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ABSTRACT

Lithosequence of sail developed on four basement complexes, namely Older
Granites (OG), Quartzites (QZ), Mica Schists (MS) and Migmatite Gneiss (MG) was

conducted on crest posih intheNorthern Guinea Savanna of Kaduna State, Nigeria



with a view to explaining their pedogenesis. Three pedons were dug on each parent
material. Soil morphological, physicochemical and mineralogical properties were
examined and classified for thesustainable usesResults indicaté that soil
morphological propertiesvere generallysimilar, except for variation imlegh and
structure. The soils were generally deep to very deep (£3390cm) but had
restrictions due to parent materials on quartaité mica schist (QZ1, MS2 and MS3)
and presence oplinthite on migmatite gneisfark brown colour dominated the
surfacewhile strong brown irsubsurface horizanwith wider variation in theleeger
subgsirface horizoa (10YR, 7.5YR and 5YR)[exture ofsufacesoil was sandy loam

and was attributed to erosion and eluviation of clay resulting in textural variation with
soil depth.The subso# had clay to sandy clayith sandy clay loam in the deeper
portion ofthe subsurfacénorizons The soils were domit@d by subangular blocky
structureexcept sod on mica schistvhich had platy structure irthe subsoils. Sand
dominated fine earth portion of the soils (ranged between 271 and 69)lagkbtheir
subfractions were significantlyinfluenced by parent mateals and horizon
differentiation Particle density varied between 2.56 and 2v@n®andbulk density
between 1.34 and 1.79 Mghin the soils.Water retention differencevas generally
slightly low and varied between 0.64 and 33.26 Brarent materialsdd significant
influence on somehemical propertiesuch asxchangeable Ca, TEB, EA, CECs,
base saturation and ESHigher valuesof exchangeable Ca, TEB, EA, CECs and
base saturatiowere in soilsdevelopedon MS followed by OG and QZ and least
values vere in soils on MG. Theseariationswere attributed to leaching of bases and
difference in pedogenic development (agéhe chemical properties of the soils
indicated strongly acid to neutral pH (5.36.90). Total exchangeable bases ranged

between 2.92and 8.98 cmol (+) K§ cation exchange capacity (CEQNH4OAC)
7



were low to high, and moderate base saturation dominated the soils. The values of
organic carbon(10.00 gkd) and total nitrogen(1.00 gkg") were generally low.
Micronutrients (available andotal forms) were all in adequate quantity, with
available Fe, Mn and total Zn significantly influenced by parent materials. Parent
materials and pedogenesis significantly influenced pedogenic forms of iron oxide and
crystallizationwasin the order of sits on mica schisk quartzites< older granite<
migmatite gneiss, whereasrins of manganese oxides were significantly influenced
by horizoration Kaolinite, diaspore, muscovite and illite dominated the mineralogy
of clay fraction of the soilsNatureard extent of weatheringf parent materials
causedvariation in mineralogyf the soiland their moderate pedogenic development.
Mineral compositiornreflected soils on migmatite gneiss as most weathered and those
on mica schist as least weathered. Contehtsajor and trace elements (total oxide)

in the soils were not significantly influenced by difference in parent material, except
for KO (P < 0.05) TiO; and CpOs (P < 0.01). Parent materials significantly
influenced relative weathering intensity of rhowtal elemental oxides, with
significantly lowest relative retention mostly soils on MG and highest irsoils on

MS, thus reflectingrariation intheir pedogenic development (age). Parent materials
and pedogenic age were prominent factors that affesteldproperties, thereby
influenced their pedogenesis. The main pedogenic processes include weathering of
parent materials, relative accumulation and depletion of major and trace elements,
structural differentiation and plinthization, braunification, hiiwation, melanization,
leaching, argilluviation, desilication, allitization and ferritizatigkccording to the
USDA Soil Taxonomyall the pedors on migmatite gneiswere classified agypic
Plinthustalf at the subgroup level. Pedams mica schistaMS1 and MS2 wee

classified as Typic Haplustalivhile MS3 was classified as Kanhaplic Haplustalfs.
8



Soils on quartzite were classified as Lithic Haplustalf (Pedon QZ1), Kanhaplic
Haplustalf (Pedon Q2 and Typic Kandiustalf (Pedon QZBedos on older granite
were classified as Typic Kanhaplustgl0oG1), Typic Haplustalf (OG2) andKandic
Paleustal{OG3). In the World Reference Base Classification System, alpéukens

on older granite andjuartzitewere classified as Haplic Lixisol, whereas those on
migmatie gneissas Plinthic Lixisol. Pedons on mica schist (MS1 and MS2) were
classified as Haplic Luvisols, where®kS3 as Haplic Lixisal Management options
suggestd include construction of contour ridges and bunds, and cultivation of cover
crops. Effective pst harvest crop residue incorporation, application of farm yard
manure and incorporation of legumes in crop rotation fields, as well as use of-organo
mineral fertilizers will sustain the soils for crop productidertilizer appication

should be timely igudicious quantity and by buryirtg remedy thie deficiencies
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CHAPTER ONE

INTRODUCTION
Nature of parent material is said to profoundly influence the development and
characteristics of soilB¢ady and Weil, 2005)Differentiation in soil characteristics
due tovariations inparent material is reffered to as Lithosegeces. In small regions
with uniform climate, the nature of the parent material is probably more important

than any other single factor in determining the characteristics and productivity of a

23



soil (Olaitan and Lombin, 1984). The weathering processes sifitelgration and
decomposition that give rise the regolith are in generah destructive processes.
Thus, rocks and minerals are destroyed or altered and soluble nutrients are subject to
loss through leaching. It seems incongruous that these same glgedsstructive
processes can promote the genesis of natural bodies calledBsaily @nd Weil,

2005).

Basement complex rocks are principally composed of igneous and metamorphic rocks
such as granites, gneisses, migmatites, quartzites, schist and tdr@onpdosed
derivatives of ancient sediments. The basement complex occupy about 50% of
Nigeria’'s surface area while the sedimentdoymations occupy the remainder
(Oyawoye, 1970; Ogezi, 2002). The basement complex parent materials have been
reported to ceer almost entirely the whole of Kaduna state (Osazuwa, 1994).
Therefore, knowledge of the relationship between the basement complex rock parent
materials and the soil formation along with their properties will help in the sustainable

use and managementtbese resources.

Severalstudieshave been carried out on soil development over basement complex
rocks in Nigeria (Doyne and Watson, 1933; Smyth and Montgomery, 1962; Ojanuga,
1975; Fagbami, 1981; Esu, 198Wiosugu, 1989 Fasinaet al., 2007a, 2007h)
however most studies relating soils and basement complex rocks were carried out in
southwestern Nigeria within thBouthernGuinea savanna and the forest zones on
toposequencesvioormann et al., 1979~agbami, 1981; Moormann, 1981; Esseka

al., 2007; Fasia et al., 2007a, 2007b). Similarly, in thdorthernGuinea savanna,

most of the available information on basement complexes are related to toposequence
(Malgwi, 1979; Esu, 1987; Eset al., 1987; Ezenwa and Esu, 1999; Malggstial.,
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2000, Yaro, 2005). Ogwale (1973)and Mosugu (1989)studies focusedon
climosequences on sandstonasd bio-climosequenceon ganites respectively.
Information on lithosequence within basement complex rocks iNadngernGuinea
savanna area is scanty, mostly at a reconnasstvel and were conducted on
granitic parent material (Mustapha and Singh, 2003; Hastsah 2004; Mustapha
and Fagam, 2007), with virtually little or no information on quartzites and-mica

schists areas.

Most previous studies treated the basementpéexnrocksas one unitdue to the
intricate natureof their complexity, and ag @resent there is no study that has been
carried out in detaito compareindividual components of the basement complex
rocks. Yet rocks of the basement complex are varialgth bn mineral assemblage
and reactions to soil forming factors, hence likely to producs Bighly variable in
properties and use3herefore detaiked information on the genesis, properties and
classification ofsoils on theindividual componentparentmaterial will provide a
scientific basidor proper decision making in the sustainable use and management of

these soil resources.

The studywasthereforecarried outwith the purpose of establishing the efteat the
individual component lithologiespplder granitg, quartzites, mica schiss and
migmatite gneisges on soil genesis characteristics and theiclassification for
sustainable use and management of their resourtiesiorthern Guinea Savanna of

Kaduna State\igeria. The following specifiobjectives will be studied:

1 To determinethe morphological, physical, chemical and mineralogical

properties of the soilsleveloped on older graniteguartzites mica
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schists andmigmatite gneisgs within the basement comples in

Kaduna state, Nigeria

2 To determine the pedogenic processes involved in the diffeceist

and assess if the parent materials has influence it significantly.

3 To classify the soils using USDA Soil Taxonomy classification system
of (Soil Survey Staff, 2010) and correlate with twerld Reference

Base for Soil Resource (WRBFAO, 2006).

4 To recommendpossiblemanagement options for sustainable use of
thee soilson the various parent material in tidorthern Guinea

Savannareaof Kaduna Stateligeria.

CHAPTER TWO

LITERATURE REVIEW

21 FORMS AND DISTRIBUTION OF BASEMENT COMPLEX ROCK
PARENT MATERIALS

Solil parent materials vgin many characteristics, some of the most important are the

degree of consolidation or induration, texture and mineralégyrfing and Fanning,

1989 Brady and Weil, 2005).Basement complex rocks constitute igneous and

metamorphic rocks, and they occupy 50% of Nigeria's surface area while the
26



sedimentaryformations occupy the reminder (Ogezi, 2002; FDALR, 1990). The
largest of this area lie north of Nigemd Benue rivers and include parts of
Northwestern andNorth-Central State (Kano, Kaduna, Katsina, Benue, and Plateau)
and North-East State (Borno, Taraba and Adamawa StateSther areas where
basement complexesmbe found ardghe greater part of Kwar Kogi and Western

States as far as Abeokuta (FDALR. 1988) the eastern parts of Nigeria (Figure 1)

The Older Granites (The Pan African) are considered to be metamorphosed coarse
grained, acidic, intrusive igneous rocks (Hunt, 1972). Older gramitdsdie rocks of

wide range of composition, texture, colour and structure. It may consist of granites,
granodiorites, syenitic, gabbroic, dolecritic and charnocknitic rocks, pegmatites and
various other gneissic rocks of varying textures (Oyawoye, 197@)y fidnge from
small plutons to large batholiths that form smedtomed hills and island or lone
hills, called “inselbergs.” The coarse grained granites include porphyritic granite,
biotite, hornblende granite and figeained grangs and fayalitguartz(Osazuwaet

al., 1994). The granitoids occur within the migmatites and the metsediments with

which they share some metamorphic tectonic history (Oluyide, 1995).
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Figure 1 GeologicalMap of Nigeria(Source: Ogezi, 2002)
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Oyawoye (1970) classified oldegranites of Nigeria into two groups as: (a) the
porphyroblastic older granites and (b) the gragiteisses and gneisseg&nites.
Granites and granitgneiss average approximately 25% quartz, 65% or less
orthoclase (potassium) feldspar, with less amadimhica, biotite, and small amount

of hornblende (Buoétal., 1980).

The Schists or metasedimentaryor supracrustal beltsare foliated (thin platy), rich

in mica (chlorite or sericite) metamorphic rock (Hunt, 1972), with varying amounts of
quartz, and wth very small amounts of other weatherable minerals (Btadl, 1980).
Various types and grades of schists occur in the basement complex. The most
widespread are biotite schists. They form lowldretween quartzites ridges and
never present in continusuoutcrops (Oyawoye, 1970). They are structurally
controlled, elongate, approximately -3 to NNESSW trending synformal
Precambrian belts composed of metasediments and metavolcanics with rare mafic
ultramafic rocks close to major despated lineaments.h& rock group consists of
mica schiss, phyllites, amphibolites and some ferruginous quartzites (Banded Iron
Formation) and serpentinites found around Birnin Gwari, Malumfashi, and Katsina
(Ajibade, 19760sazuweetal., 1994). Important associated minem@ources include

ironstone, gold, manganese and marble (Ogezi, 2002).

Quartzite is a hard, metamorphic rock which was originally sandsterermation
May be coarse or finegrained; the recrystallized quartz form a tight cement between
the grains. Itonsist almost entirely of silicon dioxide (S)dHunt, 1972). Quartzites

are the most obvious of the metasediment in the field as ridges (Oyawoye, 1970).

Quartzites often occur in various shades of pink and red due to varying amounts of

iron oxide. Otler colours are due to impurities of minor amounts of other minerals.
29



Quartzite is usually white to gray, but some ferruginized varieties display reddish
bands and have manganeferrous hoszdvright and McCurry, 1970; Okunlola and
Okoroafor, 2009). Theyary in texture from massive quartzite to quartz schist. They
are irregular medium to fingrained crystals. They occur as loWing outcrops.
Muscovite is commonly present in fine flakes but some schistose quartzites are rich in
muscovite. Various other inerals been noted in the quartzites. They include
tourmaline, staurolite, sillaminite and haematite. Some quartzites have sufficiently
high haematite/magnetite content to be considered as possible iro(Ogesgoye,

1970;0sazuweet al., 1994).

Orthoquatzite is a very pure quartz sandstone composed of usually well rounded
quartz grains cemented by silica (99% SiMetaquartzite is made of individual
quartz grains that have recrystalized along with the former cementing material to form
an interlockingmosaic of quartz crystals. Quartzite is very resistant to chemical
weathering and often forms ridges and resistant hilltops. They occur withir north
south trending ridges paralleling the Tsof@&mrnin — Gwari— Funtua road (Oluyide,

1995).

The gneiss(crystalline complex) are metamorphic rock#at are banded, commonly
with quartz, feldspar, micas, or other minerals in separate layers (Hunt, 1972). They
may consist of layers of coarse grains, usually quartz or feldspar, alternating with

layers of fine gained minerals.

Migmatites form of gneissarethe most widespread group of rocks. They form the
ground mass in which all other rocks seem to occur. They are found in one form or
the other everywhere in the basement complex (Oyawoye, 1970). Migmatititesomp

include banded gneisses, migmatigiceisses, transitional gneisses, auger gneiss and
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pegmatitics. Banded gneiss is one of the more abundant types. The rock consist of
alternating light and dark coloured density of individual bands. Either of theodark
light bands may be locally dominant. Migmatigoeiss is the most extensive rocks in
Kaduna State and it usually occupies low plains. Some members are in kaduna
Zaria area. The main mineral resources are marble bamdled iron formation

(Osazuweetal., 1994).

22 PEDOGENESISON BASEMENT COMPLEX ROCKS

The major pedogenic factors on basement complex have reperted by various
researcherso include, climate, geology and geomorphological processes of creep
action and erosional wash, while pedogeniocpsses include leachinydrolytic
weathering, pedoturbation, braunificatiguljnthization, colluvial deposit,clay and
iron-oxyhydroxide eluviations and illuviatiofOjanugaet al., 1976; Fagbami, 1981,
Esuetal., 1987; Fasinat al., 2005;Fasinaet al., 2007a) Smyth and Montgomery
(1962) Olaitan and Lombin (1984) and Brady and Weil (2066hclude that the
nature of parent rock was a major factor in the determination of soil typeratig

rate of soil profile developmentin general, the youngethe soil the greater the
influence of, and relationship of, soil properties to the soil parent material. As
weathering and pedogenic processes proceed, some features of the initial material are
lost (Buoletal., 1980; Douglast al., 1988). However, thestaed that, it is not safe

to conclude that in weathered and old soils the influence of parent material become

less important.

Young (1976) stated that the main variables in parent material that affects soil
formation are the degree of consolidatioraigrsize and composition. Grain size was
considered to be the main determinant of soil texture, having a far greater effect than
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climate (Olaitan and Lombin, 1984). The significance of this effect is that texture
influences many other soil propertiescluding organic matter content, cation
exchange capacity, profile drainage and moisture retaining capacity, and all these are
properties of agricultural importancgimilarly, the composition of parent material is

of fundamental importance for the propestiof tropical soilsFagbami (1979, 1981)
observed that most of the soils develomed three parent rocks, namelpnded
gneiss, granitic gneiss and quartathist had well developed argillic horizons. Nye

(1954) and Le Riche (1973) observed that doamiimovement of clay .5 /A was

accompanied by movement of extractahlgeO; and Fe,Os, thus identifying these as
part of the mobile fraction (Bme and Schwertmann, 1969, Jeal., 1974). Le
Riche (1973) also recognized that the sesgd@fraction may not necessarily result
from pedogenic breakdown of minerals only, but may even be derived from initial

igneous rocks.

Esu (1987) studied the relationship betweengsernesion basement complex along a
toposequencen Keffi, Nigeriaandobserved thaplinthic horizonswere below 50cm

depth in the middle slope position However in the crestal igppe slope position as

well as at the break of slopes where erosion is very active, the plinthite is either very
close to the surface or exposed the extent that it hardens irreversibly to
petroplinthite horizons accompanied by the gravelly petroplinthic materials (Ojanuga,
1985). Fasinaet al. (2005) stated that many iron/manganese concretions occurs in
most profiles studied and infer that phization as a pedogenic process may be
responsible for the development of the upland soils in the aféss usually has

serious limitation to crop production.
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23 EFFECTS OF BASEMENT COMPLEX ROCKS ON SOIL
PROPERTIES

23.1 Morphological Properties

Ojanwja (1985) stated that the soils developed from basement compleximdbles
savanna region of Nigerare often shallow to moderately deep and often st&woyl

depth or thickness of solum were found to increase down slope from 60cm at the crest
and uppeslope to 200cm at the lower slope position (Idetal., 2007). Moormann

(1981) reported that solum was shallow in quartzite regdidep solum(>100cm)

were reported in thBrest region on the diferent basement complex rocks, however,
solum depth wa restricted in the valley bottom because of high water table at about
50cm depth and suggested variation in land use types between such areas and the
upland soils (Bsokaet al. 2007; Fasinget al., 2007b). Similarly, upland soils of
Ibadanarea Nigeria were found to be deep and well drained with coarse grain

material(Moormannet al, 1975).

Soils developed from Precambrian basement complex tdmuephic and igneous

rocks arewell drained, lrough to somewhat poorly drained in natwere reported

by Esu and Ojanugd1985). Ojanuga (1975) observed the influence of topography
and drainagenoting thatsoils onlower slopesare well-drained, but the valley
bottoms are poorly drainezenwa and Esu (1999) reported that the soils were well
drained with modrately weak structural development in the surface horizon that are
exposed to severe erosion hazard (Esu and Ojanuga, 1985). They, however, possess

well developed argillic subsoils which are weak to moderately structured.

Solil texture is sandy to sandyam in the top soils over argillic subsoils which vary in
texture from sandy clay loam to clay loaMdormann, 19750Qjanuga, 1985Esu and
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Ojanuga, 1985Esu, 1987 Ezenwa and Esu, 1999; Essadaal., 2007). Esu and
Ojanuga (1985) noted that soil texeurconsists of sandy loam or loam over gravelly
clay loam with notably high silt fractions and Ap horizons relatively low in clay. The
colour ranges from dark brown, brown, strong brown, to yellowish red (Ojanuga,

1985)

Stonelines and gravel layers areoanenon feature of the middle to upper members of

the toposequence, and are best developed on the crest (Moormann, 1981). The
stonelines on basement complex are usually at a shallow depth, overlaying the
material weatherenh situ. Fagbami (1981) reportedaththe presence of stonelines in

the soils formed on basement complex of southwestern Nigeria were related to the
lithology of the area. It was observed that stonelines developed most frequently and

prominently in the banded gneiss, less in quarsgtads and least in granHgneiss.

2.3.2 Physical Properties

Soils formed from saprolite derived from granitic rocks by geochemical weathering
tend to be coarse. Soils developed in saprolite from mica schist tend to be silty and
less coarse than those form&dm granitic saprolite (Buoét al., 1980). The Ap
horizons of soils in uplandegment®f the landscape generally had the highest sand
content with correspondingly low clay content. The low content of clay in the surface
horizons of the upland soils aforthern Nigeria have been attributed to surficial

erosion which removes greater amount of silt and clay than sanet@&suL987).

Fasinaetal. (2005; 2007a) studied soils formed on granitic parent material of Humid
Southwestern Nigeria. The Ap horimof all the pedons irrespective of their location
on the topography have very high sand content with low clay content. Relatively, low

clay content and high silt fraction charcterised the Ap horizons of soils formed in the
34



prembrian basement complex reckn the Northern Guinea Savanna (Esu and
Ojanuga, 1985; Ezenwa and Esu, 1999). The high content of silt reflects the fact that
most of the soils were formed from coarse colluvial material (Hill wasb)y aeolian
process as loessial deposithis tendgo suggest that erosion is a marked pedogenic
process in this area. Presence of gravel at varying depth is a common feature of those
soils formed in the upland portion of landscape derived from granitic parent material
of Humid Southwestern Nigeria (Okusaand Oyediran, 1985 asinaet al. 2007a).
Similarly, high gravel (8.6746.84%) content were observed in soils developed on
diferent basement complex (quartzsehist, granite and gneiss) of southwestern
region (Aiboni, 2000). Soils formed on basemaminplex were noted to be higher in
gravel content compared to those on sedimentary rocks in southwesten Nigeria
(Ewulo et al., 2000). This dominant presence of gravel in the soils developed on
basement complexes tend to be associated more with the pamtaimthan any

other factor of soil formation.

Particle density of basement complex formed soils in Samaru, Zaria were found to
range between 2.5 g ¢and 2.65g cmi® along toposequend®lalgwi, 1979) The
particle density was observed to increasdwpth in the profile and decrease on the
surface horizons along the toposequence towards the lower slope position (Malgwi,
1979; Idogaet al., 2007). They associated the pattern of distribution of the particle
density with organic matter content of theils. Bulk density was observed to be
lowest in the surface horizon of Samaru soils and increased progressively with depth
(Malgwi etal. 2000; Idogeetal., 2007). This is similar to the findings of Essa@ital.

(2007) in soil developed on gneiss andagtiorite in Cross River Forest zone.. The
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total porosity were noted also to be high in the surface horizon and decreased with

depth.

2.3.3 Chemical Properties

2.3.3.1 Soil pH, Exchangeable Cations and Cations Exchange Capacity

The soil reactio indicates a geneally moderateacidic condition gH 5.3 — 6.2)
(Ojanuga, 1975, 1985; Esu, 198Bssokaet al. (2007) found that there was no
significant difference in the pH of soils developed over different parent material of
basement complex rock¥he valueof pH ranged between 4.3 and 5.6 for betils
ongranodiorite and gneiss. Soil reaction was reported to be almost neutral (pH 6.06
6.73) along a toposequence in Abeokuta (Aiboni, 2000). This was similar to the

findings of Mosugu (1989) in Sudan Savaspds formed on granite parent material.

ExchangeableCa and Mg dominate exchange complex of sois1 basement
complexes in Nigerian savanniksy, et.al, 1987 Kparmwang, 1993Ezenwa and

Esu 1999. Exchangeabl& is ratedmoderate to low. Cation examge capacity of

soils developean basement complexes ameported to beenerally low[6¢cmol (+)

kg™ soil] which may be in agreement with the kaolinitic nature of soil clay and low
organic matter content (Ojanuga, 1975, 1985; Esu, 1880 and Ojanug&l985)
observedhat available nutrients, particulartGa, Mg, K and N are relatively high in

the soils developed on granite and gneiss in the Alfisols in Kaduna area, whereas,
Ezenwa and Esu (1998tated that available nutrients, particulsekchangealelCa,

Mg, K and Na are relatively low. Cation exchange capacity and base saturation
percentage were reported to be low irrespective of landscape position of soils derived
from basement complex rocks (Estal.,, 1987). Similarly, low effective cation
exchange capacity (ECEC) was reported on granite formed soil of southwest Nigeria
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(Fasineet al., 2005). Jaiyeoba (2006) found that variation in base elements and cation
exchangeable capacity are more strongly related to lithology than climatic or relief
paraméeers. However, soil pH and percent base saturation are influenced more by

rainfall than parent material, altitude and slope position.

2.3.3.2 Organic Carbonand Phosphorus

The organic carbon content of many soils formed on different basement complex
parerm materials are low, mostly less than 2% especiallanthernGuinea savanna
(Ojanuga, 1975, 1985; Esu, 19&Fasinaetal., 2005). The low organic matter content
wasreported to be associated with rapid mineralization of organic matter in tropics,
degralative effect of cultivation and other land use and mangement practices (Fasina
et al., 2005). BothEsu and Ojanuga (1983)nd Ezenwa and Esu (199%und that
available phosphorus are generally low to very {@u60— 17.50 mgkd) in soils
formed on theprecambrian basement complex rocks in Northern Guinea Savanna
Esu and Ojanuga (198%ttributed thelow to very low available phosphorus to
presence ofow organic matter in the soilsAvailable phosphorus was found to be
generally limited(5.18 — 9.12 ngkg?) in the granitic soils of BauchHassan and

Raji, 2007) This may beattributedto high content of Fé8.56— 205.00 mgkd) and

Al oxides (16.40 — 164.00 mgkd) in the profiles and recommended phosphorus

application after liming for optimum cropeyd.

Contrary to the nature of the soils developed on basement complex rocks in the
savanna region, Essokaal. (2007) reported that topsoils of the rainforest zone were
had mediumvaluesfor organic carbon, total nitrogen and available phosphorus, but
reduced with depth as observed in the savanna soils.. The medium rating in nutrients
content may be attributed to the flush vegetation in the area. Aiboni (2000) found that
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soils developed ormasement complex in Abeokuta had low to moderate rate of
organiccarbon and moderate to high available phosph@uganic based utrient

content in soils tend to follow bioclimatic pattern than lithology.

2.3.3.3 Micronutrients

Mosuguetal. (1991)in a study onzinc distibution in older granite in Nigerifound

DTPA extractable Zn distributioto bemore influenced by parent material than by
bioclimatic effect. The content of Zinc was adequate in all tleatic zones studied
except for Southern Guinea savanna where it was observed to be deficient. The
influenceof parent materials on content and distribution of micronutrients (boron and
zinc) were studied in Bauchi State, Nigeria (Mustapha and Fagam, 200Ayere
found to be adequate in both Zn and B for crop growth. The result of the study
indicated that parémmaterial only influenced Zn distribution and not boron in the
soils. Content of coppewasfound to below in 50% ofsoils on basement complex
rocks in Galambi District of Bauchi Local Government Area in Bauchi Siigeria
(Mustapha and Singt2003) Iron and Mn were rated high, whereas Zn wasdate
medium in the soils. Olatungital. (2007) reported that micronutrients content of Cu,
Fe, Mn and Zn of soils developed on banded gneisse and quartzite schist parent
material were all adequate as theiruesd were highettn the critical values. Fasina
etal. (2005) also observed adequate levels of Zn, Fe, Cu and Mn in soils derived from
granite in southwest Nigeria. However, only Cu was found to be signficantly higher in
soils formed from quartzite schigarent material than on banded gneiss. Extractable
micronutrients (Zn, Fe, Cu and Mn) were also reporteddmbove the critical
available levels in soil developed on older and younger laterite with patches of biotite

gneiss parent material (Yaret al., 2007). They observed that generally, the
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micronutrient content were lower in the plinthite horizons than thepfiathite
horizons, and higher in the Ap than the subsoil horizons.The lower micronutrient
content in the plinthite horizons implies that giite (iron oxides) will affect

micronutrient content of soils.

2.3.4 Sesquioxides

The profile distribution of various forms of iron, manganese and aluminium oxides
are useful criteria in the interpretation of pedogenic processes, such as podsolization,
gleization and lessivation (Blume and Schwertmann, 1969;eiwd., 1974; Juo,

1981). The presence of amorphous Fe, Mn and Al oxides may have a significant
influence on soil properties such as phosphate retention and aggregate formation (Juo,
1981). Howeve in Nigeria the amount of amorphous iron oxides is relatively small

in most of the Alfisols and Ultisols derived from acidic parent rocks éfab, 1974;

Juo, 1981). The content of oxalsrtractable iron oxides in these soils ranged from

0.05 to 0.2, which comprised less than 10% of the total free iron oxides.

The amount of total free iron oxides present in the soil is influenced by the type of
parent rock from which the soil materials developed. Soils derived from
ferromagnessian rocks, such asdiaand amphibolite, generally contain minogher
amounts of Fe dithionite formAlfisols, Ultisols and Oxisols derived from basic
parent materials is also considerably higher than in soils derived from acidic parent
rocks, although the active iron ratinay not be significantly different (Juo, 1981).
Hassaret al. (2004) observed that the distribution of active sesquioxide ratio within
profiles of granitic soils in Bauchi showed irregular pattern except at the middle slope
position which increased withegth, and they therefore, concluded that the soils are
pedologically older and with greater iron crystallinity.
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Total iron mean value in soils formed from different parent material decreased in the
order; basalts > basement complex > coastal sand > $hale.iron oxides were
higher in well drained soils constituting about 61% of total Fe and only 9% in the
poorly drained soils. Caigration of clay free Fe was observed in the well drained
soils and not in the poorly drained (Udo, 1980). This implies izt drainage

condition and parent material influence distribution of sesquioxides.

Pedogenic distribution of pyrophosphate extractable Fe and Al in plithitic soils in a
landscape developed over basement complex in Zaria, Nigeria showed that the
crystaline form of Fe and Al were higher in the plithitic horizons compared to the
non-plinthitic horizons (Abdourahamane and Yaro, 2007lowever, amorphous
forms (pyrophosphate extractable) of Fe and Al were generally lower in the plithitic

horizons than in theon-plithitic horizons (Abdourahamane and Yaro, 2007).

2.3.5 Mineralogical Properties

Moormannet al., (1975), Ojanuga (1975) and Esu (1987) reported that kaolinite
dominates the clay fraction which tends to influence the CEC of soils developed from
basenent complex rocks Nigerian savannaThis could be due to high weathering
intensity of soils in the tropiasspeciallythe more humid climates (Bu@tal., 1980).

Esu (1987) reported that the subsoil gravel is high in kaolinite and some quantity of
quartz and amorphous form of mica were also reported by Ojanuga (1979).
Moormannetal., (1975) reported that apart from kaolinite dominating soil developed
on basement compleof Ibadan goethite was found in all the soils. The presence of
micas in the clg fraction are indicative of a relatively low degree of weathering in
these soils. Kaolinite was also dominant mineral in the clay fraction of soils formed
on basement complex in guinea savanna of Nigeria qudrtziteschist parent
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material in eastern paof Maharashtralndia (Ezenwa and Esu, 1999; Niranjaate

al., 2005 respectively. Niranjaneet al. (2005 however, reported that quartz and
goethite were additional minerals observed in the clay fractDranage condition

of soils greatly affects #hmineralogy of basement complex roaksgranites and
gneisses(Ojanuga, 1979). Kaolinite is usually less dominant in a poorly drained

environment (e.g. Fadama) as compared to vermiculite (Ojanuga, 1975; Esu, 1987).

Buol etal. (1980) observed that soilsrmed from granites in the cooler and /or more

arid climates tend to have more vermiculltée -montmorillonite in the clay fraction.

Soils formed on schistsere alsoreported to have illite (clay mica) and vermiculite,
except in older and more highlyeathered soils in which kaolinite is predominant,
and in soils in which significaramount ofmontmorillonite is present (Budadt al.,
1980). Soils formed in residuum from chloritic schists are likely to be clayey, plastic,

and rich in montmorillonite,ra possibly contain excessive amounts of magnesium.

Husain (2010) using Xay diffraction, observed that the forest soils developed on low
metamorphicgradeof phyllites and quartzites of different areas of Mussowrgs
characterised by illite as the damant mineral in the silicate clay with appreciable
amount of kaolinite, mixed layer minerals, chlorite and small amounts of vermiculites,

calcite and quartz.

24 GEOCHEMISTRY AND SO IL DEVELOPMENT

Elemental chemistry has been used widely in pedogenetiestadidentify sourcef

soil parent materials. It has also been used to evaluate parent material uniformity in
soil profile, and to measure losses and gains of elements that result from soil

development (Barshad, 1965; Muir and Logan, 1982; Bussaca iagdr,S1989).
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During early pedogenesis, the chemical composition of a soil will be highly controlled
by the composition of the geological parent material, whereas the chemical
composition of mature soils strongly reflects the effects of weathering enérinm
(Bussaca and Singer, 1989; Brady and Weil, 2005; Thanetchit 2006). With time,

soil composition diverges progressively from that of the parent material under the
influence of pedogenic processes determined by vegetation, topography and, in
partiaular, climate. The divergence may be due to redistribution of elements within
soil fabric, between profile horizons and between soils within landsGéeeprocess

of ements mobilization and redistributions variedvese affected differently by
variouspedogenic processes including dissolution of primary minerals, formation of
secondary minerals, redox processes, transportation of materials and ion exchange

(Thanachitet al, 2006).

Pedogenic changes have been assessed usingsssigaioxide ratio (Mahet al,

1972; Bravard and Righi 1989; Yakubu and Ojanuga, 2009). Barshad, (1965), Evans
and Adams (1975) Smeck and Wilding (1980) and Bussaca and Singer (1989) made
use of internal indices to measunesathering and pedogenic developmembre
accurately.Oxides of silicon (Si), titanium (Ti) and zirconium (Zr) total elements
have been used as index elements as they have been reported to dominate quartz,
rutile and zircon minerals (resistant to weathering) respectively (Marshall, 1977) and
their choice werébased on the presence of index element in both soil and parent
material,their resistance to wathering processes and relatig@mobility (Smeck and
Wilding, 1980; Muir and Logan, 1982; Bussaca and Singer, 198®@).use of index
elementsused fordetermnation of relative accumulation (gain) and depletion (loss)

of elements in soilhave been useful in determination of extent of weathering and

42



pedogenic development (ag@lohr et al, 1972; Bravard and Righi 1988ussaca

and Singer, 1989; White, 1995; d& and SmitkAide, 2003; Muhset al., 2001).
Several studies reported titanium to be slowly mobilized in soil profiles by mineral
weathering (Smeck and Wilding, 1980; Bussaca and Singer, 1989), hence Bussaca
and Singer (1989) suggested use of Zr as stablex element. Muhst al. (2001)
reported similar trends in relationship and a similar degree of explanation whether Ti
or Zr was used as stable index elemeZhoice of stable index element should

thereforebe guided by assessment of their relative imifitglin soils.

Pedogenic studies using geochemistry cut across major elements (Si, Al, Fe, Mn, Ti,
Mg, Ca, Na and K), trace elements (Mo, Cu, Zn, Zr, Ba, Co, Ni, Pb, Sr, Y, Th, U, V,
etc), heavy rare earth elements (lanthanide elements; La to Sm) lainchtig earth
elements (lanthanide elements; Eu to L&hdrt, 1961; Huang and Gong, 20@&ide

and SmitkhAide, 2003;Marqueset al, 2004a,b; Caspaet al, 2006; Lasheras Adett

al., 2006; Thanachit al, 2006). Geochemistry of iron and aluminium endlightly

acid and oxidizing conditions indicated relative accumulation, whereas, mobile
cations (Si, Ca, Mg, K, Mn and Na) move to lower position in slope or leached out of
soils (Caspariet al, 2006; Thanachiet al, 2006). Kendrick and Graham (2004)
similarly reported loss of Si, Na and K, and attributed it to loss of feldspar in the soils.
They reported that Si Issn surface horizons was adequate to account for pedogenic
Si accumulation in subsoils and was equivalenanwunt ofpedogenic Fe oxil

hence serve as indicator of relative soil age in the soils. Bussaca and Singer (1989)
reported more enrichment of Si, K, Ti and Zr with less enrichment of Na, Mg, Al, Ca
and Fe in silt fraction of chronosequence in Sacramento Valley, California. Tlee mor

enriched elements may be associated with resistant minerals present in silt fraction,
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whereas Fe may have accumulated in clay fractidarqueset al. (2004b) reported

that trace elements with an enrichment factor VXFK DV 6F 9 &U =U 1E DC
were strongly accumulated in tropical soils. These elements possessed a 3+, 4+ or 5+

charge in their most stable oxidation state in acid, well aerated soils. Tetravalent (Zr

and Th) and pentavalent cation (Nb) occurred as phosphate, silicate or oxid@sminer

that were highly resistant to weathering and therefore persisted in the soils. Divalent

cations (Mn, Co, Ni, Cu, Zn, Sr, Ba and Pb) were depleted (enrichment factor

through leaching process because they cannot-berporated into the molecular

structures of kaolinite, gibbsite, hematite or goethite without causing a charge

imbalance Marqueset al., 2004b).

Study of soil geochemistry is not only important in pedogenesis, but offers @ mean
by which background levels of heavy metals in sails defined, thus leading to
assessment of their behavior in soils and their input as pollutants (Lasherast Adot

al., 2006).

25 CLASSIFICATION OF SOILS DEVELOPED ON BASEMENT
COMPLEX ROCKS

Soils developd on basement complex rocks vary greatly in theippraes resulting

in a wide range of classification. Tomlinson (1965) and KlinkenlaexdjHiggins
(1968)classified the soils developed on basement complex of northern Nigeria using
the French Solil Classification Systeamd identified the soilbetweenZaria, Kaduna

and Birnin Gwari areas to beerruginous Tropical Soilsn sandy parent material and

on crystalline acid rocksEnwezor et al. (1989) used the USDA and the

FAO/UNESCO classification systems to classify the soils as Alfisols and Luvisols
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respedwely. Their classification was based on the characteristics of the soil to be

moderately weathered and leached with high base saturation.

Ojanuga (1979) and Malgwi (1979) classified the soils in the SanmaiZaria
envirorment as Tropaquepts, Haplutdand Paleustalfs. Using the FAO/UNESCO
Soil Legend, Malgwi (1979placed thesoils as Eutric Glyeysols, GtyLuvisols and
Eutric Nitosols. Esu (1982) classified the soils on basement complex rocks within
Kaduna area as Paleustalfs and Ustifluveri®inthustalf and Paleustult were also

recorded in some basement complex of Kaduna area (Ezenwa and Esu, 1999).

One phenomenon common to soils on basement complex rocks, irrespective of zone
is the occurrence of plinthite at variable depth, thereby necesgitatieir
classification as Plinthustalfs or PlinthustuEs¢ and Ojanuga, 1985su, 1987Esu

et al., 1987; Mosugu, 1989 Kparmwang, 1993Ezenwa and Esu, 199%su and
Ojanuga (1985) observed that Plinthustultsre found on the somewhat poorly
draina soils. Fasinatal. (2005) classified soils formed on granitic parent material of
humid Southwestern of Nigeria as Typic Kandiudult, Typic plinthudult,
Psammaquent, Plinthic Hapludox and Typic DystrudEpgbami (1981) observed

that most of the soilseveloped on banded gneiss, granitic gneiss and quastdiist

were classified as Alfisols because of their well developed argillic horizons.

The soils of this study area were classified as Nearly level to gently undulating plains
on undifferentiated basnent complex of @% slope (Mapping Unit 15gFDALR,

1990) The soils are composed of deep, well drained, Typic Haplustalfs; deep well
drained Oxic Paleustalfs; well drained OxicTropudalfs (very gravelly subsoil); and

other soils of minor extent. SimilgrlOjanuga (2006) classified these soils as soils on

gently undulating plains with broad convex uplands had narrow valley, scattered
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vegetated inselbergs and low outcrops. Those at the upland were considered mainly as
Ferric Luvisols, Ferric Acrisols andeRic Cambisols, and those at the valley
bottomlands associated with poor drainage were reffered to as Gleyic Luvisols, Eutric
Fluvisols (FAO/UNESCO). At present, no detailed soil survey (at large scale)
information has beeravailableat theBirnin Gwari area However, the soils have

been studied at reconnaissance level and estimates made of the main soil series in the
major land systenfTomlinson 1965 Klinkenbergand Higgins 1968 Bennettet al,

1979 Enwezoretal., 1989; FDALR, 1990; Ojanuga, 2006

26 MANAGEMENT OF SOILS DEVELOPED ON BASEMENT
COMPLEX ROCKS

The starting point in the management of soils is a clear understanding of their
properties and the processes responsible for them so that appropriate management
techniques can beroffered for a particularsoil or groups ofsoils with similar
ecological conditions(Moormann et al., 1975; Ojanuga, 2006). This calls for
characterization and mapping of soilhe general problem affecting tropical soils
developed on basement comple rocks is th&lrdpcline in organic matter content

after forest clearing, which may be overcome by residue management and appropriate
crop rotationgMoormannet al., 1975). Sanchez (1981) stated that the main limiting
factors within savanna Oxistlltisols include allminium toxicity and phosphorus
deficiency, water stress caused by siemnn droughts during the rainy season and
generally defiency of most other nutrients (Fashal., 2005). Fasinat al. (2005)
recommended appropriate fertilizer use on farm landsdigbining organic and
inorganic fertilizers. These fertilizers should be applied based on appropriate soil test.

Post harvest incorporation of plant residue into soil is recommended instead of the
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usual burning of crop residue. In aseaith occurrencef plinthite or petroplinthite
minimum tillage is recommended along with soil cover (mulch) to prevent further
erosion. Yassogloet al. (2010) studied red soils developed on mica schists and
gneisses adjacent to marble or calcareous mica schists ineGrcecommended

the following management practices; erosion control, preservation of organic matter,
minimum tillage, split application of N using nacidifying fertilizers, irrigation, soil

water conservation, and sheltered agriculture.

Low pH and lowavailable P content in soilermed on basement complean be
improved by careful application of lime to neutral@echangeable aluminurmaby

planting of promiscuous soybeans variety (Onyekveeiad., 2005; Brady and Weill,
2005) thereby making thesmils suitablefor crop productionHowever, in most of
savanna soils the pH is nextremelyacidic to require the use of lime, insteage of

non acidifying fertilizers is dmmended
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CHAPTER THREE

PHYSICAL SETTING AND ENVIRONMENT OF THE STUDY AREA
3.1 LOCATION
The studyarea are located ifour sitessituated within older granitejuartzite mica
schist andnigmatitegneissrocks within the northern guinea savanna ecological zone
of Kaduna StateNigeria (Figure 2). The soils formed on the a#r granitic parent
material were sampled in the south eastern part of Kaduna around Kujama in Chikun
Local Government AreaK@dunaKachiaroute). The older granite sitdies within
latitude 1627'55.7"N to 128 41.4"N and longitude ?°38 30.2"E to 07°39'27.3'E
(Figure 3). Soils developed omigmatitegneiss parent material were sampled in Igabi
Local Government area along KaduBa&rnin Gwari route. The sites lies within
latitude 103504.2"N to 1037'46.6"N and longitude 7722 16.8"E to 07°24'50.3"E.
Soils developed on mieschists parent materials were sampled within Birnin Gwari
Local Government Area (along KaduB&nin Gwari route). Geographically, the sites
lies within latitude 104304.5"N to 104343.2’N and longitude 6°44'59.1"E to
06°46'43.6"E. The soils formed on quartzites parent materials were sampled within
Birnin Gwari Local Government Area, westBifnin Gwari town.The site is situated
between latitude 84'52.6"N and 10°3531.2"N and longitude 6°11'14.0"E and

06°1125.7°E.

3.2 GEOLOGY

The project sites are within éhKaduna plains; a series of nearly level to gently
undulating plains above which rise some ironpapped surfacegalled mesasand
hills of granite and gneissThe underlying geology is the basement complex of

metamorphe and igneous rocks (Mortimore, 1970).
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The wnweathered rocks consist principally of ancient crystalline gmeigsiatites

and several nortlouth running belts of relatively low grade metasediments. The
metasediments are comprised qbiartzites, amphibolites, phyllitesand schists
(Osazuweet al., 1994; Wadrop and Mai, 1994; Oluyide, 1995). These are evident in
the outcroppings to the west of Zaria and throughout the western part of the study area
in Birnin Gwari Local Government Area (kige 3. The rocks are rich in quartz and

low in divalent catios (Bennetetal., 1979).

The oldergranites manifest themselves in the shape of the 1south trending lines
of smooth doomed inselbergs prominents near Zaria and south of Kaduna city (Russ,

1957; Osazuwatal., 1994; Wadrop and Mai, 1994; Oluyid€db).

3.3 GEOMORPHOLOGY AND DRAINAGE

The study areais within the Northcentral High Plain that is more appropriately
identified as the GusakiadunaMinna Plain (Ojanuga, 2006). The am@siss of an
extensive, almost level to gently undulating, sligliigsected plain broken in places
by groups of rocky hills and inselberghese are due to outcrops of granitic gneisses
or quartzite hills and granite whalebacks (Ojanuga, 2006; Mc Curry, 1968 of

the area lies between an elevation 400m (west of Birnin Gwari) and 800m
(southwest of Zaa) abowe sea level The general height differenttween valleys
and adjacent ostal areas is about 20 toM0Typical crosssections consists of (a) a
broad custal area with scattered ironpan capping (b) lolgar, middle slopes of
less than 3and (c) short, steepened lower slopes showing signs of accelerated erosion

(Bennettet al, 1979).

The study areas around Kadugaee drained on thé&lortheastern part by the Kaduna

River and on the west by Tubo River whiis a tributary that drains into th@duna
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River. The Birnin Gwari area is drained by the Kusheriki, Mariga and FTDhoari

Rivers

34 CLIMATE

The climatic data obtained from Kaduna area are the closest statitessoilsites

of soils developed othe older granite and gneiss parent material with available data
on close latitude on the same climatic zone (Northern Guinea Savanna). The climatic
data of Kadundrom Kowal and Knabe (1972% presented iTable1 and the more
recent records from the Kana State Water Board is presented in TablgHe
summary of the climatic data obtained from Birnin Gwari Water Board Weather
Station provide information on the climatiata of the soils formed on mica schist

and quartzite parent materials (Table 3).

34.1 Rainfall
Rainfall is one of the most important climatic factors and its seasonal variability and

amount are of overriding importance in pedological studies.

The seasonal distribution of mean monthly rairdalll the annual rainfall (1286 mm)
for Kadurais presented ifables 1 and 2 The data shoed that the peakainfall in
the areaoccurs in the months aluly, Augustand SeptembemMuch of the rainfall,
particularly betweenduly and Septembervere associated with storms of high
intensity. The more ecent rainfall dataf 1969 to 208 (1079 mm/annum) indicateal
reduction in the annual amount of rainfall compared to earleardsbetween 1921
and 1971 1286 mm/annum The rainfall data (202 mm/ annum) obtained from the
Kaduna International Airponvhich was the weather statiomithin migmatitegneiss
parent material sitalso indicated similar pattern witkkaduna State Water Board

station report.
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Table & Summary of Climatic Data of KadunaArea (1921-1971)
Month Rainfall  Sunshine Insolaion Air Temp. Evapotrans
(mm) (hr) (Cal cnPday’)  (°c) (mm)
Jan 0.5 8.8 89 23.2 129
Feb 25 9.4 118 25.7 138.4
Mar 10.7 8.3 177 27.9 154.2
Apr 71.2 7.7 224 28.0 141.5
May 146.1 7.8 242 26.8 134.4
Jun 178.1 7.3 231 24.9 109.7
Jul 217.2 5.7 207 23.9 96.8
Aug 296.2 4.4 185 23.4 84.3
Sept 275.6 6.4 223 24.3 99.3
Oct 82.6 8.4 232 24.9 114.8
Nov 4.6 9.3 145 23.6 118.9
Dec 0.3 9.3 88 23.3 122.7
Total/ 1286.0 1454.9
Monthly Mean 7.7 180 25.0
Years of 50 15 15 50 15
Record

SourceKowal and Knabe (1972)
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Table2: Summary of Monthly Climatic Data of Kaduna North (1969—2008)

Month Rainfall Rainfall*  Air Temperature(°c) Rel.Hum Evap.
(mm) (mm) Max. Min. Mean (%) (mm)
Jan 00 00 348 148 248 45 208
Feb 00 13 36.3 16.0 26.2 42 262
Mar 29 70 38.0 193 287 55 312
Apr 41.1 454 385 203 294 59 299
May 115.2 122.0 36.0 205 283 78 234
Jun 160.0 1711 325 195 26.0 77 166
Jul 200.8 228 315 20.0 258 78 207
Aug 288.1 307.3 30.0 20.0 25.0 82 164
Sept 222.1 249.8 320 20.0 26.0 78 207
Oct 455 68.9 33.8 185 26.2 61 169
Nov 32 14 345 17.0 258 39 217
Dec 00 0.0 33.8 155 247 45 199
Total/ 1079 1202.1 2149
Monthly Mean 343 16.8 264 56
Years of 1979 1969- 1988 - 2008 2003 1988
Record 2008 2008 2008 2008
Source: Kaduna State Water Board (Kaduna North station).

*(Kaduna Airpor)
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Table 3:

Summary of Climatological Data for Birnin Gwari

Month Rainfall Open Pan Rel. Humidity Temperature
Evapor. Max. Min. Max. Min. Mean
(mm) (mm) (=== %) ( ° )
Jan 0.0 254.7 58.7 051 348 113 231
Feb 5.7 282.8 61.2 07.7 363 136 250
Mar 4.8 315.3 778 088 377 152 265
Apr 54.3 286.5 816 142 36.7 154 26.1
May 143.0 2225 89.2 38.0 340 200 270
Jun 177.7 1794 774 536 319 208 264
Jul 240.4 146.9 916 513 304 198 251
Aug 263.4 154.8 91.8 527 308 199 254
Sept 2214 163 90.7 536 313 200 257
Oct 68.3 1785 883 490 331 179 255
Nov 0.7 198.7 724 170 343 122 233
Dec 00 219.6 58.3 102 343 101 222
Total/ 1,179.7 2,822.3
Monthly Mean 235.2 783 30.1 338 16.8 251

Source

Kaduna State Water Board, BimnGwariMeteorological Station;

(19782004)
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The Birnin Gwari projectsites have distinct wet and dry seasofihe mean annual
rainfall is reported as 1,197.7mm (Table 3) dmel tainy season normallyegins in

April and ends inearly OctoberDuring the months of November to March, the area

iS subject to cool, dry north easterly winds (Harmattan), which yield virtualhgino

Over these months, vegetative growth decreases to a minimum, the soil solum dries
out and pedogenetic processes si@ved down. From April to May, the seasons
change, the moist southesterly winds bring rains, vegetative activities start again

and the processes that develop the soil solum become intensified again.

Rainfall distribution seems to vary from season teseeasimilarly with its starting
and ending. Blair Raietal. (1977)usingdata of Kowal and Knabe (1972pmputed

the length of raining season Kaduna to be 150 day3hey also indicated that the
starting date varies between May 120 to finish in Otober 1st- 10th (Bennetet

al.,, 1979). From this rainfall distribution pattern, soil moisture regime for the study

area is inferred to be usticoisture regime

34.2 Temperature

The meanmonthly record of temperatufeom Kadunashows a range of22°C to
27.0°C in a year.Recent records (19882008)(Table 2)indicated an increase in the
mean monthly temperatur@4,7°C to 29.4°C). The air temperature usually drops
during the hamnattan period of November teeBruary and increases Mharch umil it
attains a peak in pril just before the rains begin. The temperature then drops to a
very low value inAugust and then rises to its secondary peak in October. The mean
annual temperature is about 2&0The mean monthly temperature consecutively

from Februay to October is less thafiG. Therefore, the soil temperature regime may
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be considered as isohyperthermic, as it is expected that the variation will be less in

soil as to the atmospheric temperature.

The Birnin Gwaristudyarearecord indicatedigh mperature, with relaively small
annual rangeThe maximum temperature ranged betw8@#s°C and 377°C with the

minimum temperture ranging from 16Clto 20.8°C.

34.3 Pattern of Radiation

The meanmonthly global radiatiosiand actual sunshirfeursas reorded byKowal
and Knabe (1972) over a 15 year periodKadunais presentedn Table 1 The nean
daily number of sunshine houirs Kaduna area, per annum is 7.7 houwvkile the
monthly global radiations range from 88 to 242 cafamy" with an annuainean of

180 cal cnif day™.

34.4 Evaporation

The mean monthly values of evaporation in Kaduna range between a minimum
average of 84.3mm in Auguahda maximum average of 154.2mmNarch Table

1). The total annual evapotranspiration of 1454.9mm isxiress of the total annual
rainfall of 1286.0mmThe factors responsible for such high evapotranspiration rates
are the high rates of solar radiation and wind acfltvere are only four months in a
year (lateMay to September) when rainfall is in exce$swapotranspiration; over

most of the remaining eight months, ifiésmoisturedeficit in the soil

The climatic data of Kaduna Nortfirable 2) indicated evaporation to be as high as
2149 mm/annum and only three months in a year is when rainfall iscas® of
evaporation, thus increasing the period of moisture deficit in soil compare to earlier

report of Kowal and Knabe (1972). This may be attributed to global warming.
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The mean amount of evaporationrainy season (June to Octobef)Birnin Gwari
area is 2,822.3mm (Table)3Rainfall was observed to be in excess of evaporation
only in the month of July to September as the arasmobserved to have high mean

monthly evaporation (Table 3).

34.5 Relative Humidity

In Kaduna, mean monthly relative humiditange between 39% in November and
82% in August. The peak period of relative humidity is between May to September
which is related to the period of rainfall establishment in the area for the crop growing

season.

The relative humidity of Birnin Gwari shawvthat the mean maximum humidity
decreased from about 91.8% in August to 58.3% in December. The mean minimum
relative humidity ranged between 5.1% and 53.6%. The mean minimum relative
humidity is observed to be greater than 50% only in the months wheallraiare

fully established (>100mm).
34.6 Wind

There are two principal wind currents that influence the climate of the environment.
The northeastradewind brings dry, cool and dust laden air referred to as harmattan.
The other wind is from the southwesind bearingmoisure giving cloudy weather

with thunderstorm (Higgins 1963). The confluence of these two air masses form the
“Intra Tropical Front” (ITF). Following the passage of this front, a single rainy season

occurs across the environmefihe mea wind speed recordedias 1216km daly.
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35 VEGETATION

The study area are situated within the Northern Guinea Savanna zone. It is
characterized by open, subhumid, bréealved savanna woodland vegetation at
varying stages of regwth, with short to medim grasses (Keayl9%). The
vegetation on the wholeas been greatly disturbed either by grazing, burning; tree
falling for firewood and timber, and cultivatioRew of the common woody &e&nd
shrub species in the area includésoberlina doka, Uapacaogoensis, Parkea
clappertoniana, Btterospermum spp Termarindus indica Daniellia oliveri,
Terminalia, Acacia spp  Combretum glutinosumand Detarium microcarpum
(Olorode, 2002; Jackson, 1970; Higgins, 196Bhe area is covered with more
extensive grassesf Aristida, Pennisetum, Andropogon, Hyparrhenia and Ctenium

(Olorode, 2002)

36 LAND USE
The major types of land use in tistudy area include arable farming, forestry,

logging mining, livestock farming as well as industrial and urban development.

A wide range of crops are grown in this zone consisting of grains, roots and tubers,
legumes and vegetables. Farm sizes are usually in the range @h& (Ojanuga,
2006). Arable farmingis based mainly osubsistence farming through a system of
bush falbwing shifting cultivationin areas where population is sparse. Small parcels
of land are cleared and planted to annualpsroThe main food crops include;
sorghum, millet, soyabeanspwpeas, andweetpotatoes. Cash crops inclydeaize,

yam, rice, tomabes, cabbage, carsptonions sugar canegroundnuts, anedowpea
(FDALR, 1990; Ojanuga, 200650me fruit trees include mango, guava cashew and
pawpaw.
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Logging for timber and firewood is vastly modifying the soilscape through soil
compaction by log caying trucks and exposure of soils to erosion owing to removal

of vegetative cover. The government has tried to arrest the situation by setting up a
number of forest reserves for controlled tfaking but these measures dotappear

to havegonefar enogh.

Livestock farming is practicemainly by the Elanis, who rear thanimalseither for
milk production orsubsequenfattening for slaughteMost farmfamilies also own a
few stock of sheep, goatsattleand poultry, which are kept in compounds ardide
groundnut and cowpea haulms as well as sorghum gfalkeg rainy season and

allowed to graze during dry season

Quite often minerals of economic importance are discovered in their natural
environments by farmers or nepecialists. Minerals such gsld, tantalite, kyanite,
clay and iron ore are exploited at a small scale (Oluyide, 1995). Granites have been

quarried for road, slab and tiles construction.
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CHAPTER FOUR

MATERIALS AND METHODS

4.1 FIELD STUDIES
The field study involvd exploratay survey to identify sites;ollectionof ecoclimatic

and geological maps, soil sampling and morphological description of profile pits.

4.1.1. Field Exploratory Survey

Field exploratory survey as conducted for the purpose of identifying suitable
landscap areas for the stud@Zhikun Local Government Area, arround Kujama was
explored for the soils developed on the older granitic parent material site. The
migmatitegneiss parent material site was explored in Igabi Local Government Area
and Birnin Gwari Loal Government Area (along Kaduhagos route) was explored

for themica schist andguartzite sites.

Information was obtained from the ecoclimatological zones map and superimposed on
the geological map of Kaduna State (Fig3) in order toensure that thareas of
studywere within the Northern Guinea Savanna zone. Topaps (1:50,000) were

used to further identify suitable crestal position within each of the basement complex

rocks parent material sites identified on the geological map.

Detailed field sudy waslater carried outby siting and diggingof profile pitsat crest
slope position and their geographical coordinates were established using global

positioning system (GPS; Garmin fr#bde).
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4.1.1 Soil Sampling
To achievethe objective of the sudy, soils vere sampled fromthree profile pits
based on genetic horizoas crestslope position within cultivated fieldsn each of

thefour (4) parent materidbcations of the study area.

4.1.2 Soil Morphological Properties

Soil morphological propeds weredescribed in the field follwing the procedure
describedin the USDA ®il Survey Manual Goil Survey Staff, 1951;Soil Survey

Division Staff, 1993. The following features areobservedand describedsoil depth,

colour, mottling, structure, texte, consistence, horizon boundamypts concretions

and pores

4.2 LABORATORY ANALYSIS

Soil samplescollected from the various pedogenic horizons weiredried in the
laboratory, crushed with porcelain pestled mortar and sieved to remoweaterial
greater than 2mm (gravel). Percent gravel to total sag emlculated. The less than

2mmmaterial was used tarty out Laboratoryanalysis

4.2.1 Particle Size Analysis
Soil samples wredispersed ir5% calgon (sodium hexametappbate) solution on a
reciprocating shaker. The particle size distributiomsdetermined by the hydrometer

method as described by Gee and Bauder (1986).

4.2.2 Bulk Density of the Soils
Undisturbed core samplesre usal for bulk density determination in the laboratory

by oven dryig as described by Blake and kipr (198@).
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4.2.3 Particle Density of the Soils
The particle density asdetermine after the removal of erdgpped air in soils using

the pycnometer method as described by Blake ant&l§t98®).

4.2.4 Total Porosity (T.P)
Total porosity vascalculated mathematically (Danielson and Sutherland, 1986) from
the particle density!f) and bulk density §) of the soils using the formula;

T.P (%)= 100 (1- %)
!
'

4.2.5 Available Water Capacity (AWC) and Water Retention Difference
(WRD)

Available water capacityAWC) was determine by calculaing the difference in
moisture content at field capacity (33kPa) and permandtingvipoint (1508Pa)
pressure(lUSDA, NRCS, 1995using pressure plate method as described by Klute
(1986) from the formulaWater retention difference (WRD) was obtained hg t

formula below (USDA, NRCS, 1995).

AWC (%) = FC (%)~ PWP (%)

Where AWC = Available water capacity
FC = field capacity
PWP = permanent wWiing point

WRD (cm) ={EC (%)— PWP (%} X ( '»/ ') X D

100
Where I, = density of water
Ib) = bulk densityof soil
D = depth of soil horizon in cm.

63



4.2.6 Soil Reaction (H)

Soil pH wasdetermined in both water and 0.01Q4Q; solution at a 1:1 soil/water or
solution ratio. On equilibratiomgH wasread with a glass electrode on a pye Unicam
Model 290Mk pH meter. Delta pH (dpH) valuesHpCaC})-pH (H20)} will be

calculated.

4.2.7 Exchangeable Bases

Exchangeable bases (Ca, Mg, K and Napsdetermind using NHOACc saturation
method as desibed by Thomas (1982). Potassn and sodium asread from the
undiluted extract on a Galenkamp flame analyser. Before the determination of
calcium and magnesiunthe extractsverediluted 10 times with the addition of 2ml

of 6.5% lanthanum chloride solution farevent ionic interference. &ium and
magnesiumwere read on a Pye Unicam model Sp 192 atomic absorption

spectrophtometer (AAS) at 423 and 285 nMawelength respectively.

4.2.8 Exchange Acidity

The soil was leached with 1M KCI solution. Total exchangeidity (H+Al) was
determiné by titration of the extract with standard NaOH solution (Thomas, 1982).
The exchangeable alumirm was determind colorimetrically as described by IITA
(1979). The difference between total exchange acidity and exchangeahleiat

gave the amount of exchangeable hydrogen.

4.2.9 Cation Exchange Capacity
The cation exchange capadftyEC)wasdetermined by the neutralkip/.0) NH,OAc

saturation method (Rhoades, 1982). The affee@ECwasobtaired by summation of
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the exchangdde bases and exchange acidity (IITA, 1979). CEC of clay fractias w
calculated using the method proposed by Sombroek and Zonneveld (1971) as follows

CEC (clay) =CEC (soil)—(3.5% C) x 100
% clay

4.2.10 Base Satuation (BS) Percentage
The base saturation percentageswalculated for both CEC ( Nd@Ac) and ECEC
from the formula:

% B.S=Total exchangeable base400
CEC or ECEC

4.2.11 Exchangeable Sodium Percentage (ESP)
The exchangeable smdh percentage @s calculated as the propg@mn of the CEC
(NH4OACc) occupied bygodium cationsis follows.

ESP =Exchangeable stum x 100
CEC (NHOAC)

4.2.12 Electrical Conductivity (EC)
Electrical conductivity vasdetermine at a 1:2.5 soil/water ratio using a wheatstone

bridge at 3°C (Udo et al, 2009)

4.2.13 Organic Carbon (0.C)
The organic carbowasdetermined by the Wallky-Black dichromate wet oxidation
method as described by Nelson and Somsni#982). Concentrated sulphurcid

wasused as a catalyst to activate the reaction.

4.2.14 Total Nitrogen (T.N)
The total nitrogen content of the soilsasvdetermine using the micreKjeldan

technique as described by Bremner and Mulvaney (1982).
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4.2.15 Available Phosphorus(AP)

Available phosphorus as determiné following the procedure described by IITA
(1979) using the Brayl extraction method (Bray and Kay 1945). The phosphorus
in solution wasdetermine colorimetricdly by the modified single solution procedure

using ascorbicad (Murphy and Riley, 1962).

4.2.16 0.1M HCI Extractable Cationic Micronutrients (Cu, Fe, Mn, and Zn).

Available cationicmicronutrients were extracteditiv 0.1M HCI solutionby shaken

soil pastefor 4 hours and then centrifuged at 10,000rpm. The CuMpeand Zn
contents in the extract was determined on the AAS at 325, 373.9, 280 and 214 m

wavelenghts respectively.

4.2.77 Total Cationic micronutrients (Cu, Fe, Mn, and Zn) by the Aqua-Regia
Acids.

The soil sample asdigested using aquaregia acida mixture of 3 parts of HCl to 1

part of HNQ) but not allowed to dry completelythe digest was transferred using

deionised water and filled to mark (USDA NRCS, 200@)e cations (Cu, Fe, Mn

and Zn) was determined in the solution on the AAS at 325, 328® and 214m

wavelenghts respectively.

4.2.18 Citrate — Bicarbonate — Dithionite (CBD) Extractable Iron and
Manganese (Fg& Mn g).

Free ironand manganeseeare extracted following the method of Mehra and Jackson

(1960) as described by IITA (1979). 8tcontent of Fe and Mn in extrastas

determind after ten times dilution onBye Unicam model Sp 192 atomic absorption

spectrophotometer (AAS) at @8V and 373.9nM wavelengths respectively.
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4.2.19 Acid Oxalate Extractable Iron and Manganese (Fg and Mny)

Amorphous inorganic form of Fe and Mn oxidess extraced usingammonium
oxalate (i1 3) in the dark (Mckeague and Day, 1966) using the modified Tamm’s
methodas described by IITA (1979). Iron and Mn in the extragtre determine

following the methodliscussed in 4.2.16

4.220 PyrophosphateExtractable Iron and Manganese (Fgand Mny)

Amorphous organic fornef Fe and Mn oxidesvas extraced using pyrophosphate
solution as described by Mckeagu#967). Iron and Mn in the extracwere

determine following themethoddiscussed in 4.2.16

4.3 MINERALOGICAL ANALYSIS

4.3.1 Pretreatmentand Separation of Samplesor Mineralogical Analysis
Specimendor mineralogical analysigrere prepared by first n@ving exchangeable
cations, organic matter and sesquioxidesn the samples following the method
described bKunze and Dixor(1986). The samples &re separated by soakimg5%
Calgon solution for 24 hours and then shaken férhaurs. The samples were
separaed by series o§iphoning,centrifugationsand decamttion into the sand, silt

and clay fractions.

4.3.2 X-Ray Diffraction Analysis of the Silt and Clay Fractions

Thessilt andclay fractions vere saturated with magnesium ions amdremade ready

for X-ray diffraction (XRD) analysis at the National Steel aRdw Materials
Exploration Agency, Malali, Kaduna. The mineralogy of the silt and clay fractions
were determined byX-ray diffractometry. Diffraction patternsere obtained using

&X.. UDGLDWLRQ X@ay difragtidmé&tdd XRR6000). The samples were
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stepscanned between 2 and®45 XVLQJ VFDQ QL Qid* ¥tSainpldg Ritch
of 0.020 and a preset time of 0.30 second. Oriented specimens wea grby air

drying on a standard glass slide for the examination.

4.33 Total Elemental Oxides Analysis
The total elemental oxides analysis of the soil samplese warried out at the
National Geoscience Research Laboratories Centre, Barnawa Kabhmabtal
elemental oxides were determined usingergy dispersing Xay fluorescence
(EDXRF) XRF SPEC (Minipal 4). The < 2 mm soil samples were further grind to 150
—P DQG WKH SRZGHUHG VDPSOHV ZHUH XVHG IRU WKH DQ
setwere asfollowed:

(1 Mo filter at 30 kV for rare earth elements

(i) Kapton filter at 20kV for Si, Al, P, etc

(i) Filter (none) at K kV for alkaline and alkaline earth elements.
The relativeintensity of weathering of total elemental oxidess determined by
choosingtitanium as thesuitable indexing elemenMarshall, 1977;Muhs et al.,
2001). The relative gain or loss of element was estimated using relative retained

element (Ro) formul@White, 1995; Caspastal., 2006).

Ro = Xn x Tip
Where X, = element of interest in horizon to estimate
Xp = element of interest in parent material (rock)
Tih = index element (Titanium) in horizon to estimate
Tip, = index element (Titanium) in parent material (rock).
Ro >1 = Relative accumulation of element (Gain
1 = No relative accumulation or depletion of element
<1 = Relative depletion of element (Loss)
0 = Element absent in soil.
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4.4  STATISTICAL ANALYSIS

Descriptive statistics (standard skewness and /or standard kurtosis) were used to
assess the normal dibwtion of data for the parameters analysed in the laboratory
(Agbenin, 1995; StatPoint, 260 Values outside the range of +1.96 indicated
significant departure from normality (StatPoint, 300The data of parameters that
were not normally distributed we analysed using ngwarametric approaches. The

list of parameters that were normally and not normally distribatedpresented

below.

A Normally Distributed Parameters

Physical properties: Total sand, silt, clay, bulk density, particle density, field

cgpacity and permanent wilting point.

Chemical propertiespH (H:0), pH (CaCl 0S+ . H[FKDQJH DFLGLW\
saturation (summation), base saturation (SACc),
exchangeable sodium percent, organic carbon, iron
(dithionite, pyrophosphate and total), clegri

dithionite ratio, manganese (total) and zinc (total).

Total elemental oxides: ADs, BaO, CyOs, CuO, FeOs, Mn,0O3;, SiO, and

TiO.

B Skewed (NoiNormally) Distributed Parameters

Physical properties: Gravel, very coarse sand, coarse sand, medium sand,
fine sand, very fine sand, Silt/ clay ratio, total porosity,

available water capacity and water retention difference.
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Chemical propertiesCa, Mg, Na, total exchangeable bases, effective CEC,
CEC (NHOAc), CEC (clay), EC, TN, AP, Fe
(available), Cu (availdb, total), zinc (available),
Fex/Fes, Mn (available), Ma Mn,, Mny, and

Mnox/Mng.

Total elemental oxides: CaO, &x», K-O, MoG;, NiO, PbO, RO, SrO,

Y,0s5, ZnO and Zr@.

Two factorAnalysis of variancéANOVA) wasusel to analyse the variation tveeen

the mrent materialand between the surface and subsoil horiaogsiag complete
randomized design (RD). The four (4) parent materiatnd horizongsurface and
subsurface)were regarded as the treatments, whereas, the three profiles on each
parent material were considered as the replicatio@srrelation analyses ave
conductedto determine the relationship between the parameters. The data of
parameters that were normally distributed were analysed parametricsityg
Statgraphic Centurion X¥Yompuer software package® determine the relationships

betweerthe varous soil parametefStatPoint, 208).

Kruskal Wallis non parametric one way ANOVA test was used to compare difference
between the various parent materials. Ma@vinitney nonparametric #est was used

to compare difference between surface and subsoil horizons. Spearmann rho ranked
correlation was used for the non parametric data. Parameters that had significant
difference were then contrasted using Fisher’'s Protected Least SignifickareDike

(LSD) test. All the statistical analyses were carried out at 95% confidence level. Non
parametric test were carried out using statistical package for social science (SPSS

Statistics 17.0).
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4.5  SOIL CLASSIFICATION
Solil classification was carried outaccording to the USDA systemSoil Taxonomy

(Soil SurveyStaff, 2A0) andWorld Reference Base for Soil Resources 2006 (FAO,
2006)
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CHAPTER FIVE

RESULTS AND DISCUSSIONS

5.1 MORPHOLOGICAL PROPERTIES

Soil morphological properties consiger include soil depth, structure, consistence
concretions, roots, poresand horizonation.Summary of thee morphological
properties are presented in Tadleanddetails of profile descriptianare given in

Appendix A.Detail morphological properties atiscussed below.

5.1.1 Soil Depth

The soils wee generally deep to very deep (1:3390cm).Soils on older granites

(OG) were very deep ranging between 183cm and 190cm and had no major
restrictions within the pedor{Plate 1) The soils on quartzit§®Z), micaschist(MS)

and migmatite gneis@iG) were very deep except for pedons QZ1, MS2 and MG1
that were deepTable 4) The depth of some soils on quartzites and mica schist were
restricted due to presence of ety decomposedocks (QZ1, MS2 and MS3Plate

2 and3) encountered between 14 and 72cm. @Bpths of soils on migmatite gneiss
were all restricted by the presence of concretions and plinthite within #8cm
depths(Plate 4) The depth of plinthite were within range of those reported byOshe
and Buol (1998) and Yaro (2005) on soils developed on landscape position in eastern
Madre de Dios, Peru and on plinthitic landscape on upper slope to crest positions on

basement complex of Zaria respectively.
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Table 4 Morphologicalpropertiesof the pedonsf studied areas

Depth Munsell colour Mottle Texture Structure Consistence BoundaryOtherfeatures
Horizon (cm)  Moist Dry colour Wet Moist  Dry
SOILS ON OLDER GRANITE
Profile - OG 1
Ap 0-26 10YR 4/2 7.5YR 3/2 - SL Imsbk sssp fi sh cw Very few thin clay cutans on ped faces;
common fine pores; many fine roots
Btl 26-75 7.5YR 4/6 7.5YR5/8 - C 2vcshk sp fr h cw Few thin clay cutans on pores; many
medium pores; few medium roots
Bt2 75-119 7.5YR 5/8 7.5YR 5/8 - GSCL 2mabk ssp fr vh ds Very few thin clay cutans on pores;
commonvery fine res few very fine roots
BC 119183 7.5YR 4/6 7.5YR 4/6 - SCL  1lmabk sspo fr h - Few fine mres few very fine roots;
common weathered oldgranitic rocks.
Profile - OG 2
Ap 0-17 7.5YR4/3 7.5YR 3/2 - SL 2msbk sssp  fi h cw Common fine pores; many very fine
roots
Btl 1770 10YR 3/6 10YR4/6 - C 3cdhk sp fr h gw Common fine pores; many very fine
roots
Bt2 70-190 10YR 5/6 10YR 6/8 - SCL  2msbk ssp fr h - Few fine pres many iron concretions.
Profile - OG 3
Ap 0-23 7.5YR3/2 7.5YR5/4 - SL Imsbk sssp fi sh gs Common medium pores; many fine
roots
BA 2357 7.5YR4/4 7.5YR5/4 5YR 4/6 CL lvcdhk sp fr sh gw Very few thin clay cutans on pores;
common medium pores; common
medium roots
Btl 57-121 7.5YR4/6 7.5YR 5/8 - CL 2vcabk sp fr sh di Common fine pores; few medium
roots
Bt2 121185 10YR 5/6 10YR 5/6 5YR 4/6 C 2msbk fr h - few fine pores; few fine roots
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Table 4 Cond.:

Morphologicalpropertiesof the pedonsf studied areas

Depth Munsell colour Texture Structure Consistence BoundaryOtherfeatures
Horizon(cm)  Moist Dry Wet Moist  Dry
SOILS ON QUARTZITES
Profile - QZ 1
Ap 0-14 10YR3/2 10YR 4/2 GSL  1msbk sssp fi h gw Few fine pores; few fine roots.
AC 1440 7.5YR 4/4 7.5YR5/4 VGSL 1fc sssp i h o] Common fine rootscommon
weathered quartzites.
C1 40-98 7.5YRA4/6 7.5YR 5b EGC 2mc sp fi h as Few fine pores; few fine rogtsommon
weathered quartzites.
c2 98135 7.5YR4/6 7.5YR5/6 SCL 1mc sp fi h - Few common pores; encountered
weathered quartzite cks.
Profile - QZ 2
Ap 0-19 7.5YR4/4 7.5YR5/4 SL Imsbk sopo fr S gs Commonfine pores; many fineoots.
Btl 1951 7.5YR4/6 7.5YR5/8 SC Imdbk sp fr h gw Common medium pores; comméne
roots
Bt2 51-84 7.5YR 4/6 7.5YR 5/8 C 2msk sp fr h di Very few thin patch cutans on animal
channels; few fine pores; few fine
roots; ant channels and nests
Bt3 84-139 5YR 4/6 5YR 6/6 25YR 4/6 SC 2msk sp fr h dw Vew mediumpores
Btc 139187 5YR 4/6 5YR 6/6 25YR 4/6 SCL 1mabk sp fi vh - Few medium pres; common iron
manganese concretion
Profile -QZ 3
Ap 0-19 7.5YR4/4 7.5YR5/4 SL lcabk sopo fr sh gs Few very finepores;commonveryfine
roots
AB 1940 10YR4/4 10YR 5/4 SCL  2vcsbk sp fr h gw Common medium pores; common
medium roots
Btl 40-63 7.5YR 4/6 7.5YR 6/6 C 2msk sp fi sh cs Very few thin patch clay cutans on
pores; common very fine pores; few
very fine roots
Bt2 6397 7.5YR 4/6 7.5YR 6/6 C 2msk sp fi vh gw- Few fine pores; feweryfine roots
BC 97167 10YR 5/6 10YR 5/8 SC 2msk sp fi h - Few medium pores; few weathered

quartzites; encountered weathered
quartzite rocks at 167cm.
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Table 4 Cond.: Morphologicalpropertiesof the pedonsf studied areas

Depth Munsell colour Mottle Texture Structure Consistence BoundaryOtherfeatures
Horizon (cm)  Moist Dry colour Wet Moist  Dry
SOILS ON MICA SCHIST
Profile - MS 1
Ap 0-18 10YR3/2 10YR 4/3 - SL 1mabk sp fi sh gs Few thin continuous clay cutans on

pores; many fine pores; common
medium roots
Btl 1854 10YR4/6 10YR 5/6 - SCL 2msbk sp fr sh gw Few moderate clay cutans on root and
animal channels; many fine pores;
common medium roots
Bt2 54-177 10YR4/6 10YR 5/6 - SCL  1msk sp fr sh - Very few thin patch clay cutans on
pores; many fia pores; many fine roots.

Profile - MS 2

Ap 0-16 10YR4/3 10YR 5/3 - SL Imsbk ssp  fr sh gw Commonmediumpores; many very fine
roots

Btc 1637 7.5YR4/6 7.5YR5/6 5YR 5/8 SCL 1msk sp fi vh gw Fewfine poresfew fine roots

BC 37-72 10YR5/2 10YR 5/2 7.5YR 5/8 GSCL 1msk sp fi h o] Very few thin cutans on root channels;

few fine pres few medium roots;few F®n
concretions

C 72-143 10YR5/2 10YR 5/2 7.5YR6/8 GSCL 1cp sp fi vh - Few fine mres few fine roots;
encountered fraated rocls.

Profile - MS 3
Ap 0-19 10YR4/3 10YR 5/3 - SL 2msbk sssp  fi sh gw Very few moderate clay cutans on
termite channels and ped faces;
common fine pores; few fine roots; few termite
channelsand nestscommon medium pores;
many fine roots
Bt 1942 7.5YRA4/6 7.5YR 56 - CL Imp fr h o] Common fine pores; few edium roots
C1 4296 7.5YR5/2 7.5YR6/3 - SCL 3mp sspo fi sh di Fewfine pores; fewery fineroots
c2 96-168 10YR 5/2 10YR 6/2 - SCL 2mp sssp fr sh - Few fine pores; fewnedium roots
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Table 4 Cont.: Morphologicalpropertiesof the pedonsf studied areas

Depth Munsell colour Mottle Texture Structure Consistence BoundaryOtherfeatures
Horizon (cm)  Moist Dry colour Wet Moist  Dry
SOILS ON MIGMATI TE GNEISS
Profile -MG 1
Ap 0-15 7.5YR3/4 7.5YR4/3 - SL Imabk sssp fr h gs Very few (patches) thin clay cutans on
pores; many fine pores; common very
fine roots; few ant channels
Bt 1547 5YR5/8 5YR6/8 25YR 488 SCL 3mdbk s fr h cw Very few thin clay cutans on pores; few
fine pores; common very fine roots
Btcvl 47-103 2.5YR 4/8 2.5YR 5/8 25YR 48 SCL  2msk sp fr h as Few fine pres commoniron —
manganese concretions
Btcv2 103147 2.5YR 4/8 2.5YR 5/8 - GSCL 1fsbk sspo fi h - Few fine poresmany iron-manganese
concretions; encountered petroplinthite.
Profile - MG 2
Ap 0-18 7.5YR4/4 7.5YR5/4 - SL Imabk sssp i h cs Common fine pores; many very finmots
AB 1844 7.5YR5/4 7.5YR 6/6 - CL lcabk o fi h gs Few malerate humus cutans on ped
faces; common fine pores; few very
fine roots
Btl 44-78 5YR 4/6 5YR 6/8 - C 2cdhk sp fr sh dw Common medium pores; few very fine
roots few termitechannels
Bt2 78123 5YR 5/8 5YR 6/6 - CL 2msk sp fr h aw Commonfine pores; few very fine roots
very few termitechannels
BCcv 123167 2.5YR 4/8 2.5YR 6/8 - GSCL 2mc  sssp fr h - Very few (patch) thin clay cutans; few
fine pores; many iron-manganese
concretions; encountered petraophiite.
Profile - MG 3
Ap 0-25 7.5YR4/3 7.5YR5/4 - sl Imabk sssp i h cw Common fine pores; many very finmots
Btl 25-47 5YR5/8 5YR 6/8 - SCL  2cdk sp fi h dw Few fine pores; few very fine roots
Bt2 47-89 5YR5/8 5YR 6/8 - C 2msk sp fr h as Very few thin clay cutans on pores and

deccay roots; few fine pores; few very fine
roots; few iron nodulecommon fine pores;
very few termitechannels

BCcv 89162 2.5YR 4/8 2.5YR5/8 25YR 48 GSCL 1msbk sp fr h - Few fine pores; many iroroacretions;
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encountered petroplinthite
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Plate 1: Older granite pedon with horizons Plate 2: Quartzite pedon showing saprolite
differentiation and traces of saprolite (OG1)  weathering (QZ1)

T

Plate 3: Mica schist pedon indicating platy  Plate 4: Migmatite gneiss pedon with
structure (MS3) plinthite, concretions and traces of
saprolite (MG3)
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Earlier studies by several workers (Fagbami, 1981; Raji, 1995; Ezenw&sand
1999; Idogeet al., 2007) attributedhe extent of soil depth to parent materialosion

and slope of the area. Ogunkunle (2009) reported that soils on upper to mid slope
position developd on basement complex rocksere found to be deep and attribd

shallow depttoncrest to erosion process.

Solil depth restriction due to parent materials (QZ12M8d MS3)and plinthite (all

soils on MG) could be managed by construction of contour ridges and bunds to
improve the soils for quality seedbed and @ase rooting depth (Kareg al., 1991,
Odunze, 2006; Senjobi and Ogunkunle, 20The practice of contour ridges along
with cultivation of cover crops could conserve the soils against surface runoff erosion
that might expose the plinthite horizons to lardrreversibly and render the soil
unsuitable for arable crop production (FAO, 2006; Fasinal, 2007a; Senjobi and

Ogunkunle, 2011).

5.1.2 Soil Colour

Variation in soil colour was generally more pronounced between horizons than
between soils on theifterent parent materials. Surface horizonsreveominatly

dark brown andbrown colours (7.5YR3/2 and 7.5YR 4/4 moist). Other notable
colours within Ap horizonsvere dark yellowish brown and very dark grayish brown
(10YR 4/2 and 10YR 3/2, moist). The &drown colouratiorof surface horizon (Ap)

was attributed to humification resulting in melanization (Raji, 1995).

Strong brown (7.5YR 4/6, moistgolour dominated the Bt subsfacd horizon
indicating braunification as a significant pedogenic procesardng in these soils
(Buol et al., 1980). Ande (2010) reported similar occurrence inssifmed on

basement complex roskn the humid tropical rainforest of Nigerinower horizons
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of the sulsurface horizons we observed to vary between 10YR, 7.5YRI &YR in

soils on older granite (OG), quartzite (QZ) and mica schist (MS). Red (2.5YR) colour
was observed in all the pedons migmatite gneiss (M The yellowish red to red
colour dominatingat lower subarfacehorizors wereattributed to ferritizatioqprocess
(Fanning and Fanning, 1989; Raji, 1995). This great variation in colour noted in the
profiles from surface to lowest part of the subsamfe reported by other workers in
different parts of Nigeria (Raji, 1995; Ogunkunle, 2009; Yakubu and Oja20g®,
Ande, 2010). Brady and Weil (2005) attributed red or brown colours in subsoil to

presence of oxidized iron oxidaswell drained uplands in thedpics.

Few to many mottles of red (2.5YR 4/6) and yellowish red (5YR 4/6) colours were
observed in som subsrface horizons of some gfedons formed in the different

parent materials andere aggregating to form Rén concretion or nodules.

Soils on quartzite and micschists parent materials welbbeown (7.5YR 4/4) in the
surface horizonsSubsurface horizons of soils on quartzites weodservedto vary
between strong brown and dark yellowish brown (7.5YR 4/6 and 10YR 4/6, moist)
colours, whereas, the subsoil of mica schists were brown to grayish brown (7.5YR 5/2
and 10YR 5/2, moist)Soils developed omigmatite gneiss varied between dark
brown and brown (7.5YR 3/4 and 7.5YR 4/4) in the surface horizons. Therfades
horizons vaied between dark yellowish browand yellowish brown (10YR 4/6 and
10YR 5/6,moist) colours, withyellowish red (5YR 4/6jew to manymottlesin some

parts of the suturfacehorizons aggregating to form #n concretions or nodules.

5.1.3 Soil Texture
All surface horzons of soils in this study were found to be sandy loam with the

exception of pedon bn quartziteand pedon3 on migmatite gneisswhich was
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gravelly sandy loam and sandy clay loaespectively. The coarse textured surface
characteristic is a common feature associated with soils formed from basement
complex rocks(Esu, 1987; Eswet al, 1987; Ezenwa and Esu, 1999his may be
attributedto erosiorof fine particle by surface run off down the slope from the crestal
position and their illuviation into the subsoils (Esual., 1987; Maniyunda, 1999;
Fasinaet al., 2007a; Ande, 210). Ridging and incorporation of crop rdsies with

farm yard manure when carried out at land preparation would control soil erosion,
crusting and improve physicochemical conditions of crop root zones (Adeoye, 1985;

Tarawalietal., 2001; Odunze, 2006).

The subsoils on older granites were domihyantay and clay loam, with gravelly
sandy clay loam and sandy clay loam in the lower portion ofusisze horizon®f
pedons 1 and ®n older graniteThis may be attribwgd to coarsive nature oblder

granite parent material.

The subsurface horizons ebils formed on quartzites parent material were mostly
sandy clay and claysoil texture changgwith increase in depth within Btorizonsof

soil profiles in the order of clay to sandy clay to sandy clay loam in deeper horizons
and mightbe attributed to eluviation- illuviation of clayto form zone of maximum

clay accumulation (argilluviation). The swlvface horizon®f pedon 1lon quartzite
were characterised by high amount of gravels influencing their textural classification
to be very gravelly sandy dn and extremely gravelly clay, thus indingt
weathering procedseing active and pedogenesis had not yet reached advanced stage
in the soil The subsoils of soils formed on mica schist were dorminantly sandy clay
loam, except for presence of grasiel pedon2 on mica schisaffecting soil texture to

be gravelly sandy clay loam.
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Migmatite gneiss subsoils were characterised by presence of clay, clay loam and
sandy clay loam. The lowekbrizonsof all pedonson MG weregravelly sandy clay

loam. The graelly particlewas attributed tglinthization of these horizon&imilar
findings werereported on lateritized basaltic soils and on plirghiandscape in

NorthernGuinea savanna of Nigeria (Kparmwang, 1983d Yaro, 2005).

5.1.4 Soil Structure

Most ofthe soils in this study were found to be medium-aobular blocky with few

fine and coarse blocky structures. The structures were mostly moderately developed
with few strongy and weakly developed. Pedon 1 on quartaitess observed to
develop weak fine ahmoderate medium crumb structures in the subwadilsh tend

to be associated with recent formation. The subsoils of MS3 were completely medium
platy structure and the lowest horizon of pedonrn2mica schis{C horizon) was
weakly coarse platy structuredhe platy structure in the mica schist swtece
horizonswere associated with the nature of parent material, and developrhent
structure tend to be transformed into blocky structure as obtained in pesdomita

schist Soils on OG hdcoarser and singly developed blocky structure than soils on
MG. Structural development of the soilgerethereforeconsidered to be in the order

of MS < QZ < MG < OG.

5.1.5 Soil Consistence

Theconsistences dfurface horizosiweregenerally slightly sticky and sligly plastic

(wet) except for pedon® and3 of quartzites that were nesticky and nosplastic
(wet). In the subsoils, they varied between sticky and slightly plastic (wet) and sticky
and plastic (wet) consistence. The increase in cohesion and adhessisterme
feature of these soils down the profilwas related tancrease inlluviation, as was
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observed witlsticky and plastic (wet) consistence in the argillic horizons having clay
or clay loam texture.

All the soils were oberved to vary between fralasnd firm (noist) consistence.
Under dry condition, most of seihad slightly hard to hard consistence, except for
pedon 2on quartzitevherethe surface horizon was soft (dry). This may be attributed
to high content of sand in the horizon. Very hardyJdronsistence were observed in
few subsoils horizons of pedons QZ2, QZ3 and MS2 veard found to be witim the
argillic horizons. This aliged with the findings ofRaji (1995) and Maniyunda (1999)
on ancient sand dunes of Sokoto and on loess and hbatsearaplexes of Funtua

respectively that increase in consistenses attributed to increase in clay content.

5.1.6 Horizonation

Generdly, horizonation was more pronoumtdetween the Ap and subsoil than
within the subsoil horizonsSurface horizons of sis formed on older granites and
migmatite gneiss were generally clearly wavy to gradually smooth, and may be
asaibed to melanization from the humification of organic matter in the Ap horizons.
The surface horizons of soils on quartzites and mica scnigtdvbetween gradually
wavy and smooth. Horizodifferentiations in the subsoils weraostly gradually

wavy and some few were gradually to diffusely irregular horizonation. Transitional
horizons were virtually in all the differersoils They have combirk features of
corresponding horizons with diffuse wato irregular boundary. This was also noted

by Ande (2010) in pedons of upper to crest slope position on basement complex rocks

in thehumid Tropical Rainforest of Nigeria.

The wavy boundary observed i@ common in all the soils developed in different

basement complex parent materiadgild be attributed toultivated ridges in most of
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the siteswhere furrows ponded water influendehe movement of materials into the

profiles.

The presence of clay cusand motéswere helpful in horizon differentiation in the
sub-soils. The subsoil horizons afigmatite gneissvere characterised by presence of
plinthite. Platy structure was found only in soils on mica schistveasdattributed to
the nature of paremhaterial (mica schist) asdisintegratesnddecomposesto soil.
Horizondifferentiations wereabrupt in the lower subsdiorizons ofsoils formedon

migmatite gneiss parent material amere associated to the formation of plinthite.

5.1.7 Miscellaneous Observations

Surface(Ap) horizons and the transitional horizons (AB, BA and AC) had common
medium pores to common fine pores. The upper portions otifabshorizons hd
common fine pores and the pores decreased in density and size with incgsh.in

This may be attributed trglluviation into the pores

There were many fine to common very fine roots observed in the Ap horizons of soils
formed on the different parent materials. The immediate horizons underlying Ap
horizonswere obsened to hae common medium roots to many fine roots. However,
soils on migmatite gneiss had few very fine roots. Generally, the density and size of
roots decreased with increase in soil depth. High density of roots in Ap and their

correspondingransitionalhorizonscould bedue to zones of root activities.

Thin clay cutans were observedporespaces soil surfaces and root surfagasmost
of the pedon®f the different parent material aimticaing that the B horizons had
argillic horizons (Soil Survey Staff,020). Presence of few ants and termite channel

and nestsvere observedvithin the various soil profiles indicdalg some degree of
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faunal pedoturbation within tke profiles (Buolet al., 1980; Fanning and Fanning,

1989).

The presence of iron and manganesecretions along with mottles in B horizons of
some of the pedons in each parent materials indicaeumulation and aggregations

of iron and manganese oxides resulting in plinthization. Plinthigs more
pronounced in the soils formed on migmatiteigsand might be attributed tevel
nature of crest and parent material with period of pedogenic exposure resulting in

increased Fe illuviatian

The presence of several inselbergs of older granitic rock (Plate 5) in the study sites
indicated that the sds developed from older granitic parent materidlse several

hills of mica schist with exposed parent material undergoing weathering (Plate 6) and
the undulating topography assisted in identification of sites for soils formed on this
parent material. Siifarly, ridges of quartzite rock (Pla&&a and7l found in the site

of soils formed on quartzite parent material andpitesence of weathered quartzite in
pedonl on quartziteestablishesheir formation on this rockMigmatite gneiss sites

were mostly fane crest with some meso relief of exposed petroplintRitde 8)

5.2 SOIL PHYSICAL PROPERTIES

The parameters considered under soil physical properties include particle size
distribution, particle density, bulk density, total porosity and masretention at
various levels. Data fgparticle size distribution and sand subfractieere presented

in Tables5.
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Plate 5: Inselberg of older granite on site Plate 6: Weathered mica schist with
coarse flakes

-_A;y&. e g:: L =/ U4 A 2 3 g J X < j
Plate 7a: Quartzite hill showing Plate 7b: Quartzite hill undergoing
North-South ridge weathering

Plate 8: Migmatite gneiss site showing plain
crest with exposed petroplinthite mound
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Tableb: Particle size distribution and textural class€soils of studied areas

Pedon Depth Gravel Sand subfractions Total Silt Clay Si/C Texture
VCS CS MS FS VFS Sand
(cm) (- e GKG™ oo )
Soils on Older Granites
Pedon OG 1
Ap 0-26 10 135 253 104 59 100 651 227 122 1.86 SandyLoam
Btl 26-75 40 193 108 41 31 18 391 187 422 0.44 Clay
Bt2 75-119 200 225 192 70 35 29 551 167 282 0.59 Gravelly Sandy Clay Loam

BC 119-183 80 238 198 82 49 44 611 147 242 0.61 Sandy Clay Loam

PedonOG 2

Ap 0-17 20 111 216 138 62 64 501 247 162 1.52 SandylLoam

Bt 17-70 30 96 131 73 38 32 371 227 402 0.56 Clay

Btc 70-190 90 238 185 78 47 43 591 167 242 0.69 Sandy Clay Loam
PedonOG 3

Ap 0-23 40 97 171 111 66 89 531 327 142 2.30 SandylLoam

Bt 23-57 30 113 126 74 47 51 411 247 342 0.72 ClayLoam

Btc 57-121 50 68 90 62 46 65 331 287 382 0.75 ClaylLoam

Btc 128- 160 40 63 79 48 32 48 271 287 442 0.65 Clay
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Table5 Cond.:

Particle size distribution and textural classésoils of studied areas

Pedon Depth

Gravel Sand subfractions Total Silt Clay Si/C
VCS CS MS FS VFS Sand
s — e )

Texture

(cm)
PedorQZ 1
Ap 0-14
AC 14-40
C1 40-98
c2 98 —135
PedornQzZ 2
Ap 0-19
Btl 19-51
Bt2 51-84
Bt3 84-139

Btc 139-187

PedornQZ 3

Ap 0-19
AB 19-40
Btl 40-63
Bt2 63-97
BC 97- 167

Soils on Quartzites

300 39 128 220 194 108 691 227 82 2.77
500 47 131 219 161 91 651 207 142 1.46
770 118 189 70 46 25 371 207 422 0.49
160 106 126 116 110 73 531 147 322 0.46

60 34 138 286 213 99 771 147 82 1.79
70 82 153 160 88 a7 531 107 362 0.30
50 93 120 108 60 34 414 127 462  0.27
60 1117 128 131 90 31 491 127 382 0.33
40 117 132 135 91 42 511 147 342 0.43

90 48 154 254 209 84 751 147 102 1.44
60 73 194 208 116 59 651 147 202 0.69
150 128 152 97 45 29 451 127 422 031
50 105 130 79 45 32 391 147 462 0.32
90 125 136 91 62 36 451 167 38 044

Gravelly Sandy Loam
Very Gravelly Sandy Loam
Extremelly Gravelly Clay

Sandy Clay Loam

Sandy Loam
Sandy Clay

Clay

Sandy Clay
Sandy Clay Loam

Sandy Loam
Sandy Clay Loam
Clay

Clay

Sandy Clay
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Table5 Cond.:

Particle size distribution and textural class€soils of studied areas

Pedon Depth Gravel Sand subfractions Total Silt Clay Si/C Texture
VCS CS MS FS VFS Sand
(cm) e — L — )
Soils on Mica Schists
PedonMS 1
Ap 0-18 30 85 134 160 123 108 611 227 162 1.40 SandylLoam
Bt 18-54 20 82 115 109 105 79 491 207 302 0.69 SandyClaylLoam
Btc 54-177 30 103 115 112 103 58 491 207 302 0.69 SandyClaylLoam
PedonVsS 2
Ap 0-16 40 57 126 175 186 146 69.1 187 122 1.53 SandylLoam
Bt 16- 37 320 113 125 103 93 77 511 207 282 0.73 Gravelly Sandy Clay Loam
BC 37-72 240 114 108 83 90 56 451 227 322 0.70 Gravelly Sandy Clay bam
C 72-143 30 82 109 104 76 27 398 273 329 0.83 ClayLoam
PedonMS 3
Ap 0-19 90 38 116 148 156 73 531 367 102 3.60 SandyLoam
Btl 19-42 260 107 129 88 87 80 491 267 242 1.10 Gravelly Sandy Clay Loam
Bt2 42 -96 110 98 112 86 95 120 511 267 222 1.20 Sandy ClayLoam
BC 96-168 70 84 109 100 126 72 491 287 222 1.29 Sandy Clay Loam
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Table5 Cond.:

Particle size distribution and textural classésoils of studied areas

Pedon Depth Gravel Sand subfractions Total Silt Clay Si/C Texture
VCS CS MS FS VFS Sand
(cm) s —— s — )
Soils on Migmatite Gneises
PedonviG 1
Ap 0-15 50 126 203 133 63 93 618 233 149 156 SandyLoam
Bt 15-47 40 136 151 82 54 55 478 193 329 0.59 Sandy Clay Loam
Btcvl 47-103 150 108 118 77 67 41 418 213 369 0.58 ClayLoam
Btcv2 103 —147 470 188 178 81 56 55 558 153 289 0.53 Gravelly Sandy Clay Loam

PedonMG 2

Ap 0-18
AB 18-44
Btl 44-78
Bt2 78-123

BCcv 123-167

PedonMG 3

Ap 0-25
Bti 25-47
Bt2 47-89
BCcv 89-162

30 70 216 117 80 120 618 273 109 2.50
20 89 136 86 57 70 438 213 349 0.61
40 89 100 70 44 55 358 213 429 0.50
30 98 122 80 44 54 398 213 389 0.55
470 190 167 77 49 54 538 173 289 0.60

0 100 216 183 71 48 618 173 209 0.83
30 90 150 134 54 43 478 173 349 0.50
20 79 98 85 65 51 378 173 449 0.39
340 115 137 110 84 52 498 173 329 0.53

Sandy Loam

Clay Loam

Clay

Clay Loam

Gravelly Sandy Clay Loam

Sandy Clay Loam

Sandy Clay Loam

Clay

Gravelly Sandy Gy Loam
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5.2.1 Particle Size Distribution

Gravel content varied between 10 and 200 (mean, 53), 40 and 770 (175), 20 and 320
(113) and 0 and 470 (122) gkef total soil in the older granites (OG), quartzites
(QZ), mica schists (MS) and migmatite gnesg{MG) respectively. There was no
significant variation in the mean values of gravel content of soils between surface and
subsurface horizons. However, it was observed that there was significant difference in
the mean values of the gravel content of sbésween parent materials. The soils
variedsignificantly in their mean values of gravel from each other in the order of QZ

> MG > MS > OG. The variation in gravel content might have been influenced by
extent of weathering of parent materials and plintioraprocess in soils on MG. The
mean high value (122 gk of gravel in soils on migmatite gneiss was ascribed to
aggregation of iron oxides to form nodules. Kparmwang (1993) and Yaro (2005)
attributed formation of nodules by iron oxide to advance irogedic age. The higher
proportion of gravel was peculiar to Btcv horizons and low in other subsoil horizons
of MG, and was similar to soils formed on the older granites. Sand dominated particle
size fraction of fine earth (< 2mm) portion in all soils fodrieom the different parent
materials. This confirms previous findings on soils formed on basement complex
rocks in different regions of Nigeria (Malgwi, 1979; Esual., 1987; Maniyunda,

1999; Malgwiet al, 2000; Odunze, 2006; Mustapha and Fagam, 2683inaet al.,

2007; Vonciretal., 2008; Obi and Akinbola, 2009; Ande, 2010).

Total sand fraction ranged between 531 and 651 (mean, 591), 691 and 771 (738), 531
and 691 (611) and 618 (618) gkin the surface horizons of older granites, quartzites,
mica schists and migmatite gneisses respectively. Correspondingly, the subsoil
horizons values also varied between 271 and 611 (441), 371 and 651 (495), 398 and

51.1 (479) and 358 and 558 (454) gkdhere was no significant difference between
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the means of sanparticles of various soils on the parent materials, though the
particles vary in the decreasing order of QZ (mean, 547)gkgMS (515 gkd) >

MG (492 gkg) > OG (482 gkd). The variation indicated that soils on parent

materials that metamorphosedrr sedimentary rock seem to have higher sand

particles than those from igneous origin.

The sand fraction in surface (Ap) horizons were found to be significantly higher than
in the subsoil horizons. The sand particles contents decreased with increasthin dep
within the soil profiles, but increased in the BC and C horizemsresaprolitewas
encountered. The distribution patteright be attributed to the degree of weathering

of parentrocks. The decrease in content of sand in thedizonmay be attriblgd to
illuviation of clay into the Bt horizondt was noted that there was no significant
difference as with regard to the interactive effect of parent material and horizons on
sand particle distribution®©n further comparism of the various aggregateigies of

sand, the very coarse sand, coarse sand and mediumwsescdot significariy
different, while the coarse sandas significantly higher thafine sand and very fine
sand Therewas no significant difference observed between the mean valueseof fi
sand and very fine sand/hen the meangalusof each of the sand subfractions were
tested statistically, all subfractions were sigaiftly different both betweeparent
materials (Figuret and Table6) and between the surface and subsurface horizons
(Table7). The mean values of very coarse sand were statisticalljasifor OG and

MG, though OG wa significantly higher than QZ and MS whialere & par. Coarse
sand subfraction veasimilar for OG, QZ and MG, and was significantly higher than
MS. Medium sand fraction of soil onugrtzite was significantly higher thaoils on

OG, MS and MGhbut values in soils 080G, MS and MGwere at par. The finsand
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Table6: Ranking of means gihysical propertiesf parent materials

Parameter  Unit Older Quartzite Mica Migmatite SE+ LOS
Granites Schist Gneiss

Gravel gkg™ 52.7d  175.0a 112.7¢ 130b 751 *
V.coarse sand gkg™ 143.4a 87.1c 87.%bc 113.7ab 191 **
Coarse sand gkg* 159.0a 143.6a 118.0b 153.2a 133 *
Medium sand gkg™ 80.1b  155.3a 115.3b 101.2b 1.38 **
Fine sand gkg* 46.5b 108.7a 112.7a 60.6b 1.01 **
V.fine sand gkg* 53.0 56.4 81.5 60.8 0.97 NS
Total sand gkg™ 481.9 546.7 515.3 4918 3.87 NS
Silt gkg™ 228.2ab 155.6¢ 247.5a 197.6b 2.04 **
Clay gkg™ 289.3 297.7 237.2 3105 3.24 NS
Bulk density Mgm'™ 1.55 1.50 1.52 1.52 0.05 NS
Part density Mgm™* 2.62 2.60 2.60 2.60 0.01 NS
Total porosity % 40.8 42.1 41.8 43.3 257 NS
Field capacity % 18.0 171 20.4 19.6 215 NS
PWP % 11.2 10.9 10.3 111 1.47 NS
AWC % 6.8b 5.7b 10.1a 8.4a 3.02 *
WRD cm 6.2 3.0 7.8 4.8 1.85 NS
Si/C - 0.97ab 0.82b 1.25a 0.79b 0.20 *

LOS (P): NS > 0.05, *70.05, * " 0.01
Note: Means followed by the same letters in the rows are not significantly different
at5% LOS.
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Table 7 Ranking of means gfhysical propertiesf horizons

Parameter  Unit Surface Subsurface SE+ LOS
Horizon Horizon

Gravel gkg™ 63.3 140.5 257 NS
V. coarse sandgkg™ 78.3 116.2 091 *
Coarse sand gkg* 172.6 134.a 0.91 **
Medium sand gkg™ 164.1a 97.5b 1.13 **
Fine sand gkg* 122.8a 69.9b 1.15 **
V.finesand gkg* 94.3a 52.1b 0.55 **
Total sand gkg™ 639.4a 468.8b 181 **
Silt gkg™ 231.8a 194.7b 137 *
Clay gkg™ 128.8b 336.5a 1.19 **
Bulk density Mgm™ 1.49 1.53 0.02 NS
Part density Mgm™* 2.60 2.60 0.02 NS
Total porosiy % 42.42 41.95 0.01 NS
Field capacity % 12.53b 20.66a 1.02 **
PWP % 5.92b 12.49a 0.54 **
AWC % 6.62 8.01 0.77 NS
WRD cm 1.89b 6.47a 093 *
Si/C - 1.93a 0.62b 0.13 **

LOS (P): NS > 0.05, *70.05, * " 0.01
Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.
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subfractions of QZ and MS were statistically similar and significantly greater than OG
and MG which were at par. Mean values of very fine sand sloinawere not
statistically different for all the soils. The nature of variation in the sand subfractions
were similar to trend reported by Bugtlal., (1980). They stated that soils formed in
saprolite from mica schists tend to be silt and less cobaese those formed from
granitic and gneissic saprolite$he mean values of surface horizons of coarse,
medium, fine and very fine sands were found to be highly significant (P < 0.01) than
their subsoil horizons. The subsurface horizon of the very ceargk was observed

to be highly significantly greater (P < 0.01) than the surface horizon (Table

The silt particle varied between 227 and 327 (mean, 267), 147 and 227 (174), 187 and
367 (260) and 173 and 273 (226) gkip the surface horizons of oldgranites,
quartzites, mica schists and migmatite gneiss respectively. Tiserfadehorizons
corresponding values varied between 147 and 287 (215), 107 and 207 (151), 187 and
367 (243) and 153 and 213 (189) gkdhe proportion of silt in the surface (Ap
horizons were found to be significantly higher than the subsoil horizons. This finding
agree with that of Maniyunda (1999) and Yaro (2005) for soilsarthern guinea
savannaegion. Most of the soils tend to have regular distribution of silts iowari
subsoil horizons with slight decreagath increasd in soil depth. Similar findings

were reported by Obi and Akinbola (2008) Basement comples of southwestern
Nigeria. The parent materials indicated a highly significant difference (P< 0.01) in
silt content. This implid that, parent material influengssilt content of soils formed

on different basement complex rocks in the study area. On comparing their means
values, it wa observed that soils on mica schist parent material were not significantly

different withthosedeveloped on older grangeHoweverin silt content micaschist
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soils were significantly higher than soils emgmatite gneissand quartzite in silt
content. The soils on older granite amgigmatite gneisses were found to be
significantly higher than soils on quartzites. Thevas no significant difference
observed as with regard to the interactive effect of the parent material and horizons on

silt distribution

Clay content were found to range between 122 and 162 (mean, 142), B22a(89),

102 and 162 (129) and 109 and 209 (156)'gkgespective surface horizons of older
granites, quartzite, mica schists and migmatite gneisst ¢tesponding sulisface
horizons valusranged between 242 and 442 (345), 142 and 462 (355#P329

(278) and 289 and 449 (357) gkgThe proportion of clay in the surface (Ap)
horizons were found to be significantly lower (P<0.01) than the subsoil horizons.
Mean clay content in the subsurfames aboutthree times greater than the mean
surfacevalues. The increase in clay with soil depthattributed toerosion ofclay in

the surface horizoand illuviationinto subsurface horizon, as was also reported by
several researche(®januga, 1979; Esu, 1982; Kparmwang, 1993; Raji, 1995; Obi
and Akinbda, 2009). Faning and Faning (1989), Van Ranst and De Coninek (2002)
and Obi and Akinbola, (2009) attributed the process to surface coarsening and/or
subsurface thining through translocation (lessivage, solution and gravitation setting).
Surface winnowingnvolves preferential removal of fine grains from the surface. The
clay content increased with depth to its peak within the Bt horizons and decreased
thereafter with depth. T& indicaéd possible clay migration by eluviations
illuviation processes redig in argilluviation. Thiswas further affirmedby the

presence of clay cutans in soil pores, animal channels and ped surfacesvasheoe
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significant difference between mean values of clay particle of soils on the different

parent materials.

The siltclay ratio varied between 1.52 and 2.30 (mean, 1.89), 1.44 and 2.77 (2.00),
1.40 and 3.60 (2.18) and 0.83 and 2.50 (1.63) in the surface horizons of older granite,
quartzite, mica schist and migmatite gneiss respectively. Correspondingly, the subsoil
horizons values varied between 0.44 and 0.75 (0.63), 0.27 and 1.46 (0.50), 0.69 and
1.29 (0.90) and 0.39 and 0.61 (0.54). @iltlay ratio was highest in the Ap horizons,
followed with a sharp reduction in the subsoil horizons and reeddairly constant,

but increased within AC, BC and C horizons. The higher ratio in the Ap horizons
compared to subsoil horizons may be attributed to eluviation of clay from the surface
horizons and their erosion down the slope from crestal posisoreported also by
Esuet d., 1987). Higher silto clay ratio in the AC, BC and C horizons compared to
other horizons within the subsoilsight be acribed to low degree afeatheringin
horizon overlying and withinsaprolite horizons as indicated by Sombroek and
Zonneveld (1971)out differ in ratio probably due to weathering processes. The
silt/clay ratioat surface (Ap) horizons were found to be significantly higher than the
subsoil horizons (p < 0.01), thus implying that the subsoil significantly weathered
compared to the surfacorizonMean values ofilt to clay ratio othe soilswere all

higher than the 0.15 critical value considered to be highly or intensively weathered
(Van Wambeke, 1962; Nwokoclet al., 2003; Yakubu and Ojanuga, 2009), hence

soils in this studyvere corsidered to be moderately weathered.
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5.2.2 Particle Density 1)

Partide density values for the surface horizons were found to vary between 2.58 and
2.64 (mean, 2.61), 2.56 and 2.64 (2.60), 2.56 and 2.62 (2.59) and 2.56 and 2.61 (2.58)
Mgm? in the older granites, quartzites, mica schists and migmatite gneiss
respectively. The corresponding subsoil horizon values varied between 2.56 and 2.64
(2.62), 2.56 and 2.62 (2.60), 2.55 and 2.68 (2.60) and 2.56 and 2.64 (2.60) Mgm
(Table8). There was no signigant difference observed in mean values of the particle

density both between parent materials and between surface and subsurface horizons.

This might imply that the soils were formed from similar geological formations
(basement complex rocks). Mean valoéparticle density for these soils were within

the range of 2.60 to 2.75Mghreported for mineral soil by Brady and Weil (2005).
The mean values fell slightly below the values reported for some Samaru soils
(Kowal, 1968; Yaro, 2005), but were also withvalues reported by Idoget al.

(2007) along a toposequence at Samaru Nigeria. Particle density values of soils on
older granites increased from surface horizons to subsoil horizons and remain fairly
constant in the subsurface horizons, whereas soilsiigmatite gneiss increased in
their particle density with increased in depth within the subsurface horizons. This
implied that the soil forming process was insitu and were similarly reported also by
Buol et al. (1980) and Malgwieet al. (2000). Esu (1982)t@mibuted lower values of
particle density to presence of organic matter. The particle density values of quartzite
and mica schist soils were irregular in the subsurface horizons. This may be

associated with the geological formation of the parental mieria
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Table8:

properties of the soilstudied

Bulk density, particle densityptal porosity and water retention

Pedon Depth Bulk  Particle Total FC PWP AWC WRD
dersity density porosity
(cm) (- Mgm® ----) (- % -) (cm)
Soils on Older Granites
Pedon OG 1
Ap 0-26 1.58 2.58 38.76 8.6 3.7 4.9 2.01
Btl 26-75 1.64 2.63 37.64 205 153 5.2 4.18
Bt2 75-119 1.69 2.62 35.50 201 130 7.1 5.28
BC 119-183 1.71 261 34.48 179 14.1 3.8 4.16
PedonOG 2
Ap 0-17 149 261 42.91 11.1 6.5 4.6 1.17
Bt 17-70 1.43 2.63 45.63 19.4 10.6 8.8 2.89
Btc 70-190 1.68 2.62 35.88 242 11.0 13.2 33.26
PedonOG 3
Ap 0-23 152 264 42.42 14.2 9.1 5.1 1.78
Bt 23-57 1.44 256 43.75 18.0 128 5.2 2.55
Btc 57-121 1.44 2.65 45.66 21.6 13.2 8.4 7.74
Btc 128- 160 141 2.63 46.39 224 138 8.6 7.76
Soils on Quartzites

PedormQZ 1
Ap 0-14 156 256 39.06 10.8 5.7 5.1 1.11
AC 14-40 ND 2.58 ND 10.6 5.6 ND ND
C1 40-98 ND 2.61 ND 229 16.0 ND ND
C2 98 - 135 1.53 2.63 41.83 25,6 181 7.5 4.25
PedonQzZ 2
Ap 0-19 1.53 259 40.93 6.7 4.5 2.2 0.64
Btl 19-51 142 2.62 45.80 174 128 4.6 2.09
Bt2 51-84 145 257 43.58 209 17.1 3.8 1.82
Bt3 84-139 152 261 41.76 21.1 16.7 4.4 3.68
Btc 139-187 1.64 256 35.94 21.1 157 5.4 4.25
PedornQZ 3
Ap 0-19 1.24 264 53.03 7.8 3.6 4.2 0.99
AB 19-40 1.52 259 41.31 11.7 9.2 25 0.80
Btl 40-63 1.50 255 41.18 20.0 5.9 14.3 4.93
Bt2 63-97 1.38 2.64 47.73 215 4.4 11.1 5.21
BC 97-167 1.64 259 36.68 20.6 17.2 3.4 3.90

ND: Not determine
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Table8 Contd: Bulk density, particle density, total porosity and water retention
properties of the soilstudied

Pedon Depth Bulk  Particle Total FC PWP AWC WRD
dersity density porosity
(cm) (- Mgm® —) e Yprrormmm e ) (cm)

Soils on Mica Schists

PedonvS 1

Ap 0-18 151 2.62 42.37 153 8.9 6.4 1.74
Bt 18-54 1.40 2.61 46.36 20.8 135 7.3 3.68
Btc  54-177 1.38 2.68 49.63 219 123 9.6 9.26
PedonMS 2

Ap 0-16 1.43 2.56 44.14 23.0 5.1 17.9 4.10
Bt 16- 37 1.70 2.59 34.36 199 124 75 2.68
BC 37-72 1.79 255 29.80 10.3 55 4.8 3.01
C 72-143 1.56 2.60 40.00 279 140 139 154
PedonMS 3

Ap 0-19 1.48 2.60 43.08 11.3 6.1 5.2 1.46
Btl 19-42 1.66 2.63 38.78 185 120 6.5 241
Bt2 42-96 1.45 2.56 43.36 19.7 103 94 7.36
BC 96168 1.34 256 47.66 219 123 9.6 9.26

Soils on Migmatite Greisses

PedonMG 1

Ap 0-15 1.48 2.58 42.64 12.0 57 6.3 1.40
Bt 15-47 157 257 38.91 19.0 11.2 7.8 3.92
Btcvl 47-103 1.58 2.58 38.76 221 142 7.9 6.99
Btcv2 103 —147 1.61 259 37.84 20.5 138 6.7 4.75
PedonMG 2

Ap 0-18 150 2.56 41.41 10.3 4.1 6.2 1.67
AB 18-44 1.58 2.56 38.76 194 122 7.2 2.96
Btl  44-78 152 2.62 41.98 23.0 134 9.6 4.96
Bt2  78-123 1.39 2.63 47.15 195 13.0 6.5 4.07
BCcv 123-167 158 2.64 40.15 143 11.7 2.6 1.81
PedornMG 3

Ap 0-25 161 2.61 38.31 19.3 8.0 11.3 455
Bti 25- 47 1.45 257 43.58 252 114 138 4.40
Bt2 47-89 1.40 2.64 46.97 24.8 11.2 13.6 8.00
BCcv 89-162 1.48 2.63 43.73 24.7 147 10.0 12.28
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5.23 Bulk Density })

The bulk density were found to vary betwe®.49 and 1.58 (mean, 1.53), 1.24 and
1.56 (1.44), 1.43 and 1.51 (1.47) and 1.48 and 1.61 (1.53)Mgnthe surface
horizons of older granites, quartzites, mica schists and migmatite gneisses
respectively. The corresponding, subsoil horizons valuesd/aetween 1.41 and 1.71
(1.56), 1.38 and 1.64 (1.52), 1.34 and 1.79 (1.53) and 1.39 and 1.61 (1.52) Mgm

(Table 8).

Bulk density values of the surface horizons were observed to be lower than the subsoil
horizons except for pedasm 1 and3 on older grang, though, there vgano significant
difference observed between the surface and subsurface soils. Higher bulk density
values ofsurface horizonsnight likely be ascribedo surface compaction due to
mechanical or animal traction, and better structural ldpweent in subsrface
horizonsand was similarly reported in Nigerian savanna &1, 1982; Raji, 1995;

Raji et al., 1996). Bulk densitywaluesvaried irregularly in the subsoils, except for
soils on migmatite gneissvhere valuesdecreased with deptind then increased in

the lowest horizons. Thigould be related to the plinthic horizons similar
observations were made by sevavatrkers (Daniektal., 1978; Perkins and Kaihula,
1981; Yaro, 2005). Highest values of bulk density in the subsoils ebeservedn the

Bt and BC horizons where there is maximum clay accumulatorroborating the
findings of Andersonet al. (1988) and Raji (1995)hough therevas no significant

correlation observeldetween bulk densityith clay particlesn these soils

5.2.4 Total Porosity
Total porosityvaluesrangel between 38.76 and 42.91 (41.36), 39.06 and 53.03
(44.34), 42.37 and 44.14 (43.20) and 38.31 and 42.64 (40.79) ptceespective
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surface horizons of older granites, quartzites, mica schists and negraissed-or

the corresponding subsoil horizons valuanged between 34.48 and 46.39 (40.62),
36.68 and 47.73 (41.49), 29.30 and 49.63 (41.24) and 37.84 and 61.72 (44.08)
percent.There was no significant difference in mean values of total porosityeen

parent materials. This implied that parent materials did not significantly influence soil
pore spaces. Bulk density, gravel, very coarse and coarse sand particles significantly
influenced soil total porosity negatively (r =0.348* - 0.921**, - 0.543** and -

0.303* respectively (Table 9) The significant negative correlation with these soils
physical properties imply that their increase in soil will contribute to temtum soil
porosity (Brady and Weil, 2005). Therefore, addition of organictenahs a

management option will improve total porosity of the soils

The surface horizons weobsered to have higher total porositsluescompared to
subsoils, though natatisticallysignificant. The valuewere simiar to those reported

by Malgwi etal. (2000), but slightly higher than those reported by Idetgd. (2007).

The surface values tend to support free water movement, good aeration anél ease
root penetration (Malgwet al., 2000). Total porosityalueswerefound to decrease

with depth n the subsoils of OG, QZ and MG soils. The lowest values were observed
in the subsoils horizons that have plinthite concretions. The irregular decrease in
valuewasas low as 34% in the lowest horizons (BC andn@yht be associatedith
presence of saplite and poor structural development. Low values noted in the
horizons directly underlying Ap ight likely be associated with crust formation in
cultivated soils of savanna environment as reported by other researchers (Kowal,
1972; Jones and Wild, 1975; Adye, 1985; Brady and Weil, 2005) in savanna soil of

Nigeria.
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Table 9:

Correlation matrix for physical propertéstudied areas

Gravel VC. Sand C. Sand M. Sand F. Sand VF. Sand Sand Silt Clay
VC. Sand 0.170
C.Sand -0.004 0.356*
M. Sand -0.053 -0.487%** 0.297*
F.Sand 0.182 0.525%* -0.064 0.814**
VF. Sand -0.015 -0.447** 0.049 0.502%* 0.630**
Sand 0.129 -0.096 0.611%* 0.721%* 0.605** 0.592%*
Silt -0.192 -0.255 -0.296* -0.177 -0.002 0.411* -0.193
Clay -0.077  0.299 -0.423** -0.639%** -0.651%** -0.753%** -0.878*** -0.299
Si/C -0.090 -0.376 0.148 0.414* 0.486** 0.775%* 0.540%* 0.618**  -0.826**
BD 0.294* 0.547%* 0.301* -0.147 -0.104 -0.152 0.084 -0.100 -0.033
PD -0.051 0.006 -0.090 -0.240 -0.243 -0.173 -0.206 -0.013 0.207
TP -0.348*  -0.543** -0.303* -0.086 0.057 0.170 -0.157 0.104 0.102
FC -0.031 0.110 -0.455** -0.370** -0.257 -0.482%** -0.597%*** -0.142 0.649*+*
PWP 0.105 0.317* -0.314* -0.427** -0.300* -0.570*** -0.582%** -0.197 0.662*+*
AWC -0.168 -0.025 -0.328* -0.262 -0.198 -0.153 -0.226** -0.028 0.207
WRD 0.015 0.249 -0.388** -0.537%** -0.365** -0.485*** -0.176 0.000 0.529%+*
LOS (P): * 70.05,* " 0.04 *** "
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Table 9 Cord.: Correlation matrix for physical propertiestudied areas
Si/C BD PD TP FC PWP AWC
BD -0.001
PD -0.177 -0.246
TP -0.020 -0.776%* 0.217
FC -0.554** -0.119 0.300* 0.148
PWP -0.633** 0.154 0.231 -0.058 0.673***
AWC -0.144 -0.283* 0.155 0.234 0.723*** -0.005
WRD -0.437** -0.051 0.342* 0.048 0.652*** 0.231 0.690***
LOS (P): * 70.05,* " 0.0, *** "
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5.2.5 Field Capacity

The water content at field capacity were found to range between 8.6 and 14.2 (mean,
11.30), 6.7 and 10.8 (8.43), 11.3 and 23.0 (16.53) and 10.3 and 19.3 (13.87) percent in
the respective surface horizons of older granites, quartzites, mica schists and
migmatite gneisses. Values for the underlying horizons ranged between 18.0 and 24.2
(20.51), 10.6 and 25.6 (19.42), 10.3 and 35.4 (21.80) and 14.3 and 25.2 (21.25)
percent. There was no significant difference between water retention at FC for soils
developedon different parent materials and may be attributed to similarity in particle
size fractions (sand and clay content) in the soils as they were observed to
significantly influenced water retention at field capacity (¥ 6.597***, 0.649***)

(Table 9). Thesurface horizons were observed to retain less amount of water than the
subsoil horizons, except in pedon 2 of mica schist. The water content at field capacity
for soils on older granites and quartzites tend to increase with depth, except for pedon
1 on olcer granite which had a decreasing pattern in the subsurface horizons with
increase in soil depth. Soils on migmatite gneiss followed similar pattern with those of
OG and QZ, except that there was a decrease in field capacity in the horizons with
concretios compared with immediate overlying horizon. This may be attributed to
concretion effects which reduces pore spaces, thereby reducing amount of water retain
at field capacity (FC). The subsoils were significantly higher in water retention at
field capacity (P<0.01) than surface horizons. This may be attributed to the
distributive pattern of soil particles within the profiles. This was confirmed by the
highly significant negative correlation between sand fragments and total sand particle
(r values for coarssand,-0.416**; medium sand,0.525**; fine sand;0.398**; very

fine sand;0.454*; total sand;0.597**) (Table 9). This implies that sand negatively

influenced moisture retention (positively drain moisture). Increase in clay content in
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subsoils conthuted significantly to moisture retention as indicated by highly
significant correlation (P< 0.001; r = 0.649**). This was corroborated by Betsdh

(1994) and Yaro (2005). Similarly, the Si/C ratio negatively correlated though highly
significant with FC, implying that coarse material encourages drainage of moisture,
whereas finer materials retains higher amount of moisture retention. There was a
weak negative correlation between bulk density and FC indicating that bulk density
(compaction) reduced wateetention at FC, but not significant. Particle density (PD)
was observed to be positively associated (r = 0.300*) with water retention at field

capacity.

5.2.6 Permanent Wilting Point (PWP)

Water content at permanent wilting point (PWP) varied from&9.1 (mean, 6.43),

3.2 to 5.7 (4.60), 5.1 to 8.9 (6.70) and 4.1 to 8.0 (5.93) percent in the respective
surface horizons of older granites, quartzites, mica schists and migmatite gf@sses.
the subsurfacéorizons valus varied from 10.6 to 15.3 (130, 4.4 to 18.1 (12.61),

5.5 to 14.0 (11.60) and 11.2 to 14.7 (12.68) perc€he values were similar to
findings of Maniyunda (1999) but slightly lower than values reported by Esu (1982)
in soils of Kaduna area and may be attributed to the higher algrean soils of the
Kaduna area studied by Esu (198Zhere was no significant difference in water
retention at PWP between the soils formed from the various parent materials.
Similarly, particle size distribution and pore spaasgactors that influeced water
retention at FCinfluenceal water retention at PWP. Thigas confirmed by the highly
significant correlation betweewater retention at FC and PWP (r = 0.673*fhe
surface soil significantly retained less amount of water compared to the subsoll

horizons (P < 0.01) and was due to significant amount of clay in subsoils compared to
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surface horizonsThe soils were observed to have inconsistent pattern of moisture

retention at PWP within the subsoil horizons of their profiles.

5.2.7 Available Water Content (AWC)

The available water content (AWC) was found to range between 4.6 and 5.1(mean,
4.87), 2.2 and 5.1 (3.83), 5.2 and 17.9 (9.83) and 6.2 and 11.3 (7.93) percent in the
respective surface horizons of older granites, quartzites, mica schistsigmdtite
gneisses. The corresponding subsoil horizon wataaged between 3.8 and 13.2
(7.54), 2.5 and 14.3 (6.26), 4.8 and 22.6 (10.20) and 2.6 and 13.8 (8.57) percent. From
the mean values only soils on MS have the capacity to retain enough moisture to
support plant growth, as was within 9.5 to 12.5% considered adequate for plant
growth by FAO (1979).The soils were observed to vary significantly (P < 0.05) in
mean values of AWC between the different parent materials in the order of MS > MG
> OG > (Z. Coarse sand and total sand contents were found to significantly correlate
negatively with AWC (r =0.328%*, -0.383** respectively). This implied that coarse
sand might be the main fraction of total sand that significantly contributed to decrease
in AWC with increase in its content. Other fractions had similar influence, but were
not significant in their contribution to reduction in AWThe surface horizons were
observed to be lower in their AWC compared to the stiasehorizons, except for
pedons QZ 3MS 2 and MG 2wherethe surface horizons AWC were higher than
some of their subsoil horizorend might be due to lower bulk density values in
surface horizons causirnigcrease in pore space for more water retenibean values

of AWC were notstatisticdly differert betweensurface and subsoil horizons.vas
observed that therevas no regular variation pattern shown in the AWC within the

profiles of the various soils. Thereforeariation in nature of surface and subsoil
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horizons dd not significantly influence AWC of these soils as does the parent

material from which the soils were formed.

5.2.8 Water Retention Difference (WRD)

Water retention difference (WRD) was observed to vary between 1.17 and 2.01
(mean, 1.65), 0.64 and 1.11 (0.91), 1.46 and 42143) and 1.40 and 4.55 (2.54)
percent in the surface horizons of older granites, quartzites, mica schists and
migmatite gneisses respectively. Tyaues for thecorresponding subsoil horizons
varied between 2.55 and 33.26 (8.48), 0.80 and 5.21 (28),and 34.48 (9.79) and
1.81 and 12.28 (5.41) percenthere was no significant difference between soils
formed on the different parent materialhe subarfacehorizons were significantly
higher (P < 0.0pin WRD compared to the surface horizaasd tte relationship had
been attributed to the trendparticle size distribution and bulk density within the soil
profiles. The Spearmann rho’s correlation coefficient for non parametric data
indicated particle size distributions played a significant rolaéndistributive nature

of WRD, whencompared to factors such as bulk density, particle density and total
porosity (P > 0.05) (Tabl8). The correlation coefficierthetween WRD andoarse
sand, medium sand, fine sand, very fine sand, total sand an@giteitb were highly
significantly and negativelycorrelated (Tabl®), except, for clay particle that wa
positively correlated and is highly significant (r = 0.529**T)his implied that finer
particles in the soils had higher WRD, and tetadgfluencethe micreporosity than

total porosity which @ not have significant positive effect on the WRD of the soils
and was also reported byaro (2005). Water retention differenceignificantly
correlatednegatively with chemical properties such as organibaair =-0.384**)

and total nitrogen (r =0.480***). This implies that as WRD increases, dilution also
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increases andould eventually cause leaching of these nutrients and soluble salts in
these soils.

53 SOIL CHEMICAL PROPERTIES

The soil chemical poperties consideredare soil reaction, exchangeable bases,
exchange acidity, cation exchangeable capacity, base saturation, exchangeable sodium

percentage and electrical conductiatydare presented in Tablé.

53.1 Soil pH

The soil pH was foundotvary between 5.49 and 6.25 (mean, 5.76), 6.01 and 6.11
(6.02), 5.84 and 6.13 (5.95) and 5.70 and 6.41 (6.02) in the surface horizons of older
granites, quartzites, mica schists and migmatite gneisses respectively. The
corresponding, subsolil horizons veduvaried between 5.48 and 6.29 (5.87), 5.78 and
6.27 (6.01), 5.90 and 6.44 (6.27) and 5.30 and 6.90 (6.05) (Table 10). Soils on OG
were rated strongly acid and MG rated strongly acid to neutral, whereas, soils on both
QZ and MS were rated moderately tmbtly acid (Soil Survey Division Staff, 1993).

This implies a need to avoid use of acidifying fertilizer on the soils on OG and MG as
it may renders nutrients inavailable for crops utilization. From the statistical analysis,
it was observed that there wase significant variation in pH both between parent
materials and between horizons (Tables 11 & 12 respectively). This is contrary to the
findings of Jaiyeoba (2006) that pH values of soils in Nigerian savanna were
significantly influenced by difference parent materials. The contrary opinion might

be because all the soils of this study were developed on basement complexes; hence

variation might not be as reported by Jaiyeoba (2006).
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Tablel0: Chemicalproperties ofoils of the studied areas

Pedon Basa pH Exchangeable Bases TEB EA ECEC CEC CEC BS BS ESP EC
Depth H,0 CaChL 0G4S+ Ca Mg K Na H+Al (OAc) (Clay) (ECeEQ (OAc)
(cm) ( cmol(+)kg* ) ( % ) dSmt

Soils on Older Granites
Pedon OG 1
Ap 26 549 5.00 -049 3.33 0.27 049 0.15 424 0.6 484 5.60 20.78 87.60 75.71 8.75 0.050
Btl 75 548 5.10 -0.38 4.00 063 051 014 528 0.8 6.08 8.4 14.13 86.35 62.86 6.07 0.025
Bt2 119 555 550 -0.05 433 0.73 0.48 0.13 567 0.6 6.27 6.7 17.34 90.43 84.63 7.16 0.028
BC 183 576 5.40 -036 4.33 0.73 0.42 0.17 565 0.6 6.25 8.6 29.82 90.40 65.40 4.88 0.030

PedonOG 2

Ap 17 553 5.00 -053 367 039 052 023 481 0.8 5.61 5.7 10.15 85.74 84.39 9.12 0.056
Bt 70 550 490 -0.60 233 033 043 018 3.27 1.0 427 8.3 14.20 76.58 39.40 5.18 0.018
Btc 190 590 540 -054 550 095 052 028 7.25 0.6 785 7.9 27.49 92.36 91.77 6.58 0.019

PedonOG 3

Ap 23 6.25 580 -045 504 0.79 057 040 6.80 1.0 7.80 8.5 38.82 87.18 80.00 6.71 0.090
Bt 57 6.29 510 -1.19 567/ 090 0.46 034 737 0.6 7.97 9.3 20.68 92.47 79.25 495 0.028
Btc 121 6.07 499 -1.08 550 1.08 054 029 741 0.8 8.21 8.6 21.26 90.26 86.16 6.28 0.025
Btc 160 6.22 494 -1.28 533 143 055 029 760 1.00 8.60 9.9 21.47 88.37 76.77 5.56 0.029
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Table10 Corid.: Chemicalproperties of theoils of the studied areas

Pedon Basal pH Exchangeable Bases TEB EA ECEC CEC CEC BS BS ESP EC
Depth H,0 CaCL 0G4S+ Ca Mg K Na H+Al (OAc) (Clay) (ECeEQ (OAc)
(cm) ( cmol(+)kg* ) ( % ) dSm'

Soils on Quartzites
PedorQZ 1
Ap 14 6.03 5.46 -057 4.67 059 063 0.26 6.15 0.6 6.75 115 91.31 91.11 53.48 5.48 0.050
AC 40 6.27 530 -0.97 333 052 049 0.19 453 0.8 5.33 8.7 44.18 84.99 52.07 5.63 0.018
C1 98 6.21 543 -0.78 4.17 089 053 036 595 1.0 6.95 8.0 18.15 85.61 74.38 6.63 0.006
c2 135 6.02 534 -068 4.67 121 047 037 6.72 0.8 752 11.2 34.39 89.36 60.00 4.20 0.009

PedbnQZ2

Ap 19 6.11 539 -0.72 3.67 045 033 0.18 4.63 0.6 5.23 95 72.80 88.53 48.74 1.89 0.035
Btl 51 6.08 551 -057 3.83 092 043 0.22 540 0.8 6.20 6.7 11.19 87.10 80.60 3.28 0.013
Bt2 84 6.23 534 -0.89 3.83 080 0.46 0.33 542 0.6 6.02 95 16.80 90.03 57.05 3.47 0.008
Bt3 139 6.03 543 -060 433 108 050 026 6.17 1.2 7.37 10.0 24.16 83.72 61.70 2.60 0.008
Btc 187 578 544 -034 433 104 036 025 598 0.3 6.78 9.1 18.46 88.20 65.71 2.75 0.009

PedornQZ 3

Ap 19 6.01 5.04 -0.97 3.17 0.400.43 0.12 4.12 0.6 472 153 122.4187.29 26.93 2.81 0.016
AB 40 579 4.84 -0.95 283 040 037 0.10 3.70 0.8 450 4.8 13.07 82.22 77.08 7.71 0.010
Btl 63 580 4.77 -1.03 450 0.86 0.47 0.19 6.02 04 6.42 6.7 13.90 93.77 89.85 7.01 0.008
Bt2 97 6.06 492 -1.04 483 1.18 0.47 0.17 6.65 0.8 745 7.8 16.14 89.26 85.26 6.03 0.008
BC 167 586 531 -055 400 114 045 0.19 578 0.8 6.58 6.8 17.45 87.84 85.00 6.62 0.008
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Table10 Contl. Chemicalproperties ofoils of the studied areas

Padon Basal pH Exchangeable Bases TEB EA ECEC CEC CEC BS BS ESP EC
Depth H,0 CaChL 0G4S+ Ca Mg K Na H+Al (OAc) (Clay) (ECeEQ (OAc)
(cm) ( cmol(+)kg* ) ( % ) dSmit

Soils on Mica Schists
PedonvS 1
Ap 18 589 5.07 -082 450 0.78 0.44 041 6.13 060 6.73 7.9 27.66 91.08 77.59 5.57 0.060
Bt 54 593 499 -094 3.17 066 041 0.16 440 080 520 9.2 27.03 84.62 47.83 4.46 0.010
Btc 177 6.11 476 -1.35 267 036 047 021 371 040 411 5.6 16.72 90.27 66.25 8.39 0.004

PedonMs 2

Ap 16 6.13 5.12 -1.01 6.83 151 0.42 0.22 898 040 9.38 10.1 63.98 95.74 88.91 4.16 0.035
Bt 37 6.22 546 -0.76 467 142 037 021 6.67 040 7.0/ 11.0 35.10 94.34 60.64 3.36 0.022
BC 72 6.15 5.63 -052 6.83 177 0.46 0.34 940 0.60 10.00 10.9 31.72 94.00 86.24 4.22 0.025
C 143 6.44 593 -041 8.00 1.61 0.43 0.38 10.42 0.60 11.02 14.3 42.64 9456 72.87 3.01 0.046

PedonMsS 3

Ap 19 584 526 -058 433 045 038 0.13 529 0.25 554 56 20.24 95.49 94.46 6.79 0.032
Btl 42 590 546 -044 450 062 037 014 563 0.25 588 5.9 15.37 95.75 95.42 6.27 0.026
Bt2 96 6.32 567 -065 3.67 075 051 0.14 507 025 532 54 21.53 95.30 9389 9.44 0.009
BC 168 6.03 496 -1.07 2.17 044 033 0.11 3.05 060 365 57 23.83 83.56 53.51 5.79 0.007
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Table10 Contl. Chemicalproperties ofoils of the studied areas

Pedon Basal pH Exchangeable Bases TEB EA ECEC CEC CEC BS BS ESP EC
Depth H,0 CaChL 0G4S+ Ca Mg K Na H+Al (OAc) (Clay) (ECeEQ (OAc)
(cm) ( cmol(+)kg* ) ( % ) dSmit

Soils on Migmatite Gneises
PedonViG 1
Ap 15 596 5.39 -057 367 047 036 0.16 466 120 586 5.9 21.35 79.52 78.98 6.10 0.100
Bt 47 550 5.32 -0.18 333 044 043 0.08 428 0.80 5.08 6.0 10.86 84.25 71.33 7.17 0.017
Btcvl 103 6.32 5.10 -1.22 233 0.29 037 0.11 3.10 1.00 4.10 6.3 15.76 75.61 49.21 5.87 0.018
Btcv2 147 6.21 488 -1.33 2.17 0.29 036 0.10 292 080 3.72 6.6 22.13 78.49 44.24 5.45 0.007

PedonMG 2

Ap 18 6.41 563 -078 4.03 046 0.44 0.24 5.17 080 597 6.0 34.30 86.60 86.17 7.33 0.009
AB 44 650 554 -096 3.84 067 056 0.16 523 040 563 6.6 14.99 9290 79.24 8.48 0.100
Btl 78 6.44 558 -086 3.83 095 034 029 541 040 581 5.9 11.40 93.12 91.69 5.76 0.027
Bt2 123 6.26 555 -0.71 3.17 083 035 028 463 060 523 7.1 17.01 88.53 65.21 4.93 0.015
BCcv 167 6.90 566 -1.24 283 0.73 031 025 412 060 472 7.8 25.80 87.29 52.82 3.97 0.020

PedonMG 3

Ap 25 5,70 5.14 -056 2.83 047 047 0.18 395 060 455 55 17.65 86.81 71.82 8.55 0.220
Bti 47 550 5.08 -042 3.00 054 036 0.11 401 050 451 54 12.07 88.91 74.26 6.67 0.016
Bt2 89 530 4.88 -0.42 267 040 036 0.10 353 030 383 7.9 16.16 92.17 44.68 4.56 0.021
BCcv 162 560 4.60 -1.00 2.17 0.45 0.87 0.08 357 060 4.17 7.0 20.23 85.61 51.00 12.43 0.006
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Table 11: Ranking of means athemical propertiesf parent materials

Parameter  Unit Older Quartzite Mica Migmatite SE+ LOS
Granites Schist Gneiss
pH (H:0) - 5.84 6.01 6.09 6.05 0.16 NS
pH (CaC}) - 5.19 5.25 5.30 5.26 0.15 NS
as+ - 0.63 0.76 0.78 0.79 0.15 NS
Exch. Ca cmol(+)kg!  4.46a  4.01ab 4.67a 3.07b 0.53 **
Exch.Mg cmol(+)kg*  0.75  0.82 094 054 0.16 NS
Exch. Na cmol(+)kg*  0.50  0.46 042 043 0.05 NS
Exch. K cmol(+)kg* 0.24  0.23 0.22  0.16 0.04 NS
TEB cmol(+)kg*  5.94a 5.52ab 6.25a  4.20b 0.71 **
EA cmol(+)kg*  0.76a 0.72a 0.47b  0.6% 0.10 **
ECEC cmol(+)kg*®  6.70ab 6.27ab 6.93a 4.86b 0.74 **
CEC (OAc) cmol(+)kg*  7.90bc 8.97a 8.33b  6.46C 0.2 *
CEC Clay cmol(+)kg"  21.5bc 36.7a 29.6b 18.4c 5.20
BaseSat. ) % 88.0b 87.8b 92.3a 86.1b 211 %
Base Sat. % 75.2a 65.6b 73.1a 66.2ab 6.81 *
ESP % 4.48a 4.72b 5.59ab 6.71a 0.89 **
EC dsm' 0.036ab 0.015c 0.025c 0.044a 0.13 **

LOS (P): NS > 0.05, *” ”
Note: Meansfollowed by the same letters in the rows are not significantly different
at 5% LOS.
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Table 12: Ranking of means athemical propertiesf horizons

Parameter  Unit Surface Subsurface SE+ LOS
Horizon Horizon
pH (H.0) - 5.94 6.02 0.07 NS
pH (CaC}) - 5.28 5.24 0.06 NS
as+ - -0.67 -0.77 0.06 NS
Exch. Ca cmol(+)kg? 415 3.96 0.26 NS
Exch. Mg cmol(+)kg"  0.59b 0.8la 0.08 *
Exch. Na cmol(+)kgt 046 0.45 0.02 NS
Exch. K cmol(+)kg! 0.2 0.21 0.02 NS
TEB cmol(+)kg*  5.41 543 0.35 NS
EA cmol(+)kg*  0.67 0.66 0.06 NS
ECEC cmol(+)kg*  6.08 6.16 0.35 NS
CEC (OAc) cmol(+)kg*  8.09 7.86 0.61 NS
CECClay  cmol(+)kg* 45.12a 20.94b 5.73 **
BaseSat. ) % 8855 88.34 1.05 NS
Base Sat. % 75.35a 68.67 4.11 NS
ESP % 6.11 5.75 0.50 NS
EC dsm! 0.063a 0.017b 0.01 **

LOS (P): NS > 0.05, *” ”
Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.
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Soil pH (HO) values reported in thiswely wee within range reported by Ezenwa
and Esu (1999)Raji and Mohammed (2000fasinaetal. (2007a) and LawDgbomo

and Nwachokor (2010) ohasement complexes different parts of NigeriaThe

trend of pH in these soils tends to indicate the inherature of their parent material

and wasalsorelated to leaching of bases. Soils on OG were observed to decrease in
pH (H0) from the surface horizons to the subsoil horizons and increased in the lower
subsoil horizons. The MS soils were found to incrfase the surface to subsoil.

The soilsformedon QZ and MGwereirregular in their distribu@in within the soil

profiles butthe lowest values of pH in soit;n QZwere in the deepest horizons.

Soil pH (CaCj) values were found to vary between 5.00 ai8D §mean, 5.20), 5.04

and 5.46 (5.30), 5.07 and 5.26 (5.15) and 5.14 and 5.63 (5.39) in the surface horizons
of older granites, quartzites, mica schists and migmatite gneisses respectively. The
corresponding, subsfacehorizon values varied between 4.86d 5.50 (5.17), 4.77

and 5.51 (5.43), 4.76 and 5.93 (5.36) and 4.60 and 5.66 (5.22). The variation of pH
(CaCl) in soil profiles were observed to be similar to that of pHQH It was also
observed that thervas no significant variation in pH both beten horizons and

between parent materials.

ChangeinpH{(S+ YDOXHV YDULHG QHJDWLYHO\ IURP WR
1.04 (0.76),0.41t0 1.35 (0.78) and 0.18 to 1.33 (0.79) in the profiles of older granites,
quartzites, mica schists and migmatite gneisses respectvenge in pH did ot
significantly vary between the soils and therefore soils on basement complexes may

be considered to be similar in their surfaet chages The valuesvere observe to

be negative in all the sojlfience had net negative charges. Similar findingse

repored parts of Nigeria(Kparmwang, 1993; Raji, 1995; Maniyunda, 1999; Yaro,
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2005; LawOgbomo and Nwachokor, 2010). Par(it980 and Uehera and Gillman
(1981) reported that S + Y D O-R.Blidicate a dominance of exchange sites of clay
by variable charge mineralwhereas values 0.5 may be possibly due to presence of
high negative charge density on their colloids or 2:1 clayerals (Gallezet al.
(1976) as noted in the clay mineralogy of soils in this study (mica schist). The
difference in soil pH of water and CaGlhere observed to vary irregularly with
increase in depth of soils formed on OG parent material. Soil pH intzgaar
increasd with depth and decline at the deepest horizons. TBet ZDV IRXQG WR
increase with increase in depth within the subsoil in soils developed on MS, except
for pedon MS 2 which showed consistent decreagth increase in soil depth. The
soils on MG were fomd to increase irregularly with depth with highest values

obtaired in their deepest horizons.

53.2 Exchangeable Bases

Exchangeable calcium dominated exchange sites, occcupying about 74% of total
exchangeable bases. The dominance of Ca on the exchargyevas#tereported by
other works in Nigerian savanna soil (Esu, 1987; Mosugu, 1989; Kparmwang, 1993;
Raji, 1995). Exchangeable calcium values ranged between 3.33 and 5.04 (mean,
4.01), 3.17 and 4.67 (3.84), 4.33 and 6.83 (5.22) and 2.83 and 4.03 (3.51))kgol(+

in the surface horizons of older granites, quartzites, mica schists and migmatite
gneisses respectively. For the underlying horizons values ranged between 2.33 and
5.67 (4.62), 2.83 and 4.83 (4.06), 2.17 and 8.00 (4.46) and 2.17 and 3.84 (2.93) cmol
(+) kg'. The values of exchangeable Ca was rated medium to high for the soils
developed on OG and MS and medium for the soils on QZ and MG (Envetaior

1989; Esu 1991).
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Parent material was observed to significantly influence exchangeable Ca, teut the
was no significant difference between horizonslciOan was found to be similar in
soils developed on OG, MS and QZ, but soils on OG and MS cedté&a in
significanty higher quantity compared to soils on MG (Table 11). Content of
exchangeableCa wasnot significantly different in soils on QZ and MG parent
materials. The values of exchangeable Ca in these sw#se higher than those
reported by Odunze (2006nd may be attributed to difference in land use, leaching
and type of basement complex formati Exchangeable calcium tends to increase
from suface to subsurface horizons snils formed in older granites. Soils on QZ
showeddecreased in Ca beneath the surface horizons and thereafter tend to increase
with depth. Soils on MS and MG were obsertedlecrease with increase in depth
through the profiles, except for pedoro@ migmatite gneissvhich increased with
depth within the subsoil. Exchangeable Was observed to correlate significantly
with other cations (Mg, K and Na) and pH (0.01m GaCIable13). Thesignificant
correlationwith other exchangeable bases may be dudeaithing and crop uptake of

Mg and Kinfluencing their distributiompattern to be similar.

Exchangeable magnesium (Mglas next to calcium in content. Its values in the
surface horizon varied between 0.27 and 0.79 (mean, 0.48), 0.40 and 0.59 (0.48), 0.45
and 1.51 (0.91) and 0.46 and 0.47 (0.47) cmol (¥)rkegpectively a older granites,
quartzites, mica schists and migmatite gneisses. The correspondingyfatds
horizon \alues varied between 0.33 and 1.43 (0.85), 0.40 and 1.21 (0.91), 0.44 and
1.77 (0.95) and 0.29 and 0.95 (0.56) cmol (+§.KBhe surface soils we rated as low

to medium for OG, medium for QZ and MG, and mediumhitgh for MS. In the

subsoils, itwas medum to high for OG, QZ and MS, and low to medium 6.
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There was no significant difference in content of exchangeable Mg betwesuilthe
as difference betwegparent materialglid not significantly influenced their values
Exchangeable Mg content img subsoil was significantly higher than the surface
horizons (Table 12).Exchangeable Mg increasewith increase insoil depth
especially in the subsurface horizons in soils forroedOG and QZ, and was
irregulaty distribued in profiles of soils on MSrad MG. Coarse sand and total sand
correlated negativelyith exchangeable Mg = -0.338* and-0.320* respectively)
and impliedthat increse in coarse texture mateniatucel Mg in the soils through
leaching as theyvere known to have less charge surfaCéay particles correlated
significantly (positively) (r = 0.354*) and therefore contribit®d retention of
exchangeable Mg for crop utilization. Thigas also affirmed witha significant
positive correlation with base saturation. The present pH rangee cfoils tends to
influence availability of Mg (Table 13); hence, further decline in soil pH may affect

availability of Mgnegatively

Exchangeable sodium (Na) varied between 0.49 and 0.57 (mean, 0.53), 0.33 and 0.63
(0.46), 0.38 and 0.44 (0.41) and ®8nd 0.47 (0.42) cmol (+) Kgespectively in the

surface horizons of older granites, quartzites, mica schists and migmatite gneisses.
The corresponding, subsurface horizon values varied between 0.42 and 0.55 (0.49),

0.36 and 0.53 (0.45), 0.33 and 0.814@) and 0.31 and 0.87 (0.43) cmol (+)'kg
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Table 13: Correlation matrix for chemical propertiésoils of the studied area

~

pH(H.O) pH(CaCl) asS+ Exch. Ca Exch. Mg Exch. Na Exch. K TEB EA
pH(CaCh) 0.505**
as+ 0.549*** -0.440**
Exch. Ca @48 0.441* -0.188
Exch. Mg 0.350 0.388** -0.031 0.787**
Exch. Na -0.131 -0.165 0.018 0.359* 0.179
Exch. K 0.458**  0.448* 0.034 0.629*** 0.606*** 0.128
TEB 0.286*  0.438* -0.147 0.980*** 0.871** 0.380** 0.678**
EA 0.096 -0.015 0.100 -0.085 -0.044 0.203 0.142 -0.055
ECEC 0.294*  0.437* -0.138 0.963*** 0.870*** 0.378** 0.675*** 0.887*** 0.040
CEC(OAc) 0.234 0.231 0.005 0.519** 0.531*** 0.150 0.438** 0.568*** 0.046
CEC Clay 0.187 0.142 0.073 0.341 0.238 0.056 0.092 0.335 -0.077
BS ECEQ 0.130 0.319* -0.167 0.619*** 0.516*** 0.068 0.304* 0.608***  -0.718***
BS 0.061 0.255 -0.186 0.516*** 0.394* 0.113 0.276 0.503***  -0.113
ESP -0.280  -0.325* 0.023 -0.314* -0.410%** -0.548*** -0.334* -0.318* -0.030
EC -0.060 0.146 -0.200 0.332* 0.010 0.074 0.087 0.255 0.105
Table B Cond.: Correlation matrix for chemical properties.

ECEC CEC(OAC) CEC clay BS (ECEC) BS (OAc) ESP

CEC (OAc) 0.595***
CEC Clay 0.346* 0.617**
BS ECEQ 0.515*** 0.213 0.135
BS 0.447** -0.367** -0.376** 0.472%*
ESP -0.360  -0.664*** -0.398** -0.053 0.348*
EC 0.243 0.068 0.178 0.022 0.159 0.220
LOS (P): * 7 T e
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All the soilswere rated high in both surface and subsurta@ezonsas they were >

0.3 cmol (+) kg critical values for high Na in Nigerian sqEnweazoret al, 1989;

Esu 199) Exchangeable Ndistribution was irregular in all the soils. Differences
both between parembaterials and between horizodisl not sgnificantly influenced
exchangeable Na in theseils; hence basement complex rocks as parent material
similarly contributed exchangeable Na in their sddgchangeable Na was found to
correlate significantly with exchangeable Ca and exchange aciditye(I8p this

may be attributed to similarity in their distribution pattern. The significant correlation
observed between exchangeable Na with total exchangeable bases (TEB), effective
cation exchangeable capacity (ECEC) and exchangeable sodium perc&g&je (
may be attributed to the contributory effect of exchangeable Na on the determination

(calculation) of these properties.

Exchangeable potassium (K) varied between 0.15 and 0.40 (mean, 0.26), 0.12 and
0.26 (0.19), 0.13 and 0.41 (0.25) and 0.16 and (02®) cmol (+) kg respectively

in the surface horizons of older granites, quartzites, mica schists and migmatite
gneisses. The corresponding, subsoil horizon values varied between 0.13 and 0.34
(0.23), 0.10 and 0.37 (0.24), 0.11 and 0.38 (0.21) ar@l@nd 0.29 (0.16 cmol (+) kg

! The surface horizons of QZ weerated low to medium, M&ere low to high, MG

was rated as medium and OG as medium to mgexchangeable Kin the subsaoils,

the ratingwas low to high for OG, QZ and MS and low to mediumN&@ (Enweazor

et al, 1989; Esu 1991). Thexeas no consistent distribution pattern in the profiles of
soils on MS andMG. Exchangeable K wasigher inAp horizon and decreased in the
immediate underlying horizons, and then increased inconsisteiiiyncreased with

depth insoils formed in OG and QZ parent materidB®th parent materials and

122



horizonsdid not significantly influenced variation in exchangeableTKe highly
significant correlation with pH (0 and CaG) indicated that pH strongly influee
content of exchangeable K in these soils. The highly significant correlation with
exchangeable Ca and Mg (Tal® indicated thateachingthat influence distribution

of exchangeable Ca and Mg similarly influedatistribution of exchangeable K as
indicated bythe significant correlatiorbetween exchangeable With TEB (r =
0.678**). Increase in ECEC and cation exchange capacity (CEC)JNE) was
observed tosignificantly affect exchange K positively (Tall®&), hence increase in

CEC would provide morexchange cites to accommodate exchange potassium

Exchangeable bases were observed to occur in the ordeMga> Na> K and were
similarly reported for soils on basement completagsaretal., 2004;0dunze, 2006;
Fasina, 2007d&y). Therewas slight vaiation in the order with reference to N&K as
reported by other researchers on soils in the savanna region (Esu and Ojanuga, 1985;
Esu, 1987; Raji, 1995; Malgwet al., 2000). The variation may be associated with the
present study been carried out onstiope position where loss of K through erosion

and leaching might be more, as Kmeresusceptible to leachirtanNa.

Total exchangeable Bases (TEB) ranged between 4.24 and 6.80 (mean, 5.28), 4.12
and 6.15 (4.97), 5.29 and 8.98 (6.80) and 3.95 ahd §.59) cmol (+) kgin the
surface horizons of older granites, quartzites, mica schists and migmatite gneisses
respetively. The corresponding, subsurfduerizons values ranged between 3.27 and
7.60 (6.25), 3.70 and 6.72 (5.67), 3.05 and 10.42 (&0d)2.92 and 5.41 (4.08) cmol

(+) kg'. Parent materials significantly influenced TEB of the soils. Total
exchangeable bases values indicated that soils on MS were at par with those on OG
and QZ. However, soils on MS were significantly higher in TEB caoegto soils on
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migmatite gneiss. The direction of variation of TEB in these swoilkatedleaching

of exchangeable bases with advancement in pedogenesis; hence soils SMS wa
regarded apedogenically youngest and those on MG (coetplinthite) as oldst.
Similarly, Kparmwang (1993)eportel lowest values of TEB on the lateritized basalts
(contained plinthite), and also rated the soils as pedogenically .ofi@stpH was
observed to significantly correlate TEB (Table 13), thus imply that pH signifycant

influence TEB.

The valueof TEB weee withintherange reported by Samnetial. (2006) in southern
guinea savanna and higher than those reported by Ezenwa and Esu (1999) on
basement complexes morthernguinea savanna of Nigeridhe variation betwee

these soils may be attributed to differences in parent material and landotesie.
exchangeable baseagreasd from surface to subsoil in soils on O8bils on QZhad

high values of TEB in surface soils but decreased in the under laying horizon and
thereafter increased with depth. The MG soils showed consistent decreased with depth
especially in the subsoil. Soils on MS shkalinconsistent distribution patteriithe
variation in distribution pattern between the soils indicated leaching of exchangeable
bases increased with advancement in soil development as leaching was more
directional in soils on MG compared to the other so8sil properties such as
exchangeable Ca, Mg, Na, K, various forms of CEC and base saturation significantly
correlatel with TEB (Table 13). This was due to their summative contribution to

TEB.

5.33 Exchange Acidity
The exchangeable acidity values for the surface horizons were found to vary between
0.6 and 1.00 (mean, 0.80), 0.6 (0.60), 0.25 and 0.6 (0.42) and 0.60 and 1.20 (0.87)
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cmol (+) kg' in soils onolder granites, quartzites, mica schists and migmatite
gneisses respectively. The correspondingsstfacehorizon values varied between

0.60 and 1.00 (0.75), 0.40 and 1.20 (0.75), 0.25 and 0.80 (0.49) and 0.30 and 1.00
(0.64) cnol (+) kg'. The values we similar to findings of Raji and Mohammed
(2000) on basement complexes. Thesms no regular distribution pattern observed
within profiles in all soils developed on the different parent materials. However, there
was significantdifference between soifermedon the different parent materials. On
comparing means, soils on OG, MG and QZ were similar in their exchange acidity
and significantly higher than soils on MS parent material (Tak)e This could be
attributed to higher aount of leaching of exchangeable basesdits onOG, MG

and QZ compared to MS as observed in their TEB values.

Perkins and Lawrence (198®portedthat exchange acidity (} replace bases and

pH decreases with continued leachiiigetrendwas observedn the present study in

relation to mean values of pH, exchange acidity and TEBoils onthe different

parent materials. Available water content correlasggnificantly with exchange

acidity (r = -0.326*), thus increase in AWC decrease exchange wcidibugh

leaching of exchangeable aluminum and hydrod&milarly, there was a highly
significant correlation with percentage base saturation @.718**) (Table14), thus

increase in exchange acidity decrease percentage base saturation. This may be
attributed to competion for available exchange cation sites along with the
exchangeable bases. Therefore increase in exchange acidity decrease percentage base

saturation.
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53.4 Cation Exchange Capacity

The values of cation exchange capacity (GCBEG1,OAc) was found to range between

5.6 and 8.5 (6.6), 9.5 and 15.3 (12.1), 5.6 and 10.1 (7.87) and 5.5 and 6.0 (5.8) cmol
(+) kg* in the respective surface horizons of older granites, quartzites, mica schists
and migmatite gneisses. The corresponduizgsfacehorizon valusranged between

6.7 and 9.9 (8.39), 4.8 and 11.2 (8.12), 5.4 and 14.3 (8.50) and 5.4 and 7.9 (6.66)
cmol (+) kg". The soils wee rated low to medium in the surface horizons of OG, MS
and MG, and medium to high in QZ. The subsoilizmnswere low to medium in QZ

and MG, low to high in MS and medium in OGnjwezoret al, 1989; Esu 1991).

This implies that nutrient retention will be low in soils on OG, MS and MG and
would require split dose of fertilizer in judicious quantity for rgrowth. Parent
materials significantly influenced CERH4OAc values with mean value of CEC
NH4OAc of soils on QZ significantly higher than those on MS, OG and MG. Soils on
MS and OG were not significantly different but MS was significantly higher in CEC
than soils on MG. Soils on OG and MG were observed to be statistically similar
(Table 11). The mean valuesf CEGNH4OAc werehigher than those reported by
Odunze (2006) and Vonoat al. (2008) and lower than values reported by Sarendi

al. (2006) on emblished forest soils in southern guinea savanna of Niger@lower
values compared to those reported by Sarendil. (2006) might be due to organic
matter contribution by the forest and the basaltic parent material. Most of the soil had
lower valuesof CEC- NH4OACc in surface horizomompared to subsurface horizpns
except for eils on QZwhichwere higher in their Ap horizonS&enerallythe subsoil
horizons were characterizéxy irregulardistribution trend Thee was no significant

difference in CEC - NHsOAc values influenced by horizans
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Table 14:

Correlation matrof physical properties verses chemical propegiesoil studied

Gravel Sand Silt  Clay Si/C BD PD TP FC PWP AWC WRD
pH(HO) 0.288* -0.108 0.193 0.009 0.045 -0.046 -0.082 0.168 -0.005 0.074 -0.088 0.019
pH(CaC}) 0.102 0.054 0.180 -0.140 0.179 0.422** -0.184 -0.269 -0.190 0.075 -0.309* -0.156
as+ 0.209 -0.125 0.016 0.113 -0.108 -0.445%*= -0.077 0.425** 0.151 0.001 0.183 0.159
Exch. Ca 0.072  -0.096 0.167 0.012 0.133 0.230 -0.088 -0.207 0.025 -0.019 0.002 -0.010
Exch. Mg 0.144 -0.320* -0.079 0.354* -0.262 0.124 -0.017 -0.099 0.317* 0.295* 0.092 0.224
Exch. Na 0.037 -0.071 0.135 0.049 0.056 0.066 0.096 0.024 0.031 0.025 0.056 0.142
Exch. K 0.042 -0.198 0.187 0.101 0.016 0.082 0.101 -0.113 0.064 0.168 -0.063 0.056
TEB 0.093 -0.158 0.109 0.109 0.031 0.199 -0.056 -0.180 0.106 0.095 -0.003 0.044
EA -0.006 -0.113 0.023 0.167 -0.108 -0.023 0.144 0.057 -0.094 0.171 -0.259 -0.141
ECEC 0.106 -0.139 0.086 0.110 0.020 0.233 -0.072 -0.225 0.082 0.104 -0.037 0.016
CEC (OAc) 0.167 -0.057 -0.164 0.090 -0.050 0.050 0.075 -0.064 0.061 0.171 -0.180 -0.087
CEC Clay 0.239 0.482** (0.135 -0.563**  0.542*= 0.097 -0.084 -0.153 -0.205 -0.211 -0.176 -0.179
BS ECEQ -0.107 -0.044 0.166 -0.038 0.138 0.131 0.064 -0.016 0.117 -0.104 0.264 0.114
BS -0.238 -0.139 0.282 -0.002 0.137 0.190 -0.204 -0.129 0.029 -0.157 0.166 0.101
ESP 0.026  -0.033 0.266 -0.096 0.124 0.017 0.024 0.113 0.084 -0.117 0.232 0.227
LOS (P): NS > 0.05,*” 05, ** ” , FEx
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Coarse sand partictorrelated significantly butegativelywith CEGNH,OACc (r =-
0.312*). This may bedue to poorsurface chargeature of sangarticles insoils. Soil
properties such as exchangeable Ca, Mg, K and TB& msitive significant
correlation (P < 0.01) with CEENH4OAc, thus implyingthat increase in CEC
increasd opportunity for exchangeable bases to occupy surface charge space. Various

forms of CECcorrelatedsignificantly (P < 0.01) with CEQIH4OAC.

Effective cation exchange capacity (ECEC) was found to range between 4.84 and 7.80
(6.08), 4.72 and 6.75 (5.57), 5.54 and 9.38 (7.22) and 4.55 and 5.97 (5.44) cmol (+)
kg™ in the respective surface horizons of older granites, quartzites, mica schists and
migmatitegneissesValues for the underlyingorizons ranged between 4.27 and 8.60
(6.93), 4.50 and 7.52 (6.47), 3.65 and 11.02 (6.82) and 3.72 and 5.81 (4.68) cmol (+)
kg'. The surface horizonwere rated medium in all the soils and in subsurface
horizons of OGand QZ, but low to high and low to medium in MS and MG
respectively Enwezoret al, 1989; Esu 1991; SofburveyDivision Staff, 1993).
Parent material significantly influenced ECEC values of the soils. On comparing the
means, soils on MS, OG, and QZ wéyand to be similar in their ECEC and soils on

MS was found to be significantly higher than soils on MG parent material (Table 11).
The mean valuesere higher than those reported by Odunze (2006) for some Alfisols
in Kaduna State. The subsurface horizbed higher values of ECEC compared to
surface horizons in soils formed on OG and QZ. Soils on MSigher ECEC values

in their surface horizons compared to the subsurface horizons, exqegtan?2 of

mica schistwhere there was increase in subsoilshwdepth above the value of the
surface horizon. The soils formed on MG showed a decrease in ECEC with increase

in depth througbut the profile. Soil pH (CaG) was found to significantly correlate
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(P < 0.01) with ECEC, hengeH may hadsignificantly influenced ECEC of these
soils. Soil properties such as exchangeable Ca, Mg, Na, K and TEB were observed to
significantly correlatepositively with ECEC (Tablel3), thereforethese properties

would significantly influence ECEC of soils.

The ECEC values were dtiwer than the CEC NH4sOAc. This trendwas attributed

to the fact that CEC of tropical soils are highly pH dependent (Ueher&idnhn,

1981; Balasubramaniart al., 1984; Osher and Buol, 1998). This might also be
attributed to pH of the soils (<7) nsie ECEC measures charge at the soil pH, whereas

the CEC- NH,OAc measures on the soil colloids at pH 7 (Osher and Buol, 1998).

Cation exchange capacity of clay (CEy) was found to vgrbetween 10.15 and
38.82 (23.25), 72.80 and 122.41 (95.51), 2012 &8.98 (37.29) and 17.65 and 34.30
(24.43) cmol (+) kg clay in the respective surface horizons of older granites,
quartzites, mica schists and migmatite gneisses. The correspondingrfacds
horizons value varied between 14.20 and 29.82 (20.80), ¥$0744.18 (20.72),
15.37 and 42.64 (26.74) and 10.86 and 25.80 (16.64) cmol (4)l&g. The values of
CEGclay of the surface horizons were noted to be higher compared to the subsoil
horizons in the soils formed on all the different parent materiatswas statistically
different (Tablel2). The values increased with increase in depth in the subsoil, except
for pedons QZ1 and MS1 which had irregular variation with depth in the subsoll
horizons. The mean value of CEfay of soils on QZ was found to Isgnificantly
higher than those of soils on MS, OG and MG. Soils on MS and OG were not
significantly different but MS was significantly higher than soils on MG (Tafje

Soils on OG and MG were statistical be at par. The values ofcIddndicate that

soils developed on MS and the surface horizons of soils on QZ seems to be dominated
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by high activity clay (HAC) and soils on OG, MG andsuils of QZ were dominated
by low activity clay (LAC). Juo (1980) set boundary limit between HAC and LAC to
be 24 crol (+) kg* clay ( FAO, 2006; Soil Survey Staff, 2010Jhe trend in the soils
indicates that as soils advance in their developnearisformation seems to occur
from HAC to LAC mineralsDominant presence of low activity clay (LAC) in soils
on OG, MG andsubsoil horizons of QZ imply that nutrient minerals are likely to be
lost through leaching (Sanchez, 197B)erdore, therewill be need to raise the CEC
through the use of organic mattedadditions of basethrough appropriate chemical
fertilizers (Kangetal., 1991; Fasin&t al., 2007a)program.Application of nitrogen
using noracidifying fertilizers should be done on split doses (Enwetat., 1989;

Yassoglowetal., 2010) to avoid leaching due to the low activity clay condition.

Cation exchang capacitysignificantly correlatéd with medium sand, fine sand, very
fine sand and total sand (Taldl4). Soil pH (HO) significantly correlateé with CEG

clay (r = 0.330%). Soil properties such as exchangeable Ca, K and TEB significantly
correlated with EC-clay (Table13), implying that increase in clay content may

increase clay surface charges for exchangeable bases to occupy.

53.5 Base Saturation

Base saturation (NMDAc) rangel between 75.71 and 84.39 (80.03), 26.93 and 53.48
(43.05), 77.59 and 94.487.33) and 71.82 and 86.17 (78.99) percent in the respective
surface horizons of older granites, quartzites, mica schists and migmatite gneisses.
The corresponding subdace horizon value ranged between 39.40 and 91.77
(73.32), 52.07 and 89.85 (71.70)7.83 and 95.42 (67.73) and 44.24 and 91.69
(62.37) percent. Theoils wee generallyrated highin their base saturation, except for
some few horizons that werated low(Udo etal., 2009). The dominant occurrence
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of moderate to high base saturationtliese soils mght that these soils were not
excessively leached of their bas€&arent materials significantly influenced base
saturation. On comparing their means, soils on OG, MS and MG were found to be at
par, but OG and MS were significantly higherrttsils on QZ and means of soils on

MG and QZ were similar. Similarly, Jaiyeoba (2006) reported that base saturation
variation was significantly influenced by parent materi@ilse surface horizons were
observed to be higher than the subsoil for OG, MSM@dand the values decreased
with increase in depth in the subsoil of soils developed on MS and MG, but irregular
variation was noted in subsurface horizon of OG. Soils on @4dweer values in the
surface horizon than the subsoil horizons. When the meahares were compared
statistically, it is observed that there is no significant difference between the surface
soil and subsoil. Fine sand was correlategatively (r =-0.285*) with base
saturation might imply that increase in fine sand decrehbase aturationas it did

not significantly contributed to exchange citeJotal exchangeable bases,
exchangeable Ca and Mg were found to significantly correlate with base saturation as
they contribute to base saturation of soils. Cation exchange capacitieshsereed

to correlate negatively (Tablg2) as they serve denominator in determining base
saturation. Increase in base saturation tends to increase exchangeable sodium

percentage (r = 0.348%).

Base saturation (ECEC) rambjbetween 76.58 and 92.47 (87.98p.22 and 93.77
(87.78), 83.56 and 95.75 (92.25) and 75.61 and 93.12 (86.14) percent in soils
developed on older granites, quartzites, mica schists and migmatite egneiss
respectively. All the soils we rated low to high in their content Uabal. (2009).

The lowest valuavas observe in soils onMG and the highest valugas in soilon

131



MS. When the mean values were compared statisticallyast observed that the
parent materials significadgtinfluenced base saturation of the sollke mean valus
indicated soil on MS was found to be significantly highease saturation (ECEC)
than that of soils on OG, QZ and MG. The means of soils on OG, MG and QZ were
statistically similar.The variation trend tends to indicate decrease in base saturation
with advanement in pedogenic ag¥alues of base saturation (ECEC) were higher
than base saturation (NBIAc) and were significantly correlated (r = 0.472***) with
each otherMean values of the soils tend to be influenced similarly by their parent
material and pedamic exposure. Both base saturation mean values were lowest in
soils on MG, hence indicated that leaching and pedogenic age significantly reduced
their valuesCoarse sand was observed to correlate negatively@r285*), andbe
implying that increase igoarse sand decredsease saturation. Total exchangeable
bases, exchangeable Ca, Mg, and K were found to significantly correlate with base
saturation (Tablel3). Exchange acidity highly correlated negatively (-G:=718**)

with base saturation, this immdtes that exchangeable bases contribute to base
saturation, and similarly increase in exchange acidity in the soils will reduce base

saturation.

53.6 Exchangeable Sodium Percentage (ESP)

Exchangeable sodium percentage (ESP) varied from 6.71 to 9.28, (&&9), 1.89 to

5.48 (3.39), 4.16 to 6.79 (5.51) and 6.10 to 8.55 (7.33) percent in the respective
surface horizons of older granites, quartzites, mica schists and migmatite gneisses.
The corresponding sulbdacehorizon value varied from 4.88 to 7.1¢6.83), 2.60 to

7.71 (5.08), 3.01 to 9.44 (5.62) and 3.97 to 12.43 (6.53) pereanént material

significantly influenced ESP of the soils. The mean values of ESP of soils on MG,

132



OG and MS were not significantly different, but MG soil was significanigghér

than QZ soil. There was no significant difference observed between soils on OG, MS
and QZ. The mean value of ESP in the surface soils was observed to be statistically
similar with the subsoil (P > 0.054ll the soilswere considered to be nosodic
presently as the values meeless than 15% critical limit (Brady and Weil, 2005). The
soils on OG were observed to have higher values in the Ap horizons, with inconsistent
increase in subsoil horizons with increase in depth. Soils on QZ had lower values i
the Ap horizons with irregular variation pattern in subsoil horizons. Soils on MS and
MG varied irregularly within their profiles. Soil pH (Caglwas found to correlate
negatively with ESP (r = 0.325*). Exchangeable Ca, Mg and K were found to
negativédy correlate with ESP, whereas Na correlated positively. This may be
associated with the competitiveness of these exchangeable bases against exchangeable

Na for the available soil surface charges.

5.3.7 Electrical Conductivity (EC)

Electrical conductivity(EC) ranged between 0.5 and 0.9 (0.65), 0.016 and 0.50
(0.034), 0.032 and 0.06 (0.043) and 0.009 and 0.22 (0.11)'dSnihe respective
surface horizons of older granites, quartzites, mica schists and migmatite gneisses.
The corresponding sutmacehorizon value ranged between 0.018 and 0.03 (0.025),
0.006 and 0.018 (0.01), 0.004 and 0.046 (0.019) and 0.006 and 0.10 (0.025) dSm
On comparing the mean values statistically, the surface soil was significant higher
than the subsoil. The soils were obserted/ary significantly (P < 0.05) in mean
values of EC between the different parent materials in the order of OG > MS > MG >
QZ. Therefore variation between surface and subsoil horizons and between parent

materials significantly influence distribution aflgble salts in these soils studiddhe
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EC values ofkoils onQZ and MSwere rated lowMG was low to medium and OG

was low to high(Udo etal., 2009). The soilsvere rated as non saline as the values
were below 4.00 dSthcritical level considered for §ae soils (Brady and Weil,
2005). The surface horizons were observed to be higher in ECe values for all the soils,
except for pedon MG2The values ofEC consistently increadewith increase in
depthof soils onOG, but there was no consistent variati@ttgrn in the subsoils of

soils on QZ, MS and MG. Gravel content was found to significantly correlate
negatively with EC (r =0.368**). This implied thatmoregravelcontentsignificantly
contributel to decrease in soluble salts. This may keribed to low surface area
thereby increase loss through erosion and leaching. However, fine materials (very fine
sand and silt) correlated positively with EC (Tatd). Water retention properties

(FC, PWP and WRD) also correlated negatively with EC (Ta#B)e This indicates

that increase in moisture retention decrease soluble salt content of these soils.
Calcium, PBS, organic carbon and total nitrogen significantly influlesoible salt

in these soils. This indicad organic matter @y bea sgnificant sourceof soluble

salts.

54 MACRONUTRIENTS
The selected macronutrients considered for discussion in this section are organic
carbon (OC), total nitrogen (TN) and available phosphorus (AP). The data obtained

related to these parameters are presented in Table 1
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Tablel5:

Organic carbon, total nitrogen, available phosphand micronutrientsf soils of the studied areas

Pedon Depth Organic Total Avail. Fe Fe Mn  Mn Cu Cu Zn Zn
Carbon N. P. HCI Total HCI Total HCI Total HCI Total
et + R (- mgkg™--) % s MQKG™ =-esememmmmrenmnmenmneaneaes

Soils on Older Granites

Pedon OG 1

Ap 0-26 8.78 0.70 14.00 32.86 2.90 12.80 210 0.963 12.03 7.50 23.44

Btl 26-75 6.98 0.53 1.75 17.14 5.98 6.56 315 0.963 36.09 6.25 46.88

Bt2 75-119 5.19 0.18 3.50 22.86 9.96 2.88 420 0.481 36.09 11.25 78.13

BC 119-183 3.99 0.35 7.00 71.43 3.98 1.00 105 1.444 12.03 11.25 78.13

PedonOG 2

Ap 0-17 8.74 0.35 21.00 25.71 2.98 17.44 315 0.481 24.08 5.63 31.25

Bt 17-70 7.42 0.70 14.00 18.57 3.98 480 210 0.481 12.03 13.12 62.50

Btc 70-190 3.59 0.18 12.25 7.29 7.97 2.88 210 1.444 36.09 8.13 46.88

PedonOG 3

Ap 0-23 8.58 0.35 21.00 17.14 7.97 14.80 210 0.481 36.09 7.50 31.25

Bt 23-57 6.38 0.35 15.75 18.57 9.96 6.56 420 0.963 12.03 6.88 23.44

Btc 57-121 1.40 0.18 19.25 18.57 11.95 5.44 315 0.963 24.06 5.63 31.25

Btc 128- 160 1.20 0.18 12.25 14.29 9.96 2.88 420 0.481 24.06 6.25 46.88
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Tablel5 Cond.:

Organic carbon, total nitrogen, available phosphand micronutrientsf soils of the studied areas

Pedon Depth Organic Total Avail. Fe Fe Mn  Mn Cu Cu Zn Zn
Carbon N. P. HCl Total HCl Total HCl Total HCl Total
e (- mgkg™ --) % (oo MQKQ™ --mrmmmem oo
Soils on Quartzites
PedorQZ 1
Ap 0-14 11.57 1.05 7.00 17.14 1.99 21.20 525 1.444 36.09 5.00 62.50
AC 14-40 6.98 0.53 525 7.14 3.98 12.80 315 1.444 24.06 6.25 78.13
Ci1 40-98 1.00 0.18 7.00 4571 2.90 8.60 105 0.962 12.03 7.50 62.50
C2 98 - 135 0.40 0.18 525 2857 1.99 4.80 105 1.444 24.06 3.75 46.88
PedonQzZ 2
Ap 0-19 10.17 0.53 525 17.14 5.98 17.44 525 0.963 48.13 8.13 62.50
Btl 19-51 7.58 0.53 3,50 2857 3.98 14.88 420 0.963 36.09 5.63 46.88
Bt2 51-84 4.99 0.18 350 3571 7.97 8.60 315 0.963 24.06 5.63 62.50
Bt3 84-139 2.20 0.18 5.25 30.00 9.96 6.56 210 1.925 36.09 4.38 46.88
Btc 139-187 0.80 0.18 7.00 37.14 5.98 5.44 210 1.444 24.06 8.13 46.88
PedornQZ 3
Ap 0-19 8.18 0.35 15.75 18.57 1.99 19.80 420 0.481 48.13 7.50 62.50
AB 19-40 6.19 0.35 15.75 8.57 3.98 14.80 315 0.963 48.13 5.63 46.88
Btl 40-63 2.39 0.53 525 128 7.97 6.56 315 1.444 60.16 10.00 31.25
Bt2 63-97 1.00 0.18 2.63 17.14 5.98 5.44 210 0.963 12.03 14.38 46.88
BC 97 - 167 0.40 0.18 1.75 27.14 3.98 4.80 420 0.481 24.06 438 78.13
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Tablel5 Cond.:

Organic carbon, total nitrogen, availableogphorusand micronutrientsf soils of the studied areas

Pedon Depth Organic Total Avail. Fe Fe Mn  Mn Cu Cu Zn Zn
Carbon N. P. HCI Total HCI Total HCI Total HCI Total
et + R (- mgkg™--) % ( s MQKG™ =-esememmmmrenmnmenmneaneaes

Soils on Mica Schists

PedonvS 1

Ap 0-18 7.98 0.70 8.75 38.86 1.99 8.60 630 0.096 36.09 5.00 46.88

Bt 18-54 2.99 0.35 5.28 37.14 7.97 6.00 210 0.048 24.06 6.88 62.50

Btc 54-177 1.60 0.18 490 25.71 5.98 20.88 210 0.096 24.06 8.75 62.50

PedonMs 2

Ap 0-16 6.63 0.70 5.25 41.43 3.98 8.60 315 0.193 36.09 6.25 46.88

Bt 16- 37 3.19 0.53 1.75 28.57 3.98 6.56 210 0.096 24.06 5.00 46.88

BC 37-72 2.00 0.18 140 27.14 5.98 5.44 315 0.048 48.13 5.63 78.13

C 72-143 0.80 0.18 3,50 25.71 3.98 12.80 315 0.048 24.06 6.88 93.75

PedonMsS 3

Ap 0-19 6.98 0.53 3,50 34.29 2.90 19.20 315 0.193 24.06 7.50 31.25

Btl 19-42 3.39 0.18 3.50 20.00 5.98 6.56 420 0.048 36.(® 4.38 46.88

Bt2 42-96 1.80 0.35 1.75 25.71 7.97 5.44 210 0.048 24.06 5.63 46.88

BC 96—-168 1.20 0.18 5.25 30.00 5.98 6.56 315 0.048 36.09 3.75 62.50
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Tablel5 Cond.:

Organic carbon, total nitrogen, available phosphand micronutrientsf soils of the studied areas

Pedon Depth Organic Total Avail. Fe Fe Mn  Mn Cu Cu Zn Zn
Carbon N. P. HCI  Total HCI  Total HCIl  Total HCI  Total
o (- mgkg™ ) % (rmrmmmmmmmm s MQKG™ -=--rmmmmmmememeen oo
Soils on Migmatite Gneisses
PedonviG 1
Ap 0-15 7.78 0.70 12.25 31.43 5.98 12.80 315 0.048 36.09 11.25 78.13
Bt 15-47 6.94 0.70 8.75 44.29 3.98 544 210 0.144 60.16 8.13 62.50
Btcvl 47-103 1.39 0.35 350 428 3.98 1.00 105 0.096 72.19 17.50 93.75
Btcv2 103 —147 0.60 0.18 13.13 41.43 3.98 2.88 105 0.048 24.06 14.38 78.13
PedonMG 2
Ap 0-18 6.48 0.70 35.00 30.00 3.98 14.80 315 0.241 24.06 9.38 93.75
AB 18-44 3.92 0.53 14.00 27.14 5.98 10.80 210 0.193 36.09 8.13 62.50
Btl 44-78 2.89 0.53 12.25 38.57 5.98 6.56 105 0.096 36.09 6.25 46.88
Bt2 78-123 1.39 0.18 5.25 37.14 7.97 2.88 315 0.144 12.03 8.75 46.88
BCcv 123-167 1.00 0.18 4.38 15.71 3.98 1.00 105 0.048 24.06 5.00 31.5
PedonMG 3
Ap 0-25 5.19 0.70 5.60 2857 2.90 11.92 315 0.096 24.06 250 62.50
Bti 25-47 3.40 0.53 5.225 24.14 3.98 5.44 105 0.048 12.03 250 46.88
Bt2 47-89 1.85 0.35 525 38.86 5.98 2.88 210 0.048 12.03 10.63 46.88
BCcv 89-162 1.00 0.18 4.38 37.29 7.97 2.00 105 1.444 24.06 14.38 62.50
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5.4.1 Organic Carbon (OC)

Organic carbon content in the surface horizon varied between 8.58 and 8.78 (8.70),
8.18 and 11.57 (9.97), 6.63 and 7.98 (7.20) and 5.19 and 7.78 (6.48)nghtpe
respective surface horizons of the older granites, quartzites, mica schists and
migmatite gneisses. The corresponding subsurface horizon values varied between
1.20 and 7.42 (4.52), 0.40 and 7.58 (3.08), 0.80 and 3.39 (2.12) and 0.60 and 6.94
(2.44) gkg'. The soils were generally low in organic carbon except for surface
horizons of pedon 1 and 2 on quartzite that were rated medium. The generally low OC
content of these soils might be due to continuous cultivation without fallow, bush
burning, high rate of meralization due to high temperature and crop removal for
livestock feeding, fuel wood, fencing and building purposes (Jones and Wild, 1975;
Esuetal., 1987; Bownaretal., 1990; Rajietal., 1996; Odunze, 1998). The mean OC
content of the surface soil wdound to be significantly higher than the subsoil (P <
0.01) (Table 16). There was also significant difference between the soils developed on
the different parent materials. The mean value of OC of soils on OG, QZ and MS
were statistically similar, whilealues on OG and QZ were significantly higher than
the mean values of OC in soils on MG. However, soils on MS and MG were observed
to be statistically at par (Table 17). Similar content and trend was reported by Ezenwa
and Esu (1999) andnde (2010) on beement complexes in northern guinea savanna
and in humid rainforest of Nigeria respectively. The sharp decrease in organic carbon
with depth from Ap horizons to the subsoil horizons may be attributed to high organic
matter accumulation and microbial actyvi(Mortland, 1970; Ogunwale, 1973). This

was supported by the highly significant negative correlation with cla.g51***).
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Table 16: Ranking of means of macronutrients and micronutrient®dfzons

Parameter Unit Surface Subsurface SEx LOS
Horizon Horizon

Organic C  gkg' 8.09a 3.01b 0.43 **

Total N gkg™ 0.61a 0.32b 0.03 **

Available P mgkg* 12.86a 6.79b 1.75 **

HCI Fe mgkg* 22.76 27.69 3.87 NS
Total Fe % 3.40b 6.05a 0.73 **

HCI Mn mgkg* 16.91a 5.97b 0.90 **

TotalMn mgkg* 376.25a 261.08b 35.17 **

HCI Cu mgkg* 1.12 0.95 0.15 NS
Total Cu mgkg* 32.08 28.94 465 NS
HCI Zn mgkg* 6.93 7.76 1.07 NS
Total Zn mgkg* 52.74 56.38 5.34 NS
LOS (P): NS >0.05,* "  ®kx »

Note: Means followed bytte same letters in the rows are not significantly different
at 5% LOS.
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Table 17: Ranking of means of macronutrients and micronutrients of parent

materials
Parameter Unit  Older Quartzite Mica Migmatite SE+x LOS
Granites Schist Gneiss
Organic C gkg' 5.66a 4.56a 3.51ab 3.37b  0.95 *
Total N gkg® 0.37 0.37 0.37 045 085 NS
Available P mgkg' 12.89a 6.44b 4.07b 9.92a 250 **
HCI Fe mgkg® 22.86b 23.67b 3041ab 33.88a 047  **
Total Fe % 7.05 4.90 515  5.13 0.77 NS
HCI Mn mgkg® 7.09b 10.84a 10.33a 6.18b 0.32  *
TotalMn  mgkg' 286 315 315 242 053 NS
HCI Cu mgkg® 0.83 1.14 0.88  1.07 0.40 NS
Total Cu mgkg® 24.06 32.66 30.62 3054 066 NS
HCI Zn mgkg" 8.13 6.88 597 9.14 0.22 NS

Total Zn mgkg® 45.46b 55.81ab 56.82ab 57.82a 0.39 **

LOS (P): NS > 0.05, *”
Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.
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Organic matter positively correlated and significantly with coarse sand, medium sand,
fine sand, very fine sand anotal sand (Table 18). This may be associated with erosion

of finer particle on surface horizon where organic matter tends to accumulate. Chemical
properties such as CEC, EC, total nitrogen and available phosphorus were significantly
correlated and positilie with OC (Tables 19 and 20) this implied that organic matter
significantly contributed to the CEC of these soils and served as reservoir for soluble salts
TN and AP and had been reported by other researchers (Sanchez, 1981; Goh, 1980; Jones
and Wild, 19B; Ogunsolaet al., 1989). The significantly negative correlation between

OC and Mg (r =0.383**) might be ascribed to the difference in their distribution pattern

as exchangeable Mg was leached into the subsurface horizons and had its higher
concentratia in the underlying horizons compared to surface horizon where the highest

accumulation of OC was found.

5.4.2 Total Nitrogen (TN)

Total nitrogen content for the surface horizons were found to vary between 0.35 and 0.70
(mean, 0.47), 0.35 and 1.05 (0.6@)35 and 0.70 (0.64) and 0.70 (0.70) gkythe older
granites, quartzites, mica schists and migmatite gneisses respectively. The corresponding
subsurface horizon values varied between 0.18 and 0.70 (0.33), 0.18 and 0.53 (0.29), 0.18
and 0.53 (0.27) an@.18 and 0.70 (0.37) gkg Total nitrogen was rated low (<1.5 gRg

in all the soils, both in their surface and subsurface horizons. Total nitrogen was higher in
the surface horizon and decreased through the profile with increase in depth and may be
attributed to contribution by organic matter and nitrogen fertilizer application. Similar
trend was reported by Ezenwa and Esu (1999). The mean TN content of surface soil was
found to be significantly higher than the subsurface horizon (P < 0.01). There was no
significant difference between the soils developed on the different parent materials (Table

17).
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Table 18:

Correlation matrof physical properties versesacronutrients and micronutrients

ocC TN AP HCI Total HCI Total HCI Total HCI Total
Fe Fe Mn Mn Cu Cu Zn Zn

Sand 0.610***  0.378* 0.211 -0.087 -0.466** 0.495%* 0.333* 0.190 0.276 -0.085 0.098
Silt 0.117 0.150 0.215 -0.018 0.087 0.157 0.067 -0.224 -0.107 -0.082 -0.106
Clay -0.651** -0.395*  -0.245 0.111 0.411* -0.561%** -0.356* -0.077 -0.256 0.119 -0.043
Si/C 0.622%=*  0.404** 0.323* -0.160 -0.309* 0.555%** 0.313* -0.028 0.153 -0.117 -0.060
BD -0.057 -0.015 -0.161 -0.021 -0.110 -0.160 -0.061 0.102 0.206 -0.075 0.227
PD -0.156 -0.337 0.018 -0.164 0.117 -0.279 -0.082 -0.238 -0.227 0.091 -0.201
TP 0.014 -0.017 0.201 0.008 0.124 0.145 -0.015 -0.056 -0.182 0.072 -0.178
FC 0.688***  -0.466** -0.258 0.219 0.290* -0.556%** -0.377*  -0.019 -0.237 0.034 0.054
PwWP -0.605** -0.568** -0.250 0.300* 0.296* -0.564**= -0.297* -0.024 -0.207 -0.079 0.079
AWC -0.332*  -0.015 -0.095 0.104 0.106 -0.324* -0.215 0.002 -0.141 0.188 0.011
WRD -0.384*  -0.480***  -0.264 0.131 0.234 -0.683** -0.201 -0.073 -0.220 0.198 0.098
LOS (B: * mo ek
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Table 19:

Correlation matrof chemical properties versesacronutrients and micronutrients

ocC TN AP HCI Total HCI Total HCI Total HCI Total

Fe Fe Mn Mn Cu Cu Zn Zn
pH(HO) -0.251 -0.199 -0.038 0.049 0.089 0.017 -0.097 0.054 0.003 -0.046 0.138
pH(CaC}) 0.050 -0.012 -0.177 -0.005 -0.032 0.076 -0.112 0.072 0.114 -0.202 0.195
as+ -0.290* -0.163 0.118 -0.069 0.131 -0.004 0.026 0.078 0.004 0.083 -0.056
Exch. Ca -0.008 -0.097 -0.048 -0.243 0.186 0.160 0.145 0.208 0.073 -0.185 -0.075
Exch. My -0.383**  -0.334* -0.289* -0.107 0.243 -0.106 -0.030 0.119 -0.055 -0.316* -0.056
Exch. Na 0.060 -0.059 0.135 0.331* 0.236 0.096 0.111 0.186 -0.028 -0.029 -0.049
Exch. K -0.041 -0.177 0.132 -0.188 0.105 0.143 0.058 0.110 -0.124 -0.295 -0.157
TEB -0.092 -0.181 -0.083 -0.208 0.216 0.108 0.113 0.185 0.044 -0.231 -0.082
EA 0.098 -0.019 0.327* -0.063 0.068 -0.012 -0.062 -0.077 0.067 0.128 0.260
ECEC -0.092 -0.153 -0.075 -0.199 0.199 0.120 0.081 0.178 0.029 -0.214 -0.061
CEC (OAc) 0.034 -0.174 -0.072 -0.097 -0.042 0.035 0.138 0.091 -0.006 -0.065 0.134
CEC Clay 0.407** -0.018 0.049 -0.073 -0.281* 0.211 0.342* 0.065 -0.002 -0.118 0.168
BS ECEQ 0.067 -0.035 -0.295* -0.123 0.142 0.053 0.105 0.138 -0.036 -0.167 -0.330*
BS -0.007 0.080 0.040 -0.148 0.205 0.181 -0.019 0.169 0.104 -0.070 -0.265
ESP -0.003 0.165 0.190 -0.103 0.041 0.016 0.072 0.036 -0.011 0.126 -0.076
EC 0.345%=*  (0.492* 0.266 -0.127 -0.161 0.353* 0.221 -0.045 0.153 -0.097 -0.001
LOS (P): * R
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Table 20:

Correlation matrof macronutrients and micronutrients

ocC TN AP HCI Total HCI Total HCI Total HCI
Fe Fe Mn Mn Cu Cu Zn
TN 0.740%*
AP 0.347* 0.283*
HCI Fe -0.128 0.039 -0.122
Total Fe -0.307*  -0.453** 0.019 -0.248
HCI Mn 0.711%* 0.613** 0.295* -0.066 0.437*
Total Mn 0.430*  0.220 0.048 -0.272 0.003 0.384**
HCI Cu 0.120 0.293* 0.161 0.184 -0.062 0.172 -0.090
Total Cu 0.299* 0.165 -0.052 -0.171 -0.021 0.327* 0.183 0.091
HCI Zn -0.014 0.078 0.086 0.160 0.097 -0.301* -0.158 0.138 -0.087
Total Zn -0.122 -0.008 -0.075 0.218 -0.210 -0.135 0.072 -0.089 0.137 0.280
LOS (P): * mo ek
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Total nitrogen correlate significantly and positivelywith medium sand, very fine
sand and total sand (Tabls). This may be associated with higher proportion of
coarse particlesErosion of finer particleoccurson thesurface horizon where TN
tends to accumulate due to OC decomposition and mineralization. Clay and Si/C ratio
were significantly correlatewith TN (r =-0.395** and 0.404** respectively). This
mightbe acribed to the dissociated migration of clay and aiganatter in these soils
resulting in different distribution trend within soil profilddigher moisture retention
seems to reduce TN content as indicated by the significant correlation with water
retention properties such as FC, PWP, AWC and WRD (T#leTotal nitrogen
significantly correlated with O (r = 0.747**) imply that high amount of total

nitrogen is significantly reserved arganic matter

5.4.3 Available Phosphorus (AP)

Available phosphorus was found in the surface horizon to vary betwe@én 14
and 21.0 (18.75), 5.25 and 15.75 (9.33), 3.50 and 8.75 (5.83) and 5.60 and 35.00
(17.62) mgkd in the respective surface horizons of older granites, quartzites, mica
schists and migmatite gneisses. The corresponding subsoil horizons value varied
betwea 1.75 and 19.25 (10.72), 1.75 and 15.75 (5.65), 1.40 and 5.25 (3.41) and 3.50
and 13.13 (7.61) mgkg There was no significant difference observed between mean
values of the soils developed on the different parent materials. Hence, other factors
(fertilizer application and organic matter) contributed more to AP in these soils rather
than parent material&oils on OG and MG wenatedlow to high, those on QZ low
to medium and for MS was low.The Ap horizons have higher values of AP
compared to suburfece horizons and varied irregularly with depth within the-sub

soil horizons of soils on OG, MS and M@8igher values of AP in surface horizons
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may be attributed to fertilizer application and supply from organic maftesugu
(1989), Pam (1990), Kparmwant993) and Raji (1995) reported similar findings in
older granites, basaltic soils and ancient sand dunes in savanna in Nigeria. However,
the valuesvere higher than those reported along toposequence on basement complex
rocks in Bauchi, Nigeria (Vonciet al., 2008). Soils on QZ had irregular variation
through their profiles. Available phosphorus was observed to negatively correlate
significantly with gravel (r =0.391**) indicating weathering of parent rotkrelease

more AR Exchange acidity significanticorrelatel with AP. Available phosphorus
significantly correlated with OC and TN (Tal®2@), imply that AP and TN ocuared

mostly in theorganicform in thesesoils The low content of OC, TN and AP (subsoil
horizons of older granite soils) could be sabstlly increased through effective post
harvest crop residue incorporation instead of their usual burning, application of farm
yard manure and incorporating legumes in crop rotation fields, as well as use of
organemineral fertilizers (Jones, 197Brady and Weil, 2005Havlin et al., 2005;
Odunze, 2006Fasinaet al, 2004&; Ogunkunle, 2009)-ertilizers containing these
elements Wi berequired to bappliedtimely in judiciousquantity and by buryingp
remedy thedeficiency

55. Available and Total Micro -nutrients

Some selected micronutrients including iron (Fe), manganese (Mn), copper (Cu) and
zinc (Zn) in HCI acid extractable and total forms were considered in this study for the
purpose of determining their present staldesta obtained are prested inTablel5.

55.1 Available and Total Iron (Fe)

Available iron content in the surface horizon varied between 17.14 and 32.86 (25.24),
17.14 and 18.57 (17.62), 34.29 and 41.43 (38.19) and 28.57 and 31.43 (30.00) mgkg

in the respective surface hoons of older granites, quartzites, mica schists and
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migmatite gneisses. The corresponding subsoil horizons value varied between 4.29
and 71.43 (21.97), 7.14 and 45.71 (25.32), 20.00 and 37.14 (27.50) and 15.71 and
44.29 (35.04) mgKg The parent materislsignificantlyinfluenced available Fe in the

soils (P: <0.01) (Table 21). The mean values of available Fe for soils developed on
MG and MS were not significantly different, but MG sdilad significantly higher

mean values oévailable Fe than isoils 0@ OG and QZ. Soils on MS were to be
statistically similar to OG and Q4.he soils were rated low to hidar soils on OG
medium to high foQZ andhigh for soils orMS and MG (Soil Survey Division Staff,
1993).Available Fe wagrregular distribugéd n all the soils. When the mean values of
available Fevere compared statistically, there was no significant difference between
the surface and subsoil values of available iron. The valessgenerally within the

range reported in ancient sand dunes (Rajg5).9basement complexes in Bauchi
(Mustapha and Singh, 2003) and plinthitic landscape of Zaria (Yaro, 2005). However,
the valueswere lower than those reported by Yaeb al. (2002) on dung NPK
(DNPK) plot at Samaru, Zarid.he difference may be attributéol organo fertilizer

application in soil of Samaru area.

Moisture retention at permanent wilting point (PWiakly correlated significantly
(0.300%) (Table 18) with available Fe. This may imply that moisture retention at this
pressure level (1500 mPahtetodiscourageadsorbtion of Fe and making it available
for crop utilization. The significant correlation observed with exchangeable Na (r =
0.331*) might be related to their distribution pattern that tend to be similar in these

soils.

Total iron contenin the surface horizon varied between 2.90 and 7.97 (4.62), 1.99
and 5.98 (3.32), 1.99 and 3.98 (2.96) and 2.90 and 5.98 (4.29) % in the respective
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Table 21:

Correlation matrof sesquioxides vers@sacronutrients and micronutrients

oC TN AP HCI Total HCI Total HCI Total HCI  Total

Fe Fe Mn Mn Cu Cu Zn Zn
Fexd -0.719**  -0.458** -0.231 0.193 0.373* -0.623***  -0.250 0.006 -0.118 0.215 0.126
Fex -0.252 -0.327* -0.311* 0.049 0.160 -0.048 0.054 -0.115  -0.049 -0.243 -0.150
Fe, -0.072 0.011 -0.041 0.123 0.060 -0.007 -0.195 -0.072 -0.028 0.110 0.241
Mngy -0.320*  -0.269 -0.265 0.093 0.171 -0.357* -0.131 0.164 0.011 0.129 -0.016
Moy -0.033 -0.038 -0.017 0.209 -0.202 0.130 -0.043 0.141 0.117 -0.149 -0.134
Mn, 0.375*  0.571** 0.164 0.170 -0.315* 0.581**  0.199 0.268 0.318* -0.184 0.003
Fexd 0.529**  0.105 0.015 -0.212 -0.283* 0.530***  0.376** -0.124 0.114 -0.288* -0.179
Mnoy/q 0.270 0.202 0.148 0.102 -0.371* 0.440** 0.091 0.070 0.204 -0.305* -0.160
Clay/ Fg 0.028 -0.011 0.073 -0.272 -0.044 0.004 -0.202 -0.163 -0.159 -0.137 -0.164
LOS (P): * mo ek
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surface horizons of older granites, quartzites, mica schists and migmatite gneisses.
The corresponding subsurface horizon values varied between 3.98 and 11.95 (7.97),
1.99 and 9.96 (5.33), 3.98 and 7.97 (5.98) and), 8@B7.97 (5.38) %. All the soils

were rated high in total Fe content (Soil Survey Division Staff, 1993). The total iron
content of these soils were slightly lower than the values reported in basaltic soils
(Kparmwang, 1993) and in plinthite landscape s¢¥sro, 2005) and may be
attributed to more accumulation of Fe due to advancement in pedogenic age of their
soils compared to soils of the present study. The content of total Fe increased
regularly with increased in soil depth in soils formed on OG, MEM®G, except at

the lowest horizon that decreased. Content of total Fe in Pedon MG1 was observed to
be constant in the subsoil horizons. Soils developed on QZ had irregular distribution
pattern within their profiles. There was no significant differencene@an values of

total iron in the different soils. However, the subsoil mean value was highly

significant and greater than the surface soil (Table 16).

Total iron correlated negatively with total sand fraction and positively with clay
(Table 18). This mape attributed to Fe occurrence in tropical soils as clay or coating
clay surfaces (Agbenin and Tiessen, 1995; &agil.,2000). Moisture retention at FC
and PWP were also noted to significantly influence distribution of total iron in soils
(Table 18). Sib organic carbon, TN and CEC of clay significantly correlated
negatively with total Fe (Table 19 and 20). IrondFé-844) and Mnyy were observed

to significantly influenced total iron content (r = 0.373*0.283* and-0.371*
respectively) (Table 19)This indicated formation and distribution of total iron was

significantly influenced by pedogenic processes such as ferritization and plinthization.
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55.2 Available and Total Manganese (Mn)

The available manganese (0.1M HCI extractable) content iacgutiorizon varied

from 12.80 to 17.40 (15.00), 17.40 to 21.00 (19.50), 8.60 to 19.20 (20.00) and 11.90
to 14.80 (13.20) mgkbin the respective surface horizons of older granites, quartzites,
mica schists and migmatite gneisséf&lues in the underlyinghorizons, the
corresponding values varied from 1.00 to 6.60 (4.10), 4.80 to 14.80 (8.50), 5.40 to
20.90 (6.70) and 1.00 to 10.80 (4.10) migkdhe mean values of available Mn in
soils on MS and QZ were observed to be significantly higher than those canG

OG soils. The variation may be influenced by their inherent nature and origin of
metamorphism.The soils were rated high in their content, except in subsurface
horizons of OG, QZ and MG soils which were rated as medium to high. The values
were within range reported on basement complex rocks of Bauchi (Mustapha and
Singh, 2003), lateritized basalts (Kparmwang, 1993) in northern guinea savanna and
less than other basalts in the region. Generally, the soils highest waheds the Ap
horizons and decread regularly with depth in the profiles. Similar trend was
reported by Kparmwang (1993), Raji (1995) and Yaro (2005) and attributed the trend
to contribution from organic matter. Thigas confirmed by the highly significant
difference between surface asdbsoil mean value (Table6, and the significant

correlation with organic matter (r = 0.711***).

Available manganese correldtpositively with total sand and negatively with clay
(Table18). Thiscould be attributed tesimilar distribution patterrbetween available

Mn and sand opposite with clayloisture retention properties (FC, PWP, AWC and
WRD) were allobsered to significantly influence available Mn content negatively

(Table 18). Soil organic carbon and TN significantly correthtgositively with

151



available Mn (Table20). This indicates that organic matter was a major contributor of
available Mn in these soil©rganic carbon was also found to correlate with Mn by
Katyal and Sharmél991), Kparmwanget al. (1998B), Kparmwanget al. (2000, Yaro

etal. (2002), Havlin et al., (20095. Iron (Fey), Mng and crystalline forms of Fe and
Mn were observed to significantly correlate inversely with available Mn content
(Table 21). Pyrophosphate extractable Mn highly significantly correlated with
available Mn (r =0.530***). This implies that available Mn may be strongly retained
in these soils in organic matterMn complexation. Hengeffirming that available

Mn was more strongly retained in soils by organic matter.

Total manganese content in surface horizamedafrom 210 to 315 (245), 420 to 525
(490), 315 to 630 (420) and 105 to 315 (350) mygky the respective surface
horizons of older granites, quartzites, mica schists and migmatite gneisses. The
corresponding subisface horizornvalues varied from 105 ta420 (302), 105 to 315
(267), 210 to 420 (276) and 105 to 525 (210) gkl the soilswere rated high in

their content. The values reported for total Mere within the range found in soils
studied by several workers in Nigerian savanna (Kparmwan@,; Fi, 1995; Yaro,
2005). Total manganese irregular decreased with depth in profiles of QZ, MS and
MG. Soils on OG teexhibit irregular decrease in their distribution with increase in
depth of soils. Mean value of surface soil was significantly gr¢Bter0.01)than the
subsirface horizon mean value (Tabld6). The irregular variation with increase in
soil depth indicate total Mn distribution nght havebeen influenced by several
pedogenic processesch as Mr- organic matter complexation and leachiSgmilar

trend wasobserved by Raji (1995), Sharratal. (2000) and Yaro (2005) on different

soils. Thismay be attributed to contribution by organic matter as indicated by their
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significant correlation (r = 0.430*¥)Incorporation of organic matter intbese soils
would significantly contribute to increase total Mn content. Theas no significant
difference between the meamluesof total Mn of soils, though the soilwere
observedto vary in their mean values ider of QZ = MS > OG > MG (Tabl&7)

and may be attributed tanherent characteristics of parent materidlsis indicates

that as pedogenic development advances, organic matter contribution of Mn in these

soils may be greater than parent materials.

55.3 Available and Total Copper (Cu)

Available copper contenfor the surface horizons were found to vary between 0.48
and 0.96 (mean, 0.64), 0.48 and 1.44 (0.96), 0.90 and 1.93 (1.60) and 0.48 and 2.41
(1.28) mgkd' in the older granites, quartzites, mica schists and migmatite gneisses
respectiely. In subsoil horizons, the corresponding values varied between 0.48 and
1.44 (0.90), 0.48 and 1.93 (1.18), 0.48 and 0.96 (0.602) and 0.48 and 1.93 (1.01)
mgkg'. Means of available Cu were not significantly different both between horizons
and between #hsoil parent material&wvailable coppemwas rated medium to high in

soils of QZ and MG, except in the surface and subsoil horizons of OG and MS
respectivelyAvailable Cu in soils on OG irregularly increadevith increase in soll
depth, whereas those Q¥ and MG hd irregular distribution pattern in the profiles

and was similarly observed §parmwanget al. (2000)in soils of Benue valley and

by Raji (1995)in the ancient sand dunes of Sokoto, NigeriRaji (1995) and
Kparmwang et al. (2000) attributed higher values in the lowest horizon to
contribution from weathering of Clbearing minerals in the parent materials. Soils on
MS hal higher valuesof available Cuin their surface &rizons compared to the

subsoil horizonsThe values were lower than thagported in different basaltic soils
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of NorthernGuineaSavanna of Nigeria by Kparmwang (1993), but were withi&

range reported by Raji (1995), Yaro (2005) and Yetral. (2007). Most physical and
chemical properties were poorly correlated with avdélacopper, except total
nitrogen (r = 0.293*). Yaroet al. (2002) reported poor -correlation with

physicochemical properties in DNPK plots studied at Samaru, Nigeria.

Total copper content varied in the surface horizon from 12.03 to 36.09 (24.06), 36.09
to 48.13 (44.12), 24.06 to 36.09 (32.08) and 24.06 to 39.09 (28.07) nigkihe
respective surface horizons of older granites, quartzites, mica schists and migmatite
gneisses. The corresponding subsoil horizons value varied from 12.03 to 36.09
(24.06), 1203 to 60.16 (29.53), 24.06 to 48.13 (30.08) and 12.03 to 72.19 (31.28)
mgkg*. All the soils were rated higim total Cu(Soil Survey Division Staff, 1993).

The mean values of total Cu of soils did not indicate any significant variation both
between horizos and between parent materials. The mean values of total Cu in the
soils decrease in order of QZ > MS > MG > OG (Table 17) and the trend could be
attributed to inherent status, but also indicated variation in the postulated order of
pedogenic developmemtf the soils (loss in total content indicate advances in soil
development). The total content of Cu was similar to those reported by Kparmwang
(1993), Raiji (1995) and Yaro (2005), and the decreasing pattern was associated to the

pedogenic age of the soils.

The distributions of total Cu in most of the profiles of all the soils formed on the
different parent material$iad irregular distribution pattern. Most physical and
chemical properties were not significantly correlated with total Cu as was obtained
with the available Cu. However, available cuppes significantly correlat with

OC, available Mn and pyrophosphate extractable Mn (r = 0.299*, 0.327* 0.318%,
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respectively), thus indicating some similarity in distribution patt@itrerefore, the
amount of otal Cu may be influenced by organic matter as it may undergo

complexationBrady and Weil, 2005).

55.4 Available and Total Zinc (Zn)

Available zinc (0.1M HCI extractable) content for surface horizon values varied
between 5.63 and 7.50 (mean, 6.88), 5a0d 8.13 (6.88), 5.00 and 7.50 (6.25) and
2.50 and 11.25 (7.71) mgkgn the older granites, quartzites, mica schists and
migmatite gneisses respectively. The corresponding subsoil horizon values varied
between 5.63 and 13.13 (8.60), 3.75 and 14.38 6385 and 8.75 (5.86) and 2.50
and 17.50 (9.57) mgkg All the soilswere rated high as the valuegre greater than
1mgkg" (Cox and Kamprath, 1972; Soil Survey Division Staff, 1988an values of
available Zn were not significantly different bothtlween horizons and between the
soil parent materials. The soils available Zn decreased in the order of MG > OG > QZ
> MS (Table 17). It may be attributed to inherent status of parent material release of
more available Zn as the soils advances in their gauo developmentThe
distribution of available Zwas irregular in all the soils formed on the different parent
materials. Similar trend was reported by Yatal. (2002)on soils on DNPK long

term plot at Samaru, Zaridhe values in these soilgere smilar to those found in
basaltic soils (Kparmwang, 1993), but slightly higher than those reported in ancient
sand dunes of north western Nigeria (Raji, 1995) and basement complex rock soils of

Bauchi State (Mustapha and Fagam, 2007; Vaetéit., 2008).

Most physicochemical properties were poorly correlated with available Zn and similar
finding was reported by Yaro (2005). It correlated significantly with exchangeable
Mg and K (r =-0.316*, -0.295* respectively), including other exchangeable bases
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(poorly negative), indicating that available Zn is a poor competitor with exchangeable
bases for adsorption on soil surfaces. Available Mn correlated negatively with

available Zn (r =0.301*) indicating inverse variation in distribution pattern.

Total Zn contet varied in surface horizons from 23.44 to 31.25 (28.65), 62.50
(62.50), 31.25 to 46.88 (41.67) and 62.50 to 93.75 (78.13) Tigkthe respective
surface horizons of older granites, quartzites, mica schists and migmatite gneisses.
The corresponding subis horizons value varied from 31.25 to 78.13 (51.76), 31.25

to 78.13 (53.98), 46.88 to 93.75 (62.50) and 46.88 to 93.75 (59.38)'mgke
means of soils for Zn were not significantly different between the horizons, but there
was a highly significant diérence between the soils. The mean values of soils on
MG, MS and QZ were statistically similar, but MG soil was significantly higher than
OG soil. The means of MS, QZ and OG were at par. This may be attributed to nature
of parent materials rather than lzanation or other pedogenic procesgdsthe soils
formed on the different parent materialere rated high. The valuesere slightly

lower than those obtained in basaltic soils (Kparmwang, 1993), but were thiehin
range reported in older granites MNigerian savanna Mosugu, 1989 The
distributions of total Zn in OG and MS were noted to be regular with increase in soil
depth Soils on QZ and MG showed irregular distribution pattern with increase in

depth.

Physicochemical propertiesnight not havesignificantly influenced total Cu as there
was no significantorrelaton with total Cu as was obtained with the available Cu.
Similar trend waobsered on plinthiic soils on landscape in Samaru, ZgfYaro,
2005). However, available cupper significgntbrrelatel with OC, available Mn and
pyrophosphate extractable Mn (r = 0.299* 0.327* 0.318* respectively), thus
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indicating some similarity in their distribution pattern. Hawnal. (2005) reported
that organic matter serve as a major contribwatdroth available and total Zn content

in soils as it undergo complexation.

56 PEDOGENIC FORMS OF IRON AND MANGANESE OXIDES
The pedogenic forms of irpmanganese arattive ratios that were determined in this

study are discussed in this sectpyesentedn Table22.

5.6.1 Pedogenic Forms of Iron Oxides

The citratebicarbonatedithionite extractable iron oxide (kFéotal free iron oxides)
content in the surface horizons varied between 0.71 and 0.86 (0.79), 0.57 and 0.59
(0.58), 1.29 and 1.71 (1.43) and29.and 2.00 (1.56) % the respective surface
horizons on older granites, quartzites, mica schists and migmatite gneisses. The values
for the underlying horizons varied between 1.43 and 2.86 (2.11), 1.43 and 2.86 (2.09),
1.71 and 2.86 (2.39) and 1.43 aBd#9 (2.52) %. Parent materials significantly
influenced Fgand mean values of soils on MG and MS were statistically similar and
might be attributed to higher amount of ferromagnesian minerals in these soils. Soil
on MG was significantly higher than those QZ and OG, which were at par with

MS soils (Table 23). Udo (1980) similarly reported that parent material influenced
relative distribution of free iron oxides. Total free iron oxide values for the underlying
horizons were observed to be significantighter than the overlying horizons (Table

24). The significantly higher proportion of total free iron oxide obtained in the subsoll
might be associated with doanslocation Fe with clay from surface to subsoil
horizon through eluviations illuviation processes (Blume and Schwertmann, 1969;

Juoetal., 1974).
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Table22:

Iron and manganesidesand their active ratiosf soils of the studied areas

Pedon Depth Fey Fesx Fe, Mngy Mnoy Mn, Feyida Mnoyq Clay/ Fe

Cmmm e ae 0/ === e >

Soils on Older Granites

Pedon OG 1
Ap 0-26 0.714 0.143° 0.343 0.041 0.010 0.012 0.20 0.249 17.09
Btl 26-75 1.429 0.214 0.343 0.041 0.005 0.006 0.15 0.124 29.53
Bt2 75-119 1.714 0.429 0.172 0.061 0.005 0.006 0.25 0.084 16.45
BC 119-183 1.714 0.357 0.172 0.061 0.015 0.012 0.21 0.29 14.12
PedonOG 2
Ap 0-17 0.800 0.286 0.257 0.061 0.010 0.018 0.36 0.167 20.25
Bt 17-70 1.714 0.286 0.257 0.081 0.005 0.012 0.17 0.063 23.45
Btc 70-190 2.857 0.357 0.343 0.122 0.010 0.006 0.13 0.084 8.47
PedonOG 3
Ap 0-23 0.857 0.286 0.257 0.041 0.005 0.006 0.33 0.124 16.57
Bt 23-57 2.286 0.500 0.257 0.081 0.005 0.006 0.22 0.063 14.96
Btc 57-121 2.857 0.571 0.343 0.102 0.010 0.012 0.20 0.100 13.37
Btc 128- 160 2.286 0.429 0.172 0.081 0.005 0.006 0.19 0.063 19.34
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Table22 Cond.:

Iron and maganese oxides and their active rabbsoils of the studied areas

Pedon Depth Fey Feox Fe& Mng Mnox Mnp Fewxid Mnoya Clay/ Fe
S —— 0/ == === e e >
Soils on Quatzites

PedorQZ 1

Ap 0-14 0.571 0.214 0.343 0.081 0.010 0.012 0.38 0.126 14.36
AC 14-40 0.714 0.286 0.428 0.102 0.005 0.012 0.40 0.050 19.89
C1 40-98 1.429 0.429 0.428 0.163 0.015 0.006 0.30 0.094 29.53
c2 98 —135 2.286 0.500 0.172 0.081 0.010 0.006 0.22 0.126 14.09
PedornQzZ 2

Ap 0-19 0.586 0.214 0.172 0.102 0.015 0.018 0.37 0.150 13.99
Btl 19-51 2.571 0.357 0.086 0.122 0.020 0.024 0.14 0.167 14.08
Bt2 51-84 2.000 0.429 0.343 0.081 0.010 0.018 0.22 0.126 23.10
Bt3 84-139 1.714 0.357 0.257 0.122 0.010 0.012 0.21 0.084 22.29
Btc  139-187 2.857 0.429 0.257 0.061 0.010 0.012 0.15 0.167 11.97
PedornQZ 3

Ap 0-19 0.571 0.214 0.428 0.061 0.010 0.012 0.38 0.167 17.86
AB 19-40 2.286 0.357 0.257 0.061 0.031 0.036 0.16 0.502 8.84
Btl 40-63 2.571 0.286 0.257 0.102 0.015 0.018 0.11 0.150 16.41
Bt2 63-97 2.000 0.571 0.343 0.081 0.005 0.006 0.29 0.063 23.10
BC 97- 167 2.571 0.286 0.257 0.061 0.010 0.006 0.17 0.167 14.86
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Table22 Cond.:

Iron and manganese oxides and their active rafigsils of the studied areas

Pedon Depth Fey Fesx Fe, Mngy Mnoy Mn, Feyda Mnoyq Clay/ Fe

S —— 0/ == === e e >

Soils on Mica Schists

PedonvS 1
Ap 0-18 1.286 0.643 0.257 0.041 0.010 0.018 0.50 0.249 12.60
Bt 18-54 2.857 0.571 0.514 0.061 0.005 0.012 0.20 0.084 10.57
Btc 54-177 2.286 0.429 0.343 0.102 0.015 0.006 0.19 0.15 13.21
PedonMs 2
Ap 0-16 1.714 0.571 0.343 0.081 0.015 0.018 0.33 0.189 7.12
Bt 16- 37 2.286 0.429 0.172 0.081 0.010 0.018 0.19 0.126 12.34
BC 37-72 2.571 0.571 0.343 0.122 0.015 0.012 0.22 0.126 12.52
C 72-143 2.857 0.357 0.343 0.102 0.010 0.012 0.13 0.100 11.52
PedonMsS 3
Ap 0-19 1.286 0.643 0.086 0.061 0.010 0.018 0.50 0.167 7.93
Btl 19-42 1.714 0.571 0.172 0.081 0.015 0.012 0.33 0.189 14.12
Bt2 42-96 2.571 0.643 0.428 0.102 0.005 0.006 0.25 0.050 8.63
BC 96-168 2.000 0.429 0.343 0.061 0.102 0.012 0.21 0.167 11.10
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Table22 Cond.:

Iron and manganese oxides and their active rafigsils of the studied areas

Pedon Depth Fey Fesx Fe, Mngy Mnoy Mn, Feyida Mnoyq Clay/ Fe
S —— mm O e e >
Soils on Migmatite Gneisses

PedonViG 1

Ap 0-15 1.286 0.357 0.428 0.061 0.005 0.018 0.28 0.084 11.59
Bt 15-47 2.571 0.429 0.428 0.102 0.010 0.012 0.17 0.100 12.80
Btcvl 47-103 3.100 0.286 0.514 0.143 0.005 0.012 0.09 0.036 11.90
Btcv2 103 —147 2.724 0.286 0.172 0.081 0.010 0.006 0.11 0.126 10.61
PedonMG 2

Ap 0-18 2.000 0.286 0.257 0.061 0.010 0.024 0.14 0.167 5.45
AB 18-44 2.286 0.214 0.172 0.081 0.010 0.018 0.09 0.126 15.27
Btl 44-78 1.429 0.214 0.172 0.102 0.015 0.018 0.15 0.150 30.02
Bt2 78-123 3.143 0.214 0.514 0.407 0.015 0.012 0.07 0.038 12.38
BCcv 123-167 1.714 0.429 0.172 0.102 0.010 0.012 0.25 0.100 16.86
PedonMG 3

Ap 0-25 1.386 0.214 0.257 0.102 0.005 0.031 0.15 0.050 15.08
Bti 25-47 2.000 0.214 0.428 0.061 0.015 0.012 0.11 0.251 17.45
Bt2 47-89 3.486 0.286 0.257 0.407 0.026 0.012 0.08 0.063 12.88
BCcv 89-162 2.714 0.143 0.343 0.143 0.005 0.006 0.053 0.036 12.12
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Table 23: Ranking of means afon and manganese oxidasdtheir active ratio®f
parent naterials

Parameter ~ Unit Older Quartzite Mica Migmatite SEx LOS
Granites Schist Gneiss
Fey % 1.75b 1.77b 2.13ab2.30a 0.15 *
Feox % 0.35b 0.36b 0.53a 0.27c 0.03 ***
Fe, % 0.27 0.29 0.30 0.32 0.46 NS
Mng % 0.070 0.092 0.081 0.143 0.42 NS
Mnox % 0.008 0.013 0.011 0.011 0.39 NS
Mnp % 0.009 0.014 0.013 0.015 0.46 NS
Feuxd - 0.22b 0.25ab 0.28a 0.1 0.01 **
MnNoyd - 0.12 0.15 0.15 0.10 0.48 NS
Clay/Feg - 17.60a 17.46a 11.06b14.1% 055 *

LOS (P): NS > 0.05x ~
Note: Means followed by the same letters in the rows are not sigmijcdifferent

at 5% LOS.

*k%k 7V
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Table 24: Ranking of eansron and manganese oxidasdtheir active ratio®f

horizons

Parameter Unit Surface Subsurface SEz+ LOS
Horizon Horizon

Fey % 1.09b 2.27a 0.18 *
Feux % 0.34 0.39 0.03 NS
Fe, % 0.29 0.30 0.04 NS
Mny % 0.066b 0.108a 0.02 *
Mnox % 0.010 0.011 0.00 NS
Mn, % 0.017a 0.012b 0.00 *
Fesxd - 0.33a 0.18b 0.02 i
MnNox/d - 0.16a 0.12b 0.03 *
Clay/Fe - 13.32 15.79 0.75 NS
LOS (P): NS > 0.05* N

Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.
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The process was triggered by redox process (Fanning and Fanning, 1989). All the
soils increased in [evith increase in depth and were irregular in the deeper portion
of subsurface horizon. The highest values (3-18.49 %) were within plinthite
horizons (Btcv) of the soils on MG. The values were higher than those reported by
Aghimienetal. (1988), Maniyinda (1999), Raji atl. (2000), Ibia (2002) and Essoka

and Esu (2003), but lower than values reported in basaltic soils (Kparmwang, 1993).

Variation in total free oxides for different study areas compared to the present one
indicated that moisture regimand drainage condition of soils influenced content of
total free iron (Juetal., 1974; Udo, 1980). Iron oxide (fesignificantly correlated
(negatively) with total sand, clay (positively) and all moisture retention parameters
(Table 25). This implieghat drainage and moisture regime of soils significantly
influenced Fey formation, translocation and accumulation processes (redox process)
(Juoetal., 1974; Udo, 1980; Perkins and Lawrence, 1982; Aghineieal., 1988).

The significarly negative correldon values obtained between J~&ith organic
carbon(r = -0.719***) and total nitrogeifr = -0.458***). This may be a reflection of
inhibitory effect of soil organic matter on Fe oxide as reported by Sasgtrali

(2006).

The oxalate extractable iron o (Fg,) (amorphous form) in the surface horizons
varied between 0.14 and 0.27 (0.24), 0.21 (0.21), 0.57 and 0.64 (0.62) and 0.21 and
0.36 (0.29) %in the respective surface horizons of older granites, quartzites, mica
schists and migmatite gneisses. bbsirface horizons, the corresponding values
varied between 0.21 and 0.576 (0.39), 0.29 and 0.57 (0.40), 0.36 and 0.64 (0.50) and

0.14 and 0.43 (0.27) %.
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Table 25:

Correlation matrix between physical propeaime§orms of iron,manganese oxidesdtheir active ratios.

Fe Feyx Fe Mngy Mnoy Mn, Fesd Mnoy/d Clay/Fe
Sand -0.563** -0.176 -0.053 -0.338* 0.041 0.319* 0.411* 0.381* -0.310*
Silt -0.144 0.267 0.037 -0.169 -0.280 -0.036 0.214 -0.103 -0.184
Clay 0.617*+* 0.041 0.034 0.398* 0.040 -0.269 -0.533*** -0.359* 0.406*
Si/C -0.592** 0.026 -0.074 -0.343* -0.155 0.239 0.544%* 0.193 -0.342*
BD 0.013 -0.012 -0.279* -0.049 -0.002 -0.045 -0.055 0.112 0.005
PD -0.017  -0.002 -0.136 0.103 -0.059 -0.328* 0.027 -0.216 0.302*
TP 0.020 -0.088 0.091 0.055 0.004 0.049 0.007 -0.109 0.060
FC 0.612*+* 0.142 0.100 0.334* -0.038 -0.404** -0.476** -0.248 -0.034
PWP 0.517** 0.096 -0.082 0.176 -0.045 -0.390** -0.403** -0.188 -0.108
AWC 0.344*  0.062 0.210 0.306* -0.074 -0.180 0.403* -0.305* -0.195
WRD 0.381* 0.031 0.172 0.435* -0.062 -0.518*** -0.511%** -0.393** -0.093
LOS (P): * mo ek
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Table 26:

Correlation matrix between chemical properties and forms of iron, manggdesand their active ratios.

Fe Feyx Fe Mngy Mnoy Mn, Fesd Mnoy/d Clay/Fe
pH(H:0) 0.054 0.176 -0.035 0.326* -0.057 -0.004 0.042 -0.238 -0.080
pH(CaC}) -0.099 0.089 -0.129 0.120 0.072 0.098 0.134 -0.013 -0.038
as+ 0.136 0.086 0.077 0.210 -0.099 -0.016 0.012 -0.173 -0.050
Exch.Ca 0.032 0.417* -0.126 -0.082 0.012 -0.096 0.314* 0.107 0.012
Exch. Mg 0.278  0.443* -0.125 0.120 0.062 -0.137 0.053 -0.072 0.062
Exch. Na -0.076  -0.172 0.100 0.032 -0.384** -0.369** 0.130 -0.273 0.319*
Exch. K  -0.068 0.248 -0.02 0.127 0.060 -0.020 0.233 -0.030 0.202
TEB 0.080 0.421* -0.124 -0.010 0.011 -0.133 0.281 0.050 0.064
EA -0.119  -0.195 0.179 -0.055 -0.388** -0.139 -0.014 -0.298* 0.254
ECEC 0.076 0.397* -0.122 -0.026 -0.0Z -0.118 0.261 0.028 0.071
CEC(OAc) -0.090 0.055 0.073 0.110 -0.074 -0.176 0.237 -0.155 0.136
CEC Clay 0.461** -0.136 0.124 -0.092 -0.150 -0.105 0.443* -0.005 -0.297*
% 6 0.041 0.361* -0.278 0.088 0.313* 0.039 0.146 0.202 -0.117
BS -0.061 0.344* -0.177 -0.093 0.093 0.110 0.079 0.191 -0.119
ESP -0.008 -0.163 0.124 -0.149 -0.189 -0.084 -0.116 -0.021 -0.021
EC -0.349* -0.226 -0.112 -0.272 -0.131 -0.329* -0.298* 0.081 0.060
LOS (P): * i
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The parent materials significantly influenced variation inyHsetween the soils
(Table 23). The mean value of soils on MS was significantly greater than QZ, OG and
MG. Soils on QZ and OG were at par and were significantly greaterMiaa This

trend indicated a decrease in,Fe&ith pedogenic age as higher value was found in
soil on MS (pedogenically youngest) and lowest value of amorphous Fe in soil on MG
(oldest). This was related to the finding of Yaro (2005) that amorphous Hewest

in plinthitic soils compared to neplinthitic soils on landscape at Samaru, Zafiae
values of Fg were generally within range of soilsnoolder granite and basalts
reported inNorthernGuineaSavanna losugu, 1989Kparmwang, 1993), but higher
than values reported on aeolian materials (Ogunsolet al., 1989; Raji, 1995;
Maniyunda, 1999; Owonubet al., 2003). Amorphous Feregularly increased with
depth and decreased in the lowest horiabsoils on OG Content of Fg in soils on

QZ irregulary increased with deptiAmorphous Fe was irregularly distributed within

soils onMS and MG

Chemical properties such as exchangeable Ca, Mg, total exchangeable bases and
ECEC highly significantly correlated with g Table 26) indicate probablacrease

in exchange sites with increase in iron oxide,{Fé\gbenin and Tiessen (1995) and

Raji etal. (2000) attributed the relationship to coating of clay surfaces by Fe oxides.
The distribution of Fg was inversely proportional to the distribution patterriodél

nitrogen (r =-0.327*) in these soilsThis implied that different factormfluenced

their accumulation and distribution in these soils

Sodium pyrophosphaxtractable iron oxide (Be(organo- complexed form) range
between 0.26 and 0.34 (0.29)17 and 0.43 (0.31), 0.09 and 0.34 (0.23) and 0.26 and
0.43 (0.31) %n the respective surface horizons of older granites, quartzites, mica
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schists and migmatite gneisses. The correspondingidabs horizorvalues varied
between 0.17 and 0.34 (0.26)09 and 0.43 (0.28), 0.17 and 0.51 (0.33) and 0.17 and
0.51 (0.32) %.Both parent materials and horizon did not significantly influenced
variation in Fgin the soils.The valuef Fg, were higher thatherange reported by
Raji et al. (2000) and Abdouramane and Yaro (2007), but lower than the range
reported in wetland soils in Nigeria (Olalegtal., 2000).The variation might be due

to difference in amount of organic matter generated by vegetations in the different
ecological zones of the various siesl The valueswere within range reported in
establisled forest in SuthernGuineaSavanna of Nigeria (Samnéeti al., 2006). The

soils generally hadrregular distribution of their Rein their profiles, whereas MS
irregularly increased with depth in tiseil profiles. Irregular distribution pattewf

Fe, was alsaeported by Abdourahamane and Yaro (2007).

Pyrophosphatextractable iron oxidelid not correlatesignificantly with most soil
propertiesas their distribution was irregular in these soil gesfilt only correlated

significantlywith bulk density (r =0.279%*).

5.6.2 Active Iron and Clay /Dithionite Iron Ratio

Active iron oxide ratio (F&) in the surface horizons were found to range between
0.20 and 0.36 (0.30), 0.37 and 0.38 (0.37), @B& 0.50 (0.44) and 0.14 and 0.28
(0.19) in the respective surface horizons of older granites, quartzites, mica schists and
migmatite gneisses. Thenderlying horizon valus varied between 0.13 and 0.25
(0.19), 0.11 and 0.40 (0.21), 0.13 and 0.33 (0.28)@&05 and 0.25 (0.12). Active Fe

ratio generally decreased with increase in depth of $aleent materials significantly
influenced crystallization in these soils (Table 23). Crystallization was highest in soils
on MG and significantly higher than inits on OG, QZ and MS. Soils on OG and QZ
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were similar, but OG was significantly higher than MS. The variation order in relation
to the parent material indicates the direction of pedogenic age of theTé@iimean
value of the surface soil wasignificartly greater than the subsoil (P < 0.00Talfle

24). This implied that crystallization of iron oxides significantly greater in
subsirface horizonscompared to the surfadeorizons (Blume and Schwertmann,
1969; Lekwa and Whiteside, 1986). Schwertmann 91 @hd Samndet al. (2006)
attributed lower proportion of crystallization of Fe oxide in surface soils compared to
subsoil to inhibitory effect of soil organic matter ongJFerystdlization. High
proportion ofFein the subsoilavere in the crystallinedrm as the valuewere less

than orequalto 0.2 reported by Blume and Schwertmann (1969).vEhges ofactive

iron ratio wereless than 0.5 regarded by Alexander (1974) as rating for old age or
high degree of weathering, thus indethat the soilsn this studyadvancd in their

pedogenic agehich are characteristics of tropical soils

Active iron correlated significantlgnd positivelywith total sand (r = 0.411**) and
Si/C (r = 0.544***) and clay (r =0.533***). Increase in sandndsilt weatherimg to

clay increase active Fe cemigration and coating of clay surface, thus increased in Fe
crystallization increased in claghemical properties such as exchangeable Ca, CEC
clay and EC correlated positively wiHfe,yq ratio; implying that Ca and solld salts
significantly compete with iron oxide for adsorbtion on clay surfaCegstallization
reduces clay surface araad may have been attributedremludionin CEC of clay.
Organic carbon significantly correlatgvith Fe,wq ratio (r = 0.529***) indcating that
crystallizationis inhibited byorganic matter through the soil profiles. There was a
significant negative correlation (r-8.724***) observedobetween Fg with total free

iron oxide.This impliesthat increase in Resignificantly contribted to crystallization
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in these soils. Inversely, there was a positive significant correlation with amorphous
iron (r = 0.408**), trereforeindicatd that amorphous iron oxide decrease soils

advance iritheir development (age).

Clay / dithionite iron rab in the surface horizon varied between 16.57 and 20.25
(17.97), 13.99 and 17.86 (15.40), 7.12 and 12.60 (9.22) and 5.45 and 15.08 (10.71) in
the respective surface horizons of older granites, quartzites, mica schists and
migmatite gneisses. The corresgong subsrface horizon valus varied between

8.47 and 29.53 (17.46), 8.84 and 29.53 (18.01), 8.63 and 14.12 (11.75) and 10.61 and
30.02 (15.23).Clay/ dithionite ratio for gils on QZ and MS were irregularly
distributed in their profileswhereasclay/ dthionite ratio for soils orOG and MG
regularly decreased with depth in some portion of their profiles except for pedon MG
2 which had an irregular distributiohis indicatesthat with advancement in
pedogenic development in these soils, independematiag of clay and~e; (QZ and

MS) shift towards partial eanigration (OG and MG) (Juet.al, 1974). The means of

clay/ dithionite Fe ratiosf surface and subsoil were not significantly different. This
indicates that there partial co migration betwelay end iron in these soils and more
clay seems to be illuated into the subsoil than Fe oxidParent materials
significantly influenced mean values of clayfetio (P: <0.05) (Table23). The
significant correlation between clayfeatio with clay, péicle and Si/C ratio
significantly influence co migration between clay and Fédy/ iron dithionite ratio
significantly correlaéd with exchangeable sodium (Tab®5) and might be an
indicaton of similarity in distribution pattern of exchangeable Bial co migration

between clay and ke
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56.3 Pedogenic Forms of Manganese Oxides

The citratebicarbonatedithionite extractable manganese oxide {(Miftotal free
oxides) in the surface horizons varied between 0.041 and 0.061 (0.048), 0.061 and
0.102 (0.081) 0.041 and 0.081 (0.061) and 0.061 and 0.0102 (0.07%) %e
respective surface horizons of older granites, quartzites, mica schists and migmatite
gneisses. In subgacehorizons, the corresponding values varied between 0.041 and
0.122 (0.079), 0.061nal 0.163 (0.094), 0.061 and 0.122 (0.089) and 0.061 and 0.407
(0.163) %.There was no significant difference in the mean values of soils formed in
the different parent materials, but mean values ranked in the order of OG < MS < QZ
< MG. The lowest mean va¢ observed in OG soil was attributed to coarse particle
size (high total sand) materials that caused leaching out and translocation away of
Mng, as shown by significant negative correlation between sand apn¢ Mr0.338).

The mean value of Mnin subsuface horizon was significantly higher than the
surface soil (Table 24T he values reported in this stuadigre less than those reported

in loess over basement complex soil in subhumid region (Maniyunda, 1999), but
higher than those reported in plinthisntlscape by Yaro (2005) and on inland valley
soils by Essoka and Esu (2003he variations might be due to difference in parent
materials and ecological zond&dl the soils increaseth Mny contentwith increase in

depth of soil, but decreased in the &sivhorizon ofoils onQZ, MG and MS. The
highest valueof Mng (0.407%)was observed in subsurfaberizon ofsoils onMG.

The relative accumulation of Mnn the subsrface (Bt) horizonswas attributed to
eluviationilluviation processes, and probablyated to release of Mn oxides from

silicates (Blume and Schwertmann, 1969; Naétal., 1989).
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Theilluviation and accumulation of total free manganese okidribsurface horizons
might have been significantlynfluencedby clay content and moisture liege (FC,
AWC and WRD) of the soils as indicated by their highly significant positive
correlation Table 25. The significant correlation between clay and J\Munggested
their comigration.Nahonet al. (1989) and Birnie and Peterson (1991) attributed Mn
oxide accumulation to temporary water logging conditions in the oxidizing zones of
soil profiles. Increase in soil pH ¢B) increasd Mnq content of these soils as noted

in their significant correlation (r = 0.326*). Dithionite form of iron oxide significantl
correlatel (r = 0.465**) with Mnd. This may be due to similarity in their distribution
pattern. Organic carbon and available Mn distribution within the soil profiées in

oppositedirectionwith Mng, hence their significant negative correlation (T&g

Oxalate extractable manganese oxide {Yyiamorphous form) in surface horizons
varied between 0.005 and 0.010 (0.009), 0.010 and 0.015 (0.012), 0.010 and 0.015
(0.012) and 0.005 and 0.010 (0.006)irMthe respective surface horizons of older
granites, quartzites, mica schists and migmatite gneisses. The corresponding
subsirfacehorizon valus varied between 0.005 and 0.015 (0.008), 0.005 and 0.031
(0.013), 0.005 and 0.015 (0.011) and 0.005 and 0.026 (0.01Zné&omean values

had no significant difieence both between parent materials and between hor&ibns.

the soils had anregular distribution pattern, except for pedons 2 and 3 on migmatite
gneiss increased with increase in depth but decreased in the lowest horizons. Soils on
OG regularly incresed with depth and decreased in the lowest horizon. The values

were similar to those reported on plinthite landscape by Yaro (2005).
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Table 27:

Correlation matrix of forms of iron, manganese and their active ratios.

Fe Fex Fe Mngy Mnox Mn, Fexad Mnoywd
Fex 0.223
Fe 0.131 -0.069
Mng 0.465* -0.184 0.223
Mngx 0.185 -0.056 -0.211 0.373*
Mn, -0.151 -0.141 -0.217 -0.072 0.368*
Feyd -0.724*+* 0.408* -0.105 -0.335* -0.136 0.010
Mnox/q -0.213 0.013 -0.251 -0.555** 0.600** 0.404* 0.189
Clay/ Fq -0.280* 0.175 0.179 -0.038 -0.113 -0.162 0.176 -0.087
LOS (P): * no ek
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Exchangeable Na and exchange acidity (EA) highly significantly correlated wigh Mn
(Table 26) indicating increase in exchange Na and EA increased amorphous iron
(Mngy). The distribution of Mg, was similar with Mg as irdicated by the significant

correlation (r = 0.373**) in these soils.

Pyrophosphate extractable manganese oxide,XNm the surface horizons varied
between 0.006 and 0.018 (0.012), 0.012 and 0.018 (0.014), 0.018 (0.018) and 0.018
and 0.031 (0.024) % therespective surface horizons of older granites, quartzites,
mica schists and migmatite gneiss&&lues of the underlyindhorizons varied
between 0.006 and 0.012 (0.008), 0.006 and 0.036 (0.014), 0.006 and 0.018 (0.011)
and 0.006 and 0.018 (0.012) %he nean values had no significant difference
between parent materials (Table 23pils on OG, QZ and MS decredsaegularly

with increase in soil depth, but decreased regularly in soils on MG. The mean values
were significantly higher in the surface soilngpared to the subsoil (Tab®) and

was dtributed to influence of organic matter on Mistribution (r = 0.375%).

Pyrophosphate extractable manganesiee wassimilar in distribution pattern with

total sand in these soils as they significantly cotedlavith one anothe(Table 25).

Other physical properties such as particle density, FC, AWC and WRD significantly
correlated negatively with M(Table 23. Similarly, exchangeable Na and EC were
also negatively correlated with M(Table26). The positie correlation between Mn

with total nitrogen (Tabl€6) might be due to their similarity in distribution pattern,
and also total nitrogewas significantly contributed from organic matter in the soils.
The significant correlation observed with Mnand Mg (Table27) indicates that

the distribution pattern of Mrwas similar to that of amorphous form, but differed
with the crystalline form. This affired the variation between surface and subsoil
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values of mica schist soil in both Mand Mnyy. The hidnly significant correlation
between Mn, with available Mn (r = 0.581*%*) impkd that pyrophosphate

extractable Mn nght be majorsource and reservoir for available Mn.

56.4 Active Manganese Oxide Ratio

Active manganese oxide ratio (Mn) in the surfacenorizons were found to range
between 0.12 and 0.25 (0.18), 0.13 and 0.17 (0.15), 0.17 and 0.25 (0.20) and 0.05 and
0.17 (0.10) in the respective surface horizons of older granites, quartzites, mica schists
and migmatite gneisses. The correspondinglatdxsehorizon value varied between

0.06 and 0.25 (0.10), 0.05 and 0.50 (0.15), 0.05 and 0.19 (0.12) and 0.04 and 0.25
(0.10). There was no significant variation observed between the soils developed from
the different parent materials (Table 23), howevex sihils varied in the order of MG

> OG > QZ = MS. Active manganese oxide ratios decreased irregularly with increase
in depth of sils on OG, MS and MG. Those on QZ had irregular distribution pattern,
but highest ratiavasfound within surface horizons. €hrregular decrease Mnoyq

ratio with increase in depth of soils indiedtincrease in crystallization process with
increase in soil depth as influenced by the longer moisture regime inrtades
horizonscompared to surface horizons. Soils on QZedhitregularly with depth. The

mean value of the surface solil is significantly greater than the sulbsdle( 24,

hence imped crystallization of manganese oxidess significantly greater in the

subsoil compared to the surface soil.

Active manganese e ratio correlated significantly with total sand and clagle

25), thus impled that increase in sand decrease crystallization and vice versa with
clay. Increase in exchange acidity fawwurystallization as indicated by their
significant correldéion (r = -0.298*). The negative significant correlation with Mn
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= -0.555%) indicate that crystallization contribute to total free Mn@ soils. There
was a highly significant correlation (positiveetweenMn,y and Mn, (Table 27 and

indicaed similarity in their distribution pattern.

57 MINERALOGY OF SOILS
The mineralogy of silt and clay fractions of the surface (Ap) and subsoil (upper and
deepest) horizons of the soils developed on the different parent materials are

discussed in this section.

5.7.1 Mineralogy of Silt Fraction

The X - ray diffractograms of silt fraction indicated soils developed on older granite

were dominated by halloysite (3.67, 3.65, 3.64, 2£224S HD NV IROORZHG E\ JLEE
(4.80, 4.77, 4.740peaks) and kaolinite (9.02, 8.85 S )fNgure5). Similarly,

Eswaran and Heng (1976) reported dominant peak of halloysite in Alfisols and

attributed it to transformation in more acidic and leaching condit®ibbsite

accumulation inBt horizon of soils on OG might be attributed to more tiverang

process occurring in this horizon. Kaolinite was observed in subsoils of OG and

increased with increase in soil depth.

Soils on QZ, MS and MG were dominantly pyrolusite (3.70, 3.69, B.6BHD NV

mineral followed by diaspore (3.99, 3.68 S H D N \ovité® {884, 4.85, 3.99

peaks) and gibbsite (3.90, 3.69, 386 SHDNV JLIXUHYV 2WKHU |
observed in small to trace amount in silt fraction include, paragonite, montmorillonite

and maghemite.
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The soil developed on quartzite was dominated by pyrolusite (5.035, 3&®, 2

2110 SHDNV PLQHUDO 7KH SHDN LQWHQVLW\ RI S\UROXVL\
and decreased significantly in the subsoil horizons. Diaspore (4.10, 3.950 3.87

peaks) and kaolinite (9.02,8.866 SHDNV KDG VLPLODU GLVWULEXWLRQ
in Ap and Btc horizons than Btl horizon, though montmorillonite accumulated more

in the Btl horizon (Figure 5). This trend might be attributed to variation in drainage

conditions within the horizon and accumulation of diaspore and kaolinite as
weatheringadvanced in this soil. Similarly Ojanuga (1979) attributed montmorillonite

to poor drainage and kaolinite to well drained soils.

The silt fraction of soils on mica schist had similar intensity of pyrolusite, muscovite
diaspore and gibbsite minerals inthh@®t and C2 horizons (Figure 6). This indicated
that the minerals were product of low weathering of mica schist parent material as
litttle or no change was observed in their profile mineralogy and might be inherited
from the parent material. The highesak®f muscovite in silt fraction of the soils of

this study was in soils on mica schist and therefore soil on MS was regarded least

weathered.

Mineralogy of silt fraction of soil on MG indicated more prominent peaks by
pyrolusite and gibbsite minerals atfteir more accumulation in Btl subsoil horizon
over Ap and BCcv horizons (Figure 7). This might be attributed to gibbsite, pyrolusite
and diaspore formation as a result of pedogenic transformation and more weathering
(age) compared to soils on OG, QZ an& .MVc Kenzie (1982) and Mugglet al.

(2007) reported that presence of product of weathered minerals such as pyrolusite,

gibbsite, kaolinite, and diaspore indicate advanced weathering. Muscovite and
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kaolinite minerals increased with increase in depthod$ ®n MG and indicated that

the minerals were inherited from the parent material.

The wide variation in mineralogy of silt fraction of these soils were influenced by
differences in parent materials, pedogenic processes and age, as also reported by
Marstall (1977), Brady and Weil (2005) and Mella and Mermut (2010) that wide

variation in mineralogy of Alfisols were attributed to moderate weathering .

5.7.2 Mineralogy of Clay Fraction
The X - ray diffractograms of clay fraction of the selected pedons (@Z2, MS3

and MG2) on the various parent materials are shown in Figures 8, 9, 10 and 11.

Clay fraction of soil on OG was domiea by kaolinite prominent sharp peaks (8.92,
8.87,3.97,39%9 SHDNV IROORZHG E\ VPDOO DPRXQW RI S\URO
2540 SHDNV DQG WUDFH DP R X-@GewhicRite (2Q9HI1BGM®\HU FKORU
peaks) muscovite and diaspore (Figure 8). Damce of kaolinite might be as a

product of dehydrated halloysite under warm dry condition that was initially

weathered into the silt fraction from feldspar (Graham and O’Green, 2010).

Chlorite-vermiculite intergrades detected in both Btl and BC horizahisated that

they were inherited from the parent material and might be product of transformation
of mica as also reported by Nornberg (1980), and Mugglat. (2007) stated that
mica transformation to mixeldyer clay minerals under acid condition niayther

transform to kaolinite.
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Figure 1l. X-ray diffractograms of clay particle of Pedon MS®wing Ap, Bt and

C2 horizons. K
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Soils on quartzite were predominantly diaspore (3.98, 398 HDNV DQG NDROLQL
(9.07, 8940 SHDNV LQ WKH VXUIDFH DQG XSSHU VXEVRLO KI
gibbsite) and kaolinite were weathered preidof feldspars and increased in relative

abundance with soil age. Tdeminerals were followed by pyrolusite (3.69, 3.68,

2110 SHDNV DQG PRQWPRULOORQLWH O SHD
(Btc) horizon was dominated by illite (9.4Y S H)aht\Vdiaspore (4.06 SHDNYV

Trace amount of maghemite mineral was observed in all the horizons of soils on QZ

and might have been product of parent material weathering. The wide variation in

mineral composition of these soils influenced their mineraddgitassification to be

mixed mineralogical class (Wysoaodial., 1988; Soil Survey Staff, 2010).

Soils on mica schist were dominated by muscovite (13.92, 13.7,0.06HD NV

kaolinite (8.98, 8.9 SHDNV DQG GBB8/SBEIHSHDNV )LIXUH

They were followed by pyrolusite (3.70, 3.69, 37SHDNV DQG VPDOO WR WUDTF
of maghemite and chloriteermiculite. The wide variation in mineral composition of

soils on MS suggested that MS soils were the least weathered among soils formed on

the different parent materials. Their constant distribution within the profile indicated

they were inherited from the parent material (Cook, 1973; Wysetcki., 1988;

Fanning and Keramidas, 1989). Pyrolusite decreased with increase in depth and

might beattributed to pedogenic formation as a result weathering and not inherited

from parent material.

In soils developed on migmatite gneiss parent material, clay fraction was dominated

by diaspore (3.99, 3.98, 3.96, 2.56, 2.55, 264 SHDNV DQG NDROLQLWH
8910 SHDNV ZLWK SURPLQHQW VKDUS SHDNV LQ DOO WKH
followed by pyrolusite (3.70, 3.69, 3.68 SHDNV 'LDVSRUH ZDV GRPLQDQW«
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all horizons and might have been formed from desilication due to advance weathering
stage as reported Ijuggleret al. (2007). Pyrolusite was high in surface horizon and
decrased with increase in soil depth and might be due to more favourable drainage
condition (longer oxidation) in Ap horizon promoting crystallization of MnO
compared to subsoil (Btl and Btcv) horizons. Among them, kaolinite was reported in
several highly wethered soils in Nigerian savanna and associated with well drained
condition and lowered pH (Ojanuga, 1979; Ezenwa and Esu, 1999; Yaro, 2005).
Diaspore minerals dominated clay fraction indicated that soils on MG were the most
weathered among soils formed ¢tme different parent materials. The increase in
intensity of weathering may be due to increase in acidity of the soils (Marshall, 1977,
Nornberg, 1980; Brady and Weil 2005). The increase in intensity of diaspore and
kaolinite along with their slight vartimn in composition of clay fraction in soil on

MG may be attributed to advance weathering state (Mella and Mermut, 2010). Soils
on MG, therefore were regarded the most weathered among the soils in this study.
Soils on MG were considered most weatheredvee dominated by diaspore and
kaolinite followed by pyrolusite, and may be attributed to acidic condition and
leaching of exchangeable bases favouring kaolinization and accumulation of
sesquioxides. Soils on QZ were dominantly diaspore followed by kmoand illite

and were considered to be more weathered compared to soils on OG (predominantly
kaolinite). Hence order of weathering of minerals in soils of this study were in the

order of MG > QZ > OG > MS.
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5.8 TOTAL ELEMENTAL OXIDES AND RELATIVE WEATHER ING
INTENSITY

The total elemental oxides of the representative soils formed on the various parent

materials that were determined in this study are discussed in this section and their

percentage composition are presented in Table T& relative intensityof

weathering of these total elemental oxides indicating their retention (gain /loss) is

presented in Table 29.

5.8.1 Major Elemental Oxides

The contents of major elements (total oxide form) fromrXy fluorescence indicated
SiO; dominated the soils (rged between 46.1 and 78.7%) followed by®zeand
Al>0O3 (5.20 to 22.85% and 7.60 to 22.00% respectively). Calcium oxigle, KInO

and TiQ were all less than 5.20% (Table 28). Differences in basement complex
parent material did not significantly vary mosgjor elemental oxides of the soils,
except for KO and TiQ (Table 30). Mean values of,R in soils on MS and QZ were
statistically at par and significantly higher than soils on OG and MG which were at
par. The mean content of TiOf soils developed on @, OG and QZ were at par, but
MG was significantly higher in Tigthan MS. However, soils on MS were at par with
OG and QZ in mean content of TiOPedogenic age was considered to have
contributed to variation in leaching of,®& and accumulation of T Hence, these
soils exposure to pedogenic processes may be ranked in order of MS~QA&

MG.
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Table 28:

Percentage total element oxwlesils studied

Pedon Depth (cm) SiO, AI,O; CaO K,O0 TiO, FeO; MnO RbO SrO BaO 2ZrO, V,0; Cr,Os ZnO
Soils on Older Granites: Pedon OG 1

Ap 0-26 72.2 890 047 114 2.02 560 0.06 0.00 trace 0.06 0.89 0.10 trace trace
Btl 26-75 544 20.0 037 101 2.25 20.40 0.07 0.00 trace 0.18 0.72 0.10 0.02 0.020
Bt2 75-119 494 18.0 0.31 0.70 2.04 2199 0.10 000 trace 0.19 0.76 0.10 0.03 0.010
BC 119-183 48.6 20.0 031 058 2.08 21.17 0.03 0.00 trace 0.18 1.10 0.01 0.03 0.000
P. Rock 54,4 10.0 449 7.73 238 14.70 0.13 0.00 0.06 0.01 0.10 0.0 trace trace
Soils on Quartzites: Pedon QZ 2

Ap 0-19 75.2 940 055 272 157 957 0.16 002 002 0.21 0.63 0.07 0.03 trace
Btl 19-51 53.7 19.0 037 226 2.12 17.33 0.09 trace trace 0.18 0.39 0.10 0.2 0.02
Bt2 51-84 453 220 0.33 207 239 2222 007 006 002 020 0.46 0.12 0.03 o0.03
Bt3 84-139 46.1 22.0 033 210 225 21.44 0.06 010 trace 0.20 1.00 0.12 0.03 0.06
Btc 139-187 46.1 220 033 220 235 2285 0.09 002 001 0.23 0.20 0.10 0.03 0.01
P. Rk 91.8 240 0.19 0.13 0.01 4.120 0.010 trace trace trace trace trace trace trace
Soils on Mica Schists: Pedon MS 3

Ap 0-19 78.7 892 057 201 170 520 0.09 trace 0.2 0.14 030 0.06 0.03 0.1
Btl 19-42 58.6 17.0 040 343 1.78 1430 1.00 0.06 trace 0.17 0.47 010 04 o0.01
Bt2 42-96 49,6 16.0 trace 5.10 199 18.70 0.6 0.07 0.03 035 0.41 0.20 0.04 trace
BC 96-168 55.2 18.0 trace 2.37 1.89 17.65 0.04 0.19 0.14 0.17 3.00 0.20 0.07 0.06
P. Rock 43.3 19.1 0.001 12.7 2.25 14.69 0.11 trace 0.09 trace 0.37 0.01 0.04 trace
Soils on Migmatite Gneisses: Pedon MG 2

Ap 0-18 723 7.60 197 077 224 7.04 010 002 004 0.25 1.00 0.07 0.03 o0.07
AB 18-44 54,1 18.0 044 052 221 16.00 0.03 trace trace 0.10 0.73 0.08 0.04 0.02
Btl 44-78 51.0 18.0 0.39 055 248 17.70 0.01 trace trace 0.10 0.82 0.11 0.03 trace
Bt2 78-123 54,3 18.0 035 055 246 16.00 0.01 0.16 trace 0.06 0.79 0.30 0.04 o0.10
BCcv 123-167 48,9 19.0 0.28 042 2.07 22.28 0.03 trace trace 0.17 0.73 0.10 0.04 0.01
P. Rock 65.0 16.1 429 268 043 535 007 021 0.0 0.08 0.02 0.04 0.02 trace
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Table 28 Cord.: Percentage totaleenent oxide®f soils studied

Pedon Depth (cm) CuO MoOs PbO NiO Ga,0s Y05
Soils on Older Granites: Pedon OG 1

Ap 0-26 trace trace trace trace trace trace
Btl 26-75 0.03 trace trace 0.02 0.01 trace
Bt2 75-119 0.04 6.80 0.02 0.03 0.02 trace
BC 119-183 0.4 trace trace 0.02 0.02 trace
P. Rock trace trace 0.01 0.01 0.01 trace
Soils on Quartzites: Pedon QzZ 2

Ap 0-19 0.02 0.00 0.01 0.02 0.01 0.04
Btl 19-51 0.02 0.00 0.01 0.03 0.01 0.00
Bt2 51-84 0.06 0.00 0.02 0.02 0.02 0.06

Bt3 84-139 0.06 0.00 0.00 0.05 0.02 0.10
Btc 139-187 0.02 0.00 0.01 0.02 0.01 0.02
P. Rk trace 0.00 trace 0.01 trace trace
Soils on Mica Schists: Pedon MS 3

Ap 0-19 0.02 trace 0.01 0.01 trace 0.01
Btl 19-42 0.02 5.40 0.02 0.02 0.01 trace
Bt2 42-96 0.4 trace 0.02 0.04 trace 0.03
BC 96-168 0.03 trace 0.10 0.20 0.07 0.17
P. Rock trace trace 0.02 0.39 0.02 0.02
Soils on Migmatite Gneisses: Pedon MG 2

Ap 0-18 0.03 0.00 0.04 0.04 trace trace
AB 18-44 0.4 0.00 0.01 0.04 0.01 trace
Btl 44-78 0.4 0.00 0.02 0.03 trace trace
Bt2 78-123 0.4 0.00 0.10 0.28 0.01 0.30
BCcv 123-167 0.04 0.00 0.02 0.03 0.01 trace
P. Rock trace 0.00 0.01 0.01 0.01 0.00
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Table 29: Relative retention (Gain/Loss)athl element oxidesf soils studied

Pedon Depth (cm) SiG, Al,O4 CaO K,O FeO, MnO Rb,O SrO BaO ZrO,
Soils on Older Granites: PedonOG 1

Ap 0-26 1.564 1.049 0.123 0.174 0.449 0.562 0 0.0 7.07 10.49
Btl 26-75 1.058 2.116 0.087 0.138 1.468 0.570 0 0.0 19.04 7.62
Bt2 75-119 1.066 2.100 0.081 0.106 1.745 0.897 0 0.0 22.17 8.87
BC 119-183 1.022 2.288 0.079 0.086 1.648 0.264 0 0.0 20.60 12.59
Soils on Quartzites: Pedon QZ 2

Ap 0-19 0.005 0.025 0.018 0.133 0.015 0.255 1.529 1.091 13.38 40.38
Btl 19-51 0.0( 0.037 0.009 0.082 0.020 0.103 0.005 0.0 8.49 18.30
Bt2 51-84 0.002 0.038 0.007 0.067 0.023 0.074 2.510 0.711 8.37 19.29
Bt3 84-139 0.002 0.041 0.0(8 0.072 0.023 0.070 4.356 0.004 8.89 44.44
Btc 139-187 0.002 0.036 0.007 0.072 0.024 0.100 0.851 0.277 9.79 8.51
Soils on Mica Schists: Pedon MS 3

Ap 0-19 2.406 0.618 754.4 0.209 0.469 1.023 1.32 0.225 1852.94 1.11
Btl 19-42 1.711 1.125 505.6 0.341 1.230 1.149 733.15 0.001 2148.88 1.61
Bt2 42 -96 1.295 0.947 0.113 0.454 1.440 0.493 757.54 0.3% 3957.29 1.25
BC 96-168 1.518 1.122 0.119 0.222 1.430 0.476 2261.91 1.773 2023.81 6.44
Soils on Migmatite Gneisses: Pedon MG 2

Ap 0-18 0.214 0.091 0.088 0.055 0.253 0.266 0.019 0.%50 0.60 12.0
AB 18-44 0.162 0.218 0.020 0.038 0.582 0.083 0.0001 0.0 0.24 8.88
Btl 44-78 0.136 0.1% 0.016 0.036 0.574 0.025 0.0001 0.0 0.2 8.89
Bt2 78-123 0.146 0.195 0.014 0.036 0.523 0.025 0.133 0.0 0.13 8.63
BCcv 123-167 0.156 0.245 0.014 0.033 0.865 0.089 0.0001  0.003 0.44 9.48
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Table 29 Cord.: Relative retention (Gain/Loss) wftal element oxidesf soils studied

Pedon Depth (cm) V,0; Cr,05 ZnO CuO MoOs PbO NiO Ga,0s Y05

Soils on Older Granites: Pedon OG 1

Ap 0-26 1.15 1.18 1.18 1.18 1.18 0.01 0.02 0.022 0.131
Btl 26-75 1.08 253.87 211.56 359.64 1.06 0.01 2.12 1.322 0.118
Bt2 75-119 1.19 396.67 116.67 466.67 79333 2.33 3.50 2.917 0.130
BC 119-183 1.07 331.83 1.14 400.48 1.14 0.01 2.29 2.861 0.127
Soils on Quartzites: Pedon QzZ 2

Ap 0-19 4.46 1.59 0.01 1.08 0 0.38 0.02 0.382 0.093
Btl 19-51 4.72 0.8 1.13 0.99 0 0.43 0.02 0.519 0.002
Bt2 51-84 5.02 1.13 1.42 2.01 0 0.84 0.01 0.795 0.068
Bt3 84-139 5.33 1.20 2.76 2.76 0 0.01 0.03 0.889 0.148
Btc 139-187 4.26 1.28 0.47 0.81 0 0.43 0.01 0.255 0.028
Soils on Mica Schists: Pedon MS 3

Ap 0-19 6.11 1.04 66.18 277.94 1.324 0.33 0.03 0.001 0.806
Btl 19-42 9.72 1.23 126.40 303.37 68258.43 1.26 0.06 0.053 0.005
Bt2 42 —-96 1740 1.3 1.13 429.65 1.13 1.13 0.12 0.0aL 1.475
BC 96-168 18.2 2.35 714.29 380.95 1.19 5.95 0.61 0.347 8.800
Soils on Migmatite Gneisses: Pedon MG 2

Ap 0-18 0.34 0.29 13821 59.51 0 0.75 0.77 0.0% 0.006
AB 18-44 0.39 0.3 38.91 68.10 0 0.12 0.78 0.389 0.006
Btl 44-78 0.48 0.28 0.17 67.62 0 0.32 0.52 0.003 0.006
Bt2 78-123 1.31 0.34 174.80 66.42 0 1.59 4.89 0.489 17.48
BCcv 123-167 0.52 0.41 20.77 87.25 0 0.43 0.62 0.415 0.007
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Table 30: Ranking of mearpercent (%)of total element oxidesf parent materials

Element Older Quartzite Mica Migmatite =~ SE+ LOS
oxide Granites Schist Gneiss

SiIO, 56.23 53.28 60.53 56.12 2.38 NS
Al,03 16.73 18.48 14.98 16.12 0.74 NS
CaO 0.37 0.38 0.24 0.69 0.75 NS
K20 0.86b 2.27a 3.23a 0.56b 0.42 **
TiO, 2.10ab 2.14ab 1.84b 2.29a 0.10 *
FeOs 17.29 18.68 13.96 15.80 1.60 NS
MnO 0.066 0.095 0.069 0.035 0.16 NS
Rb,O 0.000 0.040 0.079 0.036 0.04 NS
SrO 0.000 0.008 0.047 0.007 0.02 NS
BaO 0.153 0.204 0.208 0.136 0.04 NS
ZrO; 0.87 0.54 0.80 0.81 0.31 NS
V205 0.097 0.102 0.140 0.132 0.42 NS
Cr,0s 0.022b 0.025b 0.046a 0.038ab 0.01 *
ZnO 0.008 0.026 0.019 0.040 0.02 NS
CuO 0.027 0.033 0.029 0.037 0.00 NS
MoOs 1.70 0.000 1.35 0.000 150 NS
PbO 0.005 0.009 0.036 0.039 0.02 NS
NiO 0.018 0.028 0.068 0.084 0.05 NS
Ga0Os 0.013 0.012 0.020 0.007 0.00 NS
Y205 0.000 0.043 0.054 0.060 0.06 NS

LOS (P): NS> 0.05, *”
Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.
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Distribution of silicon oxide, CaO, MnO and,® decreased irregularly with soil
depth and might be attributed to desillioat of SiG in the subsoil horizons, and
biocycling and leaching of these oxides (CaO, MnO ag@)Kn these soils. Silicon
oxide significantly correlated with calcium oxide (r = 0.541*) and manganese oxide (r
= 0.474%), thus affirming similarity in theidistribution pattern. Titanium oxide
content was fairly constant with increase in depth of soils and was reflected in its not
significant correlation with most elements (Table 3Aluminum oxide and FgO3
contents were similar in distribution pattern awndre significantly and positively
correlated (r = 0.937***). Their contents increased irregularly with increase in soil
depth and sharp increase was noted between surface and subsoils. The significant
increase in the subsoil horizons of,@4 and FgO; might be attributed to their

illuviation.

Examination of relative weathering intensity indicated that difference in parent
materials significantly influenced relative retention of all major element oficddse

32). Relative depletion of major element oxidess more pronounced in soils on MG

and QZ compared to OG and MS soils and may be attributed to inherent nature of the
parent materials and their exposure to pedogenic processes. Potassium oxide and
MnO were relatively depleted in all the soils, wherea®,SAl,03, CaO and F£©s

were relatively depleted but with accumulation in MS (Si0aO and F£s) and OG

(SiO,, Al;0s, and FeOs) (Table 32).
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Table 31:

Correlation matrior total element oxidesf soils studied

SIiO Al,03 CaO K20 TiO, FeOs MnO Rb,0O SrO BaO
SO, -
Al,O0; -0.0.946%*
CaO 0.541* -0.596** -
KO 0.023 -0.058 -0.062 -
TiO, -0.593* 0.528* -0.080 -0.473* -
FeO; -0.961*** 0.937*+* -0.771** -0.134 0.474* -
MnO 0.474* -0.424 0.338 0.562* -0.566* -0.324 -
RO -0.184 0.217 -0.283 0.515* 0.062 0.125 -0.240 -
SrO  0.097 -0.106 -0.035 0.495* -0.260 -0.077 -0.025  0.507 -
BaO -0.186 0.047 -0.223 0.494* -0.183 0.260 0.397 0.294 0.520* -
Z2ro, -0.019 0.031 -0.126 -0.387 -0.021 0.130 -0.327  0.130 -0.126 -0.190
V,0s -0.332 0.288 -0.682** 0.162 0.301 0.238 -0.504* 0.612** 0.014 -0.080
Cr,0Os -0.288 0.259 -0.420 -0.145 -0.051 0.297 -0.331 0.344 0.205 0.177
ZnO0 -0.073 0.113 -0.048 -0.080 0.410 0.007 -0.218  0.470* 0.124 -0.131
CuO -0.659 0.642* -0.557* -0.400 0.453 0.648*  -0.398 0.176 -0.190 0.213
MoO; -0.091 0.070 -0.067 0.115 -0.2% 0.126 0.320 -0.052 -0.271 0.035
PbO -0.048 0.029 -0.281 -0.071 0.153 -0.001 -0.331 0.454 0.363 -0.165
NiO  -0.127 0.157 -0.348 -0.146 0.222 0.072 -0.424  0.508* 0.075 -0.289
Ga0Os -0.300 0.386 -0.582* -0.046 -0.089 0.342 -0.167  0.280 -0.199 -0.035
Y.0s -0.114 0.169 -0.283 0.457 0.207 0.067 -0.319  0.793**  0.464 -0.258
LOS (P): * TR
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Table 31 Cord.

Correlation matriXor total element oxidesf soils studied

Zro, V703 Cr,0s Zn0O CuO MoQO3 PbO NiO Ga0s Y205
Zro, -
V,0s 0.109 -
Cr,Os 0.158 0.372 -
Zn0  0.172 0.344 0.339 -
CuO 0.271 0.597* 0.398 0.254 -
MoO; -0.059 0.000 0.059 -0.103 0.024 -
PbO 0.098 0.460 0.695* 0.389 0.144 0.173 -
NiO  0.450 0.541 0.594* 0.574* 0.212 -0.078 0.557* -
Ga0Os 0.355 0.410 0.660** 0.457 0.2¢&4 0.238 0.087 0.375 -
Y.0s -0.106 0.543~ 0.441 0.408 0.255 -0.327 0.221 0.350 0.309 -
LOS (P): * ”
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Table 2: Ranking of mean afelative retention (Gain/Loss) tftal element oxides
of parent materials

Element Older Quartzite Mica Migmatite = SE+ LOS
oxide Granites Schist Gneiss

SIO, 1.455a 0.003d 1.312b 0.162c 0.06 ***
Al,Os3 1.888a 0.035d 0.813b 0.188c 0.04 ***
CaO 0.915b 0.010b 315.11a 0.030b 87.56 **
K20 0.126b 0.085bc 0.307a 0.040c 0.04 **
FeOs 1.327a 0.021c 1.142a 0.559b 0.08 ***
MnO 0.573a 0.120b 0.785a 0.098b 0.15 **
Rb,O 0.00 1.850a 938.48a 0.031b 262.60***
SrO 0.002 0.403 0.596 0.194 0.31 NS
BaO 17.22b 9.78b 2495.73a  0.326b 324.60***
ZrO; 9.89b 26.19a 2.60b 9.57b 575 **
V205 1.13b 4.76b 12.89a 0.606b 1.65 **
Cr,0s 245.88a 1.21b 1.49b 0.342b 21.45 ***
ZnO 82.64 1.157 227.00 74.57 122.03NS
CuO 306.99a 1.529b 347.98a 69.78b 25.32 ***
MoOs 19834.18a 0.00(b 17065.52a 0.00(b 0.00 ***
PbO 0.59 0.42 2.17 0.64 0.96 NS
NiO 1.178a 0.019c 0.206b 1.517a 0.82 NS
GaOs 1.78a 0.57ab 0.10c 0.26bc 031 *
Y205 0.13 0.07 2.77 3.50 3.51 NS
LOS (P): NS > 0.05, *” TRk

Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.

198



Silicon oxide correlated negatively with most elements in these soils (Table 31),
though not gnificantly correlated. The significant negative correlation with
aluminum oxide, titanium oxide, iron oxide, and copper oxide indicate that SiO
decreased relative to increase of these elements in these soils. €aapg2006)
reported on metamorphmoils that were largely illitic that with decrease in §iO
Al>,O3 and FeOs increased in the soils. Aluminum oxide was noted to significantly
correlate positively with iron, titanium and copper oxides (r = 0.937***, 0.528* and
0.662** respectively) and nyabe associated with similarity in their distribution
pattern. As soils advance in their developmahtOs; and FeOs have been reported

be transported and accumulate within the subsoil horizons (allitization and
ferritization respectivelyfMohr etal., 1972; Buoletal., 1980; Fanning and Fanning,
1989. Allitization (Al,Os enrichment) ferritization (F€s; enrichment) and
desillication (SiQ depletion) processes occur in soils simultaneously (Jackson, 1965;
Mohr etal., 1972; Buoletal., 1980), thuseflected the significant negative correlation

between AIOs, Fe,Oz with Si0; (Table 31).

Relative intensity of weathering of SIOAl,O; and FgO; showed that soils on OG

and MS were relatively enriched, whereas QZ and MG soils were relatively depleted
(Table 29 and 32). Kendrick and Graham (2004) attributed,,S&drichment
(accumulation) in soil to increase in silication. The present study found that SiO
Al>,O3 and FeOs relative enrichment (OG and MS soils) in soils depended more on
initial weathering 6 parent material and with advancement in pedogenesis relative
depletion dominated the soils (QZ and MG). Similarly, Thanaehial (2006)
attributed early geochemical differentiation to parent material composition and

chemical composition of matured lsoio weathering environment. On Comparing the
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relative intensity of weathering statistically, older granite soil was significantly more
pronounce in relative accumulation of $i€@mpared to all other soils (MS, MG and
QZ). All the soils differed signifigntly from each other in the intensity of their
relative weathering of Si) Al,Oz and FeOs in the sequence of OG > MS > MG >
QZ (Table 32). Difference in horizons were found to significantly influenced relative
retention of major elements (SIO Al,O; amd FeOs) indicating significant

desilication, allitization and ferritization in subsoils than surface horizons (Table 33).

The whole trend of relative weathering intensity indicated by mean relative retention
of major element oxides in the soils were rechikn the following sequence:

Soils onOlder granite Al>,O3 > SIO, > FeO3; > CaO > MnO > KO

Soils onQuartzite MnO > KO > ALOs; > FeOs; > CaO > SiQ

Soils onMica schist CaO > SiQ > FeO3 > Al,03 > MnO > KO

Soils onMigmatite gneiss Fe03;> Al,O3> SiO, > MnO > KO > CaO

The trend of major element oxides showed that relative retention of elements was
similar between soils on OG and MS, except that there was an interchange of position
in the sequence between,@ and CaO. Calcium oxide was most telaly retained
element in MS and imply that less weathering and leaching occurred in this soil, as
calcium have been reported to be most sensitive to weathering and leaching and was
used as indicator of pedogenic age (Beaeeral, 1963; Jones and Bease 1966),

thus indicate that MS soil was the youngest in pedogenic development. Following
position of CaO in sequence of soils in the various parent materials, order of
pedogenic development of the soils is MS < OG < QZ < MG. The relative retention
sequepe for soils on MG indicated dominance of,Bg¢ Al,O; and SiQ, also
indicated soils on MG to be the most weathered among all the soils.
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Table 3: Ranking of mean afelative retention (Gain/Loss) tftal element oxides
of parent materials

Parameter Surface Subsurface SEx LOS
Horizon Horizon
SiG, 1.047a 0.591b 0.38 Fokk
Al,Os 0.446b 0.764a 0.24 bl
CaO 188.56 36.16 112.34 NS
K>O 0.143 0.127 0.03 NS
FeOs 0.297b 0.828a 0.14 Fkk
MnO 0.527 0.316 0.13 NS
Rb,O 0.72b 268.60a 84.71 *
SrO 0.552 0.227 1.94 NS
BaO 468.50 587.74 394.57 NS
yA(®)) 16.00 11.77 5.66 NS
V205 3.01 5.39 1.47 NS
Cr,05 1.025 71.03 19.08 *k
Zn0O 51.39 100.83 41.94 NS
CuO 84.93 188.34 57.87 Fokk
MoO; 1.25b 244599.38a 3592.94 *k
PbO 0.369 1.060 0.28 NS
NiO 0.208 1.113 0.30 NS
Ga0Os 0.100b 0.804a 0.18 *
Y05 0.259 0.203 0.76 NS
LOS (P): NS > 0.05, *” T Rk

Note: Means followed by the same letters in the rows are not significantly different
at 5% LOS.
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This affirmed previous reports that as weathering advances, relative retention of
sesquioxides and tlmeminerals dominate soils (Blume and Schwertmann, 1969;
Alexander, 1974; Lekwa and Whiteside, 1986; Mudisal, 2001; Yakubu and
Ojanuga, 2009). The sequences showed that dominantly retained elemental oxides

were reflection or key constituent of dominamnerals.

Despite, there was no significant variation in content of most major element oxides in
the soils, the significant variation of relative retention of all major total elements
indicated that weathering intensity (pedogenic age) significantigdzaamong the

different soils.

5.8.2 Trace Elemental Oxides

Trace elements (total oxide form) were generally less than 1%, except for MoO that
reached 5.40% and 6.80% in soils on OG and MS respectively, but MoO was not
detected in both parent rocks andls@f QZ and MG. Similarly, RED was not
detected in both soils and parent rock of older granite (Table 28). Differences in
basement complex parent material did not significantly vary mean content of most
trace element oxides of the soils, except fofOg(Table 30). The mean values of
Cr,0s in soils on MS and MG were not significantly different, but MS soil was
significantly higher than soils on QZ and OG. Soils on QZ, MG and OG were at par.
Aubert and Pinta (1977) attributedriation in content of GOs in soils to parent
materials. Trace elements (Kb BaO, ZnO, ¥Os and SrO) were irregularly
distributed within soil profiles. Zirconium oxide was fairly constant within soil
profiles and relatively accumulated in all the soils. This might be attritiotets
resistance to weathering, more stable, less mobile and present in weathering resistant

zircon mineral as also reported by other workers (Barshad, 1965; Marshall, 1977,
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Smeck and Wilding, 1980; Bussaca and Singer, 1989; Muhs, 2001; Aide and
Smith-Aide, 2003; Thanachgtal., 2006). Vanadium oxide, gds G&0s, PbO, CuO
and NiO irregularly increased with increase in soil depth and might be an indication

of their insitu sourced from the parent materials.

Relative weathering intensity indicatgoarent materials significantly influenced
relative retention of most trace element oxides, except for SrO, ZnO, PbO@sd Y
(Table 2). Soils on MG had the least relative retention of more trace elements than
other soils, and soils on MS relatively reiil more trace elements than the other
soils followed closely by OG soils. This trend indicated soils on MG had greatest
exposure to pedogenic processes followed by QZ, then OG, with the least in MS soils.
Difference in horizons significantly influencedatve retention of trace elements in
subsoils than surface horizons (Tablg) &nd may be attributed to illuviation of

weathered elements into subsoils.

Themean values of relative retention of total trace elements of the soils indicated that
ZrO,, Cu0O,ZnO and MoO were relatively accumulated in all soils, whef®&3
relatively depleted in all the soils. Rubidium oxide, PbO, NiO;Ggand Y,Os were

either relatively depleted or accumulated in the soils. Barium oxig®; ¥nd CpOs
relatively accumulad in MS, OG and QZ soils, but depleted in MG soils (TaB)e 3

The whole trend of relative weathering intensity indicated by the mean relative
retention of trace element oxides in soils formed on the various parent materials were

ranked in the followingequence:
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Soils onOlder granite MoOs; > CuO > Cs05 > ZnO > BaO > Zr@> Ga0Os >
NiO > V,05 > PbO > %05 > SrO > RhO

Soils onQuartzite Zr0, > BaO > \LOs > Rb,O > CuO > CfO5 > ZnO >
MoOsz > GaOs > PbO > SrO > ¥Os > NiO

Soils onMica schist MoO3 > BaO> RIpO > CuO > ZnO > YOs5 > Y205 >
ZrO2 > PbO > CyOs> SrO > NiO > GgDs

Soils onMigmatite gneiss ZnO > CuO > ZrQ@ > Y,0s > NiO > MoQ; > PbO >

V505 > Cr,Os > BaO > GaOs > SrO > RO

Mica schist soil had few trace elements that were depleted (Sga)li,followed by

OG (Pb, Y, Sr, Rb) and trace elements that depleted increased in soils on QZ (Ga, Pb,
Sr, Y, Ni) and the highest was observed in soils on MG (Pb, V, Cr, Ba, Ga, Sr, Rb).
This indicates that with advancement in weathering, there woulddiveelepletion

of more trace elements compared to relative accumulation. The general trend showed
that inherent characteristics of the parent materials and pedogenic age strongly
influenced weathering of the trace elements and was similarly observdthhgchit

et al (2006) on soils developed on a catena on basalt in northeast Thailand.
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59  SOIL CLASSIFICATION
59.1 Diagnosic Surface Horizons (Epipedons)
(1) TheAp epipedons hatbw colour valus (3 — 5) andlow chroma(2 — 4) but

were too thin to b recognised asraollic or umbricepipedon

(2) The epipedongvere Ap horizons thatvere too thin, too light, poor in bivalent
cations, low in phosphorugy be either anthtropidpllistic, histic, melanicor

plaggen epipedons

(3) All the Ap horizonverlyilluvial horizors (argilic and kandidhorizors).

Therefore, all theoils possess an ochric epipedon.

5.9.2 Diagnostic Subsurface Horizons

All the pedons developed on thdifferent parent materials had significant
accumulation of illuviated layeof lattice silicate clays formed below eluvial
horizons. Therewere also thin clay cutans in pores in some of the pedons. The
subsurfacénorizons wee argillic B horizonexcluding pedons OG1, QZ3 and MG1,
because they had:

1. Three B) percent more clay (absolute) the argillic horizons than the eluvial
horizon in profiles which contained less than 15 percent total clay in their fine
earth fraction and 20% or more clay (relative) in profiles with between 15 and
40% clay in their eluvial horizons.

2. A total thicknes of argillic horizonwas more than 15cm in all the pedons
where they occurred and

3. Some thin clayilms inpores and on ped surfadaeshe Bt horizons.
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Subsurface horizons of pedons OG1, QZ3 and M@&fe regarded to have kandic

horizon because they had:

1. Twenty percentZ0%) or more clay (relative) in profiles with betwe&0 and
40% clay in their eluvial horizons.

2. A total thickness that was more th&0dcm in all the pedons where they
occurred

3. An apparent CEC of 16 cmol (+) or less per kg clay (1NsOIt pH7) in
50% or more of its thickness between the point where the clay increase
requirementvere met and either a depth of 100cm below that point.

4. A regular decrease in orgargarbon content with increase in depth without

any fine stratification.

5.9.3 Sal Moisture Regime

Annual rainfall in the study arsaranged betweerl079 and 1286m. It was
concentrated within the months of May to October (6 months) (Tabl2sadd 3).

The soilswere moist in the moisture control section for more than 180 cumulative
days when conditions are suitable for plant growth (Soil Survey Staff, 1979, 199
2010. Thesoils wee dry for more than 90 cumulative days. Therefore, alpgdons

were inferred to havesticsoil moisture regime.

5.9.4 Soil Temperature Regime

The mea annual air temperature ranged between 25.0 andQéh4the different
study areasThe mean hottest and coldest temperature difewderntherange of 4.7
and 4.8C for the different study areaghe mean soil temperaturat the control

sectioni.e.,50cm depthwas>22°C with difference of<5°C, (Table 1 2 and 3 (Soil
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Survey Staff,1999). Therefore,the Soil temperature that prevails is probably the

isohyperthermic type (Soil Survey Statf99, 2@0).

59.5 Classification

5951 U.S.D.A SoilTaxonomy System:
At the order level, all theoils wee classified a\lfisols because they had argillic
horizonsand did not have plaggen epipedorhey were all Ustlfs at the suborder

level because of the ustic moisture regime.

At the great group levedll the pedons on migmatite gneisere further classified as
Plinthustalf beause they hatiorizons within 150cm of the mineral soil surface in
which plinthite either forms a continuous phase or constitutesalfi®r more of the
volume. Pedon QZ8%as classified as Kandiustalf because it had a Kandic horizons
without densic, paralithic or petroferric contact and no decrease in clay content of
20% or more (relative) from the maximum content with increase in depth within
150cm of the mineral soil surfac®edon OGlwas classified as Kanhaplustalf
because it had Kandic horizonWhereas, Pedon OG#as classified as Paleustalf
because it had ndensic, lithic or paralithic contact and no decrease in clay content of
20% or more (relative) from the maximumntent with increase in depth within
150cm of the mineral soil surface. The lower part of the argillic horizons have hue of
7.5YR or redder with many coarse redox concentration with hue of 7.5YR or redder.
Pedons OG1, QZ1, QZ2, MS1, MS2, and M&3e clasdied as Haplustalfs because
they hadno plinthite that constitutes one half or more of the horizons within 150cm of
the mineralkoil surface, and do not meet the conditions required for classification of

the other7 great group of Ustlfs.
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At the subgrougevel, all the pedons developed on migmatite gneis®g classified
asTypic Plinthustalf because they fit the core definition for Plinthustalf. Pedon OG1
was classified as Typic Kanhaplustalf becausedtrabt have other special features of
Kanhaplustdl Similarly, Pedon QZ3 id not have other special features of
Kandiustalf andwas therefore classified as Typic Kandiustalf. Pedon O&8
classified as Kandic Paleustalf because it G&C ofless than 24rmol (+) kg™ clay

in more than 50% of its upp&00cm. Similarly, Pedons QZ2 and MS3 HaHC of

less than 24 ool (+) kg' clay in more than 50% of its uppe®dcm, hence we
classified aKanhaplic Haplustalfs. Pedon QZias classified as Lithic Haplustalf
because it had lithic contact within 50cm tbé mineral soil surface Pedons OGZ2,
MS1 and MS2were classified as Typic Haplustalf because they had no other special

features of Haplustalfs hence fit the core definition for Haplustalf.

At the family level, pedons MG2 and MG3 on thagmatite gneissewere classified
as Typic Plinthustalfs, fine, mixedulsactive, isohyperthermic, becaude pedons
contain 35- < 60% clay within the fine earth fraction, no specific mineral group
dominating and had catieexchange activitfCEA) of less than 0.24 in theontrol
section It had a fine particle size class, mixed mineral class arnshdive cation
exchange activity clasSimilarly, pedon QZ2vas classified as Kanhaplic Haplustalf,
fine, mixed, subactive, isohyperthermic. Pedons OG1 and @&® classifiedas
Typic Kanhaplustalf fine, mixed, isohyperthermic and Typic Kandiustalf, fine,
mixed, isohyperthermic respectivelyatibn exchange activity @A) was excluded
as it is irrelevant. Pedon MGAas classified as Typic Plinthustalf, fisdty, mixed,
subative, isohyperthermic because it had less than 15% gravel ard33% clay.

PedonsOG2 and MS1 were classified asTypic Haplustalf fine-silty, mixed,
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semiactivejsohyperthermic because they HaBA value between 0.24 and 0.4 in the
control sections. Peths MS2 and MS3vere classified as MS2ypic Haplustalf
fine-loamy, mixed, semiactive, isohyperthermic and Kanhaplic Haplustalf; fine
loamy, mixed, semiactive, isohyperthermic respectively, because they had greater
than 15% graveand 18- 35% clay. Pedo®@Z1 weas classified asLithic Haplustalf,

loamy skeletal, mixed, semiactive, isohyperthermic because it had greater than 35%
rock fragment and less than 35% claithin the fine earth fractiomn the control
section.Thepedonshave loamy skeletal particize class. PedodG3 was classified

as Kandic Palestalf, fine, mixed, semiactive, isohyperthermithe summary of the

USDA Soil Taxanomylassification is presented in Tablé. 3

5952 World Reference Base for Soil Resources 200€lassification
System
Using the FAO/UNESCO Soil map of the world Legend (1990) and World reference
base for soil resources 2006 (FAO, 2006), pedons MS1 andwé®2placed in the
Group Luvisols. These are soils having argic B horizon with a CEG@NXE) of 24
cmol(+)kg* clay a more and a base saturation ()tAc) of 50% and more in the B
horizons. At the unit level, both pedonsre placed as Haplic Luvisols because they
have simple normal horizon sequences in their profiles and none of the preceeding
qualifiers fits into the lassification. Pedon MS®as further classified into the phase
level as Arenic. This was due to texture of loamy fine sand or coarser in a larger,

30cm thick within 100cm of soil surface.
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Table34: Summary of soil classificatiodSDA andWRB Names of Peohsstudied

Pedon USDA

WRB 2006

Older Granites

0G1 Typic Kanhaplustalffine, mixed, isohyperthermic

0G2 Typic Haplustalf, fine-silty, mixed, semiactive, isohyperthermic

0G3 Kandic Palestalf, fine, mixed, semiactive, isohyperthermic
Quartzites

QzZ1 Lithic Haplustalf, loamy skeletal, mixed, semiactive, isohyperthermic
Qz2 Kanhaplic Haplustalf, finemixed, subactive, isohypegimic

QZ3 Typic Kandiustalf, fine, mixed, isohyperthermic

Mica schists

MS1 Typic Haplustalf, fine-silty, mixed, semiactive, isohyperthermic

MS2 Typic Haplustalf fine-loamy, mixed, semiactive, isohyperthermic
MS3 Kanhaplic Haplustalf, findoamy, mixed, semiactive, isohyperthermic

Migmatite gneisses

MG1 Typic Plinthustalf, finesilty, mixed, subactive, isohyperthermic
MG2 Typic Plinthustalf, fine, mixed, subactive, isohyperthermic
MG3 Typic Plinthustalf, fine, mixed, subactive, isohyperthermic

Haplic Lixisols, epiclayic.
Haplic Lixisols, epidystric.
Haplic Lixisols.

Haplic Lixisols, skeletic.
Haplic Lixisols, endoclayic.
Haplic Lixisols, endoclayic.

Haplic Luvisols.
Haplic Luvisols, arenic.
Haplic Lixisols.

Plinthic Lixisols, chromic.
Plinthic Lixisols, chromic.
Plinthic Lixisols, endoclayic.
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All the other pedonsvere placed at the Group level as Lixisols because they have an
argic B horizon with a CEC (NMDAc) of less than 24 cmdh) kg™ clay and a base
saturation (NHOACc) of 0% and more in the B horizons. At the unit level, pedons on
older granites, quartzites and pedon M&3e assigned prefix qualifier Haplic because
they have simple normal horizon sequences in their profiles and none of the preceeding
qualifiers fits into he classification. Pedon O@as further classified as Haplic Lixisol,
epiclayic phase, because it had clay texture 30cm or more thick within 50cm of soil
surface. Pedons QZ2 and QZBre classified as Haplic Lixisol, endoclayic phase,
because they have aykr of clay texture 30cm or more thick within 50cm and 100cm of
soil surface. Pedon OG2 is classified as Haplic Lixisol, epidystric phase, because it had
less than 50% base saturation between 20cm and 50cm of soil surface. PedoasQZ1
classified as Hapd Lixisol, skeletic phase, because it had average gravel of 40% or more

over a depth of 200cm from the solil surface.

Pedons on migmatite gneissesre assigned prefix qualifier Plinthic because theg ha
plinthic horizon starting within 100cm of the ssiirface. Pedons MG1 and MG&re
further classified as Plinthic Lixisol, chromic phase, because they had a munsell hue
redder than 7.5YR subsurface layer 30cm thick within 150cm of soil surface. Pedon MG3
was further classified as Plinthic Lixisol, endogtaphase, because it had a layer of clay
texture 30cm or more thick within 50cm and 100cm of soil surfélbe.summary of the

World reference base 2006 classification is presented in Tdble 3

5.10 SOIL MANAGEMENT OPTION
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Soils of this study were classifieas Lixisols and Luvisols (FAO, 2006). Theilswere
considered to be fertile and suitable for a wide range of agricultural uses, but susceptible
to structural deterioration under heavy machinery tillage, erosion and readily leachable
due to their low atvity clay characterization in the tropical sub humid climate (Kenhg

al., 1991; FAO, 2006). The major constraints of these soils to sustainable crop production
were identified as: soil depth restrictioogused by plinthite layer (48172cm depth) in
pedons on quartzite and partially decomposed parent material between 14cm and 72cm
depths (QZ1, MS2 and MS3grosion, leaching, weak structural development in the
surface horizonsslightly high bulk densities(1.60 — 1.79 Mgn®), slightly low total
porosty, low water retention, dominance of low activity clay (LA®) 24 cmol (+) kg

clay) affecting CEC and low soil organic carbn 10 gkg') and total nitrogerf< 1.00

gkg?). Constraints of soils identified can be managed through the following sudgeste

options.

Some of the pedons on QZ and MS have soil depth restriction due to parent materials
(between 14cm and 72cm depthsid those on MG were all restricted by plinth{d& —

172cm depth) Construction of contour ridges and bunds would improve thils for

qguality seedbed and increase rooting depth (Kamad, 1991; Odunze, 2006; Senjobi and
Ogunkunle, 2011). The practice of contour ridges along with cultivation of cover crops
would conserve the soils against surface runoff erosion tigtitrexpcse the plinthite
horizons to harden irreversibly and render the soil unsuitable for arable crop production

(FAO, 2006; Fasinat al, 2007a; Senjobi and Ogunkunle, 2011).
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The surface horizons we coarse textured with gravelly sandy loam and sandy ldars,
susceptible to soil erosion. In order to use these soils for optimal crop production, ridging
and incorporation of crop residues with farm yard manure shoutsed outat land
preparation. These would control soil erosion, crusting and improveigolchemical

conditions of crop root zones (Tarawadial., 2001; Odunze, 2006).

Most of the soilswere observed tthave weak structural development in the surface
horizons. Mechanized land preparation will increase structural destruction, hence
applicaton of organic matter and use of simple but efficient tools operated manually or
poweredby animal driven for land clearing, tillage, seeding, fertilizer application and
harvesting will reduce effect of mechanize structural destruction (Odunze, 2006;

Ogunkunle, 2009).

The bulk densities and total pore space values ckethals wereratedto be moderate.
Available water capacitwas considered to be lowhe use of heavy equipmantthese
soils could lead to increased bulk density and reduced pore spatesassociated
consequencesncorporationof organic matteinto these soilsto improve soil aeration
and moisture availability for sustainable crop productiantherefore recommended

(Brady and Weil, 2005; FAO, 2006; Odunze, 2006; Ogunkunle, 2009).

The soil reactionwas considered to range frostrongly acid to neutral (pHglectrical
conductivitiesand ESPshowed thatthe soils are nesaline and noisodic in their present
state.Liming or salinity managemerf the ®ils is however not recommended. t boere

is theneed to monitor pH level and avoid use of acidifying fertilizers.
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Soils on OG,MG and subsoil horizons of QZ we dominated by low activity clay
(LAC). This implies that nurient minerals in these soils veemore likely to be lost
through kaching (Sanchez, 197@)hereis therefore aneed to raise the CEC through the
use of organic matter dradditions of basehroughapplication ofappropriate chemical
fertilizers (Kangetal., 1991; Fasinat al, 2007a)program.With the leaching condan
due to LAC, application of nitrogen using ranidifying fertilizers should be done on

split doses (Enwezatal., 1989; Yassogloetal., 2010).

The soil organic céon and total nitrogen content ree low. Available
phosphorus conterwas low in sone subsoil horizons of older granite soils. The low
organic matter has to be substantially increased through effective post harvest crop
residue incorporation instead of their usual burning, application of farm yard manure
and incorporating legumes in graotation fields, as well as use of organmeral
fertilizers (Jones, 197Brady and Weil, 2005Havlin etal., 2005; Odunze, 200&asina
etal., 200&; Ogunkunle, 2009Fertilizers containingnitrogen and phosphor@ements
will berequired to bepplied timely in judiciousquantity and by buryingp remedy the

deficiency
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CHAPTER SIX

SUMMARY AND CONC LUSIONS

The studywas carried outon soils developed oalder granits, quartzites, micaschiss

and migmatitegneisgs parent material®n crest positions ofNorthern Guinea Savanna

of Kaduna StateNigeria. The study was carried ot evaluatethe effect ofdifferent
parent materialen soilgenesischaracteristics and thestassificationfor sustainable use
and management of ths®oil resouces To achieve these objectives, thmrphologich
physical, chemicaland mineralogicalproperties were determined. The soils were
classified using USDA Soil Taxonomy classification system of (Soil Survey Staff, 2010)

and correlate with the World RefemnBase for Soil Resource (WRB-AO, 2006).

Morphologically, soilswere generally deep to very deep (1:3390cm),with restriction
due to parent materials (QZ1, MS2 and MS3) and plintNiggiation in colourwas due
mainly to pedogenic processes octgrin these soils. Dark brown colouration in the
surface horizon (Apyvas attributed to humification resulting in melanization and strong
brown (7.5YR 4/6, moist) colour dominated the Bt sufece horizonsindicaed
braunification. Yellowish red to red aours dominad lower portion of subsirface

horizon ofsoils on migmatite gneiss was attributed to plinthization proCHss.soils
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were dominated by suéngular blocky structure except soils on mica schists which had a

platy structure in the subsodsmdwere associated the nature of parent material.

The soil surface were characterized by coarse textured materials attributed to erosion of
fine particles by surface run off down the slope from the crestal position and their
illuviation into the subsadl. Soil texturevariedwith increasd in depth within the subsoil

(Bt) of the profiles in the order of clay to sandy clay to sandy clay loam in the deeper
horizons, and were attributed to illuviation of clay. High amount of gravels intgenc
textural clasification of soils in various parts of the subsalsd were attributed to
weathering of parent materials the younger soils (MS and Qfand plinthite insoils

on migmatite gneiss

The soils significantly varied in their mean gravel content values &ach other in the
order of QZ > MG > MS > OG, angaere related to the extent of weathering of the parent
materials and plinthization in migmatite gneiss. Sand dominated particle size fraction of
the fine earth (< 2mm) portion in all soils formed from diféerent parent materials. The
mean values of most of sdfactions of sand were significantly different both between
parent materials anthe horizons;thereforeboth parent materialand pedogenesis have
significanty influencedsand content of the seilMoisture retention waslightly low in

the soils and wree strongly influenced by content of both sand and clay particles.

Chemical properties of the soils indicate strongly acid to neutral pH (5.800),
medium to high exchangeable bases (Ca, Mg, Na,low to high cation exchange
capacity (CEG NH4;OAc) and moderate base saturation influencing their classification

as Alfisols. The parent materials significantly influence content of exchangeable Ca,
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TEB, EA, various forms of CECs, base saturationB8&. The soils were generally low

in organic carbon and total nitrogen content and the low contenttoénts inthese soils
were attributed to continuous cultivation, bush burning, high rate of mineralization, and
crop removal for other purposes withiancorporation. Micronutrients (available and
total forms)were all presentin adequate quantity in all the soils. The mean content of

available Fe, Mn and total Zn were significantifluencel by parent materials.

Parent materials and pedogenesis $icamtly influenced mean values of both dithionite,
oxalate forms of iron and active iron ratio in the soils. The variation order of active iron
ratio (MS > QZ > OG > MG) indicate the direction of pedogenic age (crystallization) of
the soils.Forms of mangnese oxides were significantly influenced by horizons, thus

affirming effect of organic matter on manganese content in soils.

Nature of parent materials and the extent of weathering of the soils influenced wide
variation (mixed minerals) in mineralogy sift fraction of these soils; thus referred to as
moderately weatheredhence influenag the properties and classification of the soils as
Alfisols. Mineralogy of clay fraction was widely varied with predominantly kaolinite,
diaspore, muscovite and illitainerals, and was attributed to difference in parent material
and their moderate pedogenic development. The minerals dominating the soils reflected

soils on migmatite gneiss as most developed and those on mica schist as least developed.

The contents of mar and trace elements (total oxide form) were similar in the soils,
except for KO, TiO, and CgOs that were significantly varied by the parent materials.
Relative weathering intensity significantly varied the amount of most total elemental

oxides that wee relatively retained (accumulateddepleted in the soils, except for SrO,
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ZnO, Mo(Q;, PbO and ¥Os. This implies that parent materials significanthfluenced

relative weathering intensity of these elementh@sesoils.

The trends of the major tdtalement oxides showed the téle retention of elements
and correlateavith the dominant minerals constituting the different soils. Thus reflecting

pedogenic age of the soils in the order of MG >-©GZ > MS.

Parent materialand pedogenic age of tkeils were factathatprominentlyaffected the

soil properties, thereby influenced their pedogenesis. The main pedogenic processes in
the soilswere weathering of parent materialszccumulation or lossf major and trace
elements, erosion, structural féfentiation, braunification, humification, melanization,
leaching, eluviationdluviation, allitization, argilluviation, plinthization (crystallization)

and partial migration of clay and free oxides.

The soils werall classified as Ustalfat the suborer level The presence of plinthite in

soils onmigmatite gneisses ked them into the great groupirRhustalfs. Soils on mica

schist and some of quartzite and older granite were classified as Haplustalf at the great
group level as they ldano other speal features. Pedons QZ3, OG1 and OG3 were
classified as Kandiustalf, Kanhaplustalf and Paleustalf respectively at the great group
level because they have kandiorizons andredder colour with many coarse redox

concentrations respectively.

Major constraits of the soils to sustainable crop production were identified and relevant
management options were suggestedlanagement optionsrecommended for

management of poor physical properties wayastruction of contour ridges and bunds,
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and cultivation of covecrops. Soil chemical and nutrient conditiasmild beimproved
through effective post harvest crop residue incorporation instead wdtimal practice of
burning Application of farm yard manure and incorporation of legumes in crop rotation
fields, as w# as use of organmineral fertilizersare other possible optionBertilizers

are suggested to appliedtimely in judicious quantity and by buryirtg remedy the

deficiencies

Future research on these sai®uldpay greateattention to soils onwgrtzites and mica

schists anghould covepther slope positiorn®r better extrapolation of results.
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APPENDIX A: SOIL PROFILE DESCRIPTIONS

Profile No 0G1

General Site Information

Location Kujama, 17Km to Kaduna along Kachia road
(10°28°'41.4’N & 07°39'27.3"E)

Elevation 695m

Taxonomic Classification (USDA) Typic Kanhaplustalffine, mixed, sohyperthermic

Soil Parent Materials Older granite

Geology Basement Complex

Geomorphology Gently undulating plaimvith Rock outcrop

Topography Crest(0 - 2%)

Vegetation Savanna Park land

Land use MaizeLate Millet

Drainage Well drained

Deph to water table Not encountered ai8Bcmdepth

Depth toimpenetrable layerNot encountered within83cm depth
Surface characteristics Cultivatedridges and Rock outcrops

Described by Prof. B.A. Raji &L. M. Maniyunda

Date sampled 1% June,2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-26 Dark grayish bown (10YR 4/2, moisf); grayishbrown (7.5YR

3/2, dry) sandyloamt moderatemedium subangular blocky
structure;slightly sticky andslightly plastic (wet) firm (moist),
slightly hard (dry); very few thin clay cutansn ped faces
commonfine pores many fineroots;clearwavy boundary.

Btl 26-75 Strong bown (7.5YR 4/6, mois); strong bown (7.5YR 5/8,
dry) clay; moderate very coarse sabgular blocky structure;
slightly sticky and plastic (wet)friable (moist), hard (dry); few
thin clay cutans on gres many medium pores few medium
roots;clearwavy boundary.

Bt2 75119 Strong bown (7.5YR 5/8, mois); strong bown (7.5YR 5/8,
dry) gravelly sandy clay loammoderate madm angular blocky
structure; sticky andlightly plastic (wet) friable (moist), very
hard (dry); very few thin clay cutans on poresjnmonvery fine
pores few very fineroots;diffuse smoottboundary.

BC 119183 Strong bown (7.5YR 4/6, mois); strongbrown (7.5YR 4/6,
dry) sandy clay loamweak mediumangular blocky structure;
slightly sticky andnonplastic (wet) friable (moist), hard (dry);
few fine pores few very fine roots;common weathered older
granitic rocks.
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Profile No OG 2
General Site Information

Location Kujama, 17Km to Kaduna along Kachia road
(10°28’'37.5'N & 07°39’17.9°E)
Elevation 698.4m

Taxonomic Classification (USDA) Typic Haplustalf fine-silty, mixed, semiactive,
isohyperthermic

Soil Parent Materials Older granite

Geology Basement Complex

Geomorphology Gently undulating plaimvith Rock outcrop
Topography Crest(0 - 2%)

Vegetation Savanna Park land

Land use Maize+ sorghum

Drainage Well drained

Depth to water table Not encountered at9Ocmdepth

Depthto impenetrable layerNot encountered within@0cm depth
Surface characteristics Cultivated harrows

Described by Prof. B.A. Raji &L. M. Maniyunda

Date sampled 1* June 2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-17 Brown (7 5YR 4/3, mois); brown (7.5YR 3/2, dry) sandy

loam; moderate medium sub-angular blocky structure;
slightly sticky andslightly plastic (wet) firm (moist), hard
(dry); commorfine pores manyveryfine roots;clearwavy
boundary.

Btl 17-70 Dark yellowshbrown (10YR 3/6, mois); dark bown
(10YR 4/6, dry) clay; strong coarsesubangular blocky
structure; sticky and plastic (weg)friable (moist), hard
(dry); common fine pores few very fine roots; gradual
wavy boundary.

Bt2 70-190 Yellowish brown (10YR 5/6, mois); brownish yellow
(7.5YR 6/8, dry) sandy clay loammoderate mediunsub
angular blocky structureslightly sticky and plastic (wef)
friable (moist), hard (dry); few fine pores many iron
concretions.
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Profile No 0OG 3
General Ste Information

Location Kujama, BKm to Kaduna along Kachia road
(10°27°'55.7’'N & 07°38'30.2E)
Elevation 667.2m

Taxonomic Classification (USDA) Kandic Paleatalf, fine, mixed, semiactive,
isohyperthermic

Soil Parent Materials Older granits

Geoloy Basement Complex

Geomorphology Gently undulating plaimvith largeRock outcrop
Topography Crest(0 - 2%)

Vegetation Savanna Park land

Land use Onion- Upland rice

Drainage Well drained

Depth to water table Not encountered a8bcm depth

Depth toimpenetrable layerNot encountered within86cm depth
Surface characteristics Cultivated ridges anthselbergs

Described by Prof. B.A. Raji &L. M. Maniyunda

Date sampled 1% June,2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-23 Darkbrown (7.5YR 3/2, mois); brown (7.5YR 5/4, dry) sandy

loant weak melium subangular blocky structurelightly sticky
and slightly plastic (wet) firm (moist), slightly hard (dry);
common medium pores many fine roots; gradual smooth
bounday.

BA 23-57 Darkbrown (7.5YR 4/4, mois); brown (7.5YR 5/4, dry) clay
loant yellowish red (5YR 4/6) few fine faint mottles; weakery
coarse sulangular blocky structureslightly sticky and plastic
(wet), friable (moist), slightly hard (dry); very few thin clay
cutans on poresgcommon medium m@res common medium
roots;gradualwavy boundary.

Btl 57-121 Strong bown (7.5YR 4/6, mois); strong bown (7.5YR 5/8,
dry) clay loam;moderatevery coarseangular blocky structure;
sticky and plastic (wet)friable (moist), slightly hard (dry);
common fine pores few medium roots; diffuse irregular
boundary.

Bt2 121-185 Yellowish biown (10YR 5/6, mois); yellowish bown (10YR
5/6, dry) clay; yellowish red (5YR 4/6) common fine faint
mottles; moderate mediursulbangular blocky structure; sticky
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and plastic (wet)friable (moist), hard (dry); fewfine pores few

fine roots.
Profile No QZ1
General Site Information
Location Mai Dangi village in Birnin Gwari LGA
(10°34'54.3’"N & 06°11'25.7°E)
Elevation 420.9m

Taxonomic Classification (USDA) Lithic Haplustalf, loamy skeletal, mixed,
semiactive, isohyperthermic

Soil Parent Materials Quartzites

Geology Basement Complex

Geomorphology Gently undulating plaimvith quartzite ridge
Topography Crest(0 - 2%)

Vegetation Savanna Park land

Land use Maize +Sorghum

Drainage Well drained

Depth to water table Not encountered at3bcmdepth

Depth toimpenetrable layerWeathered quartzite rocksicountered from4cmdepth
Surface characteristics Cultivated ridges

Described by Maniyunda, L.M.

Date sampled 3" June 2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-14 Very dark grayistbrown (10YR 3/2, mois)); dark grayish

brown (10YR 4/2, dry); gravelly sandyloam weak
medium sub-angular blocky structureslightly sticky and
slightly plastic (wet) firm (moist), hard (dry); few fine
pores few fine roots;gradual wavypboundary.

AC 14-40 Brown (7.5YR 4/4, moisi); brown (7.5YR 5/4, dry) very
gravelly sandy loam weak fine crumb structure;slightly
sticky and slightly plastic (wet) firm (moist), hard (dry);
commonfine roots;common weathered quartzitegadual
irregularboundary.

C1 40-98 Strongbrown (7.5YR 4/6, moisf); strongbrown(7.5YR
5/6, dry) extremelygravellyclay, moderate mediurarumb
structure; sticky and plastic (wefjrm (moist), hard (dry);
few fine pores few fine roots; common weathered
guartzitesabrupt smootioundary.
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C2 98-135 Strong lvown (7.5YR 4/6, moisi); strong brown7.5YR
5/6, dry) sandyclay loam weak medium crumigtructure;
sticky and plastic (wef)firm (moist), hard (dry); few
commonpores encountered weathered quartzite rocks.

Profile No QZ2

General Site Information

Location Mai Dangi village in Birnin Gwari LGA
(10°34'52.6"N & 06°11'14.0E)

Elevation 416.8mn

Taxonomic Classification(USDA) Kanhaplic Haplustalf, fine,mixed, subactive,
isohyperthermic

Soil Parent Materials Quartzites

Geology Basement Complex

Geomorphology Gently undulating plaimvith quartzite ridg
Topography Crest( 2- 4%)

Vegetation Savanna Park land

Land use Ground nutt Sorghum

Drainage Well drained

Depth to water table Not encountered at 18ih depth

Depth toimpenetrable layerNot encountered at 18 depth
Surface characteristics Cultivated ridges

Described by Maniyunda, L.M.

Date sampled 3" June 2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-19 Brown (7.5YR 4/4, mois); brown (7.5YR 5/4, dry); sandy

loanm weak melium subangular blocky structurenon-sticky
and nonplastic (wet) very friable (moist), soft (dry); common
fine pores manyfine roots; graduasmoothboundary.

Btl 19-51 Strong lown (7.5YR 4/6, mois); strongbrown (7.5YR 5/8,
dry) sandyclay, moderate medium sedngular blockystructue;
sticky and plastic (wet) friable (moist), hard (dry); common
medium pores; common fimeots; gradualavy boundary.

Bt2 51-84 Strongbrown (7.5YR 4/6, mois); strong bown (7.5YR 5/8,

dry) clay; moderate mediumsulangular blockystructure; sticky
and plastic (wet)friable (moist), hard (dry);very few thin patch
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cutans on animal channelgw fine pores few fine roots;ant
channels and nestdiffuse irregulatboundary.

Bt3 84-139 Yellowish red(5YR 4/6, mois); reddish yellow(5YR 6/6,
dry) sandy clay red .5YR 4/8) common fine faint mottles;
moderate medium swungular blocky structure; sticky and
plastic (wet) friable (moist), hard (dry); fewmedium pores;
diffuse wavy boundary

Btc 139187 Yellowish red(5YR 4/6, mois); reddish yelbw (5YR 6/6,
dry) sandy clay loamred (2.5YR 4/8) common medium faint
mottles; weak medium angular bloclstructure; sticky and
plastic (wet) firm (moist), very hard (dry); few mediumapes;
common irorn- manganese concretion

Profile No Qz3

Generd Site Information

Location Ungwan Bula village in Birnin Gwari LGA
(10°35 31.2’ N & 06°11’ 22.6' E)

Elevation 424.8m

Taxonomic Classification (USDA) Typic Kandiustalf, fine, mixed, isohyperthermic
Soil Parent Materials Quartzites

Geology Basement Complex

Geomorphology Gently undulating plaimvith quartzite ridge
Topography Crest( 2-4%)

Vegetation Savanna Park land

Land use Ground nut

Drainage Moderately welldrained

Depth to water table Not encountered at¥cmdepth

Depthto impenetrable layerNot encountered at¥cmdepth
Surface characteristics Cultivatedharrows

Described by Maniyunda, L.M.

Date sampled 3" June 2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-19 Brown (7.5YR 4/4, mois}; brown (7.5YR 5/4, dry); sandy

loam weakcoarseangular blocky structureionsticky andnon
plastic (wet) friable (moist), slightly hard (dry); few very fine
pores common veryfine roots; gradual smootoundary.

AB 1940 Dark yellowish bown (10YR 4/4, mois); yellowish brown
(10YR 5/4, dry) sandy clayloant moderatevery coarse -
angular blockystructure;slightly sticky andplastic (wet) friable
(moist), hard (dry); common medium pores; commamedium
roots; gradual wavipoundary.
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Btl 40-63
Bt2 63-97
BC 97-167
Profile No

General Site Information
Location

Elevation
Taxonomic Classication

Soil Parent Materials
Geology
Geomorphology
Topography
Vegetation

Land use

Drainage

Depth to water table

Strorg brown (7.5YR 4/6, mois); reddishyellow (7.5YR 6/6,

dry) clay; moderate medium sudngular blockystructure; sticky
and plastic (wet)firm (moist), slightly hard (dry); very few thin
patchclay cutans orpores common veryfine pores few very

fine roots; clear smoothoundary.

Strong bown (7.5YR 4/6, mois); reddish yellow(7.5YR 6/6,

dry) clay; moderate medium swudngular blockystructure; sticky
and plastic (wet)firm (moist), very hard (dry); fewfine pores;
few very fine roots; gradhl wavyboundary.

Yellowish brown (10YR 5/6, mois); yellowishbrown (10YR

5/8, dry) sandy clay moderatemedium subangular blocky
structure; sticky and plastic (wefjrm (moist), hard (dry); few
medium pres;few weathered quartzites; enmtered weathered
guartzite rocks at 167cm.

MS 1

Tashan Tsuntsaye village in Birnin Gwari LGAlong
Kaduna— Birnin Gwari road. (10° 43’ 31.2 N & 06° 46’

29.9 E)

(543.3n)

(USDA) Typic Haplustalf fine-silty, mixed, semiactive,
isohyperthermic

Mica-schists

Basement Complex

Moderateundulating plairwith Mound (Hill)

Crest( 2-4%)

Savanna &k land

Maize

Well drained

Not encountered at7Zcmdepth

Depth toimpenetrable layerNot encountered atrZcmdepth

Surface characteristics
Described by
Date sampled

Horizon Description
Horizon

Ap 0-18

Cultivatedridges
Maniyunda, L.M.
4™ June 2010

Depth (cm) Description

Very dark grayistBrown (10YR 3/2, moisf); brown (10YR
4/3, dry); sandy loant strong mediumangular blocky
structure;sticky and plastic (wef)firm (moist), slightly
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hard (dry); few thin continuous clay cutans on pores; many
fine pores common medium roots gradual smooth
boundary.

Btl 18-54 Dark yellowish wown (10YR 4/6, mois); yellowish brown
(10YR 5/6, dry) sandyclay loam moderate medium sub
angular blockystructue; sticky and plastic (wet¥riable
(moist), slightly hard (dry);few moderate clay cutanon
root and animal channelsmany fine pores common
mediumroots;gradual wavypboundary.

Bt2 54-177 Dark yellowish wown (10YR 4/6, mois); yellowish brown
(10YR 5/6, dry) sandy clay loamweak medium sub
angular blockystructure; sticky and plastic (wetlyiable
(moist), slightly hard (dry);very few thin patch clay cutans
on pores; ranyfine pores manyfine roots

Profile No MS 2

General Site Information

Location After Koriga village in Birnin Gwari LGA, along
Kaduna— Birnin Gwari road.(10°43’ 04.5' N & 06° 46’
43.6"E)

Elevation (544.2m)

Taxonomic Classification (USDA) Typic Haplustalf fine-loamy, mixed,semiactive,
isohyperthermic

Soil Parent Materials Mica-schists

Geology Basement Complex

Geomorphology Moderateundulating plain

Topography Crest( 2-4%)

Vegetation Savanna Park land

Land use Ground nut tMaize

Drainage Moderately welldrained

Depth to water table Not enountered at43cmdepth

Depth toimpenetrable layerEncounteredveathered rock and thick mica flakats
72cmdepth

Surface characteristics Cultivated ridges

Described by Maniyunda, L.M.

Date sampled 4" June 2010
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Horizon Description
Hori zon Depth (cm)

Ap 0-16
Btc 16-37
BC 37-72
C 72-143
Profile No

General Site Information
Location

Elevation

Description

Brown (10YR 4/3, mois); brown (10YR 5/3, dry); sandy

loam weakmediumsub-angular blocky structurelightly sticky
and nonplastic (wet) friable (moist), slightly hard (dry);
common mediunpores many very finerods; gradual wavy
boundary.

Strongbrown (7.5YR 4/6, mois); strongbrown(7.5YR 5/6,

dry) gravellysandy clay loamyellowish red (5YR 5/8) few fine
faint mottles; weakmedium subangular blockystructure; sticky
and plastic (wet)firm (moist), very hard (dry);few fine pores
few fineroots;few Fe Mn concretionsgradual wavyboundary.

Grayishbrown (10YR 5/2, mois); grayishbrown (10YR 5/2,

dry) gravelly sandy clay loam;yellowish red (7.5YR 5/8)
common medium distinct motde weak medium sukangular
blocky structure; sticky and plastic (wethirm (moist), hard
(dry); very few thin cutans on root channdisw fine pores few
medium rootsfew FeMn concretions; gradual irregular
boundary

Grayish bown (10YR 5/2, mois)); grayish browr(10YR 5/2,

dry) gravelly sandy clay loamreddish yellow (7.5YR 6/8)
common fine distinct mottles; weak coarse plttycture; sticky
and plastic (wet)firm (moist), very hard (dry); few fine gres
few fine roots; encountered fraired rock.

MS 3

Gayam (Kogin Gyeda) village in Birnin Gwari LGAlong
KadunaBirnin Gwari road. (10° 43' 432 N &
06°44'59.1"E)

(424.8m)

Taxonomic Classificatio(USDA) Kanhaplic Haplustalffine-loamy, mixed, semiactive,

Soil Parent Materials
Geology
Geomorphology
Topography
Vegetation

Land use

Drainage

Depth to water table

isohyperthermic

Mica-schists

Basement Complex
Moderateundulating plain
Crest( 0-2%)

Savanna Park land

Soya beans + Maize

Well drained

Not encountered at 1681depth

Depth toimpenetrable layerEncountered weathered thick mica flaked2zam depth

Surface characteristics

Cultivated ridges
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Described by
Date sampled

Horizon Description
Horizon Depth (cm)
Ap 0-19

Bt 19-42
Cl 42-96
C2 96-168
Profile No

General Site Information
Location

Elevation

Maniyunda, L.M.
4™ June,2010

Description

Brown (10YR 4/3, moist); brown (10YR 5/3, dry); sandy
loam; moderate medium subkangular blocky structure;
slightly sticky and slightly plastic (wet) firm (moist),
slightly hard (dry); very few moderate clay cutans on
termite channels and ped faces; commome fpares few
fine roots few termite channelsand nestsgradual wavy
boundary.

Strong lvown (7.5YR 4/6, moisi); strong brown7.5YR

5/6, dry) gravelly sandy clay loamwea medium platy
structure; sticky and plastic (wetjriable (moist), hard
(dry); common fine pores few medium roots; gradual
irregularboundary.

Brown (7.5YR 5/2, mois); light brown(7.5YR 6/3, dry)
sandy clay loamstrong medium platy structure; slightly
sticky and nonplastic (wet) firm (moist), slightly hard
(dry); few fine pores few very fine roots; gradualwavy
boundary.

Grayish lwown (10YR 5/2, moisd; light brownishgray
(10YR 6/2, dry) sandy clay loammoderate mediurplaty
structure;slightly sticky andslightly plastic (wet) friable
(moist), slightly hard (dry); few fine pores few medium
roots

MG 1

East of Nigeria Army Signal Office, Afaka, along
Kaduna Lagos rote. (10°3504.2’N & 07°22'23.8'E)
625.2n

Taxonomic Classification (USDA) Typic Plinthustalf, finesilty, mixed, subactive,

Soil Parent Materials
Geology
Geomorphology
Topography
Vegetation

isohyperthermic
Migmatite gneiss
Basement Complex
Gently undulating lain
Crest(0 - 2%)
Savanna Park land
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Land use
Drainage
Depth to water table

Sorghum + Late Millet
Moderately welldrained
Not encountered at 14ih depth

Depth toimpenetrable layerlron- manganese concretion encounteredizamdepth

Surface characteristics
Described by
Date sampled

Horizon Description
Horizon Depth (cm)
Ap 0-15

Bt 1547
Btcvl 47-103
Btcv2 103147
Profile No

General Site Information
Location

Elevation
Taxonomic Classification

Soil Parent Materials

Cultivated ridges
Maniyunda, L.M.
5" June 2010

Description

Dark brown (7.5YR 3/4, mois); brown (7.5YR 4/3, dry) sandy
loam weak nediumangular blocky structureslightly sticky and
slightly plastic (wet) friable (moist), hard (dry); very few
(patches) thin clay cutans on pores; many fineep common
veryfine roots; few ant channels; gradual smdotiundary.

Yellowishred(5YR 5/8, mois); reddishyellow (5YR 5/8,dry)
sandy clay loamljight red (2.5YR 6/8) few fine faint mottles;
strong medium sulngular blocky structure; sticky and plastic
(wet), friable (moist), hard (dry); very few thin clay cutans on
pores;few fine pres commonvery fine roots; gradual smooth
boundary.

Red(2.5YR 4/8 mois); red(2.5YR 5/8,dry) sandy clay loam;
light red (2.5YR 6/8) few fine faint mottles; moderate medium
subangular blocky structure; sticky and plastic (wdtjable
(moist), hard (dry); few fine pres commoniron —manganese
concretions; abrupt smooboundary.

Red(2.5YR 4/8 mois); red(2.5YR 5/8,dry) gravelly sandy

clay loam; weak fine sukangular blocky structureslightly
sticky andnonplastic (wet), firm (moist), hard (dry); few fine
pores many iron —manganese concretions; encountered
petroplinthite

MG 2

East of Federal College of Forrestry Mechanization
Afaka, Kaduna(10°35'13.1'N & 07°22’16.8'E)

627m

(USDA) Typic Plinthustalf, fine, mixed, subactive,
isohyperthermic

Migmatite gneiss
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Geology
Geomorphology
Topography
Vegetation

Land use

Drainage

Depth to water table

Basement Complex

Gently undulating plain
Crest(0 - 2%)

Savanna Park land

Maize + Sorghum

Well drained

Not encountered at 16ih depth

Depth toimpenetrable layerConcretion encountered at 28depth

Surface characteristics
Described by
Date sampled

Horizon Description
Horizon Depth (cm)
Ap 0-18

AB 1844
Btl 44-78
Bt2 78123
BCcv 123167
Profile No

General Site Information
Location

Cultivated ridyes
Maniyunda, L.M.
6" June 2010

Description

Brown (7.5YR 4/4, mois); brown (7.5YR 5/4, dry) sandy

loam moderate mdium angular blocky structureslightly sticky
andslightly plastic (wet) firm (moist), hard (dry); common fine
pores many veryfine roots; clear smoothoundary.

Brown (7.5YR 5/4, mois); reddishyellow (7.5YR 6/6, dry)

clay loam; weak coarseangular blocky structure; sticky and
plastic (wet) firm (moist), hard (dry); few moderate humus
cutans on ped facespmmon fine pres few very fine roots;
gradual smootboundary.

Light reddishbrown (5YR 6/4, mois); reddishyellow (5YR

6/8, dry) clay;, moderate coarse sabgular blocky strcture;
sticky and plastic (wet)friable (moist), slightly hard (dry);
common medium @es few very fine roots; few termite
channels; diffuse waviyoundary.

Yellowish reddisH5YR 58, mois); reddishyellow (5YR 6/6,

dry) clay loam; modertg medium swangular blocky structure;
sticky and plastic (wet¥riable (moist), hard (dry); common fine
pores few very fine roots;very few termite channels; abrupt
wavy boundary.

Red(2.5YR 4/8, mois); lightred(2.5YR 6/8, dry) gravelly
sandy clay loammoderate medium crumbtructure;slightly
sticky andslightly plastic(wet), friable (moist), hard (dry); very
few (patch) thin clay cutans; few fineoqgs many iron —
manganese concretigrencountered petroplinthite.

MG 3

South of Tsamiya village, Afaka, Kaduna
(10°37'46.6'N & 07°24'50.3'E)
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Elevation 625.2n
Taxonomic Classification (USDA) Typic Plinthustalf, fine, mixed, subactive,
isohyperthermic

Soil Parent Materials Migmatite gneiss

Geology Basement Complex

Geomorphology Gently undulating plaimvith laterite outcrops
Topography Crest(0 - 2%)

Vegetation Savanna Park land

Land use Sorghum + Maize

Drainage Moderately welldrained

Depth to water table Not encourgred at 162mdepth

Depth toimpenetrable layerPetroplinthite encountered from@&%a depth
Surface characteristics Cultivated ridges

Described by Maniyunda, L.M.

Date sampled 7" June 2010

Horizon Description

Horizon Depth (cm) Description

Ap 0-25 Brown (7.5YR 4/3, mois); brown (7.5YR 5/4, dry) sandy clay

loam moderate mdium angular blocky structureslightly sticky
andslightly plastic (wet) firm (moist), hard (dry); common fine
pores many veryfine roots; clear wavypoundary.

Btl 2547 Yellowish red(5YR 4/8, mois); reddish yellow(5YR 6/8,
dry); sandy clay loammoderate medium sedingular blocky
structure; sticky and plastic (wefjrm (moist), hard (dry); few
fine pores few very fine roots; diffuse wavyoundary.

Bt2 47-89 Yellowish red(5YR 4/8, mois); reddish yellow(5YR 6/8,
dry); clay; moderate medium sedngular blocky structure;
sticky and plastic (wet)¥riable (moist), hard (dry); very few thin
clay cutans on pores and deccay roots; few forepfew very
fine roos; fewiron nodules; abrupt smookoundary.

BCcv 89162 Red(2.5YR 4/8, moisd; red(2.5YR 58, dry); weak medium
subangular blocky structure; sticky anmastic (wet), friable
(moist), hard (dry); few fine pres many iron concretions;
encountered pioplinthiteand weathered parent material
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