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Abstract
Thespetial variSility of sehcted surface soil properties was studied under an oil palm

plantation by using geostatiscalconcepts. Measurementweremadeon samplescctllected

at l0 nreties intervi on a 10m x 10m grid from aplot of one hectare. Serni-variograms

of the soil properties were computed and fitted to appropriate models by the least 
sq11

method. This showed the variabilities in the soil properties to be.anisoropically spatially

Structured. Cross-variograms were also preseDted for gravel content, bulk&nsity and

cone index. The usefulness of this technique as aid in identifying the eause and the nan[e

of vruiabilides in s,oil properties are discussed.

Introduction

Quantitative evaluationof soil resources and the irresponses to managetrrent lequircs

precise information on the spatial variabitity of soil properties' The Fisherian

it.ti.ti.A p(rcedures which assume that observed variations are rardom ard

irdependent of locations have been employed in this regard. These assumptiom

however, make the classical models, such as moving average' spline interpolation

and trend analysis among othem, inadequate for interpotation of spatially deperdent

variables. Geostatistical techniques. which is based on the theoryof regionalized

variables (Matheron, 1971) provides a tool for the quantitative evaluation of the

spatial dependence of soil properties and can be used for interpolation of the spafi ally

OepenOent variables. The Variogram which is the central tool of geostatistics' has

variouslyheenused(Webster,1985;Ueharaetal'l985;andoliver'l987)to
euantify the scale and intensity of spatial variation and to provide information tbr

interpotationbyKrigingandoptinrizationofsanrplingintensity.Thispaperreports
the uieof semi-variogram toevaluate the spatialdependence of selected soilphysical

properties and the use ol cross-variogram to explain the spatial relation or inter-

dependence between pain of soil properties under an oil palm plantation'

Material and Method

This study was conducted on a 2-hectare oil palm plantation' situatcd on a gcntle

slope (2 - Solo) inthe teaching and research larm of Obal'erni Awolowo Univcrsity'

Ite-Ife. The soil is classified as lwo series, which is an Uttisol derivcd l'rom coarue

grained granite gneiss (Smyth and Montgomery, 1962; Okusanii and Oycdiran'

f qASl. A plot of l00nr by l00m was chosen within the lleld, eud core s:unplcs o!-

surface (0 - lgcm) soils were coliected on gricl points on a l0m x liJttt grid" Thrce

r*frlieale sa-mDles were cOllectecl at each satltpirng point. Tli': ':ilt';cl ;t'd ll*ld

iF
D

I
!

f,



capacily nloisturc contcnt of llrc soil samplcs wcrc dclemrincd. In atltlition conc
indcx was cvaluatcd lbr thc sanrplctl points with thc aid ol' a portablc cepc
penetromcter.

The VAR 5 subroutinc ol'the geostatistical softwarc devclopcd by thc Dcpart-
ment of Agronomy and Soil Scicnce, Univcrsity of Hawaii, USA, was uscrl lgr tltc
computal.ion of variogram and cross-variogranr. The scnii-varianccs wcrc computcrl
for the threc soil properties and cmss semi-variances we rc cstinratcd lbr ilrcsc sorl
properties. These variograms were l'ittcd to the appropriate models using the lcast
square regrcssion nrcthod (Cressic, 1985).

Theory

The principal tool of geostatistical analysis is the semi-variogram. This luncticin
rclates thc sinrilarity or dil'l'crcnce, cxprcssed as thc semi-variance betwccn valucs
atdifferentplaces.to theirscparation distance (lag) and'direction. This theory is based
on the assunption that the properties to be evaluated (soil properties) are locally
stationary (Webster and Burgess, 1!r80). Given this basic assumption of stationary"
semi-variances can be e stinrated u-cir:.: iit,: !'oittuia: :

LLZ6,)--Z(x + rh)Jrl

whercZ(X) anoz.(X + h) are the values of a randoflr function represenLing the soil
property of intbrest, z, atplaaes k,'anf (x + h) separat6d by the:vdctorh; kirown.as
trG iag.lhe numOer-ofpai*bfotservation is represented-by N (h). 1 ' '," ' ,',,'' 

Siriiitarly, eioss.viriograms may be compuied toevoluate rpufa co.variation
or inlerdependence between any two soil properties using the formula:

t.l-
. : yAB (lr) = 1 L lrxe (4rh] tzB (X.,).-.za 1x;rh)J] ,..,..,...... .....::2 ,, ,

2N(h)

where yo." is cress-serri=variance between any two soil properties A and B as a
fimction of the tag {b),'Zo(X,) and Z^(X :+ h) are values of the soil property A at.

locations Xi and (Xi + h), while Zu (X,) and zB(x,+ h) are the values of the soil

Resu!ii

Tht means ol'the threc soil properties arc pnlvidcd with their associated parameters
in Table 1. The semi-variogrars of the soil properties evaluated at different
dir"clians ;rc sll*wit in Fig l. Thr:sc scmi-variogranrs e xhibite d strong anisotropy.
r:'iri' a:rlsrrLr*pic ratios of 1.25, 3 60 ;urtJ 3.74 l'or cone index. moisture content arrd
gravel r{lnieni iespectivcly. The soil variatrility was generally highbst in ihe NW-SW

tirt'

Y(h)'= 1

2N(h)
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TABLE 1: SUMMARY OF STATISTICS

Soil No. of Mean (X) S" E' Variance CV

Property SamPles (S')

Gravel l2l 18.38 g '43 89'0t 5 I '33

Content

{vo)

Moisture l2l 20'78 5'51 30'40 26'64

Content
(vo)

Cone 121 10.40 5'08 25'76 48'80

lndex
r Kg/cnr2)

'..1

':.

TAEI--5 2: SPATIALLY DEPENDE,NT PARAMETERS OF THE SOIL

Nugget as Nugget as Vario-
o/o Sill a/r, of s2 gram

10. l4 5.08 11--vPc:""

L;r:ia

9.21 F{YPcr-

i:ola
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PROPERTIES
i

SoiI ," Range(a)

PropertY

Gravel ' 38

Content 7o

Moisture' 36.5

Content.To
r i'

Sill (Co

+ C,)

85

2r) ,i 9.41i

,r i,

cone 
t,. 

38

Index

!\'tt i1 Hiper-
bola
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dfuufu(ffig I )"TfNe pool€d semi-variogram of tfrc soil properties indicate transitivc
fams- Ttid is tfuy rcae [o a maximuur and tlattcned. This nraximurn is thc sill
veiffiiCIe ora Briari variartrcead itindicarc that thc data arc second orderstationary.
The l4g at !ilAich the sill is rreired is ttrc rangc and represents the limit ol spatial
depdence of rtre propertics.

The paWers of the pooled sem i -variograrns 1or the spat i aI I y dependent so i I
properties are shown in Tablc 2. All the threc soil properties had a rangc of spatial
influence wh,ichw:as less than 4{ku. The sill values of the estimaled semi-variogrutrs
(Fig 2) wcae generaliy lower than the sample variance (Table l). Also. structurul
component explained less than 10% ol'the obse rvcd variabilities in these properties.
In general, ffire sill was highest lbrgravel content and lowest tbr both moisture conlent
and cone index. All the three soil Foperties fitted well into the tryperbola model.

The interrelaliooship tretwcen pairs of thc sampled soil properties as evalualcd
using the cross-varingranr (Fig 3) showed a ncgativc relationship betwecn conc
in&x atrd moistlre coin[cntr ancl between gravel conlent and moisture contcnt.
tlowever. the cross-variances betwecn cone index and gravel content was positive
indicafiing a positive spatial rclatioaship between thc trvo propertics.

Dircusoions

The transitive form of tlie scmi-r'ariogranls genemlty indicate that the data are
second-arder stationary. The direction of maximum variation of the soil prope rties
SE-NW coincides with direclions of m:rximum slope (4.8rb). suggesting that the
variation rnay be induced by the smoothening ellects of lateral mixing znd sorting
of erosional prrrcesses thal operale along the sklpc. The similar transitivc lbnns of
the semi-variograrus of tire tiree soil properfies sugges{ the exislence ol'transitive
features (lVebster and Cuanalo . 1975) such as diffe rent soil types. This could also
indicate the effects of differential soil management practices. If the chan_ses in the
measured soil properties measured by their se rni-variogriills arc abrupt as obsen'ed
in this study, this can be represented by a generai - purpose spatial classes map, with
the average range of the semi-variogram providing a guitte to the ave rage extent of
the spatial classes (Oliver, 1987). If the variations are however continuous, the1,c4n
be mapped by kriging.

The cross-variograms of pairs of this soil properties (tig 3) indicate the naturc
of the scale of their co-variations in spa@. The structural compon,:ltts of the cross
semi-variograms of a pair of soil property may also be employe cl in predicting one
soil property by co-kriging if the other property is vtmpled at less intensrrl,.
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