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IFIRODUCTION B

Zaria (I11°07’N, 07°LL ' E) lies in the Zaria-Kano Plain, a vast
gently undulating peneplain of Mid-Tertiary age (Thorp, 1970)
occurring at an elevation of about 730m above sea level in no;thern
Wigeria, It is about 6LOC lon away from the ses. .

The development of s0il survey in northern Nigeria started
with the publication of the nriden issue of the Samaru Seil Survey
Bulletin by Higgine (1957). Soil surveys of various kinds and |
scales have been conducted in northern Nigeriam since Higein's
initinl work in 1957. The Norili Zonol Seil Correlstion Commities
hoa ligted the major survey works that have been undertaken in
the region to date,

Iven though the soil surveys of many parts of nerthem
Wigeris were initigted from Samaru, Zaria, no s&atematic soil survey
of the Samaru~Zaria environ has so far been undertaken (Klinkenberg,

.,

19703 Hope, 1979). Consequently only little information is

s

¥

available on soills around Sav~ru~Zaria ares itself.

The importance of goil mapping and characterizatibn, éspecially
in an environment such as the Saweru~Zaria ares cannct be overe
emphasized as it forms the basis for all enterprises and researoﬁés
thet have the s0il as base. It is in a dire desire to provide geil

information in this vital area that the present study is undertaken,



It is hoped that this will be a ugeful contribution

to the collection of vital information about the soil

condition of Nigeria in general,
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REVIEW OF LITERATURE

The soil, like many other natural formatiens, represents a
&mamic system ~ a system where o series of changes or processes
operate constantly affecting its composition, properties and
energy conditions (Rode, 1961). All these chenges or processes
: pattern the scils overall characterigtica. The changes (procesgea)
are the result of the intesrated effects of climate, parent C
naterial/rock, vegetation and associated organisms, relief of thé

land end time (Crompton, 1962).
Geology of the Zaria~Kano Plain

The Zaria=Kano plain is underlain by Basement complex
rocks which in Vigeria have bheen put at sbout precambriacn by
geveral workers (Pugh and King, 1952; Russ, 19593 and Furon
{1963) as reported by Oyawoye (1965)., The rocks are mainly .
granites and gn%ﬁsea. Other rock types such ag migmatites;
schists and quartzite also occur in the area. Fig. 1 shows the
distribution of rocks in the central part of the plain.

There 1s agreement among many workers on the Nigerian
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Basement Complex, that it is part of a more extensive African
bagement complex (Oyawoye, 196li; Grant, 19693 Truswell and Cope,
196l;, Wright and MeCurry, 19703 licCurry, 1970)s This is partly due
to the whole continent being invoived in a single orogeny, the
Per—African orogenic movement (du Preez, 1956€).

The upper layer of the RBasement rocks in the area has been
hishly weathered and has been generally referred to as the
weathered mantle (du Preez, 1956; du Preez and Barber, 1965; Olewu,
19673 Wright and MeCurry, 1970 and Tokarski, 1972), It is generally
go hirhly deeomposed that it iz difficult to determine whether it
is derived from gné%ses or pranites (Akpoborie, 1972).

On top of this weathered mantle is a network of superfieial
Ceposite (De Swardt, 19463 Folster, 19693 Durotoye, 1976) whese
depogition has been influenced by landforms as well as alternating
wet and dry seasons. De Swardt, (1946) recognized the presence
of aeolian drift among the superficial deposits on the Zaria-Kano
plain. According to Turner, (1975) the aeolian drift covers the
surface, becoming thinner and {iner in texture from the north-—
east to the south-west on the plain, The usual thickness of the
aeolian drift is 0.5 to 2m althoush Kowal, (1968) refers to depths
up to Sme The thickest of the drift deposits are found in valleys
where the drift accumulations have been protected from the actions of

erosion, On exposed surface remmants, only a thin veneer of the



o

drift materials remain today. Pugh and King, (1952) speculated
that the source of the aeoclian deposits lay to the north of the

ares somevhere within the confines of the present Sahara.
Geomorphology

The vastly undulating Zaria=¥anoc plain is thought to bte a
mid—Tartiary surface (Thorp, 1970} which extends almost unbroken
from Sokoto in the west to Lake Chad in the east and from south
of Kaduna to Agades in Niger Republic in the north (McCurry, 1973).
Trom its higher part in the vicinity of Zaria~Funtua area the
rlain slopes south and southwestwards towards the Niger and
northegstwards towards Lake Chad, It ranges in altitude from
900 to 100m (Russ, 1959). |

The landforms include a series of mature erosion surfaces
(p@edisediments) with scattered inselbergs. The inselbergs are
nearly bare domesg of granitic gneisses and migmatite. Pugh anmd King
(1952) grouped the landforms into the "African landscapes" which
evolved during the mid-Tertiary cycle of erosion.

The plain is for the most part deeply weathered as mentioned
earlier and thickly alluviated especially around Zaria (McCurry,
1973), where a moﬁotonous relief is bhroken only by occassional
granite inselbergs, whalebacks and low guartzite ridges. Typically,

the ingelbergs rise to about 200m above the surrounding surface or
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from more or less level platforﬁ of the aéme rock. The flanks
of the larger inselbergs are precipitious. North of Funtua, the
topography becomes more rugzed being characterized by migmatites
and quartzite ridges and well exposed elliptical granite bodies
(McCurry, 1970)., Uplift, warping end northerly tilting may have
had some effect on the present configuratien of the plain {Paleoner,
1941). Pugh and King (1952), reported that this phenomenon led to
the alteration of drainage fro the high Zaria plains. 4s a
result, some strean coursss have been severed, while some have
: markedly incised courses, and some others have winding courses
due tc decreased gradients,

The presence of several terrace leveles along some of the pmore
- important rivers, and infilled and re~escarvated erosion gullies
sugrest the ocourence of a number of ercgiomal and depositional )
cycles since Pleistocene time (Wright and MeCurry, 1970) which may i.?f
pospibly be related to pluvial and interpluvial stages recorded
elsevhere in West Africa (Grove and Warren, 19683 Anderson and
Bruckner, 19653 Burke et. al. 1969).

The superficial cover on the plain falls into two main groupsa:
the loeassial alluviel deposits and laterite., There are probably
several generations of both alluvial and laterite development
although only two types of laterite the Older Laterite and the

Younger laterite have been identified in the area {McCurry, 1973).
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The Nlder Laterite forms prominent mesap aleng watersheds
where they are being reduced by active headwater erocsion, Such
mesag are common features throughout the north of Nigeria, and are
believed to be erosional remnants of an extensive laterite peneplain
described by du Preez (1956) as being of possible Pliccene age.
The Younger Laterite is often found along present river valleys
and pediment slopes. 'This is partly derived from the Older
lLaterite as a gravelly re-cemented detrital deposit

(du Preeze, 19L8).
Drainage

The rivere which rise in the plain belong to three majer
catchment sreas {Fig. 2). The southward-flowing rivers emptying
into the Kaduna River which ig a left-bank tributary of the Niger,
drain the entire southexn half of the area, The northwestern
part is drained by the Sokoto/Rima and Gagare river aystems,

The northeast is drained by the Xnno river and its major
tributary, the Chalawa, to the inland basin of Lake Chad, Most

of the rivers, including the largc ones are silted in their upper .
reaches, and flow only during the rainy seascn.

The river divides especially between the northern and
southern bagins, are marked by prominent laterite plateaux and

escarpmente, The focal peint of the river divides is centered on
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SCALE [:1000,000

Fig 2 A portion of the Zaria — Kano plain showing drainage patterns
and density of the three main catchments



Funtua (Fig. 2) falling on a major east-west axis of the divide

or watershed. {Russ, 1957).

Slopes along river profiles while attaining comparatively

steep pradients in certain restricted areas, are generally low,

varying between 4% and L% (Thorp, 1970).

Land Use in Kaduna State

In discussing man's activities, it is befitting to start

with his agricultural activity because it has the most effect on

the course of soil development {(Fagbami, 1976).

The following is an outline of the land use types actively

purgued on the plain egpecially in Kaduna State.

1o
2.
3.
b
Se

6.
7.

Arable farming (Plate 1)

Forestry

Firewood/Timber exploitation

Road construction

Urban expansion and the asgocigted gravel digging and
quarrying activities. |
Traditional crafts and industries

Industrial development,

Mrable farming, forestry and firewood exploitation have led

to the development of three major types of land uge similar to

that descrived around Zaria by Davies (1970). Tmmediately arcund



Plate 1, Arable farming around Zaria, Kaduna State,
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the secttled ares (villages and urban arveas) cultivation is

intense, with little land under rotation, Purther away, the
pressure on land is lessz intenze, large areas are under rotation
cropping and patches of wecodland increase in number and exten .
Further awasy still, the cultivated areas become imolated clearings
in the savanna. It ic in the latter land use type that most of
the firewood used in urban areas comes from. Thus man's effect
in medifying the soilscape decreases in extent from the settled
areas,
| Argble farming consists of subsistence farming through a

gystem of bush fallowing where population is not dense. Small
parcels of land are cleared and planted to anmual ¢rops., Maln
food crops include maize, millet, rice, eorghum and yams, Minor
cropg include cahbage, c¢arrot, oniong, potatoesn, and tomatoes.
Caah crops include cotton, growdnuts, and tobacco., There are
governnent agencies that buy and market the cotton and the groundmuts
while the Nigerian Tob;cco Company is remponsible for buying all the
* tobacco. Tobacco as a crop is widely grown throughout the gtate
as both a wet and a dry season crop, Most of the crop is uaed for
cigarette production within the country. 2Zaria and Tkarra Loecal
Government areas are leading growers of the orop.

Treg=felling for firewood is vastly modifying the soilscape

through s0il compaction by log—carrying trucks and exposure of soils



to erosidn owing to removal of vegetative COVeT. The lack of

coal or natural oil for home use by the increasing population

will obviously promote further tree~felling on the plaine. _
Mlin, (1965) has estimated that the average Firewocd consumptien
in the Zaria area i8 22.3 cubic feet per head per ammum and by
1980 his projections indicate an increase of over 20% in
consunption. Tree~felling is already telling on the land, the
ofects of which menifest in soil erosion and land degradation,

o arrest the situation, the government get up a number of foreet
reserves for controlled tree felling, tmt it appeare these are

inadequate.
Previcus Seil Studies

References to the soils of Zaria can be found in the
gtudies by Lawes (19623 196l ) Towal (19683 1970}, Higgins
(1963) and Bermett et. ale, {1977), Valette has carried out
recently, a reconnaisance goil survey of Kaduna=Samaru~Kano areas
but the report is still under preparation. Ojanuga, (1979b) reported
gome physical and nmineralogical characteristics of the scils of the
Haduna~Zaria area. Malgwi (1979) carried out a detailed soll survey
of an arvea on the left bank of the streanm in the survey area (Fig. 3)e
These gtndies provide the only literabure aveilable on goils around

garia, However, most of these studies are not on the scale of a
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goil survey and therefore the information providec on soils

is scanty.
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SITE INIORMATION

Iocation

The prbject érea is.lécated at the northwestern corner of
thie Ahmadu Bello University farm situated aleng the Zaria-~Funtue
| road. The pite is directly behind the water dam (Pig. 3). The
farm is about 8 km. northwest of Samaru and serves as a research
base for both staff of the Faculty of Agriculture and the
Inatitute for Agricultural Research. The project area covers

about 160,000 m2.

Geology

Reference to the geology of the Samaru~-Zaria area can be
found in the studies by Olowu, (1967), McCurry (1970), Wright and
HeCurry (1970), Tokarski (1972), Karofi (1972), and Akpoborie
(1972)., Briefly, the Zaria area is underlain by low-lying and
often deeply weathered biotlte gneisses. Porphyroblastic granites
fo¥n the prominent inselbergs of Kufena Hill and several smaller
hills in the agrea, The gneigses form part bf a crystalline
complex, Occuring within the gneigses and alternating with them

in places are schigts., Close exgmingtions of these schists ghowed



Fig 3 Topographic map of the study area

The boxed areo is the site"ond transect AB
is a cross profile through the *site”

17
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that they contain mscovite, quartz, feldspars and traces of
biotite (Akpoborie 1972).

No bare rock is exposed within the study area but quartz
veins and mica shists fraverse the rotted rock in places as evident
in burrow pits near the project site (Plate 2). There is a distinct
juncture between weathered rock material (residua) and fresh rock
in places (Plate 3). As has been nentioned earlier, the mantle of

residua is overlain by aeolian deposits. (Plate L)
Climate

Rainfall is the nost important climatic variable and it is
its seasonality, intensity and amount which are of overriding
importance in pedological studies. Fron about October to March, the
area is subject to cool, dry northeasterly winds which yield
virtually no rain. Over these months, vegetative growth decreases
to a minirum, the solum dries out and pedogenetic processes are
glowed down. From April to May, the seasons change; the moist
southwesterly winds bring rains, vegetative activities start
again and the processes that develop the solum are at work again.
The seasonal distribution of mean monthly rainfall for
Sasaru is given in table 1. From the table it can be secen that
the peak rainfall months in the area are July, August and September

when about 67% of the rain falls. Over 25% of rainfall in the area



Plate 2. Mica schist in saprolite in the vicinity of the
project site,






Plate 3. OQuartz veins traversing saprolite in the vicinity of ¥%he
project site.






Plate 4, Loess over saprolite in Zaria area,
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comes in August alone. This is illustrated by the rainfall
distribution curve for Samaru, using the 50 year mean (Fig. L).
Much of the rainfall, particularly in July and August, is
associated with storms of high intensity (Ologe, 1972).

The rainy scason which can be defined ag the number of days
between the firgt and last rainy days of the year when precipitation
is equal or greater than 1on varies greatly in length, Benoit
(1976) illustrates this featurc with records over the period 1965
to 1971 from Samaru when the number of days rnnged from 164 to 231,

Raing et. al., (1977) estinmated from the work of Kowal and
¥Knabe (1972) that the mean dale of start of rains and the mean date
of end of rains in Samaru'arezﬁay.Ehth and October 8th respeetively.
Mean date of start of rains ie defined ag the 10-day period in
which rainfall is greater than 25,hmm followed by two subsequent
10—-day periods when rainfall iz sreater fhan hhlf evapotranspiration,
while the mean date of end of ruins is defined as the last 10-day
period in the rainy season with nt leagt 12.7mn rain and with
evapotranspiration in the previocus 10=day period nct legs than
precipitation. The computed dnte for start of rainy period varies
between 26th April and 1st June, whercae the end of rains occurs
during October in g mﬁch nore abrupt manner,

From this rainfall distributicn pattern, the scil moisture

regime for the Samaru ares is inferred to be USTIC, This is
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because the soil dries in some or all parts for more than 90
curulative days during the period Dec. = early April in most
years, but the soil moisture control section is continously moist
in some part for at least 90 consecutive days during the period
June to October,

The rainy period is considcred to be that of a positive
water balance in the soil, I'ror a soil formation point of view,
it is a period of intense chenical, biological and even physical
pedogenetic activity, whereas during the dry season, such activity
becomes attenuated,

The cnergy component of the rainfall systenmes (intensity) is
known to be large as has been pointed out earlier, This, together
with the amount of water they hold and the generally high rate of
precipitation inplies a grest crosive potentinl (Rains et, al.,
1977)« The rainfall erosivity legrades the soil and is thought to
be the reason for the high rate of ocourrence of erosion by surface
wash and of gullying in the ~rea (Ologe, 1972; Rains et., al., 1977).

Average rainfall in Sameru is 1108mm per annume. It however
has its relativcly dry and wet ycars. The driest year during the
S50=ycar period 1927 to 1978 was 1961 with 817mm and the wettest

year during the same period was 1954 with 1469mm,
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Patten_l of radiation and temperature

Mean daily rumber of sunshine hours per annum in the study
area is about 8 hours (Kowal and Knabe, 19723 Table 1) although
the mean day length per anmmum is about 12.5 hours (Rains et. al.,
1977). This is due to the fact that clouds in the rainy season,
and harmattan dust in the dry scason greatly modify the pattern of
radiation and reduce the annual daily average by about 5 hours.
Table 1 shows evapotranspiration (mm), mean monthly air
temperature (°C) and mean monthly soil temperature (°C) at Samaru,
Temperature is high in the area and annual range is small
(Table 13 Fig L4). The thern-1 conditions are of SahelowSudanese
type (Maignien,1961). lionthly and seasonal variations in temperature
are pronounced., The range of waxirunm nean 10=day temperature is
27.3°C to 35.7°C. The maximun mean daily temperature drops during
the dry season which also coincid’es with the period of harmattan,
and increases in March, reaching the najor peak in April, just
before the rains, It then drops to its lowest value in August.
It rises again to its secondary peak in October. The range of
minimun nean 10-day terperature is 13.1°C to 22,1°C. It rises from
its lowest value in Decenbor/Jamiary to its highest value in April.
The mean monthly temperature shows a marked seasonal effect,

being relatively high in the dry season. The lowest mean monthly
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Table 1: Temperature, rainfall and other meteoroclogical information at Samaru.

11°119N, 07°38'E; 685n altitude.

Observetion Jan, Febs. Mar, Apr. May Jun. Jul, Aug. Sep. Oct, Nov. Dec, +otal TYears

or of
Daily record
Mean .
Air tenp.
(°c) 21.9 23,9 26,9 284 27.3 24.8 23.7 23.3 2349 24,3 23,2 22,1 24,5 50
Soil terp.
(°c) 2642 29,5 34.0 35,1 33.L4 29,7 27.6 26,7 28,3 29.0 27.2 26,1 29.4 10
Painfall
(on) 0.2 2.2 7.2 36,0 126 165 221 281 230 36 2,2 0,1 1106,9 50
Sunshine
() i 8,9 8.6 8,0 Ba1 T3 6.5 6,0 T.6 7.0 95 8.8 8.0 15
-vapotranspiration

L

(mn) 11546 120,7 146,5 153.2 153.7 125, 107.6 97.1 106,9119,6108.8 106, 1461.5 15

- - —— .-
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temperature (22°C) occurs in December/January owing to the cooling
effect of the harmattan. Mean anmal temperature ‘s 24.5°C.

The mean monthly soil temperature at the 5cm depth in Samaru is high
(Table 1). It varies between 26,1°C in December to 35.1°C in April with
an annual mean value of 29,4°C, and is usually higher than the corresponding
air temperature. Soil temperatures at deeper depth are higher still, and
the range is less. At the 50cm depth, the mean hot season (summer) and cool
season (winter) soil temperature differ by less than 5°C (Malgwi, 1979). A4n
isohyperthermic soil temperature regime is therefore inferred. The high
soil temperature gpeeds up all chemical and biological processes, more so

during the rainy scason when percolating water complements high temperatures,
Evapotranspiration

Evapotranspiration is a good measure of the depletion of soil water,
Data on evapotranspiration in Bamaru is given in Table 1. The mean monthly
values varied between 97.1 and 153.7mm with an average of 121.8mm. The
factors responsible for such hi~h evapotranspiration rates are the high
rates of solar radiation, lack of adequate vegetal cover, and wind action,
The annual evapotranspiration (1461mm) is in excess of anmual rainfall
(110?mm). There are however, periods of the year when rainfall is in excess
of evapotranspiration (Fig lj). This is the four-month period from about
late May to September (Table 1), Over most of the remaining eight months,

there is a water deficit in the soil.



Vegetation

Keay, (1953) classified the vegetation of the study area
into the Northern Guinea Savenna type. It is an epen sub=humid
broad-leaved savanna woodland with short to medium grasses.

Isoberlipia doka, I. tomentosa, Monotes kerstingii, Daniellia
oliveri and Uapaca togognsis are characteristic woody species of

this vegetation zone. Undisturbed, a single-gtory savanna woodland
with a light canopy is forped. In the project area, as is the case
in most parts of northern Nigeria, the savanna woodland has been
disturbed by burning, tree-~felling for firewocod and timber, and
cultivation. As a result of a combination of these factors, the
characteristic vegetation one sees in the area is one of open
shrub weodland in varying stages of regrowth. In more intensely
cultivated zones around towns and villages, an open park-like
landscape of larme trees set in cultivated fields has evolved.
(Plate 5).

A little savanna woodlan® still remains, however, in isolated
places where population is not dense.

There are many fire-resistant species, all of them part of
the woody vegetation. Appendices 1, 2 and 3 list the vegetative
species collected from the project area.

The floodplain (fadama) usually carry a characteristic



Plate 5. Park-like landscapve of Ceiba pentandra set in
aultivated fields around Zaria,
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grassland vegetation. Trees and shrubs are ugually
absent, although widely scattered 10w trees of species
such as Mitragyna inermis and _’_I'__e_rg._i__n_a;_'.g_iﬁ ‘glaucescens may
accur in some fadamas. (Rains ct. al. 1977}

The typical fadana grassland population in the study

area are Elionorus pobegninii and Paspalum orbiculare.

They generally conptitute an extremely important source

of dry season fodder. |
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MIRTHODS AND MATERTIALS

Tield Studies

Te preject site, almosgt (hOOm)2 in the Atmadu Bello
University farm was selected and a detailed soil survey
wa® carried out. The area is northweast of the maln dam
and is on the right bank of the Bomo river (Pig. 3). This
area, henceforth referred to as the "site" occupied the
upper to lower slope positions between the contours 665n
and 675m above sea level,
Traces 50m apart were cut in alignment with the
general slope of the land and the soils were examined along
these, By this procedure the soils of the area were mapped,
In order 1o characterize each of the s0il units detected
by mapping, at least two soil profiles were dug in each of
the noll units.
The goil profiles were dascribed, Following their descriptions
bulk soil samples were collected from each horizon and analyred
in the laboratory for their physical and chemfcal characteristics.

Undisturbed soil clods were also taken from the scil profiles for buik
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METHODS AKD MATERIALS
Pield Studies |
The project site, almost (14.00111)2 in the Ahmadu Belle =
University farm was selected and a detailed seil survey

wad carried out. The area is northwest of the main dam

" and is on the right bank of the Bomo river {Fig. 3). This

area, henceforth referred to as the "siteY occupled the

:fupper to 1owéf siope ﬁoaitionsnbetween the contours 665u

and 675m above ses level.

Traces SOm gpart were cut in alignment with the

- general slope of the land and the soils were examined along

these, By this procedure the soils of the area were mapped.
In order to characterize each of the spil unite detected
by mappiﬁg;”at least twe mcil profiles ﬁare dué in each of
the soil unita,
| The soil profiles were described, Following their descriptions
bulk zaeil sampleé wéie collecteﬂ from each horizon and enalysed
in the laboratory for their physical and chemical characteristiea,

Undisturbed soil clods were also taken from the soil profiles for bulk
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density studies. Fig. 5 shows the extent of each sqil unit and the

~ general layout of the profiles.

Laboratory Studies

The bulk soil samples were air-=dried for several days. Those

. intended for physical and chemical anplysie were fractionated

into two separates, gravel (» 2mm) and fine earth (< 2mm)., Undisturbed

clodg for tulk density were kept intact until needed.

Particle size digtribution

IParticle gize distribution was determined by the method
described by Day (1965). Stones and gravel were first determined
by direct sieving followed by weighing, Sand, 8ilt and c¢lay were
detarmined by the Bouyoucos hydrometer using sodium hexame taphosphate
ag dispersant gn@ determining sizes and amounts of particles settling
by employing progressive time intervals. Sand fractien was collected,
dried and sieved into the different size ranges using 1000, 500, 250

and S%rm_aeivea in series {Day, 1965).

Bulk density

Bulk density was deternined by the methed described by

Bleke (1965) with the modification that the paraffin-coated cled
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wae immersed in water and reweighed, The volume of cled plusn
paraffin was then ecaleulated by employing the data of the
density of water at the temperature of determination and the
weight of water dieplaced by the clod and paraffin. The volume
of paraffin wat calculated from ite density and weight, The

-

volume of poil was then obtained by difference.
Partiecle density

Samples for particle'denaity wore further ngund and vagssed
through a 2104 m mesh gieve, Particle density was then determined

in water after the expuleion of air bubblea_in a 50-ml pyenometer

(Blake, 1965).
Porosity

Pbgosity was caleulated mathematically'ffdﬂ'the regults of
bulk end particle denasity {Vomocil, 1965) using the relation
P = 100 (1-Db/Dp) | B

lﬁhere Plis porosity;
Db is bulk density and

" Dp is particle density.
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Organic carbon

Organic carben wap determined by the Walkley-Black method
{Jackson, 19583 Allinson, 1965), The method involved the
digestion of the sgoil organic matter by potassium dichromate
(K2 Cr, 07) using concentrated sulpturie acid to increase the
temperature and hagten resotion, | '

The soll was finely gound and gufficient sample was weighed
to contain 10~-15 mg of carbon. Generally, the sample weights
| varied between 1g for the topscils and 2gms for the subgeils.
The sample was placed in 500ml conical flask and 10 mls of 1 N
Ké Cr2 O? added. 20 ml of concentrated sulphuric acid were then
added and the contenis of the flagsk mixed by gentle rotation,
The reaction was left on for 30 minutes after which the mixture
was dilnted to 250 nls with distilled water., Excess dichromste
was backe=titrated with ferrous ammonium sulphate using bharium

diphenylamine sulphonate as indicator,
Soil pH

Soil pH was determined on 1:1 ecil: water pastes using a

Coleman Metrion IV pH meter.
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Cation exchange cepacity

Cation exchange capacity was deternined using three analytieal
procedures, namely; neutral aceiate saturation followed by
displacenent of the adsorbed Nﬂz by the acid-NaCl method deseribed
by Chapman (1965), sum of cxchangesble metallic cations plus BaClse
TEA exchange acidity (Chapman, 1965), and swa of exchangeable
netallic cations plus 1HKCL oxtraction of exchangeable H and A1

by the titration procedure outlined by Melean {1969).
Exchangeable cations

Exchangeable X, Na, Ca and Mg werc extracted with 1N
NHhOAc {pH 7) usings 8 1310 seil polution ratio. K and Na in the
filtered extracts were determined with a Gallenkanp ¥lame Analyzer
while Ca and Mg were determined with a Parkin=-Flmer Model 290B atonic

abporption spectrophotometer {Chapman, 1965).
Extractable acidity

Extractable acidity wes deternined by successive leaching
of soil with 1¥ KOl using a 1:10 goil solution ratio . The amounts of
exchanvgasle H and Al in the lenchetes were detarmined d»y the

titration procedure outlined by McLean {1965),



Exchange acidity

Exchangesble acidity or total exchange acidity was determlned
by two metheds, viz the ammonium acatste method described by
Peach (1965), and the leaching method described by Peech et. al.,

(1962) using BaCl ~Triethanolamine solution adjusted to pHB

Total free iron oxide

The extraction procedure outlined by Olsen, {1965) was
used, Samples were ground to pass through a .21mm mesh sieve in
order to ensure complete extraction. The Fe was reduced and
removed from the soile with sodium dithionite (Na.2 5, Oh)° The
sugpension was then adjusted to pH 3.5~4.0 tao dissolve any ferrous
gulphides formed, and the excess Haz 52 Oh wag later destroyed with

2 2

The Fe3+ was then reduced to Fe2+ with Sn 012 and the excegs 5n 012

oxidized by addition of Hg 012. The Fez+ was then titrated with

Hﬁ 02. Wxoess H, 0. was removed by addition of NHAOAC with boiling.

K2 Cr2 07 using tarium diphenylanie sulphonate as indicator,

Statistical Malysis

. I; ' :‘ 1\
Where posgible, differences in so0il properties among the goil
. ¥
napping units were tested by the analysis of variance using chemical
and physical data. Statistical significance was tested at the 0,1%

and 1% levels of significance,
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RESULTS 4ND DISCUSSION |

Soile around Zaria are formed in loess [(a silty aeolian
deposit) underlain by basement complex rocks. In most eases, the
loegs forms the main parent material., |

The losss waz once a thick extensive deposit which was
pedimented in more recent times, .\t lower slope and other shielded
positiong where erosion was not drastic, thicker loess often occurg
however in areas that have been actively pedimented, a thin leess
usually mantles toek, saprolitc or ironpan. Lithologic discontinuities
mark the juncture between loess and underlying material., Such
1lithologic discontinmuities are common within the upper 300 em of
the seil aurface in the upper slope positions, Plates 2, 3 and
L, ahow the general relationship of so0il parent materials in the

gtudy area,

S50il parent material in the fadams is usually an admpirture of

nedinents of varying couposgition,

!

S0il Morphology

Five soil units were identified during the field survey
(Fig 5). Fig 6 shows the topographic relationship of the five s0il
units, A representative profile was described in each of the five

20il units below,
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./' Soil descriptions follow the pattern described in the Soil
Survey Mammal {Soil Survey Staff, 1951) as revised in 1962, Soil

desoriptions are for the moist soil state unless otherwise stated,

Soil unit 1

Soil unit 1 includes well drained yellowish red (SYR L/6)
olay soils with thin (about 12em) brown (10YR hue) loam surface
horizons. The soils are deep, and oceupy midslope positions,
Typical profiles show a lithologic discontinuity at about 200cm.

The soils exhibit sirong structursl development, and there is
avidence of cilay lessivation as indicated by the oeccurence éf clay
gkin on ped surfacee, Argillic horizons are diagmosed in the soils
on the field, _ .“ 

A s0il profile {profile 1) typifying the soils of the unif is

deeeribed az follows:

Profile 1
Parent naterial s Thick 1o§ss over saprolite,
Topography t 1% slopes mid~slope position.
Drainage ' 1 Well drained
Vegetation ¢ ° Isoberlinia doka with tangg parrhenia

and Giteniun nsvionii gresses,

Depth of water tables Water table below 200cm



Horizon Depth

Al 0 ~ 1om
B21t 1l = 25em
BZ?t 25 = 60cm
BQB# 60 = 100cn

~i5 -

Desgription

Brown (10YR 5/3) sandy loams moderate

fine and nmediun crumb structurey friabléey
conpien very fine vertical and oblique poresy
abundant fine rootss pH 5.63 clear smooth

houndary.

Yellowish red (S5YR L/8) clays strong medium
to coarse subanpgular blocky struciure;
friables cormon fine poress nany voids and
channels having thin ¢lay filme snd ped .
surfaces having thin yellowish brown clay
filmss abundant fine to coarse roctaes

PH 5,63 gradual spooth houndary.

Yellowish ved (5Y8 L/6) clays strong medium
to coarge eubangular blocky structures
friable; many fine and medium poress thin
cutans on gome ped surfaces and in root
gharmels; frequent fine to coarge rootes :

PH 5.8; diffuse smooth boundary,

Yellowish red (SYR 4/6) clay; strong medium
1o coarse subangular bloeky structuret

friable; wany fine and medium poress
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continous thick cutans on ped surfaces
and root chennel wallss few medium roots;

pH 6,1; diffuse smooth boundary.

BL, 100 = 130cm Yellowish red (5YR 5/8) clay; noderate
mediurn subangular blocky structures friables
few finc poresi clay coatings on ped surfaces;
fou nediun rootsy pH 6,13 diffuse smooth

bOllnd&l'}’ .

B3 130 = 170cn Yellowish red (SYR $/8) clays moderate
nediwr subangular blocky structures friable;
few Uine poresj thin clay films on ped

surfaces; few mediun rootss pH 6,0

Soil it 2

Menbers of this soil unit are well drained gravelly
concretionary clay loam soils, The colour of the surface horizon
is dark brown (10YR 4/3). "hc colour of thc subsoil horizons is
strong brown (7.5 YR 5/6) tending to reddieh yellow (7.5YR 6/8)
towerds the C horizon. The soilg commonly occur at the break of
slopes where erosion processcs are actively at work and have
eroded the superficial loess to a thin layer, A lithologic

discontimuity marks the juncture of the loess and colluvial
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meterial whioch cammonly occurs within 60cm of the soil surface
and cantains moderate to atundant gravelly materiaz s,

The coarse fractions are dJominantly nodular iron oxide bodie%.
Hmall anmounts of quartz alse ovcour in the gravel fraction of the
soila. The iron oxide nodules are thought to have been isherited
fron past erosional phenowens. The gravelly horizons begin from
about 30cm depth and extend to ahout 160cm depth., The gravel conteﬁf
increases in amount with depth with maxirum value attaining about
20% by volume of the horizon matexrials.

Structural developnent in weak and white patches é)ccur in the
seil matrix from about 100or depth, increassing in abundance with
dapth,

Soil profile 5 which is a representative of this so0il unit

. is described below. : : _ «

Profile 5
Parent material H Thin loess over gravelly celluvial
naterial over saprolite. _ :',:;j
Topography : 2% slore; midclope pogition,
il)z'ainage 3 Well drained,
Vegetation 8 Isoberlinia doka with Hyparrhenia grasses.

Depth of watexr table: Water table bolow 200cm



Horizon  Depth

Al 0 « 10cm
B21 10 - 25cm
IIBQthn 25 - 60cm

IIBZBtcn 60 = 90cm

Description
Dark brown (10YR L/3) sendy clay loam;

moderate fine and medium erumb structures
friable; many fine poresi commen fine rootay

pH 6,13 clear smooth boundary.

Strong brown (7.5YR 5/8) slightly gravelly
gandy clay loan; weak mediun subangular
blocky gtructure; friablej common fine to
mediun poresy gravel consisted of abundant
srnall rounded hard iron oxide nodules and

fow small quartz gravelss common medium rootss

pH 5,8; abrupt omooth boundary.

Streng brown (7.5YR 5/6) slightly gravelly
clar loams weak medium to coarse subangular
blocky structure; friablej many fine and
pediun poress gravel (about 10% by volume)
consisted of abundant small rounded hard
ungoned iron oxide nodules, and few small
quariz gravelj few medium roots; pH 5.93

gradual smooth boundary.

l

Reddish yellow (7.5YR 6/8) slightly gravelly

clay loani with few fine distinct white



Ilnzhtcn 90 = 120cm

IIsttcn 120 = 1L0en

s hBw

(7,512 B/0) patchee; weak roderate to
coarse subangular blocky structure;
frinble; many fine to medium pores; gravel
(avout 155% by volume) consisting of
abundant medium rounded hard iron oxide
noiules and few guartz gravelj few fine

roots; pH 6,13 gradusl smooth boundary,

Redrizsh yellow (7.5YR 6/8) slightly gravelly
clyy loanmy with few fine distinct white
(7.5YR 7/0) patches; weak medium subangular
blocky structure; friable; nany fine and
nediv: poressy gravel content and composition
sivil - r {o that in B?Btcn nboves few fine

roots; pH 6,13 gradual smooth boundary.

Red2ish vellow (SYR 6/8) gravelly clay loamg
with nany distinet white (7.5YR 8/0) patches;
wesk mediwn subangular blocky structure;
friable; many finc pores; gravel (about 209
by volune) has composition similar to that
in the overlying horizonss few fine and
mediun rootss pH 6.1; gradual snooth

boundary.



ITB3ea, $HO - 180cm Reddinh yellow (7.5YR 6/8) gravelly clay;
cotmon medium distinct wh_te (7.5YR 8/0)
patcheg; weak fine to medium subangular
blocky siructure; friables many fine poresg
gravel content and composition similar
to those in the above horizong few fine

routs; pH 6.1.

Soil unit 3

Thegse are moderately deep well drained clay loam soils, 'The
loess in this so0il unit is Adlatinetly thin as in soil unit 2. The
gravelly horizons are deep and the gravel is rather diffused through
the horizons. |

Colour in the surface horizon is characteristically yellowish
brown (10YR 5/4). In the subsurface B horizons, colour ranges
between dark brown (7.5YR 4/6) and strong brown (7.5YR 5/6), The C
. horizong are either reddish yellow {7.5YR 6/8) or yellowish brown
(10YR 6/8) and are appreciably mottled white (10YR 8/0). Soft iron
nodules may be found in gome of the soils {e.g. profile 9), |

Sheet erosion is aciively at work on these soil surfaces and
some goils have developed rills (Fig § ). Profile § is described

as the representative of the moil unit.



Profile G

Parent naterial
Topography
Drainage

Vegetation

Depth tp water table

Horizon Depth

Ap 0 = 22¢m
}321t 22 = 42en
3322t 42 ~ 75om

-5t~

Toess over colluvium and gaprolite.
2% glopes midelope position.

Well drained ' =

Tall and short Hyparrhenia ctenium grasses
with Butyrogpermun woody specles. _ '

Water table below 200cnm

Description

Yellowish brown (10YR 5/h) clay loans
moderate fine to medium subangular blocky
atructure; friable;ﬁany fine vertical and
oblique poress few fine roots; pH 6,03

clear smooth houndary.

Dark brown {7.5YR L/i) clay loamj strong
medivm gubangular blocky atructure;
Trinbles rnany fine pores: few fine and
medivn roots; pH S.83 abrupt smooth

bound arya

Strong brown {7.5YL 5/6) clay; strong
medium to coarse subangulay blocky
structure; friable; many fine and medium

pores; few fine and medium rootsy pH 5.63



B23tcn

B2l

B31

ten

ten

75 = 100cn

100 = 130en

130 = 150cn
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gradual smooth boundary.

Strong brown (7.5YR §/6) clay; moderate
mediun to cparse subangular blocky structures
friable; many fine and medium poress few
goft red iron concretions; few fine rootss

pH 6,1; abrupt smooth boundary,

Strong brown (7.5YR 5/6) slishtly gravelly
elay loan; with few fine white (7.5 YR 8/0)
patches exhibiting a clear boundary with

the surrounding matrixs noderate fine to
mediwn subangular blocky structure; friable;
nany fine poresj gravel consisting of small
hard brownish iron oxide nodules and quartz
gravel; few nedium and coarse roots; pH 6,13

clear smooth boundary.

Reddish yellow (7.5YR 6/8) slightly gravelly
clay loang with few fine diffuse white
(7.5YR 8/0) patchess weak fine to mediun
subangular blocky structure; friables

comon fine poresi gravel content and

composition as in B2l;tcu above; few medium

and coarse rootsj pH 6,13 clear smooth boundary,
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B32, 150 = 180cm Yellowish brown (10YR 6/8) slightly
gravelly clay loanj with white patches as
in the horigons gbove; weak fine to medium
subangular blocky structures friabley

ICOmmon fine pores; {about 15% by volume)
gravel consisting of large goft iron

oxide nodules; few mediun rootss pH 6.7,

Soil unit L

These soils are deep, sonewhat irperfectly drained clay loan
spoilp at the edge of the fadama. The parent mzterial is loess
adinixed with fine c¢olluvial material. The colour in the surface
horizon is dark yellowish trown (10YR L/2). The colour changes in
hue to 7.5YR in the subsurface horizons where the charscteristic
colour is reddish yellow (7.5YR 6/8) to brownish yellow (7.5YR 6/6).

Water table rises to 60cm or higher the solwm in the rainy
geason and drops to below 200 cm in the dry season, This fluctuating
water table has led to mottling in the subsurface horizong and
gleying in the C horizon. The mottles are white (10YR 8/1).

Structural development is weak, but a weakly developed argillic
horizon is present in the socils. Profile 11 differs in textura from

tha other soils in the unit, bul it shares all other properties in
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comrion with them. Conseqguently, it may be regarded as a variant
or an inclusion.

Profile 10 which is representative of this soil unit is

described below,.

Profile 10

Paront material Locgsial = colluvial materisl,

’
b

Topography o1 205 slopes lower slopa position,

Drainage Somewhat imperfectly drained.

L L]

Vegetation o Tall Hyparrhenia and Eliorurus grasses

with =some Borassus sethiopum,

Depth of water table: Water table at 200cm

|

Herizon Dcptﬁ Description
At 0 - 18cn Dark ycllowish brown (10YR L/2) loam;

weak fine to medium erumb structures
frizble: common fine vertical and obligue
pores; cormon fine rootss pH 6.0j clear

asmooth houndaryv.

Bl, 18 = 35om Yellowigh brown (10YR 5/6) clay loanms
weak medium te coarse subangular blocky
gtructure; friable; many fine poress

common fine rcotsy pH 5,93 gradual smooth

boundary.



B21

B23

B3y

35 = 60cm

60 = 110cm

110 - 135

135 -~ 180cm

- 55 =

Reddish yellow (7.5YR 6/8) clay loams
weak medium subangular blocky structurej
friable; common fine poresj few fine and
medium rootsi pH 5.73 gradual smooth

boundary.

Reddish yellow (7.5YR 6/8) clay loams
weak mediuwn to coarse subangular blocky
structure; friablej many fine pores; few
fine and medium rootss pH 5.73 clear

smooth boundary,

Brownish yellow (10YR 6/6) clayi weak
medium subansular blocky structureg
friable; mony fine pores; few small
rounded soft ircon oxide nodulesi few
medium roots; pH 5.53 clear smooth

boundary,

Brownish ycllow (10YR 6/8, wet) clay;
abundant (10° by volume) coarse white
(10YR 8/0) mottles exhibiting diffuse
boundary with the surrounding matrixs
nassive; slishtly firm, wetsy few fine poress

fov fine and medium roots; pH 5.8,
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S0il unit 5

Meubers of thig soil unit are the fadana soils. They are
generally peorly drained loam, soile and are water-logged during
the rainy season and for a considerable part of the dry seaaon.'ln
Water recedes from the goil surface in late February to early
March to about 100 ecm in May;_/June when the rainy seascn begins.,
Gleying is s common characteristic of the soils., The typicel colour of
the subsoil horizone is light brownish gray (10YR 6/2). At deeper
depths, the colour is predominantly gray (10YR 7/1). The soils
arcmottled reddish brown (2,5YR L) from the surface downwards,
Depressions and slightly raised levecs are common cccurences
in the fadama. The depressions receive more fine materials as
sedinents while the levees receive less of the sediments., Consequentlyy
texture varies considerably in this soill unit. All the soils are
however Jumped in the same unit as they cannot be mapped separately.
The so0ils are thought to be developing in a mixed loessial =
alluvinl material as refleeted by the high contents of fine gand and
8ilt.

Profile 13 is described bolow:

Profile 13 D SRR
Parent paterial K Mixed fine loessial=alluvial deposgits.

‘Topography 3 Fats valley bottom position.

Lo t
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B22 50 = 100cm Gray (10YR 7/1, wet) silty clay loams
common fine distinct sharp brownish yellow
(10YR 6/6) mottles: massive; sticky and
plastic, wet; few fine pores; few fine

roots; pH 5.8; gradual smooth boundary.

B31lg 100 « 130cnm Gray (10YR 7/1, wet) clay loam; common
fine Qistinct dark brown (10YR 4/3)
mottles; massives sticky and plastic,
wet; few fine pores; few fine rootsj

pH 5.8,

B32¢ 130 cm+ Water table.

Physical Characteristics

Texture, bulk density, particle density and total porosity
were determined for the soils. PRach characteristic is discussed

in detail below.

Texture

The particle-size distrihbution data are presented in table 2,
Coarse fragments (®2mm separates) are negligible in soil units
1, 4 end 5. Soil unite 2 and 3 have slight iron oxide nodules of

fine gravel size rardomly distributed in their profiles, particularly
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Table 2, Particle-size distribution of units 1 - 6 soils.
Horizon Depth  Particle-size analysis
ot vest o' ms® ws? vosh motal Si1t  Clay
>2mm {5005 L90 SOun lpou ‘85 Send -2, <im

Soil Umt | em ) — % of€2mm goil separate - .-
Profile 1 (OXIC PALEUST.L#¥/EUTRIC NITOSOL)
M O=14 - 1 3 w7 30 55 35 10
B21, 14~29 - 1 2 9 2 0 24 31 LS
B22, 29~60 ~ 1 2 8 2 9 22 29 L9
B23, 60-100 & 1 2 8 2 7 20 28 52
Bl 100=130 = 1 3 g 2 1 22 30 48
B3, 130-170 - 2 3 8 3 10 26 26 L8
Profile 2 (OXIC PALEUSTAL?/EUTRIC NITOSOL)
Al 0=12 - 1 3 13 6 25 48 30 22
By 12-25 - 1 2 9 2 1 25 28 42
B21, 25-50 - 1 1 5 2 8 17 29 54
B224 50-80 - 1 0 5 2 9 17 30 53
B234 B0~110 = 2 1 7 3 10 23 29 L8
B3 110-150 = 1 1 5 1 9 17 32 51
11Ccy 150-190 = 3 1 7 2 10 23 27 50
Profile 3 (OXIC HAPLUST.LF/CHROMIC LUVISOL)
A1 0=10 - 3 2 %6 5 19 L5 27 28
Bl 10~25 -~ 3 1 1 L 1 30 28 L2
B21y 25-40 - 3 2 2 L 13 34 21 LS
B224 L0=70 - 2 1 1 L 10 28 32 50
B234 70-120 = 3 1 0 L 9 27 3 L2
B3 120-160 - 3 2 10 8 1 3y 27 39
11Ca, 160195 20 I 7 13 6 9 35 28 37

+ Gravel 2 Medium Sand

#* Very Coarse Sand 3 Fine Sand

1 C:Ja.rsa Sand li Very Pine Sand
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mPable 2 (Contda)? particle-size ajgtrivution of anits 1 = 5 soilse

Horizon Depth Particle—aize a:;alysis

ot ves | O O Tk vt Total Silt Clay
O o0 i, S obs So sand o ie tIF
Goil UMt 2 cm % ety Of<2mn s0il separate e - = = &
profile L (oxIc PALHJST;.J-?}EUTMG NITOSOL)

Al 08 - 5 3 13 6 2 L8 25 217

P 8-30 2 8 12 i 21 L5

" 5
1IB21, j0-50 13 5
9

1IB22, o 50=90 22
11823400 90=-130 30 11
11824y o 130-165 35 10

L 5

T 11 3 12 38 22 Lo
6 1 L 10 L0 18 L2
8 10 L 13 L6 16 38
T 11 5 10 L3 19 38

profile 5 (oXIC PALEUSTALF/BUTRIC NITOSOL)

15 3 W 51 19 30

Medium Sand
Fine Sand
Very Fine Sand

Al 0=10 - 3 S 13 L 50 28 22
B 10-25 5 8 7 13 6 16 52 25 23
11B214en o560 16 6 8 12 3 12 W 19 1o
11B2240n £0=90 16 9 6 1 3 11 LO 20 Lo
118234cn Lo=120 12 9 6 10 3 1, L2 21 37
1182k gen 120-1L0 26 7 5 10 L 12 38 23 39
IIB25ten 1,0-180 20 Ly 3 9 3 N 32 22 L8
profile 6 (0x1C PA1EUSTALF/EUTRIC NITOSOL)

M 0=15 - 3 7 16 6 18 50 33 17
B21, 15=L0 - 3 15 5 18 L8 2L 28
B2, 1,0=70 - L 15 6 17 L8 27 25
B23, 70-110 = 1 10 5 18 37 25 38
iz 110=160 2 6 12 5 12 L0 19 11
B25, 160-195 1 I

11133gcn 19%-215 30 10

4 Cravel
# Very Coarse Sand

T
6
3
5
3 8 5 12 32 22 L6
9
2
3

1 Coarse Sand L
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Table 2 (Contd,): Particle-size distribution of units 1 - 5 soils,

Horizon Depth Particle-size analysis
ert ves® cs! ms? ms3 v 3l Total Silt Clay

>2m 3062, 25§03y 45 Zu- Sand 5L e <%,
Soil Unet 3 % % of<2mm soil separate et o
Profile 7  (OXIC HAPLUSYALI’/CHROMIC LUVISOL)
A1 O=ly - - 3 15 8 23 L9 32 19
B1 L=30 ~ 6 17 23 6 15 67 14 19
B2, 30-60 - 1 2 1 L 15 33 3L 33
B2, 60=85 - 1 3 10 4 12 30 26 Ly
B23, 85~100 16 L L 10 5 12 35 29 36
2k, 100~135 = 2 3 10 6 13 3 27 39
B3g 135-180 - 1 3 12 6 13 35 30 35

Profile 8  (OXIC PAIMUSYALF/DYSTRIC NITISOL)

Al 0-8 1 3 5 15 5 23 51 32 17
D1y 8-20 - L s 9 6 16 Lo 21 35
B21, 20-40 - 3 L 9 7 13 2y 40
B22, LO=75 - 5 5 10 5 15 Lo 24 36
B23, 75105 = 3 b g T 13 36 28 36
B2l 105-160 = 1 L 10 6 15 36 25 39
Profile 9  (OXIC HAPLUSTAL?/CHROMIC LUVISOL)

Ap 0=22 9 L L 9 6 M 34 30 36
B21, 22<412 - 3 3 9 1 12 3 28 38
B22 N L2-75 - 1 3 6 L 10 2l 28 48
B3, 75-100 2 2 3 T 3 12 27 26 N
B2k, 100-130 30 9 6 9 3 9 3 25 39
B31, 130~150 16 2 5 10 § 10 32 32 36
B32 150-180 16 7 6 10 L 13 L0 31 29

+ Gravel 2 Medium Sand

# Very Coarse Sand 3 Fine Sand
1 Coarse Sand ly Very Pine Sand
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Table 2 {Contd.): Particleesize distribution of units 1 - 5 soils

Horizon  Depth Particle~gize analysis

et yos® e8! 2 vsd VR motal ilt Clay
>2mm fgf{; M ;;;;\ij ';{.?;)'u fggf; VOG- 50, Sand o -2w < ?. &

5‘;; ipmit £

P

cm % m——— 00 of Pmm s0il separate

Profile 10 (0XIC PALEUSTAL:/EUTRIC NITOSOL)
»

23 50 35 15

M O=18 - 1 b h 8

B2t 18-35 - 1 3 i 8 19 L5 16 39
B22t 35-60 ~ 1 3 10 6 17 37 26 37
B23, 60=110 - 1 ? 10 4 17 34 27 39
B2k, 110-135 = 1 2 11 L 15 33 21 L6
sttg 138-180 - 3 I i1 5 13 36 23 I

Profile 11  (TYPIC PALEUSTAL®/DYSYRIC NITOSOL)
A 0=12 - -

1 8 5 4, 28 L 28
B1 © 12=30 - 1 > 10 L 18 3B 38 27
21 30~560 - 2 3 0 6 19 L0 38 22
B22 60-100 - 2 3 27 19 I3 35 22
B3 100-14L0 - - 2 2 7 20 151 h3 16
¢t o~ - 1 3 13 6 16 39 3 30

+ Gravel = ' > Med.i';rnl Sa,;id R RS

* Yeyy Coarse Sand 3 [ine Sand ' B e

1 Coarse Sand L Very Fine Sand
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Table 2 (Contd.): Particle~size digtribution of units 1 -~ 5 solls

Horigon Depth Particlemsize analysie

ot VCS v g2 TS0 el mota S11t Clay

. 2000~ one - Su- 7507 qu-% and Lt - 4
S (00N 5004 Q50X nf‘apw‘ sop S DO-LM SAp

Sal Units om % it ‘;L ofie 2rm goil separate e =T -

profile 12 (TYPIC TROPAQUEPT/EUTRIG QIEYSOL)

a 0~10 2 b 6 17 1 21 55 16 S
B 10-20 - 1 3 13 T 21 b5 38 17
B2 20=50 - - 1 12 5 20 38 10 22"
T1C1 5o=100 1 L 12 6 22 LS 62 3
1IC2 100 - 1 5 1, 6 25 50 1,7 3

profile 13 {TYPIC TROPAQHEPT/EUTRIC GLEYSOL)

A 0-12 - - 1 9 5 19 g\ 50 16
Rt - s L W 2% L9 25
521 30~-50 - - 1 5 L 11 21 LB 31
B22 50100 - - 1 5 2 9 17 L3 140
B3 100-130 - 1 Iy 9 3 8 25 L3 32
B32g 130-160 -~ - 1 o1 13 b3 Ly

+ Gravel 2 Yedium Sand
# Very Coarse gand 3 Pine Sand
4 Coarse Sand I, Very Fine Sand
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An their B horizona.. some angnlar.quartz fragﬁents are ineluded
in the coarse fragments of these horizons, The iron oxide nodules
geem tc be inherited features derived through past erogsion cycles.

The absence of gravel in soil unit 1 in the upper 200cm of
the soils seem %o indicate the agolian origin of the soil parent
material. Soil unite 4 and § on the other hand occupy lower slope
to valley bottom positions where.mixed aecolian material and fine
alluvial materials form the soil parent material,

The partic¢le-size data show other marked textural variations
amen;: the different seil units, Generally, iextures vary only
slightly within a scil profilg except in cases where the parent
magterial of the seil is layered. In profile 1 of so0il unit 1
(table 2) for an example, apart from clay deficiency in the A1
horizen, all other horizons have a clay texture, Within each
goil unit, texitural differencces are also slight. The wide
variation in texture among the fadama soils (unit 5 soils) has
already been mentioned,

Total sand content in the soils range from 13=55%. The A
horizons usually have the highesgt sand content as they are devoid
of clay. In scil units 1 and 3, fine sand (250-5?Ptm) predominates
over the other sand frections supporting the aeolian source of the

goll parent material.
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A noteworthy featurc in all.the five so0il unita is the
high milt content. Soils in unit 5 contain the highest amount
of 8ilt with a mean value of I {36 ~ 52% range), followed by
soils in unit 4 which have a mean silt content of 31% (16~L4%
vange). Soil umit 1 has a mean silt content of 29% with &
21=35% range while soils of unite 2 and 3 have mean silt contents
of 22 and 27% respectively.

The silt content further pointe to theo asolian origin of the
s8oil parent material of the upland seils in the study arca. The
501l units in the low=lying arcas {s0il units 4 and §) contain
more silt in their profiles than associated uprer to mid-slope
goils due to the fine sedinente they inherited from the latter
slope positiong through eroaion.

The high silt content of the scils ranks the scils in the
Zaria area among the most silty in Nigeria., The high silt
content distinguishes these goils from the soils of the humid
tropical lowlands of southwestern Nigeria (Wessel, 1965; Ojamuga,
19693 1975). The high silt content also compares favourably with
the silt content in soils forming in basaltic perent material on
the Jos Plateau (Ojanuga and fwujoola, 1979)., Values obtained-i{:
agree with findings on soils in the Zaria area (0Ojaruga, 1979;

Malgwi, 1979).



clay C ontents( */s)

Frofi e b Frofile 9 protite’l Profile!3
50 1000 s 1000 5 100

Fig 7. Clay~ depth distribution for selected profiles
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Clay content increases from the A horizons 1o the B2 horizons
and then decreases in the vnderlying B3 and C horizons. Clay
maxina valuee in the B2 horizons range from 38-5L%. The high olay
contents in the B horizons relative to the A or € horizons confirm
the preosence of argillic horizons in soil unite 1, 2, 3 and L.

Clay depletion in the A1 horizon is a characteristic feature
of all the soil units, This characteristic is shared with most
poils in Wireria {Ojaruga, 19693 Ojanuga and Awnjoola, 1979;
Malgwi, 1979)« The clay impoverishment of the surface horizon
is thought to be due to biological (termite) sorting of soil
materials, clay eluviation, and erosional activities. Where the
A horizon has been disturbed hy cultivation, a high clay content
is often recorded as in profile 9 (table 2), This is due to the
mixing of moil materials by the cultivation practices.

The depth distribution of clay for selected profilesp is
rresented in Fig 7. From the figure, the presence of argillie
horigong in mogt of the solls can be confirmed.

On the whole, the particle~gize distribution data confirm
the aeolien nature of the parent material of most of the soils,

and the sedimentaticnal history of the fadsna soils,

Bulk density

Pulk density, particle density and total porosity data for the

8oll unite are presented in table 3.



HoTizon
. - e
St Unit! o S afoc ==
profile ? (OXIC pALEUSTS p/TUTRIC \TTOSCL)
N o-1L 4,60 .60 18
21y AL ~29 1,59 2,64 11
™2, 29-60 1.5 2.62 ud
B2y 60-100 147 2,62 L
Bely, 400=130 147 2,63 1k
By, 430=170 4018 2.6h b
profile 2 (0%IC paLEUsT AL/ SUTRIC FITOSOL)
A 0=12 1.56 .60 Lo
By 1225 A 146 2,62 Ll
B, 25=50 1,18 2,63 Ll
D22, 50-80 1.0 2.63 b,6_
323, go=-110 1,19 2.63 L3
3 440~150 1,50 2.6L 13
130 150-190 1.5 2,65 v
profile 3 (oX3IC AAPLUSTALY JCROALC 1pYISOL)
N 010 1.5 .61 LA
Py 1025 1,52 2.59 L2
821y 25-10 1.732 2.58 19
B2, 1,0-T0 143 2.61 49
823y, 70-120 143k 2,61 L9
B3 420160 1.8 2,62 Ly
1ICop 160195 1,79 2,67 L3
* 1k aeneity
+ ?artiele denel
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of unites 1 - £ goiles

porcsity

* Bulk density
+ Particle dengity

Horizon Depth DB* Dp+ Porosity
ZoTi Unit 2 . —— e afoc - %
profile L (0X1C PALFUSTALF/EUTRIC NITOSOL)
A1 0-8 1,65 2.61 37
By, gz 1 2461 1,3
11821, 30=50 1.52 2461 L2
TIB22 o 50-90 1,56 2,62 byt
1IB23, ., 90=130 1.78 2.66 33
118204 on 130165 2,1k | 2.65 19
profile 5 (ox1C PALLEUSTALF/EUTRIC NITOSOL) :
I\l 0-10 1,58 2,59 39
B 10-25 1,65 2461 37
1624 T 25~60 1.85 2,62 29
TI1224 0n, 60=90 1.7k 2,66 35
11823, 90-120 1.7 2.67 36
1TB2U o 120=110 1,88 2,66 29
11825, .1 410=180 1,65 2.63 37
profile 6 (oxIC PALKUSTALF /EOTRIC NITOSOL)
Al 0-15 1,60 2.60 3/
Bety 16=10 1.52 2,62 L2
B2, LO-T70 T 1.63 2.6L 38
B23, 70-110 1.52 2.50 L2
B2l 110160 1,51 2.6k Ul
B25, 160-195 146 2,61 Ll
I3 gen 495=215 1.79 2,71 W
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Table 3 {Contd.): Dulk demsity, particle density and porosity
of units 1 -~ S soils

Horigon Depth B mp* Porosity
Soil Unit 3 Ol e ane P — %
Profile 7 (OXIC HAPLUSTALF/CHROMIC LUVISOL) ‘

A1 : Ouly 1433 2.59 LS

B =30 1.55 2,61 L1
B2ty 30--50 1,50 2.59 L2
B22, 60~85 1,68 : 2,62 37
D23, 85-100 1,51 2,61 L3
B2y, : 100~135 1,63 2.63 38
Blg 135~180  1.69 2.6k 36

i

Profile 8 (OXIC PAIBUSTALF/DYSTRIC NITOSCL)

At 0~8 1.56 2.6% Lo
Bl, 820 1,66 2.59 Lo
B2t 20-40 1443 2,63 L6
B22, LO=75 1.51 2.64 L3
B23, 75~105 1.61 2.6l 39
B2k, 105-160 1,67 2.62 36
Profile ¢  (OXIC HAPLUSTALR/CHROMIC LUVISOL)

Ap w22 1.38 2.58 L7
B21y 2242 1.39 2.60 37
B2y L2-75 141 2,59 16
B23y 75100 1.57 2,63 Lo
B2ty - 100-130 1.60 2463 39 -
B314g 130-150 1,62 2,68 39
B324 150-180 1.76 L 2.66 3

#* Bulk density
+ Particle density
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rable 3 (Contd.): Bulk density, particle density and porosity

of units 1 - 5 soils,

*
Horizon Depth

Db Dp+ Porosity
Toil Unit om g/ce 9%
profile 10 (OXIC PALEUSTALP/EUTRIC NITOSOL)

R 0-18 1.63 2.58 37
21, 18-35 1.57 2.62 10
B2, 35-60 157 2.62 L0
234 60=110 1.59 2.63 LO
12kt 110-135 1467 2.63 37
B254g 135-180 1,71 2,64 35
profile 11 (TYPTC PALBUSTALP fJYSTRIC NITOSOL)

IR 0=12 1ol 2,55 Lk
- 12-30 1.51 2.56 L1
821 30-60 147 2,55 L2
B22 60=-100 1.52 2,55 LO
B3 100-140 - 2,57 -
o1 14,0-180 - 2.58

# Bulk density
+ Particle density
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- Mable 3 (Contd.): Bulk density, particle dengity and porosity

of units 1 - 5 80ils.

Horizon ' Pepth Db% Dp+ Porosity
ol Unit > em == gfoc m————"" % B
Profile 12 (TYPIC ROPAQUEPT/EUTRIC GLEYSOL)

A 0-10 1.57 2,55 38

Bl 10=20 - 2,56 -

B2 _ 20=50 - 2,57 -

TIC1 £0=100 - 2,60 -

1102 : 100 - 2,62 -

profile 13 (TYPIC TROPAGUEPT/EUTRIC GLEYSOL)

X 0-12 1.37 2452 46
B1 12-30 1.55 2456 : 39
- B21 30-50 1455 2,55 3
22 50100 - 2.56 -
B, 100=130 - T 2,57 -
B32g _ 130160 - 2 .56 -

¥ Pulk density
4+ Particle dengity
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Bulk density values varied widely both among soil «units and
even within units. The goneral patterm is a high value in the
surface horizon, a decrease in the B horizons and then an increase
to waximum values in the B3 or C horizons,

The surface horizon in the project =rca is heavily trekked
by cattle, sheep and goats (Pleic 6). This animal trekking has
led to the compaction of th. soil surface and this is the enusc
of the high bulk densgity valucg rccorded inm the A1 horizons, Areas
sheltered fron eattle trokkii. have low bulk density values in the
surface horizon,

Surface borizon bull: density valuce ranwe from 1,33 gfec in
the uncompacted areas to 1,05 in compected sreas. In the subsurface
horizen, bulk density ranges fron 1.32g/ce to 1.65g/cc. 4 notable
exception to this trend is profile 7 of scil unit 2 (table 3) which
has a high gravel content, Tulk Jensity values in its B horizons
ranged between 1,65 ard 1.3 /e, This is because the gravel
content is made up dormirantily of iron oxide nodules which have
high densities,

The low bulk density valueg obtained in the subsurface B horizons
nay be attributed to the good structural developments in thesc zones.

High bulk densities also oceur in zones of lithologic

discontinuities that have epprecjable amounts of heavy particles
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: : S
guch as iron oxide nodules (profiles 3, 5, 6 and 1O,Ifable 3),
and in the C horizons. The hirh bulk density values in the latter
 horizons nay be due to poor structural development, low content
of oxganic matter and increasing contents of heavy minerals.
| Tn general, the valucg of bulk density agree with those

obtained by earlier workers in the Zaria area (Lawes, 1984; Kowal,

19685 Malgwi, 1979).

- Particle density

Parficle dengity values ahow sligh% variations between
different scil units, and with depth within each seil profile.
The weneral trend is an increase in value fron the surlace horizon
to the € horizon. Profile 1C {iable 3) has a particle density=-
depth distribution of 2.58-2,84 g/cc for example. The surface
horizons thoush zones of clay deficiency and sand concentration,
hove the highest organic matter contents. This is thought 1o be
the reason for their low particle density values, The intermediate
particle density values in the argillic horizons are thought to be
due te their higher clay contents and lower contents of organic
matter, while the high particle dengity values in the € horisons
are due to decreased pedogunetic activities in these horizons with
resultant high contents of heavy primary miﬁerals.. Zones of

lithologic discontimuities which are also zones of accurulation



- 76 ~

of heavy iron oxide nodules have high particle density wvalues

{essss profiles 3 and 6, table 3).

Total porosity -

Total perosity (table 3) varied between 19 and L9%. Very
low porosity velues (2%%) were recorded in very gravelly horizons
with poor structural development such ag in profile 5 (table 3},
and in regions of lithologic discontimuities as for example in
profiles 4, 5 and 6 {table 3), The low porosity in the vicinity
of the discontinulties in these soils is due to the higher content
of coarse fragments, and hence, a2 higher occurence of nonwcapillary
rores. Ouiside the gravelly and discontinuity zoneﬁ, pbroaity values
range from 33 to L%%.
| ?; The surface horizons generally have low porosity values
.bécause of the compaction nmentioned earlier., The range of values
for the surface horizons iz 37 to 4% with a mean value of L1%,
The subsoil B horigons have the highest total poresity values due
to theix high clay content and the good struetural development,
Porosity values in these B horizons ranges from 39 to L,9%, with a
mean value of about L;3%. The € horizons generally have the lowest

poroaity values,

v Chemical Characteristics - : | e

Tablee L, 5, T, B and 10 show the resulis of the soil chemical
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characteristics including organic carbon, pH, exchangeable cationa,

cation exepange capacity, base saturation and free iron oxide,

Organic carbon

The soils are generally low in organic carbon content (table L),
The:rangc ig 0,09 to 1.B6%, Organic carbon is highest in the Ap
or A1 horizons where the mean organic carbon content is 1.04% with
a range of 0,52 to 1.86%. Where the surface hoprizon has been
truncated or disturbed by cultivation recently as in profile 9
(table h) organic carbon content in the A horizeon is generally very
Low (0.33%). |

Organic carbon decreases rnpidly below the 1lenm depth in all
the s0il units. Fig 8 ghows the depth distribution of organic
carbon for golected profilics,

The poorly drained soils of unit 5 recorded the highest
organic carbon in the A1 horizon with values of 1.02% for the
loan soils and 1,86% for the clay loam soils, The relatively
glower rate of bilological decomposition of remidues in these soils
is the principal factor respongible for the higher organic carbon
. values. ..

The anrmal busgh Burning during field preparation in the Zaria
area around December/Jamuary minimizes litter sddition to the well

dragined soil units 1, 2, 3 and the somewhat imperfectly drained soil
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Profile 13

Profile 1

Ccarbon

Organic
Profile 8

%le

Profie 5

Depth  Profile 3

Fig 8 Organic carbon - depth distribution for selected profiles



unit 4, However, soils of unit & are not affected due to
waterlogging and therefore their vegetation remains lush at the

ﬁéak of the dry season, ':fjﬂ_,' ; .- ;?»

-

The generally low organic cﬁrbou content ig.the uﬁits 1y 2,
3 and L soils is also promoted by the fast microbial mineralization
of the little litter that is added, as temperatures are high all
the year. R

The organic carbon=depth distribution of unit 1 scils contrasts
ﬁith ﬁhﬁse for soil units 2, 3 and L4, The organic carbon tends to
be relatively more evenly distributed in unit 1 soils. These may
be dve to translocation of organic patter in these strongly
strﬁctured soils as organo-metallic conplexes., This phenomenon is
thought to have been involved in the movement of clay from tha
aurfaqa horizons and its depogition in the subsurface horizons with
characteristic coating of ped surfaces with clay skin.

Perhaps it is true as swmmarized by Ojamugza (1971) that the
major decomposition product of crganic matter in tropical =soils
is fulvic acid as claimed by Dochuafor and Demmergues(1963). The
phenomencn may be another important factor responsible for the
gemerally low organic carven contents of all the soils because
fulvie acid is mobile in solls, and is therefore easily leached out

of the goil systen,
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Table li. Organic carbon, pH and exchangeable cations of units

1 - S soils,
S0il Horizon Depth OC! pH  Exchangeable Cations  Fxch, TEB
Unit Ca Mg K Na Acidity
cem % neq/100g soil

1 Profile 1 (OXIC PALEUSTALF/EUTRIC NITOSOL)
A1 O=-14 0,84 S.6 1.5 0,99 0,17 0,07 3.6 6.3
B21, 14-29 0.62 5.6 2.69 1.86 0.5 0.1 3.7 8.8
B22, 29-60 O.Lh 5.8  3.27 2.1, 0,68 0,09 3.8 11.0
B23, 60-100 0,26 6.1 3.2k 2,29 0,69 0.09 3.9 10,2
B2k, 100-130 0,28 6,1  3.94 2.117 0.69 0.09 3.8 10.7
B3, 130-170 8,27 6.0 2.45 2.17 0.63 0.9 3.7 9.0

Profile 2  (0XIC PALEUSTALF/EUTRIC NITOSOL)

Al 0=-12 1.1 5.9 1.97 1.27 0.38 0,07 3.3 7.0
Bl, 1225 0.6 5.6 3.14 1.73 0.38 0.09 3.9 9.3
B21; 25-50 0.37 5.9 2.99 2.94 0,60 0,07 3.7 10.3
B22, 50-80 0,35 5.9 3,61 2,23 0.6 0.1 L. 10,5
B3, 80~110 0,37 6.0 3,67 2.7  0.55 0.1 Lot 1141
B3 110=150 0,27 641 3429 2.89 0,63 0.15 3.9 10,9
IIC, 150-190 0,29 6.4 2,73 2.94 0.5 0,08 3.7 10,0

Profile 3  (OXIC HAPLUSTALF/CHROMIC LUVISOL)

A1 0-10 1,24 5.8 2,02 1,47 0.38 0,07 3.6 75
Bl, 10-25 0.55 5.5 1.7 1.11 0.38 0.07 3.9 7.2
B, 25«40 0,47 5.6 1.66 1.4,8 0,38 0,06 3.9 T.5
B22, LO-70 0.32 5.7 1.78 1,55 0.63 0,11 3.5 7.6
B23, 70-120 0,25 5.9 1,05 0,95 0.86 0.1 3.5 6.5
B3 120-160 0.28 6,0 1,12 0,71 0.86 0.11 4.0 6.8
IIC,, 160-195 0,23 6.2 1.3 0.71 0.95 0,19 3.8 7.0

1 0OC = Organic Carbon
2 TEB = Total Exchangeable Bases



Table L (contd.). Organie carbon, pH and exchangeable cations
of units 1 = 5 goils, o

S0il Horizon Depth 001 pH Fxchangeable Cations Exch. TE32
Unit Ca Mg K Na  peidity
» om % meq/100g 6011 mmmmmrmrmn
- Profile 44  (OXIC PALEUSTALF/BUTRIC NITOSOL) '
At 0-8 1.1 5.7 2,02 1,12 0.38 0,07 3.8 1.5
-, Bl 8-30 0,54 5.4 1.86 0,79 0.38 0,04 3.9 7.0
CIIE21, 30-50 0.48 5.6 1,72 0,79 0.31 0.05 3.6 6.5
ITE22, 50-90 0.3L 5.7 2.35 1.07 0,35 0.06 3.7 7.5
ITB23, 90-130 0.28 5.9 2,67 1.3 0.31 0.07 3.7 8.1
IIBzhtcA30-165 0.26 6,1 2,92 1,41 0,3 0,06 3.7 8.4
" Profile 5 (OXIC PALEUSTALF/EUTRIC NITOSOL) |
a =10 0.9 6.1 1,95 1.19 0,22 0.05 3.7  Tel
B 10=25 0,62 5.8 1,40 0,79 0.38 0,04 3.8 6.y
ITR21,, 25-60 0.38 5,9 2.0 1,20 0,38 0,08 3.9 8.0
11322t0n60-9o 0.26 61 2,62 1.15 06 0,05 3.7 8,0
ITB23,,,90-120 0,2 6,1 2,62 1,05 0.5 0,06 3.6 7.8
LIB2hy 120-1L0 0,19 6.1 2,74 1.06 0.46 0,04 3.7 8,0
IIBQSto%hOh180 0,18 6,1 2.64 0.92 0.7TL 0.04 3.7 8.0
Profile 6 (OXIC PALEUSTALF/EUTRIC NITOSOL)
At O0=15 0.52 5.0 1.5 0.87 0,18 0,02 3.3 5.9
B21, 15=h0 0.4t 5.5  1.42 0.85 0,26 0,03 3.3 5.9
B22,  LO-70 0.21 3,8 1,26 0,9 0422 0,03 3.3 5,7
B23; 70110 0,26 5.6 1,62 1,19 0,28 0.0L 3.5 6.6
Beh,,  110-160 0,14 5.7 1,49 1.07 0,28 0,1 3.8 6.7
B25¢ 160-195 0.15 5.5 1,33 1.06 0,38 0.08 3.9 6.8
IIB3,0n195-215 0409 5. 1,12 0,98  0.35 0,02 640

1

0C = Organic Carbon

2 TED = Total Exchangeable Bases

3.5
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Table 4 {contd.): Organic carbonr, pH and exchangeable cations

of units 1 =~ 5 soils,

S¢il Horizon Depth OC1 pH BExchangeable Cations Exch. TEB2
Tnit Ca Mg K Na Acldity
em % S YT P L6107 JR-To% 1 e —
., Profile 7 (OXIC NAPLUSTALP/CHROMIC LUVISOL) |
M Ol 1,08 6,1 254 1,59 0,18 0,03 3L T.7
B =30 0.58 6,0 1,55 0.89 0.1 0.03 3.5 6.l
SR, 3060 0,30 5.6 2,54 1.6 0.35 0.1 3.7 8.3
B22,  60-85 0.21 €,0 2,37 1.6  0.38 0.05 3,7 8.1
B23; 85100 0,19 5,8 1,77 1.3 0,38 0,05 3.2 6,7
B2, 100-135 0.1k 5.9 1. 1,12 0,38 0,05 3,2 6.2
B3, 135=180 0,19 641  1.85 1,07 0,35 0.02 3.7 70
Profile 8  (OXIC PALEUSTALF/DYSTRIC NITOSOL) . .
Al O=8 0,76 5,7 1,39 1.03 0,38 0.1 1.7 h.6
B, 8~20 0.52 5,9 1.34 0.88 0,28 0,06 | 6.6
B21, 20-L0 0,23 5,7 1,74 0.75 0,22 0.04 L 6,8
B22,  LO=75 0430 5.5 1,77 0.79  0.28 0,04 3.2 6.1
B23,  75~105 0,14 5.8 2,13 0.99 0.6 0.04 3 6.6
B2k, 1054160 0,12 6,0 2.7h 1.28 0,72 0.04 3.7 8.5
Profile 9  (OXIC HAPLUSTALF/CHROMIC LUVISOL)
Ap 0=22 0433 6.0 2,23 1.07 01 0.04 L.,5 8.3
B21,  22-L2 0.36 5,8 2,95 1.7t 0.1 0.1 4 3.2
B22, L2=75 0,23 5.6 3,31 2,34 0.51 0.05 3,7 9.9
B23, To~100 0,11 6,1 2.9 1.67 0,51 0,04 3.7 8.8
B2L,  100-130 0,23 6.1 3.25 1.6 0,5 0,04 3 Y
B3, 130~150 0,15 641 3,05 1.52 Q.45 0,04 3 8,1
B32 150=180 0,1k 6.7 L.05 1.6 0.51 0,05 2.7 8.9

1 0©C
2 TEB

Organic Carbon .
Total Exchangeable Bases
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Table l; (contd.}s Organic carbon, PH and exchangeable cations
of units 1 = § soils,

S80i1 Horizon Depth OC' pll  Exchengeable Cations  Exch, TEB®
Unit Ce Mg K Na  Acidity
om % s /100 8011 —
Profile 10  (OXIC PALEUSTALF/EUTRIC NITOSOL) | |
A 0=18 1,02 6.0 2.78 1.25 0.28 0,03 2.5 6.8
321t 18=35 0.l 5.9 2,41 1.58 0.28 0.04 2.7 7.0
B22, 3-60 0,21 5,7 2,82 1.9 0,37 0.05 3 8.2

B23, 60=110 0,11 5,7 2.83 2.17 0.48 0.07 2.7 8.2
B2l 110=135 0.12 5.5 2,37 1.55 0,35 0.07 2.7 7.0
1325,G 135=-180 0,18 5.8 2.5 2.0 0.38 0.07 2.7 Ta7

Profile 11 (TYPIC PALEUSTALF/DYSTRIC WITOSOL) 1' _
A1 0=12 1,06 5.8 2,83 1.16  0.51 0.19 3.2 7.9
B1 12«30 0.69 5,5 2,24 0.71 0471 0,19 3.2 6.8
B21 30-60 0,48 5.4 t.Lh 0,43 0.35 0,18 3.2 5.6
B2 60-100 Q.42 5,2 0,7 Q.1 0,28 0.17 2.8 bt

B3 100-1L0 0.27 5.4 CG.6 0,13 6,28 0,20 2,2 3.
oy 140-180 0,22 5,7 1,42 0.54 0.1 0.26 2.2 6
1 0C = Organic Carbon

2 TEB

Total Exchangeable Dasea



Tabl

e L4 (contd.):

of units 1 - 5 soils.

= B

Organic carbon, pH and exchangeable cations

Soil Horizon Depth oc? pH Exchangeable Cations Exch, ‘1‘1-:52
Unit Ca Mg K Na  hoidity
em % eq/100g soil
’ Profile 12 (TYPIC TROPAQUEPT/EUTRIC GLEYSOL)
Al 0=10 1,02 S.i 0,76 0,08 0.6 0,5 3.7 5.6
B1 10=20 0,5 5.5 047 0,03 0,45 0,36 3,0 L6
% 20-50 0,34 Sei  1.15 0,19 0,31 0.2 2.5 Lk
11C1 50=100 0,2 5.5 0,37 0,12 0,26 0,16 1,5 2.4
I1c2 100 0,14 S 0,58 0,15 0.35 0.27 1.4 2.8
Profile 13 (TYPIC TROPAQUEPT/EUTRIC GLEYSOL)
il 0-12 1.86 5,5 2,55 0,78 0,61 0.33 5.5 9.8
B1 12=30 0,54 5S4 1.9 0,38 0.56 0,36 6.2 9.4
B21 30-50 0,26 S. 1.81 0,35 0,54 0.32 5,5 8,5
B2 50=100 0,37 5.8 3,03 1,01 0.72 0.y 5.2 1.04
B31g 100-130 0,40 5.8 3.4 1.1 0,86 041 6.7 12.6
32, 130-160 0,24 6,0 3,44 1.37 1.06 0,85 6,2 12,9
1 0C = Organic Carbon
2 TEB = Total Exchangeable Bases
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pH

The pH of the soil horizons (table }j) ranged between 5.l and
6.7 indicating strongly acid to neutral soil reactions (U.S.D.A.,
1951). However, most of the soils are moderately to weakly acid
in reaction,
In general, the soils exhibit relatively higher pH values
(pH 5.6 = 6.,0) in the surface horizon than in the B horizons.
There is a alight increase of pH in the C horizons, Exceptions
to the general pH trend in the A horizons are profile 5 (aoil
unit 2) and profile 7 (soil unit 3) where pE is slightly acid
(pH 6.1) in the surface horizon, The poorly drained fadama soils
of unit S have a strongly acid (pH 5.4) surface horizon (e.g.
profile 12),
As nmentioned earlier, the B horizons have lower pH values
than either the A or the C horizons, pH values in the B horizons
are in the 5,6 to 6.0 range as with the A horizone but within each
profile the B horizons have relatively lower values. Exceptions
to thic general pH trend in the B horizons are profile S (aoil unit 2)
which is slightly acid (pH 6.1) from the B22 horizon downwardj profiles
6 and 9 (soil units 2 and 3 respectively); and the imperfectly drained
80il units L and 5, which are strongly acid {(pH 5.4 to 5.5) in their

B horizons.
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The B3 and C horizons generally have higher pH values than the
overlying B horizons,.

The exchangeable cations' data showed that the surface
horizons are richer in exchangeable Ca (propably by plant root
action and from surface decomposition of litter), Mg and in some
cases K. This concentration of cations in the surface horizon-
is thought to be responsible for their rejatively higher pH values
compared with the underlying B horizons. The surface accurulation
of exchangeable Ca and Mg is thought to be due to plant root and
litter decomposition as mentioned earlier, while the K is partly
contributed by ash from grass burning.

The lower pH values in the B horizons reflect more the state
of leaching of the soils throwth drainage.

The relatively lower pll values of the poorly drained fadama
soils of unit 5 are due probably to the accurmlation of reduction
products and dissociation of strongly acid functional groups in
their organic matter,

In general, the pH values of the soils tend to confirm the
acsertion of Forth and Turk (1972) that the pH of most agricultural

gsoils in the tropics range between 5 and 6,8,

Exchangeable cations

Relatively low amounts of exchangeable Ca, Mg, K and Na are
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present in the g0ils (table L), with Ca being the principal
saturating cation. The amounts and distribution uf exchangeable
cations show marked randomnessg with depth- but in general,
maxinmm values occur in B horizons, a distribution which is
possibly related to the clay content. The amountn of exchangeable
cations present in well drained soil units 1, 2 and 3 are less
than the amounts in the poorly drained units L and S soils. This
is probably due to the fact that weathering, and leaching in
particular, are more pronounced in the well drained scils than
in the poorly drained soils,

The general trend shown by the distribution of the
exchangeable cations is Ca / Mg » K >»Na. The amounts of
exchangeable Ca ranged between O 37 and 3.7, mrq,00g of soil,
while exchangeable Mg ranged betwcen 0,03 and 2.9 meq/100g of
soil, Exchangeable K varied between 0,17 and 1.056 r2q/100g of soil
while exchangeable Na varies in value from 0.C2 *n 0.85 meq/100g
of soil,

The low contents of exchangeablz c-ti~ns in these soils may
be related to their leaching during the rriny season, and the
nature of the soil parent material. Th: leaching effect is borne
out by the fact that the soils cont~in more cailons vhere drainage
is poor or imperfect as in profi'es %0 ard 13 {c£oil units L and 5

respectively).



The predominance of Ca over the other cations agrees with
the assertion of Brady (1974) that of all the exchangeable cations,
Ca is least easily lest from soil environments. Another explanation
for the predominance of Ca over the other cations may be the
occurrence of exchange sites in soils which show specific affinity
for Ca (Beckett, 1965). The low levels of exchangeable K and
particularly Na, point either to their strong binding forces and
their fixation on clay minerals (Beckett, 1965), or to a low

content of these cations in the soil parent material,

Cation exchanpge capacity

For convenience, the CEC detcrmined by the four methods
stated earlier will be referred to as NHhOAo-CEC, EDTA-CEC, sum
of cations, and ECEC respectively,

The results presented in table 5 show that the magnitude of
the CEC depends upon the method used, Results follow the trend
observed by Juo, Ayanlaja and Orunwale (1976) on some West African
goils. In general, the rum of cations gave the highest values
(2.4 to 12.9 meq/100g of soil, range) and the ECEC method gave the
lowest values (1.0 to 7.0 meq/100gz of soil, range). Results obtained
by both the NHhOAc-CEC and "IT\-CEC are comparable, and are a bit

lower than resulte for the sum of cations.



Table 5: CFC and base saturation of units 1 = 5 goils
Soil Horizon Depth Cation Exchange Capacity. Base Saturation

Unit NE OAc EDTA Cations ECEC NH Oic EDTA SCations ECEC
cm ~——neq/100g s0il o

! Profile 1  (OXIC PALEUSTALF/EUTRIC NITOSOL)
A O=14 L8 643 2.8 57 L3 90
B21,  1h-29 8.1 8.8 5.2 63 58 98
B22, 2960 9.5 11.0 6.2 65 56 100
B3,  60-100 9.2 10,2 6.y 68 62 98
B2l,,  100-130 9.8 10,7 6.9 70 6 100
B3,  130-170 9.1 9.0 S 58 59 98

Profile 2 (OXIC PALEUSTALF/EUTRIC NITOSOL)

A1 0=12 5,0 48 7.0 3.7 w78 53 100
Bl 12-25 9,0 7.6 9.3 Seli 60 71 58 100
B21,  25-50 9.2 8.7 10.3 6.6 72 76 6 100
B22, 50~-80 9,5 9.1 10.5 6.y 67 170 61 100
B23, 80=110 10,3 9¢3 11.1 7.0 68 175 63 100
B3 110-150 9,9 8.9 10.9 7.0 71 79 6, 100
IIC,  150-190 9.7 9,1 10,0 6.3 65 69 63 100

Profile 3  (OXIC HAPLUSTALF/CHROMIC LUVISOL)

A1 0=-10 5,7 6 745 L.O 68 61 52
Bl 10-25 7.7 6s9 T2 3.6 L3 L8 Lé
B21, 2540 7.4 6.9 7.5 3.8 L9 52 48
B22,  LO-70 7.0 6.8 7.6 L.2 59 60 5k
B3, 70-120 7.2 7.0 6.5 3.2 L2 L3 L6
B3 120=160 6,8 6.8 6.8 0 b1 41 L1

2 ERBR VS



Table 5 {contd.): CEC and base saturation of units 1 - 5 soils

S0il Horizon Depth Cation Bxchange Capacity.

-390 -

Base Saturation

Unit NH OAc EDTA Cations ECEC NH)OAc EDTA®etions ECEC
om e we/100g 90il % ~ =
2
Profile 4 (OXTC PALEUSTALF/EUTRIC NITOSOL) co
A1 o-8 5.9 7.5 3.7 63 LS 100
Bt, 8-30 6.7 7.0 3.3 L6 L, 94
1IB21, 30-50 7.5 £.5 3.0 39 L5 97
IIRR2,  50-90 7.0 7.5 3.9 54 51 97
11823, 90-130 7.1 8.1 L.y 62 Sk 100
_I_IB2htm‘[30-165 Te5 8.4 L7 63 56 100
Profile 5 (OXIC PALEUSTALF/EUTRIC NITOSOL)
a1 0-10 5.1 7.4 34 67 K8 100
B 10-25 5,8 6y 2.6 45 L1 100
11821, 25-60 7.7 8.0 a1 53 1 100
IIB22,  60-90 7.5 840 Le3 57 . 5L, 100
11823, 90120 7.6 7.8 Le3 58 g 100
TIB2h, 120-10 7.8 8,0 4.3 55 Sk 100
IIB2S, JLO=180 7.7 8,0 L. 56 54 98
Profile 6 {0XIC PALEUSTALF/EUTRIC NITOSOL) _
A1 0~15  h.hy 5.9 2,6 59 by 100
B, 19=h0 5.1 5.9 2.7 5t Ly 9%
B2,  L0-70  h.1 5.7 2.5 59 b2 9%
B23, TO=110 5,2 6,6. - 3.2 60 ST 97
BL,  110-160 5.1 8T 3.1 57 L3 ol
25, 160~195 5,8 68 3.1 50 43 o
113380n195—215 6.1 s.q:q; 2.7 41 . L2 87



Table 5 (contd.): CEC and base saturation of units 1 - 5 soile

So0il Horizon Depth Cation Excpange Capacity. Base Saturation

Unit . NHOfc EDTA Cations ECEC NH)OACSEDTA Cations ECEC
o Ol a6 /1008 BOLL wem % ~m—— e
3 B o
Profile 7 (OXIC BAPLUSTALF/CHROMIC LUVISOL) A
A1 O~ 5e2 Te7 hob 83" e 98
B1 =30 3.2 6oy 2.9 9 ks 100
B21, 3060 6.7 8.3 L.7 69 .55 98
B2,  60-85 6.2 81 b T . 5k 96
B23,  85-100 7.2 647 3.6 49 52 97
B2h,  100~135 6,1 642 3.2 Lo , L8 9},
B3, 135-180 5.8 7.0 3.5 53 Cu8 9
Profile B {CXIC PATRUSTALF/DYSTRIC NITOSOL)
At 0-8 by b6 2,9 T1 : 63 100
- B, 820 6.1 6.6 28 W3 k2 9
C B2t 20-40 6.0 6.8 3.0 47 Lo 93
o B2, L0-75 5.8 641 3.0 50 . LT 97
B23, 757105 5.7 6.6 3.7 5% 55 97
Bl 105160 5.7 8.5 L 8 %6 98
Profile 9  (OXIC HAPLUSTALF/CHROMIC LUVISOL) | .
Ap 0-22 7.2 8.3 3.9 53 L6 97
B21,  22-L2 7.4 9.2 5.3 70 87 98
B2y h2-75 7.4 9.9 6.3 & . 63 98
B23,  T75-100 7.0 8.8 5.1 73 .. 58 100
B2l 100130 6.l 8.4 5.0 8 ey 100
B3t 130-150 6.7 8,1, 5.4 76 . &4 100

B32, 150-180 6,2 8,9 6.2 100 70 100
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Table 5 (contd.): CFC and base saturation of units 1 ~ 5 =soils

$0il Horizon Depth Cation Ixchange Oapacity. Base Baturation

Unit NHhOAc EDTA Cations ECEC NHhono EDTA Cations ECEC
T o - meeeneeemeg /100 8011 - 9 ~~
L e -
" Profile 10  (OXIC PAIEUSTALF/EUTRIC NITOSOL) .
Al 0-18 5.0 £,.8 o 86 63 68
B, 1835 B3 760 L abs 81 6 98
B2, 3-60 6,6 2 5.3 79 83 98
B3,  60-110 7.3 8.2 .6 175 S Y 98
Beh,  M0~135 7.2 7.0 L5 6 . 6 96
B25, 135-180 7.4 7T 5.0 68 o 65 100

Profile 11 (TYPIC PALEUST/LF/DYSTRIC NITOSOL) |
A1 0-12 6.6 7.9 bo7 T 89 100

B1 12-30 7.3 . 6.8 3.7 ks . 53 92
B21 30-60 6.0 - 5.6 2,6 L0 13 92
B22  60-100 7.4 b 1.8 18 3 72
B3 100-1%0 7. 3 1k 16 % 8

oV 1h0-180  £,2 6.0 3.9 €1 63 7



Table 5 (contd,}: CEC and base saturation of unite 1 - 5 moils

Soil Horizon Depth Cation Exchange Capacity.

..93.'.."___

Hage Saturation

Unit NHhOA.c EDTA Cations ECEC NHhDAc EDTACations BCEC
on - mog/100g s0il -

Profile 12 (TYPIC TROPAQUEPT/EUTRIC GLBYSOL)

A1 Q=10 L.8 b 2.2 Lo 3 86
Bt 10-20 L8 LG 1,8 33 35 89
R - 20-50 6.5 Lol 2,0 29 .i. L3 95

CTIC1L S50-10C Llh 2.4 1.0 20 38 90
IIc2 100 3.9 2.8 1.4 36 50 96

| Profile 13 (TYPIC TROPAQUEPT/EUTRIC CLEYSOL) B _
A 0=12 8,8 9.8 L.y k9 L 98
B 12-30 T2 7 9.4t 3.4 Lk 3h 9l
. 321 30~50 7ol 8.5 3.4 W 35 86
- B22 50~100 9,7 104 543 5h 50 98
© B3tg  100~130 12.6 12,6 6.0 In W7 98
. B32g  130~-160 10,0 | 62 52 97

12.9

6.9
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The large difference between the sum of cations and ECEC
determinations has been explained by Juo, Ayanlaja and Ogunwale
(1976) to be due to increase in pH dependent negative charges
~TEA at pH 8,0. Consequently, the amount of ol

2
exchanged by a soil depends to a great extent upon the pH at

measured by BaCl

equilibrium. The successive H* of the soil complex becomes active
as pH increases (Schollenberger and Simon, 1945). Barber & Rowell
(1972), and Sawney & Norrish (1971), have also shown that soils
whose exchange sites are accounted for mainly by Kaolinite,
halloysite, and sesquioxides have pH-dependent negative charges,
The clay mineralogy of soils in Kaduna = Zaria area has been
indicated by Ojanuga (1979) to he dominantly kaolinite, The soils
therefore have the capacity to exchange more ' at pH 8,0 for

the sum of cations method.

The discrepancy between the NHuQLo-CEC abd ECEC is also
attributed to the increase in pil,

Simple correlation and resression analysis between the methods
were carried out. Table 6 and Migs 9, 10 and 11 show the statistical
relationships between the three methods, The three methods were all
significantly different at the 0,17 level of significance. The
highest correlation was between values obtained by ECEC and sum of
cations., One important aspect of the regression lines between the

methods is that knowing the vnlue by one method, the CEC value of
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Table 6, Statistical comparison of three methods for
determining CEC

 Variables . Correlation Fegression line
Coefficient :

M) QAG~ECEC 0. 71917 Ny Ofle = 34331940,8619 BORC
NH, Ohcmgwz of cations 0,787 NE Ofc = 1.7022+0,680L sun of cations
BOEG~su of cations 0.9161" ECEC = =0,913640,6607 sum of cations

1

the game soil by the other two 'ncthods could be calculated.

Because CEC is pH dependent as mentloned earlier, and because
a pH of 7 or above is hardly ever recorded in the soils, Juo,
Ayanlaja and Oguuwale (1976) suggested that the sum of cations may
not give true poaltions of the CEC in tropical seoils. Juo,
Ayanlaja and Ogunwale (1976) further suggestcd that ECEC may be
a more realistic measurg of CHC because according to them, values
obtained by this method are rch closer to the CEC under field
conditions, But as has bee¢n noticed earlier, values obtained by
this method are so loﬁ that they are unlikely to represent field
conditions adeguately. ECI¢ also represents CEC under soil pH
conditions. ©BDoil pH conditlons nre likely to change with water
content or saturation of the poils. On the basis of all these, it

is suggested than an underestimation of the CLC of soils is likely
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to result if the ECEC method ig used in routine analysis for soil
¢clagsification purposee.

While the sum of Catiohs may have genuine limitations in
uge for determining the CEC of =oils in the Zaria area as pointed
oul earlier, the NHMOAQ-CEC method can be used effectively because
it gives near approximate CIC values for the soils, It appears that
the poils are low in 2:1 layer silicate clays like montmorlllonite
and vermiculite that fix the NHJ"L ions, resulting in underestimation
of CEC for soils of the temperate regions,

I'or ocmparison purpeees, the CkECof somé_of the seils
(profiles 2 end 3) were also determined using EDTA-CEC method
a6 mentioned earlier. Values (tables 5) were very comparable with the
NHhOﬂc—CEC method indicating that any of the two analytiecal procedures
will be good for determinings the CRC of ‘these and similar soils,

The lowest CEC values wore recorded in the surface horizdna
owing t¢ their low clay and perhaps low organic mgtter contents,
CIC values increased in the B horizons due to the high clay contents
in such horizons, Exceptiong tec this general trend are profiles 12
and 13 of the poorly drained fadama scil unit 5 where the lowest CEC
valueg occur in the subgeil B heorironsg. This discrepancy is perhaps
partly due to the high content of arganic matter in the surface
horizon of the soils, and NHZ fixation by mica and other 2:1 layer

silicate clays which may be present in these poorly drained
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envirenments (Ojanuga, 1979). /Another exception to the general
vyiule is profile 7 of go0il unit 3 where the lowest CEC value was
recorded in the A3 horizon having a sand lens.

There is cloae agreement between CRC and clay content. Data
for profile 6, soil unit 2 (tablc 5)substantiate the relationship
clearly, The B22t'horizon which contained less clay than the
overlying or underlying horigonse showed a decrease in CEC value
by all the three methods used, The fact that the surface horizons
which usually contain the lowest clay content, have the lowest CEC
values may be indicative of the prominence of clay over organic
matter, in influencing the CLC of these soils.

Boil units 2 and 3 (tablce 5) have relatively low CHC valueé
in their B horizons as a result of the high gravel, and low c¢lay
contents per unit volume of moil,

S0il unit 1 has relatively higher CEG values in the B horizon
than the other soil units possibly as a result of a high silt plus
clay content.

Unit © soila as typified by profile 13 have relatively higher
CEC wvalues compared to the other s0il units, CIEC values in these
soils ranged from 7.2 to 12.6 meq/100g¢ of soil {(by NHMOAC)-

The rejatively high CEC values in these soils may be related to

the high organic matter content, and the presence of montmorilionitic
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type of clays since the soils are poorly drained, and are
erviromments conducive to the formation of 221 la.tice cley
minerals as has been mentioned earlier (Ojamuga, 19733 Young,
1976). The CEC of this soil unit may even be higher than these
apparcent values as the fadama so0ils in the Kaduna - Zaria area
have been reported to contain mica (1llite) (0januga, 1979) which
could fix Nﬂﬁ

The CEC of the poils per 100g of clay was calculated. Values
(table 7) are moderate to high being 12 - 146 meq/100g, (by NHLOAO).
Moat of the soils have CEC/100g of slay in the range of 16~=27 meq.
Profile 12 of goil wnit 5 haz 130 to 147 meqg/100g of clay in the
gubsurface horizons, Since kaolinite has a CEC of between 3 and
15 meq/100g (Grim, 1968), it is suggested that the soils contained
some amounts of 231 silicate days as pointed out by Ojanuza (1979).

CEC per 100g clay shows an increase with depth within each
profiles It also shows an inqrease from well drained tc poorly
drained sites, These may be due to increases in the amount of
231 layer silicate clay minerals in the subsurface horizons and in
poorly drained enviromments. The subsoil and the poorly drained
801l environments can bhe considered as closed systenms where bases
are available for recombination with silica and alumina for the

synthesis of these layered silicate clays (Cjaruga, 1973).
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Table 7: A comparison of CUEC ¢ clay and CEC % silt + clay
Soil Unit Horizon Depth CRC% clay CKC % silt + clay
! om meq %
Profile 1 (CXIC PALEUSTALF/EUTRIC NITOSOL)
. A1 =14 18,0 10,6
Iv B21, 1129 18,0 10,7
B22, 29-60 19.3 12,2
B23, 60-100 17.7 11.5
B2l 100130 20,4 1246
B3, 130-170 19,0 12,3
Profile 2 (OXIC PALEYSTALF/EUTRIC NITOSOL)
a1 O0=12 22,7 9.6
Bl 12-25% 19,1 12.0
B21,, 25-50 17.0 11,1
B2, 5080 179 1.4
B23, 80~110 215 134
B3 110=150 C19.4 11,9
LIc,, .150-190 19.4 12.6
Profile 3 (OXIC HAPLUSTALF/CHROMIC LUVISOL)
. Al 0=10 20,9 104
B1, 1025 18.3 1.0
B, 2510 16,4 11,2
B22, 40-70 17,5 9.7
23, 70-120 17.1 9.9
B3 120-160 17.4 10.3
1IC 160195 18.4 10,5

on
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Table 7 {Contd.): A comparison of CEC % clay and CEC % silt + olay

Soil Unit Horizon Depth CECS clay CEC % silt + clay
2 cm. Meq % mememm—ae
Profile L (OXIC PALEUSTALF/EUTRIC NITOSOL)
;{& Fy : 0-8 21.9 11.3
: B, 8-30 14.9 10.2
TIB21, 30-50 - 18,8 12,1
11822, 50-90 - 16,7 1147
IIB23, ., 90130 | 18.7 1341
1182, . 130-165 19.7 13.2
Profile 5 (OXIC PLALEUSTALF/EUTRIC NITOSOL)
2 A1 0~10 23,2 10.2
B1 1025 : 26 a2 12.1
[ .
IIB21,,, ~ 25~60 | 19.3 1341
I1B22, . 60=90 18.8 12.5
IIB23,,, 90-120 20,5 13,1
IIBthcn 120=140 20.0 12,6
IIBRS. .. 1h0-180 16,0 1.3
Profile 6 (OXIC PAIEUSTALF/EUTRIC NITOSOL)

Al 0-15 259 8.8
B21, 5-lo 18.2 9.8
B22, LO~70 164k 749
B23, 70-110 13.7 8.3
B2, 110-160 12, 8.5
B25, 160~195 12.6 8.5

11830, 195-215 20,6 12,



Table 7 (Contd,): A comparison of CEC 9

- 10l - |

4 elay and CEC % silit + clay

90il Unit Horizon Depth CEC% clay CEC % silt + clay
3 | on I T —
Profile 7  (OXIC WAPLUSTALF/CHROMIC LUVISOL)
& A1 o4 274 10,2
] B =30 16.8 9.7
B2, 30~60 20,3 10,0
B22, 60--85 11 8.9
B23, 85-100 20,0 1141
Bob, 100=135 15.6 9,2
B3, 135-180 16.6 849
Profile 8  (OXIC PALRUSTALF/DYSTRIC NTTOSOL)
a1 0=3 : 2L,0 8.4
Bl 8~20 15.6 10,2
B21y, 20-40 15,0 9y
B224 LO=75 16.1 9.7
B234 75-105 15.8 8.9
B2li4 105=160 1L..6 8.9
Profile 9  (OXIC HAPLUSTALF/CHROMIC 1UVISOL)
Ap 022 20,0 10;9
B2y 2242 1945 11,2
322 12«75 154 9.7
B23, 75=100 1h.9 9.6
B2hL, 100-130 16.4L 10,0
B3ty 130=150 18.6 9.9
B324 150-180 21.0 10.3
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Table 7 (Contd.): A comparison of CEC % clay and CEC % eilt + clay

Soil Unit Horizon Depth CECY% clay CEC % silt + clay
& om neq R
Profile 10 (OXIC PAIEUSTALF/EUTRIC NITOSOL)
S A 0-18 33.3 10,0
1, 1835 13.6 9.6
B22, 35-60 _ 17.8 10.5
B23, 60~110 18,7 1141
B2l 110-135 15.6 10.7
sttg 135-180 18.0 11.6
Profile 11 (''YPIC PALEUSTALR/DYSTRIC NITOSCL)
a1 0=12 23,5 9.2
B21 30-60 27.3 10,0
B2 60~-100 33.6 1340
B3 100-140 L5.6 1244
(o] o180 20,7 10,2
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Table 7 (Contd.): A comparison of CEC % clay and CEC % silt + clay

Soil Unit Horizon Depth CEC% clay CEC % silt + clay

5

om meq %

Profile 12  (TYPIC TROPAQUEPT/EUTRIC GLEYSOL)

Al 0-10 53.3 10,7
B1 10=20 28,2 8.7
B2 20=50 29.5 10,5
11C1 50=100 146.7 8

1162 100+ 130,0 7.8

Profile 13  (TYPIC TROPAGUEPT/EUTRIC GLEYSOL)

Al 0=12 5540 13.3
Bl 12=30 28.8 9.7
B21 30-50 23.9 9.l
B22 50=100 2.3 1.7
B31 100-130 39.4 16,8
B32 130=160 22,7 11.5
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Kaolinite, quartz and 1llite have béen.reported.as.the dominant elay
minerals in the well drained soils of the etudy area (Ojanuga, 1979b}.
The above caloulations may be an.overeatimation of the activity
of the clay in these soils as a considerable part of the CEC may
come from the silt-size (2 - SQﬁgm) fraction. Martini (1970) and
Ojaruza, (19713 1975) have reported appreciable charged. sites on
gilt-gize particles and the occurrence of pilt-gized kaclinite
respectively. CEC was therefore calculated per 100g silt + clay
(table 7). The range of values was 7.9 to 16.B meq % with a
. mean value of 10.7 meq %. Valuos are not too far apart as with
CEC per 100g clay, and this mey be a better repreaentation of

CEC for these soilg., o - _ . o {

Exchange acidity

Exchange acidity values determined by three metheods are
given in table B, Values generally follow the same trend as

thoge for CEC. The high wvalue got by both the BaCl -TEA

2
{pH B.0) and the neutral N NHhOﬂc mnethods may possibly be ascribed
to weakly dissociated organic acid groups and oxyhydrates of Fe and
Al on exchange sites (Ojanuga, 1971). Extractable acidity
(unbuffered fﬂ‘KCI axtraction) values ere generally low, being 0.1

to 0.49 weq/100 g ¢ roil, This is probably due to the effect of
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Table 8: Exchange acidity (meq/1C0g eoil) by three methods,
gco‘i- uh.l‘t J
Profile 1 (0XIC PALBUSTALF/EUTRIC NITOSOL)

Horizon " Depth (en) INH)Oic pH7 PBaCl,~TEA pH8 KCl

il O=1Y4 2,07 36 0,07
B21, 1L=-29 2,97 3.7 0.07
B22, 29-60 3.32 3.8 0.05
B23, 60-100 2,89 3.9 0,0k
w2k, 100-130 2.9 3.8 0.03
B25, 130-170 3.76 3.7 0.0k
Profile 2 (OXIC PALEUSYALF/EUTRIC NITOSOL)

A1 0-12 1,31 3.3 0,02
Blg 12=25 3.63 3.9 0.07
7214 25-50 2,60 3.7 0402
n22¢ 50=80 3.1 L1 0,03
B23¢ 89=-110 3,28 Lot 0,02
53 110-150 2.94 3.9 0,03
I1Cen 150=190 2.L45 3.7 0,02

Profile 3 (OXIC HAPTYSTALF/CUROMIC LUVISOL)

A1 0=-10 1.76 3.6 0,02
Bl 10-23 Lol 3.9 0,03
21, 25=110 3.82 3.9 0,20
B22, LO=7D 2.93 345 0.11
B23, 70=720 L.2 3.5 0.2
B3 120-160 4.0 L.O 0.26
1IC 160=195 3.65 3.8 0.21

cn
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Table 8 (Contd.): Exchange acidity (meq/100g ®s0il) by three methods
Sol Unil 2
Profile L  (OXIC PALEUSYLLF/EUTRIC NITOSOL)

Horizon Depth (cm) NHyOAo pHT BaCl,~TEA PHE KC1
Al 0-8 2.23 3.8 0,03
Bly B30 3.63 349 0.21
11821, 30--50 Le63 3.6 0.16
IIB22, 50=90 3.17 3.7 0.0l
118234 . 90~130 2.75 3.7 040k
1182k, 130-165 2,80 3a7 0,03

Profile §  (OXIC PALEUS™ LF/EUTRIC NITOSOL)

Al 0=10 1.69 3.7 0,02
B1 10-25 3,19 3.8 0,02
TIB21, 25=60 3.60 3.9 0,06
IIBR2, 60=90 3422 3.7 0,01
11823, o 90=120 337 3.6 0,02
I182Ly o 120=140 3.50 3.7 0,03
TIB25, - 14,0=180 3436 367 0,03

Profile 6 (OXIC PALTUSTALF/BUTRIC NITOSOL)

A 0=15 1.83 3.3 0,02
B214 15=L0 2,50 343 0,07
B224 L0=70 1.69 3.3 0,06
B234 70-110 2.07 345 0.11
B2hit 110=160 2,16 3.8 0,12
B25¢ 160-195 2495 3.9 0,21

I1B83gen 195-215 3.63 3.5 0,20
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Teble 8 (Gcmtd.)‘. BExchange acidity (meq/‘lOOg g0il) by three methods

Soil Unit 3
Profile 7 (OXIC HAPLUSTALE/CHROMIC LUVISOL)
Horizon Depth (cm) NI{hOfLC pHY Bz;Clz—TEA pHE  KCI
M ' Omely 0,86 3.4 0.01
B o L=30 0,32 3.5 0,03
Bty 30~60 2,11 3.7 013
B22¢ 60~85 1.80 3.7 0423
B23% _ 85-100 3,70 3.2 0,08
B2L¢ ' 100~135 3.15 3.2 0,22
B3, 135-180 1,51 3.7 .21
Profile 8 {OXTC PALNUSPALR/DYSTRIC NITOSOL)
A1 _ 0-8 1,20 1.7 0,02
Bl _ 8-20 © 3.54 1.0 - 0.23
B2, 20m40 © 3.25 L0 0.28
B22, LO-75 2,92 . 3.2 0.09
B23, 75-105 2,08 3.0 0,04
ant 105-160 . 032 5 3.7 012

\

Profile 9 (OXIC HAPLUSTALF/CHROMIC LUVISOL)
Lp 0m22 3.45 45 0.1
B2, 22-42 L 2.23 N 0.11
B22, 275 1419 3.7 0.04
B23y 75-100 1.88 3.7 0,02
B2liyg 100130 1.0 340 0.02
B1yg 130-150 1.6k 3,0 0.02

B32g | 150~180 0.9 2.7 0,02
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Table 8 (Contd.): Excpange acidity (meq/100g soil) by three methods

SDL[ u.'nt “-.L
profile 10  (OXIC PATEUSTALF/EUTRIC NITOSOL)

Horizon Depth (em) NHj Ohc pHT BaCl~TEA pH8 N KC1
M 0-18 0.66 2.5 0,02
B21, 18-35 0.99 2.7 0,04
B2, 30-60 1.41 3.0 0,08
B23, 60=110 1,78 2.7 0,06
B2l 110-135 2,86 247 0,12
B25 % 135-180 2.5 2.7 0.0k

Profile 11 (TYPIC PALEUSTALF/DYSTRIC NITOSOL)

Al 0.12 1.91 3,20 0,03
B1 12=30 3.75 3.2 0,11
B21 30=60 3,60 342 0.19
B2 60=100 6411 2,8 0,49
B3 100=-140 6,09 2.2 0.19

1 14,0=180 2.36 a5 Q51
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Table 8 (Contd,): Exchanze acidity (neq/100g soil) by three methods

Sofl Unf 5
Profile 12 (TYPIC 'TROPAQUEPT/EUTRIC GLEYSOL)

Horizon Depth (cm) NE) Ohc pH] BaCl,=TEA pH8 N KC1
A 0=10 2.86 3.7 0.23
b2 10-20 3.21 3 0.25
B2 30-50 L .65 2.5 0,17
1I1C1 50=100 3.49 1.5 0,05
1IC2 100 2.55 1.4 0,06
Profile 13 (TYPIC TROPAQUEPT/EUTRIC GLEYSOL)

A1 0—12 ho53 5-5 0008
B1 12-30 L0 6.2 0,15
B21 30=50 L.38 5.5 0.42
B22 50~100 Lo5Y 542 0.12
B3 100~130 6,75 6.7 0.1

B2g 130-160 3,28 6.2 0.21
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low pH in repressing the dissociation of weakly acidic groups

present in the soil combplex,

Bage saturation

Bagse saturation =8 calculated for the three methods is varigble
and is dependent on the method used {table 5). A’ will be expeeted,
the base saturation by ECEC pgave the highest values (7210086 range)
with most values falling between 91 and 100%. The sun of cations
gave the lowest values (32-70% range)e Base saturation by NH&Oﬁc
gave values glightly hicher than thcose cbtained by sum of cations
in most cases. Values ranged from 16 to 100% by NH OAc method,
Table 9 shows the statistical rejationships hetween the three
methods, while Pigs 12, 13 and 1), show the regression lines betﬁaen.
methods. The highest correlation was between velues obtained by

NHhOAc and s of cations.

Table 9, Statistical relationship between base saturation as
computed by three methods,.

Variable Correlation Regression line
Coefficient
NH, OLo~ECEC - 0,695 NE Ohc = -184.7154+2.5163 ECEC

R

NH, Oho-sum of cations 0,7902" " Wi, Ohc = ~13.8778+1,3978 sum of cations

]

ECEC~sun of cations  0.7065 - ECEC = 78.7203+0,34L9 sum of cations.
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By knowing the percent base saturation by one method, the
percent base saturation of the same soil by the other two methods
can be calculated. This method can prove very useful in soil
correlation work, as converaion of base saturation from one "acgle
to the cther is rendered easy.

The general pattern of base saturation by the three methods
for all the soils is that of a high value in the surface horizon,

a decrease in the underlying {3 #%: B1 horizon , and a gradual
increage in value with depth. ’
The higher base saturation in the surface horizon is due to
accunmulation of cxepangeable cations from plant litter decomposition
coupled with low clay content and consequent low CEC. Malgwi (1979)
also attributed the high base saturation of the surface horizons
in the Sanaru area to cation addition to the soil surface through

the harmattan dust. The linited available exchange sites are
therefore almost bagse saturated,

The underlying A3 and B1 horizons represent regions of
maximum eluviation and this is why they tend tc have low base
saturation generally.

Maximum bagse saturation were recorded in the dseper subsoil
horizons. This is possibly ag a resuli of the accumulation of

ieached cations in these horizons,

- . . .
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Base saturation is highest in units 3 and L scils where mean
values are about 75%, and lowest in wnit 5 soils where mean value
is about LO%. The unite 1 and 2 soils which ccoupy relatively
higher topographic positions have intermediate base saturation
values of about 60%. The lower base saturation of the poorly
drained unit § soils may be due to H* saturation of their exchange
complex, while the moderate o hizh base saturation of the unita
1 to L soils may be due to their low CEC. )

| Base saturation by ECEC is hardly ever less than 90 for.all
the s0il units., This is due to the very low CEC values obtained
with the method. This may be an overestimation of the gaturation
of these soils, and on this basis, it is suggested that base
saturation by NHhOAc iz a better indication of the capacity of

these moils for cations,

Dithionlte~extractable F9203

Results of the total free iron oxide determined for the solle

are presented in table 10.

. -

The surface horizons generally contain thé lowep® total free
iron oxide, while the C horizons contain the highest, The trend
indicates a tranelocation of dissolved Fe from the surface horizons
to the subsoil horizons. Malgwi (1979) observed a similar trend in

the depth distribution of Fe203 in the soily from an area adjacent
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Table $0: Free iron oxide content of units 1 - 5 soils
Soil Unit Horizon Dcpth(cm) Free FeZOBK%)

1

Profile 1 (OXIC PALEUSTALF/EUYRIC NITOSOL)

Al 0-14 0.95
Bz1t 14=-29 2.3
B22, 29=60 2.4
B23, 60100 2.3
wk, 100-130 2.3
B3, 130-170 2.5

Profile 2  (OXIC PALZUSTALF/EUTRIC NITOSOL)

a 0-12 1.0
Bl 12-25 2.3
B21, 25-50 3,0
B2, 50-80 2.8
B23, 80-110 2.6
B3 110-150 2.9
1Ic 150-190 2.7

Profile 3 (OXIC HAPLUSTALF/CHROMIC LUVISOL)

A1 0=10 1.5
B1, 10=-25 2.3
321t 25-40 2.2
B22, L0=T0 2.5
B23, 70-120 2.5
B3 120=160 2.9
118 160-195 2.9

cn
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Table 10: (Contd.)s Free iron oxide content of units 1 - 5 soils

S0il Unit Horizon Depth (cn) Free Fe,04 %)

2
Profile i  (OXIC I .LEUSTALF/EUTRIC NITOSOL)

A 0-8 2.8
B, 8-30 2.7
ITB21, 30-50 3.3
11822, 50=-90 4.0
T1IB23, 90-130 5.2
1IB2L, 130-165 LS
Profile 5 (OXIC PLLEUSTALF/RUTRIC NITOSOL)
A 0=10 1.
™ 10=-25 2.5
JIB21, 25=60 3.9
11822, 60=90 L7
IIB23, 90-120 5e2
TIsel, o 120=140 L.8
11825, 14,0-180 L.l

Prcfile 6  (OXIC PALEUSTALF/EUTRIC NITOSOL)

A1 0-15 1.3
521, 15=40 1.5
B22, L0=T0 1.8
B23, 70=110 2.1
B2l 110-160 2.9
B25, 160-195 3.2

Im}gcn 195-215 7.0
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table 10 (Contd.): Free iron oxide content of units 1 =~ 5 soils

Soil Unit Horizon Depth(cn) Free Fe,04(%)
3
Profile 7  (OXIC HAPLUSTALF/CHROMIC LUVISOL)
A1 O~k 1.0
B1 4-30 1.2
B21, 30-60 2.3
B22, 60-85 2.8
B23, 85-100 3.3
B2L, 100-135 3.9
B3, 135-180 3.9

Profile 8 (OXIC PALEUSTALF/DYSTRIC NITOSOL)

A 0-8 1.4
1 8-20 2.1
m1, 20-40 2.8
B22, LO-75 3.5
3231: 75-105 3.3
B2l 105-160 3.L

Profile 9  (OXIC WAPLUSTALF/CHROMIC LUVISOL)

Ap 0-22 2.4
BR1, 22-42 2.3
B22, L2-75 2.5
B23, 754100 3.7
B2k, 100,130 3.9
B31,, 130~150 4.0

332B 100--180 L.k



Table Y0 (Contd.):

Soil Unit
h
Profile 10
Profile 11
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|
i
|
|

Free iron oxide content of unita 1 = § soils

Horizon Depth(cm)

(0XIC PALKUSTALF/BUTRIC NITOSOL)

Iy 0=18
B21, 18-35
B22, 35~60
B23, 60=110
B2k, 110135
B2, . ~ 435-180

Free FQZOBG%)

049
143
1ohy
1l
149
3.6

(‘CYPIC TAIEUSTALF/DYSTRIC NITOSOL)

ny . 012
B 1230
321 30-60
B22 . 60=100
B3 - 100-140

¢ 140~180

1.4
Te3
6.0
I
7.3
642
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Table 10 (Contd.): Free iron oxide econtent of units 1 = 5 soils

Soil Unit Horizon Depth (em) Free F9203($5)

Profile 12 ('""YPIC TROPAQUEPT/EUTRIC GLEYSOL)

a 0=10 1.7
B1 10=20 1.2
B2 20-50 1.3
IICY 50-100 1ol
IIC2 100 1.7

Profile 13 (TYYIC TROPAQUEPT/EUTRIC GLEYSOL)

I 0=12 1.3
B1 12-30 145
B21 30-50 1.7
B22 50-100 2.3
B31 100=130 5.5

1332g 130-160 6.7
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to the study area and attributed the high contents in the B
horizons of the well drained soils to the same process coupled
with increased precipitation of iron oxides during the dry
season by ground water recession,

The concrctionary soils of units 2 and 3 contained the
hizhest amounts of free iron oxide while the poorly draine% soils
of units L4 and 5 contained the lowest amounts. The high contents
in the units 2 and 3 soils are as a result of the occurrence of
iron oxide nodules in the coarse fraction of these soils, The
low content of free iron oxide in the poorly drained scils is
probably due to the occurrence of iron in.the soluble state in
these poorly drained soil environments.

There are noticeable accumuilations of free iron oxide in the
vicinity of discontinuities (profiles 3, L, 5 and 6) and in gleyed
horizons (profiles 6, 10 and 13), Such horizons are usually zones
of low porosity where iron-enriched percolating water stagnates
and their contents, includins the iron, precipitated in the non-

capillary pores on drying.



~ 125 =

SOIL CORRELATION AND CLASSIFICATION

30il Correlation

Soil correlation is the scientific method by which the set
or combination of all the significant characteristics of each
goil is specifically compared with the set of characteristics of
the already defined soil...in the natural or taxonomic system of
soil classification (Kellog, 1959) to establish relationships.
The soils of the present study can be correlated with earlier
studies by soil scientists who have worked in the Zaria area.

Vine (1953) classified the soils in the Zaria area as Brown
to Red = Brown Compact Silty Pine Sands. Tomlinson (1965),
Klinkenberg and Higgins (1968) and D'Hoore (1968) using the
Belgian classification system, clessified the soils as Ferruginous
Tropical Soile. The USDA Soil Map of the World (Ackerson et. al.
1968) referred to by Harpstead (1973) classified the soils in the
Zaria area as Alfisols. The TAO ({STH) soil map of the world
clagsified the soils as Ferric Iuvigols,

Many of the studies that culminated in these classifications
were based on exploratory soil surveys at best. Recently, Malgwi
(1979) gives the most detailed data on soils in the Zaria area

with which meaningful comparisons and correlations can be made.
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Yealgwi (1979 .) identiflied six soil units in an area adjacent
to the study arcea. - - | . '.

Soil unit 1 of fhis atudy correlates very wﬁll vith Malgwi's
80il unit 6. Both scils are deep, well drained, strongly
structured, yellowish red clay or clay loam soils with sandy
logn surface horizons, They show covidence of thick clay skin
coatings on ped surfaces in the field, indicating the presence
of an argillic horizon in the soils. | |

S0il unit 2 cannot be correlated with any of Malgwi's six-.
soil mapping units,

So0il unit 3 correlates with Malgwils s0il units L and 5.

It appears that his soil units L4 and 5 can be mapped together

ap a s0il unit., All the three soils are deep, well draiped, and
have sn argillic horizon. Trhey all tend to be concretionary below
130cm. Base saturation in the soils is high and the CEC per 100g
¢clay is moderately high.

Soil unit !} correjates with ‘algwi's soil unit 2, The
two soils are imperfectly drained, occupy gently sloping surfaces
on the fringee of the fadama, hate light textures and show a

weak argillic horizon development, They are alse similar in terms

of their physical and chemical characteristics,
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Soil unit 5 correlates very closely with Malgwi's soil
unit 1 in terms of its morphologibal, physical and chemical
characteristics, and with the Domo series of Higgins (1963).

The correlation is sumnarized in table 11.

mable 11, Correlation of units studied with Malgwi (1979)

So0il Units Studied Malgwi (1

Soil unit 1 Soil unit 6

So0il unit 2 -

Soil unit 3 So0il units L and 5
Soil unit 4 S0il unit 2

Soil unit § Soil unit 1

So0il Classification

Tn classifying the soils of the stydy area, the morphological,

physical and chemical characteristics considered important in both
Soil Taxonomy (Soil Survey Staff, 1975) and the FAO/UNESCO Soil
Legend (1974) were employed.
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Clasgificafion according to Soil Taxonomy

In claasif&ing the 50ilg according to Joil Taxonomy
{1975), the lowest category inb which the soils were fikted
is the SUBG™OUP, ) |

In the Zaria area the soil moisture regime.ia USTIC except in
the fadamss., The scil temperature regime is ISOHYFORTHERIIIC.
Ochric epipedon and argillic horizon are ﬁreaent in so0il units
1 to 4. Units 1 to 4 soils also have a hase gaturation that
is higher than 39% (by sum of catiqns). They fit closely into the
suborder of Ustalfs, The U.7.D.A, map of soils of the world
{Ackerson et »l,, 1968) and cited by Harpstesd {1973) classifieé
the soils of the area as Alfisols, The present study iz in
agreement vith that conclusion, Further classification into the
great group and subgroup levels is attemvted below,

Soils of unit 1 are thick reddish or red Ustalfs lacking
plinthite or paralithic contact within 170 em of the surface,
Mhey (exvect profile 3) have argillic horigons in which the
clay docs not decresse by as much as 20% from its maximum value
in the B horizon throughout a depth of 150 cm, Unit {1 soils
except profile 3 are classified as PALUSTALFS. They have a CTC
{by NH#OAe) less than 24 meq per 100g clay. Therefore, soil
unit 1 with the excepticn of profile 7 can be classified as

0XIC PALEUSTALPS, Profile 3 has a clay distribution which
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decresaes by more than 207 of the maximum value in the B horizon,
It is best classified as an OVIC HAPLITTAL™. Profile 3 can be
regerded as an inclusion vithin the unit { soils especially
owing to its hiszher content of coarser materials,

Unit 2 soils are similar in cheracteristics wit" unit 1
soils but for the abundant amounts of coneretionary iron
oxide nodules they contained, They are best clasgified as
OXIC PALTUSTALRS.

Unit 3 soils have (except profile B8) clay distributions
that deerease by 205 or slightly higher from its meximum in the
arzillic horizon, C7¢ (by NH4OAc) per 100g clay in those soils
is less than 24 meq., Soil unit 3 (except profile 8) is conse-
quently eclasaified as an OXIC HAPLUSTALF, Profile 8 of this
s0il unit has characteristics of nn'éKIC PALBUSTALF, and has
been clessified rcccordingly, It can be regarded as an inclusion
in 90il unit 3,

Soil unit 4 ere Ustalfs where the clev decrerses by lass
then 207 of the maximum v=lue in the argillic horizon, They
are therefore classified as PALUTTALPS, Profile 10 of this
80il unit has a o7C (by m4onc) less then 24 meq per 100g clay
and is classified as an OXIC PALRUATALF, Profile 11 has a CEC
more than 24 meq/100g clay in most parts of its B porizon nn! is

classified as a TYPIC PALTrLP,
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Soils of unit 5 typified by profiles 12 and 13 show minimum
horizon development indicative of BWNCEPTISOLS. They have an
ochric epipedon and a cambic horizon and are classified as
DICEPTISOLS, They are poorly drained, Ground water table is at
the surface for a considerable part of the year. They have a gray
surface horizon and characteristically mottled subsurface horizens,
and are consequently classified as /QFEPTS, Because of the iso=
hyperthermic soil temperature indicated for the Zaria area
earlier, this soil unit is further classified as a TROPAQUEPT,

Low chroma is dorminant in all subsoil horizons in these soils,
and the pH of 1:1 soil: water paste is greater than L. Seil unit

5 is therefore classified as a TYPIC TROPAQUEPT.
Classification according to the FAO/UNESCO Soil Legend.

Soil units 1, 2 and 4 have argillic horizons which have a
clay distributing pattern where the percentage of clay does
not decrease by as much as 20% within 150cm of the surface
except profile 3 (soil unit 1), All the three soil units
(except profile 3 of soil unit 1) therefore classify as NITOSOLS.
0oil unit 3 and profile 3 of scil unit 1 have clay distribution
patterns in which the clay decreases by more than 20% of the
maximum value in the argillic horizon, Base saturation (by
NHhOAc) in these soils is greater than 50%, Profile 3 of soil

unit 1 and soil unit 3 therefore classgify as LUVISOLS. The
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fadama so0ils of u-it 5 ﬁhich have an ovhric eninedon, a camhice
horizon and show hydromorrhic rronerties within 90cm of the surfacge
rre clasgified es GLEYTOLS. A more detsiled classification ia
glven helow,

Soils of units 1,2 and 4 (excent profile 3 of mo0il unit 1 and
profile 11 of soil unit 4) are basically WIRIC NITOSOLS because
they have & base saturation of 50% and more (by WH40Ac) throughout
the argillic horizon,

Profile 3 of s0il unit 1 is a CHROMTC LUVISOL pecause it
.h%s g strong browvn t0 red argillic B horizon, Profile 11 of
goil unit 4 can be clagsified az a DYSTRIC NITOS0L because it
hes a base saturation of less than 50% (by NH40AC) in some
parts of the argillic horizon. | o

Soila unit 3 with the exception of profile 8 can be slazsified
n3 a CHROMIC LUVISOL heecause it has a strong brown to red argillic
B horizon, Profile 8 of this soil unit is classificd as &
DYSTRIC NITOSCL because it has an argillic horizon with a clay |
distribution where the vercentape of clay does not decrease From
its mawimum amount by as much es 20% within 150cm of the surface,
It also has n hese ssturation less than 507 (vy NH40AC) in sone
perte of the argillic horizon,

Soils of unit 5, renregented by profiles A2 amd 13, ars
further clr.ei’ied as EITHC GLEY0L%. This 1s because these

voorly dr - 1ed goils ha-ve e bhase saturation (vy NH40Ac) of more
than 5 “lhroughout their profiles, o : :
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Tsable 12 shows a summary of the ¢lagssification of the soils
according to the two systems.

Table 12, Summary of soil classification, |

Soil Unit/ Profile Soil Taxonomy FAO/UNESCO

So0il Unit 1
Profiles 1 and 2
Profile 3

So0il Unit 2

Profile 4, 5 and 6

OXIC PALTUSTALR

OXIC HAPLUSTALF

OXIC PALEUSTALF

EUTRIC NITOSOL

CHROMIC LUVISOL

BUTRIC NITOSOL

Soil Unit 3
Profile 7 and 9 OXIC BAFLITSTALR CHROMIC LUVISOL
Profile 8 OXIC PALEUSTATR DYZTRIC NITOSOL
Scil Unit 4
Profile 10 OXIC PALTUSTALR RUTRIS NITOSQOL
Profile 11 TYPIC PALTUSTALF DYSTRIC NITOSOL

Seil Unit 5

Profile 12 and 1%

TYPIC TROPANUEPT

IUTRTIC GLREYSOL
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SUIMMARY AND CONCLUSIONM

Particle size data seem to indicate the aeolian origin of
the parent material of the upper - to mid-slope soils, Fine
sand (250 = SQPO predominates over the other sand fractions., This,
coupled with the high silt content, are the pointers to the aeolian
origin of the soil parent materials. The high silt content ranks
the soils in the Zaria area among the siltiest in Nigeria. The
surface horizons are clay deficient,

The particle size data also confirme the sedimentational
nistory of the fadama s0ils which show layering of contrasting
materials,

The bulk density results show marked compaction of some soil
surface horizons due to cattle trekking. Porosity in such
compacted horizons are usually low.

Organic carbon is low, decreasing rapidly with depth. Where
drainage is poor, the level of organic carbon is usually relatively
higher.

The reaction of the soils ranges from pH 5,4 to pH 6,7.

Lowest pH values were recorded in the B horizons, indicative of

leaching of the soils,






