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ABSTRACT

An examination of the status and the relationships
between key soil properties and the soil-forming factors
of climate, parent material and relief, under savanna

environment, form the primary objectives of this study.

The data used wore obtain mainly from the noral l1and resource survey covering; north central

nigeria.The survey was carried out by the Land Resoure Division, British Ministry of Overseas Development,

and covers an area of about 230,000km2 .Selection of
profiles from the survey data were based on their wide range
of characteristics, representative of soils within
particular geomcrphic units, and availability of information
on some of the soil-forming factors considered, -»7hich arc
missing from the land resource survey data. All together,

385 pro files were selected.

The method of analysis of the spatial variability
of the soil properties cantered on the use of simple
linear regression analysis, in respect of factors with
interval data, and one-way analysis of variance for those

at normal level and also interval level,

following a preliminary conversion onto ordinal.

In nearly all the samples considered, tho particle-size
distribution reveals the presence of a maximum of sand and
- ../ and _
minima of silt/clay. On the whole, however, the subsoils

Sandy and more clayey than the topsoils. The soils
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are generally low in organic matter, total nitrogen, and

exchangeable base (K, Na, Mg & Oft) content except soils
foomed from basalt and shale and over somo tasal slope
positions which have moro than average values, ..rcflecting
presumably the low organic matter and clay contents, the
CEC values are low and the soil reaction weakly to moderately

acid.

The soil structural units are predominantly moderately
dove loped but the soils themselves show little compaction

and are characterized by relatively high effective depth.

Stop by stop examination of individual soil properties
and the soil-forming factors reveals numerious .invariably
disperate relationships often explicable only in terms of
local conditions. However, by combining all the variables
involved in an analysis of variance and covariance, the
results seem to suggest that the variability of virtually

all the soil properties considered, except the PH, |

the fine sand subfraction which are mere strongly related
to the rainfall factor, are better explained in terms of the

material factor than in terns of the other factors.

Apart from being the major factor controlling the pH,
%BS and the fine sand, the rainfall factor is also,
important in the variability of most of the other properties,
particularly the organic total nitrogen, bulk
density and clay, and thus the CEC of the soils. The

organic carbon, fine sand, %BS show stronger.
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correlation with altitude than the other properties. Slope

position is more important in the variability of the organic
carbon, total nitrogen, sand, clay, CEC, %BSand bulk

density than of the other properties-. By contrast, the

temperature and slope gradient factors play relatively
minor roles in the spatial variability of the soil

properties considered, except the soil effective depth

in respect of the second factor.
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2
Some of these factors are however being dis~ggregated by

scientists at present, and the ensuing sub-units tr.atcd as
indepecndent variables in their own right. An uxample is the
separntion of the influence of man and hydrology from the

orgonism and topography factors respectively (Young, 1976).

The effects of the soil-forming factors on pedogcnic processes
are not 211 of the same n-ture. Parent material supplics the
mineral substances from which tne soil profile is developed and
its effect on the processes are indirect, Organisms both supply
org=nic substances and affect processes,climate supply ~ases
and watcr, and also affect processes, while relief only affect
the processes, Unlike the other factros, time rofera hosically
to the age of the soil and is a measure of how long “he soil has
been in the process of formation (Jenny, 1941, Buol ete 2ley
1973; Young, 1976), Furthermore, whereas the distribution of
some of these factors on the ezrth's surface is rather random
(ee2« human influence) others have a distribution which parallels

the climatic patterns (c.g. natural vegetation covers),

In an attempt to make their discipline quantit~tive rather
than merely qualitative, scveral pedologists have iriod to
formulate functional relations betwesn soil-forming {-ctors
and soil properties., As expressed by Jenny (1941) and later
modificd by several others (¢.g. Stephens, 19473 Crocker, 19523
Young, 1976), thc relations can be defined as

8 =1 (C, Py Oy Ty tseeocvss )= (1.1)

S=7f (c’ Py Oy Iy t 1305-300)-—(]--2)



vhere

8 = any soil property

5 = the totality of the soil

¢ = climate

P = parent material

0 = organisms

r = relief

t = time

f = a function of
Equation (1,1) states that any single soil property is dependent
on coch of the five factors, snd other factors operating (iosb
past climate). Equation (1,2) makes the same statamert for the

soil 28 an entity,

There are several problems azssocizted with these cuntions,
In the first place, the factors are never truly indepcndent
of on¢ another, Secondly, there is the difficulty of assig-
ning numerial values to some of these variables, Finnlly,
the equations neglect the fact that wost socils are polygenetic
in origin, and have undergone successive phases of davelopment
(Bridges, 1970). In spite of these short-comings howevir, the
functional relationship approach is potentially valusnle, It
is possible for example to take any one of the factors, snd
conaider its variations ngainst the background of the uthers,
thus obtaining a better picture of the effect of thnt porticular
one on z soil property, a soil horizon, or the soil pwolile as
a whole (Birch & Friend, 1956; Jones, 19733 Young, 1975: Leow
& Smith, 1981),
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Practically, the equation provides useful guide for tic sclection
of most appropriate variable(s) that could be used in soil

clagsification and in the predition of soil pattern,

1,2 PRUBIEMS AND OBJECTIVES JF TiE STUDY

The significance of the knowledge of the spatinl v~risbility
of s0il properties, in respuct of key environmental f-otors, in
the rationalization of the observed distribution patiuvim nnd
hence in soil survey can hordly be overemphasized, I spite
of this however, few attempts have been made to systamctically
asgess these relationships f.r many areas in the tropics, AB 2
result, serious misconceptions on the mode of envirommuntal
influcnce in the region still prevail in pedological literature,
The significance of climate in particular has been overestimated
whilc the importance of parent material and relief hns been

almost completely ignored.

This study docs not attempt to be a comprehensive account
of spatial varizbility of soil properties in respect of the
soil-forming factors in the whole of savannz region but con=-
centrates on certain aspects in area covering north central
Nigcrine. These aspects ares
(i) Soil-forming factors - rainfall, temperaturc, p-rent
material, attitude, slope gradient and slopc gosition,
(1) 8oil properties - orgnic corbon and nttrogen contents,
texturs, degree of structural development, bulk density,,
effeotive soil dupth, exchengeable bases, 73C, pH and
HBS.
The specific objectives of the study are toi
(1) present - clear picture of the absolute v-lues and

spatial variations of the selected soil properties



for the study area;

(ii) examine the statistical relationships between the
individual soil propertics and the soil=forniug factors
of parent material, climate ~nd reliefs and

(iii) examine quantit-tively the relative iaprpi.nce
of the soil-forming f-ctors considered in dctervining

the variability of the soil propertics. A

he daota used were obtained mainly from the geners) 1land
resource survey covering the study nrea. The survey .o8 cnrried
out by the Land Resour.cs Division (LED) of the British Ministry
of Oversea Development, at the reguest of the Federnl Government
of Nigeria., It covered a period of about 6 years (1974=1979)
and an area of about 230,000 km2 of north centeral Misceriae
Except in respect of Kano and Kaduna plains, in which tie
Department of Geography Bayero University, Kzno, gtill holds
the original data sheets, at present, all the data ac.uired
during the survey are held in microfilm at the Federcsl Depart-

ment of agriculturc, Lagos.

The examination of the status and spatial variability of
the soil parameters considered, in respect of the soil-forming
factors, were for both the A - 15cm =nd SO - A0cm depth which were
referred to in the body of the work as topsoils ~ad arbsoils,
respectively. The only ¢xcuptions are the organic wnlior and
pnitrozen, As thesc two elements commonly nbound or conezntrate
on ¢ surfrce horizons of the soil, the v~lues for virtually
all the profiles selected for the decper horizons w.re uni formly
zero., The variabilities of the two properties wer= ther.fore

considered in respect of only the topsoils.



1,3 LITRRATURE REVIEW

vhe following secticns deal with a review of previous
pedological works relevant to the present study, with vorti-
oular reference to tropical arens. Re ference arc ~lsc m~de
to werk done elsewhere. The review covers four genarol creasy
namely, the effects of parent materizl, climate, tonagrophy

and the other soil-forming factors.

1.3.1 Porent material effect
e influence of parent material on soil charactoristics

has often been vbscured by prolonged pedogenesis aud indced,
in scuc cases, it may be very difficult to decide what ihe
origingl parent material actually was (Young, 1976) 4 bNever-
theless, a number of workers heve found quite significont
corrclations between geveral properties of soils ~nd Iucir
apparcnt parent material, so much so that many of the c¢-xrlicst
appronches to soil survey and classifications were bosed on
the underlying geological mrterials. In their work iu
westorn Nigeria, for ex-mple, Smyth and Montgomery (1962)
distinguished between siX associations of scils which corres-—
pond to the following six parent rock cl:spes:

1. Coarse-grdned granite and gneias

24 Medium—grained granite gneiss

3. Pine-grained biotite gneisses and schist

Lie Amphibolites

Se Quartz gneisses and schist

6o Scricite schist

In Burkina Faso (formerly Upper Vclta), both Lencuf

(1954) and Jenny (1965) divided scils in the country into

the following gener=l gr.upss
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1. Fertile=bruwn, clayrich suils on Pre-cambri-n
Birrimiar Formations (amphibolites, slates ond
diorites)

2 Fertile, heavy, base-rich suils oun alluviu:

3o Sandy soils of medium to> low fertility on »-nites

and sandstones,

Following these pionecring w rks, cxtensive rcscorch on the
effeccts of parent material on suil properties has bocn cnrried
out, In a study in Malaya, under a rainforest climate, Swan
(1970) cbserved that whereas scils developed on quartzerich
rocks such as granite and quartzite are generally luw in silt
and cloy, those over voleanic rocks, which are genernlly low
in quartz materials, contain substantial -m.unts of L .ose fine

texiures,

Yorent material has alsc been found to have o a-xied
influence on the type of clay mineral present in the s0il
pr.filcs., Ogunwzle (1973) in Nigeria, Martin et 2l. (2966)
in North Cameroon, Boulvert (1968) in the Central Afriezn
Republic =nd Stephen (1953) in Chana have at one tine <r the
othcer mode the ubservation that where~s the clny wincr-logy
of suvils formed from such felsie rucks a8 gr-nite, gneiss,
sandstone and quartzite are mostly kaclinite, thosc f tlue
soils fcrmed from the basic rocks, like aupnibolite, sobbro
and b-salt, nre predominantly montnorillonite and illite,

fpart from its influence n the texture aod clay winceralogy
of s-ils, several wurkers have alsy shown 2 dependence «f the

80il crganic matter un parent material,
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In the Mokwa-Kontagora area f Nigeria, Vallete (1973) has
obscrved that the organic carbon «f scils over Basenont

Complcx rocks are higher than those cver sandstone, /A soil
survcy report, covering the Biu Plsteou and its envir.ns in
North iastern Nigeria contains a similar result ia wlich scils
fowmed on basalt generally contain higher organic w:tter cuntent

than those furmed on gronitic rocks {Carroll & Hope, 1270),

A dependence «f scil base status, CEC and pH .n pcront
matcrizl has alsoc becn reported. For exanple, in “-mbir
(then Murthern Rhodesia), Webster (1959 & 1965) obzerved that
the CEC of soils derived from voleanic rocks and shelen were
generrlly higher than these from granitic rocks, In tiw
savany. region of Nigeria, wild (3971) found that where~s
t stol exchangeable K of scils (18 sauples) averaged 4,18 me/
100g on Basement Complex rocks, it w-s only 0,08 me/100g
(L s-~ples) in those on sandstunes, In the Central fricon
Republic, Boulvert (1968) observed that scils over poro-
amphibolite were much richer in total exchangeable boses than

so0ils cver miguatite.

In 2 study under a savanna eclimate in northern Hizerie,
Leow ~ud Smith (1981) observed that soils on granudi cite
and feldspatic quartzite had lower pE values than those ver
bintite gneciss and semi-pelitic schist, The differcrncas in
the pH, between the varicus parent rocks, according ¢ the
authors, were statistically significant a2t the 0,001 prubnbi-
lity loevel, Furthermore, althuough in general tne cl-y countents
were low, those on schist and gneiss (20.3 and 18,7 rv.sj}cctively)
were higher than those on guartzite (9.8%) and granodicrite
(22,30,



In two related scil surveys in ncrthern Nigerin~, i-1llete
(1973) ~nd Higgins (1963) noted that the soils firned -n
sandst nes are generally very decp and sandy, They farther
obscrved that while soils developed °n granite and «u-rtzite
have shallow solum and are gr-velly in texture, thisc fomed
over schist are characterized by deep to very decp s lur ond

are worc clayey in texture,

Marthermore, in the West L-ke Region of Trnznnic, 11.berg
(1970) has cbserved that in soils developed over gnnet ney, n C
horizun is rarely recognizoble. By cuntrast, the scilo derived
from ~renite often have quite 2 deep ¢ horizon below (e soil

solung

l.342 Climate effect
popects of elimate that are of major pedogenic si uificance

hat aove been investigated include rainfall and temperature,
In central United States of Americz, Jenny (1930, 1941) ifcund
that the effect of temperature cbeyed the Vont Hoff's (188Y)
tempursture rule, Thus, at cunstant moisture content, the
aver-ge crganic mattir and nitrogen c.ntent of soils over the
region inereased two to three times for e~ch fa11 of 10°C in
the ioan annual temperaturc. Jenny alsn obsurved tnot ot
constant temperaturc, the srganic matter and nitrjen c.ntent
of @:ils in the region incruased logapithmically with increcse

in prucipitation.

Jemy ct at. (1946 & 1960) studicd the s.ils of Columbia,

Lotin America, Costa Rica and India ~nd found c. ngiderchble
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agreoenent with results reported earlicr on for suils I the
Unitod States except that, under similar temperature and
moisture conditions, Columbiz s ils had much higher crgrnic
matter and nitrogen eontents them those of central and cguato=

risl Ameriea and India.

In Hawaii, Dean (1337) found that the carbon nnd aitr.gen
contonts of soils inereascd with incressing rainfall. The c/N
ratic of the soils also showed an incrcnse with iner:cse in
rainf~1l. Two ge graphically limited surveys in .3t Africa
demonstrated similar trends. Gavaud (1968) in Nige. shvwed a
decru-sc in organic matter north-werd, as the wean ~amul
rainf-1l decreased fr.m 79 to 280mm, Kadeba (1970, fund a
strong positive corrclation betweon srganic moter ¢ atent of
aovils and rainfall in samples from sune forest rescrves in
portiwrn Nigeria. In his broad survey of the srganic nictter
and 1itrogen content of West African Savanna soils, Junes
(1973) showed that the urganic matter in the topsoils
(0-15c;m) increased significantly with inerease in roinfzll in
the ronge of 350-1,905mm, nt a rate of 0,1T¥ fur every 100mm
incrcnase in the mean annual rainfall, This was in seneral
agroecment with an earlier study of Birch and Friend (1556)
in tne liighlands of Kenya. Here, it was bscrved that esch
25lmm increase in rainfall was assceinted with an .cg-nic

matter inerease of ab.ut 1.3 in the soils.

In his work on scils derived fron sandstones of lLigeria,
Oguavale (1973) observed that in conirast to the s ils from
the hesvy rainfall areas in the country, suils fron oo low
rinfall =reas c.ntaincd weatherable primery minerals io their

8ilt ~nd eclay fractions,
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He ~ls¢ observed that 4s rainfall incre-ased, the clny
contcnt of soils also incrensed, up to about the 1,52lym
ishovet bey rd which it started to decline, In the a-e
study, Ogunwale also reported o decrease in the base s tura-

tion nnd pH with incrensing rainfall,

In Ghana, ahn (1961) found that soils of the lower "-no
River basin and environs formed cver Bnmement Complex ifurina-
tions, with about 1,650 to 1,770mm annual reinfall, were
higher in organic matter content, pH, quartz and grav.l contents,
but lower in percentage base saturation, thon those Jevoloped
over the same parent moterials, but in the less wet [acst

arez f the north and east of the country,

In 2 catenary study -ver gr-onodiorite under rainf-iust
elirm~ie in Singapore, Leow (1979) found that presence -f sandy
topsoils and heavier subs.ils to be the main featurcs £ the
particle-size distribution. In a similar study in norioern
Nigeria, under a savanna climcote and on granitic parcat riock,
Leow ~nd Ologe (1982) have made guite c-mparable hscrv-tion
in which a sandy layer is cverlying z noderately heavy sube
soil,

In his studies of scils develuped ver sandstones in

Nubin, Wild (1974) made the obscrvation that in spitc .f the

rather permeable nature of the parent the
sub=huw1id area had rainfall been adeq viation
and altendant profile differcntiation tuns of
the Hegev Desert on the .ther hand al thon
the physicnl disintegr-~tion of the sa reuula-

tion .f sume fine materials in the st



14363 Helief effect
dclief is an imprtant fact.r of scil formation ond scveral

suil oroperties have been reported to Le relief-rclited,

In the study .f soils frorued over Boseuent Complex rocks
undce savanna climate in Nigeria referred to carlier .m, Leow
and unith (1981) alsc abeerved a clear tendency for thc top-
goils to become coarser as slope angle increased. Wioy ~1s0
found » downslope incrense in both the clay and silt, but a

decr.o~a¢ in the gravel and sand, contents,
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Compereble results heve also been found by Jahn (1967) ~nd
Morgon (1973) both of whom note that sl.pe-wash inero-n.cs in
am.ount with sloje angle; a3 2 result, cozrse-~texturel scils
are Hoften found on steep slopes, whilst tle amcunt 7 silt

and cl~y are usually greatcr in gently sluping -~reasg

In 2 eatenary study on gronite in sdestern Ashnnic, Ghana,
Radwenski (1957) observed that both the upper and mid’le slcpe
positiops cvonsisted of rcd to brown sandy s.ils, contoining
mostly kaolinitic clay mincral. On the lower slopes .o the
other hond, cclluvial deposits had resulted in a yezllow=brown
sandy clay, grading into sand in the valley bottom, Io Forway,
the s horizon has becn reported tu be thicker in polsn s
foraed in depressions than those formed on upl-nds (Lnz, 1951),
The coposite effect was found however in Ultisols .n tic cuastal
plain :f North Carolina (Danicls et at., 1967) wherc tiw iy
horiz:n was found to be thicker on well=drained upland sites

than in poorly=drained depressions,

vYiith reference to slupe angle and sclum thickness,
Norton and Smith (1930) found in Illincis, USA, that t.o
depth of the solum varied from 28-25cm on slcpes of 1lf. =nd

8% ruspectively tc 6lem on 1% slopes,

The relationship between attitude and crganic mziter and
nitrogen, has also been demostrated, In Enst Afries, {1
example, Birch and Friend (1956) cbserved that on averng.,
each 3,048m rise in altitude in the region is assceinicd
with 0,8% and 0,0l increase in organic matter and tot-1
nitrogen respectively, Datacontained in a scil and ce.logieal

survey
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report of west Camerocn also suggests a general ineru~sc in the

soil .rgsnic matter and tutal nmitrogen contents with clevaticn

(Joncs, 1973).

ipart frum the dependence of several physicnl and biclougical
preoperties of s ils, mentioned above, on relief, siguidleznt
corrclationa with sume chemicnl characteristies of thwe s ils
have nlso been reported. Leow and Smith (1981) sbserved z
not-ble pH inerease with increase in slope angle in s.lls
formed ~n Basement Complex ricks in northern ligeriz, 4 gimilar
relationship between svil pH and slepe angle has becn repexrted
in thc temperate region, for ex~mple in the Oxford rieo of

Britnin by Furley (1968),

furthermore, in a soil survey in Western Samoa, Tight
(1963) found that nt about 610m above sea level, the soil
c.nsists of loamy sand with an cvercge depth =f 10cm, .t
about 1,59Tm however, the suil , consists, of zbout lhem
of peniy sandy loam, overlaid by about 15-20cm of aci firest
pent, 1lso in the basaltic lava and volvanic ash £ Up.to,
where zlthcugh the high rainfall and temperatur. have rusulted
in highly weathered scils, Swindle (1965) noted = cl.uar change

fr-m predominantly gibbsite~dominated s ils in the lowland areas

to kaoline-dominate coils in the uplands,
another aspect of relief that has been investigntcd ns

causiog differences in scils, particularly in tempercie areas,
is slupe aspect. In a comparative study of nurthe-and—scuthe-
facing slopes in Michigan £.r example, C.oper (1960) ii-lc the
fallowing observationes

a) the soils -n the south-facing slopes hove -n i=-horizon

that is lighter in celour, and a B=horizon it is
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more-reddish, than thosc on the north-facing slopes

b)  the soils on the south-facing slopes have betier
developed Bt-horizons than those on the northefocing
slopes; and

¢) the soils on the north-facing slopes have o thicker

solum than those on the south-facing slopes,

Shulzin (1957) elso made comparable observations in thu Ukrainian

region of the USSR .

1.3, Effects of other scil-forming factors

Vegetation has often been found to correlate with tac
typc of scil (Arecla, 19835 Bridges, 19703 Crocker, 1952 )e
In troversing from the forest nrea to the savanna in fizeria
for oxample, Mose and Morgan (1970) have observed thoi the
veget~tion boundary coincided with a scil texture ch-on:c, with
the foerest loeated =n soils of heavier texture. an' ia
comp~ring the soil formed on the Basement Complex rcke uof
westorn Nigeria across forcst-savanna boundarices, 0jo—- ture
an? Murdech (1971) observel that although the soil surics
formcd under the savanna and forest have the same horizon
seoucnce, they differ significantly in respect of several
suvil propertics, According to the authors, the f oresy scries
have better developed Bt-horizon, higher pH, organic m~tter
and tutel nitrogen contents, but lower C/N ratic thou the

savonna series,

‘nother aspect f the organic factur in soil furmciion is
the soil fauna, In the rainforest region of south westorn
Nigerin, Nye (154 & 1955) observed significant differcuces

in both the mochanical and chemical compesition of mounds
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procuced by ants and termites and the surrounding soils,
From the data obtained, Nye councluded that, at least, half
a ton per aere of earth is deposited on the surface cach
yeoxr by termites, The activities -f the earthworm Hippopers
higerizre (Taylor) was alsc describeds It was estimcted that
the worms deposited about 20 tons of scil per acre - yeoxr on the
surf-ce under the forest in the form of eylinderically shaped
casts, The casts, according tc Nye, are higher in orj mic
matter, exchangeable Ca and Mg, pH, CEC and ¥BS than the top
1Sem of scil, Similer cclonies of mound=-building ~nts hove
been dcscribed in East Africz by Hesase (1955) and in scveral
temperate forests, such as the deciducus forests >f North
Eastorn United States (Salem & Hole, 1968), the Harv-rd forest

of n.rtlern England and the Great Plains (Thorp, 1949,

1,4 Q0. TI0N AND EXTENT OF THE STUDY AREA

The western anl eastern boundaries .f the study -run nre
markc! by approximately Longitud:s 7° and 10°E. The rrea
extends frm scuth of the Benue valley northwards t. the
border with the Niger Republic (Fige 1l.1). The area's most
souutherly boundary cunes to within 220km of the Gulf .f Gunea,
The arso covers approximately 230,000km2 and includee the Jos
Plateau, the Benue valley and the greater portioun of tic High
plains of Hausaland (Buchannan & Pugh, 1955). The area is of
particuler interest, first because of the ready avzilability
of rclevant data. But it has been selected for this study
becruse it enc mpases a considerable diversity of weathering
envircnoents. First, there is » marked change in clim-te,

particularly rainfall, and vegetati n cover from the scuthernt-to
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the northern parts of the area, In addition, altitudc veries
fr m the Benue valley (below L4Om) to the Jos Platuau (over
1500m), Finally, there is a great range in the age, composi-
ticn and structure of the underlying rucks and soil poaent
materisals. These vary from Precambrian Basement Complcx recks
tc Teriiary lava flows, and include cuite recent sedimentary
form~tions, These conditions provide an excellent cpportunity
for determining the extent to which the relationships between
soil properties and soil-forming factors over fairly lirge
area in a tropical enviromment conform to those already found

in cther parts of the world.

Mony soil propertics are undoubtedly related to vegetation
cover and drainage condition, but these factors devend very uuch on
other factors particularly rainfall, slope position ond human
activitivs (Young, 1976). For this reason, rather tlion treating
veset 1ticn 2nd drainage condition in this study as indc endent
varisbles per se, they have been taken merely 28 as medium

throush which these other factors express themselves,

"ie has been omitted in this study because it is difficult
to define and gquantify (Buol et al., 1973). The influcnce of
men, carticularly through cultivation, is also undoubtcdly a
very potent factor of scil formztion in the area. Thure nore
relativcly few pertions of the area where, to a grentor or
lessor extent, man's activities khave nct had some repercusions
on tnc landscape. The inclusion of human factor per s¢ in this
study howeveryis hampered by lack of reliable inforu~tion on
specific lrnduse type and intensity -f uses., 1t is tiw foctors

of prrent material, climate (rainfall & tempterature) wud relief
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(altitude, gradient and slope position) that have been specifi-

cally considered in this project,

In addition to the soil properties listed on pace 44, under
the objectives, two additiunal textural related poru.wnters were
considured, The first of these is the silt/clay ratio., The
inclusion of this paramcter was prompted by the gencrnl chserva=
tion that in the course of soil formation, the silt coatunt
of the suil tends to decrease while the elay content ianercases,
due to an increasing transfirmation of the former to the latter,
Although appearing to be relatively simple, the index s been
applicd by several workers (c.g. van Wambeke, 1962; M-rtin,
19703 Young, 1976) in characterizing the wenthering stntus of
soils nnd shuuld work fairly effectively in this prescnt studys
at lenst for those soils derived from ignecus rocks, with no

secondary clay minerals.

The second parameter is the index of texturcl diffurontia=-
ticn within the suil profile. The index, which is o nce~sure
of the degrece of development of a textural B horiz - n (Bt) is
defincd os

It 2 cly % in the surface layer
c % in the layer wliﬁ maximum clay

The FPAQ scil classification defines Bt horizon as that containing

translocoted silicate clay. Nevertheless, the definition has
been found to be inadequate by several workers un the ground
that clay cutans arc not always present in textural B horizons
nor . the layers 2lways show the increase in bulk density that
would be expecte! from clay illuviation (Oertel, 1968; brewer,
1966) 4
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The definiticon also neglects the possibility of lifforcatial
weatering with higher clay productisn in the more or luss
pericuently moist subsoil (Ycung, 1976). In this stuly,

the tcrm textural B horizon is taken to mean an horizon

with appreciably more clay than sume horizons abews it,

irrespective of the origin of this clay.

an It value of unity signifies absence of texturazl B hori-
zcn within the soil profile i.e. uniform profile, and the
further awny the ratio is from unity, the greater the dezree

of toxtural differentiation,



21
CHAPTER II

METHODOLOGY

2.1 DATA BaSE: THE LRD CENTRAL WIGERIA PROJECT

Tha methods adepted by the Land Resources Divisi.n (LRD)
of the Fritish Directorate of Oversea Develcpment in the
survey of the land rescurces of central Nigerid have lLeen
deacribed in detail by Bawden (1969) ama MeTeinsh gt. al (1980)
Since the data fur this atudy was derived mainly from the
pr.ject however, it would be necessary to deeribe briofly the
principdl., suryey and analytical procedures,of the rclovent

portions, adopted.

2.1.1 Survey procedure
The steps taken in the field survey were as folluws:
(1) Division of the area into broad physiographic units
such as hills and mountains, dissected areas cnd
plains, using air photographs (1:40,000) and,

ground reconnaigsance

(ii) Sub-division of the area into units containing
relatively uniform landforms termed Geomorphic

Units, also using air photos (1:40,000).

(iii) Location within each Geomorphic unit of at loast
one 80il sampling transect ur toposequence, uxtending
frum an interfluve crest tu a basal area.

(iv) Locaticn of at lesmst one point, where the s.il
profile waas examined, on each slope facet (i.c.
segment of slope with wniform slope angle) within

a toposequence.
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Bec~use -f the problem of accessibility in some arcas h wever,
it was not possible t. cover all the Geomurpbic Units identi-

ried in step {itde

The morphological fantures of (the yrofile face within)
each s8-il profile were described and the information rucorded
dircotly onto coled Soil Profile Data Sheets (Appeniix 1),

Seil gamples were collected from each horizon and the oharaote-
ristics of the site, such 28 altitule, slope angle, alope
position and microrelief recorded on o~ded Site Datn Shects
(Appenlix 2). Representative suil profiles within ench

Geomor: hie Unit euvered were later selected for laborntory
analysis and the results presented on Laboratory Analysis

Sheets (appendix 3).

2.1,2 analytical procedures

Except for the particle-size analysis performed by the
Kentin s Earth Science Soil Laboratory, Jos (now moved to
Kano), for a small fraction of the samples, all the s~aples
during the land resource survey were analysed by the Trconienl

Soil Unit, LRD, London,

The pipette and sieving methods were used for sarticle
gsize nualysis, after pre-treatment -f the samples with hydrogen

peroxice and calgon golution.

Phe ~rganic carbon was measured by the Walkey ~nd Black
Oxid~tion method while the t stal nitrogen by the Kjelizhl
extraction method, using a gelenium catzlyst and o sodium

gulphate to sulphuric acid ratio of lif e
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The exchangeable Ca and Mg were estimated on the Yerkin

Elmer ~tomic adscrptiocn spectrophotometer, using strontium to
prevent interference from phosphorus by extraction with N
amnonium acetate at pH 7.8, and the excahngeable Na ~nd K on
the Tcchnieca auto-analyser by flame emmisicn spectroscopy,

with =n faternal lithium standard,

P CEC was estimated on the auto-analyser, as ind penol
blr.e, by removal of adsorbed ammonia from the determination of

he exchangeable bases with N potassium chloride, »t pH 2315,

The bulk density determination was based on the mass of
10ml +f air-dried soil and the pH by the use of pH acter in soil

water ratio of 1l: 5,

The %BS was derived ag
%BS = 100 (Em)/CEC
where Fm is the sum of milliequivalent

2+

ver 100g of exchangeable cations Ca 24

y Ma™ 7,
K" and Na+-

242 (UsOMARCH DESIGN
2,241 Soil=forming factors data

The Site Data Sheets contain infurmaticn on the slce posi-
tion, drainage conditi-n (site drainage) and slope gradicnt,
Some ¢’ ntain informaticn on altitude and ge.legy (geclogy of
the s.il and undelying geology), but none with respect to
rainfrll and temperature. To made up fir the missing data on
altitude, geclogy and climate of the selected soil profiles,
published information have had to be surt for inste«d. By

me=ns of 1:50,000 topographic maps (published by Feder-l Survey
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Department of Nigeria) and various geclogical reports of
porti.ns of the area, it was -ossible to determine f-irly
accurntely the altitude and underlying .«-logy rsesoectively,

of each profile where n profile was excavated and ex~mined.

Information on climate was much more problematic., rThis is
because, except for the role of water in the erosion or deposi-
tion of scoil materials at the soil-zir-interface, and that of
temperature in evapotranspiration, the major functions of
tempernture and water are within the soil profile - weathering,
leaching, translocation etc. (Buol et al., 1973; Young, 1976).
This implies that the use of soil temperature and tac average
total rainfall less the amount that is likely tc be lost by
evapotrenspiration (ie. effective precipitation) in ~n -rea,
over o~ period of time, provides a much more realistic besis for
the assessment of the pedogenetic significance of the climatic
factur, as compared to the use of simple air temper-tire and
gross rainfall data (Ologe, 1976). Although such inf gcmation
are »f the greatest importance for a deeper understaniing of
the development of soils in the project area, datz for the
first parameter, and that for the computation of the latter
are simply not available., Moreover, presumably bec~use of
the relatively few functional neteorological statiuns within
the crea, there are infact no columns provided for evin the
mean annual rainfall and air temperature (which have been used

in tiis study).

the mcan annual temperature and rainfall data, on wiiich this
study is based, were abstracted almost exclusively from Kowal

and Knobe's (1972) igroclimatological Atlas of Northern States

of Nigeria.
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A grenter portion of the data in this atlas is itself b-osed
on extrapolations, but mo other comparable work is avajileble

that uight have been used in this study.

2,242 BSelection of profiles for this study

The oritericz for the selection of the profiles in this
study were two: Firstly, the profile description must be
found in the series of LRD reports titled "Soils and Londfcrms”,
published for the Central Nigeria Project. These manu-ls
contain basically the descriptions of some profiles doscribed
as "typical profiles" of the various geomorphic units, GSecondly,
it should be possible to obtain acceptable information on at
lesst two of the missing data on the environmental factors of

parent material, climate and altitude,

On the wholz, the analytical results and morphological
descriptions of 385 profiles (covering the whole of north
central Nigeria) werc selected for this study from ti:c survey

dats (fig. 2.1). This gives a sampling density of 1 in 597 kmz.

Table 2.1 gives the breakdown of the profiles accorling
to the different soil-forming factors. In zoning the rainfall
factor, the limiting values defining the vegetation comunities
of Forest/Savanna mosnic, Bouthern Guinea Savanna, Nortlern
Guinen Savanna and Sudan Savanna, in the area, were used
(Table 341)s PFor altitude, the values are quite similor to
those defining the planation surfaces of Jos Plateau, High
Plaine, Chad Pormati.n and Jama's Platform, and Benue valley
(3.3.4)e Because of the very high skweness, =nd ratier narrow
ranges, of the temperature and slope gradient data f.r the
regicn, the limiting values for the divisiocn of thesc two

fact rs into zones were chosen rather arbitrarily,
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Table 2,1: PBreakdown of the scil profiles sclected into
the different: soil-forming factors

Farent material

Granite “ne 36
Gneiss e 32
G/greiss 0se 38
Schist con 34
Sandstomne .o 36
Basalt PR 12
Shale soe 42
Alluvuinm idie 30
Colluvuin Vae 32
Aeclian e 38
Ironpan vee 22

Rainfall zones

600 -~ 900un . A
900 - 120010 P 103
1200 - 1500mn - 130

1500 - 1800mm e se 78

Tenperature zones

20 - 25°C ves 108
25 - 27% iee 122
21 - 28% vee 148

Altitudinal zones

k‘BOOH R 1‘0
300 - 600m ees 167
600 - %Om - e 71

7 %000 veo 34

3lope angle classes

< 59 & see 326
5 a 10 - e 4’8
210 . 8

Slope positions

Upper éae 119
Middle - ns 147
Basal rew 116



28

In view of the enormous resources recuired to carry cut
the kind of survey that would yield the date used for this
stuly, it would have been absolutely impossible for o single
persun to carry it out, especially at the level of detnil
achicved by the LRD, for n degree project such as this, In
spite of some missing information in the Site Data Shects
(which were fairly easily rectified), the large number of
samples involved and the wide area over which they were cullected,
coupled with the standardization of both the field and lsbora-
tory methods, make the data particularly suitable for 2 study
involving several key suvil properties, and their correl-tions
with the envirommental factors, cver a relatively larg: area

under sub~humid to semi-arid tropical conditions,

2.243 Data analysis

The relationship between the suil properties and the soil-
foming factors was examined in one and/or two major woys.
First, it was examnined by the use of simple linear corrclation
and regression, relating each of the scil properties t- the
goil-forming factors. Secondly, it was examined by toe-way
analysis of variance. While the former test was applicd
to unly thuse fact rs with interval data (rainfall, temperature,
altitude and slope gradient), the latter was applied to both
the factors that are norminal (parent material % sloue position)
and intuerval in nature (Ebdcn, 1977). In addition, in &.me
instrnces, the relationship between the particular s-il projerty
or proyerties and the suvil-furming factor in question was
examined against the background .f the other factors, The
objective of this step was to obtain greater indepth view of
how o pnrticular factor affects specific soil properties under

fairly similar condition,
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Uther statistical techniques used were chi-square -nalysis,
for the soil structure in which the data was ordinal ip nature,
analysis of variance (several ways) and covariance, fr evalua=-
ting the relative importance of the soil-furming fact.ra on the

spatinl variability of the soil properties counsidered,

.3 some of the effects of the svil-forming fact.rs 'n some
profile properties are often indireectly through effects on
other s»il properties, particularly the colloidal materials
(Young, 1976), th2 clay and/or organic carbon contents wure
also t-ken as independent variables in some situaticns ond
treatcd as such along with the envircnmental or externsl soil-
forming factors considered, In view of the relativuly lorge
number of variables involved altogether however, cnly the
major scatter diagrams, generated in the analysis for the
tcpsoils, have been included in the body of the results.
Statistically significant relationships or differunces, at
the 0,053 0,023 0.01 and 0,001 probability levels were however
indicated in both the scatter diagrams, and all the tables
sumnorizing the results obtained, where applicable,

All statisticall analyses were carried out using the

computer,



30
CHAPTER III

PHYSICAL ENVIRONMENT OF THE STUDY AREA
3.1 ELIEF AND DRAINAGE

Tue major features of relief and drainage ~f the study
area ~re shown in Fig.3.1. The relief can be divided into
threc br-oad categories vizs the Lowlands, the High Pl-ins and

the Jos Plateau.

The Jos Plateau is the most striking morphologic-l feature
in the ~rea. The plateau, which is pear-shaped and covurs an
area of about 8.600km2 has a2 surface which descends gr-~dually
northwards, from 1,4,00m to 1,100m =bove sea level., It is
essentially an erosion relic of the quite resistant Older and
Tounger Granites. Within the granitic hill masses of the
platcou are vast tracts of flat tc gently undulating terrain,

develoed mostly on deeply weathered Older Basalt,

To the North and East of the plateau lie the High Flains
of Hausaland, The‘plaina are scparated from the plateau by
stec,.cd escarrments and dissected zones. The only excoption is
a2 smnll portion in the North, where the Plains grade rizht to
the n~in plateau surface with only a minor morphologicsl break.
The Yl-ins descend graduzlly fr.m the foot of the Plitcau to
the edge of the project area, in the North from about 1,000m
to less than 600m, in the East from 760m to LSOm ~nd in the
West, from 900m to 600m. Much of the Plains comprise quite
extensive trocts of almost level to gently undulating Jdissected
lands, broken by rocky hills and inselbergs which frecucntly

rige up to 40 or 50 metres above the surrounding plazins,
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Bordering the High Plaina and the Jos Plateau in the
south-w:st is a group of plains often collectively described
as thc Jema'a Platform (Crove, 1956). The Platform is obout
L450m and 600m abuve-sea-level ~t its boundary with the High
Pl-ias nnd the Jos Plateau, respectively, but only ~bout 180m

in its scuth-western edge,

The High Plains and the Jama's Platform, as well cs the
Jos Plateaun are separated from the lowland to the south by a
str.ogly dissectcd zone termed the Benue Escarpment Zune
(Rackh~m, 1970). The Benue River forms the main axis of this
low=-lying area toc the south and falls frum about 90m in the
Bast t. about 45m 2t its confluence with the Niger. On cither
side «f the river, extensive plains, broken by sandst.ne hill

masscs slope irregularly away from the river,

In the northern part of the study area, the Lowlanls
m2inly form part of the Chad Basin and consist of vast almost
featurcless plains,

"most of the major rivers draining the study area iake
their source from the Jos rPlateau and are predominactly tribu-
taries of the Niger-Benue system, In the north-west for example
are tna Sokoto and Kaduna Hivers, and in the east, tie Gongola,
A small area south-west of the area, however, is drained by
the Anambra River system which takes its source from north
west of Otukpo while Konishiha and several others drain south-
ward into the Cross River. Also in the north-east, thc Hadejia

River system drains into the Lake Chad,
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The hydrology of the rivers in the areca reflects the

climatic environment, particularly the seasonal and torrential
charzcter of the rainfall. It also varies with the orezence
or abscnce of wide floodplains, (locally known as fadama) in the
basins, and the direction of flow, For exauple streaus asso-
ciated with wide floodplains, presumably because of zr .ater
water rctentive capacities of the alluvial materials, flow
for longer period than those in basins without floodnlains
(Platc 1), Similarly, streams flowing northward exocricnce
less Jownstream increase in discharge than thosc flowing southe
ward, duc mainly to decreasing rainfall and inereasing cvapo-
raticn (Ololobou, 1982), Three main types of strews flow
pattuim are generally recognized in the area (Ologe, 1978)
naumcly:

(i} Perennial flow - occuring in the large strcans which
are characterized by low dry season discharge and
fiash floods superimposed on high rainy scison
discharges;

(ii) Seascnal flow - zero dry season flowj flash flcods
superimposed on rainy season flow which mey be
high or low depending on c=ztchment area =nd zeo—
graphical location;

(1ii) Flash flow only (i.c. stream flow occurin; duriag
and for a short while after run-off produciog
storms), characteristic of small streams geucrally,

gullied environments and areas of rock outcrops.

The sensonal variation in the amount of grounwates is

congidcrable, although not as pronounced as in river chnnnels,
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In gencral, groundwater levels =re nigher during the rainy

seas.n than in the dry se=son. They are also higher in the
"f~draos"™ than in the upland arcas. In a study of the hydrology
of = @unll catchment basin near Zaria, for example, it was
obscrvaed that the depth of the dry scason water table voried
from 0.2m in the valley botton to 13.4m near the intsriluve

crest (Xowal et al., 1971).

"he groundwater level also fluctustes seasonally, eing
gener:1lly more variable in the interfluve aress than in the

basin arecs (Olowu, 1967; Ososani, 1968; Gill, 1974),

3.2 GEOLOGY

The geology of the area varies comsiderably, from !vec =
brisu to Lower Palaeozoic age Basement Complex of igneous 2nd
metaniorphic rocks, through Cretaceous sedimentary rociis ond
Late Tortiary to Quaternary lmvas, to recent sediments of

alluviwa, colluvium 2nd wind=blown deposits (Fig. 3.2),

“he Vrecambrian-Lower Palaeozoic Basement Complex icks
underlic the whole area and are composed wainly of gncisses,
miguctiteg, Most of these rocks have, howsver, been cxten-
sively modified by metamcrphism nand now mainly occur 28
granites, gr-nite-gneisses ~nd migmatites. In some ploces,
there cre extensive outerops of schists with phyllitcs -nd

intcrbedded guartzites and marbles.

The Older Granites, c-nsisting mainly of granites 'nd
grancdiorites, and in some places, syenites and miguntites

and ruite resist-nt to weathering -nd have given rise tc the
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charncteristic groups of dume-shaped inselbergs that diversify
the wonotonous High Plains (Buchanan & Pugh, 1955). The Yocunger
Granites are alsc widespread, especially on and around the Jos
Platcan, They had been discurdantly intruded into the Basement
Comulox during the Jurassic. They commonly occur 2s ving
cumploxes, reflecting several ecycles of intrusion, ond possessing
clear topographical dafinition, This intricate pattern, combined
with variations in thickness and composition of overlying sedi-
mzntary aaterinls causes grent variability over short distances

in the soil cover cver the Bascment Complex rocks of the region,

The Jos Plateau provides the most extensive ares of lava
flcws in the study area. Several others are also fiund in much
of th: High Plains, but most »f these are small and do not have
a disccrnible vent or focus (Bennett et al., 1977). 7he voleanic
rocks, counsist mainly of basalt, gabbro, pyroxenite ncd perido-
titc, While scme of these rocks have been deeply wentnered and
cnrry o~ thin sheet of ironpan, the youngest ones have been
much lcss affected by weatherinz and erosion and can usually

be tr-ced to fairly well preserved cones. (Plate II),

The most extensive area of seiimentary rocks li.s in the
Benu: Vslley. This is a trough-like fenture, trendiag north-
east ifrom the Niger tuwards the Chad Basin., It is bounied to
the blorth and South by the Basement Complex rocks and is filled
with up tc 6,000m of iredominantly deltsic, marine ~uil cstuarine
Cretoccous sediments, mainly sandstones and shales, with rare
intirealated alkaline basic lavas (Kcgbe, 1976)s The depusition
has Loen controlled by the eveolution of the Beoue Valley and

scvernl thecries have been put f .rward tc account fur its
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foreation (King, 19503 Cratchley % Jones, 19653 Wwri hi, 1968;

Burke .B‘_t.-tﬁll.’. 1970) .

Ancther areca of fairly extensive Cretaceous sediaciuts is in
the extreme north—-east, the Gunel-Hadejia area. The sediments
consist mainly of feldspathic clayey snadstone anl grits with
bas~l pcbble beds. They are reported by du Preez (1953) to have
a maydimum thickness of about 100m with a very low rezi.nal dip

to the nurthe-enst,

The recent sediments of colluvium, alluvium and ind-blown

depusits ~re examined under the section on geomorphclogsy (3.3).

33 G .0+ CRPHOLOGY

'“ha three broad physicgraphiec regions of the study ~xea have
becn ceseribed (Secticn 3.1). The common cecurenc: of gently
undulating plains, sumetimes broken by hill ranses or inselbergs,
was ~1sc pointed out. This section takes a closer 1ok at
these fentures. The nature of the surface materials and the

evoluiion =f the landscape are als. discussed,

3.3s1 The Plains

0lozc (1978) has identified the most import-nt geui'orpholoe
gical characteristics of tae plains in the study ocrca te be as
fellowss
- the preduminantly low relative relief (i.e. the height range
between interfluve crests and valley hottom or th-t between the
lowest and the highest contours within a grid square _ the
presence of narrow wvalley * floors, except along suae -f the
lamge rivers, which often have a low terrace or terraces in

additi n to the coentemporary floodplaing
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Fig,3.3 Model of wvalley form on plains over the study area showing

L,I=l2terite ironstone;

slope elements:
A=Alluvitms FS=Poot slope;VF=Valley floor; CB=Chanel cwnw
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PLATE II1 Incised stream chamnel with gullying, Kano
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PLATE IV Vegetated gully, Bauchi
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- thoe occurence counsistently along valley sides of ~ boelt of
relatively steep slopes (i.e bluff lines) between bro-l gently
slcping cunvex interfluves and short foot-slopes thnat nre
either planar or coneave in form (Fig. 3.3)3

- the relative infrequency and small size of rock ontcrupss

= the cemmon occcurence of thin sheets and small searve cf
lateritic ircnstone;

= the gencrally good conditicn of drairsce,

snother remarkable feature .f the plains that has been
desceriled is the prevalence of rivers that have shallouwly incized
into the landscape and are thus characterized by stecp tec vertical
banks {up t¢ 6m high in places). However, only locally are they
beiag ~etively eroded at the present time. Guite oftun; moest of
them ii~ve been stabilised ur are overhung by a wegei~tiun cover

(Pl-tes 11T & 1IV).

3+3.2 The Residual Hills

The residual hills dotting the landscape of the study area
take different forms. Prominent among them are the inselbergs,
four< -n granites and migmatites and sometimes on gr-ooite—
gneisses. They occcur mostly as impressive steep-sided domes,
but also as elongated and sssymetrical features. They woy be
rel-tively free of boulders, but more commonly, carry boulders
of vorious sizes on their tops and on fairly gentle sicce slopes

(Plates Vv & VI),

Broken rocky hills or tors are another variant (¥l-te VII),
Othcrs include, low narrow ridges on sandstone quartz ~nd pegna-
tite veins, often rising less than 10m above the survounding

terrains,
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PLATE V  Dowme chaped inselberg —— displaying weathering
by exfoliation, Zaria

s & A 1

PLATE VI Asy..ctrical inselberg, Kufena Hill, Zaria
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=~nd lov whalebacks on migmatites, granites and granitc—gneisses

(Plate VIIX).

3e3e3 OSuperficial Materials

Boged on the mode of origin, the superficial materials of
the study area may be classificed into four: weathered regelith
or sanrolite, colluvial deposits, alluvial deposits nul ~eclian
depesits, These form the scil parent materials over the area.
They nlso provide valuable insight into the past and cuntemporary

geomor_nic processes in the area.

The weathered saprolite overlies the solid bedrocks, except
where the latter is exposed at the surface. Because of the
differential weathering rates »f the rocks, the depth of the
saprolitic layer tends to be highly v-riable even over short
dist-nces, No systematic data on the depth of weathering over
the orxon exist yet. However, the fragmentary evidenc. which
exists indicate that the saprolitic substratum is nuch shallower
in the billy and strongly dissected areas, tiuan on the undulating
plains (Fzniran, 197L). The texture of the material is also
quite variable, from gravelly or sandy, to clay lom in its
upper part, but becoming ¢carser, less clayey progressively

toward the underlying rocks.

Colluvial deposits occur as thin sheets on valley side
slopces, over an origiral erosional surface often exhibiting
a merked microtopography. The materials are usually ocurly
stratified, poorly sorted and stony. Often asscciated with

the materials are lateritic ironstones.
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PLATE IX

Laterii’zed soil profile-—— there is a relatively
sharp boundary betwaen the laterite layer and the
under’ying materil, sugesting secondary mode of
forma iion

X Alluvial deposite———
showing strafication
of materials, Usman
River, Abuja
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These occur as thin sheets alsc, 1sually less than - netre
thick, on slope crests and valley sides, and as small scorps,
shects and boulders on tie bluff line. There is often -~ sharp
boundary between the ironstone layer and the subjacent Lottled
wentiuced rocks (Plate If). This feature, tugether with an
inclusiom of diserete boulders of ironstone in the wm~icrial is
usurlly seen as a pointer to the sec.ndary nature »f the uaterial,
having been derived from an erusional destructicn of an earlier
equally extensive cover of higherlying primary laterite

(Thomns, 19743 Faniran, 1970; Ologe, 1971 & 1978).

Alluvial deposits have been reported to be ass.cinted with
2ll the Arninage courses in the area (Hutcheon et._al,, 1975).
Howevuer, significant deposits, in terms of areal extont, nre
not coamion and are restricted to the floodplains of the duminant
rivers and their tributaries. In addition, extensivc deposits
alsu occcur below the major hill masses$ wider near the hill
front, and nnrrowing away from it, these deposits arc £ .und
where o number of streams debouching from hill mssses converge.
The Jeposits, which are genesally thick and usually uove few
stones in them, are however not being actively augmentol
today ond often show varying degreee of stream diss.cticn

(0loee, 1978),

In general, the alluvial deposits are sandy in toxture,

and ~rc usually stratified (Plate X).

Three major types of aeolinn materi-ls may be discerncd
within the study area. These include the Dune deposits, the

Sand~Sca deprsits and the Loess=like drift deposits (l'utcheon,
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ety oley 19753 Bennett ot. al., 1978; Higgins, 1963; Lowes,
1962), The fixed linear lunes cccur in the north-western
portion of the area. They furm part of what has been described
as the Ancient Erg of Hausaland, a vast area running ce~stwards,
as f~r 28 Mniduguri. The dunes are of varying thickness and are

oriented mainly ENE to WSW (Falconer, 19113 Grove, 1930),

Unlike the fixed linear dunes, the sand-sea deposits lack
any «cfinite pattern and are cccupying a vast ccuntry north of
Kano, The sand mantle shows a marked varintion in thicikness as
well but in general, shows an overall thinning south-wiestward

(GI"’JV(} _C'_t- &1_0' 1963l 1968)'

the loess-like drift deposits occur mainly in the north-
western part (Kaduna~Zaria-Kano axis) of the area (fig. 3.2).
Althoush generally thin, particularly cn interfluve areas
(often less than 1,5m), thicker accummul-ticns (sometimes up
to Lebm) are found in some valley bettoms, The exact crigin
of the lozssal material hns not been fully researched into,
H .<ever, it is being hypothesized that the materials cre
pralucts of wind deposition and have been brought into the avea
in o monner similar to the harmatton dust of the present day

(McPainsh, 198L),

3.3.4 Geomorphic Evaolution

Must workers in northern Nigeria seem to agree tuct the
aren, in gecmorphological terms consists of a scries f planation
surfrecs, separated by scarps and dissected z mes. By planation

surfrce is meant a geogrnphically plain surface producad by
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processes of ercsion and mass wasting (Brown, 1968), 1In
aldition, small upstanding areas can be recognize!l wiich carry
renognts of higher surfaces, The main planation surf-cus have
been recognized, and often mapped from Falccner (1911) nward,
ineluling Dixey (1947), Pugh and King (1952), Grove (1952 & 1956),
King (1962), Rackham (1970) and Oloze, (1978)e The formation of
these surfsces, aceording tu these scholars, were cluscly related
to the genlogical evelution f the Niger-Benue Troush which
they a-~id has provided the regicnal base level for the area
sincc it was formed apparently in mid-Cretaceous times, While
there is no general agreement on the actual number and dates of
initintion of major cycles of erusicn over the study —rca, and
over Nigeria =28 a whole, it is generally held that rcpeated
downwrapping of the trough ani/or upwarpping of its flonks has
provided successively lower base levels of ervsion [{r s which

successive cycles of landscape planation were initintel,

The highest extensive planation surface within tix area is
the Jus Finteau surface. Thorp (1967a) is of the opinicn that
the surface is of Cretacecus we, King (1962) has w2pucd the
arcn as rost-Gendwana, This surface is also represented on

numercus isclated mnssifs ia the study area (Thorp, 1967a)e

Below the Jos Plateauw, and skirting it to the North, East
anl Yest are the High Plaing, representing higher gr oup of
plan: tion sarfaces. The gruup corresponds to the surface mapped
as the African Surface by King (1962) with the age boing put

2t Lotu=Cretaceous to Mid-Tertiary,
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"he lowland in the north (part of the Chad fomiioa that

lies within the project area), and the group of plains lying
southwest of the Jos Plateau, i.e. the Jama'8s Platfom, according
to King belanz to the Post-African cycle (Laie~Cainozoic).

As surested by Crove (1956), they were out during the Tertiary
pericd,

Finally, there is the Benue valley which according to King,

belongs to the Congo cycle of (uartenary age,

Subscquent to their formation, the major planation surfaces
have been considerably retcuched and micro~sculptured, .roducing
sever~l more surfaces, some ercsional and some aggra'ational,

The det~ils of these srufaces vary considerably, frua cne localidty
to another, Nevertheless, scinc appear to have o wide seogra=
phiccl distribution and these have already been desceribed in

Section 3.3.1.

According to de Swardt (1946), the development of such
nost-planation surfaces are the result of repeated ch-niing
circuastances of climnte, vegetation and hydrology since the
pleisiocane time. Applying this principle to the landsenpe of
Abujn arca, Ologe (1978) has sugzested the following scruence

or s:bsequent events:

(i) Deep weathering and lateritization;

(ii) Incision of stream channels and the ercsiun of narrow,
bluff-bounded valleys; aggradation .f the valley
floors (i.e deposition of the Older Alluviumg

(1ii) Incision of stream channels into the Older ,1luvium
or clegely followed by deposition of the Youn er

alluvium;
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(iv) 1Incision cf stream channels intec the Youn er Alluvium
and contemporary deposition »f sands anl geavels in
some -f the channels.
A br.2dly similar sequence of events was earlier-on lescribed
by tht Frofessor in the Zaria regi n, and by several sthers

from other parts of Nigeria (e.g. Bond, 1949, Thorp, 1970).

3.4 CLIMALE

The area hos a semi-arid (northern part) to sub~humid
(southern part) tropical climate explicable in terus of' the
sexasolinl shifting of a transient discontinucus zone, Lhe Inter
Tropical Discontinuity (I.T.D.), where unlike ~ir masscs converge.
To the nerth of the area, the continental Sahara arcva enerates
mere or less permanent hish pressure belt, resultinz in north-
easterly commonly dust laden winds (Hormattan)on the s uthern
flank, These winds, at the surface, are cool and ty;icnlly dgy,
contreeting strunzly with the mositure-laden south-westorly
winds that orginate from the high pressure cells over the

South stlantic.

The cuntrzsting air masses »rogress seascvnally north ond
south, in resjonse ti the sun's apuzrent annual novements,
drawing with them the ITD. The positicn of this zone, although
subjcet to considerable short perind fluetustions, is _enerally
situntc!l ot approximately 8°N in January and at nearly 20=-22°N
in July (Fige 3e4s)e Thus the ITD crosses the stuly ~rca
twice 2 yeari onc on its northward journing and again during the
scutiwerd journing, =ol most of the climatic poramctors (i.e
the ouset of rains, annual amount, time of retreat, longth of

rainy scason and temperature) are broally associsted witn this

= ceecremvidk [ Nemsmbsrinkia 1QR2e Ashanla. 1979)
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3-1401 Temperature

Temperatures over the study area are generally lowest during
the montha of December—January (but rarely fall below 20°C), as

the ~nount of energy coming from the sun is lowest during that
period and there is much back radiation at night. :rom February
onwrrds, temperatures start to rise, due toc increasing radiation

fron the sun, The highest temperature occurs at about the onset

of th¢ rnins, i.e. April-May. During the rainy scason itself
however, maximum temperatures are depressed, due to cloudiness and
the cooling effect of the rain., Minimum temperatures -ie relatively

high 2nd constant during the rainy season as cloudiness and
hunidity prevent back radiation. After the rains, woximum
tuaperature increascs again at first, declining later to the dry
secson level, Figure 3.5 shows the mean annual temmerature
distribution over the study area (Kowal & Knabe, 1972).

3elie2 Rainfall

Migure 3.6 shows the mean annual rainfall distribulion for
the study area, There is a fairly rcgular south-north gradient of
deercasing rainfall, fron about 1,770 mm in the South to less than
650 mm in the extreme north, modified locally by theu influcnce of
high sround (Kowal & Knabe, 1972)., The Jos Plateau for example
induccs an increase of rainfall on its South and West norgins,
with o corresponding decrvase in the rain shadow arc-os to the

North ond East (Bauchi-Numan axis),

Rainfall in the area are characterized by hizh intcnsities
and kinetic energy, and relatively big drop sizes (Lal, 1977).
The distribution of a maximum 7.5 minute intensity rocorded for
Samsru in the Zaria region in 1976 for example showed that only
29 of the storms received had nn intensity that wos less than

25uun hr-1.
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As much as 61% .f the stourms fell at intensity betwecn 25 and
yri hr"1. In all, 39% of the rains fell azt intensity cxceeding
S0run nrt, (Kowal & Kassam, 1976)., Also at Samaru, = 20ma rein-
stom with a peak intensity of 11lmm, hr'1 has been f.und to
posscgs a total energy load of 31,6 to 38.4 Joules m"%mu'1 of

rain (Kowal & Kassam, 1977).

In the extreme n.rth of the area, the nean monthly rainfall
distribution shows a single peak, occuring at about iugust, and
a rﬁi:lesa period of over 9 months, Further south, there is a
bi-modal rairf&l® pattern with peeks in June/July and September/
Octuber, and a 3 to 4 montr dry season (Fig.3.7). Even nuch
more meaningful to pedogenesis is the effective rainy period,
Kowal -nd Knabe (1972) defined this period as the numbor of
deccdes (10-day period) between the effective start <f roins
(when rainfall is greater than 25.,Lmm and with two subsequent
decades of precipitation nreater than half evapotranspiration)
and the end of rains (the last decade in the rainy se~sun with
at least 12.7mm rainfall and evapotranspiration in the previous
decnde not less than precipitation). Based on the author's
extrgpolations for the whole of northern Nigeria, the wvilue cf
rainy period should vary from sbout 230 days in the extreme
scuih-enst to less than 90 days in the extreme north, over the

study crea (Fig. 3.8).

Although the length <f time moisture is available in the soil
is more important to the pedogenic processes than the total
amount <of water which is received in an area, over the resent
study orea, the spatial varianbilities of both the mean onnual
rainf-~11l amount and the length »f rainy period are sufficently

clese to justify the use of the former in this project (Figs.
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Se MAT PRIMARY PRODUCTIVITY AND VEGETA'ION COVER

Mg net primary productivity of vegetation of an cecaystem
refurs to that productivity which in theury can be utilized by
other srpanisms. It equals the rate of photosynthesis (dry-
matter ,roduction or gross primary production) minue the rate
of plant vespiration (Billings, 1976). The pedenic significanc

»f this part of plant produce rests on the fact that
the bulk of the organic matter component of the soil c-mes

from this sourcee

In tropical environments where mean temperatures are high,
much of the gross primary pr.duction is lost in respiration
(Whittaker, 1970; Kormondy, 1976). For Nigeria, with mean
annu~l temperatures ronging from about 20°C to 30°C (0;untoyinbo,
1983) for example, as much as 39% to 68% of the gross primary

productirn is cunsumed by respiration (Ologe, 1979)

D-ota on actual net primary productivity in the trupics are
very scanty. This is more sc fur the savanns region. Several
attonpts have been mnde by ecologists to assess the ~wveraze
anmul rate of net primary production in the world najor
ecosystems. Accurding to Reichle's (1970) estimate, ~vemge
net v-lug in the present study area showed a decre~rse frum about
5,520 Keal n2 yr-1 in the wetter south t. less thun 920 keal

-1
m yr in the drier extreme north,

rsed on the energy conversion efficiency, and the amount cof
toetal incuming radiation during the growing period, downl
and Xessam (1976) have suggested the net primary prcduction
rates f r the major bio-climiatic regions of the Jest .frican

Savamma to be as follows:
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Northern Sahel = 1,082 kg/ha yr
Southern Sahel = 1,742 kg/ha yrr1
Sudan = 2,3l kg/ha yr~|
Northern Guinea = 3,097 kg/ha yr"

Southern Guinea = 3,889 kg/ha yr~ '

The suggested south to north deerease is supported in o study
by Je Leecuw, (1976) of fodder resources in Nigeria cnst of
Longzitude 10°E and north »f the River Benue. The dry natter
yield  f the rangeland types in the area was mezsured -t the

end -f the growing scason and frund to vary from about L,000kg/ha

in the suuth to about 200kg/ha in the North,

There are several problems ass ciated with the above sets
of ¢otn which make their cumparability rather difficult, Firstly,
those Jderived from field experimentation do not relzte to the
whole ©f the plant component of the ecosystem. Secuadly, those
based or estimation were derived by different methulds ~nd
thirdly, there nre differences in the units cf measurcuent,
Nevortheless, they are cunsistent in indicating thnt there
is . clear south-north decrecse in net primary productivity
in the study area and that the value is considerably nijsher in

the scuthern part than in the northern part,

e importance of vezetation in s2il formation lics not only
in tne provision of the bulk of the orgnnic component i the
soil solid phase, but slsc in the protecticn it cffers,
through the canopy and litter fall, against direct insol-tion
and roindrops, The root system, particularly adventitious
routs, nare also known to play an important role in the physical

cengiitution of the suil materials (Daji, 1970).
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Four principal latitudinal vegetation zones, which may

be correlated with the climate sequence from south-north, may

be discerned in the area, namely, Forest/Savanna mosaic, Southern
Guinea Savanna, Northern Guinea Savanna and Sudan Savanna (Table
3.1)s In addition to these four, there is the Plateau Grass-—

land (Fig.3.9).

Table 3.13 Climaticzgaggtetion Zones of Pedogenetic
Si ficance in the St Are

Mean Dry season:

~ “amual™ - Approx. no. FPProX.

Vegetation belt rainfall of months Yoppen
(mm) with 60mm equivalent
rainfall

forest/Savanna mosaic 1200-1800 2-6 Ay paDe
Southeim Guinea Savanna  900-1200 3-5 ¥l
Nort.ern Guinea Savanna  900-1200 5.7 Ay PPe
Sudan Savanna 600-900 6-8 cwa PeDe
Plateau Grassland 900 0=6 C{ﬂ

The true climax vegetation in the Forest/Savanna moszic
zone is semi-deciduous high forest (Plate AI), The relatively
uncisturbed forest has emergent species like Celtis svp,

Triplochiton scleroxylon and Chloropbora excelsa and forest

scrubs, climbers, forbs and grasses, Cultivation and fire,
delilerately started by man, have however reduced much of the
forest to high woodland savanna in which trees grow together
with tall grasses, almost indis ¢imgusbable from the Southern

Guines savanna to the north,

The Southern Guinea savanna zone lies to the north of the

Porest/Sovanna mosnaic.
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In densely farmed/settled areas, only economic and shade

providing tree species, such as Parkia ¢l rtonigns, Ceiba

pentandra, Vitex doniana, Afzelia africana, Daniellin oliveri

ad Tomarindus indica, are allowed to remain. In the remote

relotively uninhabited areas, the tree stratum, wnich is more

denge, is dominated by species such z2s Isoberlini doks, Monotes

kerstingii ~nd Uapaca togocnsis . Grazsses in this zcnc are
mostly perennial, growing only in the rainy season ~nd usually

in clumps.

The character and life-form of the tree species ond grasses
in the Northeru Guinea zone are quite similar to those in the
Southern zone except that they are shorter and the grasses
tend to grow mainly in tussocks, with bare ground bitieen them,
Similay to the southern Guinea zone, only economic =2id shade
providing trees are allowzsd to remcin on farmlands acd in

arcas close to settlaments.

Vegetation in the Sudan zone is composed of grasscs with
trees or shrubs in very variable proportions. At onc extreue
may be areas of grass with hardly any woody plant, porticularly
in arcos near settlements, at the other extreme mzy be trees
st onding closcly in thickets whose foliage morges o form a
¢c-notys. The light rainfall and short rainy se2son couse
trevs and shrubs to be xerophilous.

The Plateau Grassland occurs largely on the Jos Flateau,
The pletesu, 2t an elevation of about 1,220m, has ~n acnual
r~infall at Jos of about 1,4,00mm and 2 greater prob-obility of

of occasional rain showrs during the dry season (O:untoyinbo, 1983).



FLATE XII Re-aforestration programme -—--- Eucalyptus
Plantation, Jos Platezu
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Pemperatures are generally lower than in the Northein Guinea
zone. BEucalyptus and Pines, planted in plantations, arc the

dorinent tree species on the plateau (Plate XII)a

3.6 301LS
Based on the FAO genetic classification system, four major
groups of soils can be distinguish in the area. They ares (iYalluvial
goils  (ii) regosols (iii) ferralscls and (iv) ferrwsincus
gropical soils (Areola, 1983) (Fig. 3.10).
“xtensive allivial svils are found 2long the major river
valleys such as those »>f the Niger, Benue, Kaduna and Gongola,
while smaller deposits (Fadama) are to be found along the

Bl'.rx.“,ll ﬁve“.

Tha regosols occupy the north eastern partion of the area.
They ore brown i~ grey brown, coarse sandy soils devuloped on
gant drift and continental sedimentary deposits, Thoy oxe often

chrrecterized by iron conerctions in the weathering profile.

The ferralsols are reddish yellow in colour ae’. cover the
guuthern part of the arca. They are associated with creas of
gedicentary rucks, althoush they are not coupletely cunfined
to these. They are intensively leached and cont~in very limited
rescrves of weatherable minerals. The soil are ch~rocterized
by de.p porous sandy loem oF loamy sandsy with the clay content
increasing gradually with depth and, the soil reaction strongly

ﬂci i »
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The ferruginous tropical soils cover the greater portion

of the area. The soils are derived mainly from the Bascment
Complex and old sedimentary rocks, although in the Danchi area
they are developedon drift material covering both thease types
-f rocks. In the more humid Forest/Savanna mozaie z s, the
gcils are generally decper, moTC moist and less pronu o
develop magsive ironstone layers antil defrestativn hue

exposcd the land tou direct insolatione.

The soils have low t. medium organic matter o antent,
molderate to good water holding.capreity and 2 friahic consigpionetg
But ~s with most tropical soils, they are intenaively lemohed

and therefore are of low natural fertility.

Often associated with the ferruginous soils are the lithosola,
They are at their most extensive extent on and aroun! the Jos

Plateru, where the topography is steep and irregulor,

3.7 +nNDUSE

frosent day landuse in the area takes different forms,
the most widespread of thém being arnble farming (Fiza3e11)s
both the intensive and extensive types. The intcnsive type
ig widely practiced in the Fadama (particulerly during the
dry suoson) and in areas close tu settlements (Plate II1I).
The uxtensive type on the other is characteristic of tihe plains
furtiicr away from the fadamas and settlements. Under this
cotusory, an area is erupped f.r a nmmber of years, fullowed
by n similar period of bush fallow, i.e. 2 period during which
land is not cropped and iP whieh grass and woody scrubs are
allowed to regenerate, Much work has been done on the traditional
agricultural systems io Nigeria (Buchana & Pugh, 19553 Morgan,
e 2 wilaon. 196L3s Udo, 19703 Abumere, 1983).
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PLATE A111

Dry Season Farming on the fadama, Kano

Animal grazing, Abuja
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PLATE XV (a, uarrying, Ikara (b) Tin mining activities and
landscape, Jos Plateau
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They ~re basically one of small-scale subsistence forming in

which cash crops play a small but significont part. The crops
are largely rainfed and ~re cultivated by hand-hoe, assisted

in g «ww places by draught animals. Tractors arc however

beginning to be used in somc areas,

‘nim~]1 husbandary is another majer form of lenduse in the
arcg A commen sight in the area is the migrant Cattle~Fulani,
who wender from place to place, over the plains, in scarch of
pastire, especially on their seasonal trek north (Quring the
rainy season) and south (during the dry season (Plate XIV).
On their way, they set fire on perermial grasslands to remove
old straw-like waterials thereby stimulating new growth for
stock to graze. This practice (i.e bush brning), over the
yerrs, has had several unfavourable repercussions on the floristie
compogition of plant cover over the study area, such ns the
disapvearance of several useful perennial species (Hopkins,

1979)

The third major landuse category inpvolves the est-blishment
of scttlements, mining and construction cf roads,
r-~ilways, bridges, loms and scveral other infrastruciures
(Pl-te XV). While some old scttlements have been abrnloned,
leaving behind only vestiiges, new ones are gpringin; v,

particularly along roads and railways.

Jith the exception of the est~blishment of furest reserves
and plantations, the net offects .f the various forns of landuse
pr-ctice in the stuly ares, over the years, h-ve be.n to degrade
not unly the vetegal cover, but also the land surfocc, °8
incrcasingly wider areas are being exposed to agents of

wenthoring anl denudatione
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3.8 LOIL EROSION

Ixcept in the extreme north, where wind eruvsion redominates,
s:il or.gion by water is the must widespread in the study area.
It cecurs during the wet sea2son as the short duration but high
intersity rainstorms generate exeess runoff, Althoush less
severe than in certain arcas in southern Nigeria, where annual
roinfall is much greater (Ofom-ta, 19653Jaje, 1978) ercsion by
watce in the study arca is alrendy poesing not only coricultural
and cngineering problems, but also scecio-economic problems
as well, in many places, It occurs quite extensivily un exposed
road cuttings, embankments, faces of borrow-pits, river Lanks
and hill slopes with very little vegetation cover (¥lote XVI),
The process has been accentunted in many places by uc-n's mis-use
of the land, such 28 indiscriminate cutting of treus, overgrazing,
bush burning and cuntinous cultivation of some lands, uften
without regard to suil ecapability., For example, the traditional
length of fallow period which used to be longer th-n 10 years
hrs (ropped as low as 3 to L4 years in many places, ‘This is
toc giwrt o pericd to ~dequately rebuild soil fertiliiy and
in fact, in sume of the dunsely peopled areas, continu us

cultivation is now common place not by choice, but by ncecessrity,



PLATE ¥VI Soil erosion: 13

(2) on fallow land
Manid

(b) along roadside S0
Zaria 3

{e) along stream
side, Saminaka ‘
LEJE-.
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CHAPTER IV

RESUL; ¥: THE TEXTURE OF THE SOILS
L0 INTRODUCTION

The focus of this chapter is on the particle size-distri-
bution of the soils, both the topsoils (tL~15em) and 4l subsoils
(50-60em), and the Index of textural differentiation within
the soil profils (It)' It examineg the results obinia:d from
the analysis of the relationship between the particlc sizes of

the soils and the soll-forming factors considerad,

4.1 TOPSOILS

L4ol.l The particle size distribution

The frequency distribution of the particle sizes of the
topscils was essentially one with a maximum of sand and minima
of silt and clay (Fig.lels)s Possible explanations for this
phenonenon are strong eluviation and colluviation, Fluviation
roiioves the fine particles in a vertical direction and deposite
them in the subsoil as illuviated cutans wailst colluviation
and lateral e¢luviation remove the fine particles in o lateral
direction (Kowal, 1968a; Leow & Ologe, 1982). 1t also probably
reflucts the generally coarse textured nature of the Dosement
Complex and sedimentary rocks fron which the soils weroe largely

derived,

Yhe proportions of the coarse sand (200-2000 wicrons) and
fine s~nd (50-200 microns) werc highly varisble but the reen

of the latter was Zenerally higher than that of the f.rmer.

Phe silt fraction (2-50 microns) too was highly v-rizble,
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Nevertheless, although generally low in the absolute scnse,
the nean (21.5%) was higher than that reported by Oj-nruga
(1969 & 1975) and Leow (1975 & 1979) for the soils of the
hunid tropical lowland of southwestern Nigeria and Singapore,
respcctively. Consequently, the mean of the silt/clay ratio
(2.13) was relatively high. This feature (i.e¢ of rel~tively
high silt/clay ratic) reflects perhaps the influcmoe of
aeolinn deposition of fine materials over parts of tiie study
aTran.e
L.1.2 Relationships between the soil texture and the scil-
forming fzctors
Lhel.2,1 Parent material

Table L.l gives the summary of the spatial variation of
the prrticle size of the topsoils over the various prrent
moterials., The sand fraction ranged between 2 mean value of
78.3. over sandstonec to only LO.6% over basalt. It was not
suprising to sec therefore that analysis of variance revealed
highl, significant differcnces in the fraction betwecn the
parent materials. When split into coarse sand (200-2000
microns) and fine sand (50-200 microns) subfractions, the
fine snnd sub=-fraction predominzated except on granite gneiss
where there was a little more coarse sand than fine sand,
This way be because of the more efficient brenkdown of the
less resistant minerals (feldspar in particular) to fine
g~nd (Ollier, 1970), and/or aeolian addition of fine sond,
For .lw transported materials, the aeolian material ccatained
the highest mean fine sand (51.0%) and alluvium the lecst
(1410.05).
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For the silt fraction, differences in the varisnces of the
parcnt materinls were significant at the 0.01 probabiiity level
nnd the mean values ranged between 28,0/ over basalt nad 14.7%

over sandstone in the case of the sedentary materials, and

bctween 20, P over alluvium and 16,5 over ironpan deposit for

the tronsported materials,

Like the other p-article sizes, the clay fraction varies
counsiderably, from a mean of 31,1 over basalt to only 7.0k
over sandstone, in the case of the sedentary materiale, znd from
1 ever alluvium to 10.6) over acolian deposits for the
trousported materials, The differences in the fraction,
betwecn the various parent materials, were statisticolly

gsizific-nt at the 0,001 probgbility level,

hen the total samples considered were broken down according
to the four rainfall zones adopted in this study, exccpt for the
fine s-nd subfraction over the first two lowest raiaf~ll zones,
and the silt fraction over the third zone, all the particle
sizes showed significant differences between the parcut
m~terinls at all the rainfall levels (Appendix L). iloreover,
for tle sednetary parent materials, although there were slight
deviaotions in the relative position of the proportions of
soac of the fractions for some zones, in all the rainf~ll zones,
soils over basalt and shale were consistently leas co-ise
thon those over the other materials, most especially granite

and s~ndstone.

The marked #ifferences in the particle size distribution
of thc soils selected in this study, over the differ.nt parent

m~terials,
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could be explzinad in terms of the differcnces in the
texture and the relative ease of weathering of the mivcral
grains making up the parent materials (Jackson, 19683 Ollier,
19703 Buol et. 2l., 1973)s The comparatively higher percenw
tage of the clay and silt fractions over basalt and shale is
a reflection perhaps of both the fine textured naturc of the
rocks andfor greater proportion of the less resistont anterials,
such as pyroxene and amphiboles in the rocks, Thes: contrast
with the acid rocks, such as sandstone and granits, viich are
usu::lly not only coarse in texture but also contain . high
proportion of the quite resistant minerals, particularly

quariz nnd muscovite (Bucl et. al., 1973).

. Le2,2,2 Climate
The sand fraction showed highly significant and positive
relationship with the mean annual rainfall (Fig.L.2). The

regression equation is

Sond % = 98,2501L=0.02817 RN eeseseesseess  (Lol)
wherc Bm is the mean annual rainfall (mm)
As suggested by cquation (L.1), for avery 100mm incrusse in
the wean annucl rainfz2ll over the area, the sand contunt
of the topscils decrenses by a mean value of 2.8, Analysis
of voriance also revenled significant differences in the sand
froetion between the rainfall zones, The fraction vogcies
from = wean of 81.9% in the driest rainfall zone through 61,9%
and 61.9% in the second and third zones to 55.5% in the

wettust zone (Table h.2).
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Each of the sand subfractions 2lso showed = significant
relationship with the mean annuzl rainfall but while the rela-
tionship for the coarse sand was positive, that for the fine
snnd was negotive, The regression lines are expressed by

equations (L4e2) and (Le3) and indicate that on

Coarse sand % = 11.8412 . + 0,01218Rm seeees (Le2)

Fine sand % = 86.40888 ~ 0,04035RM eeeeee (Le3)
the ~vercge, each 100mm increase in mean annual raiaf-1l in
the study area results in a 1.2% increase and a 4.0 decrease
in tihe coarse sand and the fine sand contents of the topsoils

respectively,

Azzin, by the analysis of variance, it wos established
thet differences in both the coarse sand and the finc sond
sunfroctions between the rainfall sones, were highly sigmificant
and the impression on the whole was one of an increansc in the
former fraction and decrease¢ in the latter, with incrunse in

rainf2ll,

The regresjionof the silt and clay fractions on rainfall

was positive, While the relationship was significont ot
the 0,01 probability level for silt, however, it wns 2t the
04001 level for clay. As suggested by equations (L.l) and
(L4e5), on avernge,

Silt % = 10,43586 + 0,00909 BN seeeevsosasee(liol)

Clay% = 9,00806 + 0.01932 BN coeccssesscsa(lic5)
each 100mm rise in the mean annual rainfall over the study area
rvsults in about 0.,91% and 1.9% inercase in the silt ~nd clay
contuents of the vopsoils respectively, By analysis of

vari-nce, both fractions also showed statistically sigmifieant
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differences between the rainfall zones, For clay, t'ic mean
values vary from 6,0% in the lowest rainfall zone, Larough
12,% nnd 16.2% in the second and third zones, respeciively,

to 22,0% in the wettest zone., Such trend in the froction with
roinfzll may be attributed to an incrcase in chemical weathering
an: clay formation, with increase in rainfall, Tha trend of
the neans of the silt fraction with the rainf=11 zones on the
othe» h=mnd, although ~2lso positive on ¢he vhgle, was less
systematic, as the highest value occured in the second wz2infall
zone, Like the clay fraction, the positive correl-tion of the
8ilt ~nd rainfall may be as a result of an iner:ase ic chemical
weatiiering with increase in raninfall., The quite simil-r values
of t . fraction within the third and fourth rainf-ll zones
however suggest, perhaps, an increasing transformatiion of the

froction into clay as rainfall incrense,

In a way similar to the particle sizes of the soils, the
regrsssion of the silt/clay ratio on the mean annuzl rninfall
wag highly significant (0,001 level), and the trend ~.zative,
Differences in tbe means of the ratio between the rainfall

zones were nalso quite significant statistically.

ihen the effect of rainfall on the particle sizer of the
suils were examined over similar parent materizls, tic result
obtained showed considernble variability. As can be secn in
Appendix 5, while some of the mineral fractions showed - certain
degroe of signifieant correlation with rainfn1ll over the
igaccus znd metamcrphic rocks of gneiss, granite-gneiss and

sciiist, as well as on the transported parent muteri-ls,
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for exomple, there was virtually no statistically sigaificant
relzationship between 2ny of the fractions and rzinfall over
sancstone, Furthermore, only the fine sand fraction showed a
significant relationship with rainfall over shale, ~id clay
over bagzlt., These relationships are not fully undcrstood but
could be as a result of the much stronger influencoe of the
mincerlogic:l composition and textures of these litholougies,

on the texture of th: resultant socils.

The correlation cocfficient vzlues for the silt/clay
ratio vary over the different parent materials.t:>.. It was
interesting however that all the values were negntivej
implying, perhaps, 2 universally inereasing weatheriog rate

with ircreasing r=inf4ll over all the parent materials,

‘hen examined against the background of the slove position,
except for the silt fraction, the rcgression of the .-xticle
sizus on rainf2l] showed quite high and statistic-lly signi-
ficont correlation coefficient values (0.001 probability
levcel each) at both the interfluve crest and the ziddle slope
positions, At th. lower slope position however, the correla-
tion coefficient v-lues were guite low z2nd as such none
significant statistically, except for fine sand and cloy

(¢nach ~t the 0,05 level).

Except in the basal area, wherc the correlation coeffi-
cient for the coarse sand fracfion was negativ:, and that
for the silt positive, the overall picture was still that
of inereasing coarse sand and clay, and decreasing finc sand
aad 3ilt, with incrcasing mean annual raionfall, over iil the

slope¢ positions,
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The strength of the correlation coefficient v:lucs of the
silt/clay ratio and rainfall followed similar downslop. trend,
That is, the relationship between the ratio and r=inf:-ll was
significant at both the crest and middle slope positicns but

not signicifant in the basal area.

The regression of the sand fraction, and those of the ecarse
sand and fine sand subfracticns, on the mean annual tumperature
was positive and, except for the coarse sand, statistically
significant (Fig.L4.2). By analysis of variance , diflerences
in coch of the fractions between tne temperaturc zones were

also cuite significant (Table L.2).

The regression of the silt and clay fractions o: the mean
annual tunperature, although also significant, was ncgetive,
By anslysis of variance, differences in the means of esch of
the froctions between the temperature zones werc <lsc signifi-

cant, »t the 0,001 level for silt and 0,05 level for ciaye

o observed positive trend in the sand fraction -l the
negrlive trend in the silt and clay with temperaturc for the
tovsoils over the study area were contrary to Jenny's (191;1)
obscrvation in the Central United States, where diffcerences in
temperature is more marked, of increased finer fracticns and
decrense in coarse fractiors with increased temperature, which
he zttributed to an inercase in chemical weathering ~al clay

for .atien with increase in temperature,



87
'hen the relaticnship between each of the particlce sizes

and the uwean annual temperature was examined under siuilar
parcnt mrterinls and slope positions, the results obinined
showxl thag, just as with rainf-ll, the effect of turperature
on the particle sizes varies considersbly (Appendix 5). There
were however no such marked lifferences in the strongth of
corivlation of the particle sizus with the factor Lutoen the
upper slope positions and the basal positions, as w-s observed

with rainfall,

Lele2.3 Relief

\8 the scatter diagrams in Figure L.3 indicate, tw regression
of tac varicus particle sizes on altitude was quite sirmificant
(at the 0.05 level for coarse sand and 0,001 level ooch for
the other particles), The general trend was that of (cereasing
snnd fraction and increasing silt and clay with altitude,
The simple regression lines are expresscd by equations (4.5),
(Le6) nnd 4.7) and indicate that on average, every 100m rise
in nltitude in the study area is associated with abont 7,9
doerc~se in the sand fraction of the topscil and 3,7: ond 3.9%

incrunse in the silt and clay, respectively,

and % = T76.39742 - 0,00754 Al ....(be3)
Silt ¥ = 15,39142 + 0.00372 Al ceee (Le6)
Clay ¥ = 8,10005 + 0.00387 Al eeee (LaT)

where 2l is 2ltitude in metres

Anolysis of variance zlso showed quite significant ifferences,
excout for conrse sand, in the fractions, between the ~ltitudinal

z-ncs =nd the overall picture was again that of Jecr.-sing
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coarscr froction and increasing finer fractions, folliwing

an initinl increase fur the former and decrease for tic latter
froam the first to the second altitudinal zone (Toble L.3).
Sueh distinctive trend in the particle size distribuiion of
the souils with altitude in the region could be lue %o rore
raiafall, greater depositicn >f acolian materials and clder
age f landscape, at higher altitude, I1Itcculd nlso be a
reflection, partly, of the predominance of transported porent
mtericls at lower luvels 28 compared to sed gary at upper

1&-"\‘13.

Jlikn the relationships between the particle sizos end
altitwle were examinedl under the different parent anterials
20l slope positions, the result obtained showe! narked deviation
Frorr the overall picture lescribed above, both in the trend
and in the strength «f the correlations of the fracticus with
altitude. As is cbservable in Appendix 5, none of t.uc particle
sizes shewed significant correlation with altitude over sand-
st ne and shale. This may be becouse these rock types, having
beoen deposited in downwrapped sedimentary bosing, arc found
at heights generally below 600m in the project aren, Such
dis.inctive topographic vecurrence »f the various pryent
rucks ~nd parent materi~ls was also responsible, possibly,
f r che differences in the trend f the silt/elny ratis's
correl-tion with altitute over the different porent :-terials,
while the relationships over sandstone, shnle nnd cu the
troaspgorted parent materials were negative and only signifi-
cant over colluvium, those over granite, granite-gneiss,

schiigt and basalt werc positive but non-significnnt st-tistically,
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In the case of slope position, although highly voriable
too, there were nc distinctive contrasts in the degrec of
correlation of the particle sizes with altitude between the
upper slope position and basal ares as was observed [ur raine
f£all, Nevertheless, the relationship between the varicus
particle sizes and altitude over each of the slope pasitions
w8 :hot of decreising coarser fractions and incrensing finer
fr~ctions with altitude, The only exception was the coorse
s~nd subfraction wver the basal slope positiuns that showed
a pusitive, though statistically insignificant, corrciaticn

coz{ticient,

Although non-significant ouver the interfluve crosi, the
silt/clay ratio showed some degree of negative and sizeificant
relationship with altitude over the middle and bascl, slope

pusitions, sugpgesting an incruasing wezthering rate downslope,

Ag is observable in Figure 4.3, while the regressim of
the s.nd fraction, coarse sand subfraction and clay fraction
on slone gradient was positive, those for the fine s~ud and
8ilt wns negative. The relationship was however significant
only with respect to conrse sand, This was partiaily supported
by vhi results obtained in the 2nalysis of vari=ance, in which
n.one of the fractiong revealed statistically signilic ut
differences between the three slope gradiunt classes ~dopted
in this study (Table L.3). Such leck of significant relatione
ship Detween the varicus particle sizes, except conrse sqnd,
of the topsoils and slope gradient may be a reflcetion,
esaontially, of the gencrally relatively gentle sloping terrains

prev-illing over much of the area (3+3e1)e
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The silt/clay ratio showed negrative but non-siguificant
rclationship with slope gradient,

Differences in the means of the sand fraction between
the sluope positions, were statistically significant ot the
0,001 probability level and vary from T1.5% at the interfluve
crust through 6L.6: 2t the middle positicn to 56.,0X ~t the
bascl =rea. When split ints eonarse s:ind and fine s, the
pictires obtained weve still very much the s=me, excoit that
the v-riances of both the subfractions, for the slupe positions,
were less significant statistically (0,05 level for conysc

sand tnd 0,01 for fine sand),

Differences in the silt ~nd clay fractions becwe.n the
slope positions were ~lso quite significant, Unlik: the sand
fraction and subfracti ns however, they were both wrrked by
a | waslope increase, from 18,3 at the crest thriush 22,1%
at the middile pesiticn to 23.8% at the basal position fur
silt, anl from 10,2% through 13, %% to 20.2% for cluy (I«ble

L.B).

In contrast t, the overall picture with slcope position,
when the samples wer. split into the four rainfall zones
adopted in this stuly, <nly some of tae fractions rev.:led
staiistically significant differences between the slupe posi-
ti ug cver each of the rainfall zones (Appendix 6). In spite
of that however, with the exception of the driest rainisll
zune where the sean of the fine s2nl w-s higher, 1nd thuse
2{ %oy coarse sawnd and silt lower over the mid!le slope posi-
tion, than the others, the gencrzl picture, was that of a

1.wnalope decrease in the sand fraction subfractions,



and an increase in the silt and clay fracticns, &

Lele3 The relative importance of the soil-forming
factors in determining the spatial variability of
the snil texture.

In Table L4 is shown the variances of the particle sizes
of the scils explicoble in terms of the factors consilcred,
and the proportion yet to be explained; using analysis of
variance and covariance. With the excepticn ~f fine s-nd
and silt, the parent material of the soils acecountel fur the
greatest percentage variance of the different fractiovns,

The proportion of the variance »f the fractions expl-ined

by the faotor ranged between 36,3 for clay and B,T% f.r silt,

the percentage variance of the particle sizes cxplained by
the climate factor ranked the highest focr the fine sand and
silt (249 and 10,9% respectively), and the second positicn
f. r the sand fraction (10,3) and coarse sand subfrection
(8.X!), and the last pcstion for the elay fraction (7.3K).
A breckdown of the figures however revealed that the proportions
of e variances <f the particle size explained by the
roinfall paraneter, except for silt, were several tices

gru~ber than thuse for temperature,

The percentage vnriance - f the particle sizes cxolcined
by .hc relief factor ranged between B, % for clay frection
and 0,% four the crgrse sand subfraction, There were lwwever
congidergble variations in the relative contributi s of the
relict purameters, With the exception f the slo.c¢ radicnt
however, each of the parameters accounted for over 24 of at

lecst two of the fractions,
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Le2 ©UBSOILS
Le2e1l The particle size distribution

Bxcept for the silt fractions, the frequency distribution
of each of the particle sizes diffurs appreciably frv.a that in
the topsovils., Fine sand subfraction still dominates the sand
fraction but in gencral, the percentages of both thc coorse
sand and the fine sand subfractions, and thus the tot-1 sand
froetion, showed = marked reluction, as compared to tie topsoils,
In countrast tc the sand fraction, the clay fraction rve
ennsiderably higher values, as compared to the topsoila,
Unlike in the topsoils, where over T0¥ of the total s-mples
congidered in this study had clay less than 20&, only nbout
2l € the s~mples had less than 20¥ clay =2nd as hijh =8 ¢ T%

of tw snmples had over 304 clay (Fige Leb)e.

The index of textural Aiffercntiztion ranged bobtwecn 1.5
and 0,0 an! averaged 0.40. Moreover, as much as 21;° <f the
samples had values below 0,21, implying the prescac. of a
textural B horizon, i.e. au horizon with appreciably wore
clay than some horizon azbuve it (Young, 1976), in virtaally

211 . e selected profiles,

The prescnce of = textural B horizon (Bt)’ 2ol tho marked
incracse in the clay and decrease in the sand fraction with
lepth of virtually all the profiles selected for this study,
possibly indicate less of elay frow the topsoils by cluvietion
ani acccumulation in the subsoils. It may =also be lue Lo a
decrense in geoclian addition f coarse silt and verr fine sand
with ‘vpth andfor differential weathering, accompanicd with

gra-ter elay producticn in the subsoils,
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Becnuse of the relatively high values of the cl-y fraction,
s the fairly constant vnlues for silt, the silt/cloy ratio
Lf the scils showed conperatively lower values, relative to the
topsuils. It ranged betwecn T.67 and 0.04 and averasued only
abhout 0e70.
Le2.2 Helationships between the soil texture anl the

soil=-forming factors

Lie2e2.1 Parent material

The differences in the means of each of the fracti.ns,
between the parent materials, -8 in the tops.ils, wers nighly
signific-nt. The pattern of the fractions over the tr-nsported
parunt naterials and generally f.r the gilt fraction, Vele
quite 1ifferconts from those for the topsoils, Unlike in the
tovgoils, soils over acolian leposit anl ironpan wure more
sy, less silty ~nl less cleycy than those over alluvuim
anl colluvium., Here in the subsoils, tne reverse W'.S the
crse (Table La5), Possible explanation for such discrcunncy is
that relotive to materinls of sedemcntary origin, ranaported
parcnt materinls, particularly alluvium, eolluvium ~. 1 ironpan,
are asre often than not gimply heterogencous mixtures of
materials - ranging in composition from very fine to veXry
conuge, and from less resistent to cuite resistant wieral
grains, Such mixtures, morcover, tend to occur in distinet
lnyers, each representing a specific episode of list:nt and/or

nesrby cycles of ercsion and deposition (V10ge, 1978)

Jor the silt fractions, unlike in the topsoils, liherc were
no mrrked differcnces iu the mean value between basrlt end
shrle on the one hanl, and the gr-nitic rocks on tuc other

And infact, the value was highest over sronite (23+70)e



Table 4.5:

The texturc of the subsecils and

varent material
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Porent SEOGNT ARY . TRANSPORTED )
Material Grapite Gneiss G/Gneiss Schist Sandstone Tesalt Shale| i1lwium Colluvium jeclian Ironp:n
No of ) o
sanples 36 32 38 34 36 42 42 30 32 38 22
Sand(%) 49.9 47.2 48,7 42.8 61.6 28,9 38,9 | Cill 55.9 53 .5 5143
18,3 1547 17.5 15.4 20.0 16.5 16.5 | 153 23.0 19,8 26.6
Umt.ﬂ_ UNQJ .‘.\.._o,w Mm -O um.vtm mﬂ oﬂ ,..._.N. .1.1 U0.0 nﬂa O# Wﬂ oQ m_ ow
cwmﬁﬁmwv 24.1 22,3 284 20.9 303 13.9 15,8 | 28.3 23.0 13.4 18,5
SSTALR 18,2 13,4 1545 12,7 18,9 12,5 13.4 | 15.6 12.8 10.5 12,3
.wmvm. 60 .0 U‘o.\_. 60.8 62 ot} 8.@ 84.8 mm o1 557 78.4 66 4
Fine
send(57) 25.8 25.5 20, 21.9 30.8 15,0 23,2 | 32,0 32.9 40,1 32,8
Amlm ﬂﬂ..m “- GN AO..— ﬂIN.O uﬂtm ﬂM.W m_wO.m No'm Nﬂ I@ N_«ut
60 .4 45«4 5949 4641 55.2 T647 53.0 51.5 6246 546 63,2
S11t(%) 23.5  18.6 2046 19,0 11.9 22,8 20,7 | 1446 15.8 18,5 1943
nmlm rut.. m.-.q. uO-m %OW ..wom O-”.v »)..a.m.— ._o-m m-_‘\n .__.w-uw
53 tCa0 G242 54.9 7842 32.9 46,9 | 60.9 66.5 4549 64 .8
Clay(%) 26 .9 5346 307 3841 26.5 48,3 40,3 | 25.3 28, 28.0 29.¢
._O.m ﬂO._U ._N-‘w JN:O d.nc.ﬂ ._r_w.“ ._u.m _Gtm Amcm uuoh ml.w
40,1 F2 a1 41 .4 3345 5544 29,6 33.5 | 6.3 54 47.9 el
Stit/ o E| 108 00 0.5 0.3  0.65 0,50 0.59] 0.70  0.61 0,72 0,76
y ratlog pf 1,06 0.35 0.%0 0.60 0445 0.4  0.37| 0.46 0.32 0.27 0.72
% | $8.1 58,3 G4 .1 9542 69.2 .0 62.7) 2.7 52.5 37.5 66,7
I, x| 0.35 0.45  0.36 0.36  0.32 0.57 0442 0,33 0.38 0434 0445
s.D.l 0.1% 0.16 0.18 0.22 0.21 0.22 0.22] 0.20 0.18 0.16 0.22
Annlysis of veriamce lovels of significance: *%## = 0,001; #*%# = 0,01; = 0,023 * = 0.05 o
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he silt/clay ratio ranged between a mean of 1,08 cver
grenite and 0.8 cver basalt for the sedentary - parent moterials,
and botween 0.78 over irconpan and 0,61 over calluyiﬁm in the case
of the tronsported materinls, On the wh-le, differecces between
tihe v-rious pzrent materisls wuere gignificant at tic 0,02

probebility level,

{0 an apparent similarity t. the spatial variabilicy of clay
c.ntent of the topscils over the sedentory parent materinls,
the It showed comparatively higher mean values over bosalt,
ghnle and gneisr (0,57, 0.L2 and 0.45 respectively)e Vrlues
fsr the transported materials, howeveT, f-1lowed n ‘iffcrent
pattorn. Although clay percent was greantest over ~lluviw in
the topsoils, the 1, meen value was greatest cver ironpon
(0.4%) and approximately the same over the other materials

(0. 38""0. 33)0

11424242 climate

Similar to the topsoils, while the fine sand gubiraction
and the silt/elay ratic showed a ducrease values with incre-se
jin r-~infall, the conrse gand, clays and silt, showed on
incrunsce MOTEOVeT, with the exception _f coarse son’, the
rolotionships were all statistically significant (7-blos Leb &

LeT)e



Table Ll.6: Simple ¢
texture «f the s

orrelation cocfficients between
ubsoils and climate anl
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the
rclief

Rainfall Temperature Altituie Jradient
e a2 Hoe T
Snd -0.LL2 0.23h ~0.278° " 04077
s P L R o
Loarsc 3-'_",nd 0101-}2 Oolgl -‘00135 0.1—1—}8
s AL "
Finc sand  =0.567 * g1 -0.215 -0,038
: Y PRI
31t 0.188°**  -0.326" 0,225 ~0,086
R #3l
Clay 0.81" —0.08T 0.215 T ~0.050
-y *
3ilt/clay ~04146 -0,118 0.033 -0,066
ol - _
I, 0.152" -0,071 0,122 0,03l
Levils o f significances anurt = 0,001 ¢ = 0.013 = 0,023%
¥ = 0.05.
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By both the regression analysis and analysis of varianee, the
rel~cionship between the It and temperature was negotive. Neither
of the statistical tests however found this trend to De stotistically
signt ficant (Tables 4.6 & 4.7).

%e242+3  Relief

In a way similar to thce observed trend in the topsoils, there
was o tendency for the texture of the subsoils o Lucone less
cc rse with increase in nltitude and downslope. By contrasts,
the ~ilt/elay ratio revealed no apparcnt or consistoit trend
with ¢ither of the factors., The I, on the other hrrd zhowed a
giguificnt increase in value with incrcased altitude 2nd downslope
position (Table 4.8).

ith respect to slope gradient, ns was observod iu the topsoils,
whils both the sand fraction and coarse sznd subfraction showed
incrcesed values with increase in slope gradient, the fine sand
subfraction showed a decrease. The relaticnships betcun the
froetions and slope gradient was however significont only for the
conrge sands The silt frection, like in the topsoils, clso showed
nerntive but non-significant cerrel~tion with glope gradient,
Unlike the positive trcnd in the topsoils, the clay froction
too showed negative trend with the factor. The relaticaship
however, was not significant, statistically.

Neither the silt/elay ratio, nor the I, values showed
statiatically significant relationships with the slope gradient
factor (Table 4.6 & L.8).

}s243 The relative importance ~f the soil-foruing

factors in determing the spatial
variability of the soil texture.
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15 wes observed for the topsoils, the percentage voriance

of t ¢ particle sizes of the subsuils explicable 1t turms of

the v-rent materinal factor was by far the greatest. “he only
exce rtion was the fine sond subfraction. The subfroction, like
in t e topsoils, hod its largest percentoge variance nccounted
for by the rainfall factur (about 21%)e In addition to that,
r-infall also played guite a significant role in thc voriability
of tae clay fraction and the t.tal sand fraction, Aboub 106

anl B of the variances of these fractiuns, respectively, were
explrined by the factor. Unlike in the topsoils however, the
factor accounted for only about 2% of the variances cf the coarse

s~nd subfraction (Table 4.9).

he pereentage variance of ench of the particle sizes
explicoble in terms of the temperature factor was canporatively
lower than for the topsouils, except for the fine gnnd which
showed a value that was almost three times greater.

The percentage variance of the particle sizes accounted

for by 2ltitude 2lsd showed ~ marked reducticne Unlik: in
the topsoils, where the ccarse g-nd and silt were tre cnly
twe ixrctions whose percentage variance explicable in Terms
of t1. factur was less than %(, none of the fractions i more
than 24 of its verinnce accounted fur by the factor, oimilarly,
the creentage voriance Lf the fraction explaine’ by the slope
pogition factor only ranged between 1.7% for sand aal 0,7% for

fine sand,

Ixcept for silt fraction, the percentage variancc of the
praticle sizes f the scils explicable in terms »f tlic slope

gr-ient factor was comparatively higher than in the topsoils.
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Nevertheless, the values were a2lso generally low, in
comparis.n to the other factors. The highest was only 1% and

that wos the sznd fraction,

Le3 DISCUSSIUN

Parent material acts on the particle size digtritution of
soils mainly through the predominant grain-sizes, ant degree of
resistance tu chemical dec mpositicn, These relate rrticularly
to the relative proportion of sand-size quartz (3102) ar~ins
which are quite resistant! to chemical weathering and the
ferr mymesian minorals, such as pyroxenes (ca (Mg, fe) 51206)
and amphiboles (Ca2HgS(OH,/Sih011)),t}mt weather relatively
cacily, yielding clay-size materials (Jenny, 1941), Thus a
rock type or socil parent moterisl consisting mainly of sterile
snnl-gize quartz grains will give a sandy goil and relotively
higheilt/>lay ratic even under intense weathering, O the
other h-nd, all things being equal, 2 fine=textured parent
r:ek ~r material, with mure weathereble, less resistant
mincenls, will give rise to fine~textured scils anl cunparatively

lower silt/clay rntio. (Bucl et. 2l., 19733 Young, 1573).

Phus over the present study ares, the averages .. bith
the 5ilt and eclay fractions, for both the topscils ond subsoils,
werc relatively higher over bnsalt and shales which ~r¢ nut
only fine in texture but also often quite rich in iz.n nnd
mrnesium-bearing minerzls which weather relativ.ly casily,
On thw cther hani, the fractiuns were relatively lower over
gr-nite and sandstone which by definition are made up predomi=
nanily of highly resistant and ccearse guartz mincrals, It
could lso explain why schist and greiss, which arc usuzlly

fine t- medium in texture,
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cuntoin less guartz, but 2 higher proportion of ferr.aegnesian
minerals, as compared to the granitic rocks, gave ¢ A oratively
hi her silt and clay gercentages, relative to the othex

bag. .ent complex rocks.

In the cnse of the transported matesials, the cbsurved
sli~ntly higher silt 2nd clay contents over alluviur ~od
colluviun, relative to the other two, may hove becn ~g a result
5f t.e richness of the tr-nsportel regolith in these froctionsd
Simil-rly, the gevsrally very high fine sand contunt over the
aeoli-n parent material reflects oresumably the actiun +f the
wind involved in the furmation of the material, sincc particle
gizes in this r-nge (1,0-0,002rm) are generally belicve ! to be
m~-at susccytible to wind transport. According to Ceodke &
darren (1973), the fluid threshold velocity (i.e. the critical
velocity at which particle m.vement begins) is at 2 mialoum
+t sh-ut 0,0lmm diameter. Below that value, tho velocity
risvs, due to increase in interparticle cohesion nis. lecrease
in surface roughness, whereas abuve it the velocity inererses

duc Lo inerease in particle size,

e significance of rainfall on s-il texture hin s around
ite role ns the principzl fretor Affecting the chenislry of
the ueathering cnvircnuent. 1t contr-ls n.t only tuce supply of
moist e necded for the chemnicnl reactions that arc «oivolved
in 4w wenthering of minerals, but Also determines i removal
r~te of s.luble end-priducts of weathering (FitzPatrick,
1971, Thomas, 1974)e The effect of rainfall on wenuiewing
and translocation of naterials may also be exercis.! inlircctly

vin b biophere, particularly the humnic substancese.
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Organic decomposition products, primarily organic acids not

only spced up chumical weathering processes nnd clay zdineral
production, but also, by f rming complexes with the inorganic
subst-nces, mainly Fe and Al released by chemical wonthering,

jnoronse their solubility and mobility (01lier, 1970)s

The cbserved positive trend in the coarse sand stbiraction
with the mean annual rainfall may be due to mechanie~l ¢luvintion
of iie finer materials down the profile, and thercfore, an
incrcasing accumulation of the coarser materials. The negative
trend for the fine sand subfraction and the positive for silt,
and clay on the other hand could be as 2 result of the more »apid
tronsf rmation of the subfraction into finer particles, cs rainfall
inor.-ses., The negative trend for fine sand is also ao doubt a
reflocticn of the greater aeolian addition of fine sznd (and coarse
silt) to the soils in the northern low rainfall arezs, as compared

4o the scuthern parts with greater rainfall,

In view of the relatively low range of temperatur. values
over the present study area, one possible explanation for
increased sand fraction and decreased silt end cloy fractions,
observed, is the concentration of acolinn deposits ic ~rec with
the highest temperature, Another explanation might lic in the
r~inf~11 pattern, which shows negative relationship with the

tormerature foct.r over the region.

Phis study reveals that altitude is also an iaportont factor
governing the spatial variation of the s»il texturc, its effccts
being excrecised, presumably, indirectly mainly throuch the
reinfell and, perhaps, temperature f~etors, coupled with erosion

and deposition factor,
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The increase in the finer materials, particularly clay,
downslope, observed in this study, is in conflict wiil the results
ohtsined by several other workers (e.g. Beckett, 1963; liye, 19543
Milne, 19363 Swan, 1970 and Morgan, 1973) in which tie riner
materials were found to decrease downslope and were i uwost cases
attributed to colluviation and lateral eluviation. IMis may be
the case during a period of runoff when all entrained .aterials
ar. veing removed from the foot slope. Field observations in the
orce-nt study area however rarely reflect such conditi-ns, RHather,
slove deposits are usually an admixture of materials, some of
whiecl were never entrained, some of which were deposited during
runolf period, in most cases due to a change in slope sradient,
and the rest of which were deposited predamably as rwoff velocities
decrcse downslope. It is quite probable that this latter factor
was r.sponsible for the increased silt and clay fractions of the
slope bLasal area.

Tie deerease in sand percont downslope may however be in part
an ».iarent one, causcd by pedogenesis in placc, Sice over the
stuly srea, morz water is usually available downslope due to an
accuulsation of runoff water derived from the surrounding
hisherlying areas and/or the influerce of high water tonles (3e1)e
The rosult is usually =n inerc in chemicz1l weathering 2nd elay
foruntion (Young, 19763 Luow & Ologe. 1982)., Further wre,
quthorities in soil genesis have confirmed that as cl~y formation
be..ins, the soil usually has a higher water-holding croacity
th-t often results in accelerated clay formation o 4 thus higher

clry percent in the downslope areas (FitzPatrick, 1371).
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The absence of systemotic variations in the partici: sizes
damslope, particularly fur the topsoils in which cither the
midile and basal positions, or the crestal and middle positions,
reeoricd nenrly equal values for soie of the fractiora may be
duc %o the mencral rarity of sharp slope facets over v region
(Arcola, 1982), 1n some eases it could be due in prrt to
the rrosenee of micro=relief features cver the Jdomincet slopes,
an oxonile of such features might be 2 low angle over tne
doninont one. MWhen this situation arises for ex-nol. ; runoff
is 10 lly deceler~ted over the low angle bunches, #ore the
deercose in velocity of flow is significant vnough, © vre may
be lcpogition of entroined materials. Another micre-rolief
festure wnich might disturb o coasistent pattern .f sirting of
moterinls dewnslope is the presence of large stone - d,/ur
tuss cky veget:tion which often ciuse a eunsiderable ro—-crgnnization
of surface run-off into anastomosing hills (Smith ete nle, 19783

Leow & Smith, 1981),

Uther fact rs that are eapable of disruptines sonsistont
pr.ttern of size sorting include "pedogenesis in plmce™ resulting
frowm differences in moistures;le~ching ~nd vegetativn c.wer; the
mincralogiezl composition, the frequency, openncss i<l iispositions
of Frretures such as faults, joints and microfissuwcs, of the
undevlying rocks, over the rolling landscape., The mond; supply
of ciie or a variety . particle sizes over the whole slupe
from = repidly weathering rexolith and the in situ breckdown of
lare stuines on the 2lope could give zn approxinatcly wnirorm

prxrticle size distribution,
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It is possiblc th:t some if nut all of these fact:rs .2y have
o ntributed partially to the beerved lack »f consistoat or
girmiticant relationship between the particle sizes,

particularly the finer fraction, and slope in the stuly area.
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CHPTER V

RESUITS: IT  THB ORG.NIC C:RBON _ND KITZ0GEN CONTENTS
OF THE TCPSOILS

5.0 INTRODUCTION

In this chapter, the status of the org.nic carbon (an
index of the organic matter content of s0ils) and associated
properties of total nitrogen and carbon/nitrogen ratio of the
topsoils, 0 - 15¢cm, are exanined, The results obtained from
the analyses of the relationship between the properties and
the soil-forming factors considered (parent material,
climate ard relief), together with elay percent, are also

mresented and discussed,
5.0i1 The organic matter and nitrogen contents of the soils

Both the organic carbon and total nitrogen contents
of the topsoils (0-15cm) are highly variable, Vhile the
organic carbon content ranges between 0,02, ard 5,980 with
a mean of only 0,88%, corresponding to ~lovt 1,5/ organic
matter (assuming that 1% orgunic carbon cquazls 1,72 organic
matter; Young, 1976), the total nitrogen content varies from
0.,01% to 0,64 with a mean value of about 0,080, Iseause of
variation in the techniques used by different workers for
organic natter determination, an oxtensive couparison of
those values with data from other areas is rather difficult,
In conparison with the few cases known, where the methods of
determimtion of the properties are siuilar to those adopted
for the samples uscd in this study (e.g. in the forest region

around Ibadan and the Konys Highlands rentioned in Chapter 1)
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however, the values clearly indicate that the organic matter
and nitrogen contents of soils, over the arca are generally
low, 4As can be observed in Figure 4,1, the crganic carbon
content of over G0F of the sites selected is well below 1%,
These results arc consistent with thosc oltzined by Jonos
(1973), Jwujoola (1979), Leow 2 Jaiycoba (1962) for some
sevanne 8o0ils of West .frica and can he attributed to a

’vc.rie‘!:y of factors. Perhaps the most innortant of these are:

(i) the low ratc of net primcry pecduction in the

savann? bionec;

(ii) the svasoml outtwenk of bush fires which not
only destrcy rmuch of the petential humus
materials present in the form of leaf and grass
litter, but nlsec innectivete and sonetines
totally estemimte non-fire resistant plant

spucics;
(iii) over-grmzing by animals,

The orgonic natter of scils nnd associated sroperties, over
the region are thercfore mainly derived fzen plant roots,
wnd in soils with little or no vegetaticn cover, direct
insclation is bound tc cause nore rapid ozidation of the
hurus meterinl ond volntilization of most of the essential
s0il ions (Thempson & Troch, 1978). Julscquent ercsion of
the topsoil nay result in even further luascs of orgnnic

natter apd nitrogenous conpounds,
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The cerbon/nitrcgen ratio of the scils renges between
2.0 axd 35,0, the average being about 11,7,

5,0.2 Relationships between the soil org nic carbon and
nitrogen and the scil-foming frotors,

5.0.2.1 Parent material

Table 5.1 gives the sunmary of the relationship found
between the orgnnic earbon, total nitrogen and earbon/nirtogen
ratis eccntents of the surfiace soils amd o rent materials,
For the sedentary perent naterials, the nean <rgonic carbon
contents were considerably higher over besalt and sbale’
than over the other materinls, The valuc over salt for
exanple (1,95%) clearly doubled the value fer each of the
others., Sinilarly, the ancunt in soils over olluviunm were
considembly higher than in scils cover the rest of the
transported naterinls, The differences in the crgenic
carben content botween the varicus perent rotorials were

thus quite significant statistically (0,00t lovel),

For total nitrogen, differences lxtiucen the verious
porent naterials wore also quite signific.nt, The varintion
in the ncan of the preperty over the ncaterials norecver
prrallels that of the orgrnic corbon ¢ ntent, This is
undorstindable sinece the clement (i.e, nitrogen) occurs
largely in orgnnic forn in s ils (Burtholonew, 1972;

B:rthclorew & Claxk, 1965; Thonpson & Troch, 1978).

The carbon/nitrogen ratic on the othwr hand showed
very sirilar values cver the perent naterials, varying

botween a nean of 10,8 cver gneiss anmd 14,2 cver busalt in
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Teble 5,1: The organic carbon and nitrogen of the topaocils amd
parent material

No of C % N % C/H ratio
Parent material samples X S.D V% ¥ S.D Vi z 3.1 CV%
Granite 39 0.54 0.30 55.5 0,05 0.02 <00 1.0 3.5 31.8
Greiss 30 0.8 0.7 55,3 0,40 0.08 8.0 10,6 3.6 33.3
@/Gneiss 3G 0.51  0.26 50.9 0.08 Q.02 0.0 11.1 3.7 33.3
| Schist 35 D.85 0444 51,8 0.07 0.03 42,9 1.5 3.0 26,1
osendstone 36 0.52 0.37 T1.2 0.05 0.03 0.0 12,6 12,5  97.7
D mkgalt S50 1.95 1,10 56.4 0.15 0,08 53.3 14,2 13,56 95,8
Al snate 4 1,25 0.85  46.4 C.11  0.07 £3.6 M7 4.5 38.5
Al luvium 30 1.03  0.92 89.3 D91 0.0  G1.D 10,9 3.3 30,3
Bloo1luviun 52 053 0.60 95,2 0405 004 0.0 13,2 9.2 59,7
£ 100 1ian 33 0.61 0.5 91.8 0,08 0.07 7.5 10,2 4.4 4341
m Ironpan 22 0.61  0.49 8.3 0.06 0.0+ (8.7 11.2 440 35.7
Ea 223 L X

Analysis of variance lovels cf significance: #%% = (,001; ##* = 0,01; #¥# = 0.CZ2; * = 0,08
5.D = Standard devietion .
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the case of the scdent:ry pirent natericls, and between
10,2 over acclinn noterial amd 13,2 over colluvium for the
transported mmterials, .amlysis of variance revenled no
statistically significant differences in the C/N ratios

between the varicus materinls,

When the relaticnship between the rroperties and parent
materail was exanimed over each of the Mmur rainfall Zones
adopted in this study, although detailed verintions were
apprrent, the general pettern of the sn:tinl variability of
the neans of beth the crgnniec carben aind nitrogen contents
over the different parent naterilas werc uite sinilar te
the cver:ll picturc described above ( .ppendizx 7)., Bxcept
cver the first rinfall zcne, wheiro thire were no sanples
representing bnsalt, tho menn vnlues fer Leth the crgenic
carbon ard total nitrogen over bwsalt nd shhle were
ccensiderably greater than over the othor sodentary naterials,

in all the rainfall zones.
5.0.2.2 Clinnte

Both the orgnnic carbon and nitrosen content of the
soils showed pesitve amd highly significont cerrelations
with the nean annunl rainfall (Fig. 5.2), roflocting
presunably an inercase in vegetal grewth ~nd biologicenl
activities in general as roinfall incrneoses, .8 suggested
by equaticns (5.1) and 5.2), on averyge, for every 100nm

increase in the nean annunl rainfmll cver the
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%d —1;1903 + 0.00169RI1 ;.-:-t.l;-;a.t (5.1)

oN

where Rm is the nean annutl rainfall

]

-0.08149 - 0.00013Rr1 sssassssssnsen (5.2)

[

atudy ~ren, the crgnnic matter content of the topscil increnses

by 0.29¢ (assuning that 1% of carbon is equivalent tc 1,725 of
orgmnic matter), and the nitrmgeen by 0,01%, Iy cnalysis of
vorinnee, differences im both propertios between the rainfall

z nes were also highly simificent (ench 2t the 0,001 probubility
Wvel), For the orgnnic carbon, the nean volucs very fronm 0,36%

in the driest rainfall zone (600-900nmn) te 1.5, in the wettest

2. ne (1500-1800m1) and from 0,07% to 0.1%) € r nitmpen (Table 5.2),

Tadble 5,2: The orguinic carbon apd nitrooen contents of the
topsoils anl clinate

No of c(s) n(s:) _ /N
Clinatic factor sanples ® S.D OV X SeD. CV% X  S.D. CWo

Rainfall (on)

600 -~ 900 74 0,36 0,26 72.2 ,04 ,03 75.0 9.8 6,9 70.4

900 ~1200 103 0.63 0.35 55.6 .06 .03 50.0 11,3 3,3 29.2

1200 -1500 130 0.95 0.75 78.9 .09 .10 88,9 12,3 7.6 61,8

1500 -1800 78 1,57 1.00 63.7 .13 .09 69.2 7.6 11,4 &4,2
LR . % *

Tenperature ('C)

20-25 108 0.87 0.62 71,2 .09 .CS 88,9 11,8 9,5 8.5

2527 125 0.77 0.68 88,3 ,07 .06 68,7 10,9 5,3 48.6

27-28 148 0.97 0.75 TT.3 .08 .06 75,0 12,3 7.8 63.4
L lysis of vapiance lovels of significance: 4% = 0,001;

## = 0,01; ## = 02; * = 0,05,

Sinilar t2 the vakintion in organic corbon end nitrogen, the
corben/nitropen ratic shows a pesitive anl si;mifiennt correlation

with the ncan annunl rainfall, & pattern thot could be explained
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on the basis that conditicns that encourrye the accumulation
of orgnnic matter in scils usually result 4n the widening.

cf the ratic { Brady, 1974 ).

Aprenmliz & swmnries the result <lbained whon the
relaticnship betwoen sach - f the propesties and rainfall
wag exained ovor cnch of the parent nnierials, the ~ltitudinal
zonos adopbed in this study, ond slepe positions, wsing
regression analysis, With respeet te parent materisls,
the correlation coofficients (r) betwcen crpgonic carben
and rainfnll rapged between relatively hish vnlues of 0.54,
0.55 and 0,66 on aeclian mterinl, gneius and colluviunm
reapectively, and compurmtively low vnluws of 0,11 ard 0,12
over granite-gneiss aml nlluviun respectively. Except for
the latter two however (i.e, 0,11 & 0,12}, all the correlation
coefficients were atntistieally gigniiicnnt. The values for
nitrcgen over the prorent materials, woerc sinilar to these
for corgnic carbon, Sxcept over bLosall, however, those
for the earben/nitmsen ratic were in genoral statistieally

ncn-signficant.

The relationghipe between the orgpnde carbon and
nitrogon contents and the nean anmusl rainfall «ver each
of the altitudiml zrnes were also ~ll significnnt
statistically (2lthugh ns for the porent nnterinls with
varying degrees of lovels of significcnee) and the trends
pestive, The sane thing was true for the g2lepe pesitions,
except crpanic carbsn in respect of the bhasal slope position

where the relationship wns imignificant stotistically,



122

Sinilar to the result obtained fron the treckdown of
the properties according to the differcnt materinls and
altitudinel zones, and unlike the crg.nic carbon and
total nitrogen contents, the correlaticn coefficient values
for the carben/mitmigen ratin were si mificant unly over
the two niddle ~1titudinn2l Bones apd over the basal slope

peeition, all of which were positivc,

slthough the rclntionships wore peitive, none of the
three properties revenled o statisticclly giymificant
correlaticn with the nean annual tonper-ture (Fig. 542 e
onalysis of variance too revelred no si, nificant differences
in the reans of the pre pertics betwcen the threc tenperature
zones (Table 5,2). The results obtained when the sanples
were troken down accerding to the Adifferent wirent nnterials,
ginilar rainfall and altitudinnl zones, were not naterinlly
di fferent fron this coverall picturc, Uhe recl:tionship
wetwoen the factor anl the properties woo only significant
over granite, schist amd shale, and cver the thirl altitulimnl
zone (600-900r:) with respeet t both the -remnic carbon anpd
nitrcgen, ond over ngolinn mterial f.r nitrogen only

The olserved lick of gimificant relntionship between
the ~rganic carbon and assc inted propertics and
tenperature in the present stuly agrees with the results of
Jones (1973) for West Couercom, Birch ond friomd (1956) for
the Hi~hlanls of East .frica, ond proscott {1931) for

justmlia, Possible explepation for such non=simificant
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eorrelation botween tenperature and the proporties over

the above nmenticned tropical resions, 28 well as over

the present study area, lics in the ¢eper~lly high annual
tenperature prewiling in the areas, #.r in Central

United State, with wider annual terjurture ronges, Jenny,
ct. al. (1930 & 1941) Qid olserve quitc significant positive

c.rrelations between the properties anl cnnual tenperature

(1.3:2)6
5.00203 ROIiBf

The relationships betweon the or/finic carben and
nitrogen eontents of the scils anl altitude were psctive
ard statistically sigmificant at the 0,01 and 0,05 levels
respectively (Pip. 5.3). 1s sugeested ly the regressicn
equatiore (5.3 & 5.4), derived from the antlysis, each

1000n rise in

#C = O30 & 000012 &Y sswsssenansvs  (5u3)

BN = 0.06456 + 0,00004 1 sececacesssse  (5.4)
altitude (Al) in the study ures is ass ci te! with a 0,21%
increas¢e in the «rganic metter (2sswiing that 1% orpanic
carben equals 1,72% orsmnic natter), nd = 0,045% increase
in the nitr:gen contents of the topsoils, reflecting
rresumably an inerense in rainfall with ~ltitude cver the
arca, The existence of pesitive relnti nship hetween the
orgonic earbon ond nitropen contents, nnd nltitule, was
partically supported by results obtnined fron annlysis of
viariance in which there was nn initicl decrcase in the

average of each of the properties with heigsht, fron the first
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to the second altitudinal zcne, and thereaftcr ~n increase with

incrensc in altitude (Table 5,3). The cenpirmtively high nean

wnlue (ver the lowest nltitudinel zene (less then 300), & zene

follings alnost entirely within the Benue Volley,

rerheps of the effect of highor rainfoll and, the

wns a refleetion

low volue over

the sceond zone (300-600r), the result of both the low rainfall, and

tninly sandstone parent paterial, prevailing: in the north-castern

correr «f the area (Chapter I11),

Table 5.,3: The crganic carbon and nitrogen con‘cnts of the topscils

ond relief

o of - c(s) i)

Relief factor 1906 X S.D. CWE X 3,9,

C/N
Ccw. X S.D CV&

Altitule (nctre )

300 110 0,90 0,66 73.3 .08 ,05

300-600 167 0.72 0.74 88.9 ,07 .06
600-900 T 0.94 0.72 76.6 .09 .07

- 900 34 1,38 1,33 9644 14 13

LR = & EE S
Grndiont

<5 326 0.95 0.8 8;.8 .08 00

5=-10" 48 0.73 0447 6444 408 '3

10" 8 1,34 0,92 68.7 09 ,05

Sl po pesition

62,5 12,3 83 67.5
BT 11.0 5.4 49.0
T7.8 11,1 3.4 30.6
92,2 14,6 16,3 91,1

27,5 11,5 6.0 52,2
“Teh 1141 6.8 61,3
55.6 22,5 32,7 92.0

Crcat 119 0.52 0-‘13 &.7 «05 L0, (0,0 1003 Feb 44T
Middle 149 0.80 0460 75,0 08 09 87,5 11,9 T3 61.3
Busal 116 134 1.06 79,1 11 09 81,8 12,9 10.2 79.1
L A *
smalysis of variance levels «f simmificant: #.% = 0,001;

*HE O.01; = 0.02; * = 0.05.

Unlike the orgnnic carbon amd total nitrosen contents of the

scils, neither the regression analysis, nor the amilysis of variance
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enployed, revezled o statistically significant

relationship tetween the earbon/nitroren retio and altitude.

then the snnples were hrcken own cecording to the
different parent oaterinls, the relationship between the
orgenic carbon anl nitropen contonts anl altitule were
only sipnificant over pranite, schist, colluviun and
nedlinn raterial for both properties, anl over shale and
rmeiss for nitrogen (ippendix 8), Such :n obocrved pettern
seens to contrast with Jones' (1973) ols.rvition of greater
correlation between scil orimnie earbon content and altitule
over bnsic rocks than over acidic rocks in 'icat Cameroon,
cited in the literature r.view (1,3.3), Jhe -lsence of
simificrnt relaticnship tetween the preojertices and altitude
cver nost of the parent nuterinls hovever oy be related
to the fact thnt ocxcept fér the tramsperted perent materianls
of elluviun, colluviun anl ironpoan, which hive wider
coverape, nest of the other materials ore restricted to
specific toppraphicnl positicons cvor the stuldy aren, Vhile
nsalt is to bo found mninly in the upverpped arcas for
exanple, sonlstone anl shnles cccur lomwly in the depressions

or dewmwarpred arens (3.,2).

Mne of the eorrelaticn coofficicnts fop the earbon/
nitrogen ratic over the lifferent porent noterisls was

sigmificant stotistionlly.

Whon the sanples ware broken down ice-nlin: to the
four rainfall zones, only or:mnic carbon s .owed statistically

significant ceorrolation with altitude =nl this was at the
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wettest rainfall zone (1500-1800nn), 3irdlarly, only
orgenie carbon showed significant relaticaship with
nltitule when the sapples were exanined o nimst the nckground
of the Jdifferent alope positicons nnpl this wes wver the

niddle psction,

On the whole, the rogressiom amniysis (Fig, 5.3) and
the amlysis cf variance (Table 5,3) rovezled no epparent
or gipnifiennt relationship letween slope rrodient »nl the
crrmnic earbon, total nitrecpgen nnd cnrd -n/nitnn‘:on rotio
of the soils, . slightly different picturc wns reveanled
however when the samples were hrcken down nececrding to the
differcent perent ratoricnls, ints the ' ur 2ltitudinnl zenes
adopted in this stuly, ~s well a3 int- the diffurent slope
positions (.prendix 8). Although the wclationship (d.c.
betwoen the properties and slepe ~mdient) were still
lnrpely ingignificant over nost of the pirent materials,
they wore si/mificnnt cver both the colluvial and ironpn
raterials for the rrganic carben and nitrocen, The
relationships were also significant ©.r tix two propertics
over the hishest altitudinal zene (900i: +), 2nd over thoe
crestal slope prsition. The trend of rolitionship
letweon the properties ond slope sradicnt under the above
conditions ncreover was nogmtive, inplying: Jeereasing velues
of the properties with risc in slope -rodient. Such
Qepnrture fron the overnll picture was uncxjucted for, over
the study aron, beth the colluvisl anl ircnen deposits 2re
nore often then not assceinted with the nwre undulating

terrains below the hill masses or rancvs., Simdlarly, in
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the remion, sl pe medient is nore varied nnd rencrally
steeper over the nore rupgped higher altitulinel areans,

and the interfluve positions, than over the pediment slopes,

i8 is shown in table 5,3, orch of {he [roperties
rovenled distinet dif forenees botween the slope pesitions,
The mean orrmnie earbon eontent varies 7ronm 0,520 cver the
upper slope positin throupgh 0,800 at the niddle position
to 1,34% in the basal ares, In o sicilor foshion, total
nitrogen and carbon/nitmen increnscd downslope, fren 2 nean
value of 0.05;" over the uprer position throush 0,088 at the
ziddle position to 0.11% at the tasal ~rea for nitrogen,

and 10.3 through 11.9 tc 12,9 for earben/nitropen ratio,

Vhen the relaticnships between the properties and slope
position were exanined 2minst the backirounl of rzinfall,
elthough non-simificant cver sone «f the zones, both the
orfanic ctrbon and nitrogen contents were marked by
comparatively higher mean values over the buwul slope
positions, at all the rainfall levels, pxcept over the
direst rainfall zone however, the values for the carbon/
nitrogen ratio for each of the rainfall zones, showed less
variability (Apperdix 9).
5.0¢.3 Relationship between the scil or anie earbon and

nitrogen and the clay fraction

Both the organic carbon and nitrogen contents of the
soils revealed highly signfficant and dircet relationship
with the s0il clay content, The coefficient of determination

(rz) showed that about 26,98 and 10,7 variances of the
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organic carbon and nitrogen, respeetively, vere due to this

factor. As suggested by the regression oquations (5.5) and

(5.6) for every 107

g = 0.37943 + 0.,03349 clay eeecccsscseces (5.5)
%N = 0.03112 + 0.00308 clﬂy e nsasssaass e (506)

increase in the percentage clay contont of the soils, the
organic matter content increases by about 0,55 (assuming
that 1% of carbon cquals 1.72% of organic patter) and the
total nitrogen by 0.03%. The positive nrd significant
correlation between the scils crgenic carben ond nitrogen,
apd clay content, were supported by the resvlt obtained from
the apalysis of variznec in which differences in the means

of the prupertics between the clay content classes were

beth statistiecally sijgmificant at the 0,001 prebability level

(Table 5.4).

Table 5.4: The organic carbon and nitrogen contents of the
topsoils and clay

Clay % £10 10-20 20-30 30
No of samples 17 127 48 36
s T 0.54 0,91 1,35 1, T4wwes

.S.D 0.51 0.77 (}083 0.?6
OV 94.4 846 61,5 43,7

172 x 0,05 0,08 0,13  0Qo14%xn
S.D  0.04 0.02 0,13 0.07
V¢ 8.0 1100.0 100.0 950.0

C/N ratio x 11,1 11,7 1.4 12,7
S-D 6.9 5.7 407 4.5

CVh 62,2 48,7 M2 3544
Analysis of variance levels of significinces:
e — 0.001; %44 = 0.01 H ** = 0.02: * = 0.050
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In contrast to the carbon and nitrogen contents of
the soils, neither the regreasicn annlysis, nor the =
analysis of variance, rovoalsd statistically significant
relationship between thoe carbon/nitrogen rotio and the

clay eccntent,

Yhen the redationships between the preperties and clay
were oxained over the differcnt parent metorials, althowgh
with varying levels of significance, bith the organic
carbon and nitrogen showed quite significent and positive
rolationships with clay over all the motcrinls, oxcept
over nlluvium. The properties also revenled significant
comelations with elay over cach of the rainfall and
altitudinil zones,and cver each of the slope peaitions

{ Appendix 8),

In contrast to the organic carben and nitrogen
contents of the scils, the carbon/nitrogen ratic did not
reveal any statistically sfgnificance corte =tivn with
clay over the diffcrent fmrent material, rainfall and |
rititudinnl zones, and slope positions. The only exceptions
epo over tho lowest rainfall zcone, the sceond altitudiml
zone and the besal slepe pusition,

5.0.4 The relative impordunce of the soil-forming factors in
determining the snotial variadbility of the soil crganic
carben and nitrogen
The summaery of the percentage varinnee of the sril

organic carbon ccntont and assyciated preperties of

nitrogen aml c/N ratio explicabic in terms of the

suil-forming foctors considered, using antlysis of variance
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and covariance, is shcwn in Table 5,5, The perent
material factor nleme accounted for ~b ut 29. of the
percentige varinance of the scil organic cnrben content,
This was foll-wed by rainfall (about 9,’) and slope positton
(abcut 7). The relief paramcter f altitude rnccounted
Table 5,5: The topsoils' orginie carb n aond nitrogen:

percentage varinnee explained by the scil-forning
factors eonsidered,

Soil-forming factor C % 9. C/N ratio

Parent materinl 28,6 9.5 5.2

Rninfzll

N P Selte (= 4 ]
Tompernture 0.0 (9.5) 0.0 (3.4) 0.5 (2.6)

Altitude 3.6 1.5 0,1
Slope gradient 0.0 (11.5) 0,1 (4.7) 0.0 (2.9)
Regidual 51,6 a,4 89.3

for a much smller value (3.8%)while the percontage virisnces
explained by the ¢limatic paurameter f tenperature and

the relief porineter of slope garadient were both practienlly
zerc., Consequently, only about one helf f the variances

of the property were explained by =11 t£he scil-ferming

frictors considered.,

In keeping with the trend for th¢ rginic earben, the
variability of the nitrugen content wos . 1lse scccunted for
largely by the parent mateeinl, reinfill ond slepe position,
and to a lesser extent, the altitude foctir, The porcentage

varinnee «f the pr. perty explicable in terms of cach of the
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factors was however markedly low, as coinired to that
for the (rginic carben content. The rcesult w2s an even
mach ireater residurl variance of the e perty (82,4%)

unnccounted for by the factors considercd,

Like nitrogen, only a very soall proportion of the
varianges of the earbon/nitrogen ratin o cxplzined by the

fretors considered; hence therc is a vory hijh percentage

residusl variance (89.3)uncxplained.
S5el DISCUSSION

sccrrding to Jenny (1930), the .rder of importance of
soil-frrming foctors 8 they affoct the 'rgonic carben and
tctnl nitrogen centents of acils in the centml region of
the Unitod States of aneriea werc climate vegetation > topo-
graphy = parent material » age. Jenmy ct. 21, (1948 , 1960,

1961) found 2 similar picture in C-lunbin, South Aneriea,

Costa Rien and in India in which elimitc was the principal
factor contr.lling the soil carbon anl nitr.gen contents.
Under rather different tropieal e pliticns in the Bast
African Highlands, Birch and Friend (19%6) =1sc identified
rainfall as having far greater influence .n tac crgnnic
patter apd nitrogen ¢ ontents of the s ils, s coupered to

¢ither tempernture or 2ltitude,

As is sugsmected by the figures in t~ble 5,5 hcwever,
under cenditivns of soni-nrid tc sub=-huni! e. nditions

prevailing in tho present project nren, ~1though clinnte,

especinlly rainfnll, is still of rent ivportonce, the
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parent naterial of the snils accounts f.r the greatest
preportion of the perecentage variances f h-th the crgenic
earbon and nitrogen contents of the topscils, This could
be partly accounted for by lithclogienl influence cn

s0il texture, particularly the smount nd type «f clay
ninerals found in the soils, The very elcse relaticnship
between clay anl the elenents is bern cut in sccticn 5.0.3.
Under rather sinilar clinatic conditicons of low te noderate

rainfall, scils high in clay content cuntain higher organic

carbon and nitrogen eontents thnin those vhiech are low in

the nnterinl, The same thing is true I 211 slope pesitions,
4nther pesaible explanation £ r the =rcfound

drfferences in s4il crgenie carbin nand niti gen contents

over the different pnrent materials «iserved in this study,

lies in the nature «f vegetal cover, Under noatural
conditions, sandy scils resulting frou cu:rse-greined
porent rnterinls nre inheresitly likely t- v less fertile,
since they strre less water npd nutrients, than soils with
nore clay resulting: fron the weathering f fine-graincd

and/or sic parent icterials (Bucl et. al., 1973).

Moreover, since sandy scils ore wsually woarer and detter

nerated frr the geater part of the ye'r, than fine-textured

Scils, they usually permit nore rapid xidative deernmposition

of the orginic matter sources (RBraly, 1974; Ever ct, al, 1972),
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The compnratively higher organic corben and nitregen

contoents in scils fermod over msalt and shtle reflect,

presuably, the higher scil pH and sic cotions, and greator
clay contents, It cruld nlsc be as a result, partly, of

greater rrntinorillonitic elay ninoral type in the soils,

In the ense «f the tramsported oaterials, the conparatively
higher valuws over alluniun reflect, in <ddition to higher

clay content, the inportation of either the elements

therselves, c¢r their scurce mnterinls 'r u higher-lying

areas, and porhaps their prescervation hy the slighly less

well acrated conditicns chareteristie  f1.<dplains,

Jenmy nnd his ¢ -w rkers (1930, 1934, 1948, 1950,
1960 ) mnde extemsive research ¢n the eri ot of the conponents
of clinnte (tenpernture and roinfall) » .r.inic matter and

nitrcgen levels in geils, The effeet «f rainfall cn

organic matter and nitrogen levels «f 8 ils is presummbly
that in which 2an inereasing rainfall tonds to favour an
incrensing vepetative growth anl conscquently, the production
of larpge quontities ~f raw natoerinls for synthesis into

huni¢ substances, Hiph rainfall 2lso uscreises its influcnen
through the activities f micro-orgnnisrs, and nlso the
chenical propertica of the s-il, On the ~ther hand,
corditicns of severc nnisture defficency ften result in

sericusly limited rmicre=biclegieal netivity in the long dry
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period (Birch, 1958),

Accorling t Jenny, ct. 2l, (1541, 1950), the effect
of tenpernture «n 8o0il orgmnic matter nl nitregen contents
of goils is a2lso that in which an incrensing rean annuil
tenpermture tends to favour the rate »f ooth vegetative
praluction amd deeonposition of crgnic ratter, Results
obtained fron this tstudy, however, dil not fully support
this, Althcugh pesitive, the relati nashijo letween both
properties and tenporaturce were not stoatistienlly sigmificeant,
It is quite probably thot, over the study : yen, whore therc
arc narked wet anl dry sensons, the cftcet of high
teoperature on beth the photosynthetic cetivity of higher
Plants, and micro=-bioclopienl activity, is jenetienlly
mullifiedduring the grenter part of the yeor by the adverse

effect of dry ernditions,

Relicf affeets scil properties, including crimniec
exrbon and nitrogen contents, mainly thr oh its influence
on e¢linate, runcff, evaperaticn anl selinent transportation
(Jenny, 1941; Koncnova, 19663 Bucl ct. nl., 1973; Y:ung, 1976).
A8 this study scems to sugoest, wvor tic stuly aren,
bicruse of the relatively pently sloping niture of the

Inndseape, the sijmifiecance .f slepo dicent, as a2 factor
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of scil-fornation, is confined nretly ¢ the interfluve
arcas nnd hicher altitudes with steeper sl pe angles,
Unler these lattor conditions, the relati nship betwuen
crpenic earbon and total nitrogen anl slope  radicnt was
ne;~tive, refleccting preswnibly 2an incressing loss of the
ropertics or scurco materials, thr ugh runcff, with increasc

in slope angle,

The effcet of altitwle on the s-~il ~rynnic carbrn and
nitr sen is nainly exercisel through rainfll and/or
tenperature, According to Jenny (1941), an incrensing
rainfall terds to fawv ur greater plant rwth without
having nuch effect on the rate of deeonprsition, A decreasing
tenperature cn the other hond tends t- slow down the
deccnpresiticn processes nore rapidly than the rowth
of plants, In the present study arcen, cven though
tenpernture has been found to exhibit littlo «r nc apvarent
sifmificant relationship with the bi 1c,deal nroperties
vf the scils cunsiderced, altitude is nss cinted with an

inerensing rninfall and deercasing terperature,

45 for slopo position, the highce «rimnic carben
and nitropen in the basal arens, as conyined te the upper

positions, my be due to tramsprrt of orponic raterial and
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nitrcsencus conpounds dewnslope, which woull not only
enrick downslope nreas, but 2lsc deplete thesc scils near
the crest, But it could alsc be a product of drainage
condition a8 lower slope prsitions usu~lly suffer

fren poor cerntion eondition than the up er sl pe pesitions,
due either t an nccwmlation of run ff water fron the
Inter positions or the influence of high witer tables
(3.1). (Brady, 1974; K ncnove, 19663 J neus, 1973; Jones &

wild, 1975),
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CHAPTER VI

RESULTS: III THE CHEMICAL PROPERTIES OF THE SCILS

6,0 INTRODUCTICN

The soil chenical chamcteristics considered in this
chapter are the cation exchange capaetiy (CEC), soil pH,
base status (exchangeable K, Ca, Mg & I2) and porcentage
tase saturation (¥BS), that is, the oxtont to which the
exchangeable conplex of a soil is saturted with exchangeable
cations other than hydrogen. And just as for the preceeding
cmpterg, the objectives are to present and discuss the
results obtained from the annlysds of the spetial variability
of the soil chemical propertics, in relation to the factors

of parent material, climate and relief,
6.1 TOPSOILS
6.2,1 The nutrient status and chericnl econdition

The CEC of the soils were highly variable but
generally guite low, Over 60% of the scnrles had values
below 6me/100g, The major contributory fictors to this
are the relatively low orgenic matter and cloy contents of
the soils, Bquations (6.1) and (6.2) show that these
paraneters have strong relatiomships with the proporty.
Nevetholess, it may also be a refleftion of the nainly
kaolinitic mature of the soil clay ninorals (FitzPatrick,

1971 3 Mohr gt. al,,1972; Brady, 1974; Young, 1976).

The pH values ranged between 4,30 ard 8,10 and averaged

5.8, In keeping with the genorally acidic comlitions, nost
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of the soils were quite low in the exchangeable bases,

The cations were also highly variable but on the whole,
they occured in the order of Ca> Mg X7k, The conbined
value of the four cations (i.e. the total cxchangeable

lese or TEB) ranged between 0.22ne/100; n:d 43,70me /100g
and averaged 5,07me/100g. The relatively low pH and
exchangeable bases of the soils nay be cxploined partinlly
in teros of the low C2C and /or the blocking of the negative
clectrical charges on the soil micells bv ctrongly adsorbed
hydroxyl aluniniun cations (Pierre & 3carscth, 1931; Peech,
1941 ; Mehlich, 1941; Yuan, 1963; Hus _f. 2le, 1964; Colenan
& Thomas, 1967). It also no doubt, reflects the high degree

of leaching that hns taken plice in the soils,

The predoninmance of Co and Mg over the cother exchangeable
cations in the soils may be due to the relatively fast rate
of release of the ions fron the nineml notter desonposition
and/or the occurence of exchangeable sites in the soils which
showed aspecific affinity for the ions ( Beckott, 1965;
Brady, 1974).

The #BS, though varying consider-bly too (10-100%),
relative to the pH of the soils, was gencrlly high on the
average (77.8¢), roflecting presumably the low CEC of the
soils, It could however be due, at least purtially, to
the fixation of hydroxyl aluninium ions carlier on referred

to.



Table £,1¢ The chemical properties of the topsoils and parent material 142
Farent _ SEDENTARTY
Material Granite Guneiss G/gneiss Schist Sandstone Basalt Schale | Alluvium Colluvium Aeolian Ironpan
No of samples 36 3% 38 34 36 L0 L2 i 30 32 38 22
SEC X 3.93 3,98 5,67  3.26 14.72 8,71 | 7.85 Le38 Le17 3, 98%xH#
S.D 3.00 2.37 L7 2.42 mo.ﬁ; m-mm 0400 mow.w 3430 2,51
pH x 5.78 5.90 5.89 5463 6+13 5.95 576 587 6,07 5e01%
s.D 0,56 0,53 0.59 0.53 0,67 0.64 ).60 0.62 1.T1 046
Exch.K x 0.17 ) 0,18 0,22 0,11 046 0,30 0623 0.21 0.21 041 TH®*H
S.D 0.12  Cu1 0.09 Q.11 0.07 0.3  0.28 019 0.17 0.16 0,15
Exch,Ca X 215 2,74 2,36 24 1.77 T.82  L.66 3470 2.58 2,53 2 (62w wwR
S.D 1.77 2455 1.50 193 1.53 6434 3.58 3.02 4o 73 1.73 1.99
Exeh.Mg x 0,96 1,12 1.88  1.2L 0,55 3,81 1.90 0,66 0.7T1 0481 %%
S.D 2.08 0493 0. 7L 1.12 0.48 3.39 2.28 18 0.70 0.48 0,51
Exch,Na x 0,03 0.05 0.06 0.04 0.02 0,09 0,05 0,15 0.03 0.0L 0 O1%%%
S.D 0,08 0,09 0,09 0.07 0,05 0,11 0,07 0404 0.11 0,07 0,03
TEB x 3.3h  bLe21 3,56 L7 2,45 1234 6.9 Se36 3.63 3.50 3o TS
SD 3.43 3141 2,14 2,82 2,01 9.52 5,89 Le17 5.69 2.19 242
nwb.D ._.m\womv Mr.r Am-” Mmlm ,_mlw U.“t m.A Nrow .Mﬁtﬂ _\w.,_.mv

Analysis of variance levels of significance: #%#¢ = 0,001; *#* = 0,01; “* = 0,023 * = 0,05,

S.D = Standard deviztion.
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6.1.2 Relationships between the soil chenical properties
and the soil-forming factors

6e142.1 Poarent naterial

The difforences in the soil CIC and cxchangeable
bases, between the parent naterials, woere highly significant.
Reflecting higher orgnic.carbon and cley contents, the values
for soils over basalt and shale were rel.tively higher than
those for soils over the gmnitic rocks anld sardstone, and
over alluvinl deposits than over the reat of the transported

mterials (Table 6.1).

The soil pH ranged Wetween a nean of 6,13 over basalt
and 5.63 over sandstone, in the casc of the sedentary perent
nateridls, and between 6.07 over aeolicn depesit and 5,76 over
alluviun, Differcnces in the property betvcen the parent
materizls, on the whole, were statistic:lly significant
at the 0,02 probability level., In contrst to the pH, the
%ES revealed no significant different values between the

pirent materials.
641.2,2 Climate

As is shown in Figure 6.2, the rugzression of the CEC
on the mean annual rainfall ms signifiecant at the 0.001
level., Amalysis of variance also reveecled highly
significant differences in the property hetwcen the rainfall
zones (Table 6.2). The value ranged from 2 noan of 2,38me/
100g in the driest rainfall zone (600-900uc) to 10,09me /100g

in the wettest zome (1500-1800rn), rof lecting presumably
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the increasing cloy and orgenic matter contents of the
soils with increasing rainfall (chapters IV & V), The
aoil pH toco showed quite strong relations’ip with the nean
annutl rainfall. In contrast with an incrensed trend for
CEC however, the trend with the factor wis genemlly a
decrcase, suggesting an incrensing leaching und/or an
increasing biological respiration amd orginiec natter
production and deconposition with incre:using rainfall anount

(Atkinson & Wright, 1957; Pitty, 1978; Jitazpoirick, 1971;
Stauffer, 1972; Iilwer, 1974).

By both the regression apalysis nnl amlysis of
variance, all the exchangeable bagses, arnd the TEB, showed
positive and significant relationships vith rrninfall,
This sugeests. that the rate of losses of the elements,
presunably through leaching, have becn nuch slower than the
rate af which they are teing released fron the mincral

structure of rocks by chemical weathering.

The %35 value also showed quite significant
relationships with rainfall, the geneml trend boing n
decrease, with inerease in rainfall anount, GSuch a negative
trend with rainfall reflects, presunibly, » nore mproportionate
increase in the CEC of the soils with incressc in rainfall,
Yyis n vis the exchangeable bases, due peccibly to an
increasiing displacement on the soil cxchiingenble conplex by
exchangeable H+.

Table 6,3 sunmaries the results obt:ined when the
relationships between the soil chenienl prorerties and

rainfall were examined over the diffcroni pirent mnterials
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and over the different slope positions. Not only did the
properties show varying degrees of corrclations with the
mean annwel rainfall over the various mrent nutericls,
but also of ten contmsting trends, cxccpt the pH and %BS
which were nogative a2ll throughout, The corrclation
coefficicnts of the C3C und : »nfall incicnsos upslope but
only significant statistically, at the intorfluve, position.
There were no consistent variations in the values for the
TEB apd the cxchangeable nses. Those [or the pH and the

#BS were less variable and were 21l neptive,

With tho exception of the soil pH which showed
positive and significant relationship, nonc of the seoil
chemical properties revealed significant correlation with
temperature (Fig. 6.3). By amalysis of voriance on the other
hand, differences in the CEC, exchangeable Co and the TEB,
inclduing the pH, were significant,statiscally (at the 0,02
level for the CEC and 0,05 level each for the rest), There
were however nec distinctive linear trends in the means of
the properties with the tenperature zonec, a8 values in the
nedian Zone were eithor greater than, or lower than those

in the fiist and third zones (Table 6,2).
6.1 02.3 Relief

The C&C showed a positive but non-significant
correlation with altitude (Fig, 6.4). Diffcronces in the
neans of the property between the altitudinnl zones were
however significant (at 0,05 level) by annlysis of variance

and the geneml trend positive aftor an initinl decrease
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fron the first to the second zone (Table G.4). Both the
pH and the #BS on the other hand revelsed ncgntive and
gignificant correlations with the factor, Analysis of
variance partinlly supported this negetive and significant
trerds. As is observable in Table 6.4, the difforences
in the neapd® of each of the propertics, between the
altitudinnl zones, werec highly significant and the general
trend an increase from the first to the sucond altitudinel

zone btut thercafter 2 dcercasc.

The regression of the TEB and the individual
exchangeable bases, except Ca, on altitude was positive,
The trend was significant however, only f.r K and Na,
Analysis of variance also supported this, in that only the
two elements (i.e, ¥ and Na) showed statiotically significant

different values between the altitudinal zones,

Neither the regression analysis, nor the analysis of
variance revealed significant relationships letween any of
the soil properties amd the slope sradient factor (Fig.6.5 &
Table 6.4). By contrast, all the propc-tics showed . o
statistically significant differences betwecn the slope
positions and the general trend a downslope increase in
value for the CSC, each of the exchangeable cations and the
TEB, but a decrease for both the pH and | BS (lable 6.4).

6,1.,3 Relationships between the suvil chemical

properties and the soil orgmnic carbon and clay
content

The relationship betwecn the CiC and the organic carbon
and clay were highly significant (Figs., 6.6 & 6.7). The



organic carbon content however accounted for much greater
variability in the property than did the clay content.
While the 2 (coefficient of determination) between the
property and organic carbon is 59.2%, it is only 34.1%
with respect to clay., As suggested by couations (6.1)
and (6.2), each additional 1% organic carbon in the soil
contributes an extra 6,43me/100g to the C .2, and.a 1lCP£
increase :in the clay content, about 3.Zme/100g, The

dif ferences

CEC = 0.&447 + 6.43314 carbn esesssaarsne (531)

CBEC = 1,62416 + 0,32279 Clay cooesecccscssces (6.2)

in the means of the property between both the crganic carlon
and clay percent classes, by analysis of variance, were

also quite significant and the general trend positive
(Table 6.5).

The correlations between the pH and both the organic
carbon and clay contents were highly significant but
negative, The simple regression lines, which are expressed
by Bquations (6.3) amd (6.4),

PH = 5.95930 = 0.,11931 carbon .sessscscnsesse (603)

_‘pH= 6.020& - 0,01166 clﬁy ) (6.4)

indicate that whereas each 14 increase in the seil organic
carbon is associated with about & unit crop in the soil pH,
that of clay is with about 0,01 drop., Anclysis of variance
also revealed quite significant differences in the property

between the organic carbon and clay percent groups and the
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general trend is agnin that of decreasing values with the

organic carbon and clay contont,

Bach of the exchangeable bascs, and thas the TEB,
showed highly significant apd positive rclationships with
both the soil organic carbon amd clay coutents., Agnin on
the whole, the TEB and the exchangenble hises, with the
exception of Na, were more strongly corrclated with the
soil organic carbon content than with the clay content
(Figs. 6.6 & 6.7, Table 6.5).

The regression of the £B3 on both the organic carbton
and clay contents were negative and juite significant, s
suggested by Muations (6.5) and (6.6), .n the average,

every 1% increase

%RS = &.24053 -5.02440 carwﬂ s MtatEnasERERE (6!5)
,-"SM=87.87727 - 0-6%% Clﬂ)’ P I (6.6)

in the organic carbon amd 10% increase in the clay content
is associated with about 5,020 and 7.0’ decrcase in the
soil's ¥BS, respectively. Such significant 2nd positive
correlations of the property with both the orgunic carbon
and clay contents of the soils were 2lso supported by the
results obtained from using the analysis of variance

statistical method (Table 6.5).

While the olscrved positive relationship in the
exchangeable bnses and the TEB with both tle crganic
carbon and clay contents of the soils is in general

agreement with the results of several ot!vr workers, amd



159
could be explained in terms of greater exposure of
exchangeable sites, the negative trerds with respect to both
the pH and the ¥BS are in conflict with the olservations of
several others, s pointed out by Buol gt. al for example,

with increase in clay content, a soil tecumes less permeable

ard so there is reduction in the rate of logses of
exchangeable bases through leaching. !ost authors have also
suggested a positive linear relationship btetween the rate
of organic matter mineralization, and the amount and rate of

accumulation of basic cations in the soil syster: (Brady, 1974;

Forth, 1978), Under the generally sandy topsoils prevailing
over much of the present study area hovever, it would appear
that leaching has been universally quite eifective., Furthermore,
recent studies on the characteristics and Lehaviours of

gilicate minerals have indicated that although they have the
potential of increasing the pool of basic cations, they also
havethe effect of increasing the acidic catiocns, for the

grecter the exchangeable complex of the secil, the more the
polymerized hydrozy-aluminiun ions accurulation between the
layers of the clay crystal (Jackson, 1960 & 1963; Yaun, 1963;

Hus & Bates, 1964; Bohn, 1979). In a similar way, it is now

widely known that organic matter not only wcduces actddc
radicals upon decomposition but alse pluys an impertant role
in the complexing or chelating of avail:Lle cations (Clark &
Nichol, 1966; Brady, 1974; Fitty, 1978; Bchn, 1979).
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6.,1.4 The relative importance of the soil-foming
factors in determining the spatial variability
of the soil chemical propertics
Table 6,6, shows the soil chemical properties of the
topsoils considered and the percentage voriinee of eaeh of
them explicable in terms of the exanined soil-forming
factors, A8 is suggested in the table, the C.C, each of the
exchangeable bases and the TEB of the sovils wexe more
strongly related to the parent material foctcr then to the

other factors,

In contrast tc¢ the CEC anl the exchsngeable boses, the
rainfall factor clearly assured the grentoest role in
explaining the variability of both the pil and the %BS, out
of the onvironmental factors considered, rhe percentage
variance of the properties explained by altitude ranged
between 0,0% for the CC and 4.6 for the i/ BS and that of

slope position between 0,1% for Na and 6,6 fcor the pH.

As with the organic carbon and nitrogen, and the
textural properties of the scils, only very ninor
proportions of the variances of each of the soil cheniocfl
properties were accounted for by the termpuisturce and the

slope gradient facters,
6,2 SUBSOILS
6.2,1 Nutrient status and chemicnl condition

Due, presumably, ‘to the greater clay content, and
rerhaps, presence of partially weathered nincral fragnents,

at depth, the CEC and the exchangeable boscs showed
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conparatively higher mean values at the subs.ils, than at
the topsoils, Moreover, the coefficient of variability of
eaesh of the properties was also lower, The 4 BS shcwed a
lesser mean value but greater coefficicent varianbility value,
By contrast, both the mean and the coelficicnt variability
values of the soil pH were not markedly different from these
for the topsoils,

6.2.,2 Relationships between the soil chemieal
properties armd the soil-forning facters

6.2.2.1 Parent material

As was observed for the topscils, differcpées in the
mean values of the CEC, the exchangeable tses with the
exception of Ka, and the TEB, between the diffcrent parent
materials, were statistically significant and the trend
with the materials somewhet sirilar, particularly in the
case of the sedentary parent materials., That is, each of
the elenents showd conmperstively higher 1con values over
asalt and shale, than cver the grenite roe's and sandstone,
and oxcept K and Co (with respect to nlluviw:), over
alluviun apd acclinan paterials than over colluviun and

ironpan,

The pH anlso showed significant difforcnces between
the different lithologies, Unlike in the topecils howewer,
there were no napsted differences botwecen Lhisalt amd shale on

the one hand and the granite rocks and sandst.ne on the other,

The §'BS, unlike in the topsoils, rcvelaed statistieally

significant different values botween the porent materinls,
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The pttern of the nean values, over tho miterials,

noreover difemred fron thit observed in the topscils, For
exauple, in the topscils, amd for the scdertary materials,

the value was highest cver schist and lowest over gnciss,

Here in the subsoils, the valuc was highest vver granite-gneiss

amd lowest over sandstdéne.

6.2.2.2 Climate
A8 in the topsoils, whilc the C3C =iv rod a significant
inerease in velue with inerease in rainfoli, the soil pH

showed & decreqse,

Unlike in the topsoils, where all the exchangeable
bases showed a uniformly positive trend with rainfall, the
regression of the clements on the factor was positve only for
K and lig, Furthermore, none of the regression correlation
coefficient values was significant, statistically., By
analysis of variance however, except Na, all the elements
ard thus the TEB showed significant differences between the
rainfall zones, The spatial variability of the mean value
of each of the elements was such that there was a low value
in the direst rainfall zone, followed by a4 high valuc in the
second Zone, and thereafter quite similar or very slowly
decreasing values, It could be that in the lowest rainfall
zone, subsoil chemical wcathering has been less effective
and hence only few bases are relcased into the soil systenm
for clay formation and/or adsorption onto tie soil
exchangeable complex, On the other hand, although favouring

greater weathering anmd the releasc of bases, the rainfall
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amount in the second zZonc has probably remained
insufficient for the leaching of the greater proportion
of the librated bases. Moving to the third and the feurth
zoncs however, corditions have probably boen more
favourable for not only the rapid chemical wecathering
processes, but also greater loaching. Tho relatively low
CEC of the soils, in gencral, way be expected to have greatly
accentuated this lattcr process. Another pussible
explanation for such distinctive trend in the soil
exchangeable cations with rainfall amount is the past climatic
oseillation over the study arca (3.3.4).
Table 6.8: Simple correlation coefficients between chemical

properties of the subsoils and rainfall,
temperature, altitude, gradicnt and clay

Rainfall Temperature Altitude Gradient Clay

L g L 8k

CEC 0,153 0.025 0.042  -0,164 0,470

pH -0.343""*" 0,072 0,006  -0.107"" -0.106""
Bxch,K  0.062 0.130"7% 0.6 0,016 0.237""**
Exch.Ca =0,062 0.008 0.048 0,657 " 0.256"
Bxch.Mg 0.063 0,072 0.005  -0.120"""  0.,200"""*
Exch.Ma ~0,072 -0.053 0,027  =0.072 0.093"
TEB 0,025 0.010 0023 o086 o1t ™
¢ BS 0370 " .00 0,082 0.122"" 0,244
Levels of significance: ####% = 0,001; -+ = 0D,01; #* =.0.02;

# = 0,05

A8 in tho topsoils, the scoil properties rovealed no
apparent significant correlations with fommmtura. The only
exepptions were the “BS and exchangeable I, both ¢f which

showed an inverse rclationship with the factor.
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602 e2s3 Relief

By rogression analysis, only oxchangeable K
showed significant relationship with altitude and, as in the
topsoils, the trend was positive. The pH, | 8BS, exchangeable
Ne and the CEC were all not significantly corrclated with
the factor (Table 6.8). Although the diffeiences in the
means of the pH, Na and $BS, between the altitudinal Zones,
were statistically significant, by analysis of variance,
none of the set of values revelaed any syctematic altitudinal
trend. Each of the properties was marked by an initial low
value in the lowest altitudiml zone, followed by a
relatively higher value in the second Zonc ~nd then a
decrease again (Pable 6.10), Except excheugeable K and MNa,
all the propertics showed significant corrclations with slope
gradicnt.and the.trends were negative (Table G.8). These
were partially supported in the result obtained from analysis
of variance in which eacih of the propertics, cxcept K, showed
relatively higher mean values in the less than 5° slope
angle class (suggesting lower losses and/or sreater supplios
of basic cations) as compared to the renairing 5-10° and

greater than 10° groups,

Unlike in the topscils, where the differences
were all statiscially significant, only :he CIC and
exchangeable lig showed significant differences botween the
slope pesitions, and the trond a general downslope inerease

in value,
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6.2.3 Helationship between the soil chemical
properties and clay

Table 6,11: The chemical properties of the subsoils and clay

Clay (%) <15 15-30 3045 > 45
to of samples 58 108 144 72
CEC z 2.89 7,04 8,50 T ik
S.D 2.98 4,96 5¢29 9,69
pH T 5.70 5,92 5,72 5.59"
S.D 0.69 0.83 0.89 0.3
- . R
Exch.K X 0.11 0.25 0.24 0.32
S.D 0,11 0.37 0,16 0.21
Bxch.Ca £ 1.54 3,93 4,12 5,79 %
5.D 1,62 4.2% 4,94 6.28
Exch.Mg % 0,61 1,33 1,78 WY
S.D. 0.63 1,61 2,04 4,12
axch.la x 0,04 017 0.29 0.30
S.D 0,11 0,50 0.93 0,58
TEB z 2.39 5479 6443 9,44 "
S.D 2,11 5,69 6.75 9.37
S4ES I 732 73.5 63.6 60,0
SeD 25,9 23.4 26 .2 28,1

Ana lysis of variance levels of significance:; #+#: = 0,001;
wak = 0,015 ** = 0,02; * = 0.05

Similar to the topsoils, the correlation between each of
the s0il chemical properties considered anmd clay rercent was
highly significant. Furthermore, while the correlation
coefficient values for the CEC, the exchangeable bnsos and thus
the TEB were positive, those for the pH and the $B were

negative (Table 6,8).

By amalysis of variance, however, although tie differences

in each of the propertics, except Na and the pH, were still
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quite significant, the trend of the mean of cach of them
with the clay classes Showed less systunetic increase, as
was the case in the topsoils (Table 6,11). 7T'dis was possibly
duc to the generally high content of cliy in the subsoils,
6.2.4 The relative importance of the soil-forming
factors in determining the spaitial variability
of the soil chemical propertics
Table 6.12 gives the sunmry of the percentage
variance of each of the scil chenical proyerties explained
by the factors considered. The percentaoge variance of the
CEC, TEB and the individual cxchangeable sos explained
by the lithological factor was, as in the tepsoils,
considerably higher than that explained by any of the factors.
The pH and the %BS alsc had a considerable percentage of
their variances explained by the parent moterinl faector.
However, as in the topscils, the proportion of the variances
of each of the twe properties explicable in terns of the
rainfall factor was clearly higher than that of any other

factor.

Unlike in the topscils, amd with the oxception of the
¥BS, the percentage variznece of each of tlw properties
explicable in terms of altitude was gencrally belcw 25, The
variances of each of the propertics expliechble in terms of
the slope position factor cxeept the CiIC and Txch, Mg was
generally bdlow 19

As in the topsoils, the porcontage variance of each
of the properties explained by the parii-tcer of slope

gredient was generally below 1%,



Table 6.12: The subsoils chemical properties: Percentige veriance
explained by the soil-forming fectors considered

172

Factor : CEC pH Bxch., K BExch, Ca Bxch. Mg Szch, Ma TEB #BS
Parent material 1446 m.-m 4.4 6e1 346 4.7 Ce1 7.9
- .

Rainfall 1.0 , o 1342 1.0 2.0 1.9 Ou4 | 1.9 2.9 ..
mu Temperature 0.0 1.0 03 135 Oed 1.4 0.5 245 12 Se1 0,0 o 1a2 Jel 0.7 Av-m
o |Altitude a3 1+4 C.3 1.6 0.0 0.1 13 5e3
~ | Slope gradient 0.0 2.7 0.0 1.9 0,0 144 0.6 2¢3 0.4 4.4 0C.CC5 0.,52,2 0,0 6,1

Im Slope position 1.4 Ce5 1ol 0, 1 4,0 a4 0.4 0.8
BExplained 173 21.9 7.2 10.9 11.1 565 13.4 21.6
Residual mmlx_.. .ﬂmoa @Mom 8!._ m@-@ m.ﬂq.nnn g.m .wm-»ﬂ

—
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6,3  DISCUSSION

The effects of parcnt material on soil chenistry are
mainly indirectly through its influence on the texture, clay
mineralogy, and nutrient availability »nd thus the orgnnic
mtter content of the soils (Bucl gt. al., 1974; Young, 1976).
As acid rocks uwsually contain 2 great denl of free silica
and little alunima and iron conpounds, thoey naturally supply
a very lirnited range nnd quantity of ions cssentially for
secondary clay formation and adsorption onto the soil
exchangeable complex. The cycling of ash c¢loments and

organic matter turnover are thercfore relatively low,

In contrast, the higher content of alurina - and
ferrisilicate in basic rocks often mroduccs a considerable
range and amount of be2ses upon weathering, favourable not
only for secondary clay formation, but also for a nore active
cycla.[aglri elenents and the accunulation of stable foms
of orgnnic substances and assceiated organic acids, The
CEC, pH, exchangeable cations ard the B3 of the socils are
thereforce groater over the sic rocks tlian over the acid

rocks.

The relaticmship between parent mtoriul amd scil
chenical properties is howcver definitely nore complex than
stated sinply above over the present study ~rea., This is
bocause, in the subscils, boeth the pH and the 5'BS valucs
over grenite and granite-gneiss, which are acidic rocks,
were in fret higher (reflecting greater illuviztion) than

those over basalt and shales, Bven nuch nore inportant is
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the fact that the pH values amd base ztatus from all the
parent materials, including the base«rich parent materials
like basalt are low and virtually all the scoils are in fact
agidic., A prolable cause of these .conditions may be the
high degree of leaching that is taking Plice or has talen
place in these soils. The pericds with a wore humid climate
during the Pleiestocone (Crove, 1958) way hive provided
conditions favourable to weathering and intense leaching of

bases, and to the formation of ksolinitic clay nimerals.

The effeats of rainfall on soil cheuical properties
ars both direct and inddirect. Rainfall not only exerts its
influence on soil chemieal properties by its action on the
dissolution of materials, transport of materials from one
part of the soil to the other and by its comtrel of
chemicel and physical reactions taking ploce irn the seil,
but also by its contrcl of plant growth and other organisms
that contribute organic raterials to the soil, The indirect
relationship between rainfall and 8¢il chemical properties
iy presumably that in which an increasing nnual raeinfgll tenda
to favour increasing vegetative growth ard therefore the
rroduction of organic material., In the drier areas of the
north,in the present study area, where nst only is there
little organic matter owing to low bivicgical production
and high oxidation rates, but also verv Little clay
formation resulting from nild chemical weathering, the CE

of soilas is quite low, often below 0,5ue /004,

The pH and %BS of hoth the topsoils and the subsoils

showed inverse rolationships with the mean annual rainfall



175

since both properties arc related to the intensity of
leaching, Leaching in soils involves scveral ccomplex
sequences of events. In general, however, ile stage is

set when either through soluviation (ordinary dissolution
in water of elements fron minerals) or cheluviation
(ehelation or complexing by organic molccules) elenents

arc prepared for tramsport (atkinson & “right, 1957). The
material thus dissolved can either e leoched completely out

of the soil, or simply translocated down within the profile.

With refercnce to the effect of tenjerature, its
relationship with the s0il chemical propertics is usually
that in which increasing mean anmel values tends to favour
inereasing base status and pH values, a phonomenon that is
often explained in terms of the reduction in the rate of
leaching amd/or the moverment of dissolved o terials fronm
deep down the solun to or ncar the surfacc by capillary action
(due to increased evapotranspiration). In addition, within
linmit, and providd water is available, an increasing
tenperature is alsc usually associated with pgreater chemical
weathering and thus greater supply of caticns, Under the
present corditions however, the situaticn lodks rather
different. With the cxception of the pii, the correlation
coefficients between the soil chenical rproperties and the
mean annual temperature arc quite low, and infact negative
for some of them. This again was possibly duwe to the

relatively low range of the factor over the arca,

Topography inf luences soil chenical properties via

clay fomation and organic matter content, nainly by nodifying
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the noiat;n regime of the soils and thc bicsphore. It

s booen obscerved by many workers that undor conditions

of poor drainage, lateral water noverncnt temds to predominate
over vertical noverent, hemce there is a reduction in the
rate of losses of bases through leaching (Bredy, 1974;

Forth, 1978). However, by encouwraging zrc.ter ovrganic
mtter accumulation, such conditions also temd to increase
soil acidity. Apart from an acidie comditicn directly
imparted by the presence of hunic acids, by~mroducts of
organic matter deconposition, oonmploxing of nctalic ions

by such substances may also assune a signifiecant role in the
losses of basic cations in soil (Pitty, 1979). I'urtherncre,
it has been obscrved that poorly-draincel contiticns, or soils
that remain noist for the greater part of the year, are nore
susceptible to volatilization (i.es mroccorus under which
several soil cations are lost to the air) than well-drained

conditions,

Topography also affects soil cheniecal properties
through transvort of orgnnic materials, and inorganic
substancesy cither in solution or in suspcnsion, by colluviation
and lateral cluviation (Chapter IV & V), Possible reasons for
the relatively low level of carrelaticns Wwtween the chenieal
properties and altitude, or the lack of « consistent
altitudimel trend especially for the subsoile in thé mresent
study area are the prevalence of shallowly veathored rocks
and steeper slopes, resulting in greater liss of the nscs
by lateral eluviation, in the highor lying ircas than the

low lying arcas.(Section 3.6).
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CHAPTER VII

RESULTS: IV THE GRADE OF STRUCTURE, BULX DLNSITY
AND FIFECTIVE DEPTH OF TG LITG

7.0 IUTRODUCTION

This chapter focusses on the grade «f structure,
i.c. degree of structurel development (the distinctiveness
apd durebility of peds) and bulk density of scils over the
study area. Both the class (size) and type (shope) of
sturetural units have not heen given indeuondent
consiferation because of the very high dogroc of skewness
in the distribution of the values encountored over the
region. A nuch as 65% of the samples considored have
blacky (angular & sutangular) structure .ith predominantly

medium size {10-20mn diameter).

In addition to the grade of the s-il étructure and
bulk demsity, the chapter oxamines the offective depth of
the s0ils, This parametcr has been taken in this study to
mean thet portion of the soil profile overlying the parent
material and free of gsuch dense horizong as {fragipan.
Although tres crops have much greater vovor of finding
sufficient soil nantle in nore deeply ‘reathered pockets or
between horizens and tree plantations (c.-. pines &
eucalyptus ) are known to be capable of establishing on scils
teco thin for cultivation, the racts of most cropve do not

normally go beyond this depth (young, 1976).
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T7.0.1 The structural development and bulk donsity

A relatively high proportion of the sanmples considered
have waak to noderatcly developed structurcs and as much as
1% are structureless (Fig, 7.1). The relatively low
proportion of the sanples with stroungly dcveloped structure
and the high proportion with nc cbscrvable structural tunits
reflect, presunably, the low organic matter and clay contents
of the soils, It probably also roflects tho high kinotic
energy of rainfall over the rcgion (Kounl & “assan, 1977;
Leow et. al., 1953).

Clay particles, under several physico-chenical forces
(e.g. the van der faals forces, the electrostatic force of
adhesion apd cohesion), not only cohere t. forn larger
secordary units, but also entrap or act as hridges between
larger particles (Grin, 1953; Martin et. al., 1955; Hartranmn,
1979; Pitty, 1978). This implies that with an increase in
clay content, the degree of development of the scil structure
alsco improves, Similarly, with increase in scil organie
matter content, the degree of development o the structural
units wsually increases., Apart fron its dircet nechanical
binding ceffect on soil primary particles, by mreventing or
decreasing the awelling[sa]!:oking of soil imterials, organic
patter nmay also contribute indirectly towards the formation

and preServation of water-stable aggremtes (Pitty, 1978).

With respect to rainfall action, umlcr high intensity
rainfall, with large drops, even well developed surface scil

structures ray become 8o conpacted by raindimor inpact thet it
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becomes virtually inpermeable. Under such conditions,
infiltration will be low and the majerity of the water
will run off the surface, leading to s)il crosion and

flooding,

The bulk-density values of the topscils vary botween

0.73¢ on™ and 1,65g er™ and averages about 1,29g en>,

At the subsoils, the values vary fron C, Tz o™

with a mean of about 1,34¢ cu"3. This slizht incresse in

to 1,66g on"B

nean values rcflects, prosupably, the norked increase in elay
content but decrease in orgenie matter 2t dcpth (Brigees, 1977).
Several hwan activities are also known to lLe inpertant in
hastening the decay of soil aggregation and in inducing a

high degrec of subscil ccnmpaction. Prooinent anong such
activitics are continucus tillage operaticons ond grazing

(Jaiycoba & Leow, 1984),

Equation (7.1) may bo applied to calculate the total

pore spaces of the soils

% pore spacc = 100 —%x 100 TR LT (701)

where Db

bulkk density, oven dry

Dp = mrticle density

i

If it is assuned that the mredoninant niinerals making up
the soils are quartz, feldspars and collcidal silicates,
with an average particle demsity of 1,65 c::"'3 ( Brigges,
19‘7‘?), the nean percentage pore spacos f the topscils anmd
subscils would be abcut 21,28 and 18,87 resjcctively. The

direction amd rate of flow of water in the soil is not
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determined by the gross amount of pore spoces alene, but

also by the size and configuration of the pores ( Bredy, 1974).
Nevertheless, these meon values do indiccto that soils over
the study area have high infiltration capacities,

7+0.,2 Relationship betweeon the grade of struvcture and
bulk density cf the scils and the scil-foming factors

7e0.2.1 Parent material

The relationship botween the degree of developnent of
the soil structures and parent rmtorial, by chi square
amlysis, and between bulk density and parent mterial, by
amlysis of variahée, are sunmarized in Toble 7.1, On the
whole, the différences in the degree of structurcl developnent
between the parent materials, in rospuct «f both the tcpsoils
and the subscils, were statistically significant at the
0,001 probability lewvel, The percentages of the sanples
that were structurcless and weankly developed were considerably
higher over the granitic rocks and sandotoenc thoan over basalt
and shale, The frequency of the samples vith noderately
and strongly developed structures on the cther hand were
higher over basalt and shale than over the sranitic rocks
and sandstone. In the cosc of the transported parent
peterials, the values for the propertion of the sanple with
noderately and strongly developed structuvrcs were generally
greater over alluvinl and ironmn retericls than over
colluvial and aeclian materials, The only cxeception to this
trend is the value for the strongly developed structures in
respect of colluviun at the subsoils; tlc value being higher

than that of any of the tranaported rnatericls, Thoe conparatively
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Table 7+1: The degree of Jdevelopment of structure amd hulk density of the soils
and merent materizal

o SEORWIART ] TRaESPORT 55
PAREHT MamwI L P . o -, = " - : . . P
Grenite G/eneiszs  Schiist Sandstone Bagselt Zbdie (aluvium Colluvinm Aeclian Jronpan
Ho of samples 36 32 - 38 3k 36 ;2 L2 30 32 38 22
TGFSCITS
grede of gstructure
Structureless % 10.4 12.5 7.5 14.7 1.1 0.C el 3.3 28,1 . 31.5 o
Weak % §1.1 50.0  47.4  50.0 33.3 31.C  35.8 | 63.3 50,0 57.5 40,0,
Moderate §- 19,5 3%5.0 36,8 20.6 44,4 45.2 45.2 254 9.4 10,5 40.9
Strong % 0,0 12.5 1.9 14,7 11414 23.8  11.6 10,0 12.5 Gy 0 10.0
Purk density x 1,55 1,28 1.33  1.29 1.38 $,07 1.22 | 1.24 1.36 1,37 1.35%%
(gen™) S.D Cott Q13 C.12 0,10 0,12 0.13 T4 | O.18 0.15 Cu10 Go12
SUBSOILS
Grade of structure
Structureless % 13.¢ 9.4 15.8  14.7 19.4 2.4 547 1647 1444 15.0 13.6)
Wealk Nﬂ mm.m _““.O-_m 355 WW.W W@n@ ;_._..T-U g WW«W 50.0 47.1 Wbtmuv.x
Moderate § 22.2 25.0 24 .1 32.4 22.2 61.9 38,6 | 36,7 15.6 3.5 38,2)
Strong 11.1  25.C 20,7  17.6 19,4 21,4 31.0 | 13,3 20.0 10.5 1%.6)
Bulk density =X 1:28  1.20 - 1.27 1.29 1.28 1.08 1.20] 1.20 1a29 1.29 1.31%
(gcn™) $.D 0.i0 0.12  0.11  0.09 0,13 0.15  C.1 2| 0.12 0.4 0.08  O.14

Levels of significance:t ###% = 0,001; »*¢ = 0.0 ** = 0,02; * = 5,05,
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higher proportion of the sanples with coderately amd
strongly developed sturcturcs cover basalt mnd shale,
poasibly reflocts the greator organic netlier and clay
contents, and perhaps grecater nmicrobicl cetivity and
vegetative grewth in gonersl in soils formod fron the
materinls tham frou the granitic pirert nnderials. The
relatively high degrece of structural developnent over
alluvial and ironpan, as conpared to the other transportod
rmaterials, on the other hand, may be expliined in terms of
the activities of irvn and Qlumindiaun eclloids, substances
which in most cases hoeorne nlomost conpleti ly hardencd
upon dehydrmtion, 8 proecess known to be sonscnrlly intensc

in these oterials,

The bulk-density values of both the topsoils and
suldocils rovealed highly significant differcincos bheotwoeen
the parent materials., In eithor case neroovor, thoe valuos
cver basalt and shale were comparatively lowor than thoss
for the other scdentary materinls and over o lluviun than

over the other tramsported nateriels.
7.0.2.2 Climnte

Thoe rogression of the dcgres of duvelovoent of the
soil structures on the mean annunl rainf>1l iz positive
and statistically significant 2t the 0.001 prombility levsl
{Table '?.2)'. Tho fregqueney of the property slso revenled
significant difforences betwoon the rainfnll zoncs, and the

gereral trend an increaging structuml dsveleopment with



184
inereaso in rainfall anocunt (Table 7.3)

In both the topscils and the subscils, the regression
of the bulk-dersity values on the nean nnmnul rainfall
was ncgetive and signifiecant at the 0,001 probebility lewvel,
Analysis of variance nlso confimed this. 48 is observable
in Table 7.3, in both the topscils and the subscils, the
differences in the means of the property botucen the
rainfall zones were highly significant (0,001 level). The
values themselves varicd fron 1.44g ot in the driest

-3

rainfall zone to 1.15g err ~ in the wottest z:ne,for the

-3 -3

topsoils, and frem 1.36g cn~ to 1,14z cn ™ in the case of

the subscils,

The differcnces in the degree of structurcl developnment
in the topscils between the tenperature zZones wore
statistieally significant a2t the 0,02 level., A8 is
observable in Table 7.3 whilc the porcoitnges of the
sanples with weakly and modorately developed structural units
showed a gencml increase in trend with the tenperature zones,
those for the strongly-developed strtuctures showed a

decrease in trend.

Unlike in the topscils, there werc no statistically
significant differentes in the degrece f doveloprent of the
structural units of the subscils betwecn tlic tenperature
zones, The regression of the values of the structuml
developuents on tenperature was alsc not significant

statistically,



Tabtle T.2:

Regsression of grade of structure avd

ocn the soil-forming faetors
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Hulk dengity of the soils

Factors Trade of structure Bulk density
TCF30ILS
Rainfall r o= 0,487 0 r = -0,578""**
y = G.1566 + 00,0019z 7= 1,6943 + 0,0005x
Tem pera ture r = QLE** r= 0,073
y = 0.1%7 + 0,075 y= 1013 .+ C.0073x
Altitude r = 0,024 r= 0.237 %
¥ = 2,1008 + 0,00003z ¥ = 1.348% ~ 0,0001%
Slope gradient r = 0,063 r = -0,026
y = 2.0677 + 00,0258 ¥ = 1.2935 - 0,0015z
80330118 s
Reinfall o= 0.2 r o= —0.519
¥ = 1,5589 + 0,0002x v = 1,560 - 0,00035x
Jemperature r = 0,035 r= 0,054
¥ = 1.6558 + 0,029 ¥ = 1.1087 + 0,049
k. ak 3
Altitude r = 0,022 r = ~0.230
¥ = 2.2481 + C,00003x ¥y = 1.2838 - 0,0001x
Sope gradient r = =-0,026 r = -0.056
¥ = 2,4279 ~ 0,012 v = 1.2428 ~ 0,0026x

Levels of significance:s ##%# = 0,001; *%% = (,01; #** = 0,02; * = 0,05,
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Table T.3: The degree of development of structure and bulk density of
the soils and climate

Rainfall (mm) Temporature (C)
Climatic factor 600-800 900-1200 1200-1500 1500-1800  20-25 25-27 27-28
Yo of samples 4 103 130 78 108 122 148
TOPSOILS
Grade of gtructure
Structureless e 38,0 1.7 6.9 2.6 13.9 21,0 6.0
Week & 57.7 48,5 43.1 83.6) yupe 51.9 48.4 433 ) uu
Moderate 7 4.3 29.1 37.7 39.7 24,1 24.2 38,0
mﬂﬂ.og mo OQO ._Oo\ﬂ aV.w ._boa ._O._M m.m ,_Moq
Bulk density X 1.44 1e32 1.27 fo 155 %en 1.26 1.3 1.29
SD 0.07 0,11 0.13 0.17 0.13 0,17 0.16
SUBSOILS
Grade of structure
Structureless H 18,3 .-._-4 d&.m 0._0 nOoN H...:_m 14.7
Weak % 5603 44,7 28,5 24.4 42,6 46,0 26,0
Moderate % 1441 18.4 40,8 3%.7 34.3 2442 30,7
Strong % 113 25.2 16,2 26,9 13.0  15.3 23,6
Bulk density x 1436 1.27 1421 1o14%%%% 1,21  1.26  1.23
S.D 0,08 C.10 0.13 0.13 0.12 C.15 0.13

[ ——— -

Levels of significance: #### = 0,001; ### = 0,01; #* = 0,02; * = 0,05,
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Analygis of variance showed that the bulk-density volues,
of both the topscils and subscils, wore not statistically
different botween the temperature zomes (Lalle 7.3).
Sinilarly, neither of the sets of valuwe roveanled a
8tatistienlily significent relaticnship with it he factor by

sinple lipear rogrossicn analysisg,
7.0.2.3 Relief

The regression of thw degreee of devulopaent of the
gtructural units of the topsoils on altituvde revealed no
significant correlation (Table 7.2). 3 chi square
analysis, however, the property showed guitc significant
differencos hotween the altitudinal sones. /Ap is observable
in Table 7.4, there was an increcase in the proporticn of the
sanples that were structurcless from the leuest to the
second altitudinal zones but thereafter a2 Jcorcase, By
contrast, the preperticn of the sanples with beth
noderately-and strongly-developed structurcs first showed
a doecreaso, fren the lowest to the moevmd Zone, and thore-

after, increasing values,

Unlike in the topscils, the regressi n of the degree

- of developwnt of the structurel units of the subscils showed
aignificant posgitve cerrelaticon with ltitude, The differenco
in the frequency of the stwetural develepont between the
altitudinal zones were significant ot th. 0.001 Icvel by chi
squarce analysis, (nly the prepertion <Ff the sapples with
strongly-~dovelored structures however showed fairly lincar

relationship with the altitudinal zenes. The values for tho
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Relief factor

Altitude (metres)

(o]

Slope mmm&ou.wo

Slope position

« 300  300-600 60C-900 900 <8 5=~10 210 Cregt  Middle Bagal
No of ssmples 110 167 T 34 326 48 8 166 147 119
TOPSOILS
Grede of structure
Structureless % 6.4 18.6 15.5 2.9 14.1 8.3 0.0 16,8 13.6 8,6
Moderate % 47.3 15.6 23.9 52.9 28,2 31:3 75,0 25.2 2.7 30,2
Mﬂﬂog m 10,9 T.8 9.9 aﬂnm 10.4 m.u 12.5 .ﬂom Te5 155
Bulk density X 1.30 1632 1.27 1o 14%##e 1,29 131 1.16 1.36 131 120
S«D 0.15 0,15 0.13 0,16 0,16 0. 14 0.13 Ce 13 0.12 0.18
SUBSCILS
Grade of structure
Structureless \QU 155 2,6 1545 5¢9 13.5 12.5 1245 13.4 4145 12e1
Weak % 25.5 4449 49.3  11.8 39,0  27.1  25.0 41.2 25.9 27.6
Noderate % 34,5 23.4 18.3 67.6 26.4 46,8 62,5 29.4 18.4 34e5
Strong % 24.5 19.1 16.9 14.7 20,9 14.6 0.0 15.2 0.0 25.9
Bulk density x 1.25 127 1.22 1. 10%e%c 1,24 1.22 1e17 1.26 123 1.21™%
S.D 0a13 Ce 13 0,10 0.15 0,13 0.15 0.1+ 0.12 0.13 0.14
Levels of significance: #### = 0,001; ##+ = 0,01; #+ = 0,02; # = 0,05,
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cthers on the othor hand were narked by sciowhat
alternating high and lew values over the altitudinal zeones

(Table 7.4).

By beth the regression anmalysis and onnlysis of
variance, the bulk-density value showed strtistienlly
significant rolatiomghip with altitule onl the general
trend was negntive (Tables 7.2 & 7.4).

regreasion
Neither the / anslysis, the chi square analysis,

nor the analysis of variance revelied any astotistieally
significont relaticnship betwoen the degrec of developoent
of the structural units and the slope x:diont factor.

The same thing was true of the bulk-donsity of the scils,

The differences in the degree of devolepnent of the
structural units botween the slope positicns were significant,
stetistically, only in reapect cf the tops.ils, In
general, tho propertions of the samples with nc observable
structural units and weakly-developed units showed a
downslope decronse, whilc those for the noderately=- and
strongly-developed structural units showed ~ downslope
increase., In both the topsoils anmd subscils however,
differcnces in the nean values of the bulk Jensity between
the slope positions decrersed significantly downslope.
7e0.3 The relative inportance -f the scil-forning factors

in deternining the sprtial vadiability of the grade

of structure anl bulk density of the scils

Table 7.5 sumnarises the result obtained fronm the

analysis of variance amd covarinnce invilving the degree of
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Table 7.5: The degree of development of structure and bulk density:
Percentage variance explained by the soil-forming
factors considered by analysis of variance and covariance

Soil-forming TOPSOILS SUBSOILS
factor - —-
Bulk Structural Bulk
Structural development 4,544y development density
Parent material 15.4 25.1 4.9 22.3
ioRainfall 10.2 155 2.0 13,6
emperature 0.1 *o.u 0.4 13.9 0.3 el 0.1 13.7
L titude 0.1 1.8 0.1 2D 8
lope gradient 0,3 1.2 0.0 7.5 0.1 0.8 0,0k
Slope position 0.8 5.3 0.6 2.3
Explained 26.9 46.5 8.0 40.8
Residual 7.1 53D 92,1 59.2
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development of sturctural units and bhulle density of scils
over the study arca. As with nost of the jwroperties considered,
parent naterial accounted for the greatest porcentagoe
variances of the properties, 1In the topsoils, the percentage
variance of the paraneters explained by tho factor is 15,.4%
for the degree of developnent of the struectural units and
25,1% for bulk deasity. In the suls~ils, vhe c:rresponding
values are 4,9% and 22.3%. By contrast,the tenporature
and slope gradient factors c¢ach accounted for a relatively
snall percentage of the variances of the individual

propertios (less than 15).

In the topsoils, rainfall accounted for abeut 104 of
the variances of the degroc of developnent . f the structural
units, but in the subscils, cnly 2,0%. [he rercentage
variances of the bulk density ecxplicable in terns cof the
factor in respect of both the topsoils ond subecils are

about the sane (about 147),

The altitudinal and slepe position factors are ncre
inportant in the spatial variability «f the scil bulk density
than in the variability of the degree of developnent of the
structural units. *“hile the perccntange voriance of the
bulk density acccunted for by either of tlw factors is over
2%, the value for thedegree of developuent . the scil

structure is below 15

T+0.4 The effective depth cof the 8~ils onl rclaotionship with
the soil-fnming factors

The cffective sril depth enccuntered cver the area varies

ccnsiderably, It ranges freom a low value °f 4en to as high o
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value as 260cn, In spite of this however, the coverall nean
value is gemerally high, about 135cn, The nunber of
sanples invclved notwithstanding, this viluc is conparable
to those found for some tropical lowlkad forcst soils of
southern Higeria (Ojanugn, 1971) but highor than these
reported for scne pedzol scils of pperica (Lng, 1951). A8
is olservable in Figure 7.2, out of tho t-tal sanples
considered, only %° had effoctive soil epth ¢f less than
50cm. About 186 of the sanples had valucs lying between 50
and 100cn and as ruch as 30 fell ot depth tetween 100 apd
150cr, In all, 765 of the soils had value oxcceding 100cn
depth, This suggests that the bicelimatic fwctors of rainfall,
tenperature and vogetaticn hive for » long pericd of time
provided frnvourable conditions for the operntion of the
pedeogenic processes of chenienl vweatherins and clay nineral
forodtion, aggregation, transloenticn, hw ificction and the

like over the rcgion,

The long period cof geonorphelegical stability of the
region may have provided favourable conditi s for the
operation of the pedogneic processces =8 well, ™ By
geonurphological stability is meant lan! surfoce which ds
slowly changing 28 o result of the «peraticn of geonmorphcleogieal
processes (Ologe, 1985; Thomas, 1974). 48 ocinted cut in
Chapter III, the study area as o whcle is . region of plains
and plateaux amd, except in a fow localitics, where strean
rejuvenition and accelerated ercsion reanlting fron
epeirogenctic uplift, ses level changes -nd chinges in the
bioclimatic environrent has caused nueh disrupticn, has been

go for a very long period of tire., The aron has not been
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subject to violent earth novements since corly Palaeozoic
times (Ologe, 1985) a:d, like other parts of the tropies,
escaped the Pleistocenc glaciation which stripped off
weathering profiles in arcas such as the Conadign shield
anl the Fenno-Scandian Shicld., Moreover, for nost parts of
the region, lamd slopes are gentle and rolotive relief low,
These conditions cculd be assuned to have :rovided
faveurable conditions for rapid chenmical we thering and
at the sane tince for the preservaticn of cxisting weathering

profiles.

In Table 7.6 is presented the swusry of the relationships
between the soil effecctive depth nnd the scil-ferning factors

corsidered, using analysis of variance.

The differences in the renns of the s0il effective
depth between the parent materinls were statistically
significant at the 0,001 level and, in .unoral, values
over sandstcne and the tramsported meterinls of alluviun
and aeolian depcsits, were comparatively higher than those
over the other parent raterials, This wis not unexpected
since weathering tends to progress fastor in umonsv‘-lidatad'
mterials or stratifiecd roeks, unless thoy are oe-mntmi with
silica, than litified or crystalline rocs (Ollier, 1970;
Thonas, 1974; Ologe, 1985)., It eruld however be a8 a result
of differences in the Jdegrec of resistamce, to chenical

weathering, of the ninernlogical conpesitions of the meterials,

There were n. statistically significant differenees in

the effective depth of scvils botween the roinflall Zenes.
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Table 746: The offective depth of the soils and the

goll-ferming factors

wid = G,01; ** =

* = 0405

Yo of

Factor samples T SeD cves

Parent Material

Granite 36 1443 48.2 3344
Gneiss 32 133.4 5.9 5 04
Granitc gneiss 38 134,68 4.8 3140
Schigt 34 135.5 ‘:‘ 10 32o5
Sardstone 36 157.2 26.9 17 1

- Basnlt 42 133.0 46.5 35.0 -
Shale 42 1352.1 337 29.3
alluvium 30 150.8 35.6 23,7 .
Colluvium 32 130 .1 A10.2 30.9

. Aac lian 38 1 43 05 3‘1‘. 24-3
Ironpan 22 8.6 3545 P2 .6

. HARF
Rainfall (rm) '

. 600=-3900 ™ 135.9 3641 26,6
900-1200 103 _ 137.8 4247 3140
5001200 -8 130.9 4540 34.8
Tonpornture (°C)

25-'27 122 130.3 4402 33-9
2720 148 137 «2 42,3 3048
Altitude (metres) _
300-56Q0 167 133.1 1,2 31.0
0H00=300 yg 137.3 6.1 52.8
900 34 125.2 49,2 39.3
*
Slomw gradient _
5% 326 13744 42,5 30.9
51 DO , 4.8 123.9 14,3 35.8
10 8 110.3 39,1 39.4
xS X
Slope position
Ensal 119 143.8 44,9 51 .2
Crast 166 1*%_1.5 353.9 505
imalysis of vnriance levels of significonco: ###% = (0013
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Sinple lincar rcgressicn amalysis alsc confirmed this,
Although negntive, the correlation coefficient value between
the property and rainfall was insignificant, statistically
(Fig. 7.2). This night be as n result f slcwer rate of
pedogenosis yvis g vis the rate of renoval of materials by
denudaticnzl processes, purticularly surface wash, as rainfoll

amount inercascs over the region.

Neither the analysis of variance, nor the regression
analysis revelacd a statisticnlly sipgnificant relaticnship
between the effective depth cf the soils ~nl tenperature,
By contrast, the differences in the valucs f the property
between both the 4dltitudimal zZones and slope angle classes
were statistically significant, The rugressicms of the
property on both factors were 2lso significant, statistically,
i3 suggested by equaticns (7.2) amd (7.3), Jerived frem the
rcgression analysis, the scil effective Jepth decreases by
about 1.2cn and 25.%n for every 10000 risc in altitude and
10° inerease in slope gradient rosyectivcly cver the study

area. Such megntive relationship betwecn soil

Dopth 137-08452 -0.00118&1 sesaprasssantsne (7.2)

Depth

1}

14201333 ~ 2,59192 38 scossvsnrnsnenss (T:3)
whore Al = altitule (retres), 5z = slope gradiont
(degroe).

effective depth and both altitude and slore | radient in ths

region nay be due essentizlly to variati-;w in chenieal

weathering rates and surfoce wash brought about by variations

in soil noisturc (and, perhaps, terperaturc) with the factors,
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Differences in the average values of scil depth between

the slcpe positioms increased significantly downslope
(Table 7.6).

tfhen the relaticnship between the cffective depth
of the svil values and the soil-forning T ictors ccmeidered
were conbined in an analysis of vari:nce ~u' covoriance, the
result cbtained showed 7Juite clearly tivt ;erent material
is the nost inportant single factor affocting the coffective
depth of soils over the study arca. Out of the total 31.80
of the variance of the parancter eccountod fer by all the
factors considcred, pnrent paterinl alone ccecunted fer about
12°. The next nost inportant factor is slope grmdient,
Unlike the result cobtained in respect of the sevoeral other
soil properties comsidcred in this stuly, over 106 of the
variances of this paraneter is ocxplicatbleo in terms of the
slope gradient factor. Altitule and slopc position are also
inportant in the spatial variability of the jwceperty
accounténg for about 5,00 amd 3,79 of the variances,
respectively, while rainfall and terperature ~rc relatively

unifportant,
7.1  DISCUSSION
T.111 Degree of sturctural developuent anl bulk density

The comstitution of soil aggrogntes anl their degree
of developnent, together with the anount ~nd sizes of the
pore spaces betwoen and within the nggre/—tes,is o
conplicated set of processes that is still poorly unlerstood

(Baver et. al,, 1972). Sore of the predable and rejor



198

processes that have been suggested as being involved

however are the "shrink and swell" phencnencn during wetting
and drying and the binding together of particles by crgnnic
naterial and uicrobizl synthesis products oand clay ninerals
(Baver, et. al,, 1972; Pitty, 1978; Jaiyuoln & Loow, 1984),
Other factcrs that pay affect soil =aggrortion are the almost
irreversible, or slowly reversible, inorgnnic colleids, All
these suggest that the effects cf the scil-feming factors
considered on the grade of scil structurc =nd bulk-density
over the present study area are rainly cxerciscd, indirectly,

through the scil colloidal materinls,

Other most probable factors fhat night be involved
in twe spatial variability of the degrec of structural
devclopuent and bulk density cf soils cver the study area
are the mature of the vegetation cover 2:ud biclogical
activities in gonmeral., Apart fronm being the chief scurce
cf the raw materials for organic mtter synilwesis, the
effect of vegetation is also usually ranifosted via the
protection the canopy and litter cover rrovides to the
surface, against dircet insclation anl raindrep inpact.
In general, scils under effective cover I wvegetaticon, with
thick litter cover, tend to bc well struciured, low in bulk
demsity and thus high in rercentage pore syvces, Soils that
are exposed for a relitively long pericd of tine on the other
hand, even if initially well structurui, tond t- be
charncterized by poor or weak structural grodes and high

degree of conpection.



19

Anothor aspect of the plant cover thet can be of sone
signifcance is the rcot system. The effuct of the rot
systen on aggregnte fornaticn has traditi.n:1ly been
explained in ternms of the messure cxertcd by growing roots.
This not only causes a scpamtion of the s:il jarticles
adjacent t¢ the root, but also a pressing tugether of those
units into agsregntes (Daji, 1970). Recont works bave however
indieated that the dehydration of the soil nnterials in the
vicinity of the root systen ruy assure avest significance
(pitty, 1978). licrocver, several workers hove auggested that
it is possible that the root seeretiéms ror ge amd/or the
nicrobiological conversicn of the secreti n@ should have

certain binling action on the scil materinls (Pitty, 1978).

Thus, the compmratively high degree of developnent of
the structural units and low bulk-density vzluecs in scils
fecrmmed fron and over basalt and shi.le, relative to the
grantie rccks and sandstone, may be ascribed to higher clay
and orgnnic matter contents,and greator bilogienl activity,
in the formor rock type than in the lattor (Chapters V & VI).
Sinilarly, the downslope increase in the Jogzrec cf
developnent <f scil structures nnd deeressc in bulk-density
velues dowmslcpe is probably 28 a result f the downslope
increasc in the orginic matter and scurce :torials, and
clay, of the soils apd/cr downslepe increasc in the demsity
of plant cover, The sarc colloidal mterials and biclogical
actions coull also be responsible fer the significant
increase in the feorner, and decrease in the latter, with

increase in rainfall and altitude over the regicn,



7.1.2 Bffective scil depth

The relationship between the scil effcective depth and
the soil-fecming factors is exercised nmainly indirectly
through the rate of operation of the vari.us pedological
and geonorphological jrocesses, Proninent ciwng such
processes are swrface wash, leaching, the bic—chonical
weathering of minerals and tramslccaticn of n:teridls,

Where the environpental factors are conductive to greater
rencval of nmaterials fron the surface by surface wash, vis-
a-vis the mte at which the soil solu is Leing increased
fron below by bio-chenical weathering v cesscs and

trams location ¢f naterials, the soil solun will socner

or later becorme conpletely stripped of 7, looving only the
parent naterial, anl in scrie places the s 1lid rock, However,
where erosion is procceding at a nuch slower rate, relative
to the rate at which the scil profile is being augnented fron
below, all things being equal, the s8»il 5. lun maturally
continues to incresse in thickness (Thomas, 1974; Thorp, 1970;

Ologe, 1965).

The relative resistance o«f a particular rock type to
weathering is affectcd by characteristics such as the
nineralogical conpesition, texture, skapo and crrangenent of
the nineral grains; the structure, froguoncy, disrosition
and opennes of fractures such as joints, f{ovlts and
pierofissurcs, as well as the mresscnce or ctherwise of
bedding plains (0loge, 1985)., Ninerals videh were formed
under high tenperatures amd/or jressures (e.g. the

ferronagnesian nincrals and caleio plagicelese felds pge®
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are usuzlly ncre susceptible to thorough deccnpositicn
than those formed under rclatively low tcujerctures and
rressures (c.g. nuscovite and quartz)., Sinilarly, rocks
with coarse grain textures toend to weather fairly rapidly,
due to the large void spaces and high peitwcability, Although
in sone cases, high perreability factor is jartially balanced
by the greater surfice area which accompenics decreasing grain
size so that many finc-grained rocks arc infact highly
susceptible to weathering (0llier, 1970). ‘rrangerent of
pineral greins is inportant since ranion armrangenent of
crystals tends to interfere with free watcer ncvenent and the
novenent cof soluble end-products than thiose arranged in a
parallel or sub-parallel fashicn (Ologe, 1905). Thus for
exanple, a2ll things being equal, acidic rvcks, such as granite
and rhyolite, which are characteristically high in silica but
relatively low in the ferronagmesian ninerals, vay be cxpected
to weather less rcadily than basic anl ullrabasic rocks, such

as basalt and @gabbro,

For the effuet of rock fissility, thc greater the
joint densities, the greater the rermcability «f the rock,
ard the greaster the surface area that is exposed to chenical

reaction,

Other things being equal, the faster the rote of rock
weathering, the thicker would be the depth of the resultant
sedemdtary mrent naterial, the greater its water<helding
capacity, and the higher the rate of svhsequent chenical
weathering, This rclaticonship ia not indefinite hcwever,

for as the weathering mofile bececeomes very ‘cop, ground water
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drainage, which is respocngible for the removal of the
soluble end-products of weathering so that iveathering
reactions can continue, slows down (Ologe, 1985). The rate
of throughput of water in the weathering cuvironment is
therefore of great importance amd is in turn a function
mainly of the degree of permeability of the jarent material
itself, Rapid throughput of water is facilitated by a
perent material which is permeable while it ias hindered by

relatively impervious parent material,

The variances in the degree of permeability of
rArent materials and thus the rate of throughput of water
in the weathering environment may help to explain, at least
partially, why over the present study area, the effective
depth of soils is generally higher over 21luvium (which are
generally coarse in texture) and on sandstcne (which commonly
weather to give a rather coarse residum) than over the other
materials and lithologies, It could also explain why mean
values over basalt and shale, which over the present study
area are characferized by somewhat claycy crent materials,
were not materially different from thosc over gneiss ard
granite-gneiss and infact lower than over -~ranite, which are
characterized by rather coarse rexture parent materials
(Chapter III). Yot, it is known that basaltic rocks and
Shales tend to contain more readily weatherable minerals,

than the grenitic rocks.

Rainfall affocts not only the rate of removal of
material from the surface mainly by wash process, but also

the rate of advancement, downward, of tle wcathering profile,
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leaching and translocation of materialas :»d hence the
thickness of the parent material and soil sclum, Usually,
the greater the volume and speed of Water moving through
the woathering environment, including the soil, the faster
the rate of weathering, merticularly by hydrolysis, and
leaching and development of acidic comditions, By providing
favourable conditions (particularly in tcmms of plant growth
and food supply) for the activities of soil animals,
rainfall also, indireectly, contributes to thc operation of
pedogenié processes of chemical weathering, humification,
ammonification, translocatiocn of materials and the like, in
the soil system. The net effect of somc or all of the above
processes is usually an acceleration in the rate of maturity

of the soil profile amd hence the deeper the coil solum.

With respect to surface wash, the rcle played by
rainfall loocks rather more complex. Usuzlly, with an
increase in rainfall amount, the effectivences of surface
wash also increases, This relationship i2 not indefinite
however, for as rainfall amount increascs, the demnsity of
plant cover tends to increoase as well and onec a continuous
vegetation cover is achicved, the ratc of crosion normally

falls of f rapidly.

Over the present study areca, although negative,the
relationship between scoil effective depth, as defined in the

study, andé rainfall, was insignificant statistically,

The obscrved negative and significant relationship

between the effective depth of soils and altitude over the

*=



study area may be as a result of the rather close
relationship between the bio~climatic factors of rainfall,
temperature and vegetation cover, apd altitude, However,

in viow of the result obtained between the property and both
the parent materizl and slope gradient factors, such
relationship could be a reflection, at lcist partially, of
the somewhat distinctive altitudimal relation of lithology
on the one hand, and tho relationship butween slepe angle
and altitude on the other hand, over the region. As pointed
out in Chapter III and IV, while basaltic rocks are to be
found mainly in the highor altitudes, sandstones and shales
occur largely in the lower elevations, 3Jimilarly, over the
region, slopes are more varied and goncrully stecper at high

altitudes than at dower elevations,

The relationship between effective soil depth and the
factore of slope gradient and slope position, in the study
area, can be cxplained in torms of the variabilities in
chemical weathering rate and the rate o rumoval of surface
materials by the denudational processes of surface wash and
rerhaps mechanical c¢luvintion, with the fuetors. Provided
the underlying materials are permeablc, vwatle slopes are
characterized by higher infiltration rate, (reater vegetative
cover and hence greater bio-chemiceal decomposition of rock
minerals,than stcep slopes., Morcovor, crosion generally
increases with slope angle up to a point whire the

accunulation of a doep chemically wenther mantle is impossible.

Similarly, in addition to receiving soil materials

intermittently, from higher-lying surrounding areas, lower
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slope positions tend to be much more {avourable for the
oporation of scveral of the major pedological processes,
than the upper slope positions. Thus the signifcant decrease
in soil offcctive depth values with incre.sc in slope angle,
and upslope, otserved in the present study arce may be a8
a result of an increasc in surfuce romovel of materials and
decreasc in the rate of bio-chemical weathering of minerals,

with increase in slopc angle, and upslope ncaéition,



CHAPTER VIII
SUMMARY AND CONCLUSIONS
8.0 INTRODUCTION

This chapter presents an highlizht of the major findings
of this study. This is followed by concluwling remarks.

8.1 THE SOIL PROPERTIES AND RELATIO.’3:47 ITH THE SOIL-
FPCRMING FACTCORS

8,1,1 350il texture

The frequency distribution of particle-sizes of the soils
is marked by the presence of maximum sand vith minima of silt
and clay. The proportions of coarse sand ard fine sand vary
considerably. In general, however, fine sand predominate.

The sand fracticn shows a marked decrease &at the subsoils
and the clay an increase.Consequently, virtually all the soils
are characterized by the presence of a te -iixal B (Bt)

horizon.

The main factors, out of those corgidered in this study,
governing the texture of the scils are found to be parent
material and rainfall., The relief parametcrs of altitude
and slope position are also important. On the other hand,

temperature and slope gradient play relatively minor roles.

In general, in both the torsoils and subsoils, soils
formed from basdlt and shale are less saidv and nore clayey,
than those formed from the granite rocdcs c:d sardstones,
Soils developed on aeolian deposit and ironpan are more sandy,

less silty ard less clayey at the topsoils than those over



207
alluvium and colluvium. In the subscils, however, the

reverse is the case,

In both layers of the soils, the fine sand
subfraction and thus the total sand fr.ction show a
negative trend with the mean annual raiufall whila the
others show a positive trend., ‘/hile the sand frection
and subfractiorns show a decrease tremd with rise in
altitude, and downslope posittion, the silt and clay show

an increase.
8.,1.2 Organic carbon and nitrcegen contents

The organic carbon and total nitrogen contents of
the topscils are generally low. In general, soils formed
over basalt and shale are higher in both olements, compared
with those formed over the greanitic rocks and sandstone.
In the case of the transported parent materials, soils formed
from alluvial materials contain the highest mean values and
compare favourably with those over the scdentary basaltic

and shale parent materials,

Both elements show significant increase in value with
increase in rainfall amount anpd altitude, and downslope
position. By contrast, neither of the {wo reveal
slatistically significant relationship with the temperature

ard slope gradient factors.

The C/N ratio shows a significant relationship with
only rainfall and the general trend is nom tive, implying

an increase in the degroc of humification vith increase aridity.
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8,1.3 Soil nutrients and chemical conditions

Reflecting, presumably, the low orginic carbon and
clay contentsof ‘the soils, the CEC and Thus the exchangeable
bases are quite low but show an inercuse in value down the
profile, The reaction of the soils =zrc on the whole
weakly to moderately acid. The #BS values cre genermally

high, reflecting mainly the low C3IC values,

Of the soil-forming factors considcrvd, parent
material accounts for the greatest pe coutiipe variance of
the soil CEC and the exchangeable brses, Ly contrast, the
rainfall factor shows the groatest correlation with the
pH and %¥BS values, For the sedentary matorials, Beththe CEC
and cach of the exchangeable tases show comparatively higher
mean values over basalt and shale than over the granite rocks
amd the sandstones, for both layers of the soils, The pH
anpd %BS alsc showed comperatively higher values over basalt
and shale in the topsoils, but in the sutsoils, the values
are higher over granitc and gmanite-gnciss than over the
other materials, For the transported miterials, while
the mean of each of the properties is hizhest over
alluvium in the topsoils, it is highest ovesr acolian materials

in the subsoils.

In the topsoils, the CEC amd cxciainruable bases show
a positive relationship with rainfall, " hile the pH and %BS
show negntive. The spatial variantion of c¢uch of the
proporties with rainfall in the subscils is quite similay
to that for the topscils, except Ca cnd Iig which show negative

trend,
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In both the topsoils apd tho subseils, the rolationship
between the C2C amd cach of the cxchungenble bases, cxcept
Ca, and the altitudinal factor is positive vhile that for
the pH and ¥BS is megntive. Although cacli of the
propertics shows some statistically si;milicant relationship
with slope gradient in the subsoils, a rcl.tively minor
proportion of the variances of the proyerties is oxplained

by the factor, The same is true of the tomperature factor,

At the topsoils, all the propertics show significant
dif ferences between the slope positions, the gonerml trend
being a downslope increasc for the CBC and exchangeable
bascs, and a decrease for the pH and | BS,

8,1.4 Degree of structural developrent, bulk density

and effective soil depth

The sturcture of the soils arc predoudinantly noderately
developed (the sizes nostly cediwn ~nd the shapes blockye
angular and aubnngulnr). In spite of this, tho soils shows

little conpaction.

Out of the factors comsidered, noient raterial end
rainfall arc the most inportant in the spotial varizbilities
of the properties., In general, the structurcs of soils over
basalt and shale are more developed, and the bulk-~donsity
values lowor, than thosc over the granitc rocks and sandstones;
over alluvial and ironpen than coliuvinl nyd acolian materials,
With respect to the rainfall factor, the rclationship with
the degree of development of the structurel units is

positive but with the bulk demsity, nua.tive.
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The altitudinal factor and slope position 2lso

play sone significant role in the spotisl variability of the
properties, the relationship being an incrense in the degree
of structural developrient with increase in nltitude and
downslope position, and a deercase with respeet to bulk-
density. Im contrast with the rest of tho factors considered,
ncither the degree of devclopment of the soil structuml
units nor the bulk-density vanlue reveals statistically
significant relationships with the tenpor:iture and slope

gradient factors.

Except on particularly steep slopcs, the cffective
depth of the soils is genernlly high. (n the vhole, parent
matoerial assuncs the nost important role in controlling the
spatial variability of the property. In goncral, values
over sandstones cnd the tramsported ntcricls of alluviun
and aeclisn deposits are conparatively higzher than those
over the other parent naterials., Slope grdient is the
second nost inmportant factor, the relationship with the
property being negntive, Noxt is the slopc position and
altitude, The relationships of the propotty with these
factors are, 2 downslope incrcase in value with the former,
and an increase with the latter. Both the tonperature and
rainfall factore are not significantly ~clatod to the

property,
8,2 CONSLUSIOKS

It is clear fron this study that clirnte, parent

material and relief coxert a strong influcnce on tropical
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soil formation and that the factors, cspeciclly the first
two, are likely to be of approximctely v, ual inportanee in
the distribution of soil types, If a soil classification
were primorily depenmdent on, for exanple, soil pH, then

climate would cxert the greater influcncc on distribution
of soil classes, Conversely, in 2 clagsification greatly
deperdent on texture, pirent materinl would be the nore

inportant.

There has been a4 tendency to treat the zomal
influcnce as the prirary deternimant of soil type, perhaps
becausc it operates at the continental ccale with which
introductory accounts of soils are concc.nod., Besed on such
principle, tho succession of zonal soils in the lowland tropics,
in order of Jocroasing rainfall from roinforest to desert is
leached ferrallitic seil, ferruginous soils, brown
caleivorphic soils, sicrozems, grey and rcd desert soils,
and desert detritus(Young, 1976). 3incc the data come fron
ecological zonee of limited arcas, it is difficult to use
the result obtuined in this study to conatruct a general
preductive nodel for regionnl distributicn of scils,
Nevertheless, aa a primery conclusion, Lhe results do
indicate that urdor savanna condition, the cliratic zone
at best provides a necessary frane of rercrcnee in soil
distribution but a real differentintiocn of so0il types is
very puch nore dependent on the pottern of prnrent materianl

and slopoc position,



22
REFERENCES

Abumere, Sily ({983) Traditional apricultural system amd
staple food production. In J.3. Cguntoyinbo;
0.0, Areola & M, Pilani (eds.} _; reography of
Nigeria Development Heinemann, lbodan.

agboola, S.4, (1979) Ap agricultural atlas of iigeria, Oxford
University Press.

Ahn, P.M, (1961) Soils of the lower Tanc Hasin, South Yestern
Ghana, Ghana finistry of Food and Apricultural
Scientific Service, Soil and Loaduse Survey Branch,
lenior No.2.

Areols, .0, (1 983) 3Soil amd Vegetal resources In J.S,
Oguntoyinba, 0,0. ireola & N. #ilani (Bds.) 4
gaography of Nigerian development. Heinemann,
Ibadan.

Arecla, 0,0, (1982) S0il veriability within lind facets in
areas of low smooth relief; 3 case stldy on the
Gwogm 1’1,9,:.nsz I)ilgeria. Soil Jurvey and Land
arglustign 2 (1 - 13,

Atkinson, H,J. & Wright, J.R. (1957) Chelation and the vertical
movement of soil comstituents, Joil Sei. 84, 1-t1,

Awujoola, T... (1979) Soil mapping and so0il characterization
studies in the Zaria area, Nigeria, Unpublished
M.9¢, thosis, Ahmadu Belle University, Zaria

Bartholomew, W.V. (1972) sSoil nitrogen and orgenic matter, In
S0ils of humid tropics. National cademy of
S iences, ashingbon.

Brtholomew, .V, & Cluxk, P.B, (8d,) (1 965) Soil Ritroeon.
Am, 3oc. of Agron. Madison, U3..

Baver, L.D.; Gardeer, Y., & Gaxdner, W.R. (1 1;’;’?.) Soil Physies,
‘Hiey Now York,

Bawden, M.G, {1 969) Phe work in Nigeris ¢f +the Land Resource
Division, U.K, Dircectorate of (verswens Hurveys
Somaru agric. Fewgletter, 11,

Bckett, P.HT. (1968} 50il formation nnd .uopc development,
% Ceonorph. 12, 1-15,

anett, Jeie; Hutcheon, el Kry, V.B.; agsfiold, J.E. &
Rackhom, L.J. (1978) Lend rosources of comtral
Nigeyin: Lanfoyrms, soils, elimitoe ond vogetation
of tho rfaduna Fluing, Vol.l, Landforms ard Soils,
Lond RMesource Report, LRD, U.d. No.19,

Yonnott, JeGe; Hutcheon, leas; Ibang, J.; Xerr, .B.; Mansfield
JeB.; Rackham, L.J. & Valotte, J. (1977)
Bovironmentnl nspacts ol the Kono BPlains, Vol.d

Londformg and Soil.




213

Billings, W.D. (1976) Plants, mon ond the scosvstoms
Macmillan, Lordon,

Biveh, H.F, (1958) The effcct of scil drying on humuw
: decompogition nnd nitrogen availability. Plant
Soil, 10, 9-31.

Birch, H.P. & Fricnd, K.T. (1956} The orgenic mtter and
nitrogon status of Samt frican 3Joils. Jour. Soil
.Sa.i. 7; 156"’67.'

Bohn, H.Ls; Meleal, B.Le & Ofeonnor, Geis (1979) Soil
chemistyy. John Viley & Sons, lew York,

Bord, G. (1949) . yrolinimaxy account of the Fleistocene
gealogy of the Plateau Tinficlds regions of
northern Nigoring Procs 3rd Inb. Y,  frican Confe
187202,

Buol, S.",; Hole, F'.D. ¢ McCracken, R.J. (1973) Soil Genesis
and Classification, The Yowe 3Stonte Undv. Press,
Amos .

Boulvert, Y. (1968) uelquea aspeets de l'influcnes de 1o
tepogravhic ¢t du materiz originnl sol.

Bredy, N.C. (1974) The moture nmd proportics of woils,
Maenillan, Toronto.

Brewer, R, (1968) Clsy iluvintion 18 o fnetor in mrticle
gize differentintion in s¢il profiles. Tmmns.
9th Intern. Cong. Scil 3Zci. Vol.d, 485-498.

Bridges, B.M. (1970} lorld Scils, Combrides Univorsity Pross,

Bridgos, D. (1977) gources and moethols in Gooprrphys Soils,
Butterworths & Co. Ltd. Toronto,

frown, He (1968) Poneplnin. In R, Foirbrides (D0t.)
Froyelopedia of Goomorphology, bowdon, utcheon
nrl Ross Inc., 81.822,

“uehnran, K.M. & Pugh, J.C. (1955) Land nnd Poople of Higeris,
London,.

Durlce, X.C.; Desscuvegico, TWF.J. & Thiteman, . .J. (197C)
Goologicenl history of the bomwe Volley and
adjocent arens. In, T,F.J. Desonuwvagic & nale
thitenan (Eﬁ.) gIrican Gepolosy Imiv, of Ibadan,

Coleran, ¥.T. & Thornes, G.%. (1967) The bosic chendstry of
30il acidity in R.W, Pearson & i'. .dams (Eds,)
Soil Acidity and Liming, Vol,12, Mnddison, .n.
Soc. .grén. 1-41,

Cooke, R.U. & ‘rren, 4. (1973) GQoomorpholosy in Doserts.
Anchor FPress, DBntsford Ltd, louwlon, p.229-328,




214

Cooper, isWs (1960) .n example of the role of nicroclimmte
in soil gemesis Qoil Sei., 90, 109-120.

Cratchloy, C.R. & Jones, G.P. (1965) .n interpretotion of the
geology and gravity anomlies oi the Benue Valley,
Nigerin, Owversens Geol. Surv,, Coo es Paper
No.l,

Crocker, R.L. (1952) Soil genceis and pedogenic frceters.,
Ne Rev, Bicl, 27, 139-68,

Dnji, JeA. (1970) Textbook of soil 8eicnmee, .siz Publishing

Housc, London.

x:nicls, R,B.; Garble, R.8. & Nelson, L.N. (1967) Relation
between Ao horizon characteristies and dminnge
in scue fine loary ultisols. il Sei. 104,
564-69.

Dean, A.Le (1937) Nitrogen and orgnnic matter in Hawaiian
pineapple soils, Seil Zei, 30, 439-442,

Dixcy, Fe (1947) The porphclogy of the Jos Pl tecu. .ppendix
to Bull, Geol. Survey Migerin, Yo, 10,

Dokuchaey, V,V. (1886) Russinn Chernozen. Isranl I'rog. for
Sci Trans. Jorusaler: in collected writings

(Sochineniy~) Vel.3, send, of Sci, USSR, Moscow.

Bblon, .De,(1977) Stotistics i g phy s roctical approachs
Bnsil Bluckwell, Oxford,

Feleomer, JJDs (1911) The molugy amd seogrophy of northern
Nigerin, lMacrilinn, Lordon,

Faniran, 4. (1970) Lonforns cxamples fron Jisorin, No.2,
The deop wenthoring (Duricrust mrefilc)e Nige
Googs Jour, 13, 14=14,

Faniran, .. (1970) Depth anl pattern of worthering in the
Nigerin procanbrinn Mserent Couplo: rocks arens.
A prelininmnry roport in T.T.J. Dessauvagie &

roJe Vhitermn (Bis.) JSricrn Goslogy 379-393,

Faniren, j. (1974) The cxtent, profiles and oismifeance of

decp weathering in Nigurin, Jours of Yrop. Goog.
38, 1928,

Fanimn, A. & jreola, 0 (1978) Esscontinls of s.il study with
specinl refirence to tropieal ivics, Heinpemann,
Lonlon,

Feie0. (1969) 3Sc0il apl water rescurce survey of the Sokoto
Vﬁllﬁy. V‘.‘Jl.'f, U.Hn, F.‘.Ol

PitzPatrick, Be.e (1971) _Podolo . gystorz.tic pproach to
geil geience, Oliwer anpd Foyd, .dinburgh,




215

Forth, H.D. (1978) Fumdnnental of scil scicncc, John Wiley &
Sons Inc. & Toppa Cos Ltd., p.229-231,

Furley, P.i. (1968) Soil formation and slope developuents
The relatiomship botween soil fimation and
slope angle in Oxford area g, Geoicrphs 12)
32-42,

Crwveud, M (1968) Les scl bien droines sur rtoridmk sabloux
du Niger. Cnh, ORSTOM Sor, Pedcl. 6, 277-307.

Gill, Meie (1974) Hydrclogical chumcteristics f the Sckoto-
Rirn Bsine. Savanm: Voll.3, Fc.9, 61-76,

Grin, R.B. (1953) Cluy rimoralogy. MeGray [ill How York,

Crove, ..7. (1952) Lenduse and scil c:nscrvation on the Jus
Platenu. Bull., Gecl. Survey Higerin, 22,

Grove, L.Te (1958) The ancent erg of Huwusalonl and sinilap
fornetions on the scuth side of the Sahar.

Geographical Jour, 124, 528-33%,

Grove, [ «T. & ‘Inrren, A\. (1968) Mntenary lardforns and
climte in the scuth of the Saham. Geegr, Jour,
134, 194-208.

Grove, A.T. & Pullan, Reie (1963) Sore aspects of the
Prnlecgoography of the Chad Basin, In, F.C. Howell
& F, Bourlicre (Bds,) African ce.lcsy apd huap
evolution. .ldine, Chikagn.

Grove, i.T. (1956) Scil ercsion in Wigerian. I[u Q... Steel &
Ceie Fisher (Eds.) Secgraphical cssays on

British Trcpical Lands. Georw Thillip & Sons
Lbﬂ. LC-rﬂbn '?9-1 11 -

Hortrann, R. (1979) _gercgnticn in ReYs Fairbridie & C.We.
Finkly, Jnc, The Encyelecjecia cf scil science
Part I, 24-26,

Hosse, PoRe (1955) 4 chenieal and physieal stw'y of the scils
of ternite vounds in Bast  fricc Jour, of Bool,
43, 449-161,

Hi-gins Golie (1963) Upland scil of the Shu-nru und Knne areas,
Unpublished Soil Jurvey repert, degiontl Resource
Staticn, Samaru, Nigeria,

Hill, I.D. & Rackan LJJ. (1973) The lanl roesourcos of contral
Higeria Phasc 1: Interin rcpert on the lamdforns,
Scils and Vegotaticn of the Jus Flotoau, Velld,
Landforns and seils,

Topking, B. (1979) Foarcst anl savanm, Heinerinn, Ibadan,
49-‘71 -




216

s, P.Hs & Bates, T.F. (19%64) Fixation of hydroxy -
aluriniun podyuers by voerniculaite, Scil Sei
28, 763-69.

Hutcheon, dels; Rackhan, LoJe & Word, Ae'. (19753.) The land
resources of contral ggria, Emag . Intorin

report on tho glo PTIS ; otation

Jockson, M.L. (1960) Structural role of hydronuinm in layer
silicates during soil gonesis 7th Intor. Congr.
S0il Sei. Trans. (Madison) 2, 445-.55.

Jackson, M.L. (1963) :luminium bunling in scils: a unifying

principle in scil seience, Joil Jei, Soc, Am, Proc,
27, 1-10,

Jackson, M.L. (1968) Weathering of primary and scerndary
minerals in scils, Trans. 9th Int. Congr.

goil Ei. ‘1', 281"92.

John, .. (1967) Movement of socil misses on slopes, In P. Macar
(3.) La evolution des wversants, n.157-165 liege.

Joiyooba, I.i. & Leow, K.S5. (198}) Effect of cultivation on
the physical constitution anl pH of the topscils
under a savanm climate, northern Higeria (in
Press).

Jeje, LK. (1978) . preliminary investig:tion into scil ercsion
on cultivated hillsides in parts of wostern
RHigerin., Geo=Beo~Trop 2,2, 175-17,

Jonny, He (1930) . study of the influence of clinttc upon the
nitrogen and crgonic mottor content of soil
iggouri . ta., Rtescareh Bull, 152,

Jenny, H. (1941) Foctors of scil formation: 4 systen ¢f
quintitative pedology. MeCGrw Hill, New York,

Jenny, He (1950) Cnuses of the high nitrogen ond orgenic matter
content of certain tropical forcst scils.

Scil gei, 69, 63-69.,

Jenny, H, (1961) Comporison of scil nitrogen and orgrnic
cnrbon in tropienl amd tempernte rofhions as
obscrved in India nnd jpericos Misscuri jgric,
Dep, Zxp, Station Bull, 765.

Jenny, H. (1965) Tessora amd pedon Soil Survey Herizons 6,
8-9,

Jenny, H. Binghon, F.T. & Padillasaravia, B. (1948) Hitrogen
anl organic matter contente of caurtoria soils
of cclunbia, Scuth Aperiea, Soil Jei, 66, 173-186,



217

Jonny, He & Lecnend, C.D, (1934) Punctioml relotionships
tetween scil properties and rainfall, 3Joil Sei,
38, 363-381,

Jenny, H. & Reychadhuri, S, (1960) Bffcct of climate and
altitule on nitrogen and crgnnic matter
reserves in Inlian scils, Inlinn Council
Lexic, Ros, lNew Delhi,

Jones, MJJ. (1973) The crgonic matter content ~f the savanm

scils of West .ifrieas Jourmal 3uil Scie 24,
42-53,

Jones, MaJa & Uild, as (1975) Scils of the Jjest ifrican
savannt. Tech. Conpe Nol55, CuB linrpeden,

ndctn, 0. (1970) Orgnnic matter and nitrogen status of some
scils fron the savanm sone ¢f Migeric., Inaugrel
Conf. Fur .iss, Nigeria, Ibcdan.

Tilner, VeJe (1974) Nutrient losses fron cressl:nds through
lenching and runoff in Deu. linys (22.) Forago

a Q 3 of
;aﬂ -360.

Ting, L.Ce (1950) Outline and disruption of Gondwanaland,
Gecl, Mag, 87, 353-59.

King, L.C. (1962) K olcgy of the earth, Oliver & Boyl.

Kogbo, C.ie (1976) Geclogy of Nigerin, Blizabothan Pub. Co.,
Lages, Nigeria.

Kenonove, MM, (1966) Scil or ¢ mtter, erzan m, London.
Kornondy, B.J. (1976) Concepts of ecclogy., Prentic-Hall Inc.

Kewal, J. (1968) Some physical properties of scils at Samaru,
Znria, Nigorin: Storage of woter and its use
by Crop. I. Physical status . s ils Nig, jeric,
Qngr‘ 5, 13—200

Kowal, J.M, & Onolokun, 0. (1971) Hydrolcgy of o small
catchnont tsin at Saonru, Nigerio, liig, Geogse
I!C'!ir‘ Vol,7, No,1, 27-40C.

iownl, JoMe & Kmabe, D.T. (1972) Jn agroclitet,logical atlas
of the nerthern States cf Nigerin, .[.B.U.,

Zwrir Pross,

Kowal, JM, & inssan, L.H, (1976) jaricultural cc-logy of the
sovannn: o study of “lest frieca, Claronden
Pross, Oxford,




218

Kowal, J.M. & Kassam, A.H, (1977) Enrergy load amd
instantaneous intensity of rainstorm at Samaru
northern Nigeria In D.J. CGreenland & R. lal.

il Conservation and Ma ment in t
Tropics, Iew York, J, Wiley & 3oms,

Lazy Jo (1951) Illustration of influence of toposraphy on
depth of A -layer in podzol profiles., Soil Sci,
71, 125-127,

Lal, #, (1977) Amalysis of factors afiecting rainfall
erosivity and soil erodibility in D,J. Greenlard
ard Lty Lal _Soil Comservation and lanagement in
the Humid Tropics, New York: J. Yiley & Sons.

Lawes, D.,A. (1962) The influence of reinfall conservation on
the fertility of the loess soils of northern

Nieeriao Big. &gga JOur, 5, 33"38.

de Leeuw, P.N. (1976) Fodder resources and liverstock
develoment in nortk-east Nigeria. Savanm, 5,
6172,

Leneuf, N. (1954) Les sols de secteur cotonniere de Haute-Volta,
Proc. 2rd Inter-Afr. Soils Conf. 2, 971-991.

Leow, K.S, (19’75) Aspects of soil catena on granodiorite umder
tropical climate, Singapore.

Unpublislwd Ph.D. thesis, University of East
..mgliﬂ, U.Kl

Leow, K.S. (1979) Differentiation in particle size
distribution and mineralogy in soil Catena in

Singapore. Geo-ico-Trop, 3(4) 221-252,

Luow, K.S. & Smith, B.J. (1981) So0il pH amd textuml variation
in the eluviated A horizon on Isemont Complex
Slopes urder a Savanm climatc, northern Nigeria.

Z, Gecmorph, 73-98,

Leow, KoSe & Ologe, K.0. (198) Textural variation in a soil
catent on granite under a svanm: climate,

northern Nigeria. Geg-Eco-frop,, 5(1) 21-31,

Loow, K.S. & Jaiyeoba, T.A. (198) ZBrodibility of some
northern Nigerian Soils. In D.d, Ajaksiye,

K.0. Ologe & K.S. Loow (&ds.) Zrosion apd
desertification in Ni in NADEF,

Leow, K.S., Ologe, K.0. & Aikhormu, HeB. (1965) Otscrvation
on rainfall orosivity at 3amaru, Zria, Reoport
on Inter, Conf, on descrtification, crosion
and flooding in ,frica,

Martin, J, (1970) .llocation of CEC to soil fractions in
seven surfoce soils from Papmamn oamd the
aprlication of o cation exchange fnctor as a
wenthering index. Soil Sei, 109, 324-331.



219

Mortin, J.P., Martin, W.P.; Page, J.P.; Reney, l.is & Doement,
J.D. (1955) B5o0il aggregation. ,dv. .zron. 7, 1-37.

Martin, D., Sieffermann, G. & Vallerie, M. (1966) Less Sols
rouges du Nord-Cameroon.Cahe. ORSI'CGI Ser. Pedol,,
4, 3-28.

McTainsh, G. (1984) The mature and origin of the ncolian
mantles of central northern Nigeria, Gooderma,

33, 13=-37.
MeToinsh, G. & Strokes, S. (1980) opmental 4
ar central Nort r sor's e

Dept. of Geog,, Byero Univ, Knno,

Mehlich, A. (1941) Base unsatumtion and pH in relation to soil

type. Soil Sei. Soc. /m, Proc, 6, 150-56.

Milne, G. (1936) Norm:l erosion as o factor in soil profile
development. Nature, 138- 548,

Mohr, E.C.J.; van Baren ' van Schuylemborgh, J. (1972)
Tropical soils, ¢ e ive atud he
genesis, The Hague-Paris 465p.

lorgan, We.Ba (1959) Some comments on shifting cu:ltivation in

AMricc. Dept. of Geog., Uniw. Collogo, Ibadan,
Rescarch Notes, No.9.

liorgnn, R.P.Ce (1973) Soil-slope relationshipe in lowland of
Selangor and Negrisenmbilan, West lalaysiz,

ZI (bouoreh. 17' 139—155-
Hortimore, MJ.Je & Vilson, J. (1964) Lapd onl poople in the

EEQ closed-settled zom. mpt. of GBOG. &.B.U.’

Zorin, Ocensiomrl Papers lo.l.

Moss, R,P, & Morgan, W,B. (1970) Soils, Plant ond farmers in
West Afriea in J.P. Garlick & R,7.S. Keny (Bds,)

Ecology in the tropics, Pergnmon, Oxford, p,1-31.

Norton, E..i. & Smith, R.S. (1930) The inf luence of
topography on soil profile charaeter. _Jour,

e S50C. .gron. 22, 251-62,

Nye, P.H, (1954) Some soil forming processcs in the humid
tropics. Jour, Soil Sei, 5, 7-21,

Nye, P.H. (1 955) Some soil forming processes in the humid
tropics, Jour. Soil Sei, Vol,5, hHol,, 56-62,

Nyo, P.H, (1954/55) Some scil forming procosaes in the humid
tropics. I-V. Jour, Soil 3ci, 5, 7-21 & 6,

Oortel, 1,C. (1968) Some observations incomjctiblo with clny
illuvintion. Tz h Co S0il Sei, 4,
481 -88,



220

Ofonnta, G.3.K, (1965) PFactors of erosion in the Enugu
region of Nigerin. Nig, Ge our, 8, 45-59,

Oguntoyinbo, J.S. (1983) Climte in J.S, Oguntcyinbo, 0.0.

ireoln & M, Filani (Bds.) 4 cwosraphy of
Nigerin Developnent, Heinenann, Ibadan, P.

Ogunwale, J.lhe (1973) 1The is clasgiticition o
derived frorm sandetote of various lithological
i Unpubl, Ph.,D., thesis,

Univ. of Ibadan.
Ojenugn, ieGe (1969) Ped tic study of hill-uas ils i
~ :

western Niguria., Unpubl. M.Se. tlhosis, Univ,
of Wisconsin, Hadison.

Ojenugn, wGe (1975) Morphological, physicnl ant chenieal
characteristics of soils of Ifc and Ondo.

Nig, Jour, Sei. 9 (2), 225-269.

Cjamugn, aeGe (1971) study of soils and so0il ;ones
y %, Unpublishod
Ph.De. thosis. Univ. of YWisconson, Madison.

Ojo-itere, J. & Murdoch, G. (1971) Soils serice straddling
the Savanm-forest boundary in the western State
of Nigerin., Land Rescurces Division., HMisc,
Report, licel10.

Ollicr, C.D, (1970) Meathering, Oliver & Boyd, Blinburgh.

dloge, K.0. (1 971) 1ly devo t in Zorin ren, Northe
Nirerian iwith particular refeorence to Kuboni

sin), Ph,D. thesis, Univ, of Liwverpcll, Vol,1,

Ologe, K,0, (1976) The water budeet of the Taho dreinage
bnsin, Kadun» Stnte, Nireria, Guest Paper
rresanted -t the staff Semimr, Dovt. of Geoge.
Mmycro University College, Knno.

Ologe, K.0 (1 978) Gecmorphclogy in C.... Kosbe (Idt.)
Gecscionce investigmticn of the fudersl Capital
Territory, Phase 1, p.1-43,

Olore, K.0. (1979) Primry mroductivity of Hiseria's lamd
resources. In P.0, Sndn & Ge.3.D. Onuta:
Sputial porspoctive in paticnal develcpnont,
Vol.2, inmual gonewnl conf. NG, Univ. of Benin,<
Bonin Gity.

[lore, K0 (1985) ntlos of structurcl lo.ndforns in
Nigeria, Dept. of Gecg. Lhndu Pello University,
Ocensioml Paper, No.9.

Clelcbou, Y.PoS, (1 982) Somo aspects of river channel
vorphclogy in the ia nrea, northern Nigor

Unpubl, Ph.D. thesis, jlwndu Bello University,
Zaria,




221

Olowu, J. (1967) Prelinimry investigntion of sroundwater
conditions in Zaria sheet No,102, 3.Vie

Gaclogical Survey of Higeria Report No.1462,
Osesard, Teke (1968) _Jssessrient of sroundwatcr in the Xuboni

Velley, Unpuble M.Sce thosis, lincdu Belle
Univorsity, Zoria.

Pooch, M. (1941) _vailability of ions in light sandy soils as
affectod by scil renction., J3uil Sei, 51,
473486,

Picrro, We.H. & Scorsoth, G.D. (1931) Deternimaticn of the
%BS of acils anl its value in difforont scoils
at dofinite pH valuos, Secil 3ei, 31, 99-114,

Pitty, .oFs (1979) Geography omd scil mwoportios, Mothuen &
Cos Ltd., London.

de Preez, J.Y, (1958) Biu Diwision G,S.N. Deport, No.551.

Puch, J.C. & King, L.C. (1952) Outline of the peonorphology
of H'if'erm- Eog§¥l “hﬁica %ﬂ- g-(agl:. 34' 30"37.

Rackhan, L.J. (1970) The Planation Surface of n part of the
Bisencnt Conplex of northern Nigorin, An
interin replrt. In., T,F.J. Deascuvapdo & A.d.

Whitepan (3,) gfriean Geclo.y, TUrniv, of
Ibedan, ped27-435.

Radwanski, 8.4, (1957) Cocon S0ils of Western ,shenti,
Ghanr, Repurt of the Cocca Conf,, Teilione

Zeichle, DyBe (1970) (B2.) _am) of torperciure forost
ccosystens. Beological stulics 1, Smringer-
voring, New York.

S~lom, M.2. & Hele, F.D. (1968) .unt (Fornic: cxsccteides)
pedoturbition in o forest soil, geil Sei,
&" - J !‘ Pl"-}cl 32, 563-67.

Shul'min, AeM. (1957) The tenpernture regpirw f scils.
Isroal prog, for Jei, Trams, Jut, liv. 1357,

Srith, BJJ., Loow, K.S, & Snith, DM (1978) 3izeo scrting
of surface materinlas on debris 1nntle slopes
near Zaria, ncrthern Rigerin, Soveam 7,
19-28,

Soyth, Li.J. & Hontgonery, R.F. (1‘52) Soils onl lanluse in
central western Nigerin, The Govi. of Western
Nipgorin, Ibndan.

Stanffer, R.S. (1972) Runoff pereslation anl leaching losses

fren some I1lincis scils. Jowr, o, Soc. jarons
34, B0-835.

“rescott, JoA. (1951) The Soils of justralic in relation to
vegetation amd climate CSIR Bull, 52,



222

Stophens, G.G. (1947) Puncticnal synthesis in pedcaencsis.

Irans fdoy Scc, fustr, 71, 168-181,

Stephens, I. (1953) = petropraphic study of o tropieal black
earth and srey carth fron the Gold Const,

Jour, 3Joil Sei, 4, 211 =219,

Swan, S.B. (1970) Relation botween regolith, lith-logy amd
slope in a hunid tropieal regicn. Ma T
Inst, Brit. Geographors 51, 189-200.

de Swardt, i.M. (1946) The recent erosiomal histery of the
Kadunn Valley. Nigeria Geol, surve

sonual Report, p.39-45.

Swindlle, L.D. (1965) The properties of soils (crived fron
voleanic ash, World Soil Resource Jopurt,
L0, 14, R-86,

Thoms, M.F. (1974) ZIropical geoncrphology, !ecuillan, London.
Thompson, LeMe & Troeh, F.R. (1978) Seils and soil fertility,

McGraw-Hill, Mew York,

Thorp, Jo (1949) Effects of certain animls that live in soils.
Scil nonthly 68, 180-91,

Therp, MoBe (1967) Joint pattern and lamdforns in the Jaware
granite nasaif, northern Nigeria. In B.Y.
8tcel & R. Lawton (Eds.) Liverocol Essay in
Scography, London, p.65-85.

Thorp, M.B. (1 970} Landseape evoluticn, In M,J, Mertirore
(Ba. ria anl its io Xpt. of Geog.
Abmadu Bello University, Occasiontl Paper 4.

Ude, R.K. (1970) Geographical rogicns of Niscrin. Heinorann,
L‘"J'Iﬁ('no

Valette, J. (1973) The reconasiance scil survey of the
Monkwa-Kotrngora-Konji area, Nerther ‘Vestern and

Kwnra State, T.A.X. Soil Survey Bull, Jrngru,

Vant Hoff, J.H. (1884) [Etudes de dymangue chindgue (studies
of dymaic c!nnistry] Federik Muller & Co,
msterdam, Holland,

van Wenbeko, l.it, (1962) Criteria for classifyins tropiecal
scils by age. Jour. Soil gei, 13, 124-132,

Webster, R, (1959) Gonesis and classification of upland scils
in northern Rhodesia, 3rd Inter., . fr. Soil
C(:ﬂf. C.C.Toa‘;. mlﬁm’ 1:221 '-2)26.

‘ebster, R. (1965) 4 catemr of s.ils on the n rthern Lhodesiea
Ploteau. Jour, Soil Sei, 16, 31-i3,



223

Whittaker, R.H, (1970) tics apl ecosyatons
Macnillan, lNew York.

7ild, e (1971) The potussium status of s-ils in the savanm
zone of Nigerin. Bxpl, jerics 7, 257-260

"right, 4eCeS. (1963) Scils amd lanluse of westorn Sumoa

DeI.Seite (N=2) gSoil Bur, Bull, ept of
Seientific and Industrial Resecrchy Noe22.

Wight, J.B. (1968) Scuth ;tlantic Continent~l drift and the
Benue trcugh, Tectono-physics 6, 301-310,

vond, fLwWe3 Hutcheon, dede & Rackhan, LeJ. (1971) The Lamd
rescurces of central Nigerin, FPhisc 1., Intorin

oart in t 1a orma, scil rn! veretat P

Young, .. (1976) Tropical Soils and Scil Survey, Canbridge
Univ. Press, Canbridgo.

Yuan, T.L. (1963) Some relationships among hylrogen,
aluniniun anxd pH in sclution and soil systems.,



e | . . Ty
e APPENDIX 4 : SOIL PROFIL DATA SHEET .

' . T | .Fv LI ._q 4 = La y WI. _u R _.”~ | _~ ¥ |_.._ . —uL m m , S __w SR
y ® 3 a4 i @ 5 w0 A W w1 W iy ae _... -p : a 2% 2 -u Tl .! da 32 X af e} -_ h] @ si_gs 44wy 4F ¥ Ll i
R g I M R NN L I ] = . 3 T —— I-i!.l.i-m..l.;h LS &)
Feowwrar | | [ wwaner [T Jomounit ] gz o]2] T ] _.2?._,2..: [sleli|7
o s e :
doracoomes | ] | | [In] T ] ] ]] . - , — S —
.Brﬁoz...mh... I pre 3::5:- CoLOUR OTHER no_,c::m HE Pt A T T ]| T b | woors s MIN[RAL GRAINS | ST0MT 5 (ani o ;.1.;. € AN, IR CONCONIRA
| . I - - —— I oty 18l 3T alsbs Ioira  IoTPl "gis |2 ia |2 iran . T LT
. J e T Tomwe L Y [ Tcacoman £ 15 comove| 3 [ anuwp i O A A A Tt R R R T A=k .Hn"_.p.
|| e e [T R T E Y il AL Lt A1l 1 o 11 21 U1 SRS SR S 1A g £ 34 3 R
_.eh—anbu o u- ‘ e ‘e O V| v Q.iOO_GIC i 0 Vol 00|00 |0 - = Inllﬂ.l!_
40 Vans .T..; _ o a5 afemfihy ._.umu e ws D e R ) B R T ey ey O A .-....._!_:.L....:IE: ; ..._:_.n PO R
+ 21y ew'g | .r g eyl S O tiE __._.. 810 Wi wls by SRR R o = B FEPRES LR 5-0 12 ....c..l..fv_w..e yoalyam S e gy Dl b il 2 :.4....3_.. -8
" _: ....?.- s nl-T 3 b e w_u e 1 N e L S whmilelvhilydlye 0 oe s, (5 [0 aud press Fabm salfale €0, ayw ma T oy Yyl s 0 R 0 e e s B
Is ;.hl.l_.slo—.sloa 4 v la s 4 —_-Gl_.; _33 5- 2% __.n.v._.._-. e _ | oo 10387 R "*3_...:_.:_-4.... b g by | n“;.-a. ' .u.._..r.._r._.“ﬁ-l
1 s sjuws s o) s s 55| HUKIE :..Ev S Prupn ] tmhora | | Toad it | h _e | mfh e PL el g e %) e
a.:._.._......-_ _:-.w.r: lelile'e _“_!.L.. e | | | e st | | | vy | w, v il | Ayl -~ [ ﬁl_ e % | v oS m
7| :__: 1)1 a7 _. we ) | pse -,._ 07| e 7| | se0 | I8 | - 1 “Rd | ﬁn-. _ | _ 7 _ i bea [ eI A ] epe !
g0 o [sls ; [ | o i . ! spame! | e |1 )] ] f | | f _
l!.l.,L-__. _... . 4a 1_ 9 _‘_ L Lt s rr!..-l.-.....:..s_.s_.‘ . .115.”.5.!... e ¢ o | ar “ | s fur e l_t‘l.
:_-a:a:. e o/0| wem _...u.,.,.._ 19 ..u.aoolu_oooun SEn[o oo o eoloolole o]
4 ..5___.—-____!___.__1-95. 5 o o (v e o v m— 1™ pilat ol g o8 ot p e ppid -0 s i _ )
Lu I iy @ u_ul.l.—_u 1 Sfu 0w 510 pmiogls -HT...:..;.;.P!-T-&.P... ! .:w.,.l...o_.h;a 0 e Sy . e p— r-.l.orﬂ’.i_- L ..J
Ty ) WS ...I.u 3 W33 (38 P e s i = - “feioww .__i._ [ 2l "o socn kemis o ress .4:..._-.. iat s b I A e A o= ? - ML pans u Ay
‘I_. o_-!llt-i..ﬁulc. 4 ned " 3-.'!..”T_|IT 11 _ _._....\._.—._ ko env§  [1e sa g _ Ly LY .?.J-J.lx...._{tul_- :__ 1404 v.a__.___.t.qu J.!i
s J:un. .__.L. § s s isls ! S im prin e Bl Y hava o | B | fheme |7 | W o I e .._ o N...J Shoni| | o |
lo!lra-:r: ot e o - hsage 1 | ! ool | bt | b o, _c.._._ sy v oo %
SLILIICLILN el lnT M e ' | I R [ 1 wt | N.a.h [ s | _ | v, .l_ a____ " | NP
_ oo/ in's ls 111 | LR R E LT i | ]!
919 | ae Tar e ar o vnariw afaring for formmer oe sfar faelar [ae 'sr far] o oo oo we It.;.u_l.‘!hl_ P ........ Rl L B R e el
:_on-au olole El [T T oo™ arpmdegmsia| o [ 0[O 50 0 06lv o 0l0 OO o ..|_.l oo o020 o
e : i .__._h:.!___ _. . U -8 l._nl_.__Trl ot sy albnad bo 2mcdlinles walis lup .v_..\-l...r_.-i_.i[...b. i s ke e 0| e - o
T _h l-T. 122 s -0 __I_T. .Mr. dalie or il 1) why 0 Sy 5 0 é:f?atiui.:.'_!tu.."e ) T L L= lr...r__.ls____nﬁj it ol | e
sy 33 ] _- bIld3pe s DT ERT L iy Ay ...__.k!. w' e ~o.un__r ! e P04 .81 Fu | 4 0 g a4 o Ty - _!.u.».__.. A — a3
oo w«  lwma .ﬂ.l}:t?.a 4 _-.a_.!s..tnni.?_ ! I | ZL_. [ 8;.......41.:._. |t ...9»_..:__:?- CICR TN TR ]
slsfs s 4 pre s salss S o g e - “ e | Im () SRERTNEE AN .vsu“i 3 [
oleje ..._..:t..i-..olo:_l 3 o 20 |- s ! | [ fra. : | It pa.| .:oJrh - ___..i he
ebe] | | :__:!.:n:_.i-.v:: 5 w | Pl - A sor : _ i b :e:;lb_ : w e
e s 8 ss| [spr] vinlus ) i | ] v | L |
ufc-xm ol _ e’ ne o L.- Vi e - ar I_l-!_.._l. Ar jor jupmet ot WIRE (0P nl (0l ar jar y... i l.l_! t_l__l.l !_l_ l....t__!.!- vn_ll I A _‘_.l__‘ wr
.ﬂn Tc wfeeln]e’aism .u.l_.o_..Tnoo: o 0[S T[C[F000WTT0 O eup] o ol Jlololeojele o,v 0 ats | Becmim 25105900 9
_ e » ..._:-.._ 3-__5-__.._.&95 " S = e .::c-..... ad b0 0oy i ! ot llptr-?-._“.Jllul_.:_...._...._...._:Ll....__...u.._ .:l-......!._l_-_
L ' me1d te p.liu:~ o i £ 510 |* sy ptemlie oh ot i gty 10 1l | 5 10) et -0 0 et amen ¥y e A Ll Ll.-nil.l—..u.l
4 ._Q . - 3wy 3 X u._:_.- 313 s pmsws 3 =15 == ..nju.. o f " . bat 0! © 1075 : . bt g o 30 3.3 Pt 3, g 0 e P _\.{.J:m th;ﬁ a3l
e ok afo|omemmmis 4 sma alsle| | powag 1528 I < anfy o Bl o | o %0k - [ PR e ...wz_::. 5750 W g k0,192
OeE) W : e un 55 5 Heda prwpine g N min \ | ™ Fu i me, P _“...L | hes S _i ¥y ....?. *
X | _.urf l-_“ra l.oaladt Fr b lelb b _ ...n...__r._rfm t..o_. = L _.._.r ] | e.ﬁ._ ! | a.... ,J._..L t.o_ J..“. : 1...3«“ .th..m | ....i A
UL 117 wejv | el !’ _._ M _u.:q....:.._ | TR 0 | | A | - ! _ ssa”] | | bee, | | _ I...ET_.,". .o_ ’ £ he
| sl 18 .- 5 A._... T e ; s ET Rl | _ b 1! “ ! _ 7 _ -_n
o ey EEl 99 {ar i ar ol h.r.ﬁ_l.....:.. e L LALCICCAT O oo (Lam i wlaclariar o or lar] gt o | o | o o v |l nr [ lne | we I_.\ll_.- 2t frbes | e l.s peoar wr e W
4 oo A o 1oo!n_nornﬂﬂ».o€n_.oe ) ..ana_nwnnoun_bn.eoOQ,m.*mio o olololoolelolalo 0jalo alefolofo] .Lo—uoomn_ocon. a
_ e S L] -. -L oo =6 iRyl 4F rhk...;_-._n_. -8 ..l.\.o_.. .__ -y c_.._.ﬂ.s Ll S S s 310 ) | n.n_» r__-.i_.lr- _. I_._u.._.l_.l__-.. r.;-u_..._...._-.__l... <l
! I ' 1l !.._ 12 .:“ Rl oty ] B U R ved i UM DAL 3w w10l | & SN S AT ._.-l_...... P "o }....,.mﬂ -l
i s w38 s _.:L:.. 3Py 3/3[3'3>8 P R B e o SR (R T i | Pl Fubse 35| Fm [wal T g a6 o' 2. St o) TWL:_H.. e P
i . cale .s..!._.u als|e .:..._:.... | .._. -.... meas s - ool B e | _ » ... " .l.,......::l_J* s o AKar Bl Magitals 51
! ! § 15 -_ 5 prR S | 518 uu.- AGH fS4a M priw s p| G parn o [ 4 e —...“ - " Lu . _Iv 3
} delelon oo 'mle e weiclelile ‘crrr_ !a doa | W | ow o e 3 i | el e PO,
i AU TRER T L _!q:____ Yo [ A e e o~ hia) :_._.... | 2,
' o) as o w...- 4 | | p | | || e i ﬂ
A o of Iwivar arieel ae »Kh w |90 W [wrjae LA e L U O A Ciarint g jorfar| - w o lne llltmanliltt‘ln\l..\ ll.&.ﬁw“]-\l...l.l
- s S s mmimasem le= 4 @ s & s . ' —ama . —— .



225

APFENDIX 2: SITE DATA SHEET
284 s bl Todat iR urat it s e gty g ..n.:_].rl L i Rl seeg ..&t.u...u-. 4 e u_.l!}.th.._...# vy *WEP.JH
. R SO ol
a .—u._r Y ._u ¥ __1 _w [ ._u y 1 ._u ] - S _—.._ ... ._u § 3 .r
.o T SR R ... ro r. ..- |..v|.. AE ah_ 4] of 44 38 3L 3L 13 3y 3 6 3) 18 ] Ae w A&
ocz.;i _ _ __.wonmn._- [T fmwoonee [ [ T T T T T ] [prorice | || | Jecos coomns €] |
N unT A6 GEOMN/SOIL_uNIT LAND sysfefn AUTHOR 5 PROJECT
on_fACE 1Y Geom [soi.  FACET FACET DATE ProfiLE $617
PO SHELY S22 SwW ALTITUDE STERES PAIR GROUND PHOTOS
f % *le % LITTER Micad - RELIEF  KRAcawe | CULTIVATION LAND USE o
SITE SLOPE suser | surense | aneses o Daaiamal Subsidiaty e -
| Odes [Ponir 1% a0 Fiven Dugrtnes | Minures e i $romite > nn-n..--.n...-_ uul‘. duv- .lw..v....nn o .n-u-’ Tybe ;o.,u.r_. Tyre “lafign | Type *LArea Coan
P10 |wae am| 0 e |lo e — - - s -~ © ©| o |ees | mmm| 0 | 0| 0 o o
...q_ (N [ TTCR I E T ' ' i ' 1 [l ' ' 1 fleef| 4 V LK . t lHes | 1+ [Mech [Faes| 1 i Forest .I.w..r ' (I 7P ] S U [ Baded | Tour
re :. :.._.. i w2 e | o [ S a £ a A | » Baml 2 a 2 [hemite] 2 i 2 [Reet | 3 Pamed Meud | 2 L Thide! ! 2 L ekl Aablel > 2 ISiew | fone
dlmsefna s bl s a3 laals]s]s Bos®l 3 [ 3 | 3 Neea| 3 | 5 | 5 heeon| 3 fotest jign | e | 3 frowmdfaot] 3 | 3 Frewrpm | 3 | 3 [nea [tap
w4 Kewr. 4 4 5 y g8 S L 8] s ] s fisal 8 | h | el v Y] - Pt | 4 |y frsdifone] § | 3 Dromdfoles) & | 4 pree—y
o] s Mol s s |eslsls|s]|sls]|s]|s|s s [ s ] s[{s]|s|s < »ran>> £ | 5 Fser 5| s
"nom™ e | el ¢ |6 |e]ecle] s 6 [ o] fele o] 6 é | T.: b | 6 B 6o
W R m ! ;_l~ ? 1202120130 217 AN ER AR . ) 72 | 7 [6siy 7 | 2 Keu 5 1
i’y l's s | s s |3 |e|es|els]s BEAK NERE 3 K 1 | t |9
9l. (4 919 al9l9lalala]n KK 1199 9 ‘1919 |9 1]
EOLUGY
i taneny NATERIALS UrIERLYy NG Rock
o T s L R D N 2 S S e A e OO 1 [ Tike E,.n.mﬂ...» Maf [Sed [ Por | Baegfomend tager [1ope e TEE Nt | Sed | fer [Podeg [0oromf Tabe FATTEENT] At | Sud P
i . ofle |0 - o < ~ well 0 | 0|0 | o |cle
Gl | lga  rre|houd |Sheof|fong [ Soe [Fere [MBarll 3 | lgn | Cone | Mo | Sbat Cong | Sear [Fare | Miuefl T | Ign [Cise [Reid [Sehiar{Cong [Svar [Teor |Audl T Van | Cose |Auid [Sebosl] Cong | Son | Fare |Ailud] Ign | Core | Roud [ShalCong | So
QL [Ner Ped |late - Ay [Sitie Koluofwtm (Ml | Red [lates [Guaas [Swual Agg [Si1.c Memier| T et | Mad [later [Garia [ Bre Agg [Sile Kotlorfl x [ Rat [ fed [1af0r Gueasibraal Ay [l [Glow] Oab | Masd |lafer Gacas|beny A3
K [Sed oo Bave Qyire[Sofee [Tof? [Calei|bos | M [Tad [Fine [Bass Byite I atog T8 |Gliic| Lo | B | Sad |Fine [Base Gyt [S ofar| Tl [Calece | Lae | pr | Sed [Fine |Bansc [Qyte |5 i1 04 Colawe | Lt || Swdd | Fine [Bane [Qyte b ane| T
. _L._.frr LY rr.r b [baue [Nar | T2 [Py [edif oieee|Peg [Siate| Ash [Bacy [PRar | T2 [ty (UadiPlo BaciPoy |Shaie| Ash |Bavs |far T | Pyr [Sedif juthes| By (Suale [ Mab [Bass [Rar | far [UnddlUbos Pag [Sialef sk
| T |Pedey Y] 1) yaim ki [Aeol | = Fudey Undol [Uash? [0 50 |lgnim MaddiT Aol | T [Ped adt’ [Uad P [ e Lgam (0ad T [ Aa| | [ Pasdag Wil [Uad ¥ oloafIquim|vad | Aual [Padey el Vadf [0okee | lqa
Tl e— L oo Uaa l Clae | I rl. L o | Umdi? Clae | T [Uetams L odee Uit Glagl B |Ueeeny L ofug [Ued.f 1Gla e | emh K ofas| Uads
C& Nl Dolam 0:9. | €& FL.. Dalem Oy | €0 |Usdif Bolen Sy flee juaar | N Oryq Balsm
st ] T bt? | i dfoedt fosr | s t Uadt] il
. [ 1 _ ] _ | |
OTES e DiIAGRAM,, b

-~

[



-;; " '; =
5 :
31

o S

t
A
gy "t

- ' ‘

\

\
ﬂ.

_;a
b
]

Ve
i
1

'L
£.‘i
}

3
g

’i

APPENDIX 3: LABORATORY ANALYSIS SHEET

s

ARAMAEES

udw

N Nigerin  Frern S £ra Nos 245 —9 248,
" 1!»:4-n|. !.Iu]itls 1n )
Characterintic g B i v 5-
2587 l 2% | 2i%¢ f 2560 ¢
!’_ o- 4-33 | 33-83 | _$3-i5§ = 2o
3 enict o.dase o3 E o.;t:_ _!:‘h [ 1-8 |
| 2a2% doneity p/ol a.d.se 14 | 138 1-29 T 1-28 f
i_ - - - — r —
gt 2z 0O 68 1 b-% I 8-9._.___! 4-0 l
P 1:511,0 us'c 0-0% | 0-01 I 017 , d-20
= e st = e
Imh. e o0 | O SRS
i‘.' ne K oreq % Ot i 04 05 07
!‘*t]l. Yo req ¥ : 0'6 ! O'q !.8 2:6
) Kche Caotwq ¥ v 23 ’ 2-0 5’9 ] '!s.o
: ’- } i |
T3, 1 £04/100 § f 30 | 39 Vi | 240 ! ,5
JCECT 1en/200 g ! 26 | 33 | 9.3 ! 4.5 l !
Last saturition % i= 100 I 9% ! 100 l <] 1 ‘
1/ totad % o.denis | ‘003 | ! ! { |
e s e I T
E. tal eontents ppa P i
N K
PR "
X Y |
| CalOs % "1 dal 18 W, —
: tvaflatle P ppn
I {C1sen) '
j (RURF + 1C1)
|
im-r.h::a'xltr.-l cnalysis /./ : '
' M C0Quiin ~ é“nd'ﬂ 2 F 2 3 3
. SO0arm = 2L 7 & 1l_ S -\ § i '
b R 0Gum = /O 27 28 ' 22 | 13\ \ !
I _‘_fcoﬂ- - Sl [} 45 | 43 | 38 | 37 | i
l LQim = ZOum 12 ! 12 I e f i :
P
Py P s i 7 118 ¥




*CO%0 = % £20°0 = #% £10°0 = wax {100°0 = wunn $00UTOTITUITS JO STOAST OORTTIBA JO STSAT®IY

G°¢L  6°01 1°6 1*21  €°0t 18 0'9  £°S ¢*s 9°¢ 0% 1°c
»#28°92 L°91 © 6°}! sexl®12  2°G1 g£°cl a0 S o] Ad N #9°Q 2*9 9°S X Le1d
9°CL  1°L1 ¢°L c*hL  £°¢! 0°¢clt . 1°¢L o2l L*°0} c*oL S°L L8
#»*21%92 8°6L  P°0I vz Pv°¢e  S§°6) *0°0¢ 162 6°z2 5°%L  P°¢L ¥l X ITTS
g*°¢1L 0°'zl 1%L ?°GL  8°0I 1°Ly 821 &'l At 0*z1 S°0l 1!
¥9°Gz  8°lE  6°¢2 G*62 0°0¢  2°9 L*9¢ 2ve  L°¥E 6°CG  G°%9  6°29 X  DuRs OULZ
8°91 £°GI L1 L°Cy  6°Ly 3l ¥4 2°91 8°Ll 6°91 6°04 £°0t b°cl
wx9%12  L°1E  6°CS #1°62  P°IE  0%2€ #xx6%61 L'S2 11 %9%22  1°91 1%6} X paEs esIndd
g*zz 9°LL 26l p*0z  1°64  1'8l R TR T IR TR 110
fl°Lb G0 0tLL  «#sGFG P19 2°89  #x9°9% 6729 8°%9 G°9L 9°08 0°28 X pues
97 G2 2 6% (49 123 61 £ Ly ¢l 82 0¢ gaTdues JO N
~{esw OLPDIM 35050 Tessd ol Toew OLPPIN o 1% W 39030 "Hot3180d
ouoz TTBJUTEY Ut¥ auoZ TTEBJUTSY PIE euoZ TIBJUTEY PUZ ou0y TIBIUTEY 381 adots

NOIIISOd ¥d0TS ANV STIOSd0L EHI O CUAIXEL FHL 39 YIQNELIV
b2



600 = a4 £20°0 = ss (0°0 = ses ![00°0 = sess I9OUWIITITE JO STIAOT SOUFIIGA JO eysiyy

Z't e"o i°2 gz ‘s 25 = 6°2 . vy M a's
£°0) Q%L 6°11 8*0l  8*1 PLL - 121 = [ o2t X ommiup

20°0 £€0°0 oo 01*0 11*0 80%0 - €0'0 - k"0 20°0 Q'S
#80°0 6£0°0 600 g1*0 L0 8I"0 - Lo*o - Q20 00 x 2]

(7 9€°0 €10 1t [« 4 16°0 - £€+°0 - 19°0 §2°0 Q's
~vas P80 26'0 090 (VA 50°2 Lz = g0 - €1 950 x =
£ 2 s 2 4} oL 71 - €l - 6 s o1dass Jo of
(==0081~0061) OZ TIVENITE ELMA0L

92 g'd o L€ ¥z L7z 2t S'C 2% 2'Z £ a5
5°2i €01 ¢ 621 0*0l 'L ST 6°1LL B4V 22t 8'u 2*h oz oF3ee /3

200 2z'0 ¥0°0 80*0  #0°0  60°0 €00 92°0 20'0 0% 20*0 Q°S
#90°0 ¥1'0 .21%0 n'c 010 S0 90%0 §i°0 €'  Llo°0 90°0 X =

1£°0 g£2'o0 26*0 16°0 ] 9" ir"0 ey o 20 Lz*o 0z*0 Qs
wvosefl®0 890 (o, Rl | 60 60”4 Tt 89'0 £6°0 65°0 180 65°0 x 4]
8 L 9 8 0z 1 Bl £1 S 14 o sotdzus jo ol
. (=2006 1~0021) =OZ TT EUITI MEIEL

o*2 69 8 £'c L' 0°¢ v 6°1 g'2 3¢ 1 L2 s
0*2i L IALT @01 §"IL STu 801 8°41 g'or ¥uy 2'zy x  omywm it

50°0 #0'0 20°0 200 £0'0 2070 L+ Bl €o0*0 10°0  g0*0 20°0 0S8
B80°0 600 50°0 S0'0  80"0 80D £i%0 50°0 600 5070 600 x pe -

5L°0 82'0 12°0 2z2°0 £¥'0 920 0z*0 o0 22'0  21°0 g0 T3
see20°1 84°0 (A 26*0 €60 16%0 §5°0 aL*0 05°3 9870 0 I 1 b
¥ o1} L v 6 L o1 6 0z L 91 eardavs o o
) . (TU0021-006) 20Z TIVIUI™T (NOES

) ) '3 €z 1€ €1 - € 0°0 a'z §°0 6'¢ Qs
%9 9°6 S*71 £°L o1t e A o's v'e 6°L 89 x oT3mr /0

p0°0 zZ1°0 100 20°0 o = 210 c*0 1070 200 0%  q°s
€0*0 Lo*0 20°0 £€0°0 30°0 - £0'0 #o*0 £0°0  ¥0"0 200 X il

00 61°1 L2'o 91*0  L\*} ~ Lo 0% 11°0 810 11°0 Qs
€10 t9°0 Z0 g0 9% " 81"0 %0 €z2'0 &2"0 g1°0 x =
L 61 Ly 9 £ o L l € 2 6 wrdzes Jo o1

(Tm006-009) 0T TTIIIITY ISTIS

upducl] UWPTOSY EMIAN{TU) ENTANTIY OTWYS 3[VEW OUOSPUVS 3eTYOS estoud/y EeTUn ATURID TVRIEw Julug

%

TPINEIVR EITYT< QY STIOSd0l ®HI 20 SINAINOD NEDOUWLIN GRY MOTWF) JLITHNO0 ZEL L YIQNSIJY

ote



*G0%0 = » 120°C ® we LID%0 = sas 1LO0%0 = wnne fcTansT JUedTITUDTS

t..:‘m. el roo2ke- Lot so0°~ A zL . 2 e ..m-. I T aunumm
, g:tﬁ. t..:Ima. 2= . o go* 60" ..._,. 2.««. . , €o* nt-wm. -E_.n. Lhi ’ wﬁﬁuﬂxm
UL A, o 5= e 2sb’ Lt S0~ w0~ S LA &' SRR+ A 13 Y TSt ]
R T T~ N ; LT LE o me wetmaz Tok g st W o6 m
S S, | it Lo’ B T el L= a e e 580 52 veet T LGB W 006=005 g
ltttﬂn. t.-t*..mo. be €o* bo'= . o .. . ._ £o° b lo* 64 ttia_.m- t.!-thm. Lot 0ag=o0¢ “
s s 0* ] e w* e me - g0t~ oot L S LT - 4
1y tx:mn. _ sor- kot - - %0 £ ..oﬂ LBt L os0tm Mt ” ¢ o Sm*dompm
SV e obe- . fo* go*~ - for~  o° oL fe'- €0t~ wt L ot Sm_.domf_m
dt t:IR. i 0~ - lor- s1° oot £o*- £o*- to*-  80° i T . ST Eob poZEeDod m...,
it w52 ] _:.mm. ) L=~ ne oget ot s g S0*- W . . tL (06—009 {2,
W1e J22° 0L 7 L OL' paltt’™ o 8ET gt gL et " e L . 2 £ © wedueay
ST L Si- g2 1% TR o ...:Q. ot sete o B0t =t o LTSt 8T TERTOsY
*:r.umho :w*mh- oe* i.frm.cl :tnNm.l ) €z* . :.«mm. .twtam. oz"= . 6o 507 to* tt.t_-.:.._ t!-t@@. ¢ EMIARITOD
gt - s g2*= 60* 1% Bt~ for- St % lo* 1% s2° 1 g of  wmTARTLY _
T S L ¢ 3¢ oot o me g2t ogte Mt 66T g0 T WS wealt M€ BT uﬁunmw .
R -2 . so* 1z ozZ*- e 20 o2 I LR - o e aresegls
:_:G. rnall’ S g 61~ ozt~ b2*- gt et ot ¥ €0’ ) ..Nm. iy 9t _.qo:ﬂ.mw
‘.::mm. tnm. 2L Lo’ - 90 :3. ‘m«. gt o ..on... . R 1 b ..mw. "E »uﬂumm
L wa0E* fge .2t Ghe= ie* @t lo* go*~ g o (ALY saoud/oly,
It i 51 : o' zi* JTE° %0°= 91*= og*~ 92~  fo'v T AN zt ae7ann
RO - : g* o’ <HE° T A & W S 1 L SN © S 1 ayjues
(€L (@) V) TR %) [i7] O L S P R O LR &1 ) )] (570 eeiduns ETEELH
A V1D LTINEO BOTE _ BQOLTITY | BEMIVESEL T KTy Jo oy Rummici=iios

IVID GNY SH0T0VA . . )
TRTWEOI~TIOS SUT QEV STINCAOL SBL &0 OLIVE STOONLIN/NOEUYS O¥Y EROOWILE ‘NOEEYD JQINVSS0 H8S JO STOTVA YIRITA IMEIOLLEF0) NOLITIAFEGC TISAIE 19 XIUELY




"G00 = & £20°0 = ## £10°0 = wws {]00°0 = wwsx IOOUWOTJITUTTE JO STOAST SOUVITA JO epoiTwy

Py C°S ¥ 8°2 1< LY (4 22 6°< g°cL P2 L*Y as
1°2i 2 1*6 G*1b. 6°LL  8°LL  2%2L &% £°hL #+C°GL 1°6 9°8 X orgsr 11D

§1*0 $0°c  §0*0  LD*O 80°0 91°0  £0°0 20°0 11°0 iL°0  LO®O 20*0 as
##81°0 0l%  20°0 110 80°0 60°0 90°0 90°C  LO°C  40°0 $#0°0  £0°0 = ¥ i

¥0*} 280 &°0 0*1  6£°0 86°0 lp*C 0g°0  0£°C S0*L €L*0  81% a*s
»##68°1 62°l OL*0 #+#lg®t ¥8°0  9L°0 #x2L°0 2L°0 25°C  25°0 6£°0 12°0 z T
&b 74 8 6€ 1 e 61 L Ly €l ee 0¢  seTdmEs [0 Off
TToew  OTPVE 3050  LUoW OLDPYN 35000 L6A@ OLDOFA Fo000 [Ue SLUPHL 36900 oo 00+ odore

8U07 TTEIVTHY

ouoZ TTSJUTTY PXE

uay

8U0Z TIRJUT®Y ¥.-¢

SU0Z TTRIUTSY 351

e

FOTNISOZ RIS NV STIOSIOE ¢HL 40 SINELI00 NEDOWIIN Cr7

gec

AT

PEY R

"0 OINVORE0 EHI

6 XICUEdIY



°G0%0 = + £20°0 = »% {100

$O0UBOTJTUITE JO STOAST OOUBTJIBA IO sTsATwuy

* e

L*8 0°G1

6% 0°8i
L*y G°z1
G*C) €L

v 0°22

6°11 poce

¥°L1 9%

0°6 2°Li
1°9 9°8

Fhdiak
0°c 8%
6°% L°Cl
6°L 9°Ct
LS 0°01
0*v 1°%1
L*¥1 £°¢e
9. &%
e £°21
S 2°01
¥ 9%
S 8%t

:

*® & 8 w o

| OV N~ ~0
N -

o

ONN=W®©
v v

0
.
| -

O Ly
e @
0o

-

% St e

2 9°6 L°®2€ 9°Cz L°\c 6°%i2 £°19 4

2 L°0 6°%¢2 8°9C 0°Gf S°LE 6°8S 2
g8°2 O0°%¢ 6°%F G°¢t L°z 6°28 2
0°G| £°I1 6% 12 v*¥z G*ee 8°SS 4
oLy 1°82 6°GL 1°2¢ L*22 2°05 o]
¥°11 G°02 ¥°C1 G*.L S£°LL 0°6¢C 144

L1y volz 6%9) ¥°OF b2 L°L9

6°21 8°6¢ £°6 2°CE 5°GI 0°69
b2 b°sz £°L1 2°GY L% O°LL

(mmo0g 1-0061) TI0C TIVANIYY HINN0L

etk *
G°9% 1°G G°Lz g*% 0O°¥%L
0°Sh P°L)L 2°0Z 0°6 2°99
L€ ¥ 2°61 £°9 £°£S
G*GC 1°0| €°cC £°Z1 8°69
bo2t €% ¥°CL 621 6°65
£*1€ 6°01 0°21 ¥°91 £°6t
peLlE 1°L) 2%9€ Q%L 9°¢L
€*°CC 0°6L S*02 £°C1 9°¢S
2°62 2°F1 8°6€ L*ZL 0°69
0°%< 8%z L*92 9°¢l L°09
pece L°61L 6°C2 6°GL S°LS 91

(mO0Z1=006) 07 TTVaNIVYE QNODTES

no .

* o
o

—
-—

.
U\Q)U\O\\OMU\Q\DG\

L] -
Lo
OO0
e

—

Qo

NNV D O
.

8°12 L°0}
Poie €°6t

1°61 £°81
vz 6°¢1
0°62 0° 1
Gt $°91
A YA A A}
9%z 1°¢t
¥°0z 9°21
L*LL 001

® 4 8 & & & g =
oWy
— = -

QOMmYnBingd

-~V oy O

n
-
e

6°6 &°Li

O N
- .

I o~y <t v

8°6 6°2!
L*8z 8°Sl

¥°01 1°L}

La¥aNe e N

L*81 9°81|

nmo oo o

0°Gl 8°1L1

b 2 .
1°81 0°1Z 6°¢€1 8°89
2°91 9°62 9°12 1°SP
6°6 0°¢z S°viL 22
6°G1 £°62 1°G1 0*¥9
1°91 0°Sz 6°V1 2°09
Y11 ¥°2z 8°61 1°8¢
L°8z 6°0F 8°LL 9°LL
0°CL 6°G2 2°61 S°€9
2Ll L°CC P61 G°C9
2°01L £°0¢ 6°S1 1°29
1*81 ¥ 6°L)1 9°69

(=mO0S 1=002 1) a0z

- * B
6°S1 9°Lz 9°¥1 9°¢8
£°S 9°11 1 L8
2°6 6°¢€z 0°s 9°*¥8
L°LL 12 1°6 9°S8
2°y £°G6 G§°61 0°96

Ol 2°Lz #*8 2°98
0 0°1 0°0 0°i8
6 C'%L 6% 9°GL

31 §°6GlL 6°9} 0°IL
0°¢L L°S) 9°L1I 0°08

(006009 ) ENOZ

aeduoxy
UwLT 0oy
mTARTToD
mMTARTTY
eTwc
iTesw
auo0] spuEs
31 OTYOL
ssToud /;
ggTour,
9T

TIVEIITC QUIES

803\011"-02)

vt IO -
.— s = o= =

usduosy
USTTOSY
IMTANTTO;
mTANT T
oT Tt
T
/U0 gpuUT;
3sTUCE
sgTous \._.
SETOU
o3 TuUTY’

TITDIIVY ISET

WANMe~~ | MO ~0 -
-—

g°’s X @S x (@°ts X ues

meg/l  paeg/d pasg IO O

a's x (@'s x ooldmes
ﬁéﬁf%é

TPIECIVH INTUVI NV STIOSdOL THI JO FUNINET SHI

v TICIEdAV



120 = a0

110°0 = ses  1}00%0 = sase BeTAOT JUWTITUNE
JJE O ut  pp= 20t L i - e e 60* = 60°= 60* Tvew
Qiitga t*ﬁ“ .m.mul :._(l UMN“.I tm__-.l_ tw_.}.- t-ﬁwll WN. N_.-.l hhll OOothvo morl Qﬂ#ﬁ.ﬂ
'imNO .m” mmr o—’l x.-l 8" s W’l ...nnr Rl nor -..-mqr aee un. ..lmNr ”’.ﬂ
20° g4~ 1= M K° Lo 15 s 9t éo* o= 92° o 2 Tuduos
- - (X2
. . . - - . £ e . .

O T o L0 o e M & & ot e
'-Wm. ‘Nhn tm”l 0—.' ..W%-l!- WO! OONQMI .t'm.l 3. e #QI -...m—l_l .tt.ﬁml l.tthﬁn‘ “ . ..n-ﬂ.r_uﬁ.mn
%0*= g£I*™~ 61~ oL* Lo* a0t yo*- JSE™ Y L Lo*- z0*= Lo* 4 MyAnT!
£0*= |1 12* ¥0* 61° L0 go° 0% z2* 61° LS - 7 58 ez zr oIw
€2* g1 H&= s av 20t~ e Lz* rit- gee- 60° L1~ zy 3Twe
21~ Bo*™~ GO° g0 u* £€o* 10%= zo*~ 80*= 0= = 90° £0%= ¢ sUOI S
.mm.! n“ TNO' N.' ‘“Nf OMW" .‘m&“l .?‘.' -ul ....af ‘.Ihhl- ..t‘g. NNI : “ﬂ
Omr -WMH WWHI- “O’l %m"l O—.r iltm.vl' Rll QN- —NII -c- tcttmﬁi gl R aﬁa

QMN. UMM“ -“M“iu *N" w“f NO!' ...er _-ae —@r Nﬂ. Q!lar ncll- .'Mh. mml Nﬂ a-

.th-. ‘“N“ nOIl tivmn - “ _—— i icmw!l OO.WIM-O' ﬂnr —No _F—li Ran F»—ir ‘tt.mm-l 8. ﬁn .uﬂﬂ-

Wew @es et !

A¥T0  ITFE  gupy oﬂ!m prug Loy  3TIS Lwra/3tTE £v70 3TTS pues SUTY TuvE eIwad Lot oh Furmre,

SQNITITY FENIVETHIL TIVANIVE

gece

SHOLOVS ONIWECS~TIOS SE QNY STIOSI0L FHI 40 FENIXTL THL 40 SIATYA XTEIVM INIIOILL¥0D NOILVINEEO) STJKIS 35 YTONSILY



