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ABSTRACT

retention and the effects of retained phosphate on the pH, CEC, AEC and

ZPC of three soils, namely Rhodic Kandiustox, Rhodic Haplustox and Typic

Haplustox from Tanga, Tanzania.

These highly weathered and leached soils have high contents of variable

charge soil colloids (VCS) dominated by kaolinite and iron and aluminium

oxides and hydrous oxides, with low to very low pH (< 5.5), low CEC (<

10 c.mole/kg soil) and aluminium saturation between 15 to 25%.

The phosphate retention capacities of the soils ranged from 1000-1400 mg

P/kg in order Rhodic Kandiustox Rhodic Haplustoxthe Typic<

Haplustox. There were high and positive correlations between the amounts

of phosphate retained and the contents of iron and aluminium oxides and

the 1:1 layer silicates. The phosphate adsorption data did not conform to

transformations of the Langmuir and Freundlich equationthe linear

models.

Additions of up to 1600 mg P/kg to the soils significantly increased the

pH of the Rhodic Kandiustox, Typic Haplustox and Rhodic Haplustox by

0.40.1, and units, and the by and0.05 pH CEC 61%,

respectively.

A laboratory study was undertaken to investigate on the phosphate

103%. 66%



Phosphate retention by the soils at 1600 mg P/kg soil reduced the AEC

and lowered the ZPC of the Rhodic Kandiustox, Rhodic Haplustox andTypic

Haplustox by 1.S0, 1.10 and 0.55 pH units, respectively. The effects of

added and retained phosphate on the pH, CEC, AEC and ZPC of the soils

could be attributed mostly to the charge reversal through specific ligand

exchange reactions between the phosphate ions and the aquo and hydroxo

groups on the VCS colloids.

The resultant increases in pH and CEC with phosphate retention appears

to be very small in relation to the large amounts of phosphate added to

the soils. However, the amounts of P fertilizers required to effect such

changes in pH and CEC could be minimized if the P fertilizer materials are

banded.
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1. INTRODUCTION

The soil orders Oxisol, Ultisol and Alfisol cover about 52%
land area (Hathout,of the Tanzania total 1983; de Pauw,

(Dudal,the tropical 1 and1984) 57.5% of totaland area
1981). formedsoilsSalinas,and TheSanchez1976; are

humid climatic cond i t ions highlyand andunder hot are
weathered and leached (Herbillon, 1980). The clay fraction

s i1i cates andsoils is dominated by layero f the 1 : 1
oxidesand/or oxidescrystal line amorphous and hydrous

(sesqu iox i des) of i ron aluminium. Minerals commonlyand
ment ioned so i 1found i n the above three orders are

ferrihydrite, goethite, haematite, gibbsite andkao1i n i t e,
titanium. tin,lesserto ex tent anatase,a manganese,

rut i 1 e iImen i t e Herbillon,and (Sanchez, 1980;1976;
Parfitt, 1980).

The physico-chemical properties of three soilt he orders
are very much influenced by the surface charge present on
the dominant minerals. The OH' groups on the basal, planar

broken edge of the minerals have amphotericand surface
charge characteristic which vary with changes in solution
properties, namely pH, electrolyte concentration, nature of
cation and/or anion and solvent used (Bowden et al., 1980).
Due to changes or variations of surface charge with changes
in solution properties, the highly weathered soils are also



2

Soils" 19~S ;known by "pH-dependent (Parf i1t,the names
1981) or "Variable Charge Soils" (VCS)Uehara and Gillman,

andUehara(Sanchez, Parfitt, 1980:1976: 1980; Fox .
t heGi 1 Iman, 19S1). i sThe later however, mostname,
f rom theit distinguishes thecommonly used one and VCS

permanently or constant surface charge soils. The VCS are

(LAC) 1980}I! Low Activity ( Juo.also C 1 aysknown as
i nact i ve andold.because cons idered bethey toare

of weathering andintens i tiesinf ert ile. highDue to
few weat herab1efract ionsleaching c 1 ay havethe very

minerals left that can maintain the fertility status of the

soils.

the Oxisols, Ultisols and Alfisols (variableIn Tanzania,
charge soils/low activity clays) are under crop production.

tradi t ionalfoodcash and Forboth yearscrops. many

shifting cultivationfor example.systems of agriculture,
has been practiced on the VCS/ LAC. Fertility status of the
soils under the traditional agricultural systems could be

maintained by the relatively high organic matter contents
fal lowingshifting and the land. wi ththrough However,

increased population and demand for more arable land the
traditional agricultural systems had to be abandoned and be
replaced by intensive and continuous farming systems that
could not ensure sustainable production on the soils.
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The VCS generally have low inherent fertility status due to
the fact that the soils often have low pH value (< pH 5.5)

field cond i t ions. problems ofat 1 eadLow pH values to
aluminium and manganese toxicity, deficiencies of calcium
and magnesium, high rates of leaching of potassium and high
retention capacities for phosphate, sulphate and molybdenum
(Fox, 1980; Nyambo, 1986). These problems coupled with soil
fertility cont inuousexhaust ion intensivethrough and
farming and low input of soil amendments have attributed to
impoverishment of the VCS and lower their productivity.

product ive forresearchorder make theI n VCSto more
of soilsbetter farming the hasmethods and management

importance, especially inincreased thegained recent
A lot of research has been conducted on the tropicalyears.

especially in the developed countries in relation toVCS ,
surface charge characteristics, anion and cation retention

of addi t ioneffects of organic andcapaci ty theand
phys i co-chemi ca1inorganic soil amendments theon

properties of the VCS.

characteristics of and theretent ion thePhosphate VCS
physico-chemicalretained phosphate theofef fects on

soilof ofthe fieldsproperties of the VCS are some
inmostlybeen researchedwhich havefertility many

tropical countries. However, for Tanzania, only very little
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has been done in relation to these studies.

This the phosphatestudy aimed invest igat ingat on
retention capacity of Rhodic Kandiustox, Rhodic Haplustox

The studyand Typic Haplustox soils from Tanga, Tanzania.
retainedeffects ofalso aimed investigating on theat

phosphate by the soils on the pH, cation exchange capacity
(CEC), anion exchange capacity (AEC), zero point of charge
(ZPC) of the soils and implications of the results obtained

of t hefertility and managementf rom so i 1the study on
soils.
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2. LITERATURE REVIEW

Soil fertility as land
for agricultural production is a function of the physical,
biological and chemical properties of the soil. The most
important soil chemical properties which influence plant
growth are pH, cation and anion exchange capacity, organic

mineralsof clayand andmatter content types amount
beingMost of the soil properties,the soil.inpresent

influenced bychemical or biological areeither physical,
the surface charge predominant on the soil colloids (Uehara

1981). A lot of studiesand Gillman,
different soils in relation to charge characteristics and
the factors which affect the type and magnitude of charge

1972; Parfitt,
1985; Anne Lewis-Russ, 1991).1978; Barrow,

Charge Development in Soils2.1
constantly receivingisa dynamic body andSoil is or

redistributing various organicand/ andloosing or
inorganic materials through various processes. Since the
soil materials are constituted by charged ions, addition or

the charged materials from theof soilremoval

soi1 colloids.

on the soil colloids (Van Raij and Peech,

affect the state of balance of the charges present on the

a measure of the potential use of

into or

have been done on
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The origin of the charges in soils is due to imbalances of
the oppositely charged ions present in the soil minerals
when these minerals undergo chemical decomposition and/ or

mineral bothrecombinat ion. const i tuentsSoi 1 carry
ions chargepositive and negative charged theand net

present on a soil mineral could be expressed by the charge
balance equation proposed by Sposito (1989) as follows:

(1)Qp + Qn + Qs + Qos + Qd = 0

Qs, Qos and Qd is the permanent charge,where Qp, Qn, net
inner-sphere complex charge, outer-sphereproton charge,

(diffusedissociated charge layerandcomplex charge
ofrespectively.charge) chargeThe typecomponents,

predominant on the various charged soil components depend
on soil solution properties, mainly pH and ionic strength

1991) .(Spos i to, 1981; 1989; and Anne Lewis-Russ,

Due to the charge imbalances in soils two types of charge
exist in soils,known namely theto permanentare

(constant) surface charge and the variable (pH-dependent)
charge. The former arises from isomorphous substitution of
cation(s) of lower or higher positive charge by another
cation (Bohn et al.. 1979; Uehara and Gilman,
Lewis-Russ, i s known

in the tetrahedral

1981; Anne
1991). For example, aluminium (A13t) 

to be substituted for silica (Si*+)
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1ayers, and magnes ium i ronand bemay

in octahedral layers during the process
of clay minerals formation (common in the phyllosilicates

built negative charge in soils (White and Zelazny,net
1986). f rom isomorphousSince developedt he charge
substitution is permanent and internally built, changes in
solution properties will decrease the surface potential of
the minerals as a result of increased positive or negative
charge density in the solution and in the diffuse double
layer. Hence the presence of net negative charge in soils

(cat ions )adsorption of ions into t helead to counter
diffuse electric double layer to balance the charge (Uehara

1981) .and Gillman,

Variable surface charge, also known as pH-dependent surface
that changes in magnitudecharge refers to surface charge

solution/electrolytevar iat ions inwithsignand
(Wada andionic strengthespecially pHpropert ies, and
1991). The1985; Anne Lewis-Russ,1983; Barrow,Okamura,

above solution properties surfaceofeffects the
represented by fol lowingof soils be thecou 1 dcharge

(2)
- pH) (3)

k, T, <j>, pHo and pH is surface chargewhere, Og
a0
°0

(Fe‘+)(Mg2*)

equations according to Uehara and Gillman (1981):
= (2nekT/7t)’ Sinh( ze/2kT)4>

= (2nekT/u)’ Sinh 1.15 Z(pHQ

substituted for A13t

on the

n , 6 , z , e ,

and zeolite). This results into a structural permanent in-
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density (esu/cm2), ionic concentrat ion (ion/ml), dielectric

ionic ionicva lence, charge,constant
Boltzman constant (ergs/degree ) , absolute temperature (°K),
surface charge potential (esu) net zero point of charge and
pH of the electrolyte, respectively. Equation (2) and (3)

solut ionsoilshows by varying listedthat the above
mineralsproperties the surface charge of soilthe the

could be altered. pH is governed by the proportion of OH’
ions, commonly reffered to as potential determining

Lewis-Russ, 1991;ions (Bleeker and Sageman, 1990; Anne
Anderson and Sposito, 1992).

for oxides andcharge minerals, example, theVar iab1e
(oxyhydroxides) aluminiumof i ron and havehydroxides

excess charge at different pH values.
The broken edges of 1:1 clay minerals also have exposed OH'

ions, which at appropriate pH and ionic strength,
undergo deprotonation or protonation by interacting with

equi1ibrat ingdetermining ions in thepotentialother
intophenomena result thesolution. These two may

alteration of the sign and magnitude of net charge on the
soil colloids (Bowden et al., 1985; Barrow, 1985; Anderson
and Sposito, 1992). it has been reported byFor example,
Barrow (1985) that when an oxide or hydroxide of iron or
aluminium is p1aced in solution, unsat isf iedaqueous
charges on the minerals are compensated for by coordinating

*) 1(esu"/dyne . cm") ,

and/or H'

and H‘

charge deficits or
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net effect could be either a net positive surface charge,
that is:

i [ so 1 id]-OH,* )[sol id]-OH + H’“ (4)
or a net negative surface charge:

* [sol id]-O' + HjO.[sol id]-OH + OH’ “ (5)

types ofIt has been explained by Sanchez (1976) that the
estimated bycolloidsoil could becharge present

measuring the pH of the given soil in a dilute electrolyte
(for example 1 M KC1 solution) and in distilled water. The
sign of the difference in pH measured in the two solutions
GopH = pH(KC1)-pH(HjO)) is the estimate of the net charge
present on the soil colloids.

var iab1eand chargebothsoils have permanentMost
the type of charge predominantminerals. However, on a

given soil depends on the relative proportion of the two
in the soil, the prevailing pHtypes of minerals present

and ionic strength (Uehara and Gilman, 1981; Anne Lewis-
of charge present1991). The type and amountRuss,

signif icant importance it bearssoil has asa some
fertilitythe 1 eve 1relat ionships ofto the soil.

Permanently charged soils have negative charge (netnet
whereas the variable surface charge soils have netCEC) ,

positive charge (net AEC) at normal soil pH values. The

on a

with water molecules that dissociate into HT and OH' and the

on a
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permanently charged soils are considered to have a higher
fertility status compared variablethe charge soilsto
because they can hold substantial amounts of cations which
constitute the largest portion of the plant nutrients.

Mineralogical Constituents of the Variable Charge2.2
Soils

Soils derive most of their physical and chemical properties
from their mineralogical constituents. Soil properties such

specif ic surface, surfaceco 1 our, chargetexture,as
density, soil pH and water holding capacity are function of
the type and amounts of mineral species present in a given

1981).(Uehara and Gil Iman, favourablesoi 1 Under
conditions of moisture and temperature as it is common in

primary mineralstropics, rocks and undergo fastthe
degradation to form secondary minerals (Bohn et al., 1979;

(forsi 1icates example mont imorillonite,layerthe
vermiculite and illite) and the 2:2 layer silicates (for
example the chlorite). At an advanced stage of weathering

secondary minerals are degraded further through thethe
of silica and bases by leaching resultingloss in the

(kaolinite),formation of 1:1 layer silicates, oxides and
hydroxides of iron (goethite and haematite) and aluminium
(gibbsite and bohmite) and traces of other metal oxides
like the ilmenite, magnetite, maghemite,

Buol et al., 1980). The principal secondary minerals are

rutile, anatase
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the oxides and hydroxides of metals particularly those of
iron and aluminium and aluminosilicates form the largest
part of the mineralogical components of the VCS (Sanchez,
1976; Parfitt, 1978; Uehara and Gillman, 1981).

Mechanism of Ion Retention by Soils and Pure2.3
Materials

theories and models have been developed overSevera1 the
describe ofthe mechanism retention/past toyears
desorpt ion of organic inorganicadsorpt ion and and

materials on pure materials and soils. The most commonly
known models today are the two layer (Gouy-Chapman) model,
the constant capacitance model, the triple layer model, the
four layer (Stern variable surface charge-variable surface
potential) model and the one-pK model (van Raij and Peech,

al., 1980; van Riemsdijk, 1986). In this study only the two
layer and four layer models will be discussed.

Gouy-Chapman Double layer Model2.3.1
The model assumes that the surface charge
materials is balanced by the charge in solution, which is
distributed between two layers (van Raij and Peech, 1972).

layer closer theThe charge charged surface,to
composed by adsorbed ions is called the Stern layer and is

on a colloidal

(Sanchez, 1976; Herbi1 Ion, 1980). The 1 :1 layer silicates,

1972; Stumm et al . , 1980; Davis and Leckie, 1978; Bowden et

in the
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i s surfacerepresented by where chargeo
density. The charge in layer of ions (diffusethe other

The total charge of
both layers, therefore is represented by:

(6)+a0 =

isthe other models
it describe realist ically thethat adequatelycannot

relationships between the surface charge and the surface
potential. This shortcoming arises from the fact that the
model assumes that ions behaves like point charges and can
approach the charged surface without any limitations (van

1985) .Raij and Peech, 1972; ItBarrow, proven
that there is amaximum distance of approach between various

and adsorbing materials beyond which repulsionions can
(Van Raij and Peech, 1972).occur

The Stern VSC-VSP Model2.3.2
the various known ions are adsorbedThe model assumes that

in four different surface layers depending on the nature of
1985; Sabine, 1992).the ions (Bowden et al., 1980; Barrow,

f romstartingfour the surface ofThe layers/ planes
adsorbent towards the bulk solution are designated as o, a,

1992) .b and respectively (Sabine, hydroxyld, Protons,
ions and strongly adsorbed oxyanions and metals are assumed

°2

layer) is represented by the value o,.

C1

has been

the value

The major setback of this model over
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form inner-sphere surfaceto complexes and theyan are

majoro-plane. The
cations and anions are assumed to form outer-sphere surface
complexes and isThe d-plane

to indicate the beginning of the diffuse doub1eassumed
layer.

The Stern VSC-VSP model is considered to more efficient and
comprehensive in describing adsorption reactions than the
other models because it has got similar assumptions like
those of the mechanistic model which are built in a series
of five succesive equations (Bowden et al . , 1977; Barrow,

1992).Sabine, cons ider adsorpt ion1985; The mode 1
series of complexreact ions be a multiple react ionsto

rather than simple-single reactions as considered by other
in able descr ibeorder adsorpt ionmode 1s. So to to

the factors which adsorption reactions must bereact ions
considere in an intergrated form (Barrow, 1985).

Phosphate Retention by Variable Charge Soil Colloids2.4
Many studies in thehave been conducted in
relation to P retention capacity and characteristics of the

influencingf actorsand the the retent ionvcs pon
capacities of the soils. Reasons for the enormous studies

Strongly adsorbed ions like phosphate are placed in an a-

are placed in the b-plane.

recent years

placed in the o-plane (Sabine, 1992 Anne Lewis-Russ, 1991).

away from theplane a short distance
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have been prompted by soi 1 fertility and management
problems, especially soil acidity, low cation exchange
capacity and high P fixation. Phosphate adsorption studies
done in Tanzania and e1sewhere that thehave shown
oxyhydroxides of iron and aluminium are largely responsible
for high P fixation capacity in soils (Uriyo et al., 1978;

1981; Mrema, 1988).Parf i 11, 1978; LeMare,

f oundof retained by the has beenThe P vcs toamount

ofratio,concentration, soil:solution lengthP
ionic solut ion andequi1ibrat ion period, strength, PH

temperature (Parfitt, 1978; Beek and Van Riemsdijk, 1979;
1988). According to1981; Boligar, 1985; Mrema,LeMare,

3r have high capacities to fix P inthese authors Al
Similarly crystal 1ine amorphousacid soils. the and

3* oxides and hydroxides) and theoxyhydroxides (Al
amorphous aluminosilicates (allophane and imogolite) have
also been found to have high capacity to fix P, the main

high oftheir ironbeing anddue contentstoreason
aluminium.

retention capacity of the VCSThe P components has been
suggested by Fox et al. (1971) and LeMare (1981) to follow

aluminosilicatesthe order amorphous amorphous>
oxyhydroxides > crystalline oxyhydroxides > 1:1 layer

and Fe3*

and Fe3t

depend on a number of factors, among them are equilibrium
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silicates > 2:1 and 2:2 layer silicates. The reason for the

attributed to increased specific attraction corresponding
to the higher charge density and high specific surface of
the VCS colloids (Uehara and Gillman, 1981).

Mechanism of Phosphate Retention by Variable Charge2.4.1
Soil Colloids

synthet icsoilsmechanism of retent ion by andThe P
exchange reactions,considered involveto

dissolut ion-ex change-precipi tat ion react ions and
precipitation reactions (Rajan and Perrott, 1975; Ryden and

Parf i 11, 1979;1978; LeMare,1977;Syers,
1981).

Exchange Reaction Mechanism2.4.1.1
Phosphate ions are considered to displace/ exchange with
other negatively charged ions mainly the non-specifically

nitrate sulphate)(chlorides, and andanionsretained
organic matter functional groups that are held adjacent to
the surfaces of the soil colloids (Parfitt, 1978; Beek and

"non-specific anion retentionretent ion

termed " low affinity" or "indifferent ions" (Bowden et al. ,
1980; Singh and Uehara, 1986; Anne Lewis-Russ, 1991) or

Van Riemsidjik, 1979; Bohn et al . , 1979). This type of ion

mechanism" and the anions retained by this mechanism are

above trend of P retention by the soil minerals has been

Bohn et al. ,

materials are

is described as
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dissociated charge complexes (Sposito, 1981). This type of

is thought lowmechanismretent ionP to atoccur
equilibrium P concentrations (Parfitt, 1978; Beek and Van

1979). The P held by this mechanism depend onRiemsdi j ik,
exchanged withitf orce andelectrostat ic alone

mechanism i s importantother anions. This react ion
especially in the replenishment of the labile P of the soil
solution.

Exchange-Precipitation Reaction Mechanism2.4.1.2
Variable soi 1 co 1loids functionalcharge have groups,
mainly OH’ groups on the planar, basal and edge surfaces of
the oxyhydroxides and also on the broken edges of 2:1 and

1979). At pH values above or below the zero point of charge
of the minerals, the hydroxyl groups become deprotonated

respectively hence the exchange reactionand protonated,
between OH’ and phosphate ion species. The phosphate ions
react with the protonated groups

aluminium formi ron and insolublestable andto very
(Parf i 11,precipitates 1978; Beek and Riemsdi j ik,Van

1979). protonation-precipitation reactionThe could be
represented by fol lowingthe equations (Hol ford and

1976):Gleeson,
+ 6H2O (7)[A1(OH)6]' + 6H'Al3+

on the oxyhydroxides of

1:1 layer silicates (Rajan and Perrott, 1975; Bohn et al.,

can be
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(8)

This of phosphate adsorption mechanism is termedtype
"specific ligand exchange mechanism" "chemisorpt ion"or
(Bohn et al., 1981).
The adsorbed ions are termed "high affinity specific ions"

layer (Singh and Uehara,retained in
1986). Specifically retained ions are held by Van der Waal
forces surfacesadsorbed colloidaland be oncan

(Uehara and Gillman,irrespective of their type of charge
1991). Adsorption of1985; Anne Lewis-Russ,1981; Barrow,

charge reversal the col loidalions leadthe to onmay
surfaces (Lyklema, 1984).

Specific adsorption of P in soils has also been found to be
enhanced by the presence of divalent or trivalent cations,
low pH and high ionic strength (Wann and Uehara, 1978;

1984). Specif icLyklema,1980;Sanchez, PSmith and
adsorption in soils is considered to be very important as

in soil pH and CEC (Wannincreases andit lead tocan
Gi1 Iman,1979; Uehara andUehara, 1978;

Lewis-Russ, 1991). Exchange-Spos i to, 1981; Anne1981;
precipitation and crystallization reactions are considered

responsible formajor phosphatethebeto processes
retention by variable charge soils.

+ 24Hj)£ Al (OH) . (H2PO4)5+ dHjPO,Al (OH)63*

1979; LeMare, 1981; Harter and Smith,

Parker et al. ,

and are the Stern
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2.4.1.3 Dissolution-Precipitation Reaction Mechanism
At high equ i1ibr ium phosphat e concentrat ions,very
phosphate ions can penetrate into the inner layers of the
clay minerals, disrupting the structural bonds which link
the metal ions and hydroxyl groups in the minerals (Rajan
and Fox, 1975; Juo and Fox, 1979). The1977; Bohn et al.,
probable react ion mechanism is thought to take place in the
following manner (Rajan and Watkinson, 1976):

1/2- (9)
Al

Dissolution react ions involvealso thought thetoare
of si 1 icates fol loweddisplacement structural by

precipitation of aluminium phosphate (Bohn et al., 1979)
fol lowingthe reactions could be represented by theand

equations:

( 10)

(11)

Dissolution reactions are assumed to play a minor role in
in soils because rarelyphosphate fixation soils become

saturated with phosphate ions except around the phosphate

soi1-rootf ert i1izer and thebands where highzones
concentrations of phosphate may occur through banding of

2A1 (OH ) 2 . H,PO4

AljSijOj (OH), + SijOj2'

+ 2H1PO4^.—2A1 (OH),*

+ [Al-OH]1/2

Al (OH)

Al
OH + HjPOj^zrz^tAl-HjPO*]
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phosphate fertilizers (Lindsay, 1979; Smi th,Harter and

1981).

2.4.2 Phosphate Adsorption Equation Models
Different types of models have been developed in the study
of adsorption of inorganic materials in soi 1andpure
materials. The models used today could be classified into
two broad groups. One group represents the equilibrium type
of chemical react ions while the other therepresents
kinetic/ time-dependent type of reactions (Selim, 1992) .

The equilibrium models assume adsorption reactions to be
instantaneous in nature and apparent equilibrium may occur
in relatively short time (Selim, 1992). The Langmuir single

two-layer surface models, the Frenndlich and Temkinand
models are examples of the equilibrium types of adsorption
models (Selim, 1992).

The kinetic models assume adsorption reactions to be slow
and the amount of adsorbate adsorbed by an adsorbent to be

(Selim, 1992).of t ime commonlyfunct ion Most useda
of f irst-order react ionkinet ic andmodels beare may

linear of or non linear and/or reversible or irreversible
1992). other(Selim, Recently, mode 1 s have evolved,

resulting such model as the combination of equilibrium and

consecut ivethekinetic and andmodels, concurrent
multireaction models (Selim, 1992). The mechanistic model
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(Barrow, 1983) is one of the most commonly used kinetic
model for the description of adsorption reactions (Bowden

1985) .1977; Selim,et al . 1992, Barrow,

The Langmuir Equation Model2.4.2.1
This is commonly used equation among the abovethe most
mentionedequation models because it gives theoret icala
adsorption maxima, (Bacheuni ike andthe other mode 1s
Williams, 1971). The equation is also preferred because of
its simplistic form, and can be transformed into a 1 inear
form and linear regression can be used to give a better fit

the data and estimate of the adsorption coefficientsof
(Barrow, 1978).
The equation has the general form:

(12)X = kCb/l+kC
and its linear transformed form as:

(13)C/X = 1/kb + C/b
the of ion adsorbed,and kwhere b amountX, C, are

equilibrium concentration of the ion, ion adsorption maxima
(bondingaffinity of adsorpt ion/ desorpt ionrate/and

energy), respectively. A plot of C/X versus C should give
straight if data conformline the the adsorptiontoa

equat ion, with 1/b 1/kband s lope and constant,as
respectively. Most of the studies using the linear form of
the equation have found the plots be theto curved and
affinity values to be variable, rather than constant
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(Muijadi et al. 1966; Bowden et al., 1977; Parf i 11, 197S;
Holford, 1982; Mrema, 1988).

linear portion at
low ionic concentrations and curved portion at high ionic
concentrations (Parfitt, 1978; Holford, 1982; Mrema, 1988).
The curved nature of the isotherms is attributed to the
fact that the Langmuir equation model holds true only at
1imited 1978).ionic concentrat ion (Barrow, Non­range
conformity of the phosphate adsorption data to the Langmuir
equation model has also been attributed to the presence of
multiple adsorption sites with differing affinites (Muljadi

1971)Williams,and and lateralal- , 1966; Bacheet
interactions between the adsorbed ions themselves (Harter
and Smith, 1981).

isotherms is also attributedThe curved nature of the to
changes in surface charge brought about by changes in ionic

postulated by the mechanist icand pHconcentrat ion as
1980). Therefore,(Bowden et. aj_- , 1977;equation model

propositions for modification of the Langmuir equation were
initiated, the proposed byand

(14)
and D are coefficients and the term C accounts

for the overlooked assumption, that is, adsorption affinity

Gunary (1970) which changed the equation to the form: 
C/X = A+BC+DC1/2

The isotherms have been found to have a

where A, B,

modification wasone of
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decreases with increasing adsorpt ion. Muijadi a 1 .et
( 1966) , Ho 1 ford (1982) (1975)Rajanand and Perrot
suggested further modifications which could account for the

of with varyingadsorpt ion sitestwopresence or more

affinities. The equation suggested has the form:-
(15)x n

multiplewhere the subscripts the21, representn,
adsorption surfaces.

The Freundlich Equation Model2.4.2.2
According to Fitter and Sutton (1975) the equation has the
general form:

(16)ax
and the linear transformed form as:

( 17)1/n log c + log a.log x =
the amount of ion adsorbed, ionicwhere x,

coef f icient forconcent rat ion ionandequi1ibrium
respectively. A plot of log x versusadsorption affinity,

log c should give a straight line if the data conforms to
the equation. The ion affinity term decreases exponentially

and this is one ofwith increasing surface coverage, the
fit of equat ionthe thefor the better overreasons

Langmuir equation. The equation could also be modified to
account for labile (native) phosphate concentration. This

(18)Qx a

xmjal

modification give the equation the form: 
c1/n -

C!M

C/(l+ajC) + ajXjC/l+ajC) +

c and 1/n are
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iswhere (Fitterthe labile andQ ionic concent rat ion
1975). Although the Freundlich equation has beenSutton,

described as a better alternative to the Langmuir equation

model, non-conformity of the equation is not an exception.

Barrow and Shaw (1975) have reported non-conformity of P

adsorption data to the equation. According to these authors

conformity of adsorpt i on thethe observed data tono
logar i thmicattributedequat ion thehas been to

transformations which give unproportional weighting on the

The Temkin Equation Model2.4.2.3
The equation has been used less extensively compared to the

not give a theoretical adsorption maxima. The equation has
the general form:

(19)X = OCT e> In C.
of ion adsorbed,theand T amountwhere CX, are

(native) ionicequilibrium ionic concentration and labile

affinity coefficient decreasesis that theassumedIt
linearly with increasing surface coverage of the adsorbent
(White and Taylor, 1977).

A plot of X versus In C should give a straight line.

adsorption data, especialy at low concentrations.

concentration, respectively and OCand 6 are coefficients.

it doesother two equations, mainly due to the fact that
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2.4.2.4 The Mechanistic Model

developed by Barrow (1983). iswas
considered to be superior over the other models mentioned
above because it has been proved to be more successful in
describing the diverse effects of ionic concentration, pH,
time, temperature and other factors to affect theknown

soilsadsorpt ion of inorganic materials and related
1984) .materials (Boweden 1980; Theal. , Barrow,et

adsorption reactions. The model assume that:
Adsorbing surfaces to be heterogenous and(i)
electrostatic potential develops when charged
ions are adsorbed onto the surface.
Adsorbent and adsorbate are charged materials and(ii)
repulsion between them can occur.
Adsorbed ions are not inf initiona1, rather finite(iii)
and there is maximum distance the ions can
approach the adsorbing surface, beyond
which repulsion can occur.
There is an initial adsorption reaction followed(iv)
by a diffusive penetration of the ions into the
adsorbent.

(v)
adsorption increases.

These assumptions have been built in five series of

There is feedback effects on potential a

efficiency of the model lies on the assumptions it has on

The modelThe model
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equations which their presentation here is beyond the scope
of this study.

2.4.3. Phosphate Adsorption Isotherms
of studiesMany the anionsphosphate and otheron

adsorption by soils and synthetic materials have shown non­
conformity of P adsorption data the equation mode 1sto
presented in this study (Muljadi et al.. 1966; Rajan and

1975; Ryden et al., 1977; BowdenPerrott, 1977;
Hol ford,1978; 1982). The f orBarrow, thereasons non­

conformity to the equations have been the
assumptions underlying the equations (Barrow, 1978) . Some
of the assumptions underlying some of the models assume
that the surface charge and the rate of adsorption and/or
desorption of the adsorbent do not change with increasing

ofconcentrat ion (Barrowr,the adsorbed materials 1978;
Bow'den et al., 1977; Bowden, 1980).

affect adsorption reactions. f actorsThese include:to
equilibrating period, so 1 id:solution ratio,temperature,

and concentration of supportingmethod of shaking, type
electrolyte, presence of accompaning specifically retained
cation or anion and pH of the electrolyte (Barrow and Shaw,

1980; Parfitt, 1980). All the1978; Bowden,1975; Barrow,
above factors may effect the surface charge and the rate of

et. al. ,

Several factors, apart from nature of adsorbent are know’n

attributed to
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adsorption of cations and anions onto soils and synthetic
materials. The adsorpt ion of forphosphate by soils,
examp 1e, make the surface charge negative and themore
affinity of soil colloids f or withdecreases
increase in P concentration and pH as well decrease inas

(Mekaru andionic concent rat ion Sawhney,Uehara, 1972;
1978; Uehara and Gillman, 1981).1974; Wann and Uehara,

In attempt to fit into and interpret phosphate adsorption
(1966), (1977)data Muljadi a 1 . haveSyers et

suggested the partitioning of the adsorption isotherms into
meaningfulregions in order totwo getor more

Langmuirinterpretat ion of adsorpt ion Using thedata.
equation model itan example, has been suggested toas

isotherm into three regions. The first regiondivide the
linear portion x-axis, lowthe c lose theto atcover

ofequi1ibr ium concentrations. mechanismsThe PP
i nvo1veadsorption in this region has been postulated to

non-specif ic react ions, and thespecif ic and exchange
adsorbing surface has low affinity for P and the adsorption
process is partly reversible (Beek and Van Riemsdijk 1979;
Bowden et al., 1980).

The second region was suggested to cover the convex portion
to the y-axis and the main reaction mechanisms involved are

precipi tat ionwithtogetherexchange1igandspecif ic
reactions (Holford and Gleeson, 1976; Harter and Smith,

et a 1 .

the anion
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1981; Barrow, 1985). Phosphate adsorption affinity in this
region is much higher than in the first region.
The third region is involve dissolution­thought to

the
parallel to the y-axis portion of the isotherm (Rajan and

1974; Rajan and Watkinson, 1976)-.Fox,

Effects of Phosphate Retention on the pH and Cation2.5
Exchange Capacity (CEC) of the VCS Soils

pH and cation exchange capacity very important soilare
properties which give a reflection of the fertility status
of a soil. Variable charge soils are characterized by low
pH values (< 5.5) and low CEC (<10 c.mole/kg) except f or
the Andepts which may have higher CEC value >30 c.mo 1e/kg

1976; Parfitt, 1980). Low pH values lead tosoil (Sanchez,
aluminium toxicity,of and highprob 1ems P-manganese

fixation capacity and unfavourable conditions for microbial
activities (Bohn et al. , 1979; Nyambo, 1986). Since most of
the plant nutrients are available as exchangeable cations,
low CEC implies low nutrient supply to plants.

methods used for raisingconvent ionalThe the fertility
of soils include the of organicstatus use manures

(Sanchez, 1976; Gillman, 1985; Mnkeni and Mackenzie, 1985),
inorganic P fertilizers (Sanchez and Smith, 1980; Nyambo,
1986) and acid/ base correcting liming materials (Kamprath,

precipitation reactions and covers steep and almost
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1970). Use of either of the above materials will depend
very much on the economic and technical benefits.

isIt well known which ofthe three methodsnot among
raising fertility status of a soil is more appropriate to

is known that the VCS have very high buffering
capacity (Uehara and Gillman, 1981; Ma and Tikahashi, 1991)
and it is argued that it would be appropriate andmore
eas i er manipulate soilssurface charge oftheto VSC

of high dens i tythrough addi tons retention chargeor
for example the phosphate fertilizers rather thananions,

and related materials (Sanchez
Smith, Sanchez and Uehara, 1980; Uehara andand 1980;

1981; Ma and Tikahashi, 1991).Gil Iman,

Lime (CaCO,) and other related materials are conventionally’3
aiming at raisingsoil amendments andCECused PH,as

been doubts to whetherThere hasf ixat ion.reduce P as
can significantly increase the pH,liming with CaCOj CEC

P availability of For example, Uehara andand
Sanchez (1980) and Uehara and Gillman (1981) have reported
insignificant increases in pH, CEC and P availability as

al . , 1973) have showed a significant increases in pH, CEC
while similar studies (Frissen et al. ,and available P,

1980) have shown no effects all. theat
lack of response could be explained by the following

liming the soils with CaCO,

result of liming the VCS with CaCOj. Other studies (Chen et

the VCS. It

The reasons for

the VCS.
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in the soil (Uehara

and Gillman, 1981):

(20)+ CO
(21)

+ OH’. (22)M-O]
The hydroxyl ions liberated from the dissociation of CaCo 3
would be expected to raise the pH of the soil. However, for
VCS with net positive charge the OH’ ions liberated would
be used to neutralize the positive charge on the VCS and

all thebe expected whenin pH would onlyincreases
neutralized.have beenpos i t ive thecharges VCSon

Depending on the effectiveness of the liming materials and
of lime would belargecondi t ions,soil amountsvery

required in order to bring about a significant increase in
to be uneconomical.pH and CEC, which may prove

to VCS have been reportedAddition of organic matter to
physicalthe chemicaleffects andpos i t ivehave on

properties of low fertility status soils (Sanchez, 1976;
MacKenzie,1985; Mnkeni and 1985; Bleeker andGi1 Iman,

varied1990). Organic has negat ivelymatterSageman,
ion exchanger)(acts whichcharged radicals beas can

exchanged with positively charged ions in the soil, thus
in Organicincreaseresulting CEC. is alsomatter

considered to undergo chelation with metal ions, especially

'3“

+ h2o'tt—
+ H,0

equations showing the reaction of CaCOj

Ca2'

M-OH] +

CaCOj^. 

co,2’ HCO3‘ + OH’ 

o
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3+polyvalent cations such as Al and Fe

availabilty (MacKenzie and Mnkeni, 1985).

The possibilities of using organic matter on a large scale
farming with CEC of i saim of raising theand VCSan
considered to be limited due to the reason that very large

into theamounts of organic matter would have to be added
organicFurther,soils in order to effect such changes.

is quickly decomposed and oxidized under tropicalmatter
conditions and such an attempt would have very short-lived

It has therefore,effects (Uehara and Gillman, 1981). been
suggested that the use of high charge density anions like

appropriatecould bephosphateandsi 1icatethe more
materials in raising the pH and CEC of the VCS (Kingston et

1972; Sawhney, 1974; Wann andal. , 1967; Mekaru and Uehara,
1978; Uehara and Sanchez, 1980; Uehara and Gillman,Uehara,

1980; Ma and Tikahashi, 1991).1981; Smith and Sanchez,
in pH and CEC observed in VCS when treated

with phosphate and/ or silicate is considered to be due to
the lowering of zero point of charge of the soils (Kingston
et al., 1974; Wann and Uehara, 1978) and neutralization of
positive charges and charge reversal due to accumulation of

(Fey and 1976; andnegative charges Le Roux, Foxmore
Gil Iman, 1981).andUehara The probable1978;Searle,

reaction mechanism between P and the VCS has been suggested
by Fox and Searle (1978) and Rajan (1978) to involve the

thus increasing P

The increase
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deprotonation of the exposed OH- groups at low pH values.
Phosphate react with the positively charged surface groups
by displacing the octahedrally co-ordinated water molecules
(aquo group) , thus resulting into reduction ofthe the

surface charge from net positive charge to neutral. At
higher values, further retention 1 ead thePH P to
protonat ion of variable surfacethe charge andgroups
therefore phosphate displaces the hydroxyl groups (hydroxo
groups) thus resulting surface charge f romreversalto
neutral to net negative charge. These reactions are thought

specif icis 1iqandtake place when there exchangeto
displacesreact ions, the hydroxylwhere groups.

Accordingly, the surface become more negatively charged and
increases. increase inthe equilibrium pH thus The net

negative charge lead to the development of an electrostatic
(cat ions)ionspotent ial adsorbedand counter toare

negative charge, hence the observedtheba 1ance excess
increase in CEC.

Studying the effects of P retention by ferruginous tropical
soils, Mekaru and Uehara (1972) obtained an increase in CEC

c.mo 1e/kg soil whenof about O.S the soils were
equilibrated with 1 mMole P at pH 7.0. An increase in CEC
of about 370% has been reported by Juo and Maduakor ( 1974)
when Nigerian Ultisols were equilibrated with 10 moles P/kg

Further, Sawhney (1974) obtained an increase in CECsoil.

hpo42‘
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between 11% 88% when soilsConnect i-cutto we r e
equilibrated with amounts of P equivalent to 10 moles P/kg
soil. Sawhney observed that the increase in CEC varied with
soil pH. For example, about 800 mg P/kg soil were required

c.mo 1e/kg so i 1 in CEC at pHincrease 5.01
compared P/kg soil respect ively.7.0,to pHat
Schalascha and his co-workers (1974) obtained
in CEC of about Andoso1
soil samples were equilibrated with P (as KH,PC\) solutions
ranging in concentration from 10 to 4165 mMole P/kg soil.
Although the pH and electrolyte concentration used in the
equi1ibrat ion ment ioned, however,not anwere average

in CEC of about 50-60% was reported forincrease each 10
Sanchez (1976) obtained almostmMole P/kg soil. an equal

c.mole/kg soil comparedin CEC of about 0.7increase to
Uehara (1972)those reported by Mekaru and and Sawhney

( 1974) when variable charge soils were equilibrated with 10
mMole P/kg soil. Wann and Uehara (1978) reported a higher

7.0)in of aboutincrease CECvalue pH 3.8
c.mole/kg soil when an Oxisols was treated with 50 mMole

at pH above the ZPC of the soils.
Gar c i a-M i ragaya (1984)studies by obtainedOther an

increase in CEC of about 16% for each mMole P retained by
Venezuelan Ultisols.

(NH^OAc,

an increase

to produce a
400 mg

81 c.moles/kg soil when Chilean

P/kg soil as (NH. ),HPO4



33
Similar studies by Mrema { 19SS) showed increases in CEC and

( i n bracke t) ofpH abou t 9.5 c.mo 1e (0.5), c.mo!e7.0
(0.2), 4.5 c.mo 1 e (0.3) and 3.0 c.mo 1e (0.1) when
Pa Ieus ta1f, Vitrandept Tropohumu1t and Pal 1 us ter t soils
from Tanzania equi1ibrated with mg P/kg so i 12000we r e
respect ively.

shows from the studies that in order11 above to get a
o fsubstant ial increase i n and largeCEC pH, amounts

phosphate have to be added into the soils. Theoretical or
predicted increases in CEC for a variety of soils and range
of P concentrations according to Sanchez and L’ehara (I9S0)

increases in CEC generallyindicates that
to 0.2 c.mole/kg soil for each ImMo1elies between 0.1 P

SIsoils. For example, t he c.mo 1e/kg so i1added theto
in CEC obtained by Schalascha et a 1 . ( 1974 ) whenincrease

volcanic ash soils were treated with 4165 mMole P/kg soil
was very small compared to the amount of P added. Similarly

o f (20,000 mg P/kg soil)high amounts P had betovery
applied to Japanese, Australian, Brazilian and New Zealand

in order to get significant increase in CEC (Fej' andsoils
1976).LeRoux,

The amounts of P used in the above studies were very high,
such high levels of P up tohowever, 10 mMole P/kg soil)

have been reported to exist around dissolving P fertilizer

on average the
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granules when the fertilizer is banded on the soil (Harter
and Smith, 19S1). It could therefore be said that if the

. ) are banded, a relatively high P concentration would
be expected in the fertilizer bands. This could result into
a significant increases in pH and CEC.

It has been suggested by Lutz et a 1 . ( 1966) and Sanchez and
Uehara (1980) therefore, that when initial large amounts of

applied to VCS soils by broadicastingP (amendmentare
app1i cat ion) fixing sites followed bythe P

seasonal sma 11 applications by bandingannua 1 amountor
(maintanance application) a long term positive effects on
the chemical and physical properties of the soils could be
obtained.

increases in pH andi s we 11 today that i nknown CECIt
insoils i s mo s 11 y pronounced collo idsVCS and the

increases in CEC and pH are highest in Andosols, foilowe d
Ultisols and Alfisols, (Sanchezby Oxi so Is, respective!y
19S0; Gillman and Fox, 1980). According to theand Uehara,

increases in in the differentandpH CEC soils are
considered attributed d i f f erencesbe into to specif ic
surface and surface charge density of the soil colloids.

recommended rates of P fertilizers (which are only few kg 
P. ha’!

above mentioned authors, the reasons for the above trend of

to saturate
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Minerals with higher specific surfaces, for example, the
amorphous aluminosilicates give higher increases in pH and

they are equilibrated with phosphate solutions (Uehara and
Gil Iman, 1981). Higher increases also
obtained when the VCS soils are equilibrated with cations
and anions of higher ioniccharge dens i ty, higher
concentrations and at higher pH values (Wann and’ Uehara,
1978; Smith and Sanchez, 1980; Barrow, 1985).

Effects of Phosphate Retention on the Anion Exchange2.6
Capacity (AEC) of the VCS Colloids

Most soils have both permanent and variable surface charge
and hence substantial amounts of cations and anions can be

majority of soilssoils. the haveTheretained by the
(CEC)of negat ive charge comparedlarger toamounts

positive charge (AEC) at pH values close to neutral.

Variable charge soils and organic matter have substantial
of positively charged sites their col loidalamounts on

below 5.5 (Kingston et al.,surfaces 1967;
1980). The positively charged sites ariseParf it t, 1978;

from protonation of hydroxyl the
surfaces of the VCS colloids and on the broken edges of 1:1
and 2:1 clay minerals (Bohn et al . , 1979; Bowden et al . ,
1980; Parfitt, 1980; Wada and Kawabata, 1991). Exchangeable

in CEC and pH are

(OH') groups present on

at pH values

CEC compared to any other variable charge colloids when
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anions, for example, NO,' and Cl" are held on the positively
charged sites by (non-specif icelectrostatic f orces
adsorption mechanism) and are normally found in the diffuse
double layer. The higher the capacity of a soil to adsorb
the non-specifically retained ions the higher is its anion
exchange capacity (AEC).

Anion exchange capacity of soils depend also on the pH and
ionic of equi1ibrat ing solut ion.strength the Several

(Gebhardt and Coleman, 1974; Singh and Kanehiro,workers
1969) have observed a negative correlation between pH and

below the zero point of charge of theAt pH valuesAEC.
surfaces of thethe hydroxyl groups presentVCS,

protonated and acquire net positivecolloids aresoil a
the positive charges,to balanceordercharge. In non-

specif ically retained anions are adsorbed into the diffuse
increase inresult ing in Whereas thethus AEC.layer,

retention of non-specific retained anions increases the AEC
retained anions likespecifically phosphateof VCS,

decreases the AEC (Sanchez, 1976; Uehara and Gillman, 1981;
1985). At higher pH values, the surface of the soilBarrow,

negat ively chargedcolloids become and themore non-
specifically retained anions are repelled, hence decrease
in AEC.

on the
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Generally VCS colloids, especially the aluminosilicates
have higher capaci t ies exchangeable anionsretainto
compare to other VCS colloids. For example, a comparison of
the relative proportion of AEC to CEC (in bracket) of some
soil minerals extracted from Kenyan soils were found to be
as follows: montimori1lonite 1 (11S), vermiculite 0 (S5),
illite (19), (4),(81) , kao1 in i tehalloys i te3 215
gibbsite 5 (5), goethite 4 (4), allophane 15 (51) and peat
6 (136) c.mole/kg soil (Sanchez, 1976). It has also been
found by Carrasco ( 1972) and Van Raij and Peech ( 1972) that

Oxisols and Alfisols have AEC valuesU11 isols, lessmost
c.mole/kg clay,than 1

than 7.0 c.mole/kg clay.more
Although there is scanty literature about the capacities of
different soils to retain exchangeable anions, it can be
said that the AEC of many soils is very low except for some

aluminosi1icates organicinrich amorphous andsoils
matter. Most of the factors likely to affect the CEC of the

ofaffect the the soiIs, insoils will also AEC and
particulai' the variable charge soils.

Effect of Phosphate Retention on the Zero Point of2.7
Charge (ZPC) of the VCS Colloids
is composed of both organic and inorganic compoundsSoil

and attains maximum stability when the sum of the positive
and negative charged ions constituting the organic and

whereas Andosols have AEC values
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inorganic compounds balanced.equa 1 The chargeare or
balance equation proposed by Sposito (1981; 1989) (Equation
1) implies that charged ions (positive and negative ions)
interact with s imi1 ar ions in soi 1the solut ion and
redistribution or exchange reactions takes place untill an
equilibrium is established. The attainment of equilibrium,
however, is a function of number of solution properties, pH
and ionic strength being the most important (Parker et a 1.,

Spos i to, 1985).1979; 1981; Barrow, For example, Barrow
(1985) reported that when i ron i sox ide minerala pure
suspended in ofand the the raisedpHwater wa ter or
lowered by the addition of varying amounts of dilute base

a point will be reached whereby the net charge onor acid,
the surface of the mineral will be zero. The pH value at

the net surface charge of the mineral is zero due towhich
presence of equal amounts of positive and negative charges

1967;
1979; Sposito,Parker et al . , 1979; Payman et al., 1981;

1985; Anne Lewis-Russ, 1991).Bo 1igar, 1985; Barrow,

Zero point of charge is regarded as a useful parameter in
the study of ion (anion) adsorption mechanisms by soils and

materials, purity of synthet ic materials andpure
measurement of surface charge of soils and pure materials
(Van Raij and Peech, 1972; Galler et al . , 1976; Keng and

1974; Stoop, 1980).Uehara,

is termed "zero point of charge" (ZPC/ pH0) (Parks,
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point ofZero charge could also be applied thein

characterization ofand classif icat ion soils, pure
minerals, in relation theirand geological materials to

1991). Permanently charged soils generally are saidRuss,
pH value,have theirZPC values 1 owe r than naturalto

whereas the VCS have ZPC values higher than their natural
pH values. Zero point of charge values less than pH 3.5 are
considered to be a rough prediction for soils dominated by
2:1 clay minerals, whereas ZPC values above pH 3.5 predicts
the domination of variable surface charge materials (Gallez
et al., 1976; Stoop, 1980).

used in theof has a 1 so beenpoint chargeZero
characterization and classification of the different soil

intensi t ies of weathering, theirtheirorders,
organiccompos i t ion andmineralogical contentmatter

(Stoop, 1980; Uehara and Gillman, 1981; Gillman, 1985), For
ZPC values for Oxisols, Ultisols andexample the average

Alfisols from Hawaii, Brazil and Nigeria were found to be
6.0-6.5, 4.0 and 3.5, respectively (Keng and Uehara, 1973;

approximate for1981). valueThe ZPCJuo, some pure
is 2.0,MnOj,

respectively (Parks, 1965; Parfitt,6.5-8.0 and 7.5-9.5,
1978). Although ZPC of the1980; Greenland and Mott,

TiO,,minerals SiO,, Fe2°3 and AljOj 4.5, 4.0,

surface (Parks, 1967; Uehara and Gillman, 1981; Anne Lewis-
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different soil minerals may vary (not constant) depending
on their purity and hydration state, most soil minerals and
synthetic materials have characteristic fixed ZPC value at
a given set of conditions and solution properties (Gazell
et al.,1976; Stoop, 1980). The presence of small amounts of
permanently charged materials or organic matter deposited

surfaces for isthe of haemat i te, example,on pure
lower the ZPC of the mineral significantlyconsidered to

(Uehara and Gillman, 1981). Permanently charged materials
and organic matter act as impurities and therefore, 1 owe r
the ZPC of the pure minerals. Specifically retained anions

s imilarphosphate and silicate said havelike toare
of organicthe doeffects the VCS matterZPC ason

1978; Uehara and(Kingston et al., 1967; Wann and Uehara,
1980; Gillman, 1985).Gil Iman, 1981; Stoop,

P/kg soil Ox iso Is has beenof 1500Applicat ion tomg
reported to have lowered ZPC of the soils from pH 5.0 to pH

1978) . In another study (Gillman,(Wann and Uehara,3.5
1985) reported a decrease in ZPC of about one pH unit for
each 100 mg P/kg added to the tropical Queensland VCS. Many

specifically retainedthatshownstudies haveof the
anions lowers ZPC of soils, however, the extent of lowering
of the ZPC depends on the initial soil pH, ionic strength
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and amount of variable charge minerals present in the soil

1990) .
(Wann and Uehara, 1978; Stoop, 1980; Bleeker and Sageman,
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3. MATERIALS AND METHODS

Site Selection and Soil Sampling3.1
Soils from Tanga region were selected for the study. The

from selected
sites Mari ki tanda,at Ml esa and Mlingano villages i n
Muheza di st ri ct. soi 1 samples

were taken were selected on the basis of the soils' low pH

low CEC (<10 c.mole/kg) and high aluminiumvalues (<5.5),

(>15%).sat urat i on soilspercentage These are
clays/dominated by 1 ow act ivitycharacteristically

variable charge minerals,7 colloids.

profile was opened at each site and the profilesOne soi1
were located on the crests of the land catenary sequence.
The profiles were described and sampled according to the
procedures developed by FAO (1970). classi ficat ionSoi 1

done following the procedures developed by FAO (1988)was
Soon after sampling,Survey Staff (1990). t heSoi 1and

soil samples were ail—dried, sieved through 2 mm sieve and
soi 1 analysi sRout i nestored i n plast i c bags. were

undertaken for the samples collected from all the horizons

of the three profiles,

pH, cation exchange capacity (CEC),adsorption capacity,
anion exchange capacity (AEC) and zero point of charge

soil samples for the study were collected

but the studies in relation to P

The sites from which the
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(ZPC) rest ri cted t he subsoi1s (ox i c hor izon)towere
samples t hat have t he highest aluminiumtoappears
saturation percentage. The restriction of the core studies

to the subsoil samples was aimed at avoiding the effects

of any revious P fertilization on the soils as well as the

influence of chargeorgani c the surfacematter on

characteristics of the soils.

Routine Soil Analysis3.2
Particle size distribution of the soils were determined by

1965) and the texturalthe pipette method (Day, classes
were allocated to each soil sample using the USDA textural

triangle. Soil pH was determined in distilled water and in

1 M KC1 in soi1:solution ratio of 1:2.5 (Peech, 1965). The

colloi ds t hesoi 1 takent hechargenet was ason
i nthe pH determined i n M KC1 and1difference between

-Z\pH pH(KCl (Mekaru anddistilled wat e r
1976). Organic carbonSanchez,1972;Uehara, was

determined by the Walkley and Black wet oxidation method

(Allison, 1965) and the total nitrogen by the semi micro-

Kjeldahl d i st i11 ation met hod (Bremner, 1965). Bray-1 P was

(Wat anabeby the Bray and Kurtz No. 1 anddetermi ned
1965). Exchangeable acidity was determined by 1 M01 sen,

at the pH of the soil (Peech, 1965). Cation exchangeKC1
capacity (CEC) was determined by the neutral (pH 7.0)

pH(H,O)]
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1965) and the effectivesaturation method (Peech,

cation exchange capacity (ECEC) was taken as the summation
exchangeable acidityof plusthe exchangeable bases

(Sanchez, 1976).
atomi c absorpt i ont he byneut ral extract s

spectrophotometer (Chapman, 1965). Free iron and aluminium
oxi des ci t rat e-di thioni t e-by t hedetermi nedwere

(Mehra 1960).(CDB)bi carbonat e and Jackson,met hod
Qualitative mi neral ogical analysis was determined by x-ray

(Wh i 11 i g, 1965).di ffract ion Quali t at i vetechnique
mi neralog i cal analysis carri ed whol e soi 1outwas on
samples due to lack of appropriate mineralogical analysis
equipment. The amount of soil sample required for the core
studies was obtained by grinding a 2 mm sieved soil sample

the entire samplesuch that passes through 100 mesha

sieve. As far as the routine soil analysis is concernd all
the

Phosphate Retention by the Soils3.3
amounts of phosphate (P) retained by the soilsThe were

determined following the procedure out 1i ned by Fox and
Kamprath (1970) and Fox et al., (1971). Four gramme oven

weighed into duplicate
eleven 100 ml centrifuge tubes and 40 ml of 0.01

NH40Ac .

NH.OAc .

M CaCl, 
solution containing different levels of P equivalent to 0,

dry equivalent soil $$mples were

Exchangeable bases were determined from

determinations were carried out in duplicate.
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50, 100, 200, 400, 600, 800, 1600 and 2000 mg1000, 1200,

were added into the tubes. Three drops of4
t ou1ene added i nto each tube microbialto arrestwere
act i vi t i es. The tubes hoursshaken for twowere
cont i nuous1y leftend-to-end shaker and toon an
equilibrate at halfroom temperature for withhours48
hour shaking interval after every 6 hours. At the end of

the equilibrating period the suspensions were immediately

centrifuged. The amounts of P in the supernatant solutions

were determined colourimetrical 1 y following the ammonium

molybdate-ascorbic acid method (Murphy and Riley, 1962;
1965). The amounts of P retained wereWatanabe and Olsen,

of added Pthe differences between the amountstaken as
ret ent i onThe Pof P in the supernatants.and the amount

data obtained were plotted according to the Langmuir and
Freundlich equations. The P adsorption maxima and bonding
energies were estimated by simple regression analysis.

Determination of the Effect of Phosphate Retention on3.4
the pH, CEC and AEC of the Soils

the effects of P retent ionThe determination of pH,on
cation and anion exchange capacities involved two major
st eps:

P/kg as KH,PO,
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3.4.1 Equi1ibrat ion of the Soi 1 s w i t h Phosphate

Solutions

Four gramme oven dry equivalent soil samples were weighed
into duplicate six-100 ml centrifuge tubes and 40 ml of
0.01 solution containing levels ofdi fferent P
equivalent to 0, 1200 and 1600 mg P/kg100, 400, 800, as

were added into the tubes. Three drops of toulene
added i nto t he tubes and shaken for hourst wowere

cont i nously leftend-to-end shaker and toon an
1 /2forequi1i brate hours w i t h48at temperatureroom

hours shaking interval after every 6 hours. At the end of
the equi1ibrating period the pH of the suspensions were

immediately determined. pH adjustment was not done for the

the pH of the three soil samples notreasons that were
each other, equi1i brat i ngfrom thedi fferentmuchvery

a buffering agentsolution (CaClj) andcoul d act PHas
reversalcharge t he1 eadcould to VSCad justment on

colloids.

determi nat ions t he samplesafter PHImmedi at ely were
centrifuged. The amount of P in the supernatant solut i on

molybdate-ascorbic acid method (Watanabeand Olsen, 1965).

The amount of P retained by each sample was taken as the

difference between the amount of added P and the amount of

KH,PO,

M CaCl,

were determined col ourimetrical 1 y following the ammonium
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P in the corresponding supernatant.

3.4.2 Cation and Anion Retention by Saturation Method
ihe cation and anion exchange capacities of the P-treated
soi 1 samples determi ned fol 1owi ng proceduret hewere
out 1i ned (1974)by Schalascha al. withet some
modifications. The residues left in the centrifuge tubes
in 3.4.1 after centrifuging were washed four times with 25
ml et hanolportions of In thsKH;PO..to excessremove
samples t hus washed, and determi ned byCEC AEC was
saturating the soils with 1 M KC1 by washing three times

M KC1 solution buffered at pH 5 withwith 30 ml of the 1
(TEA)t ri ethanol ami ne andofsolut ionsdilute para-

the centrifuge tubesresi dues i nn i t rophenol. The were
met hanol-wat erthen washed three times with 30 ml of 1:1

coul d be detected i n t hechi ori deunt i 1solut i on no
then displacedPotassium bysupernatant solutions. was

ml of solut i on.with 1Mt imes 30threewash i ng

Potassium (KT) andChloride (CT) ions were determined i n
the former by flamewashings,threecombi nedt he

by ion selectrode meter modelphotometer and the latter
"Radiometer ion 83 meter, Copenhagen". The values of K’ and
Cl" thus determined were taken to represent the CEC and AEC

respectively. Modifications which were madeof the soils,
(1974) methodwith respect to the Schalascha et al.

NH.NO,
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of four ofgramme soil samples i nst ead

three gramme,
5.0 and 48 hours equi1ibrat ion instead of 24 hour.

3.5 Determination of the Effect of Phosphate Retention on
the Zero Point of Charge (ZPC) of the Soils

The determination of the effects of P retention on ZPC of
the soils involved two major stps:

Equi1i brat ion of the Soi 1 s v.' i t h Phosphate3.5.1
Solut ions

Into each of the one hundred and twenty-100 ml centrifuge
oven dry equivalent soi 1four-grammetubes prepared, a

centrifuge tubesthe hundredofeach
into sixprepared for the study. The tubes were grouped

sets, each comprising of twenty of them. To the first set
remaining f i vs,whi 1 e t headded tophosphat e wasno

levels of P equivalent to 100, 400, 800, 1200,d i f ferent
1600 mg P/kg were added in solution form. Three drops of

toulene were added into each tube. The suspensions were
hence allowed to equilibrate for 48 hours with occassional

3.4.1 At thesect i oni n endshaking of theas
equilibration period the samples were centrifuged.

sample and 40 ml of 0.01 M CaCl, solution were added into

pH of the washing solutions adjusted to pH

and twenty-100 ml

include the use
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Two samp1, es f rom ofeach five random1ythe set s were
seiect ed for the determi nat ion of i n theP content
supernatant solutions in order to find out of+■ h o o “nrh» f t 

W • I W MHlV vfl I W

P retained by the soils. The supernatant solutions in the
rest of tubes were discarded.

Determination of the Efects of the Retained3.5.2
ZPC of the SoilsPhosphate on

outlined byZPC determi nat ions fol 1 owed the met hod Van
Raij and Peech (1972) and Uehara and Gillman (1931). Water

avoi ddone i rreversibleac i d tonott reatmentor was
of sites the o i i r *r a r* o M I a .awwchargechanges i n t he nature on

1985). After cent ri fugat i on(Stoop, Manrique,1 980;
(3.5.1) the 20 tubes of each set were arranged into t wo
rows each with 10 centrifuge tubes. The tubes in each of
the first and second rows were treated with 10 ml of 0.02

respectively. The middle tubes in each
of the rows had nothing added to them and were designated

zero". An increasing amounts of 0.5, 1 .0, 2.0, 3.0 andas
M HC1 (equivalent to 1.25, o K 5.0, 7.5,4.0 ml of 0.1

c.Mole HT/kg soil) were added into the t ubesand 10.0 on
zero and similarly 0.5,the left of 1 .0, and 3.0 ml

(equivalentof 1.25, 2.5,to 5.0, and0.1 M NaOH 7.5
C.Mole OH'/kg soil) were added to the tubes on the right of

Distilled water was added into each tube tothe zero.

M and 0.2 M CaCl,,
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bring the total volume of the solution to 20 ml. The tubes

t hen al 1 owed equi1i bratewere to for 96 hours with
occasional shaking. At the end of the equilibrating period

the inPH each tube immediately determined. Thewas
resu11 s for each 1 evel of P added were plotted on one

H'/OH' addedgraph c .mol e t he soilsto t heas versus

equi1i bri urn of the suspensions. ThepH point of
intersection for the 0.02 M and 0.2 M curves for each of
the graphs drawn was taken as ZPC value of the soils at a
given soil and at a particular level of added P.

however, where reproduci bleIt i s important note,to

obtained from i ndi vi dual dupli cat es,results notwere

extra repetition were performed to get consistent results.
This was the case especially with the determination of the
CEC, AEC and ZPC. Also where the ZPC titration curves did

defined crossing point, t he ZPC valuesa wellformnot
obtained by extrapolation from the of t hecent rewere

region of overlapping.
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4. RESULTS AND DISCUSSION

4.1 Physico-chemical Characteristics of the Soils

Based on the physico-chemical properties of the soils and

the profile descriptions (Table 1, 2, 3 and Appendices la
3b) soil classified Rhod i cMl inganotheto was as a

(FAO, 198S) or Rhodic Kandiustox (SoilFerralsol Survey
Staff, Mariki tanda soils1990). Mlesa andThe we r e

1988) Rhod i cclass if ied Haplic Ferralsol (FAO, oras
Haplustox and Typic Haplustox (Soil Survey Staff. 1990 ) ,

ofrema ining t hetherespectively. t heIn part text
Mlingano, Mlesa and Marikitanda soils will be referred to

TypicHap 1ustox andRhodicKandiustox.Rhodicas
Haplustox, respectively.

of topsoiIspropert ies t he andphysico-chemicalThe

subsoil horizons of the soils under study are presented on
Results for2b and 3b. t he3 and Appendix lb,

selected subsoil-oxic horizons to which the core study was
theS i nee core studypresented on Table 1 .confined are

restricted to soil samples from the oxic horizons (pg.was

concentrated more on the topsoil oxic horizons.

38-39) the presentation and discussion of the results are

Table 2,
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Tabic 1: The physico-chcaical properties of the soils studied

Soil great group, horizon and depth in ca

Typic Baplustox, Rhodic Candiustox Rhodic Haplustox

OxicOxicCxic ApAp Ap
0-20 95-14236-680-100-13 70-142

Clay content 38 C 1 —45 60 40 41(X)

4.84.8 4.7 5.5 5.26.1

4.2 4.04.0 4.2 4.55.0pH-KCl

Z\pH -0.60.8 0.5 -0.6 -0.7-0.11

1.08 3.701.90 0.55 2.51 1.04Organic carbon (X)

0.21 0.08 0.360.07 0.120.17Total nitrogen (X)
1 21 22Eray-1 P (mgP/kg) trace

6.88 5.11 11.904.60 7.507.14CEC (c.molc/kg)
n no 4» • VM 1.54 3.79 3.641.96 2.08ECEC (c.molc/kg)

3t 0.560.47 0 0.090.01 1.14IfExch. Al
3.66 2.411.33 0.820.84n 1.32Exch. bases

30 351618 19Base saturation (%) IS

1502 1925(X) 0Al. saturation

Soil 
property

pH-HjO
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The clay content of the Ap horizons varied from 33% to 45%

while that of the oxic horizons ranged from 41% to 60%. I n

the Ap horizons the clay content followed the order Rhodic

Typic Haplustox while in

the oxic horizons the trend was Rhodic Kandiustox Typic

ofRhodic Haplustox. The clay theHaplustox content

Rhodic Kandiustox and Typic Haplustox profiles increased

with soil depth and their
clayey in t h o rrxrrocnAfiHina v i V • • X. X» X> A 1 A XX .1 A X»i n Ap horizonst he to

Fr r hoA XX A X L A Vhorizons (Appendeces lb and 3b). The clay content

did variat ionsshow n»u c *» w i t hRhod i c Haplustox nn t* A XX V

increasing soil depth and the textural class as sandy clay

throughout the profile (Appendix 2b).

The pH (H-,0) of the three soil profiles was strongly acidi'

19S5) and the Ap horizons pHto very strongly acid (Ilaco.

values ranged from 4." to 6.1 while those for the subsoi1

and oxic horizons varied from 4.S to 5.2. The soil Q r i H i t 1? Vfc XX A xa a v

for i nthe three prof iles t he order Rhod i cvar i ed
Rhodic Kandiustox in the ApHaplustox > Typic Haplustox

horizons, and Rhodic Haplustox = Rhodic Kandiustox > Typic
Haplustox, i n the oxic horizons, respectively. The pH of
t he three so iIs, of t he ox i cthat horizonsnotably
indicates that the soils were highly weathered and leached

texture varied from sandy clay

Kandiustox > Rhodic Haplustox >



54
and cou 1 d likely be dominated by variable charge soi 1
minerals.

The charge on the soi 1 colloids measured by y\pH =ne t
(pH(KCl) Gi1 Iman,andUehara
1981) were a 11 negat ive and their corresponding va1ues

in the order Rhodic Kandiustox > Rhodic Haplustoxwere
Typic Haplustox in the Ap horizons and Rhodic Haplustox
Typic Haplustox > Rhodic Kandiustox in the oxic horizons
(Tab 1e 1) • indicates thatThese results soilst he three
could have both variable charge and constant (permanent)
charge due to the fact that the clay fraction of the soils
studied contain kaolinite and oxyhydroxides of i ron and

3) , characteristical 1 ywh i c haluminium (Tab 1e minerals
(Sanchez, Uehara19”6; andcontain variable charges

Further, Uehara and Gillman (1981) notedGil Iman, 1981 ) .
thatz»pH values ranging from positive to negative (less

of o fdominant-0.5) imply the amount st han presence
variable charge minerals whereas negative z^pH values above

charge andof both permanent(-0.5) imply the presence
of theThe z\pH values threevariable charge minerals.

soils ranged from (-0.11) to (-0.6) in the Ap horizons and
indicating thefrom (-0.6) to (-0.8) in the oxic horizons,

charge soi 1and permanentof variablebothpresence
colloids in the soils studied.

pH(H2O)) (Sanchez, 1976;
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Organic carbon content of the profiles were medium to very
high (1.90 to 3.70) in the Ap horizons and very low to low
(0.55 1.08) in the subsoi1 and oxic horizons (Ilaco,to
1985). The organic carbon content of the three profiles
decreased with increasing depth and foil owedthe values
the order Typic Haplustox Rhod i cRhodic Haplustox> >

Kandiustox (Table 1 and Appendix lb, 2b and 3b). The high
organic in topso i1s cou 1 d becarbon thecontents
attributed to the fact that the soils were under permanent

foodd i f ferent Thenamely sisal, tea and crops.crops,
organicoxic hor i zons had low matter contents, a
Ox i so 1s U11 iso Is undertypica1 the andphenomenon to

climatic conditons favourable for high oxidation rates of

tropics (Smith andespecially in theorganic mat ter,
1981 ) .1980; Uehara and Gillman,Sanchez,

nitrogen contents of the three profiles rangedThe total
from 0.17 to 0.36% in the Ap horizons and 0.07 to 0.12% in
the subsoil and oxic horizons (Table 1). These values were
correlated to the organic carbon contents and followed the

trend as those for the organic carbon contents.same

The Bray-1 P of the three profiles were very low, both in
the Ap and subsoil and oxic horizons. The P content ranged
from trace to 2 mg/kg. The low P content could probably be
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attributed to the inherent low P content of the soils and
lack of P fertilization. Other reasons could include the
high retent ionP capac i ties affinity ofand the VCS
minerals in soils.thepresent The highly weathered
Ox i so 1s U11 i so 1sand forwe 1 1 known high Ptheirare

retention capacities hence the soils often have problems
of P def iciencies for the normal growth of most crops
(Parfitt, 1978 ; 1980 ; 1981; Nyambo, 1986) .Le.Mare,

CEC ofThe Ap and subsoi 1 and oxic horizons oft he the
three profiles (Table 1 and Appendix 1 b —3b) 1 ow t owere

11.90) according criteria(4.60 t he1 ow to tovery
established by Ilaco (1985). The values followed the order

Rhodic Haplustox Rhod i c Hand ius tox.Typic Haplustox
of t he oxic hor i zonsparticularly thoseThe valuesCEC

low organic ofthe thecorresponded to matter content s

soils (Table 1). The low CEC values of the three soils is
indication of the low magnitude of net negative chargean

The CEC values of t he three soilscolloids.the soilon
character i st i ctypically thosefal 1 i n t he asrange

observed in highly weathered Oxisols and Ultisols studied

Staff, 1990) .Soil Theelsewhere (Sanchez, 1976; Survey
than the minimum ECEC value (4.01 owe rECEC

c.mole/kg) suggested by Sanchez (1976) as prerequisite for

growth of many crops.proper

values were
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The percentage base saturation (PBS) of the three profiles

very low (16% to 35%) and did not vary appreciablywe r e

with the soil depth. The PBS values for the three profiles

followed the order Typic Haplustox > Rhodic Haplustox

Rhod i c Kandiustox. ofThe base the soilsstatus

substantiate further the fact the soils are highlythat
weathered and leached fewonlyand weatherab 1 every
minerals have been left in the clay fraction of the soils.

The exchange complexes of the three soils were dominated
by aluminium and hydrogen indicating that the soils have
subs tant ia1 amounts of positive charges. The percentage
a 1umi n i urn (expressedsaturat ion the o fpercentageas

CEC) was highestexchangeable aluminium over the i n t he

oxic horizons (15% to 25%) and followed the order Rhodic

Typic Hap 1 us tox.Kand i us tox Rhodic Haplustox The
soilsthat the threefurtherresults indicate we r e

dominated by VCS minerals, a typical characteristic of the
Oxisols (Uehara and Gillman, 19S1).

iron and aluminium values (Table 2)The CDB-extractab 1 e
indicate that the three soils have higher contents of iron

luminium oxides. The Typic Haplustox has the
highest content of iron and aluminium oxides while the
Rhodic Kandiustox had the lowest values.

oxides than a
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Table 2:

AlFe

Rhodic Kandiustox 6.8 9.7 0.2 0.4
Rhodic Haplustox 10.6 15.2 2.11.1
Typic Haplustox 9.4 0.813.4 1.5

Soil great 
group

Citrate-dithionite-bicarbonate (CDB) extractable 
iron and aluminium (%)

Al AFel°)
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The mineralogical ana lysis indicates t he ofpresence
kao I ini t e, gibbs i te, haematite goethite vermiculite and
feldspars (Table 3). However, kaolinite and quartz are the
dominant clay mineral indicating that the soils are highly
weathered and that further weathering would result i n
increased formation of iron and aluminium oxides (Bohn et

a 1 . ,

From the above physico-chemical soil properties it can be
inf erred three soils highly weathered andthethat are
leached. Both the three soils fall in the same soil order

differ very much from one another despiteand do not the
big difference in terms of climate under which the soils
were formed. The soils have higher proportions of VCS

charge minerals. fertilityminerals Thet han permanent
three soilsstatus of the i s low and r H i c V »* •* •J could bevery

ofthe high variable chargeattributed t hecontentsto
minerals and the low pH.

Phosphate Retention by the Soils4.2
The phosphate (P) retention capacities of the three soils

la»
retention capacities of the three soils was determined at

ranging between 4.8 to 5.2
(Table 1). The relationships between the amount of P
the native pH-H,O of the soils,

1979; Buol et al.. 1980).

are presented in Table 4, 5 and Fig. lb and 1c. The P
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added, the retained by soils and theamounts the
equilibrium P concentration were highly correlated (Table

5) .4, The amounts of P retained by soils and thethe
equilibrium P concentration increased with the increasing

levels of the added and retained P, whereas the rate of P

retention decreased with the levels of added and retained
The s imilarP. results those reported by Rajantoare

(1975), Parfitt (1977), White and Taylor (1977), Beek and

Van Riemsdijk (1979), Gama (1979) and Mrema (1988).

of added and retained1 ow levels and hence lowAt p

equilibrium P concentrations the VCS colloids have many
occupiedretention non-speci fical lysites for byP

like the Cl", (Bohn at a 1.,retained anions,
1979). The non-specically retained anions are exchanged by

retained i nions t hephosphate and phosphatethe are

diffuse and Co 1 eman, 1974;(Gebarhardtdoub1e 1 ayer
Bohn et al., 1979). As more P was added andParf i 11, 1977,

the strongly bound aquo andretained by the VCS colloids,
hydroxo ligands on the planar, basal and edge surfaces of

to have been specifically
held by t heexchanged Phosphateby phosphate ions .

specific exchange reaction mechanism is said to be f ixed

(Bohn e_t al., 1979) because it is held very strongly in
it is very slowlythe Stern layer to the extent that

12-NO," and SO,

of P

the VCS minerals were assumed
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exchangeab1e under condi t ions (White andso i 1norma 1
Taylor, 1977; Parfitt, 1977; Beek and Van Riemsdijk, 1979;
Bohn et a 1 ., 1979 ) .

Specific ligand exchange reaction mechanism between P and

positive charge to net negative charge, hence increases in
soil pH and CEC (Sawhney, 197S;

and) .Spos i to, This1981; Uehara 1 eadphenomena to
decrease in the rate of P retention with increasing levels
of added result of repulsion among the a 1 readyP as a

(Bowden et al.,ionsadsorbed 1980: 1985 ) .Barrow,P
Decrease in the rate of P retention is also attributed to
saturation of the retention sites is added andas more P
retained soils. These phenomena t heby the two are
principle causes for the observed increases in equilibrium
P concentration with increasing levels of added P in this
study and other similar studies.

Phosphate Adsorption Capacity of the Soils4.2.1
The P adsorption capacities (P adsorption maxima) obtained

the data accordingfrom regression analysis of t heto
linear transformation of the Langmuir equation (Table 4)

1100-1400 mg P/kgf rom (Fox,high, rangingwere very
1980). The P adsorption maxima values followed the order

aquo and hydroxo groups lead to charge reversal from net

1974, Wann and Uehara,
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Typic Haplustox Rhodic Haplustox
The high soilsof theP retent ion capac i t i es were
attributed to the high VCS minerals,contents of name 1y
the iron and aluminium oxides and kaolinite. The results
are in conformity with other results reported for Oxisols
and Ultisols (Gama, 1979; 1981;1980; LeMare,Fox, Juo,

been suggested to follow the order amorphous oxyhydroxides
layer silicates (Fox et

1981).a 1., 1971; LeMare,

Haplustox, however, didThe Rhodic retained t henot
highest amount of P as expected compared

(Table 2) taking into account
oxides content. This could be explained by other

of differentcrystal 1 ini ty thefactors such theas
mineralogical constituents of the soils. Crystallinity in

and/or ofsoi 1soils is of stagef unction typea
weathering. Poorly crystallized soil minerals (for example
amorphous oxides) have high specific surfaces with many
adsorption sites compared with a well crystallized mineral
(Bohn et a 1., 1979; Gillman, 1981).

the soils. This is quite contrary to earlier observations 
its relatively higher Fe'T

and A13t

> Rhodic Kandiustox.

1981). The P retention capacity of the VCS minerals has

crystalline oxyhdroxides > 1:1

to the rest of
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The bonding energy (P affinity) from regressionvalues

analysis of the P adsorption data (Table 4) did not show

a defined relationships to the factors largely responsible

for high P retent ion by minerals. This cou IdVCS be
attributed the non-conformi ty of assumpt ionsto the
underlying the Langmuir equation at different levels of P
retention. Several workers (Barrow, al- ,1978; Bowden e t

Ho 1 ford,1980; disquali f ied1982) have Langmu i rt he
affinityadsorpt ion it givedoesparameter notas

meaningful results describethat cou 1 d be used to
phosphate adsorption reactions.

Phosphate Adsorption Isotherms4.2.2
the equ i1i br iurn PPlots of P adsorption data versust he
t rans f ormat i on o f1 ineart heconcentration according to

the Langmuir equation (Fig. lb) were curved (L-type),la,
each other, almostcloseisotherms t oand the were

equilibrium P concent rat ionsx-axisthepara 11e 1 atto
below 10 mg P/l. The isotherms were concave

equilibrium P above 10 mg P/l.at

The curved nature of the isotherms indicate that the data
the Langmuir equation. Thedid conform reasonsnot to

the assumptions underlying t hebehind could be due to
applicability of the Langmuir equation. The assumptions

to the x-axis
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are said to overlook many factors which affect P retention

by soils, temperature,
equilibration period, soil solution ratio and the presence
of other anions (Barrow, 1978; Bowden et al.. 1980) .
Although the correlation coefficient values thebetween
amounts of P retained and the equilibrium P concentrations

(Table 4) the data did not conform to thewere very high,
equation. The results agree with the suggestions of Harter
and Smith (1981) and Olsen and Khasawneh (1980) that high
correlation coefficient values do not necessarily mean a
goodness-of-f i t Langmu i rof the adsorption data t het o

Non-conformity of P adsorption data t heequa t ion. to
Rajanbeen reported andbyLangmuir equation has a 1 so

3 ndWhite and Taylor ( 19"-) . Olsen( 1975 ),Per rot t

Khasawneh (1980) and Holford (1982).

The curved nature of the isotherms is also thought to be

with differing adsorbing affinities (Bache and Williams,

interact ions between thelateral1982),Holford,1971 ;

19S1) and different(Harter and Smith, Padsorbed P-ions
dif ferent equ i1ibr i urnmechan i sms padsorpt ion at

1975 ; Ryden et a 1 . ,(Rajan and Perrot t,concent rat ions
1977 ; Beek and

the presence of multiple adsorption sitesattributed to

1977; Rajan and Watkinson, 1976; Parfitt,

like changes in pH, ionic strengh,
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Van Riemsdijk, 1979). 11 has been suggested. therefore
that the of surface modified Langmuir equationtwouse

model (Muljadi et al., 1966; Holford, 1982) or more than
two surfaces equation model (Barrow, 1978; Bowden et al..
1980) , other models 1 ike the kinetic models (Barrow and

Ho 1 ford, 1982) as a better alternatives1975;Sutton, to

the simple Langmuir equation.

the Langmuirsoils studied, plots holdtheFor att rue

P,'l t heequ i 1 ibr ium concentrat ions be 1 ow 10P asmg

This i s i n accordance theisotherms 1 inear. towere

observat ions ( 1978 ) that the Langmu i rmade by Bar row

equation might hold true at limited range of equilibrium
There foremg P/ 1 . i n orderconcent rat ions less t han 1.0

for the isotherms to be useful in describing P adsorption,
the isotherms be divided intoit has been suggested that

each region representing a differenttwo or more regions,
(Muljadi 1966:retention mechanisms Sy er sP e t

According to these authors the linear portional., 1977).

react ion mechan i sms related theprobably represents to
non-specific exchange reaction mechanism. At equ i1ibr ium

P concentrations between 1-40 mg P/l and >40 mg P/l the
probable reaction mechanisms are specific ligand exchange
and precipitation reactions and dissolution reactions in

el al.,

Shaw, 1975) and the Freundlich equation model (Fitter and
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add i t ion specific prec ipi tat ionand react ions,to

corresponding to region II and III, repectively (Fig. la,
lb) . regionsIn and therefore assumpt ionsthe11 HI,
underlying the Langmuir equation do not hold true (Rajan
and Watkinson, 1976; Barrow, 1978).

The for soilsadsorpt ion isotherms threetheP were

s imi 1 arsimilar ind i cat i ngand close each otherto

of This t hemechanism adsorpt ion. cou Id be dueP to

similarities in the soils properties, that is the physico­

chemical properties (Table 1, 2). This is also revealed by
the P adsorption capacities ofsmal1 differences i nt he

the soils.

P adsorption data according t he 1 inearPlots of the t o
giveFreundlich equation didtransformation of the not

straight line (Fig. 1c). The non-conformity of the data to
the Freundlich equation could be attributed to the complex
reaction mechanisms which could likely be affected by many

s ince number ofbeThisfactors. to aappears
1977; Parf i 11, 1978; Holford

19S0) have thus demonstrated.

the case

authors (Rajan and Perrott,
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The correlation coefficient values were very high for both
the soils, however, the P adsorption maxima and P affinity
values did not give a defined correlation with the factors
known to influence P retention by the VCS minerals (Table
5). However, the Langmuir P adsorption maxima and bonding

closer and comperable the valuesto
obtained from other studies with similar soils (Fox, 19S0;

19S1). These results the views of otherLeMare, authors
(Barrow and Shaw, 197S) that the Langmuir1975 ; Barrow,
equation model could somehow give picture of P
adsorpt ion characterist ics soilsby than othert he
mentioned models.

Effect of Phosphate Retained on the pH of the Soils4.3
The effects of P addition and retention on the pH of t he
soils are presented in Table 6. Addition and retention of
increasing amounts of P increased the pH of the soils at

of i n o fal 1 1 eve 1 s t he added the Rhod i cP case
Kand iustox Rhod i c Hap lustox. Typicand The Hap 1 us tox,

has the highest increases in pH athowever, 400 mg/kg of
In the former two soils there was a gradualthe added P.

increase in pH at all levels of the added P beyond 400 mg
P/kg. The corresponding pH values were 0.10, 0.41 and 0.06
f or Kandiustoxthe Rhodic Rhod i c Haplustox and Typ i c
Haplustox, respectively.

a better

energy values were
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From these results
1600 mg P/kg could have resulted further increases in pH
in the case of the Rhodic Kandiustox and Rhodic Haplustox.

theseIn soiIs, increase in highlythe PHtwo we r e
correlated amounts ofthe added and retained P,to as
opposed the Typic which lowHaplustox showedto a
correlation (Table 6).

The increases in pH for the three soils were attributed to
aluminium oxyhydroxidesof iron andandthe presence

kaolinite. The high contents of the VCS corresponded
Rhodic Haplustox which highestthewe 1 1 with the gave

increases in pH (Table 6). it was also expectedHowever,
for the Typic Haplustox to give a higher pH increases than

of relatively highertheKandiustox becauseRhodicthe
iron and aluminium oxides. This deviation might have been

relative proportions of t he andattributed theto aquo
hydroxo groups that were replaced by phosphate. According

it would be expected that(1981 )and Gilman,to Uehara
in soi Is within pH could be obtainedhigher increases

higher proportions of hydroxo groups on the exchange sites
than aquo groups (Uehara and Gillman, 1981). The deviation
of the results between the Typic Haplustox and the Rhodic
Kandiustox could also be attribtured to differences in the
dissociation of the phosphate ions at the different pH

it appears as if addition of P beyond
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values of the soils. At higher pH values the dissociation

of thisbe higher,could a 1 so and could produce
protons that might have neutralized the OH" groups produced

in the ligand exchange reactions. The dissociation of H-PO,
could be

1979):

1- . (23)

takes place between pH values 1-

low pH values ofrespectively. The t he2, 4-6 and 9-11,
soils could have also resulted from the deprotonation of

the VCS colloids.the aquo and hydroxo groups present on
retent ion.forsites ThePcreat ingthus more

summar i zed byreact ion could be r K odeprotonat ion
19S5 ) :following equation model (Barrow.
OH'

2H+ ( 24 )~ m"
• OHOH.

is a metal oxide.we re M
retained the deprotonatedions bewou 1 dPhosphate on

mechan i sms,specific 1igand exchangesurf aces through
whereby the aquo groups are exchanged by phosphate ions as

following equation (Rajan, 1976;the andshown by Fox
197S):Sear 1e,

-'•PO,•HjPO,

OH1'

OH.

s HPO, 2* 

The dissociation of HjPO,

H2P0<

^-OH< 

H..PO<-

shown by the following equation (Bohn et al..



77

(25)+
OH

(26)M +
OH <

Phosphate cou 1 d also retained t he deprotonatedbe on

surfaces through specific ligand reactions whereby hydroxo
groups are exchanged for phosphate ions according to the
following equation (Rajan, Sear 1e, 1978;and1976; Fox

1981):Uehara and Gil Iman,
(a)

OH" (27)+
"OH

(b) :

OH" (28)+ h,po4— +M

i n t heobtained s t udyretentionPThe results we r eon
those reported by Rajan and Fox (1975), Rajansimilar to

Wann and Uehara (1978), Uehara( 1975), andand Perrot t

Gillman (1981) and Mrema (1988).

,h2po. u

- oh2OH,

OH’
OH

' - OH

h2po4:
- oh2t 

oh"
""OH

HPOf"oh!"

,-H,PO(S

+ H2PO4’^__

HjPO,1’H2PO4°
H2P0< v
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. (equivalent to 1600 mg P/kg. ) would be required to
increase the pH of the Rhodic Kandiustox, Rhodic Haplustox
and Typic Haplustox by 0.1, 0.4 units,and 0.06 pH
respect ively. This of app1i cat ionsrate P appears
unbe1ievably high from practical ofthe point v i ew
part icularly when ofbroadcast typeone assumes a

application. However, if the P fertilizer is banded, as it
is commonly done for a number of crops, such levels of P
would easily at tained and probably ifbe exceeded one

the amount of P applied per unit surfacewould determine
area / soil volume of the spots fertilized by P.

Effects of Phosphate Retention on the4.4
CEC and AEC of the Soils

The effects of P retention on the CEC and AEC of the soils
retention ofAddi t ions andTab 1 e 7 .i nshownare

increasing amounts of P to the soils increased the CEC of
Rhod i cTypic Haplustox andKand iustox,Rhodict he

respectively. Theseand 61%,66%103%,byHaplustox
three soils equ ivalentCEC of thein toincreases we r e
average of 0.08 c.mole/mMole P.(an0.08 and 0.0760.08,

in the increasesdi f f erences inkg soil) The minor CEC
the three soils indicate that there was very littleamong
difference among the soils with respect to the

Based on the results obtained in this study, about 3200 kg 
P.ha’1

or no
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Table 7:

Net charge1Soil great Amount of P CEC AEC
group

(c.moles/kg)

8 13

8 11

7.6 9

1 = CEC - .AEC
2 = Increase in Net charge between the lowest and highest level of 
added and retained P over the highest level of added and 
retained P.

Rhodic 
Haplustox

Rhodic
Kandiustox

Effects of added and retained phosphate on CEC and .AEC 
of the soils

0
100
400
800
1200
1600

0
100
400
800
1200
1600

0
100
400
800
1200
1600

0
96

392
648
900
993

0.15
0.15
0.13
0.11
0.11
0.10

1 Retained 
c.mole/mMole P)

Typic 
Haplustox

-0.2
97

375
742
980

1235

- 0.3
98

380
792
996

1305

-5.56
-5.77
-6.18
-7.06
-S.25
-9.25

0.18 
0.16 
0.11 
0.10
0.11 
0.09

4.27
4.30
4.60
5.50
6.72
8.42

5.84
5.93
6.29
7.16
8.36
9.61

0.30
0.22
0.14
0.12
0.11
0.07

7.51
7.59
8.02
8.77

10.17
11.65

-7.21
-7.37
-7.88
-8.65

-10.06
-11.58

-4.12
-4.15
-4.47
-5.39
-6.61
-8.37

Added 
(10~‘ c

ACEC/zSP2

Added Retained
mg P/kg)



80
react ions that influence the charge characteristics upon
P application. This may probably be clue t ho € a p r v a i V w thatto
both t he mineralogical composition and s u r f a c e charge
characteristics did not appreciably vary from one soil to
another since they are in the same soil order.

The results obtained in the study are similar and close t o

those by Mekaru and Uehara (1972). Sawhneyreported

(1974): Sanchez (1976), Wann and(1974), Schalascha et al.
(1978) ( 19SS) . The increases i nUehara and CECMr ema

obtained in the study could be attributed to non-specific
tri t b »« X V A Amechan i sms exchangeretention whereby o t H s i*Pp

SO.-'.NO," and CT Th i s q r* r 4 A X.* W V * V •» i sandanions like the
retention of cat ionsespecially important for wh i c ht he

forfor P. p v a m 1 p rhave specific affinity n n rl UX 11Ca
and trivalent cations (Bohn et al.. 1979 :otlier divalent

1981).Uehara and Gil Iman,

31 )react ions (Eq. 28 between t hi wligand exchange to
(Al-H-O)' and hydroxophosphate ions and the aquo

groups from the exposed surfaces and broken edges of iron
hydroxidesa 1 urn ini urn ox ides and and t o V AX Wand layer

1978; Fox and
1978; Sanchez and Uehara, 1980: Uehara andSearle,

(Al-O):

silicates (Rajan, 1976; Rajan and Watkinson,

The increases in CEC could also be attributed to specific
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Gillman, 19S1; Mrema, 198S). The specific displacement of

and hydroxo ions ingroups by phosphate resu1 tedaquo
increases in the net negative charge on the soil colloids
(Uehara and Gillman, 1981). neut ra1i ze theIn order to
negative charges on VCS colloids resulting from specific
phosphate retention, adsorbed into the
diffuse double layer, hence the observed increases in CEC
of the soils (Spos i to, and Gillman, 19S1 ;1981; Uehara
Anne Lewis-Russ, 1991)

The of three soils before addi t ionsthe PAEC we r e
low (< 0.3 c.mole/kg) (Table 7).generally very The 1 ow

AEC of the soils was expected taking into account that the
of soils above thethe we 1 1 and theZPCPH was

corresponding delta pH values were negatively high (Table
1 and 8) . low AEC of the soils could most likely beThe
attributed to the presence of both permanent and variable
charge minerals in the soils, buffering effects of organic
radicals and the high pH (5.0) of the soil solution used

estimation of the AEC and CEC ofin the the soils. The
soils atof threeAEC values the zero-P t reatment were

close to those reported for Oxisols and Ultisols of less
(Carrasco,than c.mo 1e/kg 1972; Rai jVan and1 Peech,

1973) .

more cations are
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The AEC of the three soils decreased with the increasing
amounts of added and retained P. The decrease i n AEC o f
the three soils were very small, less than 0.1 c.mo 1e/kg
soil and did not give a well defined trend in relation to
the amounts of added and retained P. The unproportional
decrease in AEC in relation to the amounts of added and
retained phoshate could be explained by the fact that
organic and inorganic funct ional the exposedgroups on

the H' and OH'surfaces of VCS minerals ionshold very
strongly to the extent that it sometimes becomes difficult
for other anions and cations to exchange with the H' and/or
OH’ groups on the soil colloids (Wada and Kawabata, iaai \X .Z -Z X / •

(1981)according Gi1 ImanA1 so Uehara andto some
eas i1ypos i t ively sites in soilscharged notare

they may be hidden in the mass of the layeraccessible as

the equilibratingions insilicates and the phosphate

solution may not scavenge easily through the layers and
neutralize the positive charge. This could also lead to
the underestimation of the AEC. is also known that theIt
retention of P by soil colloids is a very complex reaction

react ionsinvolvemechanism which operat ingmanymay
simultaneously and some of the reactions could be affected

phys i co-chemi ca1 propert iesofby ofthe thesome
(Van Rai j andso 1ut ionsequi1ibrat ing Peech, 1972).

Therefore, some of the postulated reaction mechanisms of
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P with VCS take place expected. This cou 1 das

affecteventually the expected changesAEC Pupon
adsorpt ion.

The net surface charge colloids
differences between the CEC and AEC were negative for all

soilthe three soils (Table 7). The net charge theon
RhodicTypic Hap lust oxco 1loids in the orderwere

of added P.Rhodic Kandiustox at all 1 eve 1sHaplustox

ofwith pH values theThis i s accordance theintrend
substantiating further that t hesoils studied (Table 1),

soils have both permanent and variable charge minerals.

Effects of Phosphate Retention on the4.5
Zero Point Charge of the Soils

The effect of P additions and retention by the soils are
2 and Appendix 5 to 7. Additionpresented on Table 8, Fig.

and retention of different amounts of P lowered the ZPC of

Typ i cRhodic andHaplustoxKandiustox,Rhodicthe
to pH 2.7, 3.3

respectively. The extent of lowering ZPC of t heand 3.0,
the amounts of addedsoils were highly correlated to and

retained P. The ZPC values for the three soils at Pzero
treatment were within the range of ZPC of 4-6 that has

obtained ason the soil

Haplustox from pH values 4.5, 3.4 and 4.1

may not
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been reported by Van Raij ( 1972) ,and Peech Keng and
Uehara (1973) and (1978) forand similarWann Uehara
soils, namely Oxisols and Ultisols.

The effects of added and ZPC ofthe the
soils were attributed to specific ligand exchange reaction

mechanisms whereby the aquo and hydroxo groups present on
the i ron and aluminium oxyhydroxides and the brokenon
edges of the s i 1 i cates exchanged bylayer t heare

phosphate ions. The displacement of the aquo and hydroxo

groups by phosphate ions resulted in charge reversal from

net positive to negative charge and decrease in pH of the

the net chargeto balance the soilon
Hings tonco 1 loids (Breesma and Lyklema, 1973 ; al. .e t

1978; 1980; Sanchez1974 ; and Uehara. Stoop, andWann
1981; Anne Lewis-Russ.1980; Uehara and Gillman,Uehara,

1991 ) .

of lowering of the ZPC among three soilst heThe extent
inRhodic Kandiustox and lowestinwas highest the t he

This corresponded to the 1 owe rTypic Haplustox. contents
Rhodicof i ron aluminium oxides in Kandiustoxand the

2) .(Tablecompared Typic Haplustoxthe Theseto
observat ions v i ews o fwith the and Uehara,Wannagree
(1978), Greenland and Mott (1978), Stoop (1980), Uehara

suspensions so as

retained P on
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and Gi1 Iman ( 1981) and Gi1 Iman ( 1985 ) that ofpresence
organ i c i norgan i cand vari ab 1 e charge materials, for
example the iron and aluminium oxides increases the ZPC of

soils, whereas permanently charged materials and organic

and inorganic anions, for example, and organic

radicals lowers the ZPC of soils. The ZPC of the Fe,0 and2 1

7.5 to 9.5, respectively (Parks, 1965, Greenland and Mott,

1978). However, ZPC values willtheir influences on soil
we ight ingrelative proport ionthe anda 1 so depend on

effects of other permanently charged materials.

The zero point of charge values of the three soils at zero
indicating that the soils wereP treatment were above 3.5,

ZPC value ofdominated by variable charge materials. The

(1965)the minimum value suggested by Parks andis3.5
soils dominatedfor by VCS(1981 )Gi1 ImanandL'ehara

for soils dominated bymaximum valuesminerals and
permanent charge soil mineral colloids.

for the determination of the ZPC of
s imi1 ar7b)and and(Appendix 6b5b,soilst he we r e

reported by other workers (Vanclosely similar to those
1978) for similar1972; Wann and Uehara,Raij and Peech,

The resemblance of the curves of the studied soilssoils.

ai203 ,

po4 , Sio/'

for example were approximated to be 6.5 to S.O and

The titration curves



88
is an indication that the three soils had almost s imi1 ar
properties and the mechanisms of lowering ZPC in the soils

a 1 so s imilar. The t i trat ion for the threewere curves
soils were influenced by the pH and ionic concentration of

equilibrating solutions (Appendix 5a,the and 7a) .6a
These of factorsthe influenceknown thetoare some
charge on the soil colloids (Bowden et al.. 1980; Wann and
Uehara, 1978; L’ehara and Gillman, 1981; Anne Lewis-Russ,

1991) .

Management Implications of the Results4.6
Obtained from the Study

the soilsThe results obtained in the study indicate that
dominated by variable1 eached,highly weathered andare

f raction part icu1 ar 1 yi n t he claymineralscharge
kaolinite and iron and aluminium oxides and hydrous oxides

2 and 3).(Table 1,

low fertility status attributedthree soils have toThe
low base saturation and high P fixationlow soil acidity,

(Table 1 and Appendix lb, 2b and 3b). Addition of P to the
effectspos i t ive thehavesoils proved to some on

It inhanced the soil pH byfertility status of the soils.
maximum of 0.1 pH unit. Concerning the CEC, considerablea

increases (55 to 103%) were recorded.
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The surface charge characteristics of soils are of central
importance in soil management because the majority of the

reactions that controls nutrients availability and many of

phys i ca1soi 1 propert i esthe dependent theare upon
physico-chemical that take place at so i 1theprocesses

surfaces. Soilpart icle is important chemi ca1pH an

it determines the surface charge of the soilproperty as
colloids. Therefore, the correct manipulation of the soil

for the proper management of such soils.pH is crucial

The VCS are known to have high net positive surface charge
large amounts oflow pH values and therefore,density at

bufferingthe highrequ i redwou 1 d beP to counteract

effects of such soils and bring a reasonable increases in
the actual amounts of P required topH and CEC. However,

be reducedsoils cou 1 dof theandraise the CECpH
fertilizer is banded rather thansubstantially if the P

bandevidence thatsubstant ialisTherebroadcasted.

application of P fertilizers is superior to broadcasting

Banding i s1983).Russe 1 1 ,1934;(S 1 eight al. ,e t

hencethe soil-fertilizer contact,reduce

soil colloids.of P fixation by thelimiting the extent

the andcloser tofert i1izer roots,Banding places the
to the plantthe diffuson pathway of the P ionsshorten

roots.

considered to
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Banding of P fertilizers also reduces the actual amount s
of fertilizer required per hectare since fert i 1 izert he
granules near the roots dissolves and resu1t into Pcan
concentrations of about 4 to 4.5 moles/kg soil (Lindsay
and Stephenson, 1959).

of ofThough expensive, applicat ions high Prates
fert i1i zers to high P fixing soils could havethe some

effects ofof high residualadvantages because the P
fertilizers. the high PA high initial P application to
fixing soils (amendment application) followed by seasonal

(maintance application) have been provedsma 1 1 doses to

for ofyields numbergood continuous cropsuppor t a

1970; Sanchez and Uehara. 19S0;years (Fox and Kamprath.
1981).Uehara and Gillman,

Adoption of the above mentioned management stratergies for

low fertilityfixation capacities andsoils with high P
status like the VCS could be more successful if the use of

and/orsilicate organiccalcium1 ime
matter are also included in the management packages. When

and P fertilizers are used together
aluminium increaseexchangeab1e and1 owe r t het heto

negative charge on the soil colloids the combined effects

modest amounts of CaCO,

(CaSiO4 )(CaCOj) ,

of the two materials would be even higher and relatively
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less expens i ve (Smith andthan separate 1ywhen used

Sanchez, of19S0; kindThisMa and 1991).Takahashi,

successfulforstratergy has bas i sbeen themanagement
agriculture in Hawai i Ox iso IsBraz i 1and where are
dominant (Uehara and Gillman, 1981). Results would be even

is used together
fert i1i zers, si 1 icatew i t h because the hasP group a

stronger effect on the surface charge of VCS than PO, andi

retent ion displacing f rom thebyreduce Pcan
1991) . effects(Ma and Takahashi, Thesitesretent ion

appliedif organic i senhanced matterwould also be
(Sanchez, Gi1 Iman,fert i1izers 1976:w i t htogether P

effectssimilar 1 ike t heOrganic radicals have1985).
the surface charge of the VCS and couldsilicate ions on

therefore reduce P retention.

rather than CaCO,more superior if CaSiO^

PO/‘
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5. SUMMARY AND CONCLUSIONS

Highly weathered soils from Tanga, Tanzania were selected
for effects ofthe study of phosphate retention and t he

ZPC ofAEC andadded and retained P on thethe pH, CEC,
soils. f rom M1 i ngano, Mlesa andThe soilsthree

class i f ied RhodicMar iki tanda, districtMuheza aswe r e
Typ i c Hap lustox,Kand i ustox, Rhod i c Haplustox and

the profile descriptions and t herespectively based on
phys i co-chemica1 properties of the soils.

capac i t i essoils high P retentionhaveThe three very
P/kg.from high re tent ionranging 1000-1400 The pmg

of soils at tr ibuted the highcapac i t i es t he towere
contents of the variable charge mineral col 1o i ds, name 1y
iron and aluminium oxides and hydrous oxides and kaolinite

in the soils.present

The amounts of P retained by the soils and the equilibrium
increased with levels of addedP concentrations the and

while the rate of P retention decreased withretained P,
ofincreas ing levels added and retainedt he TheseP.

phenomena indicate that the VCS colloids have many sites
for P retention and the retention sites become gradually

with i s intosaturated addedP P the soils.as more
Gradual saturation of the retention sites through non-
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specific and specific reaction mechanism resulted in the

neutralization of the positive charges and surface charge

reversal from positive to negative. Further addition of P

led repulsion ions,to t he phosphate decreasedamong
affinity of col loid surface for therefore,the andP

increased the soil solution P concentrations.

The P adsorption data did not conform to the Langmuir and
for theFrendlich equation models. The probable reasons

that the assumptions underlyingnon-conformity could be

factors andall t hethe equations could not encompass
t he soils. Theaf feet ing retent ion bymechanisms P

useful for phosphate dataequat ions becou 1 d

interpretation only at P concentrations below 10 mg P/l.

similar andthe three soils were closeThe isotherms for
indicate s imilarthatphenomena PTheeach other.to

retention mechanisms were operating in the three soils and

the P retention characteristics of three soilsthe we r e

less s imilarsoils hadt hes imilar because amore or
phys i co-chemi ca1compos i t ion and theirmineralogica1

much different from each other. Theproperties were not
Langmuir equation model was taken as a better equation to

Freundlich equation model because the P adsorptionthe
maxima values were more realistic and comperable to other
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results obtained for soils similar the soils used i nto
this study.

The addition and retention of P by soils increasedthe

their pH values by units The increasesless than 0.4. in
of the soils specif i cpH attributed 1igandtowe r e

exchange mechanisms, whereby phosphate exchanges with the

the surfaces of i ronaquo and hydroxo groups present on

and aluminium oxides and hydrous oxides and on the basal,
of silicates,p 1 anar broken edges the layerand

particularly kaolinite.

The Rhodic Haplustox gave the highest increases in pH due

in the VCS colloids and 1 owe r pHits higher contentsto
forincrease obtained t he Typ i c1 owes tva1ues. The pH

its higher initial pHattributed to valueHaplustox was
oft heposs ib ly due 1 owe r(4.70) and to presence

the colloidsproportions of hydroxo VCSt he group on

compared to the aquo groups.

retention of P by the soils considerablyAdd it ions and

increased their CEC and decreased their AEC lesserto a
in CEC and decreases in AEC ofextent. The increases the

non-spec i f icattributed spec i f i candsoils towere
exchange reaction mechanisms between phosphate and the
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aquo and hydroxo groups and other anions present
soil colloids. The increase in CEC of the three soils we r e

equal 0.08 c.mole/mMole The Rhod i cto P.on average
Kand ius tox the highest increases i n probablyCECgave
because of init ial1 owe r organ i candCEC matter
contents. The Rhodic Haplustox gave the smallest i ncrease
in CEC. This could be to its lower initial pH value.

retent ion of so i IsThe addi t ions by t heand P
significantly lowered their ZPC values. The effects of P
on the ZPC of the soils were also thought to be attributed

react ion mechani sms betweenspecific exchanget heto

phosphate ions and the VCS colloids. The lower ZPC values
of the Rhodic Kandiustox were attributed to its relatively
low contents of the VCS mineral colloids namely iron and
aluminium oxides compared to the other soils. The higher

related fr hothe Typic Haplustoxof tovaluesZPC we r e
higher contents of these minerals.

The result obtained from the study indicate that the three
fertilitylow andf rom statussoils haveTanga very

need careful soil fertility management andtherefore,

conservation practices so as to make them more sustainable

for crop production. The low fertility status of the soils

low CEC, high contents ofwas attributed to low pH values,

on the
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mineralsVCS and high retention capac i ties. TheP

fertility status of the soils could, therefore, be raised
by manipulating the surface charge of the soil colloids
through applications of adequate amounts of P fertilizers

quench f ixat ion/the retention sites (amendmen tto P
application) and increase the net negative charge on the
soil colloids.

soilsThe amounts of P fertilizers required to amend the
could be reduced substantially if the P fertilizers are

wh i chis suggested therefore, thatbanded. It
would be incurred to amend the soils through P fertilizers

application could also be minimized substantially if other

1imingorganic andsuch mattersoi 1 amendments as
together with Pmaterials

fertilizers.
and CaSiOjlike CaCOj are used

the costs
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APPENDICES

Appendix la: Soil profile description 1no.
Locat ion: Mlingano Agricultural Research Institute. Muheza
district.
Landform: Broad ridge crest in dissected peneplain.
Parent material: Gneiss.
Relief: Rolling to undulating.
S1 ope: 1%.
Type of slope: Linear.

Lenght of slope: About 1 km.

Position on the slope: Ridge cres l .

A 11 i tude: 183 m.

Di f ferent species of shrubsVege tat ion: {Lantanatrees,

Camara) grasses (Hvperrhenia rufa).

Sisal plantation with grasses under growth.Land use:

Brief description of the soils: Very deep well drained, dark
clayey topsoil over clayey subsoil.strongly acid.red,

Rhod i cFerra1 so I 19SS)Rhod i c (FAO,C1 ass i f icat ion: or
Kandiustox (Soil Survey Staff, 1990) .

S Apr i1, 1992.Date:
Authors: Banzi, F., Kimaro. R. and Assenga, R.H.
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Appendix 1(a) continued
Ap

( 5YRdark redd i sh brown 3/3 , moist); c1 ay:0-13 cm:
f i ne subangu1 ar blocky friable whenmoderate, structure;

slightly sticky and slightly plastic when wet; manymoist;
fine: f ewmed ium medium andfine and pores; manycommon

clear wavy boundary,coarse roots;
BA

moist):redd i sh brown (2.5 YR 3/4.dark13-23 cm:
moderate and medium subangular blocky structure: friable when

slightly plastic when wet:moist; slightly sticky and many
common fine, few medium roots:

clear and smooth boundary,
Bui

moist):3/4. clay:dark redd i sh brown (2.5 YR
moderate and medium subangular blocky structure: friable when

slightly sticky and slightly plastic when wet:moist; ms n v
few medium pores; common fine and few mediumcommon and fine;

clear and smooth boundary,roo t s;
Bu2
70-102 cm: dark red (2.5 YR 3/6, moist): clay; moderate fine
subangu1 ar f riable whenblocky moist:structure; very
slightly sticky and plastic when wet; fine and f ewcommon
medium pores: common fine roots; diffuse smooth boundary.

common fine; few medium pores;

28-70 cm:



122
Bu3
142-170 cm: dark red (2.5 YR 3/6. moist): clay: moderate fine
subangu1 ar moist:friable whenblocky s t ructure; very
slight U' sticky and slightly plastic when wet; many fine and
few medium pores; common fine roots.
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The physico-chemical properties for theAppendix lb:
Rhodic Kandiustox

Soil Horizon BAAp Bui Bu2 Bu3
charact. 13-28 28-70Depth(cm) 0-13 70-102 102-1/0
Texture:

Clay 45 55 56% 5860
Silt 24 4 4 4

fine sandV. 44 44 □

Fine sand 13 1 1 10 10 1 i
1 7Medium sand 13 ) 1 1 1 1 2

Coarse sand 15 1 2 1 1 9 9
V. 32sand 14 • /coarse
Texture class clay s. clay clay c lay c 1 a >s .

5. 1 5.2 ;> . i 1 . 8 I . X
4 . 3 4 • 14.0 4 . 14 . t

5.2 4 . 4 4 . 1 I . 0 i . 1
1 . 90 0.53 0.5:>1 . 9 3 0 . :> 2%

Total nitrogen 0.17 0.07% 0.10 0.06 0.08
C/N ratio 11 10 9 8 8
Available P (mg/kg) 1.8 1 . 3 1 . 0 t racet race

7 . 1 4 3.68i c.mo 1e/kg ) 3.70 i . 60 i . • 0
0.57 0.35 0.38 •J . 4 30 . to

-Magnesium 0.130.38 0.14 0.120.20
-Potassium U . 040.26 0.08 <1.0 n0.08
-Sodium 0.03 0.030.11 0.020.03

1.21acid.Exch. 0.07 0.91 1 . 240.52
Exch. Al 3 + 1.081.140.01 0.32 0.71

0.13Hydrogen 0.06 0.100.2 0.20
Effective CEC 1 . 96 1 .53 2.08 2.001.18
Base saturation 1 518 1 6 1 8% ! :•
Al 3 + saturation % 25... .__..... _____ Id — .43

CEC (NHjOAc.
-Calc i urn

pH-H.,0 
pH- KC1
pH-CaCl.
Organic carbon
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Appendix 2a: Soil profile description no. 2
Location: Mlesa village - Muheza. district.
Landform: Summits of mountain block.
Parent material: Gneiss.
Relief: Hilly to mountain.
Slope: 38%.

facing south-wards.
Length of slope: 500 m.

Natural vegetation: trees of different species, banana, sugar
cane and varied food crops.

Intensive mixed cropping.Land use:
darkwe 1 1 drained,Brief description of soils:t he Deep,

tcposoi1sandyacid. c 1 aystronglyredd i sh brown, over
reddish-yellow clayey subsoil.

Rhodic(FAO. 1 .z «_/ IHap 1ic Fer ra1 so 1Classification: or
Haplustox (Soil Survey Staff. 1990 1 .

and Assenga. R.H.F. Kimaro,F. Banz i, R.Authors:
1QO1 1 AZ •5 April,Date:

Position on slope: Middle slope,

Altitude: S90 m.
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Appendix 2(a) continued
Ap
0-10 dark brown (7.5 YRcm: moist): sandy clay;
moderate, medium and fine subangu1 ar blocky structure;
friable when moist; slightly sticky and slightl plastic when
wet; very many fine, medium and coarse pores; many very fine
and medium; few coarse roots; gradual and smooth boundary,
AB

10-35 cm: dark reddish brown (3.5YR 3/6, moist); sandy clay:

friable when

many

fine and medium, few coarse pores; many fine and few medium

and coarse roots; gradual and smooth boundary,

Bws 1

reddish brown (5 YR 3/4. moist); clay; moderate,36-6S cm:

very friablemedium and coarse subangular blocky structure:
slightly sticky and slightly plastic when wet:when moist;

few medium andmedium and roots;coarsemany
gradual and smooth boundary

Bws 2

yellowish red (5 YR 5/8, moist); clay; moderate,69-135 cm:

subangular blocky structure;coarse

slightly sticky and slightly plastic when wet; finemany

pores; very few fine roots; clear and smooth boundary.

very weak when moist;

moist; slightly sticky and slightly plastic when wet;

fine pores;

moderate, medium subangular blocky structure;
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Appendix 2b: The physico-chemical properties for the

Rhodic Haplustox
Soil Horizon AB BwslAp Bws2
characteristic Depth (cm) 0-10 10-35 69-13536-68
Textu re :

% I 1 4 1Clay 40 39
Silt 14 14 1 2 14

fine sand 6 6V. i i

12Fine sand 12 12] 4
11Medium sand 1 1 1212

Coarse sand 10 1 2 1 1 10
V . sand 4 3 ucoarse
Texture class clay s.clay s . clay clays. s.

4 . 7 1.8 4 . b<1 .8
I . 24 . 2 4 . 1 I . 2

4.0 4.0pH -CaCl 1.0 4.0
2.51 1.81 1 .22 1 . 08%Organic carbon
0.21 0.10 0.08Total nitrogen 0.13%

1 3C/N ratio 12 14 12
0.71 1 . 3Available P (mg/kgl 2

5 . 79 1.73 b . 1 16.88
0.580.35 0.46(c.mol/kg) 0.63Exch .

0.150.17 0.130.14Magnes i urn
0.080.38 0.300.32Potass ium

0.15 0.15 0.12 0.03Sodium
0.720.75 1.121.16Exch . acidity:
0.560.88II 0.47 0.93Aluminium

0.24 0.160.28 0.23Hydrogen
2.15 1 . 542.122.08Effective CEC

1 61 6 *19%
7 1116 19saturation.

CEC ( NH^OAc . ( c . mole/kg ) 
calcium

Base saturation 
Al3’

pH -H,0
pH -KC1
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Landform: Mountain summit.
Parent material: Gneiss.
Relief: Hilly to mountain.
Slope: 40-50%.
Length of slope: 450 m, facing south-east.
Type of slope: Linear.
Position on slope; Middle slope.

Vegetation: Trees and grasses of different species.
Landuse: Tea plantation
Brief description of drained,soils: we 1 1the Very deep,
strongly acidic, sandy clay topsoil over clayey subsoil.

(FAO, 19SS) TypicHaplic Ferra1 so 1Cl ass i f i cat ion: r* f- A

Survey Staff, 1990).Haplustox (Soil
F., Kimaro. and Assenga, R.H.Banz i,Authors: R.
1992.

Location: Marikitanda village -Muheza district.

Date: 6 Apr i1,

Appendix 3a: Soil profile description no. 3

Altitude: 920 m.
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Appendix 3(a) continued

Ap
dark reddish brown (5YR 2.5/2, moist); sandy clay:0-20 cm:

moderate, medium to fine subangular blocky structure slightly
when moist; slightly s t i ckyfriable andhard dry;when

slightly plastic when wet; many fine, common medium and few
fine few medium and few coarse roots;commoncoarse pores;

clear and smooth boundary,
AB

dark reddish bkrown ( 5YR 3/3, moist); sandy clay:20-56cm:
weak, medium subangular blocky structure; friable when moist;

many fine.sticky and plastic when wet;
many fine, few medium and coarse roots; clearcoarse pores;

smooth boundary,
Bwsl
60-S5 cm: yellowish red (3.5 YR 4/6, moist);
fine subangular blocky; friable when slightlymoist;very
sticky and slightly plastic when wet, many very fine and few
med i urn fine, f ew f ewmedium andpores; many very coarse
roots; gradual and smooth boundary,
Bws 2
85-103 cm: yellowish red (3.5 YR 4/6. moist); clay; weak.
medium and fine subangular blocky friables t rueture : very
when moist; sticky and plastic when wet; few medium and many

clay; weak and

few medium, and few
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boundary.

very fine pores; common, very fine roots; gradual and smooth
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Appendix 3b: The physico-chemical properties for

the Typic Haplustox
Soil Horizon Ap AB Bwsl Bws2
character. Depth (cm) 0-20 20-56 60-34 66-103
Texture :

Clay 5038% 52 56
Silt 15 14 13 10

5 5V. fine sand 6 6
12 9Fine sand 99
11 10Medium sand ai

9 812 8Coarse sand
166V. coarse sand o

clayc 1 a ys. clayTexture class clay
5.85.5 o . 25. 2

4 . 5 4.6I . 34.9
4 .5 4.24 . 44.9

0.7 !1 . 1 7 1 . 043.70%
0.080.120.150.36Total nitrogen
QU10 8C/N ratio

1 . 7 21 .52.0Available P (mg/kg)
« . ou8.2111.9(c.mole/kg I

0.482.oo1.462.24Exch.
0.70 0.1 o0.2 70.88-Magnesium

0.020.090.33 0 . U t-Potassium
0 . 050.070.080.21-Sod i urn
1.120.230.3 j0.13acid.Exch.
0.80.090.180-Aluminium
0.320.140.160.13-Hydrogen
1.803.642.123.79Effective CEC

1 3352330%
15120%

pH- H.,0 
pH -KCi

saturat i on

CEC (NH^OAc.
calcium

Base saturation 
Al3<

pH- (ail., u
Organic carbon
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Appendix 4a: Data for the zero point charge for the Khodic

Kandiustox at different levels of added phosphate,

pH and ionic concentration

H /OH- added (c.Mole/kg soil)P added

(mg/kg)(moles) 10.0 7.5 5.0 2.5 1.25 0 1.25 7.52.5 5.0

pH

0 0.02 2.31 2.68 3.06 3.74 4.U4 4.42 5.57 6.30 7.63 8.25

0.20 2.48 2.76 3.12 3.74 3.79 4.47 5.43 5.92 6.95 7.53

100 0.02 2.61 2.96 3.18 3.86 3.97 4.55 5.52 6.28 7.39 7.84

2.62 2.98 3.42 3.68 3.90 5.53 5.40 5.87 6.62 7.070.20

2.63 2.90 3.13 3.88 3.92 i.46 5.aU 6.2« >.06 «. 96400 0.02

2.58 2.96 3.43 3.64 3.96 4.26 4.98 5.42 6.51 7.200.20

2.71 3.13 3.38 3.78 3.96 4.77 a.6U a. 79 6.94 i. 40800 0.02

2.82 2.98 3.23 3.63 3.98 4.50 5.14 5.57 6.26 6.890.20

6.39 7 .;?62.68 2.90 3.20 3.70 3.99 4.53 O.al b.U;1200 0.02

2.88 2.92 3.22 3.40 3.76 4.25 4.80 5.3a 6.23 6.950.20

2.70 2.88 3.08 3.48 3.94 4.42 5.28 5.<8 6.2a 6.861600 0.02
2.57 2.69 2.97 3.20 3.73 4.13 4.80 5.22 5.83 5.910.20

CaClj
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Appendix 5a: Data for the zero point charge lor the

Rhodic Haplustox at different levels of added

P added

(mg/kg)(moles) 7.5 5.0 2.5 1.25 1.25 5.0 7.50 25

pH

0 2.70 2.90 3.41 3.73 3.91 4.32 5.04 5.43 6.34 6.800.02

0.20 2.75 3.05 3.32 3.75 3.74 4.27 4.85 5.22 5.86 6.36

2.79 2.98 3.25 3.75 3.93 4.52 5.07 5.48 6.36 6.«7100 0.02

2.78 3.07 3.30 3.64 3.92 4.27 4.86 5.13 5.84 6.250.20

400 2.86 3.00 3.27 3.66 3.85 4.50 4.97 5.50 6.11 6.660.02

2.80 2.99 3.21 3.56 3.86 4.26 4.84 5.05 5.79 6.150.20

2.88 3.02 3.27 3. /0 4.01 4.59 5.11 3.0J 6.3b 6.18800 0.02

2.83 3.08 3.15 3.50 3.76 4.24 4.69 5.03 5.62 C. 140.20

.33 6.20 6.OU2.88 3.07 3.29 3.74 4.09 4.60 5.U61200 0.02

2.89 3.07 3.19 3.58 3.85 4.20 4.63 5.00 5.40 5.980.20

2.90 3.08 3.33 3.72 4.13 4.66 5.U4 .>.38 6.U0 6.481600 0.02

2.91 2.96 3.18 3.55 3.89 4.21 4.62 4.94 5.33 5.860.20

phosphate, pH and ionic concentration______
Hf/OH- added (c.Mole/kg soil)CaClj

10.0
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'00 rag P/kg0 mg P

-5-0 -

0

*2-5

-SO -

♦7-S -

"IGO -

-17S

800 mg P/kg400 mg PI kg-7-5

0o

• >0-0

♦ 17-5
1600 mg P/kg

-7-5
1? OOmg P/kg

-5-0

» 7-5

0

• 7-5

• 5-0

«?S

♦ 1(H)

%°H ’ 9S 6 77 S 61 6 7 74 •37 4

at different levels of added PEffectAppendix 5b:

♦ 12 s L
>

5 -5 0
VI

" - 7-5

on the Z PC Rhcdk Heplustox

o * SO

i »25
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Appendix 6a: Data for the zero point charge for the

Typic Haplustox at different levels of added

P added

2.510.0 5.0 2.5 1.25 5.0 7.57.5 0 1.25

pH

0 2.68 3.28 3.29 3.78 4.10 4.77 5.38 5.83 6.52 7.050.02

2.65 2.92 3.28 3.72 3.98 4.60 5.10 5.64 6.12 6.480.20

2.73 3.00 3.28 3.82 4.16 4.70 5.36 b.80 6.53 0.9*3100 0.02

2.78 2.97 3.21 3.69 3.88 4.58 5.05 5.52 6.10 6.390.20

2.76 3.01 3.32 3.82 4.20 4.70 5.35 5.77 6.56 6.980.02400

2.80 3.00 3.23 3.65 3.88 4.60 5.00 5.40 6.05 6.350.20

2.92 3.03 3.36 3.85 4.40 1.76 3.22 3.67 6.JU b.8U800 0.02

2.83 3.00 3.22 3.66 3.98 4.52 4.96 5.32 5.82 6.240.20

2.87 3.09 3.41 3.93 4.4 4 4.79 5.33 5.62 6.23 t>. »60.021200

2.84 3.01 3.22 3.71 4.03 4.50 4.93 5.28 5.76 6.120.20

2.92 3.14 3.44 1.14 4.40 4.78 3.39 3.61 6.12 6. • 11600 0.02

2.87 3.01 3.23 3.78 4.10 4.42 4.89 5.14 5.64 6.050.20

phosphate, pH and ionic concentration______
H*/OH- added (c.Mole/kg soil)CaCl2 

(mg/kg)(moles)
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