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abstract

Two virgin soils, a Haplustox with appreciable amounts
of kaolinite, amorphous ferrialunino silicate (ATAS), and

for this project. Phosphate sorption in these soils were
investigated with respect to length of equilibration, initial
solution concentration and pH, organic natter content, and
amount and nature of extractants. It was also attempted to
assess the equilibrium-? required for near maximum growth of

vulgaris L, var Canadian wonder) in the greenhouse.

With respect to the length of equili' ration, rapid P
sorption was observed initially in both the soils but near
equilibrium condition was obtained only after 24 hours. The
magnitude of sorbed-? increased with increasing initial P
concentration in the equilibrating solution. The initial solution
pH had no effect on P sorption. Destruction of organic natter
led to over three fold increase in P sorption in both the
soils.

oxides and liydrous oxides of iron, and a Vitrandept dominant 
in ADAS with very little crystalline minerals, were chosen

maize (Zea nays L. vor. Ilonga composite) end bean (Phaseplus
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or-ILL lor.solution.
or OH ion.

Studios in t'no greenhouse showed that dry matter yield}

percent P in plant tissues and total P uptake for both the
crops gro'.n on either soil increased with increasing oquilib-
rivje~P up to certain concentration beyond which these parameters

On the H&plustox soil. 95 percenttended to reach a plateau.
of the maximum rnise yield was obtained ar on adjusted P ccncG—

obtained at 9.5 •■nd
Pro.- economicVitrandept ar/ T .-.plustox soils, rc-sp'ctively.

considerations
than that required for 95 percent of the mazzimuni yi. Id is
surgested.

Volumes of water, 1,1— 0
desorbed more P than the 170~ 0

g 1/ml adjusted P concentration in the

ntrntion of 9.7 P/ml while 2.6 jpg P/ml was odocuate on the
Vitrondept soil. ‘.‘-or been, 95 percent of the i^.onmum yield was

Ths arzount of desorbed-P increased with increasing 
2- •fhe -:C .4

, hovze-ver. an adjusted P concentre, cion lower
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INTRODUCTION

appropriate to describe the process of retention oi' r.on-

surfaces in soils.
to describe retention of specifically adsorbed anions such
as phosphate because both adsorption and absorption processes

The term "sorption" as sugge-are suspected to be involved.
sted by 'icBain (quoted by Bikerman, 1958) has, therefore,
been used throughout this thesis to describe the phosphate
retention in the experimental soils*

Uriyo and Kesseba. (1975, 1975) have done extensive work
on amounts and distribution of various forms of P in

/'Iso- they (1972, 197?) have attempted tcTanzanian soils.
modify the method of Chang and Jackson (1957) for fractionation
of P to suit the soils of Tanzania, Phosphate sorption
characteristics of Tanzanian soils, however, have .never been
inve stigatcd,

P.'hcsphnte sorption reactions in tropical soils, espe­
cially the highly weathered ones, are of significance as
they affect the concentration of P in soil solution ("intensity"
of P nutrition) and the .■mount of 2 retained on the colloidal
surfaces ("capacity" for P nutrition). Such soils usually
possess a large number of positive charges, and, particularly
under acidic conditions, therefore, liave opportunities for

specifically adsorbed anions such as HOZ or Cl** on colloidal b
however, it is misappropriate if employed

•he ter 1 "tdsorption" — accumulation on surface - is
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In fact, Poxligand exchange on their extensive surfaces.
ot al. (1968) demonstrated that phosphate sorption noxima
for highly weathered tropical soils from Hawaii were 10-20
times greater than those usually reported for the temperate
sone soils.

Studies with the tropical soils from liawaii (Pox ot ■-JL.,

la??)^ and Sierra Leone (Rhodes, 1975) have shown that
phosphate sorption in these soils is affected by such
factors as solution 2 conoentx’otion, soil or equilibrating

and contents of organic matter and silica-
Those factors influence both the intensity of

and capacity for P nutrition in the; soil. Effects of some
of those factors on? sorption characteristics of the
Tanzanian soils warrant investigation.

Several theories hr-vo been proposed in the past to
describe the mechanisms of phosphate sorption in soils based
on investigations under simulated field conditions using
synthetic colloidal materials. the work
of Rajan and Porrott (1975) involving synthetic alumino­
silicate gels deserves mention. According to them, phosphate

1974; Rajan and Pox, 1972; Rajan, 1975; Silva and Fox,
1975), Piji Islands (Chee et al.,

solution pH,

In this respect,

s e qxii oxid os*

1974; Nishimoto e~u al. f

1978), Papua r-jv.- Guinea (Parfitt and Ltavo, 1975; Parfitt,

1971,
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In fact, the

arising from disruption of hydroxy aluminium polymers and (ii)

mechanisms of P sorption in Tanzanian soils may help in
manipulating the egroteciinology to keep most of the applied
P in soil solution for maximum utilisation by plants.

Majority of the highly weathered soils and those derived
from volcanic ash are deficient in P; therefore, they need to

This would require a careful assessment of thebo fertilised.
amount of P to be applied to these soils for economic crop
yield.. Phosphate sorption isotherm nay be useful in this
respect because it takes into account both the intensity and

Silva and Fox (1974) pointed out that thecapacity factors.
use of sorption isovheni for estimating P requireLsnt my
reduce the amount and incrcas;: the efficiency of P fertili­
sation because the method. takes into account the ability of
a soil to sorb and uainta.in P in soil solution. The anount
of P sorbed by a soil at an equilibrium. P concentration

by displacement of structural silicate.- Exchange of phosphate 
2- 
4 1 

reactive sites is also possible.
Cl”, and KO”, retained on highly

A knowledge of possible
with anions, suck ns SO

exchanges mainly with aquo (Al—HgO)+ and hydroxo OH) 

ligands at concentrations below 10 jinole/ml.
ligands exchanged oarer aquo (—HgO) and hydroxo (-CH) groups, 
and not (Al—HgO)+ and (A1-OH)° as mentioned by Rajan and Porrott 
(1975). At higher concentrations, P is sorbed (i) on sites
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associated with any given yield is on estimate of the P requ-
and :'ox, 1972). The equilibrium

P concentration is expected to vary from soil to soil and from
Beck.’/ith (1965), working with hu.ic gley, pod­crop to crop.

zolic, Kraznozem and lateritic red earth soils from South-East
Quensland (Australia) reported an equilibrium concentration of
0.2 ppn P for optimum growth of most plants. Silva and Eox
(1974) reported that maize required 0.06 ppn equilibrium—?
concentration to attain 95 pe-xent of the maximum yield while
sweet potatoes and lettuce needed 0.1 and 0.04 ppm P, respe­
ctively.

Hi view of the above, the project was undertaken with
the following major obj.ctivos:

1. To study phosphate sorption in the Vitrondept and
Haplustox soils as effected by:

(i) length of aquilib.ra.tion,
(11) initial ? concentration in the equilibrating

solution,
(iii) initial pH of the equilibrating solution, and
(lv) destruction of organic matter.

To investigate the effect of amount and nature of2.
extractants on desorption of sorbed—P

To predict external. P requirorxnt of maize Zea nays L.
vnr. Ilonga composite) and bean (Phaseplus vulgaris L,

irement for that yield (Rajan

var. Canadian wonder) using P sorption isotherms.
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REVIEW OF LITERATURE

Extensive information is available on phosphate
sorption in pure clay minerals and in temperate soils* But
relatively little work lias be..n done on this aspect with
tropical soils and virtually nothing with Tanzanian soils*
In the following sections, efforts have been nado to review
critically sone of the past reports on phosphate sorption,
particularly those with respect to tropical soils.

Effect of Length of Equilibration on Phosphate Sorption
Phosphate sorption reaction in soils is invariably fast

initially and slows down later to the extent that near
complete equilibration state -ray take several days or weeks.
For instance, Fox and ilar.prath (1970), working with Ultisol
and Histosol soils from Central and Eastern North Carolina,
and Rajan and Fox (1972), with calcareous and latosol soils
from India and Hawaii, were able to obtain a reasonably stable
level of P in soil solution only after 6 days of equilibration.
The fact thot ?. long period of equilibration is needed to attain
equilibrium is important from view point of phosphate fertili-

1’unns andzation as i? gives an ide?, of the residual effect.
Fox (1976) while investigating ti e slow reaction -which conti­
nued during the process of phosphate sorption, observed that
equilibrium was achieved in 50 days in on Andept and as much
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as 100-120 days in They estimated labileOxisol soils.
phosphate in order of 30-50 percent of what was aided. This
implies that there may be substantial residual effect .
applied P which is likely to be permanent except for removal
by crops end erosion.

Substantially long period required to attain equilib­
rium during phosphate sorption could be attributed to the

Severalnature of reactions taking part in the process.
1966 ; Hyden and Syers

1977) working ’(ininly with synthetic materials suggested that
the first fast phosphate sorption reaction is essentially a
physical precess that transports phosphate ions from the
outer solution (equilibrating solution) to the colloidal

this process occurred
within the first day.Ryden and Syerp (1977),however, obser­
ved that the fast reaction with soil and iron gel took 48
hours and this was followed by a slow reaction between 48 and.

192 hours. But in synthetic goethite, the equilibrium
The second reaction subsequentwas z-eachcd within 48 hours.

to the initially fast physical process is essentially a
chemisorption which involves diffusion of P into either
structurally porous soil colloidal material or colloidal
impe rfe c ti ons.

■•cording to Bnche (1963),

workers (Bnche. 1963; Iktljadi at al.,
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Duration of the above mentioned phosphate somtion
processes depends on pH of the system, solution/solid ratio
and mineralogy of the adsorbent material. Equilibrium is
achieved i’rirly rapidly at low solution/solid ratio r.'.d low

In his study with synthetic variscite and strengite,pH..
Bachc (1963) postulated tint equilibrium is established
fairly rapidly at low pH us well as at low solution/solid

The reason given was that at low pH the solventratio.
action on the mineral releases both metal and. phosphate ions

thereby, creates crystal imperfections and
v.-hore oneexposes underlying layers.

of the reaction products is almost insoluble, the underlying
layers uro protected and the reaction may continue at a very
slow rate for a long time.

As far as routine analysis is concerned, it is not
Rhodespractical to equilibrate soils for a long time.

(1975) felt that equilibrating soils for several days was
Hounnecessary for liighly weathered soils of Sierra Leone.

suggested that continuous shaking of a soil sample sieved
through 0,2 urn with added P for 24 hours was adequate to
obtain near complete equilibrium.

Effect of Phosphate Concentration on its Sorption
There is well documented evidence (Clsen and ’7atano.be,

Parfitt, 1977;1975; Ryden ot al., 1977o»

into solution,
At high pH, however,

1957; Rajan and Pox,

7atano.be
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Taylor and Tallis, 1973) to support the statement that
•phosphate sorption increases with its increasing concentre, ti >n

Scic-r. tists (Low and Black, 1950;. Olsen endin the solution.
Watanabe, 1957; Weodiriff end Kamprath, 1965; Rajan, 1975;

1977; Taylor and Ellis, 1973) have tried
to explain the relationship between phosphate sorption and
equilibrium F concentration in terms of the T-angnuir and
Freundlich adsorption models. The- linear form of the Lang­
muir model usually fits the experimental data at low

Rajan (1973) worldLngequilibrium P concentrations only.
with the Hawaiian soils found. that the isotherms of all the

■-tod obeyed the Langmuir equation at concentra—
Similarly, Rhodes (1975) working

with Sierra. Leone soils observed that the Langmuir plot was
approximately linear over a small range of phosphate conce—

in a study with Hawaiian soils, Rajan and Fox (1975)
obtained an abrupt increase in phosphate sorption at high

Parfitt (1977), while workingphosphate concentrotions«
with an Oxisol soil in Papua New Guinea, observed high sorption
affinity at low concentrations and a linear increase in

Further, phosphate wassorption at high concentrations.

when equilibrated, with P solution prepared in 0.01K OaClg
end adjusted to pH 5,5.

soils investigr

strongly sr.rbod up to 7 pnol/g in a sample from A horizon 
and 18 pmol/g in that from B horizon of the Qxisol soil

tions lass than 5 pg P/ml.

ntra+ions in the region of 0-25 pg P/nl.

White -?nd Taylor,
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The increase in P sorption with increasing solution I'
concentration has boon ascribed to the mechanisms involved
in the- sorption at various equilibrium concentrations as well

it is generallyus to the energetics of sorption, reactions.
accepted that the initial fast reaction during P sorption is
of high energy involving transport of ions from the outer
solution (equilibrating solution) to the colloidal surface.
This reaction is mainly physical in nature (Bnche, 1963). The
second reaction which is oven .'-.orc narked at high solution P
concentration is essentially chemical involving the exchange.
of phosphate with anions,such as hydroxyl, silicate and

At high P solutionsulphate retained on the surfaces.
concentration and with time, diffusion of P ions between
surface and interior of the crystal or soil colloids also

place (Snchc, 1963; Ryder, end Syers 1977).takes

section and in the section on mechanisms of phosphate
sorption) and on the kinds of bonds by which phosphate is
linked with J?o and Al atoms on the colloidal surfaces.

(1967) hypothesised that the bond betweenKafknfi et al
nt least partly,

covalent due to the fact that there is a sharing of a

Several hypotheses have been proposed (Kuo and Lotsc,

phosphate and colloidal surfaces is,

1972; Parfitt and Atkinson, 1976; Taylor and Ellis, 1978) on 
the nature of compounds loraed (discussed later in this
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proton with the surface, leaving an additional negative charge
Kuo and Lotse (1972) have proposed another

They believed that the link of phosphate with the
They

suggested that c covalent bend is formed between aluminium. of
the surface and oxygen of phosphate ion, rather than between
aluminium and hydrogen.

Parfitt and Atkinson (1976) while working with wet
synthetic goethite films using infrared spectroscopic
technique demonstrated the formation of a binuclear surface
complex of the type Fe-O-P-C-i'e whereby two of the oxygen

Inion when phosphate reacts with Fe oxide.
their studies with soil and anion exchange resin, Taylcr and
Ellis (1978) postulated a two point attachment of phosphate

This mechanism is elaboratedon the colloidal surface.

Effect of pH of the Equilibrating Solution on Phosphate Sorption
The highly weathered tropical soils arc usually chara­

cterized by surfaces having a constant surface potential
and 0H“ ions which are called potentialdetermined by H

determining ions (van Raij and Peech, 1972), The surfaces
are usually positively charged at low pH which is manife­
sted by the presence of hydrated iron and aluminium oxides.
(White and Taylor, 1977 )•

later in the section on ncclianisms of P sorption.

surface is in effect a surface neutralization reaction.

on HgPO^— grouping, 
hypothesis.

atoms of the phosphate ion ore coordinated, each to a 
3+ diffcrent Fe^



11

1971 )• Studios ('uljndi
et al., 1966; Gebhardt and Coleman, 1974; Chon and Hwang, 1974;
White and Taylor, 1977) have shown a linear increase in phosphate
sorption with decreasing pH. In studios with synthetic kaolinite,
gibbsite and pseudoboehnite, I-Iuljadi et al. (1966) observed that

At high pH, however, hydroxyl ions compete with phosphate ions
for sorption sites resulting in a decline in the magnitude

It was also pointed out that there is an increaseof P so ption.
in the amount of negative charge on the colloidal surfaces at
high pH due to dissociation of edge hydroxyls. This caused
a decrease in the magnitude of phosphate sorption.

Affinity of phosphate for sorption is usually reported
Tills, however, nay notto increase with decreasing pH.

‘./hite and Taylor (1977), 'while workingalways hold true.
with acid soils, found that sorption of P was substantial

•was low

These

phosphate sorption ’..it, i increasing pH at high P concentrations, The

between pH 5.2-5.5 when the phosphate concentration initially 
At the highest P concentration (1000

at low pH pos: tively charged si les are available for P serption.
The H+ ions are potential determining ions at low pH values.

The pH effect is less on sorption of phosphate than othor 
anions such as sulphate (Pox et ol.,

(1-100 yuM P).
yuM P) sorption of T was least between pH 5.2-5.5.
results ere in : greenent with those of Lopez-Hernandea. end
Burnham (1974) ’who observed a significant decrease in
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decrease in sorption was partly attributed to the reduction
of exchangeable nluninium which was found to bo essential for
P sorption.

Effect of Organic Matter on Phosphate Sorption
Conflicting reports are available rega. din;: the effect

of organic ratter on phosphate sorption. So.no workers
1958; Harter, 1969; Singh and Jones. 1976)

showed that addition of -organic matter to a soil increase-.'.
phosphate sorption ‘.virile others (Dalton et al., 1952; Larsen
et al., 1959; Udo and Uzu, 1972; Brown and Loewenstein, 1978)
obtained no correlation or even negative correlation between
organic natter and phosphate sorption.

Organic matter has a protective function in phos -hate
sorption phenomena in acid tropical soils. This statement
nay bo ‘substantiated by the work of Bhat and Bouyor (1968)
who observed that organic ratter decreased phospiiato sorption
in ferruginous but not in illuvial hydromorphic soils in
Senegal,

Darin; their studios on phosphate sorption in Hawaiian
(1971) made interesting observationssoils, Fox et al.

concerning the influence of organic natter on phosphate
sorption. They observed that a recently sampled original

(Williams et al,,

phosphate! sub-soil sorbed much more phosphate then a



13 -

ncn-phosphated sub-soil which had very little fora?a grown
The non?-phosphatcd sub-soil in turn sorbedon it for 12 years.

It was postulated that’■.ore 3? than the unfertilized top soil.
organic anions in the soils were responsible for blocking the
phosphate sorption sites leading to less sorption capacity in
soils which were relatively high in organic £.tter.

linear relationship between phosphate sorption and organic
They attributed the effect as being due tonatter content.

.Forthe presence of Pe and Al particularly in tropical soils.
example, Williams et al. (1958) while studying the effect of
several soil properties on phosphate sorption, argued that
high sorption capacity observed was a result of iron and
aluminium which were present as hunate complexes in the

These hunates were known toorganic fraction of the soils.
sorb a lot of P over a large range of pH in soils ^Mattson

1950 ).

Brown and Loewenstein (1978) obtained highly significant
correlation between organic matter and aluminium sorption but
not phosphate sorption in the volcanic soils of Idaho (U.S.A.),
They argued that due to large exchange capacity of organic
natter and abundance and reactivity of aluminium the organic

et al,,

Several workers (Williams et al^1958; Larsen et al., 

1959; Brown and Loewenstein, 1978) tried to explain the
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matter would be- much more likely to sorb r-ore alur-iniur. than
phosphate ions bsccuot direct sorption of phosphate ions -,n

Larsen et al. (1959) whileorganic matter v.ould be prevented.
studying the effect of Fe, Al and humic acid on phosphate sorp-

observod that addition of Fe and Al
increased phosphate sorption while that of humic acid reduced

In fact, negative sorption of P was observed.it.

Stage of decomposition of the organic natter .also affects
Singh and Jones (1976) observedthe mount of i-’ sorption.

that organic residues including saw dust (nixed conifer),
barley (nordeun vulgare) straw, wheat (Triticun acstivun)

bean (Phaseolus vulgaris) straw and poultry manure decreased P
sox'ptiun whvu decomposed for only JO days. Decomposition of
the residues for periods more than this and up to 150 days

Further, they noted that U.Jsignificantly increased P sorption.
in the residues was a critical value below whichpercent P.

sorption of P in the soil increased.

Mechanisms of Phosphate Sorption
Mechanisms of phosphate sorption in soils ns well as in

synthetic minerals have not been explained exclusively in the
However, several hypotheses have been proposed.literature.

General consesus of opinion (Stout, 1959; Lew and Black, 1950;

tion in organic soils,

straw, alfalfa (Medicago sativo.) hay, corn (Zea nays) stalks,
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Kuo and Lotse

This

low equilibrium P concentration and at the beginning of the

At higher solution P concentrations and with increasing
tine, phosphate reacts with structural components of the adsorbent
to .form complex compounds releasing sone of the structural

Low and Black (1950), while investigating reactions of
phosphate witii kaolinite showed that silicon was released and
nluiiiniun was changed to.a form extractable with aluminium

Similar results wore obtained -when pure

Rajan and co-
conce-

with aquo

phosphate is

reaction (iviuljudi et al,., 1966; Rajan and Perrott, 1975; Rajan, 
1975).

. At higher concentrations,

elements (Stout, 1959;. Low and Black 1950; Sluljadi et al., 

1966; Rajan and Perrott^ 1975; Rajan, 1975; Hyden et al., 1977a)

complexing reagents.
hydrous alumina (.Rajan et al., 1974), synthetic umoi'phous 

1975) and clays from

1972; Rajan and Perrott,’ 1975; Hyden et altt
1977a fTaylor’and Ellis, 1978) is that phosphate ions replace 
.exposed OH** groups and/or other serbed anions such as SO, **,’

4— or i-LO on the clay or sc-squi oxide mineral surface.Si°4 VX
mechanism has been used to explain phosphate sorption mainly nt

aluminc-silicatcs (Rajan and Perrott, 
volcanic ash soils (.Rajan, 1975) wore used, 
workers (1974, 1975) specified that at low phosphate
ntrations, phosphate is served on hydrous oxides by exchange

(Al-HgO)+ and hydroxo (Al-©!!)0 ligands and with 
other weakly held but specifically sorbed anions such us 
SO,2"* and SiO,4" 4 4
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sorbed (i) on sites arising from disruption of hydroxy
aluminium polymers in the gels and (ii) by distinction of
structural silicate. This mechanism is illustrated below:

’.o (DW+

(2)W HgO+ +

(3)W oiT+ +

The actual type of bonding between phosphate ion and
It is not clear whether the bond isis not known.

ionic covalent or coordinate covalent (Taylor and Lilis, 197S)«
Some workers such as Kuo and Lotse (1972), in fact, have dise—

ygreed with the hypothesis that phosphate replaces sorbed OH
on the clay mineral surface.

of the surface and 0 “ of
the phosphate ion by replacement of coordinated-H^ °r another
anion.

Phosphate sorption isethem, to a limited extent, gives
an idea of the mechanisms involved in phosphate sorption.

the Langmuir sorption isotherm deviates from, linearity at high
Griffin and Jurinak (1973) ob-equilibrium P concentration.

served the deviation at low concentration.

number of researchers (Chen end Hw-'ng, 1974; Rajan and Perrott, 
1975; Taylor and Ellis, 1978; Chee at al., 1978) observed that

+ h2po4- = /.

Al-OHf°

Al-ILSiO

Al-H20 j+

Al5+

^PO^0

Al—H-PC 7 \°

0°

They suggested that a coordinate 
3+ , 2-covalent bond is formed between ml cf ----_.i 2
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(1966 ) distinguished three regions inJfuljcvli &t al

the P sorption isotheri. The first region at low concentrations

of the- order of 1 x 10~'<iiuP where adsorption isothc-r.risen

steeply anil rennins close to the y-oxis. This was su g..st.rl

They

cr.jued that regions.;. and II were governed by the Langmuir

They gave the followingisotherm while region III was not.

equations to describe the reactions in regions I and II:

(4)A
'..(oh")

OH" (?)(•3twpC2)

where

symbol denotes a coordinate link, and

z denotes on electrovalent link.
«£.

The above equations show a reaction involving the exchange of
phosphate ion for OH” countex—ion of a. positively-charged

Kg” is the- equilibrium constant for the exchange reaction

K,” is the equilibrium. constant for hydrolysis of OH"

X1

K2

(h2o)

to represent sites wit?; a very high affinity for pl.osphnto.
Region II coroionced at about 1 x lo”2^ where the isotherm

hocor.'ef! convex t? the y-axis while region III is linear
—3 -1occurring at n<..C.iun to high concentrations 10-10 mP.

+

'(Hgro;)

(H?0)„h20 . -

' + V°4~ ?

(Step. I) ' A10H + H+ t 01 ”
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edge Al atorri which is forr.iod by surface hydrolysis cf an OF.
The OH" counter ion is held near the surfr.ee untilgroup.

exchange occurs with sone other ion from solution.

Taylor ml Ellis (1978) v'orking with soil and synthetic

material distinguished two distinct regions in the sorption

They gave an explanation siriilar to that of IJuljaliisotherm.
(1966). According to then, the slopes on the phosphateet al.

sorption isotherm which led to two regions night be due to
sorption taking plo.ee at energetically different sites on the
surface; i.e, sorption occurring in layrs and precipitation

They proposed that at lowof phosphate ion on the surfaces.
concentrations, P was bonded by two points of attachment after

as shown below:

t

To. .-0 ResinResin

surfacesurface

Ono point attachmentTwo point attachment

I
I

I 
I

0
II
P-- OH
IOH“0/<

deprotonation of iy?Oz~ ion followed by one point attachment at s*
iiiL-,hor 1 euacuntraiions during adsorption on the rosin surface

surfr.ee
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(1978) in their recent work with FijianChee et al.
coils warned on the indiscriminate use of Longauir sorption

They pointed out that it is essential to have
sufficient date, to distinguish the various regions ns the
nuabcr of discontinuities on the curve varies ationg different

They, however, concluded that in Dost cases 2 to 3soils.
regions can be distinguished for many soils each corresponding
to an increase in fixation of phosphate by the soil and
perhaps to a different sorption nechanisn.

.Desorption of Phospliate
Researchers (Fox and Kanprath, 1970; Rajan, 1973? Barrow

1975; Ryd.cn ct al,, 1977b)have pointe.1, cut that
desorption of phospliate from a soil depends on factors such

: coiiu.ict between soil and extract!^ solution,us period

physico-cheuical and rincralogica] properties of th? soil,
.Barrow and Shew- (1975) v.hilo

investigatin'; the effect of prior contact on desorption of
phosphate fro:? soils observed that when gentle shaking was done,
desorption was couplatc './ithin a few hours when the solution:
soil ratio was stall but took as long as 96 hours when the ratio

Further, they observed that the anount of phosphatewas large.
desorbed decreased as the period of prior contact between soil
and phosphate solution increased.

isotherms.

and soil: solution ratio.

and Shew,
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Ryden ot al, (1977b:) obtained results similar to that

of Barrow and Shaw (1975) in their study with synthetic hydrous

ferric oxide. They observed resorption of phosphate after 30
hours of desorption. These results suggested that physically-
sorbed phosphate was reversible with respect to changes in
ionic strength and cation species of the desorbing solution.
It was further noted that isotopic exchangeability of
physically-sorbed P was at least ten times greater than the
chemisorbed

Studies (Fox and Kamprath, 1970;.Rajan, 1973) have shown
that P desorption characteristic of a soil has considerable
effect on P supplying capacity of that soil. Pox and Kajiprath
(1970) pointed out that desorption isotherms are necessary for
the assess ”.ont of P solubility particularly after largo amount
of phosphate fertilizer is applied because concentration of
P in solution is a good indicator of P nutritional status of
tho soil since concentration gradients provide the driving­
force for moving P from solution to roots.

Rajan (1973) while wor]a.ng with highly weathered soils
of Hawaii observed that soils with high P buffering capacity
such as the highly weathered Inceptisols were •■’.ore capable
of maintaining P in solution,hence had better P nutrition status

He further observed that there was onthan tho OxisolS',
increase in desorption of P with increasing volume of 0.01M
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solution suggesting- that more anions were available for
desorption of sorbed-P at higher han lower volumes.

Use of Phosphate Sorption Isotherms for Assessing fertilizer-?
Requirement

The phosphate sorption isotherm has recently been employed
for estimating fertilizer-? to be added to a soil relative to
the requirement of a crop. The rationale of using phosphate
sorption isotherms for predicting fertilizer-? need of crops
is that the method takes into account tho P concentration in
solution ("intensity" of P nutrition) as wall as the- quantity
of phosphate retained by soil colloids ("capacity" for P
nutrition).

Tho idea cf using phosphate sorption isotherr.:.~ for
assessing fertilizer-? requirement was first advanced by
Beckwith (1565). . While working with some soils of South-East

he concluded that an equilibrium
concentration of 0.2 ppm P was adequate for optimum growth of
most plants, .

Subsequent studies have shown that external 2 requirement
of crops depends on a variety of factors such as moisture
condition of soil, mineralogy, chemistry and management of
soil, kind of crops to bo grown, and the growth stage of the
crop nt which harvesting is derired.

CaCl2

Queensland (Austrails),
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soil solution was adjusted to 0.2 ppn.
obtained yields which were 92 to 99 percent of the naxinun
with 0.2 ppn adjusted P in solution under similar conditions

They observed that withas for the above mentioned study.
(Zea nays) grown in the field at two different locationscom

of varying soil and clinatic conditions, a range of 0.05 to
0.0? ppn P was required for attainment of 95 percent of the

On the other hand, Chinese cabbage (Brassicamaxinum yield,

solution to attain 95 percent of maximum. yield. Sweet potatoes
(Iponoa batatas), however, needed only 0.005 Pl-n P in solution
for 75 percent of maxinun yield but as much as 0.1 ppn P in
solution for 95 percent of naxinun yield.

(1974), working with Inccptisol and OxisolFox et al.
soils of Hawaii obtained differences in external P requirements

They found that maize (Zea nays) requiredof different crops.
0.06 ppn P in solution to attain 95 percent of the naxinun
yield while sweet potatoes (iponea batatas) and lettuce 
(lactucn sotiva) required 0.1 and 0.4 ppu P, respectively.

peldnensis) tod cm external P requirement of 0.2 ppn P while 
lettuce (lactuca sativa) needed 0.5 ppn P in the equilibrium

yield that approached 95 percent of maximum when phosphite in
Silva and Fox (1974)

In their studies with millet (Pennisitum typhoides vor. 
Galii—1 ) on Ultisol, a sandy soil,- and a Histosol of Central 
and Eastern North Carolina, Fox and Kanprath (1970) obtained
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nishiioto et al.
sten length in ClTrysai-,tiicnuK rorifoliun were less affected by
oztcmnl P concentration than the total fresh weight. For
cut flower production, 95 percent of uaxinun yield was obtained
nt 0,05 ppn P in the cauilibriuzi solution while for total
fresh weight 0,16 ppn P was needed.

(1975) showed that flower diameter a.'1
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HATE?. J.ILS .'A!L METHODS

Ths Soils

Two extensively occurring soils belonging to the great
groups Haplustox and Vitrandevt according to the Soil Taxonomy

lor each

land. The sanpies w.ro dried in nil' and passed through a 60-
r.iesh sieves About 200 kg of each soil were also collected for

the greenhouse expe.rincnts. Description of place of sampling,

profile characteristics and mineralogy of each soil are given

in Table 1 and Appendices 1-3.

General Experimental Procedures for Sorption Studies

iEn all experiments involving equilibration, 30 nl of
the equilibrating solution were added to 3 g (oven-dry weight

basis) soil in 100-ml plastic centrifuge tube. Three drops

of toluene were added to arrest icrobial activity. The tube

with its content was shaken on a mechanical shaker in an aii>-

where different periods of equilibration were evaluated.
The equilibration period of 24 hours was chosen on the basis

Tliis period was foundof the results of Experiment I.
The content in the

revolutions per minute

(Soil Survey Staff, 1975) were chosen for this snudy.

a surface (0-15oh) sample was collected from the virgin

conditioned room at 25°C for 24 hours except in Experiment I

adequate for near complete equilibrium 

tube were then centrifuged at 3x10

soil,
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until a clear supernatant was. obtained. The supernatant
solution was filtered through a V/hotmon No, 42 filter paper.
The clear supernatant end the equilibrating solution were
analysed for P and other parameters as required.

Each treatment was run in duplicate and all the solutions
Thewore prepared using the analytical grade reagents.

glasswares wore washed with dilute HC1 and rinsed J times with
Any deviationtap water and finally twice with distilled water.

from this standard procedure is indicated at appropriate places.

The amount of .? sorbed by a soil was the difference in the initial
concentration of P in the cquilibroting solution and that in

The concentration of P in the supernatantthe supernatant.
has been referred to as "equilibrius-P" in the text.

Effect of the Length of Equilibration on SorptionExperiment i.

24, 48 and 72
The soil samples werehours were tested in this experiment.

shaking
For periods from 24 to 7-2 hours,: thewas done continuously.

samples were shaken for 1 hour twice daily, once in the.- morning
The content in the tube was ccntri—and again in the evening.

fuged immediately after removal from the shaker and the clear
Shaking period beyond whichsupernatant was analysed for P,

cr.ai2.

Equilibration periods of 0.5, 1, 4, 8, 12,

equilibrated with 5 and 50 jig I’/ml solutions prepared in 0.011Z

For equilibration periods of 0.5 to 12 hours,
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eauilibration.

Experiment II. Effect of Initial P Concentration in the

Equilibrating Solution on Sorption

The initial concentrations of the equilibrating; solutions

10.0, 25.0, 50.0 and 100.0

The soil samples were equilibrated for 24 hours. At
the end of equilibration, the content in the tube was centrifuged,
filtered and analysed for P,

Experiment III. Effect of the initial pH of the Equilibrating

Sorption

Equilibrating solutions of initial concentrations 0.5 and
P/ijI were adjusted to pHs 2,3,4,5 and 6 using HOI or KOH

After equilibration, the content in the tube was
centrifuged, filtered and analysed for P,

Effect of Destruction of Organic Matter onExperiment IV.

Phosphate Sorption

two for each soil, were
In each tube, 1g soil was treated withnumbered and weighed.

Sub­
sequently, 10ml of distilled wetter was i-.df.ed to the tube and 
the content

were 0, 0.05, 0.1, 0.5, 1.0, 5.0,

Pour 100-ml centrifuge tubes,

5 yog 

as required.

S P/nl.

Solution pn

considered as one that was adequate for near complete
no significant change in phosphate sorption occurred was

5 nil of 30 percent H^O^ and left overnight which was found to 
be adequate for complete destruction of organic natter.
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centrifuged. The- supernatant was discarded and the obo’. c
process was repeated one mere tine. The tube was weighjd
again to estimate the amount of entrapped liquid. After
destruction of the organic matter, 10 ml of a 50 jug p/ml

solution was equilibrated with the content ir. the tv.be for

2.4 hours. P was then determined in the supernatant. The
anount of entrapped liquid in the tube was taken into account

while calculating the- amount of P in the supernatant.

Lxpc riment V, Josorption Studies
For each soil, 14 plastic centrifuge tubes wore weighed

In each tube 3g soil was equilibrite-d withand numbered.
30 ml of a 50 jag P/nl solution for 24 hours. At rhe end, the

While the sup e mate: .twas centrifuged.content in the tube
in tubes 1 and 2 was analysed for P to obtain dat° on the-
amount of P sorbed, that in the others was discarded.
discarding the supe mat ?nt, extreme care was exercised so ns to
leave as little liquid in the tubes as possible. 'lh<.- tubes

The difference between this and the initialwere weighed again.
weight of the tub ’; plus 5 g soil gave the weight of the
entrapped liquid of which the concentration was known from.
the sorption data obtained after P determination in the
supernatants in tubes 1 and 2,
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1.- Desorption of the sorbed-P with water

The content of tlx tube was transferred uuantitativoly

to a 500-nl plastic bottle. These bottles wcr, numbered. in

the same way as the centrifuge tubes. for desorption, the

following water treatments were applied:

Water added (.11)Bottle Ko;

1 - 2 50

1003-4

5-6 150

7 - 14 200

The supernatantThe bottles were shaken for 24 hours,
solutions in hotties 1-8 wore analysed for P while those- of
others were discarded.

after2,

desorption with water

the following treat:xsits were ippj.ie-1;

Trent "’entBottle Ke.

100 r-1 1M Ki-0. solution7 r 1 8

200 :;1 1:i KUO.9-10

solution11 12 2 4
200 ol 1h KoS0 

— c. <
solution15 - 14

While calc-luting theand the supernatant annlysod for P,

amount of P desorbod. by water and salt solutions, the amount

Desorption, with IM solutions of KiTO^

In tins study.

5
100 .’21 Ik KoS0

4
The bottles were then shaken for 24 h?urs, centrLfusc 1

or KOSC.< 4

5
solution
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of P entrapped in the liquid after the first step of equili­
bration was taken into account.

Experiment VI. Greenhouse Studios

A greenhouse experiment involving both the soils was

and bean (Phaseplus vulgaris L, vnr. Canadian wonder) based

on the phosphate sorption isotherms determined in the Experiment

II. The solution P concentrations choson were 0, 0.3, 0.5,
1,0, 2.5, 5.0, 10.0 and 15.0yug P/al. The corresponding

amount of P to be added to obtain the respective adjusted P
concentration in the soil solution was obtained from the
sorption isotherms.

For the pot experiment, 3 kg (on oven-dry weight basis)

of soil, previously screened through a 2:.el sieve, was spread
on a clean plastic sheet. This soil sample received a basal
application of 200 leg i./ha and 50 leg K/hn, A stock solution
of K and K was prepared whoso concentration was such that the
volume of the liquid equivalent to the field capacity of the
soil contained these two nutrients at the above rates. The

to obtain a particular adjusted P

amount of the above solution, dissolved by stirring, then mixed

set up to determine the external P requirement for near

required amount of KK?i'O.
T* 

concentration in the soil solution was added to the measured

maximum growth of maize ('.<ea mays L, var. Ilong?. composite)
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thoroughly with the soil on the plastic sheet. Tho soil v/os

then transferred to a plastic bag and equilibrated for two
weeks with mixing every alternate day.

4 kg pot. Tho pots with soil were weighed and the loss of
moisture was made up subsequently to maintain the soil at the
field capacity throughout the growth of the crop. Two such
sets were prepared - one for maize and the other fer bean.
In each pot, two seeds were planted but only one was main­
tained after germination.

/.fter 7 weeks of growth the crops were harvested.
To remove any adhered dust and other contaminants, the plants
were washed in a sequence; twice in tap water and twice in

Gieat care was taken during this processdistilled water.
to avoid loss of any plant material. The plants were then
left in sun for free water to evaporate and then dried in

.o. The dry weight was recorded.oven at 60 C to constant weight.
The plants were ground and wet-ashed for P determination
following the method as described by Chapman and Pratt (1961).

The external P requirement for the two crops was
determined by plotting the dry matter yield as a function
of adjusted P concentration.

After equilibration, the soil was transferred to a
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■Analytical Methods

Soil pH

Soil pH was determined on a Coming Model 12 Expanded
Scale Research pH meter using Coming glass and calomel

The pH was measured in water, 1Nreference electrodes.
solutions at

Soil texture
Particle size analysis was performed by the sedimentation

method (Jackson, 1967) after removal of organic matter and free
Soil textural class was determined by usingiron oxides.

U.S.D.A, textural class triangle.

Organic carbon
Organic carbon in the soils was determined by the

Waikeley and Black method (Allison, 1965),

carbon.
A correction factormeasure

was used.of 1.33

KC1, 0.11J KOI, 0.1IT KHoP0* . —»• • • — 4
a soil-solution ratio of 1:1,

and 0.0111 CaClo — d

Normal KgCrgO?
wore used to oxidise the organicand concentrated H_SO.4

The amount of IK. KgCrgO? used was taken as a 
of the organic carbon content.
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cotal nitrogen

Total nitrogen in the Sails was determine'’' by
.-acro-Kjeldohl digestion-distillation nei-hod (’Brenner, 1£< ).

The soil s-‘ -? Io wnr> digests:'. with concentrated sulphuric acid

in txK pre jence >C a K_S0..5H,0: OuSC
The ole. r

which 7/f.s received in boric ucicl-nir-'ncl

the soil sample.

Availa’: lc phosphorus
Available phosphorus in the soil was extracted with

the sorption studies was deterDinod by th.: chlorostannous-
roduced Liolyb-dji'iiusphuric blue colour ricthod as described by

The p’l of the- system was nail rained at p,0

Ion oxchange .properties
Gatl'-i exchange capacity was aetor-inud by the an.i.oniun

saturation iiothod (Chapnnn, 1965). The sail was saturated
with neutral normal arinoniun acetate and then filtered. The

with 4N MH/Oii or HOI as xequire?.j 2, -i-dinitrepher .-1 was 

used as indicator.

enokeen (1?5S),

digest was 'istillod. liter addition of 40 percent ITaCE to 

o'nr.nge ?!rl.+ to
•T >

indicator solution and titrated with standard fioS0,. 2 4
-acid titre was a neasure of total !\r in the digest, hence, in

t ' -jleni-u'. pc-’der

salts -.lixturo in th-.; ratio of 1G: 1:0.1 by weight.

0,0311 in--.? -i- 0,02n ;.-Cl as described by Bray and hurts; (1945). 
4

P in this extract as well as in the supernatant solution aron
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with 4 pei’cent KC1 s lution and filtered.

filtrate,

determined on a ?.fcrkhan distillation apparatus.

Exchangeable acidity was determined. by the method if Peech

et al. (1962). In the procedure, 10g soil was taken in a
125-rnl conical flask. 100ml of 0.5N BaCl2-0. 055 £ triethano­
lamine extracting solution was added to the content, mixed
and left overnight. The content was then leached through a
Pyrex buchner funnel by adding surll portions of extracting
solution until 225 ml of the extract had been collected. The
leachate was quantitatively transferred to a 250-ml volumetric
flask and made to the volume with the extracting solution.
Subsequently, the leachate was transferred to a 500-ml eoni^'i
flask and titrated against standard HC1 to a pink end point
using a mixed indicator solution of bromocresol green and
methyl red.

Pree iron oxide

Iron in theafter removal of carbonates and organic matter.
extract was determined on a Pye Unicar. SP191 Atomic Absorption
Spec trophotone ter.

The KU.-IT in the 4
which is a measure of the CEO of the soil, was

Pree iron oxide content of the soil was determined by 
the citrate^bicarbonato A dithionite method (Jackson, 1967)

residue was washed with methyl alcohol, s sequontly shaken
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Amorphous ferrialunins silic.-.te (AFAS)
The soil sample from which free iron oxides have been

removed was used for estimating amorphous ferrialur.ri.no silicate
by the method of Alexiades and Jackson (1966) as modified by
lengasamy et al, (1975). The soil was suspended in a 1000-nl
cylinder after re?.oving particles 50 urn in size by sieving.
A suitable aliquot from the suspension, whose concentration
was previously determined, was transferred to a stainless

To the bearer, 100nl of 0.5 N IfeOH was addedsteel beaker.
and the content boiled for 2.5 minutes. The content in the
beaker was cooled at once to room temperature in a water bath.
Subsequently the s pematant liquid was removed by centrifu­
gation and analysed in.ndiately for Si, Al and Fc.

Silicon was estimated colourinetrically following the
procedure described by Kilmer (1965). Ten ml aliquot of the
solution was transferred to a 100-ml volumetric flask. One
ml of ammonium molybdate was addewhile swirling the flask
and the contei t allowed to st'nd for ten minutes. There jfter,
4 ml of tartaric acid followed by 1 nl of a reducing solution
(sodium sulphite + 1-amiro-2 naphthol-4-sulphonic acid) w^re

The content was made to the volume with distilledadded.
After thirty iinutes, colour intensity was measuredwater.

on EEL model 197 colouriieter at 650 mu. A standard curve
was constructed.

ferrialur.ri.no
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Aluminium in the supernatant was determined by the
aluminon method as described by McLean (1965). An aliquot of
5 ml was taken into a 50-ml volumetric fla.sk. After adding
25 ml water, 2 nl thioglycolic acid and 10 nl aluminon reagent,

cooled for
1.5 hours and the volume ’lade to the mark before reading the

transmittance on on TSL model 197 colourir.eter at 530 nu. A

standard curve was also prepared.

Iron content in the structure of AFAS was determined by

extracting the residue obtained after centrifugation using

citrate-bicarbonate dithionite reagent ns described by Jackson

(1967). The iron in the extract was determined on a Pye Unicom
SP 191 atomic absorption spectrophotometer.

Defforential thermal analysis (DTA)

Differential thermal analysis of the whole soil (ground
and passed through a 60 mesh sieve) was done following the
detail^ given by Bnrshad (1965) on a Dupont Thermal Analyser
Model 990.

the flask was heated on a water bath for 16 minutes,
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RESULTS ALL DISCUSSION

The soils, one belonging to the Great group Haplustoi:

Sone characteristics of the profiles are given in Appendix 1*
Description of the sampling sites, origin and mineralogy of

the two soils are inclv.lcd in Table 1. Henceforth, these
soils will be referred to ns Haplustox and Vitrondopt.

Differential thermal rr lysis revealed that the Haplustox
soil (Appendix 2) do-rhiontly contained, hydrous oxides of

The Vitrondept soil (.appendix 5)iron and kaolinite.

contained amorphous minerals and hydrous oxides of iron.
As reported by Parsar (1'78) based on her x-ray analysis

results, the soil predominantly contained x-ray amorphous

materials with traces of illite of micaceous origin.
Chemical analysis (Jackson, 196?) revealed ~hat bot’-- the soils

contained free iron oxides, crystalline and amorphous, and
amorphous ferrialu...ino silicate (Table 2).

Some physico-chemical properties of the soils are given
value which is a.in Table 2.

Thus,
which is a measure of the

for the Haplustox soil but negative for the Vitrandpt soil.

and the other to Vitmndept according to the Soil Taxonomy 
(Soil Survey Staff, 1975) were selected for tills project.

1BT KCI?pKH2O 
measure of net surface charge, was negative for both, the soils.

the soils had net negative charge, the ZlpH =

ph - P^Oej_y KH2?O '"pi 0.12 
extent to which phosph■’.te displaces OH" ions, was positive
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Table 2. Physico-chemical properties of the soils

Soil
Parameters VitrandeptJinplustox

7.05.0

5.94.0
-1.1-1.0

6.14.2

5.64.4

-0.5+0.20.1 if. KOI

6.34.5

23.6 13.9
58.148,3

0.2
0.1

0i3
2.0

50
26
24

Sandy loam
0.3

24
27
49 

Clay 
2.3

2.4
0.13
18
23
20

4.5
0.40
11
39
23

pHo.tii kh2?o4

pII0.01I£ CaCl2

Organic C (j£)

Total K ($)
C:M ratio
CEO (me/100g soil)
Bray ifo. 1-P (ppm)
Particle-size-analysis (/):

Sand
Silt
Clay

pH0,1g KC1

4*

Textural class
Free FegO^ (dithionitc soluble) (%) 
Amorphous FegO^ (oxa3-c-1’e soluble) ($) 
Crystalline FegO^ (-’J’ difference ) (/>) 
Amorphous ferrialumino silicate

AFAS content on clay basis

pHH20

pH1lJ KC1
A PH=pH^ Kcl_pH^ Q
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Thus, the Haplustox soil appears to !r.ve more phosph to—
replaceable OH gr ups thor. the Vitrandopt soil. This
contention finds £ rther support from the fret that
on soil basis the Ha lustox contained more amount of .'J.'-S
than the Vitrondcpt (fable 2),

Experiment I. Effect of Length of Equilibration or. Phosphate
Sorption

The data on P sorption in the soils as a function of
length of equilibration at two concentrations of the equilibra­
ting solution are given in Table 3, The magnitudes of P sorbod
and that remaining in the solution during equilibration for the
various lengths of time are depicted in Pig. 1 and 2

The magnitude of' sorbcd-P increased with increasing length
of equilibration. The effect of tine was more pronounced at
50 than 5 ppm P in the equilibrating solution (Table j).

length of 24 hours appeared adequate for near complete equili­
bration as beyond this period the increase in the magnitude of
sorbed-P was not appreciable (Table 3j Pigs. 1 and 2), Rhodes
(1975) while working with highly weathered acidic soils of
Sierra Leone, concluded that an equilibration time of 24 hours
was adequate for near equilibrium condition.

EquilibriuirnP concentration dropped down rather drasti­

cally during 24 hours of equilibration and was more or less
stabilised thereafter (Pigs, 1 and 2), completely stable
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thehowever, ’."s not nttni'aod durin;
periods included in the text. Pc rhups« equilibi-.-. j <on ' imu

Fox and iCw.ipro.th (1970),longer than 72 hours was requirt.-d.
(1978) obtained. equi­

librium condition only nftex- six days of equilibration.

The " sorption ar.s r- pic. ir t?.e first half *;-.ur but
slowed do".'-A '..'ith pr os'.; ■. of rim-.. la choir ir.vcbtigvsion of

? norbtion tn latosol fro?; ’-?r.7r-.ii montr.orillonitic soils
io;: (l972) observed ti’-.t 85 percent of

in the rcsp-.ctivc .'..-oils (b-.sed cn 10 days = 100 percent). Data
obtained in this stud;? (Table 5) indicate th.r.t over 90 percent

Forof P sorption t-xd; pine within 24 hours of . ■; uilfbiv.tion.

98 end 96 percent cf sWtion respectively

for 5 and 50 pg/ml -"-d ?.-d. teak ilacu duri;* ? 24 ’.Uli’S ol

equilibr- -ion.

SoveivJ. -in-.-csti<jatoro breve attempted to rzplain tiio

natv: c- oi jx-.-otions tracing plac

The initial fast roo.ctio.i ic believedfunction of time.

1966 ; kydon and ?Jycri, ^7577.)(Jkicho, 1965; fiuljadi _=t ol.,

Yitrcndc-pt soil,

from Indi .,

2.?.j?n and Pox (1972), and Ohc-e et al,,

level of equilibrium-?,

nt 5 and 5Cy.’g/'il P alasd took plr-.ee during 2*‘- hours of 
equilibration (hr .cod or. 72 horns « IOC pex-ccrrt). In the

J.’ sorption -vr s oo.-.rl-t-: duri-ig 24 and 48 hours yf equilibration

example in t.x_ .-L;pjustox soil, 92 and 9-3 p ;vo..u-: of sc’.’ntion

during P sox;.;, cic:.; ns r
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to be essentially physical involving iiovcnont of P from
the equilibrating solution to the colloidal suifn.ee.
fills subsequent slow reaction according to Boclio (1963) nr.d

(1977a) is essentially chemical involvingHyden et al.
diffusion of P into colloidal material. This process is

attain equilibrium is dependent upon the pH of the system,
of the adsorbent nateri­

al.
Expert- lent 11. Effect of Initial P Concentration of

Equilibrating Solution or. its borpti n
It is evident from the data in Table 4 and the F soj>-

ption isotherms in Pig, 3 thet the magnitude of sorbed-P in
both soils increased consi-tontly with increasing initial
P concentration in the cquilibratin . solution, Tliis is
consistent with reports from, elsewhere in the tropics
(Rajan, 1973; 1975; Parfitt and ?<avo, 1975; Chee et al.
1978).
higher initial P concentration in the equilibrating solu­
tion.

Rajan (1973),mainly due to oxides of iron and alu.-ri.nivn.
and Gebhardt and Coleman (1974)

slow and nay take days or even weeks (liunns and Fox, 1976), 
Bache (1963) pointed out that the period required to

Both soils sorbed substantial amounts of added P,
Parfitt (1977) believed tint P sorption in Oxisols was

solution/solid ratio and mineralogy

Appreciable P sorption occurred at 5 ^5 P/ei1 or

suifn.ee
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advocated that Andcpt soils so??bed substantial amount of P on
their extensive surfaces due to presence of amorphous materials.

that at any one concentration, the
amount of sorbed-P in the two soils did not differ to any appre­
ciable extent (Table 4). Purthor, the Vitrandcpt soil sorbed
somewhat less P (Table 4) at the highest initial P concentration
of 100ppm. This can be explained on the basis of mineralogy of

■Jvc". though the Vitrandcpt is expected to bethe two soils.
mostly amorphous, selective dissolution analysis (Table 2)
revealed tiiat both the soils oijntained appreciable and nearly

nonce theyequal amounts of in their clay fractions.
The presence of APISsorbed substantial amounts of added P,

in tropical ferruginous soils similar to the Haplustox, and
their influence on soil properties have be' n reported by
Kengasamy et al,(1978). The slightly higher sorption cf P in
the Haplustox can probably be explained on the basis of its
higher APAS content on soil basis.

It should be noted, however,
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1966; Rajan and
Perrott 1975; Taylor and Ellis, 1978) believe that energetically
different sorption sites exist at colloidal surface^. ’-'hey

ions such as SOj*, SiO' and Oil". At high concentrations and

but also with structural materials of the soil colloids or any
other adsorbent. The movement of P into these materials is

mainly by diffusion.

Effect of Initial pH of the Equilibrating PExperiment III,
Solution on Phosphate Sorption

The data in Table 5 show that the Initial pH of the
equilibrating solution had virtually no effect on P sorp-

This observation is contrary to thattion in either soil.
of others (Huljadi et al.T 1966; Lopez-Hernandez and
Burnham, 1974) who observed increased P

Some investigators (i-fuljr.di et al.,

have shown that at low concentrations P exchanges with sorbed
2— 4—ions such as SO, , SiO,4 ’ 4

with increasing tine P exchanges not only with the sorbed ions
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sox’ption with incxvsnsing pH of the equilibria* solution.
The reason for the lock of effect due to initial p'7 of the
solution in the present study may be the high buffering capa­
city of these soils. It is possible that the solutions of
Cliff erent pH values foiled tc change the pI-L of soil-soluti ?,n
suspension to the extent that iay cause- change in the :ngni’tra­
de of P sorption.

Experiment IV, Effect of “Destraction of Oryx.ic .’.gitter on

Phosphate Sorption
In both soils, substantial in-.rcase in phosphate

sorption was observed after the destruction of oryr.ic
•natter (Table 6), The nagnitudc of increase in P sorption Gue
to destruction of organic .patter as compared to when it was

Bhnt and nouyar (1958) observed

organic matter in a ferruginous tropical soil of Senegal but
■?ox et al, (1971) v/hile workingnot in a h/dronorpiiic soil.

with the Hawaiian tropical soils observed that soils high in
oxgnnic matter sorbed less P than those low in its content.
The reason given was that organic anions blocked P sorption

These observationssites in the soils ’xigh in organic natter.
support the results obt- ined in the px'eaent study.

present :r.s ovo? three fold.
a marked decrease in the phosphate sorption with addition of
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et ale, 1958; ’-Inrte-r, 1969} Singh rrd Jones, 197-6) ohtrlnel

increased sorption phosphate subsequent to addition of

(1958) .jpguod thatWilliams c-t al.organic ratter t_ soils.

rich soils Is dye totho high -p scr'ytlc:- ir. .-rganic nattc

fraction.

a.wide range of pH in the soils (inttson et al., 195O-).

llxporimunt V Losvretion 5tuC.i;.-s
fliis c-::puri.-.iont ?r s desijnod to study the relative r '’ility „

of tiic. experimental soils to maintain P conccntrc.tiki" in tho

soil solution who" subjected t-.> various enviroKSuntcl conditions

..ftor allowingwith respect to amounts and nature of anions.

solutions.

Tlie ’..mount cf phosvhnt? desorbed incr>- .sed ’./ith incre--.-

Similar obso.'.v.tions v/err. -aado by jnn (1973) vzliilj working
It is possible that more'.c-rcd iaiwaiian soils.vrith highly war.

rnions were available to cause F desorption when large volume
of the extractant wr.s used.

than L’O” ions (Fig.4)* The difference in sorption
It was further observed that more phosphate was desorbed 

2-.by SO/
fT

and then witl. 11. 1G’O„

P scrotion t? t’ko place, the soils were tror.tcd with water

Contrary :u tl... •.•.iscussiors above, some worJccre (‘"illi.-ris

cl-a 1h XgSO,

sing volumes of .r.-ter .s well as tlic salt solutions (Pig.4)*

iron and nlurrlrd-tri present as humate complexes in the organic 
sorbing

These; huintos ?.re capable of 4, a l-.t of P over
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observation

ions.

It is interesting to note in Fig. 4 that none phosphate

was desorbed by all Vna c-xtrr*c traits from the Vitrondept than

similar observation was made by Rajan (1975)Huplustox soil.

Apparently the Vitrondept soil had higherwith Hawaiian soils.
Consequently,P buffering capacity then the Ho.plustox soil.

the- Vitrandept is capable- of rendering more 1- available to
The concentration of P in theplr-ntr. thm A- "J-?. luctox soil.

soil solution gives useful indication of P nutrition due to tho
fact that ocnocnlrr.tion gradient provides the driving force

Arc enliouoe StudiesExperiment VI
nd Kn.npro.th, 1970j Rajan, 1975) have shown/

t)iat P sorption isot’.icras can be used for predicting P require—
It has beenment of soils and its availability to plants.

and Pox, 1972) that the- amount of phosphate

for P to mov.- to roots, o.id tiia.t I uptake by roots is 
concontrution-C.ap ridont (?ox and Ksunprathf 197O)»

Studies (’Cox ;

pointed out (.l-.jan

, H0~ ion is ’’non-spc-cificully
It is, therefore, possiblesorbed’ (Hinrston ct ..1,, 1968).

2-that 30^ i.x-3 wore rble to desorb more phosphate from the
colloidal surfaces tiir.n i;CL ion because of similarity ir. the

2- serption no-ch.-nism.? of pliosphntc- and SO^

. - 2-mecnanisfn:? between .:’C^ end SO^ may have led to the above
2-'hilc cCk and phosphate ions arc- ”specifically

sorbed” on colloidal surfaces
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sorbed by o soil at on equilibrium P concentration associated

with any given yield is on estimate of the P requirement for

that yield*

1. Pry ij^.ttor yield of maize and bean as aff ected by tho
adjusted i cone .■ntrc.tion in soil solution

tho dry natter* yield of both maize and
boon initially increased rapidly then gradually as the adjusted
soil.solution P concen+rr-ticn increased (Table 7J Pigs. 5 'r.d o).
To sonic extent tins growth pattern may bo seen in plates 1—4.
Phosphorus deficiency symptoms were seen in the control treat­
ment on both • The symptom appeared us purple■ soils.

colouration on lower leaves in maize (Plate 5).

On Haplustox soil, 95 percent of the mrxinu-r. yield of

On tho Vitrondept soil,

in Fig.5).

For bean-, 9.5 percent of the ri'wcimum yield was obtained
at 9.5 end
and Haplustox soil, respectively (Fig. 6).
considerations, however, ad justed P concentrations lower than
that required for 95 percent of the maximum yield may bo chosen
so long as a reasonable yield is obtained.

5 P/ml adjusted P concentration in tho Vitrondept
iron eoononis

On either soils,

maize was obtr ined ?t an adjusted P concentration jf 9.7 

P/ml (indicated by arrows in Fig. 5).

on a.djusted P concentration of 2.6 yig P/ml was adequate for 

obtaining 95 percent of the mcoci.rn.um yield (indicated by arrows
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in the Jjaplustox soil.:'??owth pattern of beanPlate 1.
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Gx'owtb pattern of boan in- Vitrandapt soil..Plate 2,
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Growth petterr, of maize in the Haplustox soil.Plate 5.

>



62

1-0115-0
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Results obtained in this investigation apparently differ

Silva and Foz (l974) ??.:p oitecoptimum. growth of j?.ost plants.

an

yiv-ld of maize- on Hawaiian soils. The data obtained in t’is

of adjusted P i2i solution them reported by Beckwith (1965) and
Silva nmd ..'ox arc- rec;aired for naxiimu-. ->-?vth of ir.ize

and boon in izl-o T nzanian soils. Similar w as tin ’pinion of

Mreida (1978).

ndent on environmental conditions such as climate, and soil
factors sue?. as r^in.-.-ralory, .chemistry and manage. ;cnt ns was

Ho o’:-;.-_'ZVGd that an equilibrivcj-P concentration of 0.61

The variation in the .ad jx-.stod c-quilibriui:-? requiroments
of the two soils is also of interest. - Less equilibrium-? was
needed forthc Vitrnndept soil for maximum. growth of maize than

It has been ar^iued (.-.ox .andfortho Ho.plust.o7: soil (Y:’ig. ?).

Kseprath, 1970; jan. 19’75) that soils with higher capr.city

j.i.a P/ial ’./ns not adequate for attainment of nc'.::i/;u.’. yi..ld of 

cowpen (Vi;\na. unguiculnts.). .

study (ToJ.I.j 7; Ilfs* 5 and u) show t?r-o.t much bJ.;;a^r levels

also nrouc-d t.-y -and I?or. (1974) and Hishinoto et al, 

(1975).

adjusted P o&icojitro.tion of 0.06 p/i P/nl for the- rzxixua.

r- 0.2 pc/nd. equilibrium-? concentration as be-in,? :iua-.,u:.tc for

from t’-.ose reports*’ from ols-•where.■ Beckwith (li’)65) proposed

i.?.se?. on ■J.s studies with on -..aid ruady Ic-r i 

soil in liooZ-in. C; j,it'-.in)f he felt th;t th.: -.■.•cv.dlibr.’.u.j-P 

concentration of 0.2 jig'/ml ruCon'iLon'1 cd by B-.ck’.zitb. (1965) -rid 

Pox and H a’.pr.'.th (’:970) cannot bo yoneralise-d ns it is depe-
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of mintnining 1' in solution ^higher P buffering capacity) or.;
uora efficient in supplying P to the plants than those with

.pprrontly the Vitrondept soil was of higherlower capacity.
.P buffering capacity than the E-iplustox soil and hence loss P

was required. in the solution of tills soil for rendering uraakTur

yield of KV'iss tncn chat of the Hnplustox soil.

Perce:■ ity.s ? in Plant Tissues and its Uptake ir. -laisc andp

as Affected by the Adjusted P Concentration ir. tlieBeen
Soil Solution
There was a rapid linc-tr increase in percent P in plant

tis cues ".’.jIj

P c.-nce-n trot ion, followed by a flat portion or nl’.te.'u beyond
certain concentrations which vrric i frors soil tc sail and crop

Similar observations wore nade by
iur<■■(197'-') in his studies with cowpe-c. (Vi. nc unr<uiculct&)
grown on a sandy acidic soil at heading (nritair.). He observed
an incro?o;; i:i P -.-.pt-Jco witli increasing levels ol‘ oquilionur-.P

up tc 0.61 ug P/j'il, the high-.-st adjusted P concentration included

■file nozcii’-iba level after wild', tht curve flattenedin the test.
n.s observed, in tlds invest.', ation was not re.-.chod in his study.

(ly6l) also observed a linear increase in P uptakeOlsen c-t al.
with increasing P concentration in the soil solution. They,
however, did not .coach a. level where a decline occured.

to cznp (.'■? ~s.

'■s u; ‘■-.•ko with increasing levels of adjusted

7 '. id 8).
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3U?i?.'-C' COi/W. 3ic;;s

Sorptior. of phosphate in virgin Tanzanian soils
belonging tc the G-rc-nt jrou Maplust ox (kaolinite, AFAS
. j-.il hydrous oxides of iron us de..: ..nut Minerals) and
Vitrandept (.lostly A? 3) were investigated wit?, respect
to length of ecui libr: tior., initial concentration and pit of

volume of extractants oi-d their anionic composition. An
attempt was also xndo to elucidate the equilibrium-P
require.’. for near •.mxi.’.ui.i growth of mize (Zea mays L.)
and bean (Phase;.1ijj vulgaris I:.).

There •..•as rapid 't? s;rpti..-n in both soils in the first
half hour which slowed with increasing length of ecuilibra-

Complete equili’.-rati-.;- did not take place within thetion.
period tested, but a length of 24 hours appeared adequate

Beyond f.iis period, the
increase in the Magnitude of sorbe".-P was not appreciable.

The magnitude of sorbed-P increased consistently with
increasing P c cert'.ntion in the equilibr’ting solution.

I'o appreci­
able difference in P :?pti .n wr.c obs .-rved in the two soils

■Jelec vivo dissclution analysisp.t any one cone :n -;ra.ticn.
soils contained npproci '\1 - and nearlyrevealed t'v.t h

Appreciable P sorption occurred at c ?r.centratior. of 5 pg 

p/nl or higher in tlic equilibrating solution.

equal, amounts cf .1-AS, indicati:-.': that P sorption. y;as

for near complete -quilibr:..tion«

the eGuilibratin; sol’ ti.-n, or;:ar.ic natter content, and
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nr.in.ly by displacement of - OH groups in AT/. of those
soils.

The initial. pH of tlx cq-iilibroti-ig solution had virtu»

ally no effect on P sorption in both soils. It was
attributed to high buffering capacity of the soils which
resisted any appreciable ch v/^-o in the pH of the soil-solu­
tion suspension when sc’.?o.tior.s of different pH values were
added.

tVe?.-o was substantial increase in the
phosphate sorption of Lor d struction of the organic -ratter.
The magnitude of inc -case duo to destruction of organic
aattex' was over three fold compared to that when it was

Probably t o sorption sites bitched bynot a strayed.

organic riat-i-er hocroic available after its destruction.

The amount of desorbod-P increased with increasing

The increasevolu-e of water, III KNO.

was
the sorbed-P at high tliou at 1 w volume of the- extractants.

This was attributed to the fact
specifically sorbed”itions arc

It was,
ions ware able to de orb

specifically sorbed".

more pliosphatu fro:?. Lhc colloid::! surfaces

In both soils,

than NO” ions.
2-
*4

It nonwhile E0~ ion is 

therefore, possible that SO'

lu was further obs-.-ved tli’t more phospirate was desorbed
, e.«2-
by 'uAICXLl ------------

tliat phosphate an:1. SO'

•5 IT X2SO4.

probabl'' due to more onions being available to desorb
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ions. It was further note:’ th' t -norc

phosphate was desorbed by .1 tne extractants in. the Vitirndcpt

soil then in the Ik.plustox soil. It appeared. th. .t the

Vitroi..’.ept soil hud higher 2 buffering capacity than ch«_ Haplur-

sto:< soil. j.’hcj farrier seil nay be capable of rendering more P
available tr ].'lints than the latter.

Greenhouse studies revealed that in both • soils, the

dry •latter yield of l’.-.:lzo raid bean initially increased rapidly

then r:ra.hu’.lly ns the adjusted soil solution 2 c xiocatration

95 percent of th: •■iixiava yieldincreased. On •h.-i.'lustox soil

of riaiso vr.s obtained nt on adjusted 2 concentration of 9.7yia
P/ml. On the Vicr ndc’pt soil an adjusted 2 concentration of
2.6^3 l/rl w.?.o adacuate for obtaining 95 peioeat o_’ the-

95 percent of rrxixun yield wasr.injdj-..usi yield. j?or hoar

adjusted 1 concer.vn.tion in theobtained at 9.5 and

Vror. economicVitrindept and. H.'V'lustox soil, respectively.
considerations, however, adjusted. I’ concentrations lower than
that require' for 95 percent of the iaainun yield. r.i?.y -•« chosen
so long as a re.-son-.blc yield is obtained.

The percentage P in the plant tissues and 1’ uptake initially incre­
ased rather rapidlj'- with increasing levels of adjusted J?

The rapid increase was followed by a flatc oncentra.tion.
portion or plateau beyond certain concentrations which varied

than I O,, ions because of siuiilori :y in the sorption iiocbmis-.s 
of phosp'u'.t.; and SOI
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fro.?, soil to soil and crop to crop.

The following conJ.v.si~cs •oecoi-iraendatiuns c.-n

be ;;ia,;.. in view of the findings in tiiis investigation:

Equilibrating the soils for 2 sorption for several1.
days is unneccesscry.

/. length of 24 hours np ears to be adequate' for

routine work.
Further inve. tipatiun is required on the effect of
pH on 2 sorption in the soils as t'nis study showed no
effect contrary to ;iost reports in the literature.

3.
necessary
demionstrateu that its ror.oval from the Soil led to
substantial sorption of 2,
In view of the prevailing and ever, in reusing high4.
costs of phosphr.tic fertilizers, equilibrium? conce­
ntrations loss than those necessary for niaxi; u.i yields
of raize and bean could be recommended. This is

the high adjusted P concentrationssuggested in viw o:
found necessary for at rain: it of the mr_ri -.ur. yield
of the crops in this investigation.

.idditi^n of organic natter to the soils could be a 
the

axr.iendr.ent ■ •ensure- as/gtudy has clearly



72 “

AJkSRIJUCES

Alexiad.es, C.A. and Jackson, I4.L. (1966), Quantitative clay
mineralogical analysis of soils and sediments* Clays

14: 35-52.and Clay Minerals,

v, Allison, L.E, (1965). Organic Carbon.

Methods of Soil Analysis. pp. 1367-1379. American Society
of Agronomy, Madison, V.’isc.

Bache, B.W. (1963). Aluminium and iron phosphate studies
I. Solution and hydrolysis ofrelating to soils.

J. Soil Sei. 14: 113-125,variscite and strengite.

Barrow, N.J. and Shaw, T.C. (1975). The slow reactions between

Effect of period of prior contactV.soils and anions.
Soil Sei. 119:on the desorption of phosphate from soils.

511-320.

Barshad, I. (1965). Thermal analysis techniques for mineral
In Black,identification and mineralogical composition.

C.A
Methods of Soil Analysis. pp. 699-741.

American Society of Agronomy, Ifcdison A'isc.

Evans, D.D., Ensmingor, L.E., White, J.L, and
Clark, P.E. (els.)

In Black, C.A,, Evans,

D.D., Ensminger, L.E., White, J.L, and Clark, F.E, (eds.)

Alexiad.es


- 73 -

Beckwith, R.S. (1965). Sox’:x.d pliospJinto at standard

supernatant concontrati-.ns as an estiir.te of the
phosphite needs of s..ils. Austr, J.’dxp. '.gric.
Anin Hush, 5: 52-58

Ii. and Bouycr, .'J. (1968), Influence de 1:. i.intierc
orgai ique sur 1c ;•/ osphor^ isetopiquenent diluable dans
quclquos types do soils trupicaux. In Isotop-s and

(quoted by Xalpngo, I’.S.C.I. Tropical Soils, pp. 110-124
rfa.0)lillnn Press, London).(1974).

Biker.nn, J.J. (1958). Sui’fr oe Chemistry Theiory and Applicn-

Ac.A.niic 1’ress Inc», Hew York.ticns, p, 199.

Bray, R.1I. Kurtz, L.T. (1945). of tot?.lDeterr.Section

Soil Sci.organic and available phosphorus in soils.

59: 39-45.

Brorincr, J,?l. (1965). In Black, 0..Total ilitrogen.

(els). Methods of Soil , Analysis, pp. 1149-1178.
’.adison, ’.'isc.of -gi’on j;:y.

H.G. and Loewenstein, II. (1973). ?'.el?tior.ship ofBrov.n

sails insoil properties to T fixing capacity o"
Jq-.e Soil Sci. and Plant Analysis.IZorthcm Id,-ho.

Ibmctionation of soil

84: 133-144.2^<ci.phosphorus.

j Jhr.t,

.-i.ioricnn Society

Chang, 3,0. an’ J. .cks .ir, 7.,L, (1957/.

2a iati -n in h;o_il_OrL?'j.ic ; *cr Studies. L'JIA-Vienna

i-lvnns, D.B., I'Jnsi'-ingor, L. ’Aj .;hite, J.L. and Clark, F.E,



74

Ch-.pn;ir, ’1.1), (1965). I.. ‘line’,Cr.ti jn-2::ch.n._:c Cnpnc?.tv.

Clark, (ds.) lethols of 8oil Analysis. P! •
891 - 9Q1. 'isc.

. and Pratt, (1961) . ethods of A:'.a.l,’sis forChap- *m, II,
Soils 1'l.nnts and ■..•.tors. pp. 151-174. University of

and iclriond,

(1978).T.R Phosphate sorption prope reties of so.oe

Fijian soils. N.Z.J. Sci. 21: 157-154.

L.C. (1974). Phosphorus .ndsorption

and available phosphorus indexes of so. n f--.iwar. soils.
(Abstract in Soils

J,D. Russell, G.C. and Siding, R.H. (1952), EffectDalton,
Soil Sci.of organic natter on phosphate availability.

73: 173-181.

Fox, 11. L. and Kanprath, E.J. (1970) Phosphate sorption isothe­

rm is for evaluating the phosphate re quire:;ients of

34: 902-907.Soil Sci. Soc, An, :'rocsoils.

and Whitney, (1968)Plucknott, A.L.
Phosphate. ixquiixi-icnts of ’’o-./oiic-n latosols and residual

Cong. Soileffects of fertilizer phosphorus.
bci. fr.-ns, 9th, Adelaide, Aust, 2: 301-310,

J.Chinese Agric. Soc.12: 78-80.
--------------- 7>---------------  
■?ert. (1978) 41:12 (23).

A '.ericon Society of Agrono iy, ■ .isc:?,

Che?;, T.T. and l?.7-ng,

. Fox, R..L.,

Calif or:'.in, Rivers.’, ie •

Chee, , Furgeson, J.E., Cnnpell, A.S.

C.A., Lv:ins, I),.’)., 3ns-linger, L. '., '."hite, J. .



75

Pox, :l.L«, Hassan, S,M, and Jones, R.G. (1971). Ihosphr ce
•and sulphate sorption by Latosols, '■’roc, Int. Sy p.
on Soil I. Art. Rvaln lisvr Delhi. 1 s 357-064.

and De la Pena,
17.3. (1974). Co;-.parr.tive external phosphorus requi-
reiients of plants growing in tropical soils. Int.

Gebhardt, IT. and Colemn, M.T. (1974). Anion adsorption

by allophonic tropical soils. Ill, I’hosp’i:a adsorption.

Soil Sci, Soc, An. J i oc, 58 s 253^266.

Griffin, 17,A. u_nd Jurinhk, J.J. (1973). ■rhe interaction of
Soil Sci. Joe. Proc.phosphate with calcite.

37: 847-350.

ILirter, lt.D. (1969). Phosphorus adsorption sites in soils.

Soil Sci. Soc, Azi. Proc. 33 : 630-632.

and Quirk,Kingston, P.J., Atkinson, 11.J., Posner, A, I*.

J.P. (1968). Specific adsorption of anions on goethite*

1: 699-678.

Jackson, TI.L. (1958).Soil Ch.;.Acai Analysis pp. 134-182.
Prentice Hall Inc. ?ingle’.;ood Cliffs, ik-w Jersey.

Int. Ce: g. Soil Sci. Ti ns, 9th, Adelaide, .lust.

Fox, 17,L,, Fishinoto, R.X,, Thonpson, J,II,

Cong, Soil Sci, Trans. 10th, Moscow, Russia. 4: 232-239.



- 76

Jackson, (1967). Soil Chc.'-icrl Analysis Advanced

0 -arse, Publis’icd by the author. University of
' -'isc*

% sor­
ption ox paosphntc j'ro.i kaolinite. Soil Sei. Soc.

31:Ar i. 3'roc 343-353.

KH-wr, V.J. (1965)i Silicon. In Black, C.A L'vnns r

D.O., llnsriingor, L.l!., Uliite, J.L, nnd Cl -.rk,

?.; 1. (ode.) methods of Soil Analysis. pp. 959-962.

Aix.l’icnn Society of Ajronony, 2L'.dis..n, ’rise.

and P’.otse, b.C. (1972). Kinetics cf phosp-ate

adsoi-ption by c.•.lain?, carbonate and Ca-k'oli.: .te.

Soil Jci. Hoc. Or c. 36: 725-729.

:.;f?oct

o.f iron, aluniniun and hunic acid on phosphoias
Coc. An. Proc.fixation by orjjmio soils.

23: 438-440.

Lopez-'Iemandez, .0.1. and llumhoj'., C.P, (1974). The effect of
J. Soil Sci.pH on phosph- te a'.so.-.ption in soils.

25: 207-216.

Reactions of phosphate
Soil Sci. 70: 275-290.with kaolin i.to.

Aaf’.ufi, U., Posner, A,I.;, and Quirk, J.P. (1967).

Tars.-n, JA’., ramen, C-..P, and Langston, 11, (1959).

Soil Sci.

Low, 2d,.1, and Slack, C.A. (1950).

Auo, S.

’'isconsin, Lfcidison,



77 ~

- lv. -iniuri.

P.E. (cds.) he thuds of Soil /jiaiysi';,, pp. 978-998*

Irjorioon Society of .-.groneijy, Mhdisen, Wise.

ili.tts">n,
E, - and V: .hires, K. (1950). Phosphate relr.t? cr.s

An>i,.!?.oy« Agric, Coll, Jh.'u.len.to soil and pl-nt.
17: 141-160

2hei'uljadi, 10., Vos er,
i•cclanisr. -. of pZ-Oipk te adsorption by kx;li its,

The is- their-sI.gibbsite and poov.duLoehnit’di’ «

J. ;;-il ■Sci»and. the effect of pH on adsorption.
17: 212-229.

fhe response of cowpea. (’/ijna unguiculata)Itrenn, J.P. (1973).

soil s...lv.-.lo

A'-ric, Sc, PL xsis - University of Heading.

(1976). The slow reaction that
continues after phosphate adsorption:■ Kinetics andi—

S:il Sei,equilibria i in sirr tropical soils.
J. 40: 46-51.foe. dzi,

External

and internal phosphorus require- rents of field g/own

Chrysanthemums IJort. Sei. 10: 279-280.

iuiiis, j),N. and Fox,

vans, B..U,, X,ns:injur, L.E., Uliito, J.L. and Cl.-irk.

S., Alvsakcr, 3.,

iiishi. .uto/l.K., .Vox,’ ..L, and Parvin, P.l'J. (1975)»

to difx >r ;nt levulo of 0,5 '5-naI-iC0„ ~ 5
pliosphorus r?id soil soil solution phosphorus. H.

11. rnd Quirk, J.P, (196-5).

Vncno'n, ?:,0, (1965). In Black,

KountlermAnderson, Berkoff,



IB -

phosphorus abscrpti ,n by c:r.i roots as affected

by noisture ".r.d phcephorus concentration. boil Sei.

■*>oc, Proc. 25: 289-294.

A :;eth. ’ to

deter, line a phosphorus adsorption i.inxiiiU; oi soil

boil ■"■ci, Soc,as i.’.orsirred by the Laiignuir isotherm.

jroc, 21: 14-4-149.

Parfitt, 11, L. (1977). Phosphate ndsorpti n or. rtn Oxisol.
Soil r'ci. Soc. .Au, J, 41: 1054-1067.

Phospb-’.te adsor-

264: 740-742.Ilnturu Lond.ption on goethite.

B. (1975). Pl. ,cp;int.i fixation in

Science in nci7 Guineasc :o Pnpun Pew Guinea Soils,
5: 179-190.

Par. car, K.H. (1978). Adsorption of nitrate and chi 'ride in

•Pmzt'jiim soils dominant in allophonic andso ic

II.Sc. Thesis - University ofkai.linitic cla s
Bar es Salaor.1,

A critical
and the enaoniun

acetate netho.’.s for de ten lining the exchange hydrogen
oil Sei, bee, .a, Proc, 26: 37-40,content of soils.

a::'. 7at-n~be, P.S. (1957).

study of the BaOlg- trithanoloaiinc

Pr.rfitt, .u.’G, and iiavo,

Peach, lu, Gov.'mi, .1,L. and Baker, J.’I. (1962),

Olsen, 3. R. .’.atanabe,

Pnrf’.tt, ?I,A-. and Atkinson, R.J, (1976).

Olson, S.1I,

■',3. and Danielsan, (19 ?.),



- 79

Phosphirus adsorption ch-. ctoristics
of Hawaiian soilc and their rolatii nships to equili-

hi'iiva phosphorus c ncontrati>ns required for . ro:i’.u.i

growth of millet. Pl?nt and Soil. 39: 519-53??.

S.S.S. (1975).Rajan Phosphatc adserpti n re:.’. the
displace :.ent of structural silicon in an allophane clay.
J.Soil Sci. 26: 520-256.

S. and Fox, R.L. (1972). Phosphate adsorption by
soils. Influence of ti re rnd ionic environ- .ent

Com'-, in Soil Sci. and Planton phosphate adsorption.
Analysis. 3: 493-504.

Phosphate adsorption by
Soil Sci.soils, 11.

Soc. Aza. Proc. 39: 846-851.

S.S.S. and Perrott, K.’.V. (1975). Phosph, to
ndso. ption by synthetic amorphous alui-iinosilicates.
J. Soil Sci. 26: 257-266.

.'l.H. (1974)<Rajan, S.G.b, Perrott, K,’.7. and Saunders,

Identification of phosphate-reactive sites of hydrous

fr.n proton consunotio.. during phosphateal’.i-i:-.n

J, Soil Sci.adsorpti.n at c-n.s '-nt pH values.

25: 450-447.

Reactions in tropical acid s,;ils.

Rajan,

\nj n, 8.8.3. and Fox, R.L. (1975).

■*.aj-n, S.

r.’.jan, S.r.s. (1973).



so

Quantitative rineralogicnl analysis of soil clays
containing amorphous materials: .. nodif icr.ti n'. of

the Alexiades and Jackson procedure. Clays end

Clay Minerals. 23: 70-80

Ron, a.sa.iy, P., Sarran, V.A.IC.

classification of ferruginous soils of the c stem

i’Jysore plateau, India, J. Soil Gci. 25: 431—445.

J. Sei, Pd, .‘.grip, 26: 395-902Sierra Leone soils.

Hyden, J.C, and Syers, J.K. (1977). Desorption and
isotopic exchange relationships of phosphate sorbed
by soils and hydrous ferric oxides , J, Sol,. -ci

28: 596^609.

Hyden, J.U., LicLcuglilin, J.K. and Cyers, J. . (1977a).

' b.cJmnisns of phosphate sorpti -n by soils and

J, Soil 3ci, 28: 72-92,hydrous ferric oxide gel.

Time
dependent sorption of phosphate by soils and

J. Soil Sai. 28: 585-595.laydrous ferric oxides.

and Krishna Mm-ti,- --G-.5.1’.

(1S7&) • Mineralogy genesis and

Pongasoj.'. , P,, Sartin, V.A.K. and KrisJir.n nrti, G.8.:;. (1975).

Hydan, J.R. hlcLauy'ilin, J.R. and dyers, J.K. (1977b).

ilhulos,U.R. (1975). Phosphate-sorption isothorns for sone



81

(1974)• Assessing P. fertilizerSilva, J,.’.. and Fox, II.L
requirements of soils with phosphorus .sorption .. ■ •

■ ice tine FertilizerPlanning and Org.isothc-.^is.
Input lroject Oct. 2?25-IIonolulu: 100-105.

Phosphorus s>rpti^n
So .1 Sei. Soo.an’. d.sorpti n by organic residues.

An. J. 40:389-394.

Soil Survey Staff, (197-5). A basic systc..Soil Tuxonoiiy:

of soil classification for ;.i?ddL:ig on J inte pre ting
U.S, Sept. ..gric.Handbook 456- eric.soil surveys.

V.’ashingtcn, D.C.

(1939). Al te mt ions in th cloy structureStout, F.R
of clay .-iacrals as a result of phosyimte fixation.
Soil Sei, Soc, Ac. Proc. 4: 177-184.

"aylcr, 17..', and Ellis, B.C-. (1978). A iicchonis: of
phosphate adsorption on soil and anion exchange resin
surfaces. Soil Sei, Soc, A-., J. 42 : 452-436

Udo, id. J. and Uzu, P.O. (1972). Characteristics of phospho*
Coil Sci. Soc.

Uriyo, A.P. and. Acsseba, A. (1972).

tropics. C-eodcrrm 8: 207-220.

ins .adsorption by so::e I’igorian scils.
Aia, Proc. 56: 879-883,

.'ei eval i.-.ti n of HH.F as 4
a selective- extractant for 7J.-P in two soils of the

SiiVj’h, B.B. and Junes, J.?. (1976).



„ 82

Uriyo, A.P, and Kossebn, A. (1973), Phosphate- fractions in
sone Tanzanian soils. Ge oder .r„ 10: 181-192.

Uriyo, A.P, and Kessebn, A, (1975). Amounts and distribution
of oi'gnnic phosphoius in sone profiles in Tanzania,
toil Sei, 119: 119-126.

Von Raij, B. ord Peach, ?I. (1972). EloctrocherJLcal properties
of some Oxisols and Alfisols of the tropics. Soil Sei,

Soc, Am, Proc, 36: 587-593.

Stout, r,H. and ISoDonald, II.J. (1958), SoilWilliams, 3.G.,

J, Sei, Pd, .yric.properties and phosphate sorption.

9: 551-559.

White, l.l,E. and Taylor, A.7, (1977). Effect of pH on phosphate
adsorption and isotopic exchange in acid soils at low

J, Soil Sei,and high additions of soluble phos hate.
28: 48-61

Woodruff, J.11. and Kaaprath, R,J. (1965). Phosphorus adsorption
naxinun as measured by the Langmuir isothora and its

Soil Sci. Soc<rclntionsliip to phosphorus av'.liability.
.A?,. Proc, 29: 148-150.



83

Appendix 1.

Soil rroiilv Olr.rrieteristico

iLzvmjc Soil

(i) . .xtern.' 1. j.~&-turos

loontior.;

Coordinates: 36

Ilat Description :xd Sampling:

Slave. cion: ’.ppvoxi 520m.

Clihv'-. be: 670mm,&k>on Annuel:

Jlaspifioation: Ustic.
Soil : Iso-liyperthcrmic

C-c-olo/gy: .-.sediments of the Us-.gazmi System.

?vsroc:rpoh~.~: :Tio;’.caous gneiss.

v’orm.tion: k'orsiud in place.

■L?.nc I'orm: Flr.t to •undulAcin-.?.3 Ji‘orc.1;

is"? 'client: 3—4i’-'opeoiiic -?.t site: 31o r

Slope diruction: Ilc't'.i7/eotv."rds.

■Slope Pom.: LiiiOuz*

.Position on slop-, s Umiddle..

".'oodlrjiG.

Irasu;..t lent Use: rliine fnrmin^

••oder-.ta to x'npid.Dr.ai-iprx:

■ e Secondary School, iloro* ore.

;c 56 ’ p J7° 551

2 .ode o.c
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liock outcrops s I'on:.-.

_bt 01;

Krosion: 2.11

.~>)tfci:..’ic xc-m? i\:s: ■Soil 3-iiples collect'd at depth of 0-15om.

(11) Int ,y,ixL 1 ■■•■-■tiu-os

.i'--.rk reddish brown (2.5 YR 5/4 dry), dr r’.:C—IS cm

recdisl brown (5YR 3/3 wot); clay loam;

moderate fine porous cnmh structure; slightly

:jtiol<y -.'nd slightly plastic when wet. .iiziny

fine to rx-dium discontinuous rr-ndom ir.pod

artifacts absent; pre sence of insect nests;

P-rk red (2.5 Y?. 3/6 dry), dork red (2,51''’:I?"49 C-

3/6

sub-rn'7'u.rr blocky structure: nkicly nr.d

piratic when wet, ii-i.'blo. so.t't; no cv.tans?

I'X'ny fine di ^continuous ivrdoin inyed ’nd .'.'ev:

■■■lediun exped yores; mnny fine- nnd few njdiun

j)..rk red (ICE 4^6 dry), d- rk red (101-: 3/6 wot);49-12Oom■■’22'

clay loan; model- .te fine porous sut-.ongul.or

blocky structure; slightly stic?"-- rnd stlgtrtly

wot); cloy loom; weu: to noderotc porous

none«

roots; .\rbitrnry bovnd.\ry tx-vrds T‘>^

C2I*

clc-ur and sraoth boundary tow. rds

Ar

pores: bundont fine mid few rieliu:. roots:



85

pl-Stic ^hsn wet; friable, soft; no cut. ns;

a-zcidnnt fine- discontinuous ra-idosi inpod por-'s;

i*cv.' fine and co .rce roots, lower oound'-r;-

V7-..S not reached.

B. CluptOAVi ‘Joil

(i) Lxt .me:.! Fu'-tures

Location;

fcap Coordinates:

15th July. 1977.hots of Description arid Cr^ipling:

felevation: xlpproxiaately 1,60Qn.

Cliae.t-;: llainfall: 

Joil fenipor- .ture; Isothozaic.

Geology: Imogene - Volcanic formation.

Fetrogi*- chv: Sasic volcanic ash.

Mode of I’oir.iatiun: j'oiTied in place.

Lund rorm: KillyGener: 1;

Slope gradient - 1C“^Spc-oifio ’.~.t Lite:

Llopo form: Conve".

.-lope direction: Korthe-stwards.

Losiiior. on slope: Middle.

Vege-ttstion: Latur.’-ls Porast

rrc-sent L--n.il Use-: i'orost reserve. Linus ps.tula~donin.~nt.

of B2

1*35°

Cl.-.'.otonj'i Forest deserve, Arusha.

39f I’ 3C16‘.

Olassifioation: Utlic.
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Drainage: Well drained.
Kock outcrops: .-.jone

Stonniness: None

erosion: Nil

"oil samples collected at depth of 0-15cm«Specific re-marks:

(it) Internal Features
A. £-20om

dork brown. (1OYR 3/2
very fine porous crumb structure;; slightly

many fine discontinuous random in ped pores;
abundant fine roots; artifacts absent; presence
of insect nests and worm casts; clear smooth
boundary towards cn albic horizon.

20-3Oom (albic horizon)
Cray (10YR 5/1 dry), very dark greyish brown
(2.5YR 3/2 wet); silt loam; work to moderate
fine porous sub-angular blocky structure;
non-stiky and no:—plastic, friable, slightly
hard; absence of cutans; many fine, disconti­
nuous random inped pores; many medium roots;
artifacts absent; abrupt smooth boundary
towards II.

wot); silt loam; weak
Very dark greyish brown (1OYR. 3/2 dry), very

sticky, i:on-plo.stic when wet, friable, soft;
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ifk brown (1OYR 3/3 dry), black (7.5TK 2/0II..

\r

blocky structure; slightly sticky sliyhtly
’’I-.stic when wet r

cntf'iis; oomo-i discontinuous ir.pcd aicro-pores;

Lowe:..- boundary IIabsence c~ ertif••■.cts,

./as not reached.

wet); silt loan; moderate fine sub-rngul
35-150: cm

friable, soft-, absence of
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■>Iron oxides

Allophane:

0 400

Temperature, °C

Appendix 3, Differential thermal analysis for the Vitrandept soil
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