.6
| ROFILE A 006 )
Ap 0 - 2C 0.78 245.0
A3 20 - LS 2.00 40.8
B21 LS = 79 lie37 50.0
B22 79 = 140 li.35 k1.0

B23 140 -~ 200 L.LB L5.0
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AND CLAY ACTIVITY OF SOILS CP UNIT 2

g
&
-
&
A

T/BLE 1 3';'

Horizon Depth Free Iron Clay ictivity
(em) % meq/100g Clay

PROFTIE AN COT

Ap 0~ 15 1.10 112.0
43 15 = L9 1.93 118.3
B21t L9 - 69 3.li5 32.7
B22t 69 - 103 3.80 5L.5
B23t 103 - 165 .05 60.5
B2L 165 - 200 L.55 60.0

PROFIIE AN 009

Al 0= 21 1.17 130.0
E1 21 - 55 1ol 103.3
B21t 56 - 75 3.10 113.3
R22t 75 - 104 3.LO 52.7
523t 104 - 180 3.1i5 L5.1
b 100 -~ 200 3.53 50.6

PRCFILE AN 010

A1 0 - 24 0.75 156.7
R1 2, - 56 1.55 103.3
E21 56 - 76 2eN 37.0
B22 76 - 106 3.55 38.8
223 106 - 149 AN 35.9

E2L 149 - 200 355 L1.7
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CHAPTEL &

SOLL_CLASSIFICATION AND CORRELATION

The soils studied were classified according to the
USDA Scil Taxcnomy (Soil Survey Staff, 1975) and the FAQ/
UNESCC soil legend (1974). The clussification is shown
in table 15, Also, n correlation of the soils has been

attenpted,

613 CLASSIFICATION ACCORDING_TO, Tl USDA SOIL TAXONOMY
The soils of the area arc classified iato the Order
ultisol, An argillic horizon has been ildentified and it
has a base saturation of less than 35 percent (by NH# OAc)
at least in the lower horizons, Also an ochric epipedon
is diagnostic for all the soils, Considering the length
of the dry season ir Kontagors area (section 2,3), the
upper 50 cm of the soil (the moisture control section)
would be dry for nore than 90 cumimulative days in most
years, An ustic soil uoleture regime i1s thus inferred,
The soil temperature regime is estimated to be
isohypertnermic because coasidering the air temperature of
the neightouring arcas (table 2) and soil tewperature
regime of lokwa (Appendix'I) it is expected that the mean
annual soil tenperature would be more than 2200, and the
difference of soil teuperaturcs at hot and cool seasons
would be less than 5°C =t more then 50 c¢m depth, Therefore,
these s0ils characlerized closely intc the suborder Ustult,
At Great Groups and Subgreoups levels, Soils of units

1 and Z classifly together as Haplustults because they hLavéd
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neither plinthite nor fragipan, Alsc they have a clay
distribution with deoth such that the percentage of clay
decreases fron its naxiuum auount by more than 20 percent
of that maximunr within 1,5 @ of the soil surface, and the
layer in which tiie percentage of clay is less than
maxinum does not have clay eluviation, These soils have
colour value, woist, of 4 or more in sonme parts of the
epipedon,

Soil mapwing unit 2 further classified as Arenic
Haplustults becauge its members have sandy surfsce
horizons that are as thick as 50 cm, Soils of unit 1 do
not have a sandy epipedon as tidick as solls of unit 2 and
80 satisfy the reguirements of a typic {laplustults,

Soils of unit 3 have properties which qualify them
for Typic Rhodustults, These goils have an argillic
horizons that have colour velue, moisit, of 4 in all parts
and an epipedon that has a colour value, moist, iess than 4

in all parts,

6.2: CLASSIFICATIGN ACCORDING TO THE FAOUSESCO SOIL LECEND
All the profiles of soils 1 to 3 have an argillic B
horizon with a base saturation of less than 50 percent iu all

parts of the B horizon, Alsc an ochric epipedon is
diagnostic for all the profiles. Thus they qualify for
Acrisols, The soils have low organic matter content at both
the surface and subsurface horizors, They lack plinthite,
hydromorphic and ferric properties and so are classified as

Orthic Acrisols,



TABLE 153 SCIL CLAGSIFICATICN
SCIL PROFILE USDA BOIL FAQ/UNRESCO
MAPPING (PEDON) TAXONCMY
UNIT
1 AN 001
AN 002
AN 003 Typic Crthic
AT 00k Haplustults serisals
AY 006
AN 007
2 AN 009 Arenic Or.thic
AN 010 Haplustalts Acrisols
AN 005
3 AN 008 Typic Orthic
AN O Rhodustults Acrisols
AN 012




6.3: CORRELATION

A1l the soil mapping units correlate well with
Tal:unah Series (Valette, 1973), and the units may represent
different phases of this series, :lowever, the fine
differences detected here between the different units
could not have veen possible during Valette's reconnaissance

investigations, Iis final mapping scale was 1:250,000,
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CHAPTER 7

SUMMARY_AND CONCLUSION

There is relatively few account of clinate, soils,
and other environueatal factors of Higer State of Nigeria;
a state generally regarded exclusively as an agricultural
state, This lack of ailequate information un the
environment militates against scund agricultural planning,
An assessment of the properties of the soils and Lheir
response to management is required in moedern agriculture
and, infact, in many hunan endeavour that has land as its
base resource,

This gtudy is, therefore, concerned with the detailed
exaaination of the norphological, physical and chenical
features of soils of one of the Niger State Covernaent's
seed nultiplication farms, the Kontagora seed multiplication
farm, The morphological features aided the soil mapping
exercise and all the featutes aided the classification
exercise, The soils occupy uiddle slope positions and are
formed from deeply weathered coarse Mupe sandstones, They
are typically associated wi th termite mounds and termites
activities,

The environment in which the soils are formed exhibits
a distinct dry season of about six nonths with an annual
rainfall of about 1221mm, The soil noisture and temperature
regines of the area are inferred to be ustic and
isohyperthernic respectively,

Thessolls are deep, well drained, gravelless and non

concretionary, They are coarse sand dominated and
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generally sandy in the surface horizons, but becomes finer
in texture in the subsurface horizons, The sand fractions
of the soils range between 50% to 90%, and the clay
fraction increase with depth, from about 2 to 14% in the
surface horizons to about 48% at depth, This imnlies
some migration of clay particles from the surface horrzons
and the subsequent formation of argillic DU horizons, Low
silt content (2% - 15%) is also a coumion characteristic of
the soils, This distribution pattern of the particle-size
fractions between the horizons seeus to have influenced
the structural development of the scils, Thusz the
structure of the surface soils is poor in contrast to the
well developed strong structure of the subsurface horizons,

The soils zre neutral to sgtrong acid in reaction,
with subsurface horizons nore acid than the surface
horizons, This is perhaps due to the accummulation of the
acid cations in the subsurface horizons,

Bhe soils have a very low centent of orgaric matter and
nitrogen, The aounts of organic matter and nitrogen in the
solls are generally less than 1% and 0,06% respcctively,
Somchow, their distribution between horizons does not show
any definite pattern, This could be due to a low rate of
return of organic residues to the soile and their rapid
nineralisation, Riogenetic activities could be another
contribution factor,

The velues of cation exchange capacity (C,E.C,) range
from 3,1 to about 7,0 neq/100g soils in the surface

horizons to a maxinuw of 18,4 meq/100g soil in the
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subsurface norizons, This increase in C,E,C, with depth
ie in consonnance with increase iu clay content, The soils
have low to moderate levels of basic cations, The cations
decrease in abundance as follows: calciua,’™ magnesiun,
sodium and % potassium, Calcium ranges from 0,45 to 3,18
meq/100g soil, wagnesium 0,02 - 1,52 ueq/100g soil, sodiunm
0.06 to 0.83% neq/100g soil and potassium 0,05 to 0,05 meq/
100g soil, The low levels of potassium in the soil could
be due to tie low content of the element in Nupe sandstone,
The daistribution of the basic cations between the horizons
does not show auy definite patterns, This contrasts with
that of percent base saturatior which decreases with Jepth,
The percent base caturation of the soils 1s gcnerally low
to moderate and réngasfrom 15% to about 54% in the surface
horizons to a minimun of 8,9% in the subsoil, This decrease
in percent base saturation with depth is perhaps due to
increases in C,E,C, with depth, _

The distribution of free iron ok@dé-hetween the horizons
is a clear evidence of vertical downwarde migration of
ferric ions, ‘The amount of free iron oxide ranges from 0,73%
to about 2,00% in the surface to a naximum of 4,55% at depth,

Following the USDA Soil Taxonony, the thuree soil
mapping units identified classify as Typic Haplustult, Arenic
Haplustult and Typic Rhodustult, However, they all classify
as Orthic Acrisols under the FAO/UNESCO soil legend,

Considering the sandy texture and the week siructure of
the surface scils, adopticon of practices which would ensure

adequate protection of the soils from the menace of agentis
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of erosion wculd be necessary, Such practices wculd

include planting on ridgcs across the slope, This will
stop or zt least lessen run off, The contrasting effects
of ridge-~plainting and flat-planting on soil erosion are
illustrated by plates VIA and VI3, FEvidence of erosion
(rills) are conspicuous in the plot where maize was planted
on flat (»nlate VIA) while the adjacent groundnut plot
(plate ViB) doee not show any sign cf erosion, Also, an
effort should be made to ensure that khe scil surface is
not left bare at any time of the year, This calls for a
conplete stop to the perenial bush burning in the area,
Furthernore, the engineering structures constructed on the
farm should be adequately maintained, Also, use of green
manuring and suitable cover crops during the fallow period
is recommended,

411 these weasure together with a good crop ratation,
judicious use of chenical fertilizers and other cultural
practices will ensure improveaent and maintenance of the
fertility of the soils, Thus making the soils cepable of
producing good and susilained yields, These notwithstanding,
care should be taken in the use of chenical fertilizers on
these soils which have lcw cation exchange capacities,

The conventional practices of applying one or two nutrient
fertilizers could lead to nutrient inbalance, MNutrient
deficlency syaptom on crops could be a result of nutrient
inbalance since many deficilency symptons are not always due
to actual lack of nutrients in a soil, TFor instances, soil

reaction (pH) may cause nutrient Jdeficiency syuptoms on
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crops through its iafluence on the availability of the

nutrients, Severesl essential elements, such as iron,
nanganese, and zinc, tend to be less available under high
soil pH, On the other hand, the availability or other
essential elenents, such as molybdenun, and sulphur is
reduced under low soil pH, It is iaperative, therefore,
thaﬁ fertilizers, sach as awoniun sulphate which tend to
ééidify soils are avoided; and the nutriesnt status of the
soils should be caeclkked through periocdic samplying and
analysis of the soils, Such analysis should include
determination of soil reaction, exchangeable basic cations,
organic matter statug of the soils, available phosphorus
and other elenents that are essential for plant growth,
It will be noted that theee points are particularly
inportant in any part of this area, such as the seed
multiplication farm, where the soils are put under

intensive and continous cropping,



Plate VI~ Control of Erosion by crop management

A : Maize planted on flat

- _.‘"ﬂ-—! A"

B : Groundnut planted on ritges
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Very Shallow
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Moderately Deep
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Soil Reaction Rating PuH.

Extremely Acic

Very Strongly acid
Strongly Acid
Moderately Acid
Slightly Acid
Neutral

Slightly Alkaline
Moderately Alkaline
Stronglf Alkaline

Very Strongly Alkaline

Organic Matter Rghins
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Low
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Very High
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L. RXCHANGEABLE CATICNS
Rating R-nge meq/100g Soil
Ca Mg K la
Very High Z 20 7 8 1 =2 > 2
Fiﬂ'h 10 = 20 3 - & 0-6 - 1.0 Co? - ?-"J
Moderate o= 10 1- 3 0.3 - 0,6 0.3 = 0.7
Low 2.~ 6 0.3 - 1 0.2 = 0.3 0.1 = 0,3
Very Low L2 < 0.3 < 0.2 < 0.1
S. Cation Exchange Capacity Rating
Very Low £ 6 meq/100g Soil
Low 6 ~ 12 mea/100g Soil
Moderate 12 ~ 25 meq/100g Seil
High 25 -~ LO meg/100g Soil
Very High > 1,0 mea/100g Soil

Percentage Base Saturation Rating:

Very Low
Low
Moderate
High

Very High

0 - 20%
20 - Lo
LO - 60¥
60 - 80y

80 - 1009
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MPPENDIX I1

THE MONT' LY MEAN EARTH TEMPERATURE IN DEGREES

CENTICRADE AT MOKwWA FCR YBARS 1954-1968

(After ¥owal and Knabe, 1972)

Depth
o) JAN. I'EB. PMAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NCV. DEC.

30 28.6 31.2 3Lk 34.2 32.5 30.2 28.8 28.2 28.3 29.2 29.9 29.1

120 29.3 30-3 3202 3307 3?o8 314'1] 30-1 2902 29-0 29.3 29.8 2907




