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INTRODUCTION .

ﬂ n the spring of 1973 Dr. F. R. Moormann of the International
‘Instgtute of Tropical Agriculture, Ibadan, Nigeria, proposed &
study concerning a climosequence comprised of & lithologically
continnous zone of sedimentary parent materials extending from
Lome, Tbgo to Calabar, Nigerie over which the annual rainfall
‘increases gradually from Iome to Calabar. Dr. M. G. Cline of
Cornell University made the initial arrangements for the study
and Dr, R. W. Arnold undertook its supervision and visited the
.West African sites in August 1974, Mr. T. R. Forbes, a graduate
student in the. Department of Agronomy of Cornell University, Ithaca,
New}prk!nmﬁegthe study. Field research started in September 1973
_éiq:qgeclgded.in December 197k,

‘ xlﬁeigbjept;ves of the study were the following:
'i;‘igha;acterize the climate and soils at four benchmark
égtee.;%fhié involved collecting data on the mean monthly and
-3§ﬁ§ai ievels of precipitation, the average number pf raindays per
'ﬁontﬁ;'tqe heaviest deily rainfall per month, mean monthly tempera-
hthiéqz meeﬁumonthly potential evapotranspiration (PET) and mean
hﬁdﬁtﬁi&;gidbal radiation for each benchmark site. In terms of soils
the maJor 'upland, well-drained soils and important associated soils

“Wera. studied and described for each benchmark site, This also

1l


http:studenit-.in

meant characterizing the five ma;]or eoil-forming factorr clinate
(aa"' pecified above) y parent material, topography, organiame‘“an"d*

‘More apecific ob;)ectives for soile were demonstrating the

existence of' cutans on sone or most peds in B-horizons having at
1east a sandy clay texture and showing the resaturation of the
exgh}ange 'complex in. the argillic horizon at the lower rainfall
sites, thus placing these eoils in the unlikely ‘classification’of
. Alﬁsols.. Ultisols werevexpected atthe higher 'rainfalla areas due
to higher rates of leaching of ‘the exchange ccmplex.

_ % Characterize systuns of 1oca1 faming .at each benchmark
area.” This' involved the determination of the kinds of ‘crops’grown
and thelr ‘rotations, ‘the avérage size of famms and’the cultural
eystms of managunent such’ &’ Length of fallows, methods of land
preparatian, planting, weeding,' control of pests and harvesting.
'.lhere was no preconceived hypothesea concerning variations on the
traditional syatem of shirting cultivation due to high population
deneitiee in some areas,’

“'3." Determination of agronomic potential and major limiting
“fattors to'the Tealization of that potentisl. Agroriomie potential
w&adetemined by measuring "’aVef"age ‘yields of major foodarops ‘at
each ‘benchmark ares. ' To avold ‘confision these yleld levels were
detemined ‘for’ two dietinct cultm'al eyatm, the’ syetan of tradi-
tional manageuent and the syatan of experimental unagément. "It was



* hiypothiesized: that major. factors in.the yield level:of .any given., .-
fooderop: 'would: be: the' length-of time which a.soil had been under
cultivetion -and the length of fallows.employed. Those.areas.having
a.<ihigh=:d_em6gra.ph:l'c pressure and intensive use of soils were expected
to show.lower yield levels. Also it was hypothesized that the
higher rainfall sites would show lower yleld levels due to more iﬁtense
leaching of solls. Two .ﬁeld experiments were conducted in a low
and high rainfall area using the same treatments to show the importance
of fallows and the diminution in yield with intensive cultivation
even with the use of optimum levels of fertilizers.

Since t@ere was & p_a.ucity of existing solls, climatic and
agronomic infomation foxl vthe climosequence as a whole, benchmark
areas were chosen near major, administrative centers where some of
these data could be found through agricgl‘bural agencies. Also

- major gaps ‘ih'infomation could be filled in b;7r a more intensive
'étj\idy of farms in smaller areas. The four benchmark areas were:

i) ‘Miss:lon Tove (approximately 25 km north of Lome, Togo), 2) Ikenne
(approximately 10 km east of Shagamu, Nigeria), 3) the Nigerian
Institute for Oil Palm Research (approximately 25 km northwest of
Benin City, Nigeria), 4) Obio-Akpa Model Farm (approximately 6 km
vest of Absk, Nigeria). In this report, these areas will be referred
to as: 1) South Togo, 2) Tkenne, 3) Benin-NIFOR, and L4) Avak bench-

'mark areas respectively (Figure 1), Where some kinds of data from



‘benchnark sreas'ere notr ailable dats :from near Ye!‘e used

orﬁcers were contacted and asked to coopera.te 4n-the. choice of.

) sites, the ga.thering of existing soil, cnmatic ‘and “agronomic - -
dn.ta und support in contacting 1oca1 fa.mers. 3

1' "“gouth Togo Benchmark- Area

2 .. lkenne Benchmark Area. .

3  Benin-NIFOR Benchmark Area
1& ' Avak Benchmark Ares

. v

Fig. 1: Location of Bench mark- Study Areas on Plio-Pleistocene
Coastal Formations (after ¥. R. Moormana, 1975).



-, pA:word:.of qé\&tignfmust be, given about all of the data and
cbservationsirelating to: .cultural practices, size §Sﬂ?“fé?».w‘
.-,«canp'os‘ii?ion ,of -fooderops grown, and ylelds of foodcrops under
traditional ;and gexp,eriménta], management, This ir}forma‘%ion ';ras
gathered between September 1973 to December 1974 and refers
specifically to that period.  The study areas were tqo big and too
~.distant from each . other .to make statistically valid sampling by
one:person possible. Some of these data reflect judgments by the
author, rafter.consulting many.agricultural workers familiar with

the: study areas.

Baéiiéfound

o A clinxic;sequencév is a soil system throughout which the factors
of parent material, topography and time remain constant or Qithin
‘d‘ei.‘in;d nariow 1imits Differences in soil properties are thought
to havé béen prbduced by' differences in climate (moisture and
teniﬁérat{zre'tegimés) and orga;nisms across the climoseQuence.

The principle of climosequences can be derived in pert from the

theory proposed in Hans Jenny's Factors of Soil Formation. Five
soil-forming factors: climate, organis:hs, topography, parent material
and time are responsible for the cbserved nature and properties of

soils and can bAe"exp:;e'séed by the following equation:

Soil system = f(climate, organisms, relief, parent material, time)

(Jenny, 1941)



According to Jenmr, differences in' ruinfsil.:l.< or soilwnoisture

functions msrkedly sffect “the' ls.ndscape, especiu:uy the type or\ Bl

vegeta.tion and the nuture ‘of ‘soi1s. - Most  stidies’ of ‘climosequences

"°:L"mde on mdtmtsinous tra.nsects. “In these ‘studies parent

msterisl, time and’ topogrs.phy rensin constant but-differences in-
"elevu.tion produce di fperent ‘moisture and’ ‘temperature regimes. - -
Ihe climstic fsctor in these areas’includes ‘both ‘moisture and :temper-
etu‘re differen‘c‘es’. ‘In ‘this West African ‘study the. temperature
reéime(isohyperthemic)rmins constant. 'Differences in soil
properties can therefore be related to differences in"?otuntity and
distribution of precipitation and differences in kinds of organisms,
as lithology of the psrent matezial and elevation remcin nesrly
_constant throughout,

- Several .gtudies were made 1n Tne Lreat Flains ana ouner areas
of the continental United states by Jenmr snd others in which
only ra.infall qua.ntity a.nd distri'bution and orga.nisms were inde-
pendent variables. Soil properties such as the lclnd, quantity
and. distribution of clay throughout the soil proﬁle, qus.ntities
. of. organic ma.tter and nitrogen, exchangesble cations snd others
. were. determined An an attempt to find out how these properties
varied with, moisture indexes. Direct csussl relutimships 'between
these properties and the c:Lims.tic fector, moisture, were not pos-
firated (gering; k1),



| ‘The seconid aspect of thiis study involved the determination of
‘the foodcrop potential for the major soils in each area. Fooderop
potential may ‘be ‘conceived as analogous to Jenny's concept of soil
productivity. The soil is not separated from the local climate
and-‘a concept more closely related to land is necessary. The

foodcrop potential of this land or producing system can best

be measured by the ylelds of a crop per unit area (Jemny, 1941).
The yleld is dependent on the factors expressed in the equation

below:

Yield = f(climate, plant, man, parent material, time)
(Jenny, 1941)

Parent material is used here in the sense that once the natural
vegetation of a soil has been altered and other changes have been
made by man such as plowing, the soil must be considered as parent
material sin&e one of the soil-forming factors have been changed
(Jenny, 191&1)‘. In this study climate, man and parent material
("soil" in the layman's sense) are independent variables with
plants and time remaining suitably constant over the climosequence.
The factor "man" is particularly hard to define but includes at
least the cultural systems and management., The cultural systems
and managangnt in turn are determined by such variables as demo-

graphic pressure and availability of land, level of technology used



Although
:thiswstudy‘will describe some of the sccio-econonﬂ.c' fs.ctors ss they

- ‘byithe: 1fsrmer,,eeducstion a.nd other socio-ecmomic*i’eotors.w

foocur in rthe study- sress, the ms.in concern wss to make s quslitstive
Judgment sbout the: feasibility, of growing certsin foodcrops st
esch benchmsrm area, : To make this: Judgenent existing cropping

conducted -at. Ikenne: a.nd A‘oa.k-;gbenchmsrk .areas,

GENERAL DATA -
Geological history of ‘tne “benchmark areas
During the end of the Cretaceous period the sea gradually
invaded the coast of West Africs,(smm:y, 1962). At the same
time weathered detritus from the continent containing mostly
qusrtz ssnd a.nd kso].initic clsy ‘was transported to the coasts.
' During this period, different modes of deposition are recognized°
'fluvisl, estuarine or coastal deposition and hgoonsl or deltsie
(these modes of deposition spply to Plio-Pleistocene also). The
Cretaceous sedimentary rocks are completely covered by younger
sediments snd only in the Ikenne area do these older formstion
"outcrop locslly in incised valleys.
' 'me soils in this study were formed on younger Plio-Pleisto-
cene cosstsl fomstions. Deposition started with a short period
| oi’ msrine sedimentstion during an invasion of the sea. “Boon

Acontinentsl deposition i'olloved during a regression ‘of ‘the sea.


http:tyields:weigb.ed

&

1l§aolinitic clay were transported.

:

Again, mostly quartz sand and
During this period, erosion a.ﬁd the ca.pacit;’y ‘of streams and rivers
to transport sediments increa;ed. It wa‘si:probably at this time
that much of the oldé"r aurfacé (end of Cfefbfé.éeous) in the general
area of Ikenne was ex:oded and’ reworked 'beféo?g being recovered.
This younger sedimm'pgtion, which is not - rei)orted by contemporary
geologists, explains the similar nature ovf‘ the surface materials
of Ikenne to the other areas.l

Before the deposition of the coastal plain sands (Plio-Pleis-
tocene) erosion formed the depressions of Lama (Togo and Dahomey)
and Bwekoro (Nigeria) and exposed calcareous Cretaceous and Eocene
sediments. During this period (probably a sea regression) the
major north-south drainage system was formed (Slansky, 1962).
Deposits from Ikenne southward include a recent cover of Plio-
Pleistocene coastal plain sands materials (Figure 2). The other
three benchmark areas are on coastal plain sands which extend
to great depth.

lGeological maps (Jones and Hockey, 1964) show the Ikenne area to
be underlain by sediments dating from the end of Cretaceous.
However, the surface sediments are more similar to Plio-Pleisto-
cene sediments found at the other benchmark areas (personal
communication, F. R. Moormann, 197k).



Indicates Pliq-Pleistocerie cover-on ‘older materials

Ikenne Bwekoro . P . Coastal Plain’Sands- (m" leistocene) .

Ewekoro Fomat:lon (Eocene )

o ’ o Aeeoktrta. Formation (Cretaceous)

OT "‘f:'“f

Basenent Ccnplex (Precambrian) S —

Fig. 2. .;[deg]'.ized geological crossection fram ‘Ikehlne south toé'rardé‘-]:ogtc_s Lagoon.
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Parent materials

The surface materials 1n which all of the upland soils are
fonmad are coastal plain sands (Piio-Pleistocene) or more recent
colluvial overburden derived from this formation. These materials
whgn weathered have a sandy clay texture. The sand fraction is
qnﬁrtz and the clay fraction is a mixture of keolinite and ses-
quioxides, mainly iron oxides. The very similar nature of the
soils formed on these undulating plateaus is probably due to the
highly weathered nature of the sediments prior to deposition, and
to the effects of mixing and mass movement on these surfaces
during periods of erosion following the Pleistocene (personal
communication, F. R. Moormann, 197k).

On the coastal plain sands two variations in soil parent
materials can be seen locally and regionally. Regionally, the
coastal formations have two facies: 1) a finer facies, expecially
at depth in the central or northern regions of the coastal plein
sands formations and 2) a coarser fancies, in the upper layers
especially, in the southern areas of the formation (Slansky, 1962).
Upland soils on the undulating plateaus of the northern area tend
t0 be more clayey fram the surface, while sandier surface soils
were formed in the southern area of the coastal plain sands for-

mations,



Local]y, soils formed ‘on slopes in d:lssected areas “of. the

Ry n R

- ‘undulating plateaus tend to be quite sandy to depths up to two

‘,;.? 'J“Tp" "'«‘“ i . (»Q..

'meters due to the sandy nature of' the parent material (sandy R

- colluvial overburden which has been transported frcm the plateau

' ‘.2 i ,‘ u,.f,v“n, LA

: The highly weathered natu.re of‘ these sediments is 111ustrated
by the chemical canposition in Table 1.

Table-1. --Chemical composition of coastal plain sands
(Plio-Pleistocene) (after Slansky, 1962)

Percent oxide composition of brown, fine clayey sand '(15m depth)
at Bopa, Dahomey , o ’
8102 A1203 Fe2°3 Fe0 Mg0 Ca0 Na20 K20 Hao-f-COa' Pa()5 MnO

56.9-13.4 11.9 - 1.k ok 0.2 2,1 144 0.3 trace

«

‘Geanorphology and 1s.ndfoms

ﬁ In the study areas, the geological strata from the- Cretaceous
upwards form a cuesta rel:lef pattern with a dip of approudmately
) 1% towards the sea. Dissection is slight where interfluve areas
comprise up to 90% of the drainage ‘basin, On these undulating |
plateaus, slopes usually do not exceed 2%. Close to major‘»rivers
and their tributaries, the landscape 18 more dissected and 1nter-
fluve areas camprise 60% or less of the area (Jeje, 1969)

sumits are remnants of the undulating plateaus wh:lch daninate else-



where.:

~. ? 't

The Abak area is\the most dissecteo. J.andscape studied. It

L 4 Quq

gently rolling. and the high points are remnants of an’ undule.ting

Io ..

plateau. Another feature of - the Abak area is the presence of "suspended",

l

valleys-.

no deﬁnite stream bed for the outward movement of water. °

These valleys occur as first and’ second order valleys withe

The valleys

appear to be filling in, whereas third and fourth order valleys appe,ar

to be downcutting.

a lesser degree.'

vy e

' 1east dissection.

The Benin-NIFOR area is also dissected, though to
The Ikenne and south Togo benchmark areas show "the ‘

Schanatic crossections of the relief and locations

of the pedons are given in Appendix II along with the pedon descriptiona.

Climatic paraiaeters ’

“ .

Rainfall i‘ncr’eases from west to east, temperature remains uni-

™ .

*

form, potential evapotranspiration, «and average global radiation decrease

slightly as seen-in' Table’ 2

area are in Appendix 1.

Table 2.

Detailed monthly figures for each benchmark'

Annual climétic data for four benchmark areas

Parameter

l. Mean annual pre-
.cipitation (mm,)

2. Mean annusl PET (mm. )

3. Mean annual tempera-
ture (°C)

L. Mean daily global .
radiation (per annum)
Langleys/day

‘5. Number of raindays
' er annum -

South Togo
893
26.{4

421

62

Location o ’

Ikenne Benin-NIFOR Abak -
W25 18Wh - - - 2610
1340 1330 ., 1250
no data 26,1 . 26.0 :
‘no data 380 ' 3 35k

125 12 am
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Vegetation
”'“'me natural vegetation was difficult to discern throughout
most ‘of ‘the study areas due to disruption of the forest cover by 2
shirting ‘cultivators, The secondary c.'Limax vegetation for all the .
‘areas 18 forest ‘and at: Benin-NIFOR where there is a low population*
density, remnants of ‘more nature forest ‘can: be observed.
“In the cultivated areas’ around\south Togo the"bush» rellowis.

canposed of grasses, the most’ predcminant being: Imperats cL:Lindrica,

" Andropogon sp., and Panicum maximum with some woody‘vshrubs." - There are

‘bacbab trees (Adansonia digitata),» evidence of adrier climate (Guinea

savanna) and some oil palms (Elaeis guineensis) and coconut palms

(Cocos hucifera). 1t is possible that the 'baobab was introduced by the

north-south migration of nomsdic tribes (personal camnunication,
F. R Moormann, 19714)
Near Ikenne and Benin-NIFOR the early bush fallow is composed

almost entirely of Eupatorium odoratum (a newly introduced weed which.

has taken over as the predoudnant fallow vegetation in the last

-10 t0.15 years). 1In older fallows shrubs and trees dominate. 'Tr'ees

such as Triplochitan scleroxylan, Clorophora excelsa, Mitrm

stipulosa and Terminalia ivorensis are predcminant forest species

“(personsl communication, T. Johnson, NIFOR, 197h) ™ the Ikenne area

oi.‘l. palms and kola (Cola acuminata) are canmon as permanent trees in

‘areas of shifting cultivation. These are the only trees never cut -’by,



15

shifting cultivators due to their econcnic value. Ac:loo. "bdz‘f;eﬂ -and

****

a. sp. are the predaninant woody shruhs.
In Abak, the early bush fallow is Eu Bupatorium. odordtum mixed with

mxmerous oil palms and a few woody -shrubs such as Acioa barteri and

Pieria, 8p. Usually no further forest regeneration oc;cuzjs, in ;_t.bis;
,densely populated area between cultivation periods in the, shifting
cultivation cycle. Locally, small areas with shrubs .or forest may be

5 -

ob:aerved.

Data surnmary

Thé only environmental factors which differ between benchmark
argg,s'are‘those related to quantity and distribution of precipitation
(T;I;J,e 3).

Table 3. Summary of environmental factors across the climosequence.

Benin-

South Togo Ikenne NIFOR - Abak
1. Annual precipi- 893 1425 1850 2610
~ tation (mm.) ~ \
2, Drier months July, Aug., Nov., Dec., Nov., Dec,, Dec,, Jan.,
Sept., Nov., Jan., Feb. Jan., Feb. Feb,
DeC. ’ Ja-no ’ .
Feb. .
3. Estimated soil Ustic Ustic Ustic (mar< Udic
. moisture regime ginal to
: ‘Udie)
"lb.  Climax vegetation Forest Forest Forest = Forest
5. Relief Gently Un- Gently Un- Gently Un- Gently Un-
dulating dulating dulating dulating
” Plateaus Plateaus Plateaus Plateaus
6. Geological Coastnl Coastal Coastal Coastal
materials - Plain Plain Plain Plain

Sands Sands Sands Sands
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GENERAL CHARACTERTSTICS OF WELL-DRAINED SOIIS OP THE SMY AREAS
Presence of an srgillic horizon

'.l'he B-horizon of’ the well-dreined uplsnd soils ig an argillic
horizon. Researchers ‘in Togo ‘have found ‘that there 18 1ess clay-in the
layers below 3n than- in the '1"t03m layer. It is also thought sthat the
thiclmess ‘of the® superficia.l sa.ndy layer’is a’result’ ‘of ‘the equilibrium
oi'*"the ‘erosion of ‘sand-to the’ depressions andwthereluviationfoi‘.clay
to the lower horizons (FAO, 1967). Studies of Alagba soils""off*‘soﬁthern
Nigeria have shown a co-migration of clay and dithionite-extractable
F_»‘eﬁ which indica.tes the mecha.nica.l migration of clay-size mineral par-
ticles fro:n the A to the B horizms (Juo, Moorms.nn and Maduskor, 1973).

_ e author always observed cutans on some or most peds in the
exsmination oi‘ the B-horizons ha.ving at least a sandy clay texture.

Lgt'f

InJB-horizons of lighter textures clay bridges between the quartz

gand’ ra.ins were always observed (see soil descriptions in Appendix II).

Soil moisture regime

Specific data. on the soil moistnre regimes were not available
for any of the soils in the four benctmark areas, The soils are thought
to.have either an udic or. ustic soil moisture regime.. In an udic oil
moi sture regime the moisture control section is not dry in anv part for
as long as 90 cmulative dsys. An ustic soil moisture regine implies
thst the moisture control section is dry in some or all psrts for more
than 90 cunmlative da.ys in most years, while the control section is

moist in some po.rt for more than 180 cmule.tive da.ys or is continuously

moist for at least 90 consecutive days’ in some pe.rt “In view of the
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predominant textures of the soils studied, the soil moisture control
section would commonly include the soil between approximately 20 to
60 cms depth (Soil Taxonamy, 1973).
sufficient climatic data, mean monthly rainfall, mean monthly
temperatures and potential evapotranspiration figures were availsble
_ for estimating soil moisture and temperature regimes for each region
(see Appendix I and Figs. 3=6).

The tempera:tures and potential evapotranspiration figures do not
_vary significantly throughout the year in any one region or for the
four regions taken together. The most striking differences are seen
in the magnitude and distribution of rainfall fram area to area. South
Togo (Leme) has the lowest annual rainfell with approximately 900 mm.
The potential evapotranspiration exceeds the precipitation for approxi-
mately eight months of the year (Fig. 3). The soil moisture regime
is estimated to be ustic. The soil temperature regime is isohyperthermic,

The Ikenne area has an annusl precipitation of 1500 mm. The
potential evapotranspiration exceeds the precipitation a.ppro:dmately
5 out of 12 months (Fig. 4). The soil moisture regime is estimated to
be ustic and the temperature regime isohyperthermic.

The Benin-NIFOR area has approximately 1800 mm of annual precipi-
tation and four months during which the potential evapotranspiration
exceeds the monthly rainfall (Fig. 5). The soil moisture regime is
probably ustic but transitional to udic. The exact determination would

require measurements during & number of years. The staff at NIFOR
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ha.ve observed ‘that oil palms of the: area scmetime; lhow signs ‘of drought
stress during the long dry seaaon. 'l‘hiarma,y be indica.tive of an ustic
moisture regime. - " | e
The Abak annual ra.j.nfall is approximately: 2600 mm and the poten-
tial evapotranspiration exceeds the monthly rainfall for only fhree
months of ‘the year (Fig. 6). "It is unlikely that the control section
is dry f;er more than 90 cmnula:l':;ve days., A study of the soil n‘iot.’nl.'hsture
regime'_imder very gimilar’cl'imat:‘lc conditions in Sierra Leocne (van
Vuure ,e.nd Miedema, 1973) indicate an udic regime. The author took
soil ;samples from the Abak site during the first week of February 197h4.
At this time (the end of the long dry season) the greater part of the
control section was still moist. On the basis of this observation and
an interpretation of the rainfall pa.ttem, the soil moisture regime is

estimated to be udic and the temperature regime isohyperthermic.

Degradation

In studying the fertility of soils formed on the Plio-Fleistocene
coastal plain sands certain French sorkers in Dahomey and Togo have
distinguished "degraded" and "nondegraded” forms of surface soils., In
their research they have been unable tc give generally valid and precise
definitions to these terms. In an effort to analytically pinpoint certain
soil properties which were affected by degradation phenomena soil samples
were taken fram benchmark areas and analyzed. The results were not
able to confirm any of the possible factors given in the following
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discussion on degradation, For this reason, the discussion is hypo-
thetical and is presented only to indicate that there are many facts
yet unknown on this problem. The inconclusive analytical results are
given in Appendix II under the appropriate soil pedon description.

In general, it seems that the state of being degraded is most
easily distinguished by the appearance of the soil surface and the type
of fallow vegetation. The degraded vegetation differs for each
benchmark area. Exceptionally low yields of maize (Zea mays), cassava

(Manihot esculenta) and other foodcrops are obtained on the degraded

soils.

On these soils one observes a "shifting" phenomenon or microerosion
characterized by the physical separation at the surface of the sandy
matrix and darker colored clay and organic matter. Shifting or micrcw
erosion usually occurs on fields where the vegetative cover is poor,
such as cassava fields, where there is little or no plant residue and
the standing crop provides very limited protection fram heavy rains
and intense heating by the sun. The clay and organic matter are washed
away or at least separated from the sand fraction producing a mottled
or splotchy appearance of pure bleached quartz sand and pockets of
darker clay and organic matter. Gentle monsoon rains over long periods
of time tend to separate and move clay and organic matter downslope
whereas intense rainstorms carry the camplete soil, clay, organic matter
and sand downslope. The structure of degraded surface soils is unstable

and reverts to single-grain (personal. cammunication, F. R. Moormann,
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1973). This phenomenon was seen on most of the sandier soils of inten-
“sively cultivated fields in all study areas.

Degrg.@at:lqn has beenv thought to involve some of the following:
1) erosion and loss of clay q:ncreasing the sand:lneés of the surface
horizen, 2) loss of organic matter, 3) excessive leaching of exchange-
,able bases, 4) loss of available P, 5) instability of structure,
6) possibly ﬁino? elemgnt deficiencies, 7) increase in exchangeable
H and Al and 8) otherﬁnlmqwn factors.

THE SOUTH TOGO BENCHMARK STUDY AREA

Setting

This was the only study area where detailed soil, climatic and
agronomic data were already available because of the studies of FAO,
the Togolese Ministry of Agriculture, Togolese and French research
organizations such as ORSTOM (office de la Recherche Scientifique et
Technique Outre-Mer), BDPA (Bureau de Developpement et Production
Agricole), SORAD (Societe Regionale d'Amenagement et de Developpement)
and IRAT (Institut de la Recherche Agronomique et Technique). Because
so many soil series had already been identified in t_hese studies of the
sedimentary region of southern Togo, specific soil series were selected
for study according to their extent.

The climate is dry, semi-hot equatorial typical of a coastal
gsavanna belt where the highest average daily temperature is less than
'33,5%, the annual rainfall between 4l and 100% of the potential
" evapotranspiration and the dry season one to ‘three months long (Papa-
dakis, 1965). The major rainy season begins in March with thermal



26

thunderstorms. ) In May the rains increase and by June monsoon rains
are dominant. Arorund mid-July the ma:]or or first rainy season ends. ‘
A short dry ‘season starts and continues to early September at which time
the monsoon rains start again but never reach the intensity of June.
During same years this short raimr season is practical]y non-md.stant.
'l'here is an important gradient of rainfall with the highest rainfall
found in the northern edge of the sedimentary region. There is also
:onsiderable annual variability in total rainfall and rainfall‘ ‘distri-
ation.
The predominant topography of the coastal plain sands formation

n Togo is a series of undulating plateaus ranging from sea 1:;)'31 ’to
00 meters in the north. Streans and rivers on the plateau form a”
lendritic pattern (Slanslw, 1962).

‘ Even though the region is classified as semi-hot equatorial most‘
:f the vegetation is Guinea savanna The most humid part may. be derived
savanna with a dry deciduous climax forest which has almost totally
31 sappeared. Most of the region 1s covered by degraded tree satakma
}:‘ith"oaohahs, ol palms and coconut palms as the main secondary !trees
withlow woody shrubs which survive the recurrent burning. The only
areas where cne finds remants of a tropical forest are along ri;vers

or streams or in small areas of sacred forests (FAO, 1967).

Soil: pedons,
Four important soil pedons were chosen ror study. inese peaons

vare' referred to by their series designations as mapped in 8 detailed



reconnaissance survey by FAO in. the early 1960's, The serf”é’sf' nemes
a.re Legbako, Kod.jin, chkcme a.nd Ga.nave.
All descriptions, tqpographic positions and analytical data for

the .sgi;lﬁ.‘pedons are given in Appendix II.

"'.I."he Legbako series (Appendix IT, no. 1)

The Legbako series.ia a clayey, kaolinitic, isohyperthermic member
of the Oxlc Paleusta.lfs. This series 15 the most typical upland soil
'_formed on the undulating pla.teaus of the coastal plain sands. It
y’corresponds well in morphologr with the Alsgbe series of Ikenne and
Benin-NIFOR, Nigeria._» ’l'he Legbako series covers the greatest surface
_E;é'a .in the coastal ﬁlein sands (Terres de Barre) area in southern Togo,
:.ezl;pi'oﬁmately 69,000 hectares (FAO, 1967). ‘

Legpaxo 80ils are reddish brown sandy clay soils. The sandy
:ciay usually occurs abruptly at depths of 4O to 60 cm. The surface
'textures vary from sand to sandy loam. These soils usually occur on
;aurface I of the undulating plateaus (Appendix II). The soil is deep

;‘end porous and shows no mottling.

o

\ ¢

The colors of the surface horizons (Ap and A3) range from 5YR3/L,
‘dark ‘zjeddish brown, to 2.5YR3/2, dark reddish brown, The B2t horizon
‘s also dark reddish brown, 2.5YR3/4 to 2.5YR3/6.

‘The pn and percent base saturation remain constant to the depth
‘examined, approximately 1.8 m, at 5.5 and 98% respectively. The CEC
,,aleo renains fairly constant at lmeq/100g of soil down to the depth



The KodJin ‘series: (Appcndix II, no.”2)";

“'mhe’ Koddin“series 18 also a clayey , _“"o].initic,‘ isolwperthermic

member of the Oxic Paleustalfs. The soil 185 found on’ surface I (or
possibly surface II) of the undulating plateaus of the coastal plain
. sands (Appendix 1),  The l(odain scries 18 not as extensiue ag the g
Legba.ko series covering an area of on]y 9,000 hectares (FAO. 1967)
Kodjin surface soil is dark reddish brown beccming dark red (dry)
}at depth. The surface is sandy clay loam to sandv clay and, becaning
elav with depth, '.l'he clay texture usual'l,v occurs rather abruptly at
hO to, 60 cm depth. . The B2t horizons are always clay !me soil is
deep, porous, shows no mottling and has well-defined structure. ‘
. _The colors of the surface horizons (Ap, A3) range fran 2 5YR2 5/4%
o 10R3/h, dark reddish brown to duslqr red, respectively The Bat
. horizms .range fran 10R3/10 to 2, 5YR3/6 dusky red to dark reddish brown,
aspectively.
‘ The pH and percent base saturation, as in the I.eg‘oako series,
ramain constant to a depth of approximately 1.8 m, at 5. 5 and 98%
respectively, The CEC is approximately 3meq/100 g of soil throughout.
KodJjin soils can occur separate]y, especially in the northern
areas of the coastal plain sands, or as "island" patches within larger
_expanses of Legbako soils.
| . lhere are two current axph.natims for the heavier tuture of

i ;"

thc surface~ 1) it is a remant of a Iegbako soil that vas haavily
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eroded washing awa.y 'bhe sandy surface lsyer, e.nd 2) it was derived

fran a cla.yier parent msterial to begin with u.nd as such ha.s not
e:cperienced an ":lntensestransloca.tion of ‘clay: Kod:jih“seils are found
mainly in the northern stretches of the coastal plain sends forma.tien
where the parent material was cisiiierithe.n' that fubther 'south (personal:
cammmication, M. Santanna, Ministry of Agriculture; Lome, 197L) -
(Slansky, 1962).

The Klekome series (Appendix II, no. 3)

The Klekame series, a clayey, kaolinitic, ischyperthermic member
of the Oxic Paleustalfs occurs on surface III (sandy colluvium)
(Append:lx II). It corresponds well morphologically with the Kulfo
series of Benin-NIFOR, Nigeria. The surface area covered by the Klekome
“series in Togo is approximately 11,700 hectares (FAQ, 1967).
| Klekome soils are dark reddish brown throughout. The surface
1s usually sandy becoming sandy clay loam or sandy clay with depth,
The heavier sandy clay texture may occur at approximetely 1 m or may
nZt be apparent in a profile having a depth of at least 2 m. The
surface horizons (Ap, A3) range from sand to sandy loam in texture. The
texture often increases slightly to sandy clay loam or sandy loem at
a depth of 50 to 80 cm (B2t). B2t or argillic horizons are also
distinguished by thin clay bridges formed between the quartz sand grains,
’ The soil is deep and porous but has a slightly weaker or less well-defined

structure than the Legbako and Xodjin series.
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’;:'lh“"»colors of, the. surface hOPiZOns:"(AP', ,A3)

'range from 5m3/3

to 5YR3/!+ dark, reddish brcwn The B2t.4 hopizons a;e 2. _5m3/h dark
reddish brown |

Tne pH.of the horizons remains fairly constant at about 5 5.\
The base saturation remains at approx:lmately 100% in the. surface |
«horizons but decreases slight]y to approximately 80% in samples taken
at depths approaching m. The CEC is low at about 2.hmeq/100 g
of so:ll but are slight]y higher at’ the surface due to increased

'iamounts of organic matter.

The Ganave series (Appendix II, no. l&) .

The Ganave series is probably a clayey, kaolinitic, isohy'per-
thermic¢ member of the (Plinthic) Oxie Pa}enstalfs. ,'Ine sxoi'.‘l.._is' }'Ij:ound
on-depositional surface IV.;,(API!?"dix,II,)r ~ The surface a:vjea. covered
by .the Ganave series in southe::n,'lfogo:is approximately Z{L‘O-,OOO‘hectares
.(FAO, 1967).

. Ganave soils are grayish brmm becoming pale brown with brownish
_,and reddish mottles at depth. .The surface textwres (Ap, A3 horizons)
.range from sand to loamy sand becoming sandy clay ,10am or sandy clay
‘y‘li_th depth (B2t). The heavier texture usually occurs abruptly at

; a depth of 50 to 70 cm, B2t or argillic horizonsare distinéuisned by
-thin patchy argillans. The soils examined typically become more porous

‘and exhibit stronger structure with depth. Many medium and corse
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.tdbular pores are seen at depths of: approximately l m.x ﬁhe soilvis

it

also distinguished by brownish motties ‘near the surface beccming
reddish ‘yellow and forming red concretions at depths. of: approximately
«1 m

?‘Y

Colors of surface horizons range from grayish brown, 10YRS/2
éto brown, 10YR5/3. Argillic horizons range from brown, 1om5/3,
'to;J,ight yellowish brown, 10YR6/4 and very pale brown, 10YR7/3.
Surface mottles are strong brown, 7.5YR5/6, becoming reddish yellow,
5YR6/6 with depth. Concretions are typically bright red, 2.5YRU/6.
‘ The concretions are probably irenstone gravel in a matrix of dis-
‘continuous plinthite.

| There are no chemical data for the Ganave pedon,

Soil characteristics affecting agronomic potential
As shown by Teble 4, Klekome and Ganave series have soil charac-
teristics more 11miting to agronomic potential than Legbako or Kodjin

- geries in the Souﬁh Togo benchmark area.

Climatic characteristics affecting agronomic potential

Average ‘climatic data for the area are given in Appendix I and
‘Table 2.
"+ »;-The diurnal range of temperature 1s greatly influenced by the
proximity of the coast, The areas 1n the 1nterior show the éree;est
Eamplitudesre The average yearly-variation of,temperature 15 limited

for the region as a whole to approximately 3.3°c.
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Teble 4.’ Soil ‘characteristics affecting agronomic. potential.i:

South Togo benohmark area.‘l

T

I Soi'l R N B

T

.cngr'esctei-i'stic.,} L |
S ~ Legbeko . Kodjin  Klekeme  , Ganave
'fl;c‘idmitations None Nonéf_ None Ironstone gravel
e T?to rooting ’ o G o v 4in B2t (similar
o o | - to pan)
' 'sandy sur- clayey  sandy - sandy surface
face over _through- through-', over clayey
~ clayey sub- out " out ' subsoil’
soil L e e
3 .Surface soil slightly moderate- unstable slightly
- aggregate stable 1y stable - . stable:
stability® ’ | D '
4, Permesbility  moderate  ‘moderate rapid  moderate
5. Drainage class well- well- excess- imperfectly
drained drained  ively well- drained
SRR . “.drained
6. Erosion pro- microero- possible much micro~ microerosion
blems® _ sion and gully for- erosion and
gully for- mation gully for-
e mation - mation
Limiting low CEC low CEC low CEC -—-
‘chemical low ex- low ex~ low ex-
properties changeable changeable changeable
K S K K, low OM
8. Suscepti- moderate slight very high moderate
bility to
degradation

This refers in particular to the tendency of breaking up cruMb or
subangular blocky structure to single-grain structure,

tion of sand from clay and organic matter.

?bM1croerosion is a phenomenon of particle separation, i.e. the separa-

Degradation is a phenomenon associated with changes of surface soil,

. ground cover, and decreased ylelds.
Judgment based on observed field conditions.

Susceptibility is & quelitative
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T ‘Key: ‘bla.ck - Hagoume, :l‘ogo
' * crossed - Benin-NIFOR, Nigeria

No. of Raindays per month (greater than 0.1 mm)
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Fik. 7. Rainfall distribution in South Togo, Benin-NIFOR, and Absk benchmark areas.

~ ~ white - Abak, Ihgeria. '
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1nfa11 :ls variable both between years and from one locality

to another. . ‘It's common to have a downpour in one plaoe and no
'preoipitation at a11 10 km away. The reg:lon of southern Togo differs
]from» the other benchmark a.reas in that the rainfall increases, from
'800 to 1300 mm, as one goes from the ‘coast: to the northern edge of the
sedimentary plateau (FAO, 1967) "In all other benchmark areas of
this study the reverse is true. o

" The low annual precipitation and 1ts distribution into two
seasons is a liability to foodcrop production., This is especially
true for the southernmost region, where in some years the short rainy
season does not provide enough precipitation to cover the deficit
“caused by evapotranspiration (Appendix I and Fig. 7).

: The potential evapotranspiration is greater than rainfall about
9 months ‘of the year (Appendix I and Mg. 3).

'Ihe hea.viest showers occur near the coast. Shovwer intensity
diminishes toward the northern part of the sedimentary plateau
(FKO, 1967) The sandier, exposed soils nearest the coast are the
most susceptible to erosion.

., Ra.in distribution is the single most important climatic parameter
affecting agroncmic productivity of the south Togo area. For Hagoume,
'roéo (near Lome), the number of raindays (days when the precipitation
is' greater than 0.1 mm) attains a maximum of 10 during the month
of June. The planting months of March and April have 3 and 2 respec-

' tively and the ma:dm\nn for the second season is only 9 days in Septem-
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’ber (see Fig. T). This is & clear indication: of,the recurrent drought

problems during the two growing seasons and the secon‘;‘hiparticuler
(personal communication from workers on BDRA and SORAD prodects in ‘
Anecho, Togo).

The annual average radiation 13 421 Langleys/day for the .south
gbgo area. As the growing season progresses the level of the. radiation
vdimanishes (Appendix I and Fig. 8). The daily average from April_
to Jeix is 409 Langleys/day and frem September to November 431
Langleys/dax. Radiation, in view of these values, epgears;aufficient

for fooderop production.

Human factors affecting agrehomic potential |

‘ The main form of croppihg management in eouthern Togo ig sh1fting
cuixivation. In this area demographic pressures afehso inteese that
suitabie fallow periods for regeneration of soil fertility afe no
longer possible. In times past when sufficient land was available

a farmer might leave a parcel in fallow 5 to 8 years after cropping

it 2 to 3 years. The demographic pressures no longer permit such
lengthy fallows and the result is a general degradation of soils.
Fallows are presently 2 to 3 years at most. In southern Togo the rural
_.population density is approximately 137 inhabitants/lma (FAO, 1967).

: Calculations from data given in Table 5 show that the average
"fefm size in southern Togo is 1,85 hectares irrespective of the

percentage of available land under cultivation.
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“Table '5; "Farm’statistics for 'southern Togo (after FAO, 1967).

Administrative Region

Lome Anecho . Tsevie
1. Total surface in ha, - 28,000 142,000 320,000
2, Surface cultivated in ha. 18,272 60, 331 38,297
3. Percent surfuce cultivated 64% 43% 129,
~ of total surface

4. Number of farms 9,676 33,285 19,581
5. Number of cultivators 2.1 1.9 2.6

. per farm '
6. Surface area in ha. covered 0.88 0. 94 0.7k

by each cultivator

The rotation and composition of crops on these farms seem to
xbe dictated as much or more by local traditions and nutritional habits
than by searching for the most suitably adapted crop to a particular
soil. Malze and cﬁssava are by far the predominant crops of the

region (Table 6). Yams (Discorea rotundata) and cocoyams (Colocasia

antiguorum) assume minor importance only in the more humid regions
such as Tsevie (1200 mm rainfall per annum),

The system is shifting cultivation where the land is left to
fallow for several years then intensively cultivated until the yields
diminish to an uneconomic level. These diminished ylelds are mainly
due to the diminishing fertility of the soil, weeds, pests, and dis-

" eases. Thereafter, the parcel is given another period of fallow.
"mTraditionally, the soils are at least 50% under fallow at any one time.
" Alluvial areas where the vegetation is thicker and harder to clear

are perhaps 80% under fallow (FAO, 1967).
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Table 6,.; Fooderop:canposition on farms in ‘southern Togo (after FAO,

T)e i,

b i L G e

| Administrative Region
- 'Lome . Anecho Tsevie
T 4 df‘”éﬁltivjp.t‘e’d' s‘u.rfa_.qe‘ area by crop

: .’R:lce (Oryza sativa) om—- - -
3, Cassava 30.0 3k 21.0
L. ' "sweet potatoes (Impo: 0.2 0.2 0.7
"' moea batatas) , , o
5, Yams ——-- - h.h
6. Cocoyams i aela 5.7
7. Ochra (Hibiscus : 0.9 0.6 0.9
esculentus
8. Tomatoes (Lycoper- - 189 o043 0.6
_ sicon esculentum _
9. Peppers (Piper sp.) 0.6 0.2 0.9
10. Bigeon Peas (Cajanus 3 3.9 0.8
cajan) N
11. Peanuts (Arachis 7.3 2.3 6.1
: ae&) - ' S S . .
12, Tree crops | - 8.1 4 LY 2h.7

.- The regions of Lome and ‘Anecho havfing the most a,,iptengive agri-
.. culture have modified somewhat this systeﬁ. Hére maize and cassava
. 8re grown almost continuously, except for an occasional fallow of 1 to
: 2;yeara. The maize is planted during the long rainy season and shortly

‘thereafter interplanted with cassava. The cassava is then harvested

 prematurely after 10 to 12 months. Soil degradation under this modified
.eysten 1s increased and ylelds drop to an unusually low level,(k to
. 5 tons of fresh tube.ra/ha-_ ).
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In areas of traditional shifting cultivationthefollowing:«

technigues 'a’re,;pgg.ggiggg.‘ Each year toward the middle of the dry

_ season & parcel of land 1s cleared by eutting down trees, shrubs,
weeds and left to dry 011 palm trees are left standiﬁg because of
their economic importance, but ‘their leaves are heavily tr:!.mﬁ;ed éo
that their shade does not greatly hinder the growth of foodcrops.

This pile of dry material is burned so that a few kilograms of fertili-
zer is produced. The soil is hoed by hand, incorporating the burned
material into the surface layer of the socil. After the rains start
maize is planted 3 to 4 seeds to a hill in no particular spacing. The
maize is never thinned. At the same time hills of tomatoes, ochra,
beppers, peanuts, etc., are planted between the hills of maize. In
some cases the maize culture may be repeated depending on the fertility
of the soil. It is then interplanted with cassava cuttings or the
cassava may be planted during the first season usually a month after
the maize and other crops have started to grow.

In the more intensive agriculture of the Lome-Anecho area the
maize is usually planted on the flat in lines at & rather wide spacing
and shortly afterwards interplanted with cassava cuttings, Fortunately
in this area mulching practices have been started using the stalks,
leaves and other trash left over from harvest. In general fertilizers

are not used and maize is not pla.nted‘dur:lng the second rainy season.

' Yiéifds under traditional management

" “y4e1ds per hectare are particularly low for such foodcrops: as



naize.and legmes (Table.T).

Table 7._ Crop yields under traditional management (vegetsbles and
JeSte e Gubers -.fresh weight, grains - dry weight of grain)._v

9 Mitze -~ o.8
2" Casiava 8.0
w%f; Pl geon peas . 04
I, Peanuts - 03
‘5, ochra - 0.8
6:'"§éiperé'L 0.3

‘7. ‘Tomatoes 1.5

Yields under experimental management

| Several experiments have been conducted by BDPA (Bureau de
’ﬁeveloppement et Production Agricole) in southern Togo on soils

formed on coastal plain sands. This organization attempts to regenerate
degraded soils in the region of Anecho. Most of the soils fall into
fhe Legbako, Klekame or Ganave series. The regeneration techniques
include plowing at different depths, maximum utilization of fertilizers,
additions of organic matter and the use of rotations which include
maize followed by a legume and a suitable cover crop during the dry
season. Yields of maize (first season) are significantly improved
using modern management techriques. These ylelds diminish with con-
tinued cultivation even with the use of fertilizers and modern tillage
practices (Table 8).



Ta.'ble 8 . Yields of fooderops; under; experimental management . (after
SORAD, 1973). B

e g T T Ka) dry grein (maize cow-

Year-and Season ., - firop . peas) or fresh weight
g "ﬁ' (cassava) /hectare

l. Fj.rst yr. -ﬁrst season nmaize 1400

2,. First yr.-second season malze 900

3‘ Second yr.-first season maize 800

li *Second yr.-second season  maize 300

"‘5. Second ‘yr.-second season cowpeas (V:l@_g sp_.) 450

'6 Third yr,-first and second cassava 12,500

e v, . seasons

' THE TKERNE BENCHMARK STUDY AREA

5e1;_t.1ng

The study of the Ikenne benchmark area was divided up into two
galxjts.' Soil characteriza.tion and agronomic trials were conducted
a.t.the uIn‘sjc_’:_ltute for Agricultural Research and Training (IART),
Iliéﬁhé..';' 'i'ﬁé soil pedons had previously been described by F. R.
Mo;rm;.r;r: of IITA and associates. Information on cultural practices
Ar;c;'.ﬁélds on local farms were obtained in cooperation with the
Ministry of Agriculture and Natural Resources (MANR), Remo Division
at .:haua.mu. With the help of an interpreter, a number of local farmers
were 1nterﬁwed to get information on the kinds of crops - .anted and

the;lr yields. No detailed soil surveys or corresponding agronomic

data were e.vaila'ble for the area.
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'l‘he e1amate’ 5" himd 4} semi 1ot«’ equatorial (forest belt), with the:

ihighestzaverage daily temperature less_,han_ 3. 5°cﬂ.}' The area has
moﬁsbon rains with 1 to 3 dry ‘Hoiiths and the rainfall su.rplus over |
evapotranspiration is less than’ 1ooo mm * (Papadald.s, 1965) e first )
~ and longer rainy season starts in March with peak precipitation in »
June. A short dry season follows in August when potential evapotrans-
‘piration (PE‘I') exceeds precipitation. Then a second’ rainy season, of
1onger duration and more predictability than the one at Lane extends

.. from September to the end of October (see Fig. 3)

Although detailed soil moisture studies were not made, it appears o

that the soil control section would be dry for periods of time as long

as 90 consecutive days in a year indicating an ustic soil moisture

regime.,

bt The topography does not differ from the normal pattern of undu-

lating plateaus of the coastal plain sands formations. ‘
Although the underlying geologieal formations at Ikenne are older

‘(end of Cretaceous) than the P].io-Pleistocene coastal plain sands at

the other benohmark sites, the surface layers have been eroded, re-

worked and covered with Plio-Pleistocene coastal plain sands material :

)(see Fig. 2) (personal communication F. R. Moormann, 1971&) |

‘ , 'I'he ‘vegetation of the area is camposed of low woodv shrubs and

8 small trees mixed in with the predaninant vegetation, Eupatorium

odoratum. This plant, according to those living and working in the

area, arrived sometime in the late 1950's and soon spread over large



" areas of a~:sdutlf¢x‘ri;‘i;l‘jjifgéz§i‘_a.;ff%'.’?’}}.:!,cng_,‘wlilt}t\;;.r'_m'_@aforium;o&oratmh ‘the fallowed .

< areas 'incluﬁé&:,liyéi&»;jffees andoilpalmso

Soil pedons
The Alagba series (Appendix II, no. 5)

The Alagba series is a clayey, kaolinitic, isohyperthérmic
member:of: the Oxic Paleustalfs. This soil is typical of the upper
surface (surface I) of the undulating plateaus of the Ikenne region.
It ‘corresponds well morphologically and chemically (down to at. least
2 m) with the Legbako soils of southern Togo.

These soils are reddish brown sandy clays with the sandy clay
usually occurring abruptly between 40 and 60 cm., The surface layer
ranges in texture from sand to sandy loam, - The soils usually occur
on upper slopes of the undulating plateaus but can be observed below
" layers of ironstvone gravel on the actively eroding surface (surface
III) (see topographic position descriptions in Appendix II). The
s0il is deep and porous and contains no mottling in the sandy clay
layer.

. 'The many pleces of pottery fragments found in the upper 60 cm
of the soil:are evidence of recent mixing by human activities. .

The colors of the Ap and A3 horizons can vary slightly but are
usually 5YR3/3 to 3/4, dark reddish brown. The B horizons are also
dark reddish brown, 2.5YR3/6 to 3/u.

#s The pHs diminishes slightly with depth but never further than 5.0
in the lower argillic horizon. The CEC is usually 8 to 10mqulOOgor
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soil*"at the surfa.ge;“ diminishimg a.bruptly;dib’g.’ : pprmdmately 2 to 3%

meq/loo g of so:ll in the a.rgill:!.c horizom. -:u'.me percent base satura-
tion ranges fran 95% in the surface hor:lzons to 80% 1n the argill:lc

horizon.

The' Owode series (Appendix’II, no;:.6) :
e 'me Oiode series is'a clnyey, kaolinitic, isohyperthemic member
oféthe ‘oxic Haplustalfs. ' Owode soils are brown sa.ndy clays with a
grayish brown sandy surface.: They occur: either on a lower surfa.ce
(surface II) when associated with Alagba soils.or may.occur on.the upper
‘surace’ (surface I) without Alaghs.

‘e’ texture of the grdyish vrown (10YR3/2) surface. layer varies
“gyom ‘loamy sand to sandy loam, A reddish-brown (S5YR4/4) to brown
"(10YR3/2) sandy clay loam.to sandy clay usually occurs abruptly between
40 and 60 cm. Mottled clay with small reddish (2,5YR4/6) concretions
occur ‘between 100 ‘to 14O cm.

Owode soils are only moderately well-drained and may remain
moist for a longer time than Alagba scils during the dry seasonm..

" ‘The upper 50 to 60 cm contain similar evidence of mixing or
disturbance as the Alagba profiles due to pottery found at these
'dé’pthé.'

The CEC of the surface horizon is usually 8 to 10 meq/100 g
of soil dropping to 2 to 3 meq/100 g in the subsoil. There is ..
approximately 100% bese saturation until well into the mottled

“horizon.
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i 'me *Atan ‘geries: (Appendix II, no, 7}

e Atan series :ls e clayey, kaolinitic, uohy'perthemic member
of the P:linth:lc Paleustults. These soils have similar morphological
oharacte?istics as the 0wode soil except that the’ mottled sa.ndy clay
].a,yerr 1svcloser to the surfa.ce, between 60 and 90 cm. | The grayish
'brwn (10!Rh/2) surfa.ce 1ayer can have textures ranging from sand
to sa.ndy clay loam A sa.ndy clay 1ayer sta:ts at 30 to 50 cm and
18 brown (10YR5/3) changing to mottled l‘lg,ht brownish gray. The sub-
soil is gray (10YR6/2 to 6/1) with chrcmas of 2 or less due to &
water ta.'ble which comes within 100 to 140 cm of the surface each year.
Dark red (2 SYR3/6) concretions formed from plinthi‘ce oceur at
éppro:dmat'ely 90 cm. |

The soils usually occur in depi'eséiohs of undulating relief
(surface II) (see topogra.phic positions in Appendix II) 'below Alsgba
or Owode series. The soil is imperfect]y drained at the height of
the rainy season (June).

The surface soil has a CEC of approximately 8 to 10 meg/loo g
of soil decreasing to 2 to U meq/loo g of soil in the 1ower horizons.
'I'he base saturation decreases ra.pidly from 100% in the surface

horizon to 30 to !40% in the mottled a.nd argiuic horizons.

Soil characteristics affecting ag"ronoth:lc‘fpoﬁéhtial

oy Mmmg the soils studies at this site, Ala.gba soils have oharac-
8 oar

teriatics lea.st limiting to foodcrop produotion (',l‘able 9)..
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to degradation d

‘Table 9, Soil characteristics afféctine asronomic:votential. Ikenne
benchmrk area.
o Soil
‘Chibracteristic Alsgba’ ' diode Atan’
1, Iimitations to ‘Nome | Bulk density  Bulk density
=T rooting depth ef.increase-:ln-a increase in
R - - mottled zone mottled zone
2, Texture " Sandy surface  Sandy surface Sandy surface
’ ' over clayey over clayey over clayey
subsoil " subsoil subsoil
“3,: Surface soil slightly slightly slightly
a,ggreg».teb stable stable stable
stability o :
. 4. Permeability moderate - slow slow
5. Drainage class well-drained moderately imperfectly
S well-drained drained .
6. Erosion pro- microerosion severe micro- severe micro-
blems® and gully erosion erosion”
S formation , : o
T. ILimiting low CEC low CEC low CEC
"7 chemical low exchange- lcw exchange- low exchange-
properties able K able K able X _
: low available - low available low available P
P P increase acidity
o with depth
8. ' Susceptibility. moderate slight high

83ee remark attached to Owode d.eécription in ‘Appendix II.

b'l'his refers to the tendency of crumb or subangular 'blocky structu.re
to break up into single-grain structure.

®Microerosion is a phenomenon of particle separation, i.e. the
geparation of sand from clay and organic matter. :

dDegradation is a phenomenon associated with changes of surface

soil, ground cover, and decreased ylelds.

Susceptibility is a

qualitative judgment based on observed field conditions.
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:"!‘Hmaﬂc chara.cteristics af’fecting a.gronomic potential ;

‘The‘ diurnal flucutua.tion of' tenpera.ture 18 slightly - greater,, than
I.ome due to the gree.ter distance 'to the ¢oast, . The .yearly range’ of
temperatures is not great and the maad.:nmnftexnpera"cure is always:less
than 33.5°C (Papadakis, 1965).

The annual rainfall is sufficient in most Years for most crops
dui'ingthe fﬁo 'gfmﬁg seasons (March to November). The.potential
“evapotranspiration does not exceed the rainfall at any one month
“during the growing season (Fig. 4 and Appendix I).

The potential evapotranspiration exceeds rainfall during the months
of Jenuary, February, March, November and December. The total poten-
tial evapotranspiration for the year (1,340 mm) is less than the

“‘fotal precipitation (1,426 mm) (Fig. b4 and Appendix I),

July, ‘August and October (Appendix I) are months when extremely
‘heavy ‘showers are knom to occur. Exposed fields, especially those
under cassava only, would be hardest hit by these storms.

Rainfall is very evenly distributed for the growing months of |
“March to October and in most years there should be no droughts lgrep.ter

than one week during this time,

Jluman factors affecting agronomic potential

}' In th:ls area population pressure is not a limiting factor, in
most cases, to fallow lengths needed to restore soil fertility when
shifting ,gultivation is practiced, Althqugh no reliable census

figures could be found, the author interviewed se#eral farmers over a
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ther 3 ’
theta.nswer waa a.:l.ways efﬁrmative. In only; onel ca.se wes a fam;er
cultivating a ﬁ.eld almost continuously. This farmer was & tenant
not originally fran the area.

{The farms: 'seen were usually amall. The avera.ge size. be:lng
apptoucimately 1.5 to.2: hectares. This -area: was usua.l]y d:lv:lded .up
1nto amall plots. scattered here; and there. ~.1h:l(s;>vgea;,e3pexgiel.§|y;;tru
;£ farmers who tilled their land with fenily lsbor.cnly. -In.a few
sases” farmers were cultivating their parcels collectiyely,. especially
Por such crops as rice or tomatoes, a.nd,:lvnerees:lng:the, totalland
area cultivated.

 The ednpositim of crops grown in the area seemed to be highly
Gar;eblei‘»but wze and cassava were always iﬁclﬁded at some point in
the rotation, The following cropping combinations were cbserved:
1. Maize (first year) followed by cassava and cowpeas the
.second year.
‘2, "Madze (first season) intercropped with cassave which grew
for 15 months to 2 years,

3., Yellow yams (Discorea alata) 1nterp1.a.nted with maize with

a. rull canplement of loeal vegetables auch as melon ('rel
fa.ria 8 o) ochra, peppers, eocoyema a.nd others followed by
* cassava.

L. Monocrovving of upland rice (first sessan followed by inter-



ko
"cropping' ‘of* tomatoes;  riaize and’ cassava ; (’si;cond?'se"”a”sm)

5. Monoc?opping of upland rice vith a fallow the: second season.

6 Alternate monocropping of upland rice or maize (both:the

7t pipst season only).

‘An 4mportant factor in the cholce of crop composition.seemed to
4 the amount of land which the farmer had in kola production. Kola
18 & tree crop grown and marketed extensively in the region. The
farmers “that had the most kola trees were the ones who used the most
fraditional combinations and rotations, keeping most of the foodcrops
‘grown for family consumption.  The ;ather farmers who did not depend
on kbi;z ‘production incorporated scme of the innovative rotations of
rice, tomatoes, etc., along 'vith traditicnal rotations and combin-
ations on other plots.

" ‘ime author made several traverses through Ode-Lemo, 3 km south

¢f TKenne, to get an idea of land use, Kola and cassava were the

predomirant crops grown (Table 10).

M

‘Table 10. ILand use at Ode-Lemo (Ikemne area).

. ,Crop % of land under crop

1. Kola 51

2, Cassava 23
" 3. Pineapple (Ananas comosus) 8
S b, Medze® . e
| 5., Other foodcrops 3

6. Fallow 9 i

| | | 100

Maize would normally be more predcxnina.nt since the survey was made
during the second growing season.



#The: traditioml mnagenent systen is; sh:lfting cultivation. o
mlere a.re some modiﬁcationa in thia system which seem to 'be due
to‘ two' factors: 1) the amownt of land which a, part;qular famer has
under kola and 2) the ability of the farmer to cultiva.te proﬁtably
high paying crops such as rice or tanatoes. If the farmer has a
sizeaole emount of :1and (more ‘than two hecta.res) and does not have
moSt of it planted in kola he can fallow his plots for at least
5 td‘lofyea.rs and follow the practices of shifting cuit;l,vati,op., .
Under this system yellow yams are planted first. (Eebrua.ry) 4in the
most fertile spots followed by maize (March,. April) which is inter-
planted with melons, cocoyams, ochra and. peppers. After 2 to.3.

‘'weeks or a month.the farmer sta.rts;,interplm‘tipgﬂthelyhole?‘ area.with
cassava cuttings (May).

Where the farmer is trying to grqgg_,g:ops.&'guqh_,a,s';;'j;i;ig;pr tomatoes
he may devote the plot strictly .t{ov‘ ﬁhésé crops, with no rotations,
leaving the field in fallow during f.he ‘second raeiny season in the case
of rice, or growing two crops of tamatoes (both early and late éeason) ,
or planting tomatoes in September and interplanting with cassava during
October'.‘ "‘lvh‘esé' systems would be employed in areas where land compe-
fi_tion with kola pla.ntations is not too great.

| In ggneral, fertilizers were not used_, particularly in the case
of yams, Ama.:lze, casgsava and local vegetables. But some farmers were
attempting to use them in the management of less tra.ditiénal crops

. such as tomatoes.and rice,
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:‘"Inall 'éhé‘e"s"‘exéept one where & farmer was experimenting with
rather large fields of rice (1 to 2 hectares), tillage was done with
short-handled hoes after the woody bush had been cut with machetes:
and burned.,

"+ Weeding was done twice on most farms, the first time one month
after planting, the second two months or ten weeks after planting.
Only rarely were crops, such as rice or tomatoes, weeded three times,

' The farmers generally complained of insect and bird problems
with rice’and maize and grasshopper problems with cessava., No one
had 'ariy‘efficient means of control over these pests.

None of the farmers, unlike the case in southern Togo, complained

qfﬁdrought as a limiting factor to farming.

Yields under traditional management
Yields of fooderops per hectare are low for maize, rice and
cowpeas (Table 11).

Table 11. Crop ylelds under traditional management (vegatables and
: . tubers - fresh weight, grains - dry weight of grain).

' Ccrop Yield - tons / hectare

1. Maize 1,0

2. Cassava® 6.0 to 9.0

3. Yellow yams 1.3 to 5.0

b, Cocoyams 2,0

5. Tomatoes | 2,0

6. Rice (upland) 0.5

7. Cowpeas 0.2

850me tubers may be up tp:'twq years old.
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Yields under ‘experimental management

Beveral fertility trials were carried. out by the mnistry, of
" aguculture and Natural Resources (MANR) at. Shagamu, Remo Divis:lon
| (5 ‘Jam west of Ikenne). These trials were(a.lwgys;:ln-cqoperation

_ with a local farmer in order to convince him of the need to use.

: ‘féi‘ti‘iizers‘and improved varieties. - Unfortunately the soil series
" designiations or even a cursory description of the texture or soil
- color were not recorded. -One is hot certgin whether the trials
were carried out on Alé.gba, Owode, Atan or other soils. Improved
varieties of ma.ize (NSl) and- r:lce (IR20) always gave higher yields“ )
and second season maize yields were.always inferior to the first
%’lseason;(Table 12).

Table 12, Yields of foodcrdps under experimental management (vege-
tables and tubers - fresh weight, grains - dry weight of

grain).

Crop (variety) Aver:g;h Zﬂ).eld Rang? k?/‘ hgjem
1. Early maize (NS1) 2400 2100 to 2700
2, Early maize (local white) 1900 650 to 2900
3. late maize (local white) 800 500 to 1100
4. Upland rice (0S6) 1700 700 to 2700
5. Upland rice (IR20) 2400 - 2000 to 2700
6. White yams 51§OO 4700 to 6000
7. Yellow yams 7700 v e

8. Cassava (Tabiapa) 6150 30001?09500
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“THE BENIN-NIFOR BENCHMARK STUDY AREA

-Setting
This area was unique among the four in that the farming ;yste;n
. approached most closely a true system of shifting cultivation. |
Large plots are cut down from secondary forest and burned in Jg.'nuo.ryi
and February, cultivated for one to two years and then allowed to
revert back to fallow and eventually forest. Each year a ﬁew area
is cultivated cooperatively by members of a nearby village. This
continuance of a viable shifting cultivation is due for the most part
. to a low population density.
Much of the soils information was gathered with the help of
the staff of the Nigerian Institute for 0il Palm Research (NIFOR)
approximately 20 km northwest of Benin City. There was no existing
detailed soils information for the area except some suitably studies
for oil palm production by H. Vine et al. Some agronomic information
was available through the Research Branch of the Ministry of Agri-
culture and Natural Resources, Midwestern State, Benin City, Nigeria.
The climate is humid semi-hot equatorial typical of a coastal
forest belt where the highest average daily temperature is less than
33.5°C. One to three months are dry and there is an annual rainfall
surplus, exceeding evapotranspiration, of 1000 mm (Papadakis, 1965).
' The major rainy season begins in March and continues until July
(see Fig. 5) and is followed by a short but not too severe dry season



AN AUGURT. ime secona Talny. season sta.rtst""in September and ﬁ.nishes
‘fduring the first part of Novetn'ber. ihe 1odg dry season hsts frcm ]e.te
‘;,"November u.nt:ll ‘the following March., From Fig, 5 it can be sesn that
'L;le :d'ea might be transitioml from an ustic to an udic soil moisture
‘regime. There are pro'bab]y 90'cmmxlat1ve days during which the soil
meisture control section is dry, these soils are then placed in an
ustic moiature regime. More has to be done, such as a regula.r collec-
t:lon of soil moi sture samples, to be certain. Also & study of different
a.reas to the south should be conceived to determine where the ustic
?regime leaves off and the udic begins.

The area is included in the coastal plairi sands (Plio-Pleistocene).
In the literature the formation is scmetimes referred to as "Benin
Sands" |
| V' The topograpm' is typica.lly & series of long, wide mdulating
\l;leteaus. | In areas where a major stream has dissected the land-
sca.pe, the relief becames more rolling.

- 'I'he predanina.nt vegetation of the area is humid tropical forest.

Ihe areas of recent fallow are dominated by Eupatorium odoratum and

PO L I
1ow woody shrubs (see "general data" for & more detailed 1isting of
ih\ader forest species).

,,‘S}oil pedons .
. Iwo important soil pedons were chosen for study. These pedons
-;fdnfdnto~Ahgba and Kulfo series designations (Mose‘, ,,1‘95‘7);,
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All descriptions, topoér@hfc*f positions and-analytical data: - -

-are-given in Appendix II,

The ‘Alagba series (Apvendix II. no. 8)

Alagba is & clayey, kaolinitic, isohy'perthemic member of the
Uxic raleustalrs, - Inis peaon may be atypical due to a h:lgh Ca a.nd
Mg -saturation of the CEC throughout the profile (see anelytical da.ta
Avbendix 'IT). " The soil is typical of fhose fdund on the undnlating
' plateaus of coastal plain sends in this area. It cornesponds well
morphologically’.and ichemieall,y with the Alagba (Ikenne) and Legbako
(South Togo)“séries described previously. i’he characteristics and
ranges coincide roughly with tnose given under tne discussion of the

Alegba- pedon’at the 'Ikenne site (no. 5, Appendix II and discussion).

The Kulfo ‘series (Appendix II, no. 9)

'I‘ne Kulfo series is a clayey, kaolinitic, isohyperthermic member
of the !I:y'pic Paleustults. The soil is typically found on depositional
su.rfaces of eandy colluvim below breaks in slopes of the undulating
plateaus or 1n conca.ve depressions slightly below the plateau surface.
Ihe soil is morphologica.lly similar to the Klekome series of Lome,
Togo. . The chem:ls{:ry and classification are different due to the nigher
lea.ching env:lromnent of Benin. |

The su.rface textures from 0 to 50 o a.re never ﬁner tha.n a
‘sa.ndy 1oam and range to se.nd At a depth of 50 to 70 cm the 'bexhure
,,'becanes sandy clay 1oam a.nd may stay as such down to a depth of 200



or more‘ cmor the texture may become nndy chy at 100 to 130 cm.
'.me predom:lnant characteristic of this soil distinguishing 1t from
Ala.gba gseries is the deeper, coarser sursace texture.

Surface colors are always dark reddish brown but may renée
from 5YR3/3 to 2.5YR3/6. The argillic horizons are always dark
reddish brown, 2.5YR3/4 to 3/6.

Another characteristic of the Kulfo soils 18 the existence of
a dark, buried Ap horizon found at & depth of 40 to 50 cm. A th;orough’
survey by many auger borings in the ares tlways showed this chara.cteris-
tic preaent. Pottery fragments were also ﬁ'equently found a.t th:ls
depth. This indicates that a grea.t deel of colluviation and mass
movement of the surface has ta.ken place in recent times perhaps the
1ast 5000 years (personal commmication, R. W. Arnold, 1974). Tradi-
tional farming techniques such as ridging to & depth of 0 to b0 em

. may in part explain this accelerated movement of surfa.ce materials.

‘The pH, lower than Alagba soils of the same u-éaf, 18 between‘ .
140 to 4,3 and remains constant with depth. The cm :ls a.lso lo«r
throughout at 2 to 3 meq/loo g of soil., The. percent baee aatmtion

48 also low throughout at 20 to 30%.

Av s‘oil characteristics affecting agronomic potential

The Kulfo series has more characteristics limiting to-agronamic
potential than the Alagba series (Tsble 13).
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‘Table 13, Soil ’chp.rgc"te:ist‘iéé affecting agronomic potential
o "Benin-NIFOR area,

 “Characteristic’~ . Bodl. . o
o AMlagba - kwufo
1;'Idmtations to _ Nome © None
J',“:"‘f"“?'dotins’"depth‘*’ S e
.2". Texture sandy surface over sandy. throughout
- clayey subsoil MR
3. - Surface soil slightly stable unstable -
aggregate '
stability?
i, . Permeability moderate = ‘rapid
5. Drainage class well-drained excessively
: ‘ well-drained.
6. . Erosion prob:l.enzab . microerosion and microerosion and
- gully formation gully formation
7. 1imiting chemical low CEC low CEC
. properties low exchangeable n low exchangeable K
R low available P low available P
8, Sﬁsceptibi]ity to moderate very high
degradation®

‘®ry4g refers in particular to the tendency of crumb and subangular
.blocky structure to break up to single-grain structure.

bmcroerOs:lon is a phenomenon of particle gseparation, i.e., the -

sepgrgtion of sand from clay and organic matter.

'°Degrada.tion is a phenomenon associated with changes of surface
soil, ground cover, and decreased yields. BSusceptibility is a ‘
qualitative judgment based on observed field conditions.
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'.climtic characteristics affecting agronomic potential

Mean monthly temperatures do not fluctuate greatly throughout
.the year (see Fig. 5 and Appendix I). The mean annual temperature
i8 26°C. There is no significant difference between this md other
study areas,

Precipitation 18 not 8 limiting factor to foodcrop production '

1n this area, The short dry season during the month .ofy Aug |
,13 r_not severe since the potential evapotranspiration is still“ lower
thah 1:he level of rainfall (see Fig. 5).

Potential evapotranspiration exceeds precipita.tion on.'ly during
'the months of December, January and February a.nd partit].‘l.yv d.ur:!.ng2
;the months of March and November. 'me total rainfa.ll, 1, g m,
exceeds the annual potential evapotranspiration, 1,220 nmm, ,I{?’?{“itﬁim
some aigﬁiﬁcant leaching of the soil,
| Records of maximum daily rainfall (see Appendix I) show Berﬂ.n-
NIFOR to have exceptionally heavy rainfalls during the n‘.onths ot July
to October and moderately heavy rainfalls during the dry season, . -These
exceptional rainfalls sre higher then for any other ares studied.
Eros_i’on can be a major problem especially as more soils are cultivated
more intensively in the future,

Rainfall is distributed fairly evenly throughout the grow:lng
months of April to October (see Fig, 7 and Appendix I) 80 tha.t loné

periods of drought during the grwing season should not’ be a problem.‘



day. . The radiation diminishes as the season continues (see Fig, 8)

During the second growing season (August to November) the radiation

‘even ,ﬁ”\;&t 355 Langleys/day 'I'nese values are higher than
those ot the Abak benchmark area: but ‘lower than those of Lome: for

thé’ same season.

Human factors affecting agronomic potential

The Benin-NIFOR study area is the least populated of all the
areas studied, There are no impediments for most of the local
farmers to practice shifting cultivation much as their ancestors must
have done. This means that a parcel of land is cropped 1 to 2 or 3
years maximum and allowed to go into fallow for at least 10 to 15
years.

R ‘1he average ‘size of farms is hard to determine since most farmers
‘;nterviewed in this area were part of a cooperative scheme by the local
village ‘to farm oné ‘large area freshly cleared from secondary forest.
"I;fl‘e';Geraée‘aize of farms. as ‘estimated by the local ministry of
agriculture 1s sbout 1 to 1.5 hectares (Occasional report, Benin City,
1966).

After the bush 1; burned white yams are interplanted with ma.ize,
melons, ochra, peppers, cocoyams, etc. In Beptember or slightly
‘before the areﬁ. may then be 1nter§1anted with cassava, Cassava. may
be replanted in the area after harvesting the first crop. 1In this

case no care is given to the cassava and it grows along with the
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rallow regrowtn. White yazis’ take ‘predominance’ 1" this area ‘along
with cansava ‘and aize ('rable lh)

Ta.ble 1!} Area cultivated per crop on peasant farms (Benin-NIFOR)
* ""(after Notes on Peasant Agriculture, Benin City, 1966)

Crop | Area cultivated per farm (hectares)
1. White yams 05
2. Cassava 0.5 .
‘3. Maize: - 0.l3.
b, Cowpeas/pigeon peas - I« T R
‘5, Rice (some farms) 0.2 .

*'The system is shifting cultivation as described previously in
the South Togo discussion. Only one point mdy be added here. A
lot of shifting cultivation in the Benin-NIFOR ares is done on govern-
jnént?foreat reserves, First, the mature econamic trees are harvested
‘then ;th;l farmers are pe’mit‘t(:ed to come in and clear and burn the rest
of the bush, At the same time that they are planting their crops they
are obliged to plant tree seedlings provided them by the forestry .
department. |
Yields under traditional management

Specific yields were not determined in this 'dres,



E.Iﬁe data for this section has been gathered from two sourcest
l)the Resgarch,Branch of the Ministry of Agriculture and Natural -
Res@ées of Midwestern State and 2) research on fallows and cropping
carried out in field trials at NIFOR, As in most of the cases in - |
‘this ‘paper where locally "deﬂved data was used there was no zméntion

.' or description of the kind of soil involved. Only the soil for the

" research being current]yv carried out at NIFOR could be determined
with certainty.

Experiments with early and late maize were started under condi-
tions. of continuous cultivation with and without application of fertili-
zers.‘ The following results clearly show a diminution over time in

’“the yields even on fertilized plots (Table 15).

Table 15. Yields of maize (dry grain) under continuous cropping
(after Annual Report 1965/66, Midwestern State).

Yield (kg/ha)

Treatment Year 1 2 3 4 5 6
Early maize with 2170 1408 678 1116 699 751
fertilizer
without fertilizer 2024 1158 W17 459 51 302
Late maize with 260 657 396 250 = ame  ee-
fertilizer o - B
without fertilizer 166 292 135 62 mem 7 mem

In none of the years in these experiments with both early and
: late ma.ize was the application of fertilizers profitable, i.e., the

price or profit for the increase in yields did not cover the costs of
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the fertilizers (Experiment Report 1964, Midwestern State). Anﬁf;her
ﬁi)brtant aspect of the results is the reduction in yield with timek.
eirén with the continuous application of fertilizers. This suggests
fhﬁt’ the process of degradation had taken place quite rapidly in
these soils.,

Another set of fertilizer and mulching experiments was c‘arried
‘out, ror white yams which are not just a "prestige" crop as in other
afeas studied but an econaomic foodcrop grown extensively in the area,
Optimum yleld trials were conducted for white yams and cassava (optimum
levels of mulch and fertilizers were applied). Yields for these crops
d4a not -significantly drop off during the trial period (Table 16).

Table 16, Optimum yields for white yams and cassava (fresh weight
of tubers) (after Experiment Report 1964, Midwestern State).

Yield (kg/ha)

Crop | Year 1 2 3
1. Wnite yam 14,190 16,070
2. Cassava (improved 21,070 25,600 24,600
variety)
3. Cassava (local variety) 13,700 19,400 12,500

In ongoing fallow and fertilizer trials currently being under-
taken by the Federal Ministry of Agriculture at NIFOR four types of

-fallow vegetation were tried for their effect on soil regeneration.

.The fallows were Acioa barteri, Puerarie phaseoloides, Panicum maxim

{md natural bush. After 3 years of fallow of the above vegetation,
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2 years of early and late maize, and 1 year of cassava were cultivated.
Fertilizing the fallows vs. the crops was also tried. There were no
’*aignificant differences seen in- yields depending on the kind of fallow
or whether the fallow or the crop had been fertilized. Yields of
approximately 3130 kg of dry grain per'hectare of early maize end
1560 kg/ha of late maize seemed tb be the average for the fefﬁilized
blofs. Sixteen to twenty tons of an improved variety of cassava were
found on the fertilized plots (Kalamkhar, NIFOR, personal commﬁnicAtion,
197h). The soils for all of these plets are Alagba series.

Previously, continuous cropping had been tried on this same
site at NIFOR. The results were similar to those of the Research
Branch of the State ministry. Levels of yields dropped off on both
fertilized and unfertilized plots after about 2 years of continuous
cropping and would not come back up to initial levels no matter how

much fertilizer was applied.
IHE ABAK BENCHMARK STUDY AREA

Setting

Due to the recent past of the Nigerian civil war, this region
had the greatest paucity of existing agronomic, soils and metero-
logical information. However, the author was fortunate to find help
from local agricultural officers who provided a great deal from their
own personal experience. The area most studied was the aiea with;n
a 10 km radius of the Obio-Akpa Model Farm, Abak,

i,

The climate of the region 1s humid semi-hot equatorial with one
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oF more months non-humid but no dry month (Papadakis, 1505). ime
rainy season starts in late February and continues until late November
(Fig. 6),iupuriu; this period there is onglcont;nuous,gu;nyﬂggégéqw'i 
-wﬁ@pwpq;anrt_dﬁylpgxiod)iqfeiygniné. ‘Although no eontinuous soil
‘Wéigtpfﬁ;daﬁﬁ exist'itié'aggumed that the soil moisture control
}?#9@?05 ;n apy part woulu:nptlbé‘dry for 90‘¢upu1§tivg days; therefore
fhe solls would fall insap udig spillmoiature regimg.
" 'The area 45 uudgflain'uy sandy clays of the couétul.quin s@g@s

(Plio-Pleistocene)'formation; |

The topography of most of the area is typically undulating
plateaus. " Like the Benin-NIFOR site the area immediately surrounding
the Obio-Akpa Model Farm is more dissected and rolling.

Due to the high population density of the area, little of the
original vegetation of a superhumid rainforest can be seen because
of the intensive cultivation and diminishing length of fallowa 1n

the region. The predominant vegetation consists of oil palms and

bush falloﬁ composed mostly of Eupatorium odoratum, Acioa barteri,

and Anthonotha macrophylla (Obi and Tuley, 1973).

Soil pedbns .

fWO.soil pedons at the Obio-Akpa Model ‘Farm, Abak, were chosen
for study. The upland soil has the series désighation, Uyo. The:
‘series destgnation of the lowland impérfectly drained peden is not

known,
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Two' supplementary descriptions may be found. in Appénd:‘lx‘:‘iI.
A1l data and descriptions are given in Appendix II.

- The Uyo series (Appendix II, no, 10)

‘The predominant and most characteristic soil of the undulating
ﬁihte@hs ‘of the area is the Uyo series., The soil is classified as,
an Oxic Paleudult, clayey, kaolinitic, isohyperthermic family. The
Uyo solls are morphologica].ly gimilar to the Alagba and Legbako soils
except that the colors are pale yellowish browns and the soils are
highly 1eached due to the high rainfall of the area. Sandy clay, a&s
in AJ.agba soils, usually occurs abruptly at 4O to 60 cm. The surface
horizons range in texture from sand to sandy loam. The color of the
‘surface norizons ranges from 7.5YR3/2 to 5YR2/2, dark brown to dark
reddish brown, depending on the amount of burning and cultivating
which has taken place.

The sandy clay layers or B horizons ’range in color from 7.SYRM/4
or 7. 5YR3/2, dark brown, for the upper layers which are darker and
dﬁiler than the lower B material, probably due to & greater accumulation
of orgenic matter. The lower B horizons are 5YRU/l to L/8, reddish
brown to yellowish red. Another characteristic of the B horizons
418 that the material becomes more friable or looser with depth, even
though the texture does not change. |

~ The upper 60 cm of most soils show signs of mixing, i.e., bits
of ché.rcoal fragments or lumps of clayler material are found, This
is probably due to the local practice of deep ridging and moundihg on

farms,
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The pH is usual]y h 5 to h 8 e.t the surface diminishing s].'lght]y
to h 3 in the argil]:lc horizon. The CEC mey range frem h to 6 meq/loo g
of soil in the surface depending mainly on the amount of organic ma.tter
pri seht.. The- -1ower Horizons usually have 3 ‘to 4 meq/loo g of soil.

I‘he ‘::ase seturation may . varz,r :ln the surface horizons ‘but ‘48 usually

: fJ,Q"jto;‘aO%fin the '&z*gillicehorison.

The lowland pedon (Appendix 1I, no. 11)

This pedon is characteristic of the lowland e.reas between the
undulating plateaus, su.rfece IV (see Appendix .I.T) Surface IV is
.gilled'with colluvium a.nd alluvium carried down from surfaces I,

II, and III. The soil is classified as an Aeric (Plinthic) Paleaduult,
clayey, kaolinitic, isohyperthemic family The soil is morphologicnl]y
simila.r to the Ganave and Atan series described for the SOuth Togo
. a.nd Ikenne benchmark areas respective]y.

) . The soil is characterized by a sendy colluviel surfe.ce probably
of recent deposition and is usual]y gre.yish brown, 10YR5/2 to 5/h

An abrupt transition follows to the argillic horizon ra.nging in texture
from sandy clay loam to sa.ndy clny. The argillic horizon has a grayish
brawn r_netrix, IQYR5/3 to 6/3, with distinct soft reddish brown 'mottles
-becond'sg bright red concretions with depth. The horizon beccmes
lighter gra.y with hues a.nd chrana decreasing with depth.

The range in chemical properties is eppro:d.mstely the same as

that described above for the Uyo series.
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Miscellanecus soils

Two other sites were selected for profile studies.: Both soils
were variations of the Uyo series, One was an eroded phase of the
Uyo soil (see Appendix II). Most of the sandy surface had probably
.-eroded away due to the steep s‘lope‘ of the site. 'mé second soil
vas éﬁaracteﬁzed by a very black surface and unuaua.lly‘high quantities
of'exéﬁangeable bases. Thé site must a£ one time have beerllta;‘palm
oil extraction "factory" where much refuse and burned kernals have
enriched‘the soil, Although neither soil was typical for the region
as & whole, both are representative of special conditions found
throughout the area. Descriptions and analytical data for these

soils can be found in Appendix II.

Soil characteristics affecting agronomic potential

Both soils have many characteristics limiting their agrenomic
potential. Perhaps one may determine the use of each soil by its
drainage characteristics. For example the lowland soil may be ideal
_for the production of swamp rice and the upland for cassava (Table 17).
Ciiiaatic characteristics affecting egronomic potential. Aba.lg béﬁchmark

area.

The mean monthly temperatures are given in Appendix I. The range

igs the same for all other study areas and is not limiting.

\Th'e quantity of rainfall during the growing seascn from late



Table 17. .Scil characteristics affecting agroncmic: potential,
. Abak benchmark area.: T e

© gof1”

"~ to degradation®

gharacteristic - Uyo Iawland :
1. Iimitations to Norie” “Bulk density increase
~  rooting depth ' ~ in mottled zone
2, Texture sandy surface over  sandy surface over
S clayey subsoil . clayey subsoil
3. Surface soil slightly stable unstable
aggregate# ' ’ ;
.. .stabllity ,
4., Permeability moderate slow at height of
SO R ‘ rainy season
5. Drainage class well-drained imperfectly drained
6. Erosion prcablems'b severe microerosion severe microerosion
‘ and mass movement of
surface sand down-
slope, gully for-
- mation
‘;;7.'n»,‘;~,,~5mm;l)ti_rzg chanical low CEC, low low CEC, low exchangeable
B exchangeable K, K, low pH, large quanti-
low pH, large ties of exchangeable
quantities of AlL&H
exchangeable Al&H
8. Susceptibility very high very high

laThis refers in particular to the tendency of crumb or subangular

blocky structure to break up to single-grain structure.

"bMicroerosion is a phenomenon of particle separation, i.e., the

separation of sand fram clay and organic matter.

‘ cDegradation is a phenomenon associated with changes of surface

soil, ground cover, and decreased ylelds. Susceptibility is a

qualitative judgment based on observed field conditions.
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February~to mid-November J1s not & limiting factor to the growth of

L
A ‘.,,,‘. RS Ak " S

crOps. More important is the.long range influence of high rainfall

‘ lﬂ

lon the excessive 1eaching of nutrients 4n the soils of the area.

nf

Indeed much work needs}to be done on the efficient application of
;;lub1; fertilizers without excessive losses due to leaching and
ﬁicf;erc;ion:

Tbe potential evapotraﬁspitetion is significantly lower than
the,level‘onraicfallithrcﬁéhoﬁt the growing season, except for
February (Fig. 6). This ieiefgced reason to recommend early March
as a safe planting datc for‘ctope.such as maize,

The level of maximum precibitations is significantly lower than
'ell the other study areas (see‘Appendix I). One would not expect
: Excessive erosion problems uqder«normal cultivation practices
(except for microerosion under pcorly covered areas). Also a luxur-
~ious vegetative cover is another factor that must be taken into
consideration. In most places the soll 1s protected by a thick
undergrowth of veretation which does not completely dry out even
during th« dry season. Where this vegetative cover is not disturbed
or proper ridging of contours is practiced, there should be a minimum
trantport of soil material even during heavy rainfalls, The author
has observed that roedways are protected from erosion in this area
" (unlike the other areas) by vegetation which grows right up to the
edge of the pavement., Also streams of the area are virtually clesr and

carry very slight loads of sediment.
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There are more than an ample number of raindays from lhrchtq -
November so that in moat years protracted dry epellel/ 1n the‘growir;g '
season should not occur (see Appendix I).

This area has the Jowest mean monthly radiation in:langleys/dsy.
of the study areas. From March to November, the average mo:nt,h]".y
radiution is 347 Langleys/day which is lower than some places -(Athént,

in temperate regions during their growing vesson.

Human factors affecting agronamic potentiml, Abak benchmark area,
| The demographic pressure at the Abak area is the highest of any
of the study areas. Fallow periods are very short (1 to 2 years),
“4{# there are any at all, except for chiefs or a few other rich
farmers who have large land holdings and can afford longer tenowa.
Farm size is variable depending on the importance of the person
in the village. Some chiefs may have 50 to 100 hectares 8t their :‘
disposiilen, The average farmer has epproximately 1 to 1.5 hecta.rea. '
‘,'rhe farms are usually divided into small plote scattered around tfle .
.vil,lase- |
Cassava is the ma.jor foodcrop of the -area’ rpllowed by maize,
yans and various vegetablee auch as - zel c _2., peppers, ochre,
cocoyams and others. - When a farmer has a treshly rallowed f‘ield he

my plant water yam (Dioscoree aativ‘) and/or wh&te yun ronowed by

maize, ochra, Telfarie., tomtoes and other vegeteblel. mulva 1l

interplanted after the maize 18 harvested.



el ey nd maufﬁcieng falloy length
or‘ Ehere the .aite has’ many oil pa.;l.ms which are needed‘ for. o;.l produc-:
tion thq tollowing canbinat:lons may be planted under the palmr ) |
early maize, cocoyam and vegetables 1nterp1anted with

‘ cassava,

2 cassava alone,

K:ltohen gardens arcmnd l:lving compoundq ha.ve a very importa
;._mct:lon 4n food produqt;.gn,tj‘or the__:fam,ily.. - The major crops are -
usually vegetables such as tomatoes, peppers, Telfaria, garden egg

( ola.n p.), leafy greens (Amaranthus sp. ), yams along with plantain

(Musa paradisiaca), bananas (Musa paradisiaca sapientum), pawpa.w

(Carica papaya), and citvus (Citrus sp.).

The traditional management system is shifting cultivation with
ws'ane modifications, The modifications are due to two f&ctors:
jV;I..‘ the incentive to produce as much oil palm nuts as posgible
for cash, _ .
2., the scarcity of land and its subsequent 1c‘m‘ fertility due
to ahort fallows.

: 'Because of these competitive pressures foodcrops are usual]y planted

on oi]. pa]m sites, Cassava is by far predominant on these soils.

| The following culltural systems were observed in the area:

1 Maize with vegetsbles followed by cassava and fallow. This
\pproaches most closely ahirting cultivatioh pra.cticea or%‘”‘
1lash and burn during the dry leaaon, ea.rly cultivation ot
mige (February and March) followed bv cassave (July throu&



"Séi;téiﬁbér)‘ After harvesting the’ field is allowed to’revert
ibat‘:lll' to ‘failow for avout 5 years. | o
Maize, cassava and cocoya.ms under 61l palnm plantations.
*During the dry season bush undergrowth is cut and ‘burned and
‘the tops of palms are trimmed to allow crops ‘sufficient llght.
‘Maize, vegetables and cocoyams (February and March) are then
éi,nterp‘lanted followed by cassava (July thrbugh September)
f’The cassava grows for one"or two years and haf'vested as needeu. :
?'l‘he;otl' palm canopy, 18 permitted to reestablish and the ‘cassava
‘and v}aéds compete: for sunlight. _

‘das&’é\}a ‘wider oil palms;: '-'»'1"hé‘f' same i:é"chniduefof tninming .
~palms and burning as descri'bed above 13 f'ollc:mrec!.a Cassava
‘;‘”alone is ple.nted and harvested ‘as ‘needed af‘ter 1 to 2 yeart
"bft ‘grwth. .

‘Yams in fields of Acloa barterl IOLLOWeQd Dy MB1Z€, VEEEUBULESD,

and cessava and finslly fallow, Acioa trees are trimmed
backto ‘the stump and the trash burned. Yams are planted in
jheaps then interplanted with early'niaiza and vegetables.
“‘.Caasava 415 planted later (same time as above) and harvested

| a8 needed as the parcel slowly reverts back to fallow and the
_ng_._ég shrubs grow back,

‘l;itctien gardéns.”:’ Plots near houses which receive heavy

ddaaa 6!’ gai-ba.gé; trash and manure are continuously cultivated .-
ror yams, tomatoes, Telfaria, nmaize, plantaina, pawpaw and R

3

bananas.
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STt s;,‘_observed that sandy hufrace textures, high runmi und
excess:l.Ve 1eé.ching, and the pra.ct:lce of ridging a.nd pulnng soil frcm
a. hw.idmum depth of 50 om leads to rapid microerosion and’ soil degra.-
ddtion on peasant farms, l'bcposed surfaces, especially tmder cauava,
foi‘ben shws aeparation of quartz sand from darker areas of organic
"ma.tter and clay (m:lcroerosi on). At the same time these areas' are'
qtuckly overrun by, bracken (Pteridim gudlinum) as the predominant
‘iweed Bracken grows ‘best on acid, leached, sandy soi].s. In the past'”
Athe grcwth of bracken indicated that a fallow was needed. ‘Row theref
"ia 1nsufﬁc1ent la.nd for long fallows, Cassava giving extremely law
yields (down to. 2 tons/hectare) is seen growing in bracken quite orten. |
FFerti]izers are not genera.lly used due to the difﬁculty of procure-

/';‘ment and the low level of response.

‘Yielda under traditional marnagement

| .' Ma.jor foodcrops were sampled and weighed on local fnms. Most
‘;'r'i'elds were low except for some samples of cassava (Table 18).
Table 18. Crop ylelds under traditionsl management (vegetables and

tubers - fresh weight, grains - dry weight). Abak
benchmark area,

~ Crop _ Yield (tons/hectare)
- 1. Maize (local) : ' 0.5
2, Cassava® 3.0 to 10.0
-3, White yams . 1.0 to 3.0
i, Cocoyams ‘1.5
5 « Tomatoes E Nle o .
€. Cowpeas 0

‘Bane tubers may pe\(e‘beeﬁ'tﬂq‘g’yea;q}oid}.‘ o
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Yiqlds under. experimental ma.mgement j
The information for this section was gathered from dnta rrom
f.riqls carried out by the Federal Department of Agricultuml Research
_p.‘t»liiyo, Southeast State.
| . Cassava yields are adwquate. Maize and r:lce yields are low but

characteristic of the region (Table 19). .

i ‘ .' ‘— )
Table 19. Yields of fooderops under experimental ma.nagemenu
(vegetables and tubers - fresh weight, grains - dry weight)
Abak benchmark area,

4

- “Crop and variety |  Yield (kg/hectare)
1. Maize (local) | ST UL, LB3 to 2,17k
2, ‘Cassava (local) . 7,000 to 15,000

3. Upland rice (IR24) . 3,8l49

4, ‘Upland rice (0S6) 1,936

5, Lowland rice (0S6) 1,163

" 6. Cowpeas k60

 FIED PERDMENTS
Introduction
 Field experiments to canpare the ylelds of first season mize -
;iere conducted at the Institute for Agricultural Research and o
Training (IART), Ikenne, Western State and Obio-Akpa Model Fam,
VZAba.vk, Southeast State, Nigeria. Field experiments on the y:leids of

mecond season maize, soybeans ( Glycine soja ), and 10-month old
co.utwa were conducted o’ Obio-Akpa Model Farm, Aba.k only. R
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Thesq experimente were designed to.
‘\1.,‘ nmeasure yields under speciﬁed soil a.nd climatic ccnditions
2. observe the extent to which _certain 1ocal oultural 'practice
| determine yield level,
3. canpare the Ikenne yields of i‘irst season maize with those
‘i"‘_{ ; of the more humid higher rainfall area in Obio- Akpa., Abak,
h. ehw the importance of fallows to the regeneration of soll
| rertility, v o
50 ,‘d?,,‘?’,"mi".e; vwhether improved management pracyﬁiees’) would be
', - 1pr9ﬁta‘ele to a local f’a.rmer. | (‘
:Mei"ze, cassava, and soybeans were chosen as indicator crops.
'Ihe nieize used was a variety developed at IITA, composite B, The

"eeesava was 8 local variety. The soybeans were variety Bossier,

'81tea
A the IART Farm in Ikenne, Westem ‘State, three different

4 ,'4 ¥/
LI 4

" eites were sclected to monitor differences between & well-drained
cultivated soil ("cropped"), a well-drained soil fresh from busn
fallow ("bush fallow"), and an imperfectly drained soil fresh from
fallow ("bush fallow"), They are:
l, an Ale.gbe. soil which had been continuously: cultivated 50}:{
the last 5 years ("cropped Alagba"),
an Alegba soil which had been in bush f'al].w for ‘at’ 1eee£

“

a ;LO years ("Alagba bush fallow"),
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“an“Atan o1l which had been 1n oueh fallcw ’rfoi"at "lea,st

i
n\“ *

”10 yearﬁ (”Atan "bush fallow")
L3 1 Ohdo-Alpa Model Farm ‘at ‘Abak, “twd s1fes VeFs chosen. Both'
. were Uyo soils.

1 an Uyo 5011 fresh frcm fallow, the soil had been 1n fallow‘
for at least 15 years ("Uyo bdsh fallow ) a A déscription ofpa

* the soil ip given in Appendix II, no.: 13, Uyo aeries, highly .

". saturated phase.

;f an Uyo soil which' had been culxivated for at least 5 years

: (“cropped Uyo"). A description of the soil 1s given an

- Appendix II, no. 1o, Uyo aeries.

ﬁ'i-eafmgnts - |

The treatments were selected to nonitor the effect of modern
v’cultivution practices, i.e., the use of fertilizers, versus local’
:cultivation practices, specifically the effects of burning or cleared

: buah and mixed cropping.

Maize treatments (first and second season)
Treatment 1: "Traditional, burning, no fertilizer.ﬁ Maize:‘
wua 1ntercropped and managed according to local methods.
In this treatment the farmer was provided with maize seed
" (IITA composite B) and told to plant it plus anything
else he wished, as he would do in his own plots, and to use
‘his own style of mansgement concerning burning, planting and
- Weeding.



.

Treatment 2: "Experimental,: no-burning, . fertilizer [and
Jiminé',“first season -only at Avak]." IITA's camposite B
maize was i’:la.nted; recommended spacing, fertilizer and

v"iéet_iing fpra.ctices were followed,

Treatment 3: "Fxperimental, buming, no fertilizer."
.Cmposite B maize was spaced and weeded according to IITA
recamnended practices. The bush collected from the plot was

bumed on the plot before tilling and planting.

Treatment 4: "Experimental, burning, fertilizer [and liming
first season only at Abak]." The bush collected from the
_plot-was burned on the plot before tilling, Composite B
maize was spaced, fertilized, and weeded according to IITA

recommendations,

assava treaiments (Abek only)
Treatment 1: "Traditional, burning, no fertilizer." Caasava
was intercropped with maize and in some cares other assorted
" erops such as ochra, peppers, tamatoes etc. and managed
according to local methods. A local variety of cassava was

used.

Treatment 2: "Experimental, no burning, fertilizer [and
liming, Abak only]." The same local variety was spaced,

wasded. and fertilized according to IITA recammended practices.
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_8oybean -treatments (Abak;only).

Treatment 1: ?'Eacperimentéi; ‘burning, no ‘fertiliger,"
The Bossier variety was spaced. and» v’('ee'ded; according to
IITA recommended practices. ~Previous crop residué (first
season maize) was burned on the plot before tilling and.

bié.ntinz.

‘Ireatment E:- E:xperimental, no. burning, rertiuzer.
~Va.riety Bossier was spaced, ‘weeded a.nd fertilized according

'_.to TITA recmmended pract:lces.

,Treatment ‘3:- "Experimental, burn:lng, rerti:lizer. " Va.riety
+Bossier was spaced, weeded, and fertilized a.ccording to |
~IITA Tecommended practices. - Previous crop residue (first
season maize) was burned on the plot before t:.ill:}ng and
planting. | o

Second season maize (Abak only)
The treatments were the same as those for the ﬁ.rat .seas‘on’
ma.ize described previously for Ikenne and Abak with the
exceptiona that there were no "traditional" treatments (local
farmers do not plant second season maize) and there was no
second application of lime., The plots of fertilized treat-
ments of soybeans and second season maize were the same plots
Gﬁicﬁ h@d been fertilized for the first season maize trgatgnep};s.

8imilarly, the burned plots were aldo the same plots on which



‘the original bush had been burned for the first season maize

‘experiments, .

‘Experimental design
Cémplete f@ﬁddmized block desigﬁVWith“roﬁb“rdplibatidnéfgt‘edch

site was used.

Plot size
. The dimensions were: 8 x 13 m (Aba.k, first. season maize and
‘ca.ssava), 4 x 6.5 m (Abak, second season maize and soybeans); 3. 75 X
6 m (Ikenne, first season maize).
Plot sizes were reduced for the Ikenne site to save time and

.1abor. the' 8 x 13 m plots at Abak were dif'ﬁ.cult and time-consmning

to prepare.

Cropping

Maize, variety composite B of IITA, a local variety of cassava,
and Bbssier soybeans were used. The maize was planted with a spacing
of 75 x 25 cm, giving & population of 53,200 plants/hectare, Three
seeds were planted per hill and thinned to one plant per hill after
L0 days. Cassava cuttings were planted at a spacing of 75 x 90 cn.
joybeans were planted at the same spacing as maize.

Weeding
All plots were hand weeded twice, 3 to' h wéeks and 6 to T weeks

‘fafgqr planting for all crops.



Fertiiizer rates

| Mnize a.nd cassava were fertilized with 120N, 90P205; 60 K2° and
500 Cac03 at Abak only, in Kg/ha. N, as. urea, was applied as rollowL
1/3 N broadcast before planting, 2/3 N applied in bands 5 weeks
,after planting for maize and. cassa.va. Soybeans at Abak were ferti,].‘lzee
with 30 N, 30 P205, and O xzo.' lhe total canpliment of fertilizers
‘for soybea.ne was 'broa.dcast before punting, the aame was done for
ma.ize and cagsava (broadcastihg) except ‘for- the. N applico.tion
described above.

TlJJ.-ina..-
All plots were cleared of stumpg a.nd buah, mccept for the
"tra.ditional" trea.txnent a.nd tilled by hand with a short ha.ndled

hoe.

Boil samplins
;« e cwposite., soil samples Were. taken at each site to a depth of
] 3Q.,¢m. The bush fallow UYO site is somewhat aty'pical of the areu

.a.suhown by the high base saturation (Table 20).

;Ifie%u\i'ltn - first season maize

The highest yields were found on the cropped Alagba site {old
:éiéaring) at Ikenne, Clearly, these results are not those expected
:‘ro'g this site. Several prob].ens‘ were involved which might exphin
‘these results. Firstly, the gvem‘ination,pn the cropped sﬂ:g was | '
poor on scme of the plots) by the tine the author inspected the site
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Table eo. ,Analytical data for goil semples (0-30 cm) taken frem

exper:lmental sites (Ikenne and Abak).

T R Uyo CAlagba 7 Atan

'i-SOi‘l -‘-paramete'r bush  Cropped  bush  Cropped bush-
fallow Uyo  fallow ‘Alagba  fallow

| 1 -; pH (1120) 55 W3 60 55 60
2~.’v’0rgan1c c (%) L1000 0.9 075 0.7 ° 0:60

'3, CECmeq/l00g MW 255 5,287 W7 226

.of . s0il '

by C8& 3.09. O.uO 1 3019 , 2989 ‘ _‘lo lo
<5 -Mg. (NH0A S 092,017 L8 .15 0.67
~ extractable oo

o« cations meq/100 g

; fa‘og.l)

6K 006 007 009 6.0y o
T. M- 0,03 ..,0,02 .. 0,04 .0.03 Q.02

8. Mn. 0.0 0.2 006 007 009
9, Fe -0 0 0 0 0
10. ""Available ; (ppm) 26,00 6,25  hes 280 2,50

1. Totel acidity 0 188 0,08 0.4  6.o8

(AL & H) ‘

12, Base saturation =~ 100 26.2 9.4 94,6 9.4

* (%) S i |

13. Texture sandy  sandy sandy  sandy Laandy‘

' loam loam loam loam -~ loam

*g?"fepiant . 2

2

- (he had been busy at the Abak experimental site) 1t was too Jate to

The ylelds for these underpopulated plots were corrected

: As & result the remaining plants may have grown unusually well
: and, thus, increased the gcppearance of the overall yield. :
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at harvest vime uepending on the amount of grein harvested fran the "
‘remaining maize plants, This mey have given an mggerated yield in
‘sme cases. Secondly, when the o.uthor chose the sités a "pereel
vi'continuously cropped for at’ least ﬁve yeara" in.s asked:o . It
_}wa.s J.a.ter revealed tha.t not only ha.d the parcel been contindous]y
:’_cropped fornt‘ive years but that 1arge ammmts of fertilizers had been
"appl:!.ed there during the cropping. A residual effect of fertilizers
especially P, ma.y also ‘help to explain the high yields at the cropped
31te. It is the apinion of the author therefore thnt the results at
the cropped s:lte should not be taken as a val:ld representation of the
vield 1eve1 for ﬁret season ma.ize a.t a cropped Alagba site ('I'a.'ble 21)

I'a.ble 21, Ma.ize ylelds (first season) ‘at Ikenne on Alagba and

. Atan soils.
Dry grain kg/ha ,_
Treatment Cropped  Bush fallow  Bush fallow
- "Ala.’gba Alagba ~ Atan
Iraditional, burning no 1289 2055 i819
fertilizer '
Experimental, no burning, 4915 3285 41884
. fertilizer : Coses .
Experimental, burning, 5854 3535: 3620
no fertilizer A
Experimental, burning, | 5566 C h388 h985
fertilizer ' ‘ '

fields at the cropped Uyo (cld clearing) site were distinctly poorer

than ail the others (iaoie <),
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‘Table 22. Maize vields (first season) at Abak on Uyo soils,

Dry grain kg/ha

‘Treatment Cropped Uyo  Bush fallow Uyo
Traditional, burning 199 1763
~ no ‘Pertilizer -
tmperimen{;al,k no burning, 1998 141486

fertilizer, 1:lme

Ebcperimental, burning, 648 2592
no fertilizer ;

Experimenta.l, burning, 2360 4188
Vs i_‘ertiﬂlizer, 1.1me

"’i‘ne’ importance of fa.]lows and techniques of land preparation at

the Aba.k site (Uyo soils) ca.n be seen in Mg. 9. ‘Two important

points are made, Firstly, ﬁin qll ‘oases the fallowed sites produced
significantly higher dry grain yields for all treatments, Fallows
- are very important to any farming system in this highly leached environ-
nment.
Secondly, given that the revenue for dry maize grain is $115.39/
!ttson at the local market and that the cost of 1a.nd preparation for
Mexperimental" treatments is $1500/hecta.re, the maximun difference
between yields for the "traditional, burn:lng, no fertilizer" treatment
and any "experimental" treatznent» for tie cropped" site (a difference
of 2181 kg/ha) and "bush fauw si.te (a. difference of 2723 kg/ha) doqn
"not give epough revenue to offset the increaaed cost of land prepara-

tion on ‘either site for t_he "experimental“ treatments (Fig. 9).



Kg/he (dry gratn)

' Key: white - bush fallow site 1F
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AT Traditional, Experimental . Experimental, Experimental,

burning, no burning, no no burning, burning, fer-

fertilizer fertilizer rortilizer, tilizer, lime
lime

ng. 9. Contribution of fallow to dry maize grain yield (kg/ha)
(early maize) at Abak field experiment.
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Appro:d:nately $1500 in\:l.ebor i‘s needed to\elesr canpletaly one hectare

"tra.ditiona.l" treatment, the bush and oil palms Were cut 'back a.nd

'bumed only This 1a.bor cost was ca.lcu.'l.ated on’ “the" observation tha.t

all the bush during land preparation.

Most ‘yields increased with the application of fertilizers except
foi'? the:Alagba;cases. ; ; Another: interpreta.tion was. made concerhing
the; econanic feasibility of local fa.mers a.pplying simila.r a.mqugtgs'
ofifertilizers to their parcels. . . L I

Input costs of fertilizers and lime were calculated 'based on '
prices paid at IITA. .The returns for the harvested crop were cal-
culated -assuming that dry maize grain sells in bulk for $115 39/ton,
Mt vasthe ctusl price peid to famers st Shagum, Vestern State
(near .Ikenne). . All calculations. were made for one hectare. The input
‘costs were higher for Abak due to the addition ~of lime which was not
necessary at. Ikenne (Table 23).

in:all.cases at the. Ikenne s:ltes it would be, more pretitablgw
to use improved .varieties and planting methods but to Jburn, thec}?ared
bush on the;plot and not, to apply fertilizers 84?‘%%;;9?1;3}??;"8;;.1'”";11"’

' zer{costs; and market prices of dry maize grain (Teble 24).



;l'ablé23. mperimental input costs-ver hectpre at; Ikenne and Aba.k
. for first season maize, -

:““"»::__,,,,,ng;t;i;.izgx_f . . . Price per 50 kg Price per hectare‘ :
1., Single. superphosphate $ 10,03 b 10030
.. Muriate of. potash }‘ 9}21;‘ ’ 18 h8
v:v;'IZSféﬁl‘,-«FRSt - Tkenne $Wl73. 50
b Tama 11,25 ) 22_5_9
Total cost - Abak $ 286oo

Proﬁts for the traditiona.l plots must a.lso to.ke into! a.ccount“
refums for other foodcrops sﬁcﬁ as cassava produced on’ the same
plot. ‘There was insufficient time to harvest‘ the ‘cassava. fromvthese

4 YA " v:x“

plots.”
ki in order’ for farmers on Ala.gba. or A‘ban ‘solls’ to ‘realige ‘a~similar
or grea.ter proﬁt with the use of ferti]izers ‘than those ‘not *using:
fertilizers but burning ‘only’ it wou‘:ll.d‘ "be necessaryvfor-the ‘government
to subsidize the total cost of v”fférﬁi“l{z"éjré ‘or'for-dry grain ‘ylelds
£6 ‘ihcrease approximately 1500 “Kg/ha with the same’ fefﬁiﬁzer ‘input,
This is only one point on a bfodiiéfio‘r’z’ﬁinétion?axid ‘may not:be
mﬁaforotherrates’of‘fertilizerapplica.tim, »a.ss\hn:lﬁgeitho}’t the
‘price of ‘fertilizéra and’dry nais gratn renainsconstant
In the ‘case of the Abak’ sites, ferti]izer app‘.l.ication at the:
‘rates used woum constitute &"1085 on’ ‘the’ cropped Uyo:site;:: Also
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. Tableah“‘» Returns per hectare for;dry. maize grain. a.t the Ikenneﬁ
"~ site for Alag'ba. and Ata.n soils.

Ma.rket pr:lce Price of :

~ ?@%_;wftre#we{m% “for'yleld - tiputes - FrOY

fah e e

1. croppet lagpa:

no, fertilizer ' |

l‘:bcperimenta.l, 1no burning, 567. 1’4 $ 173. 56 ’ 393:613
fertilizer - o »
Experimental, vuwrnaug, 675. l-l9 - 675.49
no fertilizer’ = :

Experimental, burning, :: 642,26 173.50  468.76 .
fertiliger oo
2, Bush fallow Alagha:

Traditional, burning, . 273.13 R 273.13
no ferti]izer ST
Ebcperimenta.l, no burning, 379.06 173.50°  205.56
fertilizer v ) | :
Experimental, burning, ho7.01 - 407,91
no fertilizer - : .

Experimental, burning, 506. 33 173.50 332.83
fertilizer h oo co

3..*-Bush fallow Atan:.

Traditional, burning, 209,89 - 209.89
no fertilizer T I T
Experimental, no burning, 563,56 173.50 . . 390.06
fertilizer S
Exper:lmenta,l, burning, hnrmn R ' L % o T
. no frrt:llizer » N \
Experimental, burning, 575,22 173.50 Lo1. 72

fertilizer




on the cropped Uyo ‘site the return on pJots which were xburned on:ly
{the proﬁt is hs.rdly er.ough to be an ‘ncentive to grow amr mize a.t

an rm was cmﬁrmed by, ‘the fact that most farmers in the Aba.k
area did not grow maize (since most of their plots were intensively -
cultivated due to the high population pressure) or grew it on.ly on »
canpound plots neer the dwellings where refuse was thrown. On the bush
tallow Uyo Site the MOST Proritanle TreAWIENnt Was agalin (&s 1n The.:
Tkennie case) burning only snd fio fertilizer applications (Table 25).
quever', the profits in this case were not as great:as those:for-the
Tkenne site.

'For ramers using fertilizers and lime on-Uyo:solls:to realize
g% greater proﬁt tha.u those: buming only it would be neces ’;{-;géor the
govermnent to subsidize cqnpletely the costs of these inputs for
intensively cropped soils (which is the norma.l case heres or subsi-
dize i;prosd.;;s.tely 1&0% of the inputs on exceptiona.l soils such as bush
fa%low Uyo. Dry grain production ‘on fertilized and limed land would
have”‘to increase by approo:imstely 2,500 kg/‘ha on cropped sites or f
650 kg/ha on‘exceptional sites such as bush:fallow Uyo... 'mis repre-

v‘sents only one point on & production function and -may not !

i for other ra.tes or fertilizer app]ication assun:lng that the price of
fertilizers and drv maize zrain remains constunt.

‘Fallows are important to the regeneration of soil fertility
even with the use of fertilizers. Howevcr, it may ulso be shown that
i‘allows in some ca.ses may be a lavish a.nd mstem use of land depending
on the systen of fa:l.'l.ow regcncration which ramers choose or a.rc forced
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l:g.lole 25. Returns per hectare for'dry maize grain &t the Abak
s:lte for U‘yo soils.

Market price  Price of

.Soil and trea.hne‘x\;t‘: | foryield inputs Prorits
1. Cropped Uyo:

Tra.d:ltiona.l., burning, ‘

no. fertilizer ‘ $ 22,9 -- $ 22,9
Experimenta.l, no burning; : o S
fertilizer, lime 230,49 $ 286,00 - 55.51
Experimental, burning, o : :

ne fertilizer ‘ Th. 72 - h. T2
Experimental, burning,

fertilizer, lime 274.63 286,00 - 11.37
2. Bush fallow Uyo:

Traditional, burning,

no fertilizer 203.43 - 203.43
Experimental, no burning, o -
fertilizer, lime 517.58 286.00 231.58
Experimental, burning,’ :

10 fertilizer 299.09 -- 299.09
Experimental, burning, '

fertilizer, lime 483,20 286.00 .197.20

to employ (Tesbles 26.and 27). The results at the Abak site for the
sest treatment, "experimental, burning, fertilizer and lime" on both
"croppe:i." and "bush fallow" sites were used (Table 22). Two rotation
models.were considered: _l);_\ea:‘rly maize monocropped on 100 hec¢tares
of  fresh land with a rotation of 5 years production - 10 yrs; fa}low -
5.yrs. of production - 10 yrs. of fallow - 5 yrs. qfvprodrucu'."m -
10,yr8.. o fallow - 5.yrs. of production - 10 yrs. of f.“l.lw_,(f@? s
total of: 60 yrs; ), with all of the 100 ha being used for ewh £ vr
production period, 2) early maize monocropped on 16 ha pa.rce.J.; of 100
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hectares of fresh land with 10 ha being farmed'at a’time for one year
then left to fallow for ten years. Over 60 years there are 55 one-
year periods of production on 10 ha parcels and: ‘57years of nonproduction
for all of the 100 hecta.res.

e following assumptions are made: 1) a‘ten yea.r fauow :I.s the
optimum period or regenera.tion H 2) five years;of: productim is the
1p;gest ‘length of t:l.me for wh:l.{ch these solils cm 'be econan:lcally cul-
ti}/ated even with the use of Fertilizers (ﬁve year periods were used
because this data:was available: from field mtperiments), 3) the ﬁ.rst
year of production a.ﬁ;er 10 years of fallow gives 4188 kg of dry
maize grain/ha; 4) the second:through fifth ieaz"-s give 2380,kg' of
dry maize grain per hecto.re each year (Table 22) (a gradua.lly dom-
ward trend is probably more cha.racteristic but sufﬁcient da.ta is not
aw;;ilable to extrapolate the trend) 5) optimum fertilizer applications
a.re made.

Model 1, the more intensive system of cultivation of all the
I.aind 'ffor‘ ﬁve-yea.rperiods followed by‘: ib-yéar fallows, is ‘the most
rodiictive of ‘the two systens in téms 'of oversll yield'of dry maize
srain Por the 60 year period (Tsble 25).

" poded 2, the less intensive system of cultivation, resembles

n&re closely the systen of traditionsi”shifting éﬁlti%tion‘%where' smaller
parcels of land are cultivated and’ higher priced’ crops such as' maize

md vh:lte ym are grown dur:lng the first’ yea.r after clesr:lng ‘the bush

vy ?
fallow 'mu systun Seens ‘more Tavish and mteml 4n ‘terms of:the
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Tableé:26i “Totel yieldiof dry'mdize:grain:(first:seasonsonly)=fon:
an intensive cultivation system on 100 hectares over a
siav 2[60 iyesr period. .

"'k dry maize grain/i00 ha

1., Yield first year of 418,800
f:l}re year period 4
2. field for years 2-5 4 x 238,000 = 952,000
B - ﬁ.ve yeer period : -
3. Total yield for one 1,370,800
~ S‘-year period

L., Total: yield for four 5,183,200
5-year cultivation el A
periods during 60 years

land resources availsble (Teble 27). It is, however, more suited t«
the tecpno],qg:lcal resources of the local farmer and provides a har-
vqstab],e erop each year.

Table 27. Total yleld of dry maize grain (first season only) for

the less intensive cultivation system on 100 hectares ov(
& 60 year period.

Kg dry maize grain/loo ha

1, Yield/10 ha parcel _ 41,880
per_annum
2. Total yield for 55 2,303,400

producing years of
60 total years from*
10 ha parcels for
100 ha of land

. Results, - cassava trial,

-~ . Cagsava, was harvested at Abag, oniy, 3, caspaye pianveg av

T d A R H R
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Tkenne ‘Was:too:diseased:by:bacterial:wilt and:leaf mosaic to:giye
a representative vield fOr"'the regiOn. : The casaava yields were
. higher on the cropped Uyo site than ‘on the bush fallow site (’.l'able
a8y

Tuble 28.,. Cassava yielda (10 months 0ld) at Abak on ‘Uyo_soils,

SR S

Fresh tubers, kg/ha

Treatment Cropped Uyo Bush fallow Uyo
Traditional, burhing, 17,170 9,340
no fertilizer " o
- Experimental, no burning,-- -17,308 1%973
fertilizer .

The results suggest that on the cropped site the appucation
Sv“

of fertilizers (the same level as applied to the ma.ize plots) may

be equal in effect to the burning of the cleared bush from the plot.

+Results~ - secondseason maize:(Abak: onJy)

Second season maize yields are always low at a.l]. of the four
benchuark areas and ‘for this reason one rarely finds farmers ,6’9"1“3
this crop from July ‘to November. Field trials were'cerried out at
Oblo-Akpa Model.Farm to test this genera].ization. . The yields were
characteristically low and uneconocmical (Table 29)

-Results---second- s\eason?soybean -Yrial (Abak only)
‘Litf.le data vgas'.‘e.veiia,‘ble on the ylelds of such legumes as soybeans
in the high reinfall ares, Most farmers in"this drea‘do not'grow'a

Sy y‘v‘} 38 4 e Y ‘3 ?ﬁ'«‘i‘fy% . .-"?L’g vy i "7?65‘ ,t 41? “’* by ; P AR W
legune’ é‘rop’ due "to the “exceptionally Yow yields:’ Given'theé*high
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'.l'able*>29. f“Yields«of"dry mizer grain: for:the. gecondssgrow:lng season
at Avak on Uyo soils.

CL YN g g C. Yi‘ld, kg/ha .
| Tre??ment | Jropped Uyo Bush fallow Uyo
Expenmental, burning, A N 82 o 385 |
. no-fertilizer: C ' ‘
‘Experimental, no burning, - 99 463
fertilizer
Experimental, burning, 176 | 883
fertilizer

-+ ‘population-density of the-area most yields would probably resemble
jbhoae'ﬁ-onrethé.acropped“\Uyo site, the bush fallow site produced yields
significantly higher (Table:30). In both cases no significant response
to fertilizers was noted. This was probably due in part to the lack
of -potash application and the low level of exchangeable K in these
soils.

Ta'ble 30. Yields of dry soybea.n grain for the second grmring season

at Abak,
S Yield, kg/ha
: Treatm?nt Cropped Uyo Bush fallow Uyo
* Experimental, burning, 170 676
no. fertilizer
Experimental, no burning, 119 T22 .
- fertilizer
" Experimental, burning, 14k 610

fertilizer "
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'me analysis’ ‘ot resilts of’ ell th&z ﬁ.eld experiments described

ebove could have been improved by an a.nelys:ls of variance between »
tr': tments and sites, hawever, all of the raw data was not ava:lleble

in Ithe &,f to accomplieh this. Also “the: usefulness of the data conld

f"-"'-‘w' .
v ‘ RSN sr

heve been extended 'by an anelysis of surfece soil sa.mples for eech
treatment' at each s;lte. There was not enough:time .nor. were: surface

soil sapp;l.es available for this purpose.

. SUMMARY  AND. CONCLISTONS.

A 1arge a.rea of soils ex'bends a.long the coast of West Africa
frcniﬁ»Iane *'rogo ito? Calabar, Niger:la. formed ‘over areénaceous ‘sedimentary
ﬁarent ‘materials‘of Plio—Plei stocene .ageq: “The ;ura;,;nfalle increases
"férf&nfiié‘ 8t 'to éast over/this-coastal: formation yet the. temperature.
“regiie remains constant. Four benchuark areas‘~,wee'e selected along
this “rainfall “gradient »'tie E ciiere;étérize /the dominant soils (Table 31)
and relate these soil-climatic parameters to fooderop production.
“Table*31;" :Classification of the:important well-drained soils.formed

over Plio-Pleistocene coastal plein sands as & function
of rainfall. - -

e | Classification (USDA)
.Benchmark Area  Annvzli rain-  Wet season Soil Taxonomy) of do-

Cas rall (nnn) (no. of months) ‘minant upland soils
‘South Togo 900 b to 5 Oxic Paleustalf
Tkenne "\ 1400 7 to 8. Oxic Paleustalf
Benin-NIFOR 1850 8 Oxic Paleustalf to .

Iypic Pa.leustult

Mo o ®m® 9 Typie Palendult
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All major upland soils were found to have deep argillic horizons,
although x:;'?.cropedologi.cal and thin-section studies should be undertaken
to prove this definitively. Also, as expected, the argillic horizons
of soils at the lower end of the rainfall gradient (South Togo, Ikenne
and some Benin-NIFOR benchmark soils) showed a resaturation by bases,
Ca in particular, of the exchange camplex thus putting these solls
into the USDA classification as Alfisols. Excessive leaching at the
higher end of the rainfall gradient (Abak and some Benin-NIFOR soils)
placed these soils into the USDA classification order of Ultisols.

As expected, the ag;'br;ouﬁc potential of most of the Alfisols was
greater than ;tpe 'Ulﬁsols.

To déten‘nine potential for fooderop production at each benchmark
area, the following crops were studied: maize, cassava, and yams,
in paryicular, with secondary emphasis on cocoyams, rice, groundnuts,
cowpeas, pigeon peas, tomatoes and others. The typical production
levels varied for most of these crops across the climosequence.
Production at the same benchmark area varied depending on whether
8 traditional or experimental management system was followed and how
long the soil had been under cultivation.

First-season maize seems to be most suited to the medium rain-
fell areas around Ikenne (Fig. 10). More maize is presently grown
in the low rainfall areas such as South Togo and Ikenne than the
higher rainfall areas such as Benin and Abak, This may be a rather
recent development due to the high population pressures in Abak and

the rapid leaching of soils there.



. Tohs dry grain/ha

W-
e o [

S — -~ traditional

——Q

""" 'South Togo’ =~ Ikenne ~* Benin -

(900 m) (1400 mm) (1850 mm)
" Benchmark Area and Ppt.

Mg. 10. Yields of first season maize across the climo-
sequence,

Abak
(2600 rm)



Cagsava seems to be reasonably well adapted, at least under
traditionai methods of cultivation, throughout the climosequence
(Fig. 11). Experimental varieties and management tecchniques seem
to show the greatest advances in the wetter areas of the climosequence,
Benin and Abak benchmark areas.

Yams do not grow at the low rainfall area of South Togo (Fig. 12).
At present, due to the low population density and sufficient fallow
. lengths, yams do particularly well in the Benin benchmark area. One
would expect similar yields in Abak but short fallows are forcing
yams to be replaced by cassava.

Cowpeas and other legumes such as groundnuts, pigeon peas, and
soybeans are beﬁter suited to the low rainfall end of the climose-
quence (Fig. 13)..

The author observed a similar distribution of treecrops such as
oil palms, kola, and rubber across the climosequence. Oil palms were
better adaptéd to the high rainfall areas of Benin and Abak and
actually competed with foodcrops for land in Abak. Kola was better
suited to the medium rainfall area of Ikenne and competed for growing
space with foodcrops there. Rubber was better suited to the high
rainfall areas of Benin and Abak and it was not observed to compete
directly with foodcrops in these areas.

Abak and South Togo have the most limiting factors to foodcrop
production. The potential of the Benin area appears to be under-

utilized (Table 32).
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Fig. 11.. Yiglds of gassava across the climosequence
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South .Togo Tienne . “ T T —
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Benchmark Area and Ppt.': -

““Fig. 12; Yields:iof white yams across the climosequence.

« em. traditional

Bowthl'nogo ~_Tkenne, Biqx'_in,,.; B Abpli ,
(900 ym (1400 “zm) - " (1850 ma) (2600 mm)

Benchmark Area and Ppt.

Fig. 13 ‘!ieids‘ of cowpeas across the ,ciimoa’eque_uce. '
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’T:&b‘l‘vé;[y. Ma.jor 1imiting factors to foodcrop productlon: av: eacn Dencnmars

areQ'
P T Benctmrkﬂia.reas
: Factoi's i . i Abak *
Insuff‘icient ra.infall xx i .. -i
Poor rainfall distri- : S x - 'E
bution ‘ '
nr:[ncreased sandiness of x; - - ax
surface ‘goils “. {
Highly: ‘eached. ‘acid soils- - % xx
o ooy 1 s"v-“;“fi‘ﬂ .
' Population press\%u'e CRK x XX
(reduced fallows):
Competition with;cas XKy e

" tree crops’

: Key ¢ - not & problem
" x moderate problem
XX severe problem

The 1ose of fertility with continuous cultivation even witlf’the
,application of optimmn levels?of ferti]izers a.nd‘ the importance of
‘sufﬁcient lengths of bush fallow wes demonstrated, po,rticu:l.!uf'lyi
‘by the field experiments conducted at’ ;\bek benchmark area., It was not
determined which 8oil- properties are affected a.nd cause 8 decrease in
;:‘fertility with continuous cultivation by the resea.rch done. for this Cy
_ thesis. One could not sta.te with certa.inty which are the optimnn 'bush
_:fenow 1engths nor determine the most econanic periods of continuous |

\cultivation for these soils. ¢ Fu.rther resea.rch over long perioda of
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thiis/riedds ito"be dons;%0. deternine optimm falloy and cultivation
-rotations.
‘.l‘he results of the rield experiments at Ikenne a.nd Abs.k danon-

1stra.ted that there s still no, package of experimentel msns.ganent

‘techniques which ca.n increa.se the incane of the 1oce.1 fa.rmer of these

ok

soils above the tried a.nd true traditional methods. In a.ll csses,
the burning of cleared bush was ;more econamical than the spplica.tion of
fertilizers for:the -production of maize. And. there seens to be Jittle

W ,'l
w

hope at this: point:that: the price of. ferti].izers will drop in the hear
f‘uture. However, similar experiments should be carried m;.t at.hﬂJ‘.ov,re(r
rates of fertilizer application or different approaches to fertilizer
technology studied.

'I_Vc models of shifting cultivation were hypothesized for some of
the results of field experiments undertaken at Abak benchmark site.
Lccal famersseem to follow more closely the less intensive system
of cultivuticn model for two reasons: 1) the system provides a
dependable yearly source of income and 2) the system depends on the
cultivation of small parcels suitsble to the technology available to
the farmer. Yields over a long period of time were shown to be lower
ths.n yields fram the more intensive system even though each system
incorporated 10 year fallow periods. The less intensive system of
cultivation seems to.be more characteristic for the Benin-NIFOR
'benchms.rk area, emphasizing again the underutilizstion of available
lend in this area. The more intensive model seems to be more vieble
for 1arge sreo.s of open land which can cultivated mechanically end
supervised by the gwermnent thus diminishing the necessity of a sinéle
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farmer to derive a yearly 13%he“ﬁ&n 'Gne*perticule.r parcel '_ and.

Bot.h models of shifting cultivation break down :ln the presence of lerge

it e J') FXS GNSHT

population pressures where 10 year fellow periods are not at ell possible.
More _study needs to ‘oe done on th:ls problem and viable models developea
’;:o determine the best wa.y of inéorporeting ‘the hecessary: fella«rs into
'the cultlvation systan.

Finally, it is important Tto emphesize the limits of edeption, 5
and yields of particu]ar crops to any’ given soil-cllmte combination

| a.nd the ma.ny human fectors ‘which 1nnuence th:ls adapte.tior

b4
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APPENDIX I
- CLIMATIC DATA OF THE FOUR BENCHMARK AREAS
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Teble 33;. Mean monthly climatologicel figures - South’Togo (Lcme)

"~ benchmark area.,

A o Mean
‘Mean . Mean' Monthly
Monthly -  No, of Monthly  Mean Global
‘‘Rainfall raindays Heaviest p. Monthly Radia-~
B 'émm) >0.1 mn) Daily Rain- %’ PET tion
Month (10 yrs.) (Tsevie) fall (mm) 10 yrs.) (mm) (Ly/day)
Jan, 171 60 26.8 110 k2.7
Feb. 37 2 72 27.5 110 W16
Merch 80 4 56 27.9 130 465.2
April 10 6 90 27,6 120 Wk, 7
May 15, 9 15 26.9 120 433.0
June 20 11 98 25,6 110 395.2
July 5 6 7 246 100 365.6
August 16 4 51 24,6 100 380.6
Sept. u8 6 68 25,6 110 415,9
Oct. 153 8 107 25.8 110 h2s5,2
Nov. 21 L 56 26,7 120 4545
Dec. 6 1 48 26.9 120 420.7

el
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Table 3k.+: Mean monthly climatological rigures - Ikenne 'benchma.rk area,

v

SR
Month

: :

e \ " Monthly

Monthly  No. of Mean ,  Mean  Global
Reinfall ‘raindays Heaviest Monthly  Monthly Radia-
) FoLm) ey Bn. Temp, PED tiom

gywe) fall (m) (%0)  m) (iy/amy)

o Yk E

Jan.
Feb.

M
Sept.

-
< F

0ct.
Nov.

Dec.

. 12 2 .. 36 e 120 —-

e 63 -

Kl

L

2

8 57 -- 120 -
121 0 53 - 120 L

3

P
152
ot

25¢ 19 70 - 110’ Lot

o - 2 =

25 19 123 - 100 < -
12 h 122 - 100 -
165 17 €5 - 6o o
168 15 11 -- 110 &
‘50 5 72’ - o -
10 1 20 -- 120 -
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Fable35. Mean monthly climatological figures”- Benin'"(NIFOR)
“benchmark area.

‘Mean . No., of Monthly .. Monthly
Monthly  Raindays Temp. - Mean Global
Rainfall (>0.1mm) Heaviest § Monthly Radia-
.(m) .. (Benin = Daily Rain- (Bemin  PET ~ tion”
Month (22 yrs.) City)  fall (m) City) = (m) (1 /aay)
n.on 1 6 6.4 10 395.6
Feb. 25 3 ke eT.2 1O 399.9
March 85 T 66 2.5 120 %00.6
April 262 12 T 7.5 120 k6,5
May. 195 1 19 26.9 120 ka7
June . 253 19 o4 25.6 100 33.1
Jay 38 %5 10 2hb 100 3253
August  195: - 20 180 2k 4 100 368_.5
Sept. 300 2 W2 25.0 100 335.2
Oct. 227 20 175 25.8 110 386.6

“peg; 11 2 18+ 26,1 120 4016




Table 36. Mean monthly climatological figures - Abak benchmark ares.

Mean
Monthly
Mean Mean Global
Monthly No. of Heaviest Monthly Mean Radia-
Rainfall raindays Daily Rain- Temp. Monthly tion
?nm §>o.1 mm; £811 (mm) °c) PET sw/da,y)
Month 17 yrs.) (17 yrs.) (Uyo) Calabar) (mm) Calabar)
Jan, 41 3 13 25,8 110 368.1
Feb. 64 5 15 26.9 110 377.2
March 150 11 35 27.2 110 380.1
April 208 13 32 26.7 110 399.9
May 234 16 38 26,4 110 384.5
June 328 20 64 25.8 100 320.7
July 358 21 57 25.6 90 295.2
August 394 23 56 25.0 90 297.4
Sept. 388 25 70 25.3 100 330.8
Oct. 284 21 89 25,8 100 359.6
Nov. 132 10 4o 26.4 110 356.2
Dec. 28 3 36 ?_5.8 110 378.4




APPEXDIX IT

PROFILE DESCRIPTIONS AND ANAIITIOAL
'DATA OF SOIL PEDONS
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Chemical methods for the determination of analytical data

Micle size class
Particle sizes were detemined by the hydrameter method of
mechanical analysis after dispersing the soil particles with sodium

hexametaphosphate,

i
Two pH determinations were made: 1) 1:1 soil/water ratio,

2) 1:1 soil/INKClratio. The pH's were then measured electrometri-
cally.

Percent orga.nic c

Organic C was determined by the Walkley-Black method.

Percent total N
Total N was determined by the regular macro-Kjeldahl method.

Extractable cations (Ca, Mg, K, Na, Mn, Fe)

Cations were extracted with 1N NHuOAc. K, Na, and Ca were then
determined on & flame photometer. Mg and Mn were determined on an
atomic absorption spectrometer. Fe was determined colorimetrically
by the phenanthroline method.

Exchangeable acidity
Al and H were first extracted with 1N Kel then titrated with
0,05N Na.OH using phencphthalein indicator. )



11k

‘Available P was determined by the Bray No. 1 metnod.
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Tepogi'ephic positions of the South Togo benchmark soil pedons
The Legbako and Kodjin series occur on undulating plateaus where
the slope 1s very slight, 1 to 26. In these and the fdnowirig topo-

.ww}gf)e 1‘!' ‘)J

graphic position descriptions surfa.ce 1 represents the oldest most

stable surface, urfa.ce II a.n intermediate surface, probebly an ancient

yooE
&

'(’J—

ped.iment of aurface I, surface III the a.ctive]y erod:lng ‘surface and

surface IV the depositional surface (I-‘ig. lh)

KodJjin
13

“surface I or
possibly surface II

g

1 : .
1 gurface IV N

Fig. 14. Topographic positions of South Togo benchmark pedons.



Bodl pedon description, Legbako series (profile no. 1)
Infomat:lon on the ute
.,‘IITA (Intemtioml Tnstitute of Tropical Agriculture) -
Aab, no. 102 ‘
18011 chu:lﬁcation'h ,Ondc Paleustalf (conceptually a re-
| saturated Oxic Plleus;ult)
Fmil_y: clwey, holinitic, 3B0Ry peruneIILG
-Mmtion date' Janua.ry 5, 19710- by T. R. Forbes
;Ipcg.tiqn. m:sion Tove,’ ('.l'sev:le),,
“Hevation: Tom.
Iandfom' A]most ﬂ.&t 'nll.taa.u

Vegetation: Oil palms and grass regrowth after shifting
cultivation
(Géneral information on the soil-
| Paient material: Sandy clay qﬁrface sediment of the Plio-
Pleistocene coastal plain s@b formation
‘Drainage: Well-drained
Mo:l.stuxe condit:lons: Soil dry down to 60 to 70 cm,
"Grmmdnter : none, no atandins water in proﬁle during
ruimr smon
"Rock outcrcpr none

3 m‘oaion' 1l



‘‘‘‘‘‘

General aspect of the soil
Dark reddishbrown§andy loam surface becoming dark red
. sandy clay with deptn.
Profile description

Horizon bemh (cm.) Mo‘_z_'_bt_xvoiog[‘
Ap 0-12 park reddish brown (5YR 3/h, diy), dark reddish

brown (2.5YR 2.5/b, moist); sandy loam; moderate
coarse to medium crumb structure; very
friable, soft, slightly plastic and non-
sticky; many micro and very fine, discon-
tinuous, random, inped pores and common,
coarse, discontinuous, random, inped, tub-
ular pores; many prominent medium and coarse,
rounded and subrounded quartz sand grains;
termite burrows and channels; coumon fine and
mediun and & few coarse roots; clear, wavy
boundary.

A3 12-15 Dark reddish browm (5YR 3/3, dry), dark reddish
brown (2.5YR 2.5/4, moist); sandy clay loam;
moderate medium to fine subangular blocky
structure; non-sticky, slightly plastic,
friable, slightly hard; many micro and very
fine, discontinuous, randam, inped and inter-
gtitial pores; common, medium and coarse,
continuous, random, inped, tubular pores
(seemed to be due to faunal activity); many
rounded and subrounded medium and coarse
quartz send grains; common medium, coarse
and fine zoots; gradual, smooth boundary.

B2t 50-165 Dark reddish brown (2.5YR 3/4, moist);
sandy clay; moderate, medium to fine sub-
angular blocky structure; slightly sticky,
plastic, frisble; thin, broken, glossy

" cutans around and between many, medium
rounded and subrounded quartz sand grains;
meny micro and very fine, discontinuous,
rendom, inped, interstitial pores and a few
coarse, continuous, randam, inped, tubular
pores (faunal activity); pottery fragment
found at 89 cm.; & few medium and a very few
coarse roots,
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:"Ranarks. During the ﬁrst exaxnina.tion of these pedons :|.n ear:ly
j Ja.nua.ry (m:lddle“of the long dry season) these soils’ were cirym ]

&ﬂ. \’ l-ﬂ‘ é? iy

to st 1east 60 t:)v 70 mn. Dur:lng a subsequent examination. in ea.rly

April the aoils were moist down to 30 to 40 em and quite dry below
‘ \to,at ~1east 1oo,mn. '.I'.'his situation was conﬁrmed 'by severa.l 'borings

“in-the respeclive areas.
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Teble 37, Pedon no. 1, Legbako series, analytical data.

Horizon

Parameter Ap A3 B2t B2t
Depth (cm) 0-12  12-50 50-165  250-270
Particle size class (%)
©elay 13.2 24,0 4, 0 47,2

silt 9.0 6.0 L.0 5.8

sand 77.8 70.0 52,0 47,0
pH (H,0) (1:1) 5.3 5.5 5.5 - ®
pH (KoL) (1:1) b 4.6 k.5 -8
Organic C % 0.k 0.k 0.35 0.23
Total N % 0.021. 0,021 0,018 0.015
Extractable cations
meq/100 g of soil
Ca 1.95 2,03 1.82 -8
Mg 1.80 1.46 1.92 -
K 0.11 0.03 0,04 -
Na 0016 0.16 0. 17 -
m 0011 0009 0002 bl
Fe (o] 0 0 -
Exchangeable acidity
meq/100 g. of soil
AL 0 0 0 -2
H 0 0 0 -
CEC, sum of cations 4,13 2.77 3.97

100 100 100

Base saturation, %

81ndicates that no determination was made.
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Three Lesbako surface ‘samples (0 to 30 cm) were analyzed: .
1)- Nondegraded, currently.under..oil palm hush for at least ten
years.
2) Degraded 1, cultivatedcontinuously for ‘five years and -
cﬁrrently under cassav;.

3) Degraded 2, currently being "regexiei_a,tgd“ by BDPA agronomists.

Soil‘ pedon description,: Kodjin series (profile ‘no, 2)
“ ﬁfomtion on the site -
TITA 1ab no. 10k
‘Soil classification: Oxic Paleustalf (conceptually:a-
resaturated Oxic Paleustult).
Family: clayey, keolinitic, ischyperthermic,
‘Bxantnstion date:  Jénuary b, 197h by T. R. Forbes
,;I.ocatiow Kouve, (Tabl:lg‘bo), TOgo.
Eleyation:‘ 90 m,
Landform: Almost flat plateau.
Slope: 1%, S-SE, flat,
Veg_étation: 011 palms with Terminalia, regrowth after:
o, shifting cultivgt}qp.
General information on the soil
Parent material: sandy clay of clay. sediments of the
Plio-Plelstocene coastal plain sands, famation,,
Drainage: Well-drained.
Molsture conditions: Soil dry down to 60 to TO em.
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Degradation of Legbako solls '

Legbako soils have a tendency to became degraded‘under intensive
cultivation with insufficient or no fallows., - Seéveral surface samples
fram Legbeko soils which were considered degraded or nondegraded by
!Dogolese agricultura.l officers were ana.lyzed by IITA in an ‘effort to

e

or "nondegraded. The data do not show major differences in properties
thought to be important in degradation (Teble 38).

Tah1e 28. Analviieal data for three Legbako surface soils (0 to 30 cm).

Soilf-:pa;mneter S Nondegra.ded Degraded I Degraded 2

1, PH S 6.3 6.1 6.3
2. Organic ce.rbon ()8 ' 0.7 0.7 0.25
35 cnc meq/loo g of soil 4.67 5.75 2,58
4. Ca. (NHyOAc, Extractable  2.70 3.79 1.60
B ‘cations, meq/100 g '
soil) o .

5, Mg 1.66 1.56 0.67
6. K 0.08 0.12 0.06
7o' 0,14 0,18 0,13
51‘ j’ | 0.02 0.02 0,04
9.7 Fe o 0 0
.0.. Available P (pmm) k.66 3,50 8.16
11, ‘ Total N(%) - 0,08 0.07 0.0k
12, Total Aclaity (A1&) 0,08 0,08 0.08
13." Base saturation. (%) 98 . 98 97

. Texbure -  'sandy losm sandy clay loamy sand
‘ P . T lom
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1!‘roundvm.'l:er- : None, no standing water in:profile awring

rsimr season.

%Roclw outcrops:. ‘None.
;__Eros:lon: r,Nil.

Genera.l aspect of the soil,

Da.rk reddish brovm aa.ndv .elay. 1oam or .sandy clay surta.ce
‘becoming & do,rk reddish brown or duskv red clay w.lth aepun,

Proﬁle description. .

Horizon
, I\h

_mh_(_.).D cm, Morphology
0-14 park reddish brown 22.5YR' 2.5/4, moist),
“dark reddish brown (5YR 3/4, dry); sandy

clay loem; moderate medium to very fine
subanguler blocky structure; non-sticky,
slightly plastic, very friable, slightly
hard with some loose parts, dry; clay
coatings seen on faunal pores; manmy very
fine and fine, discontinuous, random, inped
pores and common, medium, discontinuous and
continuous exped, interstitial and tubular
pores; many rounded and subrounded, medium
to coarse quartz sand grains; common fine
and medium and a few coarse roots; clear,
wavy boundary.,

Wbl Dusky red (10R 3/b, moist), dark reddish
brown (2.5YR 3/4, dry); sendy clay; moderate
coarse to medium subangular blocky structure;
slightly sticky, plastic, friable, slightly
hard to hard, dry; thick clay coatings in
faunal pores; many very fine and fine, dis-
continuous, random, inped, interstitial
pores and some medium and coarse inped,
tubular pores; many medium and coarse
rounded and subrounded quartz sard grains;
pottery fragment (6-7 cm, long and 2-3 cm.
wide) found at 35 cm. depth; coammn coarse
and medium roots; gradual, wavy boundary.
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Dark reddish brown (2.5YR 3/k, moist), dark:
red (2.5YR 3/6, dry); clay; moderate coarse

t0 medium subangular blocky structure; sticky,
plastic, friable, hard, dry; thin patchy
cutans in upper part of horizon becoming
continuous and thick with depth; many very
fine and fine, continuous and discontinuous,
inped, interstitial and tubular pores; a

few medium and coarse, continuous, inped,
tubular pores; large faunal voids approximately
5x5x8 cm, ; common medium and a few coarse roots.
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Ap

A3

.

silt
sand

B (1,0) (112)
M (kc1) (131)

Organic C %
Total N %

Extractable cations
meq/100 g of soil

‘Ca

Mg

K

Ka

Mn

Fe

Exchangeable acidity

meq/100 g of soll

Al

H

CEC, sum of cations

Base saturation, %

0-24

12 " 20.
11.8 8
76.2 T2

5.3 5.7
L9 5.0
0.7 0,55
0,03 0.02
2.89 2,10
1,20 1,00

0,09 0,03

0.16 0.1k
0,01 0.01
0% 0

0 0

0 0
4.35 3.28
100 100

U el bbeizo

45
d
50

5455.
k.6

0.9
0.02

2,00
1.46
0.03
0.1k
0.0k

0.04
3.7
99.

S natcates no msurable ‘quantity.
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Soil pedon description, Klekome series (profile no. 3)
Information on the site
IITA leb no. 105
Soil ;.cl:g.ssiﬁcation:‘ Oxic Paleustalf (conceptuslly a
"gesatufa.{ed oxic Paleustult).
Fam:l‘.ly clayey, -kaolinitic, i sohyperthermic
Examination da’ée: J:;.nuary 3, 1974 by T. R. Forbes.
Location: Mission Tove, (Isevie), Togo.
‘Elevation: 65 m.
I.aridfom: Break of undulating plateau.
Slope: 3%, S-SE, gently sloping.
Vegetation: Crassy fallow of Digitaria and Imperata after
shifting cultivation.
General information on the soil
Parent material: Sandy colluvium from plateau surface of
the Plio-Pleistocene coastal plain sends formation.
Dra.inage:' Well-drained to scmewhat excessively well-drained.
Moisture conditions: BSoil dry down to 60 to 90 cm.
Groundwater: None, no standing water in profile curing
ra;lny geason,
Roek outcrops: None
Erosion: Nil.
Gen’era;l aspect‘ of the soil
Deep sandy to sandy clay profile changing from brown or
reddish brown surface to red below,
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" ‘Profile descrintion

_ Horizon
Ap

A3

B21t

0-16

50-90

- '90-190

Morphol

Dark reddish brown (5YR 3/3, moist), dark
reddish brown (5YR 4/3, drys; lommy coarse
sand; weak medium to very fine subangular
blocky structure; non-sticky, non-plastic,
very friable, soft, dry; many fine and medium,
discontinuous, randam, exped, interstitial
pores; many rounded and subrounded coarse
sand grains; abundant fine and cammon medium
and coarse roots; clear, wavy boundary.

Dark reddish brown (5YR 3/3, moist), dark
reddish brown (2.5YR 3/, dry); loamy coarse
sand; moderate medium to fine subangular
blocky structure; non-sticky, non-plastic,
very friable, slightly hard, dry; many fine
to micro, discontinuous, randam, inped,
tubular pores; many rounded and subrounded
medium to coarse quartz sand grains; small
ferruginous sandstone chips (1 to 2 ecm. long)
found occasionally; a few fine roots and a very
few medium and coarse roots; gradual, wavy
boundary.

Dark reddish brown (2.5YR 3/k, moist and dry);
sandy clay loam; moderate fine to medium sub-
angular blocky structure; slightly sticky, non-
plastic, friable, slightly hard, dry; thin,
patchy clay bridges between rounded and
subrounded quartz sand grains; many micro and
very fine, discontinuous, random, inped,
interstitial pores; a few medium and fine
roots; gradual, wavy boundary.

Dark reddish brown (2.5YR 3/4, moist); sandy
clay; moderate medium to very fine subangular
blocky structure; slightly sticky, non-plastic,
friable, slightly hard, dry; very thin, patchy
clay bridges between rounded and subrounded
quartz sand grains (less distinguishable than
previous horizon); many micro and very fine,
discontinuous, random, inped, interstitial
pores; very few medium and fine roots,
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Table 40. Pedon no. 3, Klekome series, analyticalidats

[

B B N e

PERERT vy oA
el i Horizon
vPayameter:; o e T e A g e . ‘
B , ’ A'Ap“{ PR ~(A3.$.f.,; BEVRAEED . V-3 § AR R B22t

Depth (cm)” 016 " 16-50"%" 50290 . 90-190 -
; Particle size class (%)

“elay-- L1000 . 1.2 . 2% 312
831t 6 3 2.8, 3.8

B (1,0)" (1:1) 53 5.6 5.6 5.7

Organic C % 0.6 053 108 05
Total N % 0,02 0,02 0,02 0,03

Ebctracfp.ﬁle cations
meq/100 g of soil

Ca 2,56 1,00 1.29 0.92
Mg .35 0.82 1,02 0.70
K 0.06 0,04 0.03 0,03
Na 0.13 0.1k 0.12 0.13
m O.m 0.014 ””«00 01 0.0‘4

Exchangeable acidity
meq/100 g of soil

m | 0 0 0 0

CEC, sum of cations k12 2,04 2.47 2,38
Base saturation, % ' 100 100 100 76

80 indicates no measurable quantity.
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Degradation of l(lekme 30113!:
Although Klekane so‘lls are”theoreticauy very: suscept:lble to -
degrado.tion, the: ronming a.na.lytical data (Table 41) do not:show
anyA.glitrermces vin:properties thought to be m_porto.nt in degrada.t:lon

Table 41. Analytical date for two Klekome surface soils (O to 30 cm.)

Soil parameter. " Degraded Nondegmdea
1. . (H20) o 6ot 6.1
2, Organic C (%) 0.5 0.35‘
3. CEGmeq/100,g of soil 3,42 2,94
b CA o 2,20 1.80°
5 Mg 0.89 0.82
6. X 0.07 0,06
7. im “ 0,15 0.15
8, M’ 0.03 0,0k
9. &Fe , " 0 0
20, ‘Availsble P (pm) 3,50 4,66
11, Totel N (%) | 0.05 0.0k
12, Total acidity (AL & H) 0.08 0,08
13, Base saturation (%) 98 9%

1k, ~Texture loamy sand loamy sand
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Soil pedon description, Ganave series (profile no., 4)
_Information on the site
IITA lab no., (no chemical analyses maae).

Soil classification: (Plinthic) Oxic Paleustalf (estimated)
(concevtually this is a resaturate?l“ Oxic Pﬁleusf;xi;;v)?.

Family: clayey, kaolinitic, isohyperthermic (estimaf:éd)‘.

mam:fnation ;fci@'ﬁg: ‘November 21, i97u by T. R. Forbes.

Tocatton?  Gapave, Togo.

Elevation: o5 m.

fandform: “‘Almost flat ,lplatéa;u’v‘r:lth slightly concave de-

,,,;,3?985?@995 100 m in diameter.

Slope: 1, -85, flst.

‘Ye'g_eté.tibn: Grass regrowth, Imperata cylindrica, after

shifting cultivation.
jeneral information on the soil

Parent material: sandy colluvium of Plio-Pleistocene
cpastal plain sands fomation.

Drainage: Imperfectly dfained.

Mois‘ture' conditions: Slightly moist (except Ap horizon)
but drying out rapidly at time of examination.
Qroundwater: None, but mopt_: likely within one meter of the

v snffacg at some time during the year.

Rockouterops: None. .

Erosion:’ Nil,
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General aspect.of the soll

Deep grayish and brown sandy to sandy’ eldy Profils'with

‘bright red concretions increasing with depth

+Frorlile aescrioiion

‘Horizon D

Ap

A2

B21t

epth (em.)

0-29

29-47

147-80

MOYpnolL

' Grayish brown (lOYR5/2, dry) with a few, fine,
~distinct, sharp brownish mottles; medium to
“fine sand; very weak fine to coarse subangular

blocky structure; very friable, non-plastic,
non-sticky, soft, dry; many fine and very fine,
discontinuous, random, inped interstitial pores;
many rounded and subrounded bleached white
quartz sand grains; common medium and fine
roots; gradual, wavy boundary.

Browm (10YR 5/3, moist) with common, fine,
distinct, sharp brownish mottles; loamy medium
sand; very weak fine to coarse subangular

. blocky structure; very friable, non-sticky,-
‘non-plastic; many fine and very fine, discontin-

uous, random, inped, interstitial pores; com-
mon, medium, discontinuous, random, inped
tubular pores; many rounded and subrounded
bleached white quartz sand grains; common

. medium and coarse roots; gradual, wavy boundary.

Brown .(10YR 5/3, moist) with many medium and
coarse, distinct, sharp, strong brown (7.5YR
5/6) mottles forming particularly in pores or
larger voids (up to 2 to 3 cm. in diameter,
mottles tend to be slightly harder than matrix
when dry); sandy clay loam; moderate medium

to coarse subangular blocky structure; friable,
non-sticky, slightly plastic, slightly hard,
dry; thin patchy cutans between rounded and
subrounded quartz sand grains thickening in some
pores; many very finz and fine, discontinuous,
random, inped, interstitial pores and common,
medium and a few coarse, discontinuous, random,
inped, tubular pores; many faunal voids (0,5
to 3 cm. in diemeter) which seem to have been
made by ants; some mcii: and a few fine roots;

8".4\!&1, wavy boundary,


mailto:a@Sr3.1DOnl

IIB22%

I1B23t

862120

120-170

131,

" 4

id'ght yellowish brown (10YR 6/4, moist) with
many coarse, distinct, diffuse, reddish yellow
(5YR6/6) mottles, a few fine and medium

gtrong brown (7.5YR 5/6) mottles, and common

(15%) coarse, prominent, sharp red (2.5YR"
4/6) concretions (20% discontinuous plinthite),
gravelly sandy clay; strong medium to very
coarse subangular blocky structure; firm,
nonsticky, plastic; thin broken cutans between
rounded and subrounded quartz sand grains;
many fine and very fine, discontinuous, random,
inped, interstitial pores; many medium and
common coarse, discontinuous, random, inped,
tubular pores; several faunal voids 3 to 7 ém.
in diameter; a few medium roots; gradual,

wavy boundary.

Very pale brown (10YR 7/3, moist) with many
coarse, distinct, diffuse reddish yellow '
(5YR 6/6) mottles becoming prominent, sharp
red (2.5YR 4/6) soft concretions and a few,
fine and medium strong brown (7.5YR 5/6)
mottles (20% discontinuous plinthite);
sandy clay; moderate medium to coarse sub-
angular blocky structure; friable, non-sticky,
plastic; thin broken cutans between rounded
and subrounded quartz sand grains becoming
thicker in pores; many fine and very fine,
discontinuous, random, inped, interstitial
pores and many medium and common, coarse,
discontinuous, random, inped, tubular pores;
a few faunal voids 5 to 7 cm. in diameter;
a few medium and fine roots.



Topographic positions of the Dkenne benchmark sojl pedons
+All;three pedons.. Alagba, Owode and '‘Atan, occur on undulating

plat us: where the slope. is.very. sl:lght {1 to 2p). Alagba soils

5are toundv on the oldest and most atable surtace, surface I. Owode

-'1'.'.

nnd,v tm noils are formed on surface II, a pedinent formed from
ml.t,:rials of active],v eroding mface III and surface I. A hyer of

ironatone gra.vel and fermginmu sandatone 1s exposed on surface III
;(rig. 15) mqh,*equmr‘e;ot_this hy;e,:j:, w__u‘;“due to erosion and re-
wprl_dng of younger overlying materials during or shortly after

Flio-Fleistocene.

Aldgvs

Alagba.

surface. I

B

! 1ronstone

z‘ gravels Owode

1 surface 11T i ) Atan
: | | L
| : surface II

} |

] i

Fig. 15. Topographic p’oqitﬁ.ona of Ikenne benchmark pedons,
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Soil pedon description, Alagba series (profile no. 5)
Information cn the site

IITA lab no. 80

Soil classification: Oxic Paleustalf (conceptually a
resaturated Oxic Paleustult).

Family: clayey, keolinitic, ischyperthermic.

Examination date: July 12, 1973 by F. R. Moormann and
P. le Mare.

location: Ikenne IART Station, Western State, Nigeria.
Elé;ﬁtion: 55 n.

Lanﬁfbrm: Gently undulating plateau,

Slope: U%, SW, flat.

Vegetation: Dense regrowth of Eupatorium odoratum, after

élean clearing and several years of cultivation.
General information on the soil

Parent material: Deeply weathered clayey sediments, uniform
in lithology and texture to a depth of at least 4 meters.
Drainage: Well-drained.

Moisture conditions: Moist throughout.

Groundwater: None at any time of the year to profile depth.

Biological activity: Worm casts at the surface; subterranean
termité chambers, up to 15 cm, in several places in the
profile.

Human activities: Pleces of pottery scattered throughout

upﬁér 50 cm.



General aspect of
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the ao:ll

2L ERERTS

Deep, red clayey soll with sandy surface soil up to 30 cm.

Profile description

Horizon

. Depth (em.)

Ap

A3

Bl

B21t

B22t

0-13

13-30

30-45

" 145-105

. 105-150

Morpholo

Dark reddish brown (5 YR 3/3, moist); sandy
loam; moderate fine crumb structure; very
friable, slightly sticky, non-plastic; many

“fine and medium interstitial pores; common fine

tubular random pores; many fine and medium
roots; gradual, smooth boundary.

Dark reddish brown (5YR 3/3, moist); sandy
loam; weak medium subangular blocky structure;
very friable, slightly sticky, non-plastic;
comnon fine and medium interstitial pores and
many fine tubular random, inped pores and
some medium, tubular pores; some larger voids;

" many fine and common medium roots; gradual,

smooth boundary.

Dark reddish brown (2.5YR 3/4, moist); sandy
clay loam; weak to moderate fine subangular
blocky structure; friable, slightly sticky,
slightly plastic; thin patchy cutans on some
ped surfaces, clear clay movement in larger
pores; many fine, common medium, random,
tubular, inped pores; camon fine, some
medium roots; gradual, smooth boundary.

Dark red (2.5YR 3/6, moist); sandy clay, moderate
fine subangular blocky structure; firm,

slightly sticky, plastic; broken thin cutans

on most peds, more distinct in pores; many

fine, tubular, random, inped pores; some

larger voids and channels; camon fine roots,
diminishing with depth, some medium roots;
diffuse, smooth boundary.

Dark red (2.5YR 3/6, moist); sandy clay; mod-
erate fine subangular blocky structure; firm,
slightly sticky, plastic; broken thin cutans,
locally moderately thick; very distinct clay
movement in pores; cammon fine, tubular, random,
inped pores, fewer than in previous horizon '

and gradually diminishing; some faunal channels;
few fine roota.
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Remhrké:_ Visible sand grains throughout the profile are most commonly
vsilbroundedybut many-are rounded (¥, R. Moomann, 1973).

Tab1;h2. Pe't‘io:r';y no. 5, Alagbe series (Ikenne), analytical data;

Horizon
?‘”‘“"te’ Ap . A3 - Bl B2lt - B2t
Depth (em) ~ 7 0-13"  13-30  30-45  U5-105 . 105-150
m-ticle size class (%)
clay 13 15.6 30,6  Lk.6 - B
gilt ~14.6 b2 b2 2,2 -
‘sand 2.k 8.2 65.2  53.2 --
o (KC1) (1:1) . 5.6 5.0 4.3 4.3 5.0
Organic C% 1.56 0.7 0.4k 0.3 0.22
Total N % 2.6 0,06 005  0.05 0.03
Extractable ca.f.:lons
‘meq/100 g of soil
Ca ’ 5.36 1.82 1.42 1,60 1.87
Mg 2.89 0.72 0.68 0.57 0.49
X 0.25 0.04 0.03 0.04 0.06
Na, 0:16 0.14 0.13 0.13 0.13
Mn 0'516 0.10 0.09 0.05 0.03
Fe 0 0 o 0 0
Exchangeable acidity '
meq/100 g of soil
Al O 0 ‘ 001-8 On 15 -
H 0. 22 0.08 003 . 0'03 ' -
CEC, sum of cations . 9,04 2,90 2.83 2.84 -
Base saturation, % 98 97 75 8l _
P (Bray) pm 5.9 1.6 o.h 0.4 0.l

8&__ jndicates that no determination was made,

bo indicates no measurable quantity.
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f’“Degmdation of "Alagbe aous -
'me erfecta of degmdation are sughtly more not:leeuble in:these

vresults thm the previous ones made for . Scruth '.Ibgo soils prc.bably

l‘:“

'"because the process 1s a. bit faster in Ikenne due to grea.ter lea.ch:lng.
:-‘Of»finterest'- is the increase i}n-g,‘total a.g;!,dity and dec;-ease-:ln ‘base

b;}'s:'i.tn:ation. for the »intehaivvg;y,ﬂ,_qyluva,p_,ed; 80118 {I1BDle 43).

‘Table k43, Anhlytical«data for. :,th.i'ee Alagba surrace 801.8 \V %O v cm/.

-8oil parsmeter . - Nondegraded Degraded 1 Degraded 2
’1 i (H0) 61 5.2 - 52
2. organic C (%) 0.70 0,50 0.65
3, CEC meq/100 g of ‘scdl 3:54 2,16 3,15
b, ca 2.%0 0.99 1.ko
5. Mg 0.82 0.k 0.59
6. K 0.05 0.06 0,08
s, Na 0,14 0.23 013
85 M o.06 0.07 0,08
"9, Fe | ) 0 0 0~
10. Availsble P (ppm) 6.99 5.39 3.39
11. Total N (%) © 0,08 0.0 0,08
12, Total acidity (meq) (AL &H) 0,08 . 0,40 0.88
13, Base saturation (%) 98+ 82 72

14, Texture : sandy ‘loam ‘loamy-‘sand - - sandy loam
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Soil pedon description. Owode series (profile no. 6)
Information on the site

 177A"1b nor 69,
Soil classification: Oxic Haplustalf (conceptually a
resaturated Oxic Haplustult).
Family: clayey, kaolinitic, isohyperthermic.
Examinstion data: May 31, 1973 by F. R. Moormann and G.
‘Murdoch. |
Location: Ikenne IART Station, Western State, Nigeria.
Elevation: 29 m,
landform: Gently undulating plateau, profile is situated
| on ;,wéaklyt pi'onouncéd rise.
Slope: 1%, W, flat.

Vegetation: Dense regrowth of Eupatorium odoratum and

some '. éhrubs after two years of monoculture of maize on
completely cleared land.
General ir;fbmz;.tion on the soil

Parent material: Sandjr colluvium over clayey sediments of
Tertiars or Secondary age containing a few weathered
ferruglnous .sandstones at 50‘ to. 70 cn,

brainage: Well-drained.

Moisture conditions: Moist throughout.

Groundwater: No groundwater at time of examination,

,témporary ,groundwa‘.tér‘ in deeper mottled horizons during or
immediately after peakqf ré.iny sgb.son.

Human influence: Surface soil shows effect of mechanical

Plowing.
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General aspect of. the. soil
Deep reddish, clayey proﬁ.:l.e with.brownish sandy surface

hyers and strongly mottled, nghter textured subsolil.

Profile description

Horizon Depth (cm.)
Ap 0-15/20
A2 15/20-55
B2lt 55-90
B22¢ 90-120

Norphology
Very dark grayish brown (10YR 3/2, moist);

'sandy loam; weak fine crumb structure; non-

sticky, non-plastic, very friable; many fine
tubular and interstitial pores; a few faunal
voids; charcoal fragments; local mixing with
underlying horizon; nany fine and a few
mediunm roots; clear, wavy boundary,

Brown (1OYR 4/3, moist); faintly mottled in
lower part; sandy loam; weak fine and medium
subangular blocky structure; very friable;
many fine and camon tubular, random, inped
pores; some charcoal fragments; common fine
roots diminishing with depth; clear smooth
boundary.

Reddish brown (S5YR L/, moist) with common
fine faint and a few fine distinct reddish
mottles; sandy clay loam; moderate fine sub-
angular blocky structure; firm; thin broken
cutans around most peds, modera.tely thick on
péd surfaces and pores; humus infiltration
along vertical ped surfaces with a chroma of
1 lower than matrix; many fine, comon medium
tubular, random, inped pores; some faunal
voids; camon fine, few medium roots; gradual,
smooth boundary.

Yellowish red (5YR 4/6, moist) with common,
medium and coarse, distinct, clear, reddish
(2.5YR 3/6 and 4/6) and yellow mottles: sandy
clay loam; moderate, fine and medium subangular
blocky structure; firm; broken thin cutans on
most peds, thicker on same vertical peds,

local clay~-humus infiltration along vertical
peds and root channels diminishing with depth;
camon fine, few medium and coarse, tubular,
random, inped pores; common fine roots; gradual,
smooth boundary.
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Remarks ¢

1120-175

175-190

| (F. R. Moormann, 1973)
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Yellowish red (5YR 5/5, moist) strongly mottled
with many medium and some coarse, praminent,
clear, red (2.5YR 4/6) to reddish yellow
(7.5YR 6/6) mottles; sandy clay loam; moderate
fine and medium subangular blocky structure;
firm; broken thin cutans on peds and in pores
diminishing with depth; some clay-humus infil-
tration along larger root channels; common
fine, random, tubular pores; Fe/Mn nodules
rounded, medium hard to hard, less than 5%

in weight; few fine roots; diffuse, smooth
boundary.

Iight yellowish brown (10YR 6/L, moist) matrix
with light gray (1OYR 7/2) spots and tongues,
with many médium, prominent, clear, red (2.5YR
4/6) to reddish yellow (7.5YR 5/6) mottles; sandy
clay loam; moderate fine subangular blocky
structure; firm; thin patchy cutans mainly in
redder area and pores; camon fine tubular, ran-
dom pores; few, hard Fe/Mn nodules; very few
fine roots.

The bulk density increases in the area of the mottled zone,

The following are the means of bulk density and porosity values cal-

culated for the Owode profile (Table 4l)., Five samples for each

Teble Ll

determination were used,

Average bulk density and porosity values for Owode profile.

Depth (cm)

Bulk density (g/cc) Percent pore space

131 51
1,45 L5
1,56 b1
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Table b5, Pedon no. 6, Ovode series, analytical dats.

- ) Horizon
Paremeter Ap A2 Bt B2t B3 C
Depth (cm) T 0-15 15-55 55-90 90-120 120-175 175-190
Particle size class
silt ,ﬂ"s'_ W.3 9.2 126 2.0 13.3
send ‘™2 T 58,2 skl 73.2 55

- (H,0) (1:1) 7.7 69 65 66 52 5.0
ﬂ! (xc1) (1:1) "7;2-, 641 5.5 5.7 k.3 4,0
Organic C % "0:57 50,20 0,23 0.23 0.7 0.07
Total N % | 004 0,03 0.03 0,03 0.03 0,02
Extractable cations

meq/100 g of soil

Ca ' 8.98 1.73 3.33 2,60 1.58 1.39
Mg 0.63 0.23 O, 1.5 0.9 0.79
K o2 016 042 0,60 0.9 113
Na 0.8 0,1 0,13 0.13 0,13 0.1
™ 0.09 0,02 0,01 0,010 0,02 0,03
Exchangeable acidity |

#64/100 g of sedl -

I\ o* o 0. .0.01. .0:29 0.64
H 0 0 0 0 0.23 0.20
‘090, sim of cations 10,3 2:85 89 490 W00 k3
Bage stturstion, % 10 100 100 100 92 80
P (Bray) pmm u2.9 17.3 0.8

0.6

_Oatl

2,4

% indicates no mumabla q\mm.ty.



11

' Bodl pedon description, Atan series (orofile no.. 7).
Information on the site

Soil classification: Flinthic Paleustult.

Fenily: oclayey, kaolinitic, isohyperthermic.

nmimtim date: June 11, 1973 by F. R. Moormann,

Location: IART Station, Ikemne, Western State, Migeris,

Elevation: 26 m.

ﬁﬁdfomz Almost flat, wide valley.

Slope: Less than 1%, 8, flat.

Vegetation: Regrowth of Eupatorium odoratum on completely
cleared land, used in previous years for sugar cane pro-
duction. Nearby: young rubber plantation, poor growth of
rubber,

jeneral infcimation on the soll
" Parent material: Flio-Fleistocene coastal sediments, the
1ov pH and inoreasing amounts of total 8 with depth indi-
cate that the coastal sediments may have mangrove sulfate
soils at one tima,

Drainage: Imperfectly drsined.

Groundwater: No groundwater during most of the year;
tesporary watertable during height of the rainy season at
approximately 1 m or deeper,

Bnmﬂ. aspect of the soil
' Brownish sandy surface soll over increasingly mottled
‘gréyish subsoil with plinthite. |
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forizen  Depth (e} ol
Ap T 0-20 Dark grayish brown (10YR 4/2, moist); sandy

loam; weak fine crumb structure at surface,
structureless single grain below; very friable;
_common fine interstitial pores in upper part,
“common fine, random tubular pores below; many
- fine, common medium roots; clear, wavy boundary.

A2 20-38 . Brown (10YR 5/3, moist); sandy loam; weak fine
subangular blucky structure; very friable, non-
sticky, non-plastic; many fine, common medium

randam, inped tubular pores; magy fine, & few
aedium rcots; clear, wavy boundary.

Bl - 38-61 Brown {7.SYR 5/4, moist) with common fine and
' mediwm faint mottles, samewhat redder than matrix

and becomirg more distinct with depth; sandy clay
loem; moderate fine subangular blocky structure;
firm, slightly sticky, slightly plastic; patchy
thin cutans on many peds, more distinct in larger
pores and root channels, clay-humus infiltration
along old root or termite channels; many fine,
cammon medium, few large random, tubular, inped
pores; common faunal voids up to 2 cm in diameter;
many fine, few medium roots; clear, wavy boundary.

B2t 61-93 Brown (10YR 5/3, moist), mottled with many fine
and medium, prominent, sharp red (2.5YR 4/6)
mottles (204 discontinuous plinthite); sandy
clay loam; moderate fine subangular blocky
structure; firm, slightly sticky, slightly plastic;
thin patchy cutans, more distinct in pores;
clay-humus infiltration along old root channels or
termite channels; many fine, few medium roots;
gradual, wavy boundary.

B3 93-160 Iight brownish gray (10YR 6/2, moist) matrix
passing to gray (10YR 6/4, moist) with depty,
many (20%) medium and coarse, prominent, sharp,
red (2.5YR 3/6) mottles with browner fringes which
‘harden upcn alternate wetting and drying (plin-
thite); slightly gravelly sandy clay; weak,
medium subangular blocky structure; firm, slightly
sticky, slightly plastic; thin patchy cutans on
some peds, more distinct in pores and root channels,
some clay-humus infiltration along old root or
termite channels; common fine randam tubular
inped pores diminishing with depth; moderately
hard Fe nodules within red mottles, approximately
10% by weight, mostly less than 1.5 cm in diameter;
comon fine roots diminishing with depth,
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Remrks' The "azonal" occurance of this Ultisol in an area dominated

by Alfisols is.due to the origin and nature of the parent rock, ~The
chy in the .subsoil has dweloped from pyrites clays and shales,

‘a8 mucated by the 1ncremng § content with depth. "As in other
tertiary roml.tiona (e.g., Bende chy, Eocene), the soil material has
some characteristics of an acid sulfate soil. (F. R, Moomn, 1973).
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‘Table U6, Pedon no. 7, Aten series, analybical dsta.

"P (Bray) ppm

Depth (cm) 0-20 20-38 B-61 61-90 90-18
" Particle size clasa (%)
ey 8,6 7.2 252 29,2 2T.2
”11t ' 1802 16.6 ].1.6 12.6 806
sand 73,2 76.2 63,2 58.2 64,2
mi (1,0) (1:1) 57 53 W7 k6 W8
Organic C % 0.5 0.2 0,24 0,18 0,10
Total N % 0.06 0.02 0,03 0,02 0,02
Extractable cations
meq/100 g of soil |
Ca 2,5 05 . 1.0 0,91 0,30
Mg 0.88 0.2 0.57 0.56 0,21
X 0.25 0.05 0,08 0.07 0.05
Na 0.18 0,13 0,16 0.15 0,16
Mn 0,08 0,03 & o 0
Exchangeable acidity
meq/100 g of soil
Al 0 0.0 0.8 1112 1.9
H 0.1k 0.13 0.49 0,47 0.63
CEC, su of cations 3,95 1..10 2,11 3,28 3.3l
Base saturation, % 98 83 58 52 22
4,6 l.2 O Ok 0

80 indicates no measurable quantity.
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Topograpni’c posLtions ‘of ‘the Benin benchmark pedons :

The topographic positions identified were similar.to.other aress

and are shown schematically in Fig, 16.

Alagba

surface II

Me. 16, Topographic positions of Benin benchmark pedous,

Surface I is the oldest, most stable surface and has predominantly

Al.ug'ba soils, Surface II is formed for the most part by sandy collu-

viun from surface I, Surface ITI4 is also a depositional surface

covered by sandy colluvium, Xulfo soils are found on surfaces IIId

and II, Surface IIIe is the newest actively eroding surface going down

to a small.surface IV.near the streem.



“8o1l pedon description;: Alagha:series: (Benin-NIFOR)(profile no, 8)
:I'nfdmtiondn ‘the'site:
| ifm*'iuﬁ'nb. 109.
Soil classification: Oxic Paleustalf (conceptually a
resaturated Oxlc Poleustult),
Family: clayey, kaolinitic, ischyperthermic
Examination date: May ‘éh, 1974 by T. R..Forbes.
Location: NIFOR Méin station, Bendn City, Midwest State.
Nigeria.
EJ.;vation 85 m,
Landform: Almost flat plateau,
Slope: 1%, N-NE.
Vegetation: Leguminous weed ground cover \iﬁ&er oil palm
" plantation,
General information on the soil.’
Parent‘ material: " Sandy clay surface sediment of:the Plio
' Pleistocene coastal plain sands formation.
Drainage: Well-drained.
Moisture conditions: Soil moist when examined,
Groundwater: None, no standing water in profile during
rainy season,
General aspect of the soll
Deep red clayey soil with a sandy loam surface,
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-Profile description

Horizon, Depth (em)

017

W

ip.

A3

Bl

B21t

"

17-53

53-67

67-110

Morziiology

Dusky red (2.5YR 3/2, moist; 2.5YR 6/2, dry);
coarse sandy loam; weak medium subangular blocky
structure; very friable, non-sticky, slightly
plastic; many very fine and fine discontinuous,
random, inped interstitial pores and a few,
medium, random, inped, tubular pores; abundant
rounded and subrounded quartz sand grains; much
worm (worm casts on surface) and some ant acti-
vity; frequent fine and a few medium rcots;
gradual, wavy boundary.

Dark reddish brown (2.5YR 3/2, moist); coarse
sandy loam; very weak medium to coarse subangular
blocky structure; very friable, non-sticky,
non-plastic; many very fine and fine, discon-
tinuous, random, inped, interstitial pores; many
rounded and subrounded quartz sand grains;

some earthworm -activity; frequent fine and medium
roots; clear, wavy boundary.

Dark reddish brown (2.5YR 3/3, moist); sandy clay
loam; very weak medium to coarse subangular
blocky structure; very friasble, non-sticky,
slightly plastic; very patchy, thin cutans
between some quartz sand grains; many very fine
and fine, discontinuous, randam, inped, inter-
stitial pores; many rounded and subrounded quartz
sand grains; slight earthworm activity; a few
medium and coarse roots; clear, wavy boundary.

Dark reddish brown (2.5YR 3/4, moist) with a
slightly higher chroma in the interior of peds;
sandy clay; moderate medium to coarse subangular
blocky structure; friable, very slightly

sticky, plastic; thin, broken cutans between
most sand grains with occasional thicker cutans
in pores; many very fine and fine, discontinuous,
random, inped, interstitial pores and common,
medium and coarse, discontinuous, random, inped
vesicular and tubular pores; many rounded and
subrounded quartz sand grains; a few animal

or termite burrows (5x10x45 mm); a few medium
and coarse roots; gradual, wavy boundary.
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48

| Mk red .(2.5YR 3/6, moist); clay; moderate

medium to coarse subangular blocky structure;

. friable, very slightly sticky, plastic; moderately
" thin, broken cutans with thick cutans in pores;

many very fine and fine, discontinuous, random,
inped, interstitial pores and common medium and
coarse, discontinuous, random, inped, vesicular
and tubular pores; meny rounded and subrounded
quartz sand grains; a few medium and some coarse
roots.
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Table 47, Pedon no, 8, Alagba series (Benin-NIFOR), anslytical data.

porpaan, S infendwitg e Yo us
A% mm,l.,wf’?e’,’;ﬁm«'?ﬁ‘_{-;}f,s}ym.

- Hordzonm -

Depth “(em) ' 0-17 17-63  53-67 = 67=-110 .. 110-150
‘Particle size class (%)

clay 17 m 20 B, B2

silt 8.8 2.8 2 0 1

sand_ 7h.2 83,2 87 66 63.8
it (1,0 (1:2) b7 52 5.k 5.3 5.2
p (kc1) (1:1) k.1 4.5 4.6 b7 L5
Organic’' C % 1,46 0.8 0.7 0.5 0.5
Total N % 0.11 0,05 o.oz 0,0k 0,0l
Extractable cations
meq/100 g of soil
Ca 6.49 3.29  3.69 3.49 1.40
Mg 1.10 0.28 0.25 0.08 1.51
K 0,72 0,02 0,02 0.02 0,02
Na 0.16 0.14 0.1% 0.1% 0,13
Mn 0,05 0 0 0 10,02
Exchangeable acidity

meq/100 g of soil |

AL 0 0 0 0 0.16
H 0 0 o 0 0,24
CEC, sum of cations 8.52 3.73 4,10 3.73 348
‘Base saturation, % 100 100 100 100 89

80 indicates no messurable quantity.
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Begradatich ¢’ Alagba ot 1s (Benin berichmark ares)

- Two surface 'ssmples were analyzeda: ' one ITesn Irom seconanry
;,foré§tja'xi}ffﬁhe; secorid’ from an adjacent field which had been cropped
‘for. two'yeéars. No'significent differences were found (Teble ),

‘Table 48, Af;a]ybical data from two Alagba surface soils (O to 30 cm)
(Benin benchmark area).

‘,“ Soil wmeter ‘ ;For eBt '! . \Oroppﬁm

1. o (H,0) b1 ko
2, Organic C (%) 0,85 1.0..
3. CHC meq/100 g of soil 2.42 2.6l
4, Ca | 0,50 040
5. Mg (NH,OAc extractable 0, 4 0,20
s x L Ghay e o 0.8
7. Na 0.02 0.02
;M 0,02 0.02
9. Pe o? 0
10, Available P (pm) 5.00 6.25
11, Total N (%) —_ -
12, Total acidity (meq) (Al &iH) .68 192
13. Base saturation (%) | 30,5 7.1
14, Texture - -

%0 indicates no measurable quantity.
.. sndicates no determination vas ‘madel



151

Soil pedon description, Kulfo series, (profile no. 9).

Information on;the site
IITA 1sb no. 107. .
sou chssiﬁ.ca.tion. Oxic Paleustult,
Family' | cla.yey, kaolinit:lc, uolvperthemlc.
mmination d.a.te: Beptember 6, 1971» by T. R. Forbes.
Locatiom NIFOR Main Station, Benin City, Nigeria.
Elovation: 75 nm.

Ia.ndform. convex slope just below break in plateau, undulating

uith no outsta.nding n:lcrotopography.
sn.ope. 5 to.the NE.
Vegetation: leguminous cover under oil palm plantation,
General information on the soil
pare:it material: sandy colluvium and sandy clay sediment
of Plio-Pleistocene coasgtal plain sands,
‘Dra.inage. well-dra.ined to sanewhat excessively drained,
Moisture conditions: soil vas moist throughout vhen des-
cr:l'betl. |
Groundwater none, no standing water in profile during
ra.imr season.
General l;;pect of the soil
Deep dark reddish brown sandy loam surface changing to
du'k, redd.‘lsh 'brown sandy clay loam vith depth.
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Proﬁ.le description

| Horizon _I_J_ey_t _(cm)

B2

IIAp

Iy

0-14

1437

37-63

" 6367

_Morphology '

Dark reddish brown (5YR 3/3, moist); loamy coarse
sand; very weak fine to medium subangular blocky

‘structure; very friable, non-sticky, non-plastic;

many fine, discontinuous, random, inped, inter-

‘stitial pores and common, medium, discontinuous,

randam, inped, tubular pores; same very apparent
bleached white rounded and subrounded sand grains
on surface and many rounded and subrounded quartz
sand grains throughout horizon; cammon fine and
nedium roots; gradual, wavy boundary.

Dark red (2.5YR 3/6, moist); coarse sandy loam;
weak medium to fine subangular blocky structure;
very friable, non-sticky, non-plastic; many fine,
discontinuous, random, inped, interstitial pores
and comon, medium, discontinuous, random, inped,
tubular pores; many rounded and subrounded quartz
sand grains; large faunal void, 8x6x10 cm;

common medium and fine roots; gradual, wavy
boundary.

Dark reddish brown (2.5YR 3/4, moist), chroma of
peds somewhat lighter when crushed; coarse sandy
loanm; weak medium to fine subangular blocky

- structure; very friable, non-sticky, non-plastic;

many fine, discontinuous, random, inped, inter-

- stitial pores and common, medium, discontinuous,

randam, inped, tubular pores; many rounded and
subrounded quartz sand grains; a few bits of
small charcoal fragments; cammon medium and fine
roots; gradual, wavy boundary.

Dark red (2.5YR 3/6, moist); sandy clay loam;

weak coarse to medium subangular blocky structure;
very friable, non-sticky, very slightly plastic;
occasional, thin, patchy clay bridges between
rounded and subrounded quartz sand grains;

many fine and very fine, random, inped inter-
stitial pores; many medium and fine, discontinuous,
random, inped, tubular pores; common medium a.nd
some fine roots; gradual, wavy boundary,
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IIB21t 87-123 = Dark red (2.5YR 3/6, moist); sandy clay loem;
weak coarse to mediun subangular structure; very
friable, non-sticiy, very slightly piastic;
thin, broken clay bridges between rvunded and
subrounded quartz sand grains thickening in pores;
many fine and very fine, random, inped, intersti-
tial pores and many medium and fine, discontinuous,
random, inped, tubular pores; common medium and
some fine roots; gradual, wavy boundary,

IIB22t 123-160  Dark red (2.5YR 3/7, moist); sandy clay loem;
weak coarse to medium subangular blocky structure;
very friable, non-sticky, very slightly plastic;
many thin, broken clay bridges between rounded and
subrounded quartz sand grains, some thick cutans
in pores; many fine and very fine, random, inped,
interstitial pores and many medium and fine,
discontinuous, random, inped, tubular pores; a few
medium and some coarse roots,

Remarks: There appears to be a recent accumulation of materisi to

37 cm over the classifiable profile, The sediment is ainila._r to the upper
horizon of the soil below and may represent a depositional phase of the
classified soil.



m16h9. Pedon no. 9, Kulfo series, analyticsl data; '  siSifty
Horizon . . _
| Parmeter . Ap B Ilp IBl Il IIE2RY
Depth (cm) 0-14  14-17 37-63 63-87 87=123. 123-160
Particle size cmk
clay © dgie 152 16,2 20,2 282 232
silt ‘ o 2 1 1 L0 o8
sand ) ;9338# 8238 82,8 178.8 76,8 76.8
pit (H,0) (1:1) L1 4,2 4.2 b2 4.3 4.3
pH (kc1) (1:1) 33 3.5 3.8 3.8 3.8 3.8
Organic C % 1,02 0,55 0.2 - 0.0 0 0
Total N $ . .0;06 0,05 0,04 o;oE o;04  0:03

Extractable cations
meq/100 g of soil

Ca 0,61 0.2+ 0,18 0,17 0.17 0:15
Mg 0:10° o.,04 0,02 0,02 0,02 0, 02
n‘ 0012 611 0.11 0.08 Oo 10 0012
Mn 0 o} 0.0l 0.01 0.02 0.03
Exchangeable acidity

meq/100 g of soil

AL LM .68 1. 1.55 1.28 1.35
H 0.19 0,32 0. 2,05 0.32 0.25

CEC, oum of cations 2.49 2,42 2,33 3.89 1,92 1.93
Base saturation, % 36 17 1k 7 17 17

8 indicates no measurable quantity.
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Topoaraplilc positions of Abak benchmark pedons
‘e following topogreptiic positicns ane given to the soils

déscribed (Pg. 17):

FiE: 17. Topographic positions of Abak benchmark pedons,

‘, Burtlca I 14 the oldest and most stable surface and is yepre-
sentative of the undulating plateaus of the region as a whole,
Surface II 4s almost indistinguishable from surface I except for a
slightly lower elevation (probably a pediment of a slightly eroded
surface I). The soils of surfaces I and II are indistinguishadble
morphologically. Surface IIId is a current erosion surface over
which materials are presently being deposited. Surface IlIe is
carried avay leaving s sandy clay layer nearer the surfase. Surface
IV is the depositiomal swrface of colluvium,
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"Bodl podon description,: vyc series (vrofile no..10).

~ Intomtion on the site
'IITA 1ab no. (no analytical data for this profile)
Soil classification: Oxic Paleudult '(ec"biute‘:d)‘, |
~(marginal to Oxic Hapludult), -
Femily: cuyey, kaolinitic, :laohyperthemict
Mination data: 80ptunber b, 1974 'by '1‘. R. Porbes.
Locati.on: Obzo-Akpc Model rm, Abak, Boutheut state,
Nigeria.
Elevation: 70 m,
landform: Almost flat summit of undulating plateau.
Blope: 1%, 8-8W, flat,
Vegetation: 01l palms and Eupatorium odoratum regrowth
after shifting cultivation. |
General information on the site |
Parent material: Sandy clay surface nqd;mmta of Plio-
Pleistocene coastal plain sands _fomtion_.ﬁ:
Drainage: well-drai.aed,
Moisture conditions: soil moist throughout proﬁlq.
Oroundwater: none, no standing water :lnxproﬁ.le during
rainy season,
General aspect of the soil
Brownish sandy loam to sandy clay loam surface becoming
yellowish red sandy clay with depth, |



157 -

Profile description

Horizon  Depth (cm) .

01T

Al

A3

B2t

B2t -

A7-37

37-68

68-102

morpnosogy

" Dark reddish brown (5YR 2/2, moist); sandy loam;

weak medium to very fine subangular blocky struc-
ture; very friable, non-sticky, non-plastic;
many fine and very fine, discontinuous, random,
inped, interstitial pores; many prominent rounded
and subrounded white quartz sand grains accumu-
lating on the surface; much ant and termite
activity; common fine and medium roots; gradual,
wavy boundary.

Dark brown (7.5YR 3/2, moist); sandy clay loam;
weak medium to fine subangular blocky structure;
very friable, non-sticky, slightly plastic;

cammon fine and medium, discontinuous, random,
inped, tubular pores and many fine, discontinuous,
random, inped, interstitial pores; many rounded
and subrounded white quartz sand grains; occasional
charcoal fragments 2-4 mm in diameter; much ant
and termite activity; comnon fine and medium roots;
clear, wavy boundary.

Brown (7.5YR 4/4, moist)(when kneaded color hecames
slightly darker); sandy clay; moderate coarse

to fine subangular blocky structure; friable,
non-sticky, slightly plastic; cammon, thin

patchy clay bridges between rounded and subrounded
quartz sand grains becaming thicker and more
continuous in medium size pores; many fine, dis-
continuous, random, inped, tubular pores and

many fine and very fine, discontinuous, randam,

inped, interstitial pores; darker sandy material
from above filling a few larger faunal pores}
some faunal voids for ant or termites 1-2 em in
diameter; cammon medium and scme coarse roots}

gradual, wavy boundary.

Reddish brown (5YR 4/k4, moist); sandy clay; moder-
ate coarse to medium subangular blocky structure;
friable, non-aticky, slightly plastic; common
thin, patchy clay bridges between rounded and
subrounded quartz sand grains; common medium,
discontinuous, random, inped, tubular pores and
many very fine end common fine, discontinuous,
random, inped, interstitial pores; a few coarse
and medium roots; diffuse, wavy boundary.



Be3t . 102-147

. Balit

~ 147-290
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Yellowish red (5YR 4/8, moist), sandy clay;

weak to moderate coarse to medium subangular
blocky structure; friable, non-sticky, slightly
plastic; occasional, thin, patchy clay bridges
between rounded and subrounded quartz sand grains;
soil has less "glossy" more "floury" or dull
appearance than horizon above; many fine, dis-
continuous, random, inped, tubular pores and many
very fine, discontinuous, random, inped, inter-
stitial pores; a few medium roots; diffuse,

wavy boundary.

Yellowish red (5YR 4/8, moist); sandy clay;

weak coarse to medium subangular blocky struc-
ture; very friable, non-sticky, slightly plastic;
occanional thin, patchy, clay bridges between
rouncled and subrounded quartz sand grains;
camn fine and very fine, discontinuous, ranciom,
inped, interstitial pores; occasional medium

and coarse roots.

Remarxs: TOp 4U-60 cm have been mixed as seen by charcoal fragmerts

and chunks of ‘nmd.v clay material in same places from the horizon

3

selow, Bulk densities increase with depth (Table 50).

reple 5U. Buik aensities and percent pore space for the Uyo pedon

(0-50 cm). ,
S ‘ Percent pore
Depth (cm) Bulk density and standard deviation spece
10 1.265 * 0,037 52,2
20 1.278 * 0,088 51,7
30 1.370 1 0.049 47.9
bo 1.373 ¥ 0.095 48,1
50 .

. 1.571 t 0,051 43.1
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Table 51. Pedon no, 10, Uyo series, particle size class data,

Particle size class Horizon ~
and depth (em)  Ap A3 B2t B22t  B23%t B2kt

Depth (cm) 0-17 17-37 37-68  68-102 102-147 147-290
clay 11 16 30 30 26 23

silt 7 8 2 2 2 3
sand’ 82 % 68 68 T o

[
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Degre.detion of Uyo soils

Problene of degradation (degraded vegetetion such ee brecken
(Pteridim guilinim) and a:ceptional]y low yielda for crops aueh as
maize) are very prevalent in soils of this h:lgh rainfall area due to
exceaaive leaching and overcultivation. As in the previous cases
':}Leiae'r_atery analyses could not pinpoint any specific propeities involved
other than low pil's and higher quantities of exchangeable Al and H
(Teble 52),

Table 52. Analytical data for three Uyo surface soils (0-30 cm).

- Godl parameter -~ .  Nondegraded Degraded 1 Degraded 2

1. pH (1120) bk k.5 4.0

2. Organic C (%) | 0.8 L.0 1.0

3. CEC meq/100 g of soll 2.7 3.32 2.73:

4, Ca 0.5. 2.6 0.1

5, Mg 0.21 %21 0. 0k

6. K '0.22 2,07 0,06

7. Ne 0,02 7,02 0.03

8. M 0.01 D, 02 0,02

9, Fe 0 o) 0

10. Available P (pmm) 152.5 81.2 36.3

11, Total N (%) - - -

12, Total acidity (meq)(Ald) 1.68 2,40 2,48

13. Base saturation (%) 38.0 28.0 9.2

14, Texture sandy clay  sandy clay sandy clay
loan loam loam
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Soil pedon description, lowland site (Obio-Akpa, Abak)(profile o, 11)
Information on the site
IITA 1sb no, 108,
Boil classification: Aeric (Plinthic) Peleaquit.
Family: clayey, kaolinitic, ischyperthermic.
Examination data: May 18, 1974 by T, R, Forbes,
[ocation: Obio-Akpa Model Farm, Abak, Southeast State,
Nigeria.
Elevation: 60 m,
Landform: flat, vallqr bottom, slightly concave.
Slope: O%.
Vegetation: 011 palm bush, woody shrubs and sedges.
General informaticn on the scil
Parent m'perial: sandy colluvium and alluvium from upper
, éﬁi‘faces of coastal plain sands,
Di-ainage: imperfectly drained,
Moisture conditions: soil moist when examined.
Groundwater: none at the time of examination, there was
standing water at the site fram the end of June to thg end
of October, 197k,
General aspect of the soil
)eep gray sandy to sandy clay lom profile with bright
red concretions and mottling starting st approximately
60 om depth, |
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Prafila deserintion

Hortzon - Depth (cm)

Ap 0-8
A 8-29°
IIB2Lt . .29-62

II822tcn  62-125

Morphol

Black (S5YR 2.5/1, moist); loamy coarse sand;
single grain structure; very friable, non-sticky,
non-plastic; many very fine and fine, discontin-
uous, random, interstitial pores; many apparent
white quartz sand grains, rounded and subrounded;
‘some ant and termite activity, burrows 2-3 cm

in width; abundant fine and medium routs; abrupt,
irregular boundary.

Graylsh brown (10YR 5/2, moist); coarse sand;
single-grain to very weak fine to medium gub-
angular blocky structure; very friable, non-
sticky, non-plastic; many very fine to fine,
discontinuous, random, interstitial pores;

many rounded and subrounded white quartz sand
grains; some ant and termite activity; common
medium and coarse roots; gradual, wavy boundary.

Brownish gray (1O0YR 5/2, moist) with a few, medium,
prominent strong brown (7.5YR 5/6) mottles and
a few, medium prominent dark reddish brown

(S5YR 3/l4) concretions, 5-10 mm in diameter, con-
cretions blend into soft mottles at the edges
(104 discontinuous Plinthite); sandy clay loam;
very weak medium to coarse subangular blocky
structure; very friable, non-sticky, slightly
plastic; very thin, patchy clay bridges between
rounded and subrounded quartz sand grains; many
fine, discontinuous, random, inped, interstitial
pores and a few medium, discontinuous, random,
inped, tubular pores; same ant and termite ac-
tivity; clear, wavy boundary.

Brown (10YR 5/3, moist) with very frequent large
(30-40 mm in diameter) dark reddish brown (5YR

3/4) coneretions surrounded by strong brown (7.5YR
5/6) mottles (30% discontinuous Plinthite); sandy
clay loam; very weak medium to coarse subangular
blocky structure; very frilable, non-sticky,
slightly plastic; thin, patchy clay bridges between
rounded and subrounded quartz sand grains; many
fine, discontinuous, random, inped, interstitial
pores; a few medium roots; gradual, wavy boundary.



1IB23ton 21125190
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~Iight brownish gray (10YR 6/2, moist) with very

frequent, large (30-40 mm in diameter), dark

‘reddish brown (5YR 3/4) concretions with same
‘strong brown (7.5YR 5/6) mottles (30% discomtinuous

Plinthite); sandy clay loam; weak medium to coarse
subangular blocky structure; friable after chunks
are chipped away fram profile, non-sticky,

slightly plastic; thin, patchy clay bridges between
rounded and subrounded quartz sand grains;

many fine, discontinuous, random, inped, intersti-
tial pores; a few medium roots.



maBle~53.. :"Pedon no.’ 1T, lowlsnd site(Abak),: analytical ‘data:

PEE g

‘ ) fHorizon

IIB23tcen

Termetet  ap a2 IBelt  IBe2ta
Depth 08, "B-29 2962  62-125  125-190
Particle size class.(%)..
clay 10 13 24" 18,2 31.2
811t 17.8 5.8 8.8 13, 10.8

‘ sand 72.2 8102 67¢2 6808 5800
M (1,0) (1:1) b6 W3 k.1 k.5 k.5
i (Kkc1) (1s1) 3.8 3.7 3.8 4.0 3.8
Organic C % 3;73 0.33 0,13 0.38 0,83
Total N % 0,2 0,05 Q.05 0.05 0.05
Extractable cations

meq/100 g of soil
Ca 1.85 0,22 0.19 0.17 0. 14
Mg 0,88 0,06 0,05 0.02 0,02
K 0.5  0.07 0.03 0.03 0.02
Na 0.17 0.1k 0.1% 0,15 0.13
Mn o.o04 o8 0 0 0
Exchangeable acidity

meq/100 g of soil
A 1.16 1.28 1.&8 2,21 3.43
H ok  0.32 0. b2 0.19 0,17
CEC, sum of cations 4,99 2,09 2.81 2.7 3.91
Base saturation, % 68 23 15 13 8

%0 indicates no measurable quantity.



Soil pedon description, Uyo series (eroded phase), (profile no, 12)
Information on t}}g gite |
IITA la.b no 106,
Botl classiticstion: Oxic Paleudult.
‘Family: . ciq.;}ey, kaolinitic, isohyperthermic,
'Exsmination date: May 18, 1974 by T. R. Forbes,
Location: ~Oblo-Akpe Model Farm, Abak, Southesst ftate,
Nigeria.
Elevation: 70 m,
I‘.sudfoim‘ break of upper plateau surface,
810p§: 10%. |
Vegeta.tion: 0il paln, bamboo and Eupatorium odoratum
after cultivation of maize and cassava.
General information on the soil
Parent material: sandy clay sediment of the Flio-Plelstocene
coastal plain sands formation.
Drainage: well-drained.
Moisture conditions: soil moist at time of examinatiom,
Oroundwater: none, no standing water in the profile during
the reiny season.
General aspect of the soil
Jeep, well-drained clayey soil with brown surface becaming
rellowish red at depth.



Profile description

‘Horizon Depth (cm)

Ap

B2lt

(IB22t

IIB23t

0-10

10-30

30-53

53-90

Morpholo

“ark brown (7.5YR 3/2, moist); sandy clay; very
‘eak fine to medium subangular blocky structure;
riable, non-sticky, plastic; many very fine and

fine, discontinuous, random, inped, interstitial

pores, some large tubular pores filled with brown

(7.5¥YR 4/L4) material probably brought up by

ants and termites; many rounded and subrounded

quartz sand grains; temmite and ant burrows;

frequent, fine to medium roots; clear, wavy
boundary.

Brown (7.5YR 4/h, moist) with a few yellowish
red mottles (5YR 4/6, 2 mm in diameter); sandy
clay: very weak medium to coarse subangular
blocky structure; very friable, non-sticky,
rlastic; thin, patchy clay bridges becaming
thicker in pores; many fine and very fine, dis-
continuous, rendom, inped, interstitial pores;
many rounded and subrounded quartz sand grains;
much termite and ant activity; common fine and
coarse roots; gradual, wavy boundary.

Strong b:rown (7.5YR 5/6, moist) with a few
yellowish red (5YR 4/6) mottles; clay; very
weak coarse subangular blocky structure; very
friable, non-sticky, slightly plastic; thin,
patchy clay bridges between rounded and sub-
rounded quartz sand grains thickening in the
pores; many very fine and fine, discontinuous,
randam, inped, interstitial pores; common
medium and coarse roots; gradual, wavy boundary.

Yellowish red (5YR 5/8, moist) with yellowish

red (5YR L4/6) clayey mottles covering approxi-
mately 2-3% of the surface; clay; very weak

medium to coarse sutangular blocky astructure;

very friable, non-sticky, plastic; thin, broken
clay bridges between risidled and subrounded

quartz sand grains becoming thicker in pores;

many very fine and {ine, discontinuous, random,
inped, interstitial pores; cammon mediuvm and coarse
roots; gradual, wavy boundary.
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IIB3 - 90-137 Yellowish red (5YR 5/8, moist); cley; very weak
medium to coarse subangular blocky structure;
very friable, non-sticky, plastic; a very few
thin, patchy clay bridges between sand grains;
many very fine and fine, discontinuous, random,
inped, interstitial pores; many round:d and
subrounded quartz sand grains; a fer medium roots.

Remarks: Yellowish red mottles are probably pieces of rotten fer-
ruginous sandstone in the parent material.
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Wbe 54, Pedou no. 12, Uyo series, eroded phase, analytical data:

Horizon

Parsneter Ap B2it  Ime2t  IIB23t  IIB3
Jepth (cm) 0-10 10-30 30-53 53-90 90-137
Particle size class (%)

clay 24 37 %0 39.2 lio

silt 9.8 5.8 2 6.8 4
 (1,0) (1:1) h.‘ h.Y4 bl 4.3 k.2
i (xc1) (1:1) 3.2 3.5 3.5 3.6 3.7
orgaric C % Lk 0: 64 0.95 0,58 0,25
Total N % 0.07 0.06 0.05 0.05 0,05
Extractable cations
meq/100 g of soil
Ca 0:37 0.18 0.18 0.1 0.6
e 0:15 0.0l 0.03 0.02 0.02
K o.gz 0.03 0.02 0.02 0,03
Na o 0.13 0.13 0,12 0.12
Mn o8 0 0 0 0
Exchangeable acidity
meq/100 g of soil
AL .42 1.46 1.46 un 1,32
H 1,78 2,1k 1. 74 1.39 1,08
CEC, sum of cations 3.99 3.98 3,56 3.10 2.73
Base saturation, % 19 10

10

10

12

85 {ndicates no messursdle quantity.
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§6‘11 pédon description, Uyo sefies (higbly eituﬁitbdpﬁﬁiﬁ) ) (phofile 6o, 13)
‘ Information on the site | -

IITA lab no. 101.

Soil classification: Typic Paledoll (conccptmny & re-
saturated Oxic Palewdult).

Family: clayey kaolinitic, ischyperthermic.

Pxamination data: PFebruary 13, 1974 by T. R. Porbes.

location: Obio-Akpa Model Farm, Abak, Southeast State,
Nigeria.

Elevation: 75 m.

Iandform: swmit of almost flat, undulating platesu, with
much microrelief with depressions 5 m in diemeter and 1 m
deep around the ares.

Slope: 1%, N-W, flat,

Vegetation: 01l palms and Bupatorium odoratum,

Général information on the soil

Parent material: sandy clay sediment of the Plio-Fleistocetie
coastal plain sands formatiori.

Drainage: well-drained,

Mcdsture conditions: soil dry to approximdtely 30 om lt
time ¢f exsmination.

OGroundwater: none, no standitig witer in profils during
rdiny season,



Horizon Depth (cm)
A 0-21
a2 12-30
M 30-%0

170.

Humar influence: quite extensive as seen by the micro-

tapo.uphy (depressions), bits of pottery found at 90 om
in the profile, and the very dark black color of accumu-

lated material in the surface horisons.

General aspect of the soil
Black sandy surface horizon becaming yellowish ved sandy
clay with depth.
Profile description

Norphology

Black (2.5YR 2/0, moist and dry); sandy loam}
weak very fine to fine subangular blocky struc-
ture; very friable, non-sticky, non-plastic,
gsoft; camon fine to medium, disccntinuous,
random, inped, interstitial pores; many white
rounded and subrounded quartz sand greins;
occasional orange-brown pottery fragment; much
ant and termite activity; frequent fine and
common medium and coarse roots; clear, irre-
gular boundary.

Very dark gray (10YR 3/1, moist and dry); leemy
medium sand; weak medium to very fine subangular
blocky structure; very friable, non-stitky,
non-plastic, soft; camson very fine and fine,
discontinuous, random, inped, interstitial
pores; many fine, discontinuous, randam, inped,
tubular pores; a few coarse, continuous, inped,
tubular pores (termites); many rounded and sub-
rounded quartz sand grains; common fine and
medium roots; clear, wavy boundary.

Brown (7.5YR 4/4, moist and dry); losmy medium
sand; moderate coarse to medium subanguler blocky
itructure; friable, non-sticky, non-plastic,
1lightly hard; many fine, discontinuous, randam,
inped, interstitial pores and common, medium,
l{scontinuous, randam, inped, tubular pores;

mny rounded and subrounded quartz sand grainsj
jome termite channels; common fine and medium
roots} gradual, wavy boundary.



Bl

nalt

B22t

50-86

86-150

150-184

n

' Brom (7.5YR 4/4, molst); sandy clay losm; mod-

erate coarse ¢o medium subangular blocky struc-
ture; frisble, non-sticky, plastic; some thin,
patchy clay bridges between rounded and sub-
rounded quartz sand greins; cammon fine and
medium, discontinuous, random, inped, tubular
pores; occasional charcoal fragments; common
medium and same coarse roots; gradual, wavy
boundary.

Browm (5-7.5YR 4/6-5/6, moist); sandy clay;
moderate coarse to medium subangular blocky
structure; friable, non-sticky, slightly plastic}
some thin, patchy clay bridges between rounded
and subrounded quartz sand grains becoming
thicker in pores; common fine and medium, dis-
continuous, random, inped, tubular pores; a

few, medium and coarse roots; gradual, wavy
bo‘mryo

Brown (5-7.5YR 5/6, moist); sandy clay; moderate
coarse to medium subangular blocky structure;
friable, non-sticky, plastic; cammon thin,

patchy clay bridges between rounded and subrounded
quartz sand grains with thicker cutans in poresj
camon fine and medium, discontinuous, random,
inped, tubular pores; some mediwui and coarse
roots,



Teble 55. i:i:" no. 13, Uyo series, highly saturated phass, analyticsl

Paramcter . Ap . M2 B B B2t
Dapth (cm) 0-21° 2130 30-50 50-86 86-18k
Particle size class (%)

° 6° 10 = -=® 200 28°

.}Ii ) 6. 3 ‘m. 2.8 o8

‘send ® o« e me
M (1,0) (1:1) 54 56 . 56 56 56
M (KoL) (L:1) L 48 ' 4B k5 k2
Organic C % 2,7 1.05 05 035 0,28
Total N 4

0,08 0,03 0.02 0,02 0.02

Extracteble cations’
‘meq/100 g of scil

~ 9-]5'3 3.29 179 166 143
2, 0.3 0.07 0,11 0,8
0.09 0.03 003 0,03 0,03
0,17 0.1k 013 0.12 0,13
0,08 0.02 0.0 0,01 0.01

FFTES

Exchangeable acidity
meq/100 g of soil

L 0 0 0

A 0
i 0.0 0O 0 0,11 0,22
CEC, sum of cations 12,07 378 2,03 2,04 2,30
Base saturation, % 99 100 100 98 90

8. indicates no determination was made,
"o indicates no measurable quantity.





