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ABSTRACTE — s 4 oo

Influcnee of topographic (¢rest, upper slope, mldd[e slope and lower slopc) posnlmn and land utilization
types (rubber and oil palm plantations; one year and five years old fallows) o’ fertlllt\' was studied in soils
formed on coastal plain sands in southcastern Nigeria. Topography sagmf“cant[v(p<0 05) mﬂucnc;cl <;ml
organic carbon (SOC), base saturation, total exchangeable bases (TEB) and. exchangeable bOdILHH per-
centage (ESP) in the 0 — 15 cm depth, and exchangeable sodium (Na*), exchanuedb]:. .1Iummum (,‘\i"
effective cation exchange capacity (ECEC) and exchangeable sodium percentavt_ (L‘S P) in the 15 - 30
cm depth. Land utilization types signilicantly (p<0.05) influenced pH, SOC, avallabk. phmphmm {P).
caleium, sodium, ECEC and TEB in the 0— 15 em depth and sand, clay, pH, P, Mg. H*, base saturation,
TEB. aluminum saturation, Mg/K and (Ca+Mg)/K in the 15 — 30 cm depth. Use dependent propérties
were influenced by tupour aphy. while additional use non-variant properties were influenced by Iand utili-
zation types. Out of 22 soil propertics considered. 4 (18%) and 5 (23%) were signiticantly {p’(l 03)
influenced by topography at 0 — 15 cm and 15 — 30 em depth respectively. Seven (32%) and lourteen
(64%) of the soil properties were influenced by land utilization types at 0 — 15 cmand 15 = 30 cm depth
respectively. Topographic positions and land utilization types significantly (p<0.03) allected soil ferfility
and require different management systems for sustainable crop production.
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INTRODUCTION

The differences between soils of a toposequence
are generally related to the differences in the topo-
araphic positions as different geochemical condi-
tions and drainages are experienced on different
positions depending on the hydrology (Lucas and
Chanvel, 1992). Topography is both internal and
external factor in pedogencsis as it influences soil
formation or is a consequence ol saume (Temgoua
ool 20035). Several studices in Nigerian soils have
established close relationship between topography

and soils (Ogunkunle and Onasanya, 1992:
Ogunkunle. 1993: Olatunji er «f.. 2007).

Toposequence s defined as a succession of sites
rom crest to the valley bottom (Moorman. 1981).

which is now used to replace catena in soil-topog-
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raphy rclationship studies (King e¢r «f.. 1983:
Okusami, ef al., 1985). Ogunkunle and Onasiny a
{ifJ‘)?_j reporied that different soil unils exisi - a
loposequence and may require different manage-
ment systems. Olatunji e/ «f. (2007) went further
to state that the influence of gradicnt is higher than
that of parent material on the propertics of soil unils
on a loposequence. A

Soil properties and characteri istics change with time
but those that change within human life Frame were

referred to as use dependent properties (CGrossman
el al.. 2001). They defined use-dependent soil prop-
ertics as those that change with Lind use and in-
cluded soil organic carbon {SOC). bulk ll(_'zH'Il\'- plh

salinity and aggregate stability which Tuzel er af.
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) Bave referred to as dynamic soil properties.
isoil properties either directly or indirectly in-
pee soil fertility. Voortman el al. (2002) included
eation exchange capacity (CEC), base saturation,
total exchangeable bases, aluminum saturation, and
exchangeable sodium percentage (ESP) as soil
properties that could be used to characterize soil
fertility. These soil properties have been found to
vary with topographic position, characteristics of
land use and human influence (Ritcher and
Markewitz, 2001). The objective of this study there-
fore was to assess the influence of topographic
positions and land utilization types on fertility char-
acteristics in the coastal plain sands soils of south-
eastern Nigeria,

MATERIALS AND METHODS
Site description

The study examined two major land utilization types

across different toposequences (slope <4%, con-
cave and on coastal plain sands). The sites include
rubber plantation at College of Agriculture Abak,
©oil palm plantation at Akwa Palm Estate in Uquo
Ibeno, and two fallow plots (five years and one year
old) both in kot Okoro. These sites were located in
Abak, Uquo Ibeno and Oruk Anam Local Govern-
ment Areas respectively of Akwa Ibom State in
Nigeria. These are locations where typical condi-
tions were encountered after reconnaissance sur-
vey. Akwa [bom State is located approximately be-

tween longitude 4° 30" and 5° 30" E and latitudes 7° -

30" and 8°20' N within a typical humid tropical cli-
mate characterized by rainy season that lasts be-
tween February/March and Novemberand dry sea-
son that lasts between November and February/
March. The rainy season is characterized by heavy
rainfall, high relative humidity and heavy cloud cover
resulting in low solar radiation. This would have
resulted in high accumulation of organic matter and
high fertility status of the soils. In Akwa Ibon State,
about 75% of the soils are on coastal plain sands
(with the remaining 25% on Beach Ridge Sands,
Sandstone/Limestone mosaic and Alluvium) and
highly leached, therefore fertility is seldom high. The
study was conducted on soils formed from Coastal
Plain Sands which have been found to be low in
organic matter content and pH. Coastal Plain Sands
- oceur on plains less than 200m above sea level with
mean temperature of 27 © C and annual rainfall that
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ranges frdm 3000mm along the Atlantic coast to
2000mm in the hinterland (SLUS-AK. [989).

Field study and sample collection

The toposequences were divided into four topo-
graphic units following the clustering procedure pro-
posed by Ogunkunle (1993). Two composite sam-
ples were collected from each of the topographic
units (i.e. crest, upperslope. middle slope and lower
slope) comprising surface (0— 15 cm) and subsur-
face (15 — 30 cm) samples. This gave a total of §
samples per land utilization type (overall total of 24
samples).

Laboratory analysis :
Soil samples were air-dried and partially ground and
passed through a 2-mm sieve. Soil pH was deter-
mined using glass electrode in a soil / water ratio ol
1:1 (Mclean, 1982). Organic carbon was deternmined
by Walkley-Black wet oxidation method (Nelson
and Sommers, 1982). Particle size was determined
by hydrometer method (Gee and Bauder, 1986).
Exchangeable bases (calcium, magnesium, potas-
sium and sodium) were extracted with the ammo-
nium acetate (pH 7.0) and determined by atomic
absorption spectrophotometry (Thomas, 1982).
Exchangeable aluminum and hydrogen were deter-
mined with buffered potassium chloride, while ef-
fective cation exchange capacity was by summa-
tion of total exchangeable bases and exchangeable
acidity (Anderson and Ingram, 1993). Availahle
phosphorus was extracted by the method of Bray
and Kurtz (1945). and Phosphorus in extracts de-
termined by the method of Murphy and Riley
(1962). Total exchangeable bases (TEB) were cal-
culated by summation, aluminum saturation (Al
sat.) was calculated as Na x 100/ECEC. while Ca/
Mg, Mg/K, (Cat+tMg)/K and K/(Ca+Mg) were also
calculated (Voortman, et al. 2002).

Statistical Analysis

Data collected were analyzed in a Latin Square
Design with land utilization type as column and topo-
graphic (unit) position as the row using Analysis of
Variance (ANOVA). The significantly different
means were separated using Least Significant Dif-
ferences (LLSD) at 5% probability (SAS. 1990).

o
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RESULTS AND DISCUSSION

The study considered both land utilization types and
topographic influence as sources of soil variability.
These have been found to be essential for inter-
preting changes in soil in as much as it does not
provide all the information necessary for predicting
future changes (Millar and Woolfenden, 1999; Pai-
sons el al., 1999). The time scale of change that
will likely relate to both time frame of recovery ;
(Stringham et al., 2003) and impact of human man-
. agement varies from decades to centuries. Conse-
quently, Tugel et al., (2005) suggested that change
related soil survey products should address the hu-
man time scale. Almost all soil properties change
eventually, but Tugel et al., (2005) proposed the

term dynamic soil properties for those soil proper-
ties that change within the human time scale.
Grossman e/ al., (2001) defined use dependent (i.e.
dynamic soil properties) as propertics that change
with land use. They include soil organic carbon
(SOC), bulk density, pH, 5'3|:-mt_\, and aggregate sta-
bility.

The study sites were not-contiguous, hence in as
much as the soils were believed to have been
formed from similar parent material (i.e. coastal
plain sands), similarities in the more stable proper-
ties such as texture was assessed between the land
utilization types. The relationship was further con-
firmed with exchangeable cation ratios (i.e. Mg/K.
Ca/K, and (Ca+ Mg)/K) which

Table 1: Influence of topography on the properties of soil at 0 — 15 cm depth

Topographic position

Middle slope

Crest Upper slope Lower slope

pH(H,0) 5.3a 5.64a 5.96a 5.8]a
pHKCI) 4 9a 4.55a 4.80a 4.72a
Sand 702.5a 822.5a 835.0a 792.8a
Silt 74.5a . 75.7a 84.3a 100.5a
Clay g kg! 126a 97.0a 80.7a 106.8a
SOC 1.29b 1.72a i 1.08b 2.62a
Base sat. 62.2b 70.1ab 64.2b 81.3a
Al sat. %o 1.39a 0.42a 0.57a 0.53a
ESP 2.8a 7.86a 5.96a 3.12a
Avail. P mg kg' 9.10a - 10.72a 11.14a 8.747a
Exch. Calcium 2351a 2.38a 1.64a 2.99a
Exch.Magnesium 1.704 111923 1.06a 2.08a
Exch. Potassium 0.50a 0.42a 0.53a 0.6%a
LExch. Sodium cmol kg' 0.21a 0.47a 0.23a 0.35a
H- 1.74a 1.25a 1.11a 247
Al 0.86a 0.6la 0.36a 0.46a :
ECEC 7.50a 6.33a 4.81la TRl
TEB 6.44ab 5.70b 4.56b 8.56a
Ca/Mg |.4a 2.03a 2.22a |.54a
‘Mg/K 6.6a 5.4a 4.50a 6.93a
(CatMg)/K 15.4a 16.7a 10.1a 14.9a
KA(Ca+Mg) 0.13a 0.12a 0.17a 0.16a

SO = Soil erganic carbon, Base sal. = Base saturation, Al sat. = Aluminum saturation, ESP.

Ex-

changeable Sodium percentage. Avail. P = Available phosphorus, Exch. = Exchangeable: ECEC = Effec-
tive cation exchange capacity, TEB = Total exchangeable bases. Values on same row followed by same

letter(s) are not significantly different (p<0.03).
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¢ %
Shaw er al., (2001) and Voortman er of., (2002)
have indicated to depend on the proportions of each
of the cations in the original source (i.c. parent)
material as well as the differential clfect of leach-
ing and therefore a good indicator ol parent mate-
rial ditferences.
The characteristics of the surface soil (0 — 15 cin)
as influenced by the topographic positions were
found not to be significantly diflerent (p<0.05) with
the exception of organic carbon and base satura-
tion (Table 1). It was observed that the wrganic
carbon content of the soil on the lower slope posi-
-tion (2.99 g kg™ was significantly higher than the
crest. upper.and middle slope positions and these
were not significantly different from cach other.
This is because due to crosion and gravitational
force, materials are gencrally moved and deposited
at the lowest position on the landscape. Base satu-
ration ot the lower (81.3%) and upper (70.1%) slope
positions were also not significantly different from
each other, whereas those of the crest (62.2%).
upper and middle (64.2%) slopes were equally not
significantly different from each other.
Soil properties that were influenced by topography
at 15 — 30 em depth include Na~. A", effective
cation exchange capacity, and they were signifi-
cantly different from each other (Table 2). while
other properties were similar. The exchangeable Na
contents of the soil in the lower slope was 0.93 emol
kg which was significantly different from 0.48 cmol

ke', 0.25 emol kg' and 0.17 cmol ko lor upper
slope, crestand middle slope positions respectively.
The effective cation exchange capacity of the soils
on lower slopes, crest and upper slope positions (7.91
cmol kg, 6.24 emol kg' and 5.81 emol ke re-
speetively) were notsignificantly dilTerent from each
other, whereas those of the erest. upper slopes and
middle slopes (4.09 cmol kg'y were equally not sig-
nilicantly different (p<0.05) trom cach other. These
are to say that effective cation exchange capisity
of the lower slope soils are significantly (p<0.03)
different from those of middle slope.

- The properties of soil as influenced by land utifiza-

tion types were as shown in Tables 3 and 4. The
effect of land utilization types on the surface soil
were not significantly (p=<0.03) different in the en-
tire soil properties with the exception of orzanic
carbon, available phosphorus. exchangeable cal-
cium, potassium and efTective cation exchange ca-
pacity (ECEC) in the 0 -15 ¢ depths and sand.
clay, pH. available phosphorus. exchangeable mag- -
nesium, potassitm and base saturation in the 15 —
30 cm soil depths. The variations observed in the
sand and clay content of the soils (15 = 30 cun as
influenced by land utilization types could be attrib-
uted to localized differcices in the pedoturbating
activities as these soil properties (particle size) are
not largely influenced by land use within the buman
life frame. It was further observed that land utiliza-

tion types (rubbeér and one vear old fallow) had 1he
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Table 2: Influence of topography on the properties of soil at 15 — 30 em clcpth

Topographic position e N = e

Crest Upper slope Middle slope Lower slope
pE(H.O) S.dha 5.69a 5.90a 5.57a
pH(KCI) 4.01a 4.91a 4.54a 4.49a
Sand 7254 822 .53 835.0a 792.8a
Silt 84.5a 51.0a 47.5a 38.8a
Clay g ke 125 3a 101.0a 106.0a 126.8a
S0C 1.89a l.21a 1.01a I.74a
Base sal. 57.6a 60.8a 71.0a 68.7a
Al sat.- %% 1.9a 0.6be 0.4c¢ L.dab
ESP 4.3a 9.5ab 3.4b 14.4a
Avail, P mg ke 8.03a 9.69a 10.38a 9.464
Fxch. Calcium ks l.l5a 1.50a 1.0
Exch.Magnesium [.19a [.19a 1.53a 1.78a
Exch. Potassium 0.46a _ 0.67a 0.57a 0.63a
Exch. Sodium cmol kg 0.75a 0.48a 0.17a 0.94a
H' | va 1.56a 1.26a I.44a
Al 0 fla 0.35b 0.24b 0.93a
ECEC 6o 'dab 5.81ab 4.09b 7.91a
TEB 5.53b 5.05b 5.02b 6.99a
Ca/Mg i Z97a 1.00a 1.05a [.258
Mg/K 3.89a 3.75a 5.2% 8.21a
(Ca+Mg)/K 13.49a 9.54a 9.96a 18.76
K/(Cat+Mg) 0.17a 0.30a 0.21a 0.23a

SOC = Soil organic carbon. Base sat.

= Base saturation. Al sat. = Aluminum saturation, }*bP = Ex-

changeable Sodium percentage, Avail. P = Available phosphorus. Exch. = Exchangeable: ECEC = Lffec-
tive cation exchange capacity. TEB = Total exchangeable bases. Values on same row followed b\ same

leller(s) are not significantly dilferent (p*‘{) 05).

highest amount of sand and lowest clay content but
still had comparable base saturation and effective
cation exchange capacity which was not significantly
dilterent from those of other land utilization types.
This is impoitant because Voortman ef ai. (2002)
reterred to the base saturation and cation exchange
capacity as compound soil characteristics that could
be used Lo characterize soil lertility. Additionally,
these variations could only be found to influence
such crops as those whose rooting zone exeeed 0 -
I3 emi depths. The observed variations could also
be an indication that these land utilization types (rub-
ber and one year old fallow) have better slope sta-
bilizing properties that need to be lurther fnvesti-
gated on. The species composition of the fallows
and olher components of the plantation were not
considered in the study and these may have con-
tributed in the slope stabilization by the land utiliza-

Hon 1y pes.

31

The results in Tables 1 and 2 revealed that the coastal
plain sands soils did not display much variation in
their characteristics duc o the influence OI'Inpn:_;—
raphy in contrast with the effect of pediments on
the soil on basement complex where topography

‘had significant influence on gravel content. coarse

sand, clay. pH(H, O). available phosphorus. ex-
changeable acidity and copper (Olatungi ¢f ol.,
2007). In the surlace soil (0 — 15 em depth). TEB ~
of erest (6.4 cmol kg") and lower slope (8.58 emol
kg') were significantly different from cach other,
while upper slope (5.70 emol kg'). middle slope
{<1.56 cimol kg') and crest (6.44 cmol kg') were
not significantly different from each other.

There was no significant difference in the Al satu-
ration while ESP that was influenced in the upper.
slope (7.9%) and was significantly (p<0.05) differ-:
ent from middle slope (6.0%%). lower slope (3 A%)
and crest(2.8%) which in turn was not significantly;”
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different from each other. Within 15-30cm depths,
TEB (7.0cmol kg was signiticantly (p—dt():’:) dil-
ferent from erest. upper and middle slopes (3.3 emol
kg'. 5.1 emol kgt and 5.0 emol kg’ respectively).
Aluminum saturation in the erest and lower slope
positions were 1,.9% and 1.4% respectively, and
were nol significantly different, equally upper and
middle slopes (0.6% and 0.4% respectively) were
not significantly different from cach other. GSP was

Table

14.3% in lower slope, 9.5% in upper slope (not sig-
nificantly different). while crest. upper shepe and
middle stopes were not significantly Jdilterent from
cach other. TEB, Na*
ton of 15--30cm depth were inltuenced  topoy-
raphy. Interaction was not fested in the atudy but
results indicated that there was existence of inter-
actions between topography and land utilization
Lypes.

saturation and AlY satura-

3: Influence ol land utilization types on the properties of soil at 0— 15 cm depth

s ; land utilization types

Rubber
prHH.O) 6.18a
pH(KCI) 5.37a
Sand 8§44 .0a
Silt 74 50
Clay e kg 74.5a
SOC 1.57ab
Base sat, 69.2a
Al sat. % 0.5a
ESP 8.la
Avail. P mp ket Bl 3Gy
Exch. Calcium 2.00b
Exch.Magnesium 1.13a
Exch. Potassium 0.49a
Exch. Sodium cmol ke 0.50a
L 2. 74da
Alr 0.35a
I = 3.87ab
TEB i “6.83ab
Ca'My 2220
Mu/K 5.71a
(CatMgyK 11.56

KACa+Mg) 0.16a

SOC = Soil organic carbon. Base sat,

tive cation exchange capactty, TEDR =Total excha
letter(s) are not significanmtly different (p<0.05).

The influence of land utilization types was signifi-
cant in the TEB and not in AI* and Na~ saturation
ol the susface soil. while TEB and Al' saturation
were significantly influeneed in the 15 - 30 em
depth. In the 0 - 15 em depth. five vear old Fallow
had the highest TEB of 7.67 emol ke and this was
not significantly different from 6,85 emol ket (rub-
ber) and 6.16 cmol kg (oil palm). In 15 -30 ¢m

= Base saturation, Al sal.
changeable Sodiuny pereent: e Avail. P Available phosphorus, Exch, = 1 xehangeable: 1°CHEC
1geable bases. Values on same row follow ed by wame

Oil palin Svears fallow Iyvear tallow

6.006a 59la -1.60a
4.88ab 4.64be $.03¢
784 8a 759.8a 759.34
93.5a - 105.8a 65.3;
121.8a 155.8a 80.5a
251a |.67ab 1.52b
71.5a 68.8a 68 L ¢
l.la 1.2a .64
6.3a 3.3a 274
G.18a 4.53¢ 17.69
2.25ab 3.34n 1.83b
15515 2. 14a 1.20a
0.65a 0.66a 0.52a
0.38ab 0.26ab 0.12h
1.33a 1.27a hu23n
0.67a 0.85a 0424
6.83ab 8.13a S:0h
6.1 6ab 1.67a 4.71h
.49, 1.91a 384
2.78a S.08a G AU
(.35a 20.53a L5 Sl
0.17a 0. I-’-!El 1 la
= Aluminum saluration. LES] = l.x-
= laifee-

depth. five vear old fallow had 7.21 cmol ke in
TEB. and this was not signilicantly ditterent from
rubber plantation (5.82 cmiod k') but steniticantla
(p<0.05) different from one x corold Faltow that L
4.3 1 cmol kg indicating that actually nntricnts are
built as fallow lasts longer. ¢ onsidering the vatios
of exchangeable cations in the soils a4 influenced
by
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Table 4: Influence of land utilization types on the properties of soil at 15 —~30 cm depth

land utilization types

Syearsold fallow

Rubber Oil palm Iycarold fallow
pH(l1,0) 6.18a G.13a 5.56ab 477
pH(KC) S5.41a 4.86ab 4.36bc 391c
Sand 871.0a 758.5b 785.0b- 864.5a
Silt 44 3a 62.0a 76.3a 59.3a
Clay g kg'  84.8bc 156.0a 138.8ab #9.5¢ e
sSOC |.48a 1.54a 1.36a 1.45b @
Base sat. 61.7ab 54.0b 71.5a o
Al sat. %% .74 I.da (0.9ab 0.2b
ESP 7. 1a §.7a 8.1a 7.4a
Avail. P mg ke 10.72b 5.54¢ 2.56d 19.34a
Exch. Calcium |.28a 1.34a 2.40a 1.55a
Exch. Magnesium 1.36b 0.97ab ‘2302 [.00a
Lanch. Potassium [.07a 0.56ab 0.495 0.20b
Exch. Sodium  cmol kg'0.44q. “0.43a 0.62a 0.36a
B 1.66ab |.76a 1.35ab 1200
Al 0.95a 0.64a 0.68a 0.16b
DCEC 6.77a 6.11a 6.54a 4.64a
TEB 5.82ab 5.06bc 7.21a 43lc
Ca/Mg 0.96a 2.07a 0.97a 1.61a
Mo/K 1.55b 2.05ab 9.90a 7.84a
{(CatMg)/ K 2. 580 7.13a 20.47a 21,79
KA Cat+Mg) 0.42a 0.25ab 0.14b 0.09b

SOC = Soil organic carbon, Base sat. = Base saturation, Al sat. = Aluminum saturation. ESP. = [Ex-
changeable Sodium percentage, Avail. P=Available phosphorus, Exch. = Exchangeable: ECEC = Elfec-
tive cation exchange capacily. TEB = Total exchangeable bases. Values on same row followed by same

letter(s )y are not signilicantly different (p<0.03).

cither Tand utilization types or topography. it was
observed that and Ca/Mg. Mg/K. (Ca+Mg)/K and
KACa+Mg) were not signilicantly influenced by
topography in both the surlace and subsurface soil
as signibicant difference was nol established be-
tween the topographic positions. This was an indi-
cation that the parent materials of these soils were
largely similar as it was further conlirmed by the
similarity in particles size distribution of the soils.
Similarly. significant dilferences were not observed
between the land utilization types on the surface
soil. :

The fact that the particle size distribution (sand, silt
and clay ) did not display any significant dilferences
was indicationthat the soils were from similar par-

%]
L]

enl material, and there wasn 't lithological disconti-

nuity (Langohr, e «l.. 1976). This swas further con-.

firmed in the similarity of the ratios of such ex-
changeable cations as Ca/My™ Mo’k Al x Ca +

" Mg))K” and K/(Ca + Mg).

These were used by Shaw ¢z ol (2001). Voortiman
el . (2002) and Olatunji ef al.. (2007) to assess
similarity of parent material of soils on
toposequences. This showed that variations in soil
fertility parameters were actually the effect of dif-
ferent land utilization types. The land utilization 1ypes
have been found to enhance soil fertility but with
differing intensitics. The fact that the fallow had
higher variation in plant species with differing 1y pes .
of root system suggests that it had higher capacity
to improve soil fertility than the plantations (Ewel.
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1986). It had previously been reported by Juo and
Wilding. (1996) that upland soils in the humid forest
zone are strongly weathered and dominantly
kaolinitic ultisols and oxisols (normally highly
leached) acidic and contain very low mineral nutri-
ent such as calcium. magnesivm. potassium and
phosphorus.

CONCLUSION
Generally soil properties influenced by cither topog-
-raphy or land utilizalion types were use-dependent.
while the use-independents were more stable. Ap-
proximately 18% and 23% ol the 22 soil properties
considered in 0 = 15 cm and 15 — 30 cm depths
respectively were influenced by topography, while
32% and 64% in 0— 15 cm and 15 - 30 cm depths
respectively were influenced by land utilization
types. This showed that intluence of land utiliza-
tion types on fertility parameters was double the
effect of topography at the soil surface and tripled
at the subsurface soil. Therefore in coastal plain
sands. topographic positions affect fertility minimally
in comparison to land utilization types. Yet, these
factors (topography and land utilization types) sig-
nilicantly affect soil fertility and will attract differ-
ent soil management systems for sustainable crop
production. Interactions were not tested in this study
but it was observed that there could be interaction
between the effect of topography and land utiliza-
tion types on soil lertility trend and subsequently
crop production and which could be further investi-
gated.
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1986). It had previously been reported by Juo and
Wilding. (1996) that upland soils in the humid forest
zone are strongly weathered and dominantly
Kaolinitic ultisols and oxisols (normally highly
leached) acidic and contain very low mineral nutri-
ent such as caleivm. magnesium. potassium and
phosphorus,

CONCLUSION
Generally sail properties influenced by cither topog-
~raphy or land utilizalion types were use-dependent,
while the usc-independents were more stable. Ap-
proximately 8% and 23% of the 22 soil properties
considered in 0 — 15 em and 15 — 30 em depths
respectively were influenced by topography, while
32% and 64% in 0 — 15 em and 15 - 30 cm depths
respectively were influenced by land utilization
types. This showed that influence of land utiliza-
tion types on fertility parameters was double the
effect of topography at the soil surface and tripled
at the subsurface soil. Therefore in coastal plain
sands. topographic positions affect femllt\ minimally
in comparison to land utilization types. Yet, these
factors (topography and land utilization typcs) sig-
nificantly affect soil fertility and will attract differ-
ent soil management systems for sustainable crop
production. Interactions were nol tested in this study
but it was observed that there could be interaction
between the effect of topography and land utiliza-
tion types on soil fertility trend and subsequently
crop production and which could be further investi-
gated.
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