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I. INTRODUCTION

Volcanic ash blankets almost two-thirds of the North
Island {Baumgart 1954). Of the volcanic ash soils, rather
more than one third are classified as yellow brown pumice
soils (Baumgart 1954) derived from rhyolitic pumiceous ash
having clay fractions made up principally of allophane
(Fieldes and Taylor 1961). This mineral shows a considerable
capacity for fixing phesphate (Jackman 1951). Yellow brown
pumice seils present asm interesting field of research for
the soil scientist, since they are smong the most dynamic
ef soils~ their equilibrium with the environment is guite
unstable (Baumgart 1954). An attempt is being made in
Hew Zealsnd to bring the yellew brown pumice soils 4o &
high level of production through both foresting and
agriculture. Phosphate topdresszing is essential feor
establishment and maintenance of improved pastures. It
appears from the resulis of Jackman {i%%&} that & sube
staniial preportien of fertilizer phosphate becomezcon—
verted to organic ferms and accumslates as sueh. He has
shown also that these seils im the virgin siale é%ﬁt%éﬁ a
high propertion of their total phosphorus in the erganic
form.

Less information is available on the trend of in-
erganic fixation of phosphate in these seils and the
lsberatory studies reported herein, were undertaken with

& view to elucidating these tremds. In pardicalar.



information was scught on the relative significance of
aluminivm~,iron~ and calcium-binding of phesphate as
influenced by time of contact beiween added phosphate
and soil, and on changes in the selubiliiy and exchange-
ability of phosphate occuring throughout the time of
contact.

To these ends use was made of
() The phosphate fractionation procedures developed by
Fife (Fife 1959a,b; 19625 1963; priv. comm.),
(b) Truog's procedure for the determination of available
phosphate (Truog 1930),
(¢) An smion exchange resin technique (Saunders and
Metelerkamp 1982, Coocke and Hislop 1863, Saunders 18984,
Fife and Spedding priv. comm.)
(d) A radio-isotopic exchange procedure (Furkert 1962,

Shao 1963, Spedding priv. comm.).
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11. REVIEBY OF LITERATURE

THE MECHANISM OF PHOSPHATE RETENTION

The general field of phosphate fixstion has been the
subject of a number of comprehensive reviews (Midgley 1940,
Dean 1949, Wild 1950, Hemwall 1957) and it is proposed to
limit the present discussion te e review of literature
considered to have a direct bearing en the work being under~
taken.

It has been shows that iron and aluminium oxides and
hydroxides and clay minerals are capable of removing large
amounts of phosphate from solution. This phenomenon has been
well reviewed and studied (Midgley 1940, Dean 1949, Wild 1950,
Hemwall 1957).

The relationship between phosphate retention and pH in
the presence of aluminium, irom and calcium has been investi~-
gated by many workers (Teakle 1928, Gaarder 1930, Mattson et
al 1957, Miller 1954). From the consideration of this
literature Saunders (1959) ceﬁeia&eé that three generalization
can be made,

{a) In iron and aluminium systems the phosphate in
solution is at & minimum between about pH 2 and pH 7.

(b) In calcium systems the phosphate in solution is at
a minimum sbouit pH 6.

(¢) The pH of minimum solubility in iron system is
about one pH unit lower then in saluminium system.

The effect of the removal of iron or aluminium or both

from clays or soils on their ability to retain phosphorus



has been used to evaluate the role of iron and aluminium
compounds in the fixation of phosphorus {Teth 1937, Romine
and Metzger 1939, Metzger 1940, Chandler 1841, Black 1948,
Coleman 1942). Treatments which remove & part of the iron
or aluminium, result in a reduction in phosphate retention.
Such treatments do not cempletely eliminate significant
retention by the residual materials.

Allophane, which has an approximate minersl composition
represented by gégﬁsg Si§3§§§g§§ is the predominant minersl in
the clay fraction of soils derived from rhyolitic and andesitic
volcanic ash. In soils from shyolitic ash, the amount present
may be only a few per cent of the soil, but in those from the
andesitic members it may reach 60% (Birrell 1954). The Si:Al
rativuof allephane may vary from 1.01-1.78(Birrell and Fieldes
1952) to 0.8-2.0 (Fieldes 1955). Taylor (1953) suggested that
the reason for the generally low ratio of silica to¢ alumina
was due mainly to early loss of silice during the initial break—
down of clays. Fieldes (1955) showed that allophane B was
dominant in vellow brown pumice seils and allophane A in
vyellow brown loam. In allophane B the amorphous hydrous
oxides of sluminium and silice are discrete and with increasing
age grow together to form allophane A where very few small
particles of solid hydrous Al-oxides are randomly cross—linked
by tetrahedral Si (Fieldes and Taylor 1961). Because of its
high content of aluminium and very small particle size (less

than 100 E}, these minerals have been regarded as important
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fixers of soil phesphate.

Saunders (1959¢) studied the retention of phosphate by
a s0il derived from andesitic velcanic ash and containing
allophane as the dominafilcolloidal constituent. He found the
retention to be greatest betveen pH 3.5 and pH 7, falling eff
rapidly above and below ithis range. He also found that allophane
is rapidly converted to taranakite, an inscluble phosphate,
following treatment with 1M ammonium phosphate at pH4. Pieldes
and Schofield (1960) suggested that phosphate was held in a
difficultly available form at tetrahedral aluminium sites
similar to monitmorillonite where sluminium substitutes exten~
sively for silicon in tetrahedral positions. Birrell (1961},
gshowed that Tiraw ash clay fraction, when itreated with either
ammonium or potassiuvm dihydregen phosphate at pH 4, formed the
phosphate mineral daranakite.

The explanation by Birrell (1961) and Fieldes (1962)
of phosphate fixation by allophane is that anionic groups
containing %2 can coordinate at tetrahedral aluminium sites;
anions like phosphate with pentavalent elements in tetra—
hedral coordination are most strongly retained because the
valence contribution {+% from Al and 5;@ from §} belancs

the -2 from oxygen, resulting in structursl stability, thus

Birrell (1961) showed that by treating allophane with
soluble NH -phosphate about 25% of the silica content was

dissoclved. He concluded that the main mechanism likely to

eccur would be solution of alumina followed by precipitation of



taranskite. He also showed that allophane type soils develop
a considerable negative charge in the range pH 6~7.5 and are
strongly buffering in this range. This effect appears to be
related to the Al which is in tetrahedral form.

Hemwall (1957) in an extensive review concluded that
the formation of inscluble iron apnd aluminium compounds of
the nature of ﬁ{ﬁgé}xéﬁﬁ}yg§2§§ég is governed by the solubility
product principle (Kittrick and Jackson 1955a,c; 1956), the
common ion effect and =alt effects. Under certain conditions
& precipitate is formed, whereas under other conditions the
phosphate is adsorbed.

Chang and Chu (1961) reported that added soluble
phosphate is mainly fizxed as aluminium phosphate followed
by iron phosphate and then by calcium phosphate regardless of
soil %Ee They found that when the time of contact was pro-
tonged the amount of iron phosphate increased with correspond-
ing decrease in the amounts of aluminium and calcium phosphates.
The rate of change inecreased with the moisture content of the
seils

They further suggested that the first stage of fixation
of added soluble phosphate by cations would eccur at the surface
of the solid phase and that the relative amounts and kinds of
phosphate formed would depend of the specific surface area of
the sclid phase associated with sluminium, irom and calecium.
Since the major constituent of clay is aluminium, the most
likely imitial form of phosphate fixed would be aluminiom-

bound. However, because the solubility product of iron-
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bound phosphate is lower than that of either aluminium-or
calcium-bound--phosphate, they concluded that as time elapsed
the aluminiuvm~and calcium-bound forms of phosphate in the ssil
would prebably change to iron-bound forms.

Lavety-and McLean (1981) showed that soils of low fixation
capacity tied up 2% times as much phosphate in the aluminium-
bound fiactiomn as in the iron-bound form, while the reverse was
true for soils of high phosphate fixaition capscidy.

Volk and McLean (1963) showed a tendency for the recovery
of more than half the applied phosphate as iron-bound phosphate
in ssils ef high phesphate~fixing capacity and more than half
as sluminivm-bound phosphate in soils of low phosphate—{fixing
capacity.

Heu (;%é} studied the adsorption of phosphate by sluminium
and iron in soil. He found that in slightly acid soils treated
with dilute phosphate selution at pH 7, twoe reaciions were
operating at different rates. The one that proceded more rapidly
was believed to be due te surface adsorption of phoshate by
the &gsyyéegskaiﬁgiaiag hydroxide and irom oxide in the =¢il.
The subsegquent slow reaction was due to similar surface reactive
components developed during the ageing process.

Lindsay, Frazier and Stephenson (1962) used X-ray, petro-
graphic and chemical analysis methods to identify the resction
products following the additien of various fertilizer scluitions
to scils and soil constituents. They §@&§§$§?a§%é the formation
of spproximstely 30 crystalline phosphste compounds as well as

several colloidel precipitates of variable composition.
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Saunders (1965) studied phosphate retention from Kﬁg?gé
solution at pH 4.6 in some New Zealand soil prefiles, from
sedimentary and volcanic parent materials, arranged in
sequences of increasing weathering and leaching. He found
that phosphate retention from Kgg?éé selution cerrelated closely
with P retention measured by adding solid Cg{gg?§%}2§2§ to
moist soil. He alsc found that P retention by topsoils correlated
¢losely with organic carbon, total niirogen, loss in ignition,
organic phosphorus, Tamm Al and Fe and neuiral citrate-dithionite
Fe. Subsecil P retention correlated closely with Tamm Al and
Fe and citrate~dithionite Fe. Soil organic matier was not
considered to be directly concerned in P retention: the
‘correlation with P retention followed from a close correlation
between soil organic matiter and Tamm Al-Fe. He alsc peinted
out that on each parent material, Tamm Al and Pe and P retention
increased with degree of weathering to a maximum in moderately
weathered soils of silt texture and then decreased in strongly
weathered soils of elay texture. With increasing degree of
leaching within the profile P retention and Tawm Al and Fe
decreased in topsoils and increased in subsoils., P retention
per unit of Tamm Al and Fe was similar in topseils and in
subsoils. Where allophane lowered the P retention per unit
of Temm Al and Fe, the 20ils were found to comtain appreciable
Tamm Si. He explained this bshavisur on the grounds that
Tamm Si combined with Tamm Al and Fe, thereby preventing P

retention by the Al and Fe.
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The retention of phosphate by the nen~living organic
maetter in soil is believed to be small (Burd 1948), (Pierre
1948). Doughty gave evidence that such retention as there
is due to & yegéiigﬁ of the phosphate with Fe, Al and Ce iomns
which are associated with the organic matter (Doughty 1930,
1935). Chaminade (1948) reported that humus forms a complex
with phosphate iens which iz met readily precipitated by Ca
ions, even at high pH velues. Other workers have shown thsat
g&@ humate ien can replace the phosphate ions that are
adsorbed by clay minerals and by artifical alumino~gilicates
(&a%%ség 1931, 1950): In laboratory studies, organic anions,
such as oxalate, citrate and tartrate, which complex iren and
sluminium, reduce phosphate retention by aluminium and iron
compounds {Swenson, Cole and Seiling 1949). Jackman (1955)
had reported that fertilizer phosphorus topdressed on permanent
pasitures, is partly converisd imio organic ferm in the seil
especially in soils derived from rhyolitic pumice which were
found to contain up to 80% of their total phosphate in organic
form and to sccumulate fertilizer phosphorus in this form.

He quoted evidence from Goring and Bartholomew (1952) that
aluminiem may be important insofar as nucleie acids are held
by phosphate bounds to bentonite and kaolinite, and that
adsorption, together with the formation of inseiunble sluminium
organic phosphates, could well sccount for the sfabilizdtidn.»
of organic phesphate by allophane.

Dixon {1954) showed in one experiment on a pumice s0il,
that 50 per cemt of the phosphorus applied to a 1Z2-year old

pasture was recovered; of this, 80-90 per cent was in organic
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form. He suggested three alternative explanations, {i} phog=
phorus occuring in the organic matter is bound through protein
groups teo &Eie§ha§e,{2) the organic phosphorus is unbound and
not decompesed because &f inactivation of phesphatase by
allophane, (3) allophane itself fiﬁés the phoaphorus. The
third possibility iz open to guestion since Samunders (priv.
comm. with Dixon) has found relatively low absorption of
phosphate from sclution by an allophane sample separated from
a geological specimen.

Microorganisms alse play & part in phosphate retention.
Pierre(1948) suggested that microorganisms may immobilize a
large amount of pheosphate when a source of nitrogen and energy
is available. Taylor (1946) found that the fixation of phosphate
by & garden soil was substantially increased by the addition
¢f peptone, urea and blood meal. Sterilization of the soil by
heat and by certain chemicals prevented this increasey but did
not reduce the amount of phosphate retained when no organiec
supplements had been given. Wild (1950) concluded that inorganiec
phosphate is unlikely to be metabolized by microorganisms in

the soil unless phosphate supply is a limiting factor.

THE FRACTIONATION 0F SOIL PHOSPHORUS

The chemical methods for the estimation of the different
forms of phosphate in zoils are based on the use of s series of

selective extracting solutions.

Fisher and Thomas (1935), by extracting separate samples
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of s0il with acetic acid-sodium acetate buffer at pH 4.98-5.02
for different periods of time, and also with dilute sulphuric
acid at pH 2, attempted the fractionation of smoil phosphates
into three groups comprising:

(&) Amorphous and fia%i? divided crystalline phesphates
of calcium, magnesium and manganese,

(b) Amorphous phosphates of aluminium and irom,

(c¢) Phosphorus absorbed upon hydrous oxides and that
present in the apatite forms.

Williams (1987) using boiling sodium hydroxide as an
extractant divided the soil phosphorus inte:

(a) An alkali soluble fraction, said to include organic
phosphorus, exchangeable phosphate and the mors soluble inerganic
phosphate such as sesqguiexide-bound phosphate, dicalcic phosphate
and any water soluble phoesphate,

(b) Possibly titanium phosphate and crystal lattice
phosphate, and

{¢) the alkali-insoluble fraction consisting of apatite.

Dean (1937,1988), extended this fractionation by following
the 0.25 N sodium hydroxide extractant at 95°C with an extraction
with dilute (0.5 N) sulphuric acid. He suggested that the sodium
hydroxide exiraction removed mainly iron and sluminium phosphate
and mono- and di-caleium phosphate as an inorganic fraction.

The sulphuric acid extraction then removed mainly tricalcivm
phosphate and apatites. A fourth fraction was that part insoluble

in either of these sxtractantis.



Dean alsoc stressed that exchangeable calcium had &
ﬁ@fkeé effect en the solubility of inorganic phospherns in
sodium hydroxide., Alkali extraction of séils requires
pretreatment of the soil with a sodium salt solution (such
as sodium acetate) in order to eliminate interference from
solable or exchangeable calecium and magnesium.

Ghani 's modification of Dean's method incoerporates an
initial extraction with 0.5N acetic acid folleowed by successive
extractions with 0.25N NalH and finally with sulphuric acid.
Ghani clasimed that the scetic acid extracted prineipally
mono=—,di=- and tri-calcium phesphate, the sodiuvm hydrexide
extracted the organic phospherus and the combined irom and
aluminiom phosphates, while the sulphuric scid exiracted
principally apatites.

The main disadvantage of Ghani's method is that some
of the phosphate brought imto solution by the acetic acid
is resadsorbed by the soil and is then extracted during the
sodium hydroxide extraction. To overcome this, Ghani (1943b)
suggested the use of B-hydroxy-gquinoline as & means of
blocking readsorption or precipitation of phosphate by sctive
iron and alpminium during the acetic acid extraction.

This suggestion was further explored by Williams (1950s,
bye). He employed successive single extraction with 2.5%
acetic-acid-1%-8-hydroxy-quinoline solution (which has a pH
of 3.9) and 0.IN sodium hydroxide.

In some of these methods (Ghani 1943, Williams 1950),

the acid extractions which preceded the alkali extraction
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was shown to remove not only calcium phosphate but alse
congiderable aluminium and iron phesphate. Farther, in
these methods no separation of iron and aluminium phosphate
is achieved.

Turner and Rice (1954) found that neutral ammonium
fluoride can dissolve asluminium phosphate but not irom
phosphate. Chang and Jackson (1957) suggested that the
method used for the determination of available phosphate
by Bray and Kurtz (1945) should be selective for aluminium
phosphate.

Chang and Jackson (1957) put forward an analytical
gcheme for identifying each of several kinds of phesphorus
compounds in scils. This was based on the sgelective
gsolubility of phesphate in variocus extractsnis. They
clagsified the scil phosphorusg intso the digerets chemical
forms: caleium phosphate, aluminiuwm phosphate, iron phosphate,
reductant soluble (iron oxide coated) irom phosphate and
seccluded alg§é§§§@~ir§§ phosphate. Briefly, their methods
of fractionation are as follows:

{a) Pretreat soil sample with IN ﬁgéﬁi for 30 minutes
to remove water soluble, locsely bound phosphate and the
gxchangeable caelcium.

{b) Extract Al-phosphate from the NH 4~s0il with 0.5N
?ﬁé? one hour.

(¢) Extract Fe-phosphate from residue with 0.1N NaQH

for 17 hours.
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(d) Extraect Ca-phosphate from residue with 0.5 N
H,S0, for 1 hour (Dean 1938). (NaCl solution is used to
wash soil residues after treatments b,c,d.)

(e) Extract the reductant soluble Fe-phosphate with
citrate-dithionite at pH 7 (adapted from the method of
Aguilera and Jackson, 1953).

(f) Extract again with (1) neutral NH F as in (b)
g

4
for occluded Al-phosphate or (2) with 0.1 N NaOH as in {¢)
for occcluded Al-, and Fe~phosphsate.

{g) Determine organic phosphate on a separate sample
by the method of Bray and Kurtz (1945).

These procedures have been criticized and modified,
(Fife 185%a,b; 1982, 1963; Glean et al 1939; Saunders 1959;
Yuan and Fiskell 1989; Khin and Leeper 1960).

Saunders (1959) and Yuan and Fiskell (1959) suggested
"that the citrate-dithionite attacked iron and aluminium in-
digeriminately. Therefore it should noi be used to dis~
tinguish the so-called reductani soluble iron phesphate.

Khin and Leeper (1960) made the modification:

(a) Extracting Al-phosphate with 0.5 N gﬁég at pH
8.5 as proposed by Fife imstead of pHT.

{b) Using stronger §2§2 and longer peried of disgesiion
for organic phosphate.

Fife (1959a,b, 1962,1963) carried out critical studies
in soil and non-soil systems of the solubility characteristics
of iroem-bound phesphate and aluminium-bound phosphate in 0.5N
ﬁgé? over a range of pH. His results were consistent with

iron-bound phosphate possessing considerable resistance to
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alkaline hydrolysis im 0.5N §§%§ and showed that the most
general selective delineation of sluminium-bound phoesphate
by this extractant is likely to be attained at approximately
pH 8.5. He has aslso advanced {p§i¥,3e§g‘} a methed for
fractionating soil phosphate; the detail of this procedure

is given under "Methods".

THE ISOTOPIC EXCHANGE KINETIC METHODS.

Russel, Rickson, Adams and Seatz (1954) suggested that
all inorganic phosphate fractions in scil must be regarded as
undergeing exchange although at very different rates. IDe-
pending on the nature of the soils, on the exchangeahle cation
present and on the surface development of the precipitated
phosphate present, the rate of the process may vary widely.

It is through the use of the radio—isctopey 32?? as &
tracer for the phosphate exchange reaction between solide
liguid phase that the studies of the exchange reaction sare
possible. Many workers such as McAuliffe, Hall, Dean and
Hendricks (1948); Wiklender (1950) and Russel, Rickson, Adams
(1954) and Seatz (1954) have used 32? in the study of phosphate
exchange reaciions.

McAuliffe et al (1948) considered that the basic soil
reactions involving 32? phosphate were:

Surface pb9$§ﬁate«§32 + solution §h%gp§&iemng
31
The extent of surface reaction can he estimaled st eguilibrium

for the above reaction, namely
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Surface phos éaé%~§3g z Surface séeg'hate~?§§

Solution phss§§aée»?32 Selution §§$$§éatew?g§
{or) ?31 (surface) = ygg surface x ?31 solution.
§32 selution

Theya§§§éeé ?32 to study the exchange between soluilion
and solid phase phosphate. They allowed scils to eguilibrate with
water for 4 days then added a guantity of carrier free Pag
which was considered would causs no significant chaunge in the
phosphate content of the solutien. Exchange was messured by
observing the disappearance of §32 from the %éiﬁ%i%ﬁ; A part
of the soil phosphate was found to eguilibrate rapidly by
exchange with the solution. The amount of this rapidly
eguilibrating surface phosphate was §$§§é to parallel other
estimates of phosphate availability. A slower, less reversible
exchange of phosphate was alse recognized.

The mechanism of phosphate sorption and Kinetics ef
phosphate exchange im soil was §§Véséigatei with the aid of
82p by Wiklander (1950). He used another approach. Samples
of s0il were shaken with labelled phosphate for 3 days, follow—
ing which the bathing solution was replaced by & solution of
unlabelled phosphate of egqual concentration and the return of
?32 4o the solution was cbserved.

According to VWiklander, the exchange secemed to be
composed of 2 separate reactions: the primary rapid ion

exchange between solution phosphate {?S} and the micellar

, ¥
phosphate §§§)3 the main part being exchanged in 10 minutesy



and the secondary exchange hetween the micellar (P ) and

th

&

*
fixed phosphate {?f}E the latter progressing siowly.
The rapid exchange can be written:
#* *

P + P S———— - T PP & B
2 m m 24

and the sscondary process asg

i e e o g g o v e e 2 B
P+ P, =e=== P, + E

This reaction is of a chemical nature and the law of mass

]

action can therefere be applied,

Y

O I I I I I T L T I {2‘?

(®), - () _

*®
@), - (),

w4

By combining equation (1) and (2) the micellar
phosphate is cancelled out which gives:
_;;2,
2 {p
{‘}f M %E} :)S = ¥

#*
g‘ %
i?}g . ()

$ & 8 & @ & 6 LB E B LS ESE ST EES ST RS OSSO é’g}

f

He alsse further stressed that, from this evidence,
the law of mass action governs the reaction betwesen the
phogphate in the =o0il solution and the phospate fixed by
the soil.

He also commented that if the exchange reaction is
allowed to proceed until eguilibrium is reached, the ratio
* * . )

. B ., must be equal to the szame ratio of P.
solution’  soil

This implies that the thermodypamic constant K has the value
1. To express the momeniary or apparent eguilibrium state,
K hes to be multiplied with a g@éf§i€i§§%§£§ the magnitude

of which grows to the limit value 1 ag the reaction approaches

true equilibriom; thus §§£§<§. If the relation %%%%%éﬁffg

and the reaction time were known, then the time reguired
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to reach eguilibrium could be determined.
Russell et al (1954) indicated the mature of exchange

reaction by showing that if an aliguot of soil is suspended

?Si

. . . a2 s
in a solution containing (x) and (y)P"" and isotopiec

ez%h&ﬁgé QQGEii?S? t’%éﬁ’ ﬁm gg €& & & B 2 B T O E S B 6 ¥ B {EE

x + B gi

t
vwhere {K%} and {?g} are the amount of ?3

1 az |
and P in the

solution after time (t) and (Egé is the gueantity of soil
phosphate which has undergone exchange. Hence,
%

E =71
@"""‘“‘?&X eaeges:eeeeea«eesac*&saég}
4

They stated that if an atiempt is made to estimatle
the exchange capscity of a nmatural soil by thisz procedure,
difficulty arises from the fact that, if the concentration
of labelled phosphate used is sufficiently large for acecurate
colorimetric measurements %o be made, sorption will gcour
gimulianeously with isctopie egshé&ge; Thus the effect of
gorption on the valididy eof the calculated resuli will
depend on the rapidity of exchange between the bathing
sglution and the phosphate sorbed during the experiment.
Should exchange be so rapid that the sorbed phosphate remains
virtually in equilibrium with the bathing solution the value
of x, /y, will be unaffected by sorption and no errer in the

/v
estimation of Eg will result. However, the rate of the
process may be affected and the kinetics of exchange cannot
therefore be studied. If the phosphate sorbed during the

experiment exchanges slowly or net at all with that in the
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bathing solution, its specific activity will exceed yigﬁg
at time ¢ since exchange geagssagiiy‘cagsés the sgpecific
acbivity of selution to decrease during the ezperiment.

The value x%/gé will therefore be increased by sorption

and isotopic exchange will be overestimated by equation(2).

Russell et al alse 6@&&&3%3@ that the validity of the
procedure of McAuliffs et al (1948) depends on the two
conditions, that the §32 iz added after equilibiivm hss beean
attained and that the carrier added with the §82 does not affect
the phosphate balance of the sysiem.

The validity of Wiklander®s method for estimating the
exchangeable phosphate content of the soil clearly depends
on sguilibrium between the initial labelled solution and all
forms of exchangeable phoesphate in the soil having been
attained before the labelled solution is removed. That this
condition was setisfied in Wiklander®s inveatigation appears
most improbable since as his resulis show, equilibrium between
the treated soil and the second sclubion was not reached in
4 days. This suggests that the precedure may give rise to
errors which are not readily detectable.

Russel et al (1954) suggested a method that involved
shaking aligquots of so0il with solutions containing known
guantities of ?gz and §82 and observing the change in these
guantities. If it could be proved that at the end of the
experiment the phosphate which had been sorbed by the ssoil
was isotopic equilibrium with bathing medium, it appeared
that an uneguivocal estimate of the exchangeable szoil
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phoeaphate could be made,
Talibudeen (1960) examined the specific activity
(8.4.) data for over a hundred arable scils from Fngland
and Wales by observing the curvilinear decay in log.(SA)
with time. The results show that at leaszi 3 groups of ex-
c¢hanging sites are involved with half-time of exchange 10-
30 minutes, 515 hours and 40-80 hours. The phosphate in
the eguilibrium soluition, which is removed from the seil
during egquilibrium, is & part of the more rapidly exchanging
category ef the total isciopically exchangesble g&éé;&g%e,
Shae (1962) using §§3 and mathematical calculation was
able to analyse the curve of log. count raeits versus time into
e number of straight limes (for systems in chemical equili-—
brium} representing the number of different types of exchange-
able inorganic phosphate that were present on the selid
phase. He was able to calculate the specific rate constants
for all these types of exchangeabls inorganic phosphate.
By cemparing these rate constanbs, he reached conclusions
in respect of: .
(a) the numbers of types of exchangeable inorganic
phosphate on clay minerals, soils, and ion exchange resins.
} the nature of bonding of these phosphates.
(¢) relationship between specific rate constants and

phosphate availability inm soils.



III. MATERIALS

Deserintion of seils:

Descriptions of the soils used are presented in Tables
1 and 2. The soil samples were collected from the sites
established as modal by New Zealand Soil Bureau and for which

complete descriptions were available. (Data on seil profiles

1962).
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TABLE 1. Description of seils

Se!‘ié}; Depth Seil Type Parent Material Genetic i%@%%is Predominant Location of Slope Altitude Rain-

No. ( inch) Ho és£&ssifi§a@iag s§né and clay } .

. mineral 801l and aspect ft. fall in,

1 0-8% Taupo sandy silt Rhyolitic pumiec 18a. Moderately leach— | Allophane, Wharepaina,west = | Flat 10680 50
and (Taupo ash) ed yellow brown glass, gide of Rotorua-—

2 84-12% erupted 1700 years pumice soil andesine, Taupe highway, 5

ago Pyroxenes. miles south of
Waiotopu

3 0-10 Ngarome sandy Same as No.l 18z, ery strongly Allophane. Summit Easy ?@éliaguiﬁﬁe 70
and silt ahove :gaﬁéed vellow Turangakuma plateaus

4 10-13 rown pumice Hill deeply

' %Gii digsected

5 0-3 | Keingaroa loamy Same as No.l 13a. Same as No.2 Allophane, Waimihia road, 3 degree,  |2300 55
and sand above above glass, Kaingaroa forest,| Nerth.

6 3-5% DYrOXenes. 450 yards north

) from Napier-—

: Taupo highway

7 0-5% Tirau silt loam Tirau esh. 14a. %égéazaigéy ieach~ ,éll@?ﬁ%ﬁ8; Hetherington 2 degree, 400 ‘ 55
and The top soil led central vellow | glass, road, Tiran, on East, near

8 55-12 includes thin brown loam. andesgine. roadside 14 miles| ecrest of

‘gﬁhayga aah

contribotions

of Taupe and

east of Tirsu
and & miles

gouth of cemetery

easy relling

ridge.

¥



Table 2 - 23 .
Seil Type Taune Sandy 3ilt Hearoma ng - 31};}% . K%iﬁ§§?8& %a%ﬁy S@s’gép ?iga{é Silt Loam
- ; ; P P : : _ : o
Depth (inch:) 0-3 | 5-7 | 7-10 |14-17 [17-20 0-5 | 7-10 ‘[16=10 | 24-27"[| 0-3. | s5-8 | 8-95 | 9-15 'Ee—z a1 a1z 1820 1 24-30
Hori zon A AB B C c A | B c1 co A1 B2 BuFe | €1 | A1l 412 AB B C
pH 4.9 | 5.9 | 5.9 6.1 | 6.0 |[5.4 ]| 5.8 6. 00 6.00 || 4.00 | 5.00 | 5.10 | 5.20 || 5.70 5.80 | 5.90 6.30 6. 70
Cation exchange k’
0.B.C. me? 31.30 8.70 6.90 4,20 2.4011B2,60117.50 Sf ,,{} 10.90 27.10 11.70 {13,600 33,2@ 36,80 28.10 ! 15.80 15.10 14.10
T.E.B. me% 9,60 | 2.10 | 1.90 1.80 | 1.90 \ 0.80 0.3 0.30 0.20 | 17.80 7.70 | 1.50 3.60 5,60
B.S. me? 30.00 (24,00 [28.00 43,00 [56.00(80.00(16.00 miéff{}f{s 3., 00 3. 09 3. 00 2,00 &@G %899 27.00 110.00 24,00 40,00
Ca me% 6.80 | 0.90 | 0.70 0.60 | 0.80|]17.90| 1.00 %egﬁ 0.10 0,40 0.20 | 0.20 0,10 11.3% 5,20 | 1.20 2.50 2,40
Mg med 2,00 | 0,40 | 0.30 0.30 | 0.30]| 7.50| 0.40 _%gﬁé 0.10 || 0.40 0.10 | 0.10 0.20 || 4.80 1.50 | 0.40 0.50 2,10
X me% 0.78 | 0.53 | 0.65 0.80 | 0.72|| 1.10| 0.30 ngeig 0.10 0.27 0.22 | 0.09 0.14 ] 1.37 0.00 | 0.49 0,73 0,86
Na me% 0.20 | 0.20 | 0.30 0.40 | 0,50/ 0.30] 0.30 | 0.10 0.10 0.20 0.20 | 0.30 0. 30 ie.gg, 0,10 | 0.00 0.10 0.30
Organic mabtier |
C % 10.10 | 2,80 | 1.40 0.60 | 0,20[19,80 10.10 3.60 | 3.40 0.50 ie,ss 7.20 | 2,30 1.10 0.50
N % 0,52 | 0.14 | 0.10 0.05 | 0.02|| 0.69 0,42 0.18 | 0.14 0.03 ;&.S? 0.66 | 0.24 0.12 0.08
c/MN 19 16 14 12 10 29 24 20 24 17 %g 12 10 9 9
Phosphorus k
Total mg P% 92.00 31,00 62.00 | 45.00 28.00 |[143.00 98.00 60.00 34, 00
Organic mg P% 67.00 10.00 36.00 |22.00 3.00 ||101.00 45.00 17,00 7.00
Inorgenic mg P% 25.00 21.00 26.00 |23.00 25,00 || 42.00 53,00 43.00 27,00
Truog mg P% 0.50 0.20 0.70 0.20 0.20 || 0.50 0.20 0.20 0.20
P'retention % 63.00 43,00 70.00 | 80.00 45.00 éé,ﬁﬁ 98, 00 95.00 92.00
N/Organic P 8 5 12. 8 10 9 5 7 g
Tedim oxsalate
Auminiun 7 0.60 0.78 0.61 1.09 0.83 3.23 4.28 4,24 2.75
Iron % 0.30 0.22 F ; ] A . 0.45 | 0.37 0.27 || 0.83 0.85 1.10 1.08
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IV. METHODS

1. Preparation of soil samples.

The soil samples employed had been air-dried and ground
to pass a 2 mm. sieve. For analysis, sub-—samples were ground

to pass an B0-mesh sieva.

2. Calorimetric determination of phosphate.

Total phosphate was determined on the perchlonic acid
digests by the method recommended by Bray and Kurtz (1945).

Colour development for all remaining phosphate deter-
minations (apart from Truog values) was carried out by the
method of Dickman and Bray {(1940). In the determination of
Al-bound phosphate, the boric acid procedure of Kurtz (1942)
was employed to sliminate imterference in colour development
by fluoride. Colour messurement was made on a Beckman
spectrophotometer at 815mp.

2. Fractionation onrocedures to debermine iron-.zluminiuvm-

calcium— and ergpaniecallv-bound shoaphate.

The scheme in outline ig as folleows:

(a) Iron- and aluminium - bound phosphate were determined
together by extracting 0.5 M Nall preleached samples with 1 N
HalH

(b) Iron-, aluminiem- and calcium-bound phosphate were
determined by twe stage exiraction as follows,

(i) 0.01 N HC1 solutionm,
(ii) 1 N NaOH on the residue from the above after 0.5 M
Hall washing and acetone dryving.

(¢) Calcium~bound phosphate was determined by difference (b

o

S’



el
on
i

(d) Aluminium bound phosphate waes extracted with 0.5 N

NH,F at pH 8.5. Fife (195%a,b,1962, 1963.) has recommended

ne particular soils extractant ratioc for this extraction

bult suggests that, for routine study, ez high as possible

o dilution should be used to offset as much as possible

the tendency for phosphate liberated by the 0.5 M NH
to recombine with

vestigation a ratio of 1:100 was adopted on

free iron oxides.

R

Y

In the present in-

the following preliminary experiments.

the basis of

Taupo sendy silt {(mg P/100 g. soil

Dilution 1:16¢0 I:200 1:400
So0il laver
Time Top-soil |Sub-soil |Topsoil] Subseil | Topscil [Subsecil
3(hours) 2.1 3.3 2.5 3.8 2.6 3.9
7 2.5 3.5 2.7 3.9 2.7 3.9
18 2.8 3.8 2.7 3.9 2.7 3.9
25 2.5 3.8 2.7 4,0 2.8 3.9
140 2.8 3.8 2.8 4.0
Ngaroma sandy loam {gw P/100 g.soil
Dilution 1:1G0 1:260 1:400
Seil layer
1 Time Top—soil [Subsoil [Topaocil {Subscil |Topsocil |{Subsoil
3(hours) 2.1 1.2 2.4 2.0 2.9 2.5
7 2.4 1.6 2.6 2.6 2.9 2.5
16 2.6 1.9 2.7 2.7 3.1 2.8
25 2.7 1.8 2.7 2.7 3.1 2.6
40 2.7 1.8 2.7 2.7
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. Kaingaroa loamy sand {(mg P/100 g.soil

Bilution 1:100 1:200 1:400
Soil laver :

Time Topscil |[Subsoil |Tepsoil {Subsoil | Topsoil |Subseil
3(hours) 3.3 | 1.2 3.7 i.7 3.8 1.7

7 3.5 i.4 3.8 1.7 4,2 1.7

is a.7 1.5 4.1 1.7 4,2 1.7
25 3.8 1.4 4.1 i.7 4,2 1.7
440 3.8 i.8 4.1 i.8

Tirau s§ilt loam (mg P/100 g. soil)

Dilution 1:160 1:200 1400
Soil layer
Tipme Topsoil] Subsoil ] Tensoeill Subsoil] Tonsoil Subseil
3{hours) 36.7 17.1 41.7 21.3 44,5 |25.0
1 41.2 22,8 44,9 27.0 46.2 |29.0
ig 41.0 24.8 46. 3 28.8 47.0 1298.0
25 41.5 24,3 46,2 28.1 47.0 129.4
40 41.8 25.8 46.3 28.6 47.0 | 80.0

_ These results show that there are no apparent increase in
amount of phosphate in the exiractanmt as the extraction time and
goil: extractand’ ratio increase in Taupo sandy silt, Ngsroma sandy
loam, Kaingaros loamy sand. This may simply reflect the low amount
of Al-bound phosphate in these soils. In Pirap silt loam on the
other hand, there is an increasse in the amount of phosphate ex-
tracted as extraction time and soil: exitrachbant retic are in-
creased.

(e) The amount of iron-bound phosphate was obtained by
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subb¥acting, the aluminium phosphate value from that obtained
for %2@&3%1@%5 and iron-bound forms.

(£) &rg&nie%%iy-és&gd phosphate was taken as by the difference
between the combined 0.01 N HCI and 1IN HalOH exiractien waluss
found for ignited and unignited samples.

Recently, Dormsar and Webster (1964) have provided
evidence that the organic so0il phosphorus may not be completely
converted to inorganic forms even at tempersiures as high as
650°C and that losses by velatilization may occcur at temperature
as low as 400°C. 1In view of the probable high propertion of
organic phosphorus im yellow brown pumice soils it was con-
gidered interest to investigate whether there was any loss of
phesphorus by way of volatilizatien. 4 further possibility, that
an apparent lose of phosphate might arise through conversion of
ortho~phosphate to meta-and pyro-phosphate was slsc borne in
mind. (Fife, unpublished data). To test bthese peints I ml of
50 §§§ P solution was added to 0.25 g. of soil ( i.e. equivalent
20 mg/100 g. soil) and steam dried before ignition. It was
ignited at 500-550°C for one hour and extracted with 0.01 N HC1

and then following 1 ¥ Na(H. The results obiained as showm

below.
mg.P/100 g. soil
fopnition Method Perchloric acid digests
Intreasted P treated Untreated| P treated
sample samnle sample sample
Taupe sandy silt 52,7 72.7 85,2 73.5
Ngaroma s&aﬁv loam 85.1 88.1 68.7 25,48
Kaingaroa loamy sand 35.0 55,0 35.3 55.0
Tirau gilt loam 157.1 177.9 158.4 177.8

*¥ All samples are top-soil.
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The results show that there is no less of P by way of
volatilization during igpition: ner is there any indication of
incomplete combustion of the so0il organic matier or of con—

version of ortho-phosphate t6 meta- or pyro-phosphate.

)

hoszphate extraction procedure using an anion exchange regin.

v

Y

0.5 g. of soil sample (80 mesh) was placed in a centrifuge
tube and one gram of resin (% mm. diameter) was added. 25 ml.
of distilled water was initroduced to the tube géis% was stoppered
and shaken on ihe end-sver-end shaker for 18 hours. The resin
was then separated from the soil by washing through a fine nyion
gcreen with 100 wml. of distilled water. The resin was guantita~
tively washed from the screen to a 50 ml. beaker with 25 ml. of
10% NaCl solution and the éggée; was placed on & steam bath for
one hour. The resin was then filtered and washed with warm
10% NaCl solution until 50 ml. of leachate was obtained.
Phosphate was determimed on an aliquot of the leachate.

The foregeing procedure which i§¥22§es removal of phoesphate
from the resin by Hall washing was adopted in preference fo
liheration of phosphate by ignition of the resiny it was found
that the latter procedure rezulted in subetantial loss of
phosphate.

5. Procedure for laboratory sddition of phesphate.

Sne hundred grams of each s¢il was evenly spread over &
7% in. watch glass and a KH,PO, solution (100 ml. containing
20,000 ppm P) was added to the soil which was then well mixed.
and spread oul sgein. The soils were then sir-dried and mixed,

Fach z0il was subdivided ints & batches and bottled in 4 oz



secrew—cap jars. Ten ml. of digtilled wabter were then added to
the soil followed by few drops of ether—toluene mixture (Roger
1042, Kurtz et al 1946, Drobnik 1961) to limit microbial
activity. ’Ehe bottles were weighed and sealed. These hottles
were occasionally weighed; if any loss of moisture was observed,
disgstilled water was added to make up the loss.

Distilled water and ether—iolusne mixiure were added to
samples of the unireated soils to provide controls. Phosphate-
treated soils without boluene were also employed to see whether
there was any changes daevis microbial activity. In this case
the bottles were not sealed from the sir, but the amounti of
moisture vas kept consitant by keeping the bettles in a con-
tainer at high humidity to prevent any excessive loss of
moisture from the soil. These bottles were cccasionslly weighed.

If any loas of moisture was observed distilled water was added

to make up the loss.

&. Isotopic exchangs kinetic procedure for exchangeable soil

phosphate. (Furkert 1962, Shao 1963, Spedding priv. comm.)

(a) Mathematical analysis of data.

The following mathematical justification iz derived from

rkert (1962) (M.Sc. degree thesis, On file, Victoria Universitiy

of Wellington.)

Bxperiments with isotopic exchange resctions are carried
i
out in equilibrium systems. In an equilibrium system, if thers

are A grams of P in the liguid phase and B grams. of exchangeable

P in the solid phasze and the rate of absorption and desorption is
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equal to R, If the specific rate constant for the exchange is

K, at eguilibrium.

A Lp=m==y then R = KB.
At zero time, a minute quantity of radio-active labelled
323 is added teo the liguid phase. The chemical eguilibrium of
the whole system is supposed to remain undisturbed, but due %o

. . . ey 32, . . .
radio~active inequilibrium, "B in the solution will exchange

. . 31, . . . . :
with exchangeable B in the solid phase until the whel

£

system has atiained the sgame specific sotivity. That is, the

31

2
ratic between 8ﬁ§ snd P is the same in both phasses. Thig is

possible because the state of chemical equilibrium is dynamic

/41

and characterized by & continuous adsorption and dissclution of
31 . . .
the same number of P atoms in & given itime.

Thug, if at zero itime ?g counts are introduced into the
liquid phase, and at time % there are x counts in the solid
phase, then there will be {Tg ~ x) counts remaining in the
liguid phase. If the count rate is messured continuously and
plotted against time om a strip chari recerder a graph of
{?@ = x)} versus time % will be obtained. This grapb will be
2 curve and its slepe will be squal to the rate of fall of the
count rate in the solution phase, that is equal to dT where
T = {?g - X} = gount rate at time t.

This curve will gradually flatiten out and eventually
ag the count falls to a steady wvalue, the slope will Bscome

to zero.



Hg?
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How s rate at which activity iz leavimg the sciuntion phase
A L

adsorption and dissolution of the molecules).
3
£

B( T - Rx RT Rx  Rx-

Therefore dT _ o, o a1 o + ( _
dat = A ‘A y B B
ﬁ%}
Lot é“i‘gﬁu‘?_“éiﬁ%“%i}?zeaec@eg@g@&s@&*g;é{%é
dt B A B - T
In order to obtain T as a function of time, equation (1)
3 4 L7

iz integrated. Thus we obhtained.

Lr 1 B 1 1
T A -R{A+B) ¢
3 igéﬁ ) e 2 8 6 5 & & 3 B 8 € £ & & £ 5 6 5 & 6 & B B F gg}

+ Ce

T = - + 0
o A+ B o
?ﬁ A §§ B
T o= +

T =~ 4B A+B
Now when the count rate has fallen to a steady value, then

thiz value will be the same as that for t=00, and if at i=00,

A

7z
&d
T A+B

If & graph is now prepared of éﬁg% T versus, %

it

o
fed
&
"
acd

:
(]

[/
o
&
o]
b
Lo

reiling off to steady value will be obtained. This

e

1]

e

§

value may be =subitracted from the rest of the curve, where

resultant graph will be a straight linme. As this steady value



T A
o . . .
is equal to —5 the straight line will be correspond teo
the exponential part of the equation {3) and will be related
. 31, 1n . - . 13
to the exchangeable P 'B' on the s80il. For if this line
%?Q
< Iy . : % . B
cuts the $=0 axis at x then Z (= — } has been subiracted
T B A+B
o
] 4 E) g ¥ =
from the curve, T
iece. % B
E‘ xg%g &&éeésst&c@aé@;&#@‘&%{%}
+ B
o
3

If there are

in theSelid phase, then a total of two {or more) sloping line

will be obtained with intercepts x,y,%
As was derived earlier, the rate

rate constant muldtiplied by the amoun

the soil-solid phase.

i.e.

B=E3B

b

ge

two (or more) types of exchangeable

oo

2,

B

p=

sgual to the specific

3

H
&

P

&

of exchangeabl on

{ =
B R R e 1\5}}

The equation derived for the count rate T at any time ©

-~ R{A+B)y

is 1T A B . TR e (3)
T =~ A+B 448
o
and so the new value T' for the count rateafier the steady
AT . .
value ¢ has been removed is given by
A+ ‘
7t g  ~_B(A+B)s
ud . . :
— 2 e AB which on substitution of the walus
T A+ B
o
for R from the equation (5) gives
7 T 150 L
T e ¢ AB which can be wriitten as
o o v
A ArH
log 7 Tt - A+B 3 B { } {@%
x¢ H % - = e - e85 e 08228 e g ;
B gt 7 u I A € A i
@
Mow %, is the time that the count rate fakes to
b
to one half of its original wvalue, asnd thus eguation (8) reduce



Y

1 é e %33i k3 R I I ] {?}

to log, () -4

as - log, % = log_ 2+ 0.693 equation (7) can be written as
. Ax 5.693
%%%}w é+§ 'é% P e {8}

If there are itwo or more types of exchangeable SE?

(B,C,D, etc) on the soil-solid phase, then equation (8) will

apply to 'B', where 'B' is the type of 3}? that exchanges fastest

with 8;? in solution. To obiain a similar equation for 'CI,

the sleower sxchanging type of SEP on the soil sample, it is
congidered that ?k%«ya%% of exchange of 'C' iz so much slower
than that of 'BY that the exchange of CF with B! and also with
*A' may be considered as indistinguishable. Thus the equation
for the determination of the specific rate constant Ec for the
exchange of 'C' with the rest of the 31? present will be obtained

by replacing 'B' by 'C' and 'A' by (A+B) in equation (8) leading

to ~ +{A+B) x 0.693 secsvesacecress (O}
k: 7
¢ g&%&ﬁ;éﬁ

5

where ty now refers to the half-time of exchange of the slower
g

. 31
exchanging *C!' type TP.

If there are more types of 8lp (D,E, etec.) on the soil
sample their specific rate constant {Ké,ggg ete.) will be
given by corresponding equation (9) where 'C' is replaced by
'Dt and (A+B) by (A+B+C) and so on.

If,after adding 32? 4o the sclution, and repletting the
data chitained on sewi-logarithmic graph paper, & curve iz chiained
that can be resolved into & steady value %, and two straight
lines with inptercepts with axis 3=0 of x and v, then the soil

. 31 .
sample will have two types of exchangeable P oon it, namely

?§§$ !gi’g
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- s 4 E 32
When the ceunt rate has fallen to a siteady value, P

will he distributed in equlibrium between sclution and solid

32 '
phase. If it is assumed that 3 P distributed itself in the

&

same ratio as ai?f then the ratic of the radioc activity will

be the same as the ratioc of the bulk of Sé? present. As th

[\

final count rate (steady value) is equal to the initial count

. 32 . . .
rate minus the amount o¢f P adsorbed omio the soil, the ratio:
. , . 3L, .
final count (steady value) and P in solution
initial count 31 in-solution + exchangeable
81; in solid phase.

will be esqual.
That is for two types afgi? on the seil, 'B' and fCY,

Z A AP & 113
T A+B+C)
&

3%
When considering only ome exchangeable type of “'P the

ol %
iz R :

A+ B

relationship

x
T
o

was obtained and in the case of two (or more) type of exchange-

31

able P this eguation will be still walid for the fastest

. 31 Cu s _— , .
exchanging type of P, ag it is oblained from the exponential

term for the fastest exchanging itype of 33? (if there is more
then one type) by putting t=0 in the equation obtained by
removing the steady value and also the exponsnitial terms fer
any slewer exchanging type of 31§e

If the zecond line correspondiag to the 'C! type of
31§g cuts the 1=0 axis at v, then v will be related to the
amount of activity and hence to the total amount of exchange-

3

able 10! type Ui?, However, all the activity apart from thai

in 'C' is 'A' and 'B!' (assuming that the rate of exchanging of



'CY with 'A' is much less than that of 'B* with 'A') and only
the fraction of this ae¢tivity in 'A' will be counted. There—
o R 31 . . ,
fore to obtain the amount of CF type P, it will be necessary
A+B

to multiply ¥ by the ratie B . Then if B is repleced by

¢ and A,%g*{&%g} as in the derivation of equation (9), the

eguation
3 « A+B _ o l {ii)
{gé s g ‘é;’ g%{: @ & 8 8 & % 68 &2 &6 & » O & H & & &

is obtained and similar reasconing leads to¢ the equation

w__ AtB+C D )
?g X ;l = ’%%?%%“g%% ¢ e 22 2 eeses e ez xa {Ew}

where w ia the intercept of the line, corresponding to a third,

. ;31 oy .
sven more slowly exchanging type of P, with the t=0 axis.

Az TA' may be obtained from the determination of 32?
concentration in solution colorimetrically. 'BY may be
ealculated from the equaticn (4). Once 'B! is known'C!® may
bs caleulated f?sm’ega&ﬁigg {11). If there are any other

. 31
types of exchangeable P, the amount of each may be cal-

culated in turn by the use of equation (12) etec.

.

b) Experimental.

(i) Counting apparatus. (PLATE 1)

A liquid-immersion Geiger tube (20th.Century electronics
type DM 6)

(4 Sedeco printing unit.)

A Philips rate-mefer No.P.VW.4042,

A Philips electronic counter No.P.W.4032.

A Philips high veltage sgggiy/éﬁyiéfie% Ne.P.¥W. 4028
An elesctronic guench cirveuit.

(A strip chart recorder.)



Cireculatory apparatus (as shown in plate II)

fii) Set-up of the experiment.

In compartment C(Plate II) a layer of glass-wool
was plugged into the narrow end leading to compariment 4,
without being iigﬁtV%ﬁﬁﬁgg to hinder circulation of the
solution between compartments. Distilled water was then
added, precantions bheing taken to ensure that no air bubbles
were trapped at the gégsgwg§§%¥¥&iar Junction.

A layer of acid-washed sand about 4 in. thick was placed
on top of the glass-wool and waiter was added up to a level
above the arm connecting compartment C amd B. The soil
sample to be studied was imtroduced imto the compartment C,

a little at o time with the cenirifugal punp rotating at a
high speed. Due to the direction of current flow, the soil
sample settled down quickly on top of the sand and became
spread evenly over it.

The compartment B was fitted with the liquid-immersion
Geiger counter and compartment A with & glass centrifugsl
pump, which was ceunscled to an electric rotator at its upper
end. This controllaed the speed of rotation of the pump and
in turn the rate of diffumionn of the whole system. During
squilibration, liguid in the compartment C was sucked con-
tinvcusly through the soil and the glass-wool inte compartmentd
A, thence into compartment Eygéere actual counting took place,
end thence pumped into compariment O, thus compleding the

circulation. The soil was equilibrated for 3 weeks bhefore



374 -

e

nmas
T 3 o TN WO

R




..._42Pump

Liquid
Counter

-Sample

l ’ — Glass Wool

PLATE I




. 32 ...
adding of P (Wilson and Shao 1963)

(ii) Counting procedures.

. . 32
Before introducing the ~ P, the whole arrangement was set

for background counting as well as checking that the counter was
functioning its platesu voltage. It was critical for the counter
to be operated in this region because otherwise any slight
variation of the wvoltage supply would had & significant effect

b

on the recorded counting rate. As the liguid counter was light

s

o

gsensitive the circulating apparatus was set up in darkened
surreoundings. The ligquid counter was connected through s guench
unit to the high veltage s&g@iyﬁ amplifier which in turn was
connected to the elecironic counter and printing machine which
is a device by which every tenth (or hundredth etc.) countis
registered on the elecironic counter is recorded as one unit.
After a suitable interval of time (say 10 minutes) the total
aumber of these units was printed onto a strip of paper from

which were read off when convenient. (alternatively a strip

machine. I

-
b
b

chart recorder may be used instead of a printing
thisg case, the count rate versus time iz tabulated in s
graphical form. A rate-mater is nseded permanently in this

. 32 .. cs
For counting P activity, an additional rate-meler was

latter cas

]

intreduced. It was mainly used for detecting the initial count

3z
rates, After the initial addition of 3 P, most of initial

counts were recorded directly from the rate-meter at suitable

intervals so thal more sccurate counts could be obiained, The

rest of counts were recorded in the printing unit, which had
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advantage of averaging out the count rates over a period of

10 minutes as opposed to & maximum period of time {100 seconds
with the rate-meter. This enabled a much accurate evaluation
of the couni rates to be obtained, than was posszible with the

k

rate-meter, provided thalt the rates were changing slowly or

were statiomary.

(

iy

ii) Calculation of data.

4t the completion of each experiment, the figures in the

rinting strip were tabulated on aph paper to obtain s graph

(M

P
252

©
e

¢

of count rate wversus %time. This procedurse enabled the statis
cal fluctustions to be smoothed out. Coingidence correction
values and decay rates were added %o the values obitained from
the graph and background values were ssubtracted.

These values were then pletted on a semi-logarithmic

graph paper such that a graph of Eagg (count rate) versus time

feund that in time the count rate Fell

b

was obtained. It wa
to & steady valus =z.
The steady walue z was sstbiracted from all the points
and a new graph was obtained. It was ususlly found that s
straight line could be drawn through the points at the lower
end of this new graph. This line was exirapolated 1o zero
time and intersected the zero~time axis at y. A third ssries
of points was obtained by zgdbtracting the values of the line
through v from that of the points that lay above this line.
It wae ussally found that a straight line could be draws
through all this series of points, cubtding the zere time

axis at x. Occasionally it was found necessary to repeat

the procedure and so obtain a third straight line

e
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7. Assessment of microbial population.

The addition of phosphate to soils used in the work

e
[}

scribed previcusly may have affected their microbial
populations. An increase in miecrchial activities may exerd
some influence on the resulis of phosphate analysiz., Te
ohbviate any effect of added phosphate on numbers of micro—
organisms in treated scils, an sitempt waz made to supress
populations by applicetion of s teluene—shier mizxture,

Hic é bial populatiens in soils used in the series of experi-
ments here reported were assessed by the total microbial
count method.

(a) Preparation of soil dilution series,

A patiern was prepared for plating of the soils in

dilutions up to 100 millions. A 30il sample weicghing 10 g.
? = 3 = =

was placed into water blank containing glass beads, and

w»

shaked for 60 minutes in a horizonital position in a recipro-
cating shaker. The botiles were shaken vigorously by hand
and immediastely afterwards 10 mil. were itrasnsferred from the
centre of the sguaspension to the mext 90 ml. water blank with

P

@ sterile 10 ml. pipetie. Fach subsesquent diluiion was
prepared in a similar manner.

{b) Preparation of media.

Soil extraect was preparved by mixing 1 kg. of garden

gsoil with 1.5 litre tap water and heating the mixture in an

ke

autoclave (15 ps .) for 30 minutes, A smell amount of calcium
carbonate was added and the mixture was allowed to zoel and
settle partially. The warm soil suspension was filterasd

2

er paper in & Buchner funnel which -+

b
=
by
w
o
e
e
&
o
g
o
[
oot
[t
bty
i
}M
[
b



connected to a vaguum pump. The pH of the so0il exiract

was adjusted to near neutrality by using dilute NafH. Seil
exbract agar was made with: agar 20g. dipoctassium phosphate
0.5 g.: sucrose 0.2 g.; and soil extract 1000 ml. and
sterilized at 10 psi. for 20 minutes.

Csapek Dox agar (Oxoid preparation) contained: agar

18 g.; sodium nitrate 2 g.: potassium chloride 0.5 g.3

s

magnesium glycerophosphate 0.5 g.; ferrous sulphate 0.01 g.;

potassium sulphate 0.35 g.:; and sucrose 30 g. and 1000 ml.

distilled water. The pH was adjusted to 6.8-7.0.
{(¢) Preparation of pour plabéss.

Petri dishes (10 cm. diameter.) were sterilized at

» 0 . : - . .
10570 for 48 hours. From the three highest dilution one

(5 replicates for each soil dilution were used for each
medium.) Into each seeded petri dish was poured approximately
10-15 ml of agar medis and the plates were rotated carefully

5 times in the cleckwise direction and 5 times in the counter-
clockwise direction to mix the agar with the inocecunlum. Peiri
dishes were left {o stand upright until the agar has solidified

after wh rere inverted and transferred do incuhators.

1
~ 1
(34

o

gt

ok

they

{é} Incubation and counting of plates,

The Petri dishes were incubsied al approximately 28°c.
The first examination was carried out afier 5 days and &
further record was made after 10 days. Petri dishes showing
more than 300 colonies and those showing large spreading

colonies (over 2 ecm.) were not recorded on either dates.
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The total number of microbial colonies was recorded on
plates from all 3 dilutiong used and figures reportéd
represent final counts. The recorded figures (to the
nearest whole number) are given on the basis of oven dry-

weight of soil samples.



V. RESULTS AND DISCUSSION

(a) Forms of phosphate in the unireated soils.

From the results obtained (Table 3) it is evident that
in the untreated soils, the phosphate is mainly bound in organis
forms; aluminium—, iron—and calcium-bound forms are present in
small amounts only, with none of these fractions showing any
preponderance among themselves with the excepiion that in
Tirau silt leoam the aldminium-bound phosphate is appreciably
higher than both irep-—and calcium-bound ferms. The finding
té&tféigé proportion of the total phoaphsaie is organically
bound is in accord with the results reported by Jackman (1951,
1955) and Dixon (1954). Many workers have noted the rapid
build vp of humus in pumice soils under 8ll ftype of vegetation.
This is conitrary to expection in view of the well aerated
sondition of these soils. A possible ggpé&ﬁ&éi@ﬁ may be
abpormal biological activity, and the formation of clay-
humus complexes which resist decomposition. Gieseking et
al (1942) have shown that this property of clay to inhibit
decomposition is most strongly exhibited by clays of high
cation exchange capaciiy and possessing a capacity to bond
basic proteinaceous groups. While experiments with allophane
have not been reported, this mineral would certainly fall
within tﬁe)s&tgg@ry of elays having high cation exchange
capacity and on the basis of Gileseking's findings it could
regzonably be expected to have a stabilizing influence on

s0il humus. Gieseking (1952) has shown that clay minerals



Tahle 3. Forms of phosphate in the untreated zoils
{ mg. P per 100 g. soil )
Soil Seil Total |Organic |Al-P Fe-P Ca~P ?ra@ﬁgw? Anion
1 - Exeoha

g&ggg}ée iayer P P Besin
Taupo Popsoil | 55.2 | 47.2 2.5 2.1 0.9 0.8 0.1
sandy - .

silt Subsoil ) 4y 5 | 37.1 3.8 1.6 0.7 /
Hgaroma Topseil | 88.7 58.3 2.9 3.0 2.7 0.1 0.2
sandy

loam Subsoil | 46,1 | 37.4 1.9 2.4 3.4 / /
Kaingarog Topseil | 35.3 | 28.1 3.9 1.7 1.6 / 0.1
Ioamy :

sand Subsoil | 12.5 5.8 1.5 0.6 4.2 / /
Tirau Topsoil [156.4 | 94.8 41.8 9.9 16.86 1.1 6.1
ailt

loam Subsoil | 58.9 | 25.8 25.6 7.9 0.2 / /

of high cation exchange capacity can adserb phospheatase and +this
reduces their capacity teo hydrolyze organic phosphorus compounds
vhich are not themselves adsorbed. Dixon (1954) also postulated
that (1) phosphorus oceuring in the organic matter may be bound
through protein groups to allophane, or (2) may be present in

an unbound state but remains undecomposed through the phosphatase
being inactivated by allophane. Fieldes (1962) also suggested that
the stable linkageiin mineral-organic colloids in yellow browmm
pumice socils may be belween tetrahedral aluminiuvm and organic
phosphate groupings and that such a linkage may contribuite Lo

the characteristic slow decomposition of the humus in these soils.

(b) The fate of the added phosphate.

i

48 shown in Tables 4.,5.,8, and 7. a high proporiicn of

the phosphorus added was recovered as aluminium—-bound phosphate

to
e
O

! even after prolonged contaci between the added soluble



phosphate and the soils, there was no indication of szignificant
transfer of phosphate to other forms. This finding is contra-
dictory to that of Chang and Chu (1961) who reported that
spluble phosphate was fixed initielly mainly as aluminium-
bound phosphate, followed by iren-bound phosphate and calcium-
bound phosphate in this ordery as the time of contact wass pro-—
longed, the amouni both of sluminium-and calcivm phosphate de-~
creased. They postulated that the first stage of fixation of
added soluble phosphate by cations would occur at the surface
of the solid phase and that the relative amounis and kinds of
phosphate formed would depend of the specific ares of the solid

phase associsted with aluminiuvm, iron and calcium,

2
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Table 4., Effect of time on the redistribution of

Soluhle phosphate in Taupo sandy silt.

i
((mg. P /100 g. soil)

P treated No. ether

. toluens
{%Eé% ether-toluene)

)
[+

il

o

»
B @

e
i

el
@

v

b ke
TandR M o 5 B M

ether-
. Loluen
Time { months '
Phosphate | Soil 2 4 B g | 10 10 10
fraction laver .
Grganic Toproil]| 46.8/ 46.3 | 44.5 47.0 45.2 48.1 45.6

P

&
P
-

é

41 Topsoil| 23.4|24.2 | 23.9 | 24.4 | 25.1 22,3 g
Subsoill22.9122.9 i 24.4 | 24.4 | 23.8 /

0801 3. 2. 2.
Fe-P Topsoil| 2.0{ 1.8 | 3.1 2 4 /

o
"

Subseil] 2.3] 2.4 3.4 2.0 G.4

i
o}
L
B

i
el
®
[#+]
L]
®
[e]
PO
(5w}

Tepsoil] 1.1] 1.0

Ca~P
Subsoil] 0.4]-0.5 | -0.9 | -1.1 0.1 /
Truog Topseill 6.1 6.0 4.4 3.5 3.2 3.7

available
P Subseil) 4.0| 3.9 3.8 2.8 2.8

N

Anion Topseill 8.1 8.0 | 2.9 2.4 1.4 1.1
exchange : , N
CEVUREST | cubseill 1.8 1.3 1 1.1 0.7 0.8 /
regin-P /

% of added phosphate recovered as
Organic Topsoil | 3 0.5 | 1.5 4 -5 2
o

Topasil | 2.5] 1.5 8.0 3.5 4.5 g

Fe-P




Table 5.

Effect of time on the redistribution of added

in Ngaroma sandvy loam

&
( mg. P/ 100 g. soil)

P treated Ne P
added
. wi )
{ with ether~toluene ) Ko egther ii;f%
"%%{3 luene toluene
Phosphate Soil Time (months
fraction layer 2 4 6 8 10 10 10
Jrganic Topsoil | 85.7 1 585.1 55.9 | 54.1 | 54.7 56. 4 54.3
P Subsoil | 88.7 | 38.7 38.0 | 38.4 | 37.7 / 36.1
A1-P Topsoil | 22.1 |22.9 22.7 | 24.% | 23.8] 21.9 5.7
Subsoil | 21.2 | 22.5 22.1 |22.8] 22.1 / 3.1
Foop Topsoil | 4.7 | 4.1 3.9 3.2| 3.6 3.4 1.9
Subsoil | 8.1 | 2.4 2.4 3.0 4.3 7 E.3
Topsoil 2.4 | 2.8 Z.4 2.5 2.8 3.2 3.2
Ca~-pP
Subsoil | 3.7 | 4.5 3.6 2.1 2.0 / 4.6
Truog Topsoil | 5.8 | 5.1 5.1 2.8{ 2.6 3.5 1.0
available
P Subsoil | 4.5 | 4.2 4.3 2.9 2.7 / 0.3
Anion Topsoil | 2.4 | 2.2 2.3 1.4 1.6 1.5 0.1
exchange
resin-P Subseil | 3.3 | 1.5 L1 1.1) L. / /
Frre %|of added phosphate recovered as
Organic Topsoil 8.0 | 5.0 9.0 | 5.0 3.0 i1.5
P
Subseil | 5.0 |-2.0 4.5 6.5 8.0 /
2 Topsoil |82.0 [86.0 85.0 | 92.0] 0.5 81.0
Ay-p
Subsoil |90.0 |97.0 95.0 |97.5] 95.0 /
Topsoil |14.0 |11.0 10.0 6.5| 8.5 7.5




Table 8. Effect of time on the redistribution of added
Soluble phosphate in Kaingaroca loamy sand.

! P treated

{ with ether—toluene)} Ko ether-
toluene

Phosphate| Soil Time ( months )

fraction layer 2 4 8 2 (010 19 10

Organic Topseéil 28.7 | 28.1 | 27,7 27.6 26.6 2.5 25.9

P | Subsoill 4.8 5.8| 5.8 6.8 5.0 / 4.4
Topsoill 23,1 | 25.0 | 24.5 £26.9 25.8 22.3 5.4

Subsoil] 22,0 | 21.7 | 21.6 | 22.5 21.1 / 1.9

Topsoill 2.6 | 2,21 2.8 0.8 1.7 0.3 1.2
Fgwp

Subsoill 0.5 | 0.4 | 0.4 | ~0.4 1.8 / 0.3

Topseill 1.1 | 0.1 | 2.4 0.1 1.3 3.3 2.3
Ca-P

Subsoill 5.3 | 4.7 | 4.8 3.7 4.1 / 5.1
Truog Topsoil] 3.0 3.0 2.7 2.7 2.5 2.1 4.3
available
P Subsoil] 4.5° 3.9 8.7 3.7 3.4 / /

o
«
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o
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”

Anion . Topsoill 0.9

exchange
resin-P Subsoill 0.7 | 0.4 | 0.3 0.3 0.2 / /
% of ad:ed phosphate recovered as
; Topsoill 10,5 8.0 6.0 5.5 ~1.5 15.0
Organic £
72, : o I - - 7
2 Subsoil] -2.5 | 0.5 2.5 7.5 ~1.5 /
Topgeil] 88.5 [98.0 195.5 [107.5 162.0 24.8
Al-P
Subsoilfl00.5 [99.0 [98.5 [103.0 96.0 /
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Table 8. Effect of ether—toluene on microhial population.

Nol of micro-organism {in million %}/sg of oven dry soil)

Seil Hutrient [Ether—toluene iroated No elher—tolne
dried at dried at 87 C
37°C for moist for 3 days.

agmple media 3 davs

Taupo Czapek Dox{rich) 31 a2 5

sandy

silt Soil extract(poor) 9 8 5

=

Ngaroma Czapek Dox(rich) 82 48 300

sandy =

loam Soil extract{poor) 34 43 300

Kaingaroa Czape ox{rich) &89 g5 37

loamy

sand Seil extract{poor) 89 80 az

Tirau Czapek Dox{rich) 61 53 38

sild -

loam Soil extract(poor) 61 36 i9

They indicated that the clay frastion is the main site of phosphate
7
fixation. In the clay, the content of aluminium is much higher than

that of either iron or calcium. Therefore, the added scluble phosphate

[

& most likely to be fixed as aluminium-bound phosphate rather than

g«m

&8s irgn—bound phosphate or celcium-bound phosphate in the initd

stage of ithe reaction. However as the solubility product of iron-
bound phosphate is lowver than that of either sluminivm-szndicaloiume

g&%}

bound forms, they argued that as time elspsed, the aluminiuvm-
and calcium-bound forms of phosphate in soil should change to

ivon-hound forms.

The faet thatl in the present investigation ne significant

trangfer of initially formed sluminiuww-bound phosphate is observed
may have several explansitions, but the three following appear to be

of prime importance.

(i) The clay fraction of these soils contains a high pro-

o
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portion of amorphous aluminium hydrexide (Pieldes and Swindle
1954) of particle size about 100 & . Thus it provides & high
gpecific surface area for adsorption of the sdded phosphate.
Amorphous aluminium hydroxide is known to be highly adsorptive

rapid {Coleman 1944, 1945; Russell

74

for phosphate and resction i
and Low 1954; Ellis and Truog 1955; Hsu and Rennie 1962a,b,).

This component should thus be able to react rapidly with phosphate

(ii) As shown by the Tamm” acid oxalate values in Table a,

the soils contain considerably greater ameunts of active sluminium

foneh

thah active irom.
(iii) According to Fieldes' (1962) tetrahedral aluminium

site theory, aluminium in sllophane is held in tetrahedral co-—

ordination by linkhgee through oxygen to silicon. Fracture

of (-Sic) Zal linkages at the active surface leads to exposed
{wgé@}g = Al sites which are electrostatically neutral hut due

to the lack of octet gtability, the heles in the uncompletad

ajuminium tetrahedra will conveniently house an oxygen atom.
. . P /

The valence contributions +% from aluminium and + 5/4 from P

balance the =2 from 0 resulting im structural stability. The

As can be sgeen in Tables 4,5.6 and 7, no significant
3y 5

build uvp of organic phosphorus was found in the phosphaie-
treated soils and this was fto be expected since there was ne

addition of fresh organic matter. The only possible increase
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e could cceur as the result of microbial

(23

4
o1

in organic phospha
conversion of inorganic phosphate te the organic form., As
shown in Table 8, there iz a difference in micrebial counts
hetween the toluens—ether itreated and the non-toluene-ether
treated soils., This difference may be atiributed either to
(a) the effect of toluene-~ether bringing about a reduction

of certain groups of the microbial population and allowing
other groups to survive and préliferate in the absence a?
antagonism and competition or (b) the toluene-—ether providing
& source of energy for surviving forms which would increase
in numbers as a result of the presence of energy material of
a special nature viz. the {toluene~ether addition. In genersl
( as shown in Table 8) the richer medium gave increased
numbers of micro-organisms, In the non-toluene-ether treated
spils, except for Ngaroms sandy loam, the microbial numbers
gre much lewer than in treated scils. The anomalous resulis
obtained with the untreated Ngaroms sandy loam (where numbers
of colenies were sxiremely large in both media and at all
dilutions), indicate selective effects of the toluene-ether
treatment. Colomies recorded in tests with this soil were
obvicusly bacterial and appear to be of the same genus.

{

{e¢) Truog—extractable phosphate and anion exchange resin

A

extractable phosphate. (Tables 4,5,6 and 7.)

For Taupo sandy siit apd Tirau sild loam, the Truog-
phosphate values are higher in the %Yopsoil than in the subscil.

re arg similar smount of Truog~phosphate values in topseil

b

1]

h

and subsoil in Ngaroma sandy loam. In all these soils, as
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time of contact hetween added phosphate and soil was prelonged,
the Troog-phosphate values decreased. This rate of decrease is
greater in the topsoil than in the subsoil. However, the
initial Truog-phosphate values are lower in the subsoil than
in the tepsecil, with the exception ¢f Kaingaroca loamy sand
where the Truog-phosphate value is higher in the subsocil.
This may be due to the higher calcium—bound phosphate content
of the subsoil as compared with the topsocil of the Kaingarocs
loamy sand.

The amount of phosphate extracted by the anion exchange
resin are generally lower than that exiracted by Truog's
reagent. As with the Truog-phosphate values, the amount of

phoaphate reiaiped by the resin decreased as the time of

contact beiween added phosphate and scil was extended.

{d) Radio~isotope exchange kinetics on Tirau silt loam(Topsoil)

The results are shown in Tables9 and Figs.1,2,3 and 4.
it is evident from Table 9, that the soil phosphate on the selid

their

b
&*’5

ate

phase can be divided into 3 categoris, according %

e
&

of exchange, namely, rapidly exchangeable, slowly exchange-
able and non—exchangeable phesphate. These findings are in
accordance with those of several workers who have reported

1

the isotopi change of orthophosphate ions between sclution

&
o
e
W

and soil, using =~ P-phosphate as a tracer. Despite the variety
of conditions used in such e¥periments, whenever the fractionsl

isotopic exchange is reported in relation to the time factor,

made up, broadly speaking, of rapidly and slowly exchanging
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fractions (Barbier et al 1954; McAuliffe 1948; Wiklander 19
Talibudeen 1957, 1958, 1960.)

In the present investigation, the technigue employed

Ty

enables the amount of rapidly and slowly exchangeable phosphate

to be found. These two different forms of exchangesb

could be due to two different forms of exchange

4]

ites present

on the seil particles.
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However, it is hard to visualize, that there are only these
two forms of exchange sites present. In the scil system,
HoPO 4 soiuiivs €===5 H PO, ~SOLID is a dynamic

éz Qéw i518t584 5 2&§% 5 ) & dynamic equalibrium,
which can be considered to result from a pumber of exchange-

able phosphate compounds all of which are exchanging with the

phosphate in the soil solution. Each individvual reaction is

represented by & given amount of phosphate as well as s
specifie rate constant., It has been suggested (Russell et al

19543 Seatz 1954) that different forms of inorganic phosphate
in soil will underge exchange at different rates. Organic
phosphorus compound exchange only very slowly with orthophosphate.

{Whal and Bonner 195

5

ot

) 0f the two categories of exchangeable
phosphate delineated in the present study one has a specific

rate constant ten times greater than the other. However, the
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eable phosphate categories, could probably
belong to phosphate on adsorntion sites of the zoil surface.
Talibudeen {(1957) has however, divided the total soil phosphate
into fractions of widely varying exchangeability as indicated

N

gchematically below.
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S0il phosphate fractions

Rapidly exchanging Slowly exchanging Very slowly exchancing
Physieally sorbed Chemi~sorbed phos— Surface solid
phosphate, phosphate phate, phosphate layer e.g apatite
held om external in internal surface crystal, stable
sarface of mineral &===3 of mineral and £=== orgasnic phosphate

7 g I P

* > A’
snd in macropores, micropores, labile /4yf
/4

labile organic organic phosphate. P

very rapidly exchange of PO,

Phosphate in soil zolution.

%

sented above,

C@
aﬁ

The wvery slowly exchanging phosphate as pr

probably is not being traced in th

[t

resent study. This could

perhaps be found if the rapidly and slewly exchanging phosphate

e

were progressively stripped off the so0il matrix, until only the

very slowly exchanging solid phesphate remained. Such & situation

o

could probably develop in the field vwhere plants were grown

of s

for prolonged periods, without addition of phosphate fertiliger.
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The two forms of exchangeable phosp

helieved to bhe due differences in firmmess
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ot
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o

of binding of adsorbed phosphate. The firmly adsorbed phosphate

10U

m

&

o

has a half-life of exchange ranging from 75 hours %o 25

The loosely adsorbed phosphate bhas a half-

about 1.5-~ 2.3 h




congiderable amount of
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exchange between adsorbed-H,P0, and %g?§é in sclution over
ot “2 t 4
short periods of time. However, the nabure of adsorption

gite is not understood. It iz postulated that most of the

¥

exchangeable phosphate is adsorbed on the

y

]

surface laver of

&

inorganic soil particles or the organic colloids or gels.

Some may be held in the lattice layer or macro~ or micropores

sorption or physical-sorpiion as postulated by Talibudeen
(1957). The exchangedBle phosphate that is physically sorbed
and that which is held in macropores may conbtribute the
rapidly exchangeable phosphate and the chemi-sorbed phospha
and the amorphous or crystalline forms may constiiute the

slowly exchangeable phosphate.

and H_PG -solid

in & soil sysbem, the 52 E?;- H PG,

golntion

is always in a giate of dynamic equilibrium which is
characterized by a continuous desorption and adsorption,

i.2., exchange of H, §§£ in solution and exchangeable-H PO

in solid phase, There is alse probably an interchange betwaen
the rapidly excheangeable phosphate and slowly exchangeable
phosphate., As shown in Table 9, as the time of contact
between the added phosphate and seil was prolonged, the

smount of exchangeable phosphate decreased, and the non-

%

exchangeable forms increased, This could be due to szevers

factors.

(i) The adsorbed phosphate on the surface laver of soil
particles or the organic collioids or gels may move to the
subsurface laver of the particles, through diffuszien



thus decreasing the amount of exchangeable phosphate.

(ii) Some of the H ?0 may come into the solutioh and be

G
-
s
’{:@

. 3+ . . : . o
precipitated by Al ions etc. in the solution; aliternatively
amorphous precipitated phosphate may change to less sciuble

crystalline forms., Some of precipitated phosphate particles

o

$11 ]

]

may act as sesding agenis increasing the size with time, 1
decreasing the surface area of exchange and causing s decrease
the amount of exchangeable phosphate.
(iii) Some~of the adsorbed phosphate could become tetrashedral-
coordinated with aluminium and become sitrongly fixed and thus
non~exchangeable as dezcribed by Fieldes' tetrshedral sluminium
site theory.

Irvespective of the mechanism eperating, it has been
shown in the present case that the adéiéisﬁ of soluble phosphate

to Tiran silt loam results in 30% of the total added phosphate

would be more beneficial to the fertility of the goil than
annuzl massive application. This, however, would probably

not be an economic proposition but would certainly warrant

oty

nvestigation particularly in actoal field studies

<

=

urther

on the economics of the situatiocn and on the effecis on pasiure
of more freguent phosphate applications using different phosphate

carriers.
It is of interest that ithe amount of phosphate in

solution plus the exchangeable pbosphate of the soil is

uwli‘““

higher than that of Truog-phosphate values or that of anion



-Thig shows-that: Truoeg

cextractedionly apcertain.proportioncof,the exchangeable

:possiblyrthe more readily exchangeable forms.. Truogfs: rea

cmay-extractother-phosphate; but -resuitsyshow this toube unlikely

(If. this iz the easey the behaviocur:of soil phosphate-may be

&

interpreteduon-th

basiscof the ides. that there. are at-least two

forms-ofphosphate - present  withidifferent degree of ‘availability,

oneiis readily . available, the. other:-less. eo: This.could

be
well he

regarded ras. a-means.of assessing the soil phosphate potential,

by .studying their rate of exchange.sndsspecific rate-constants an

~the amount of phosphate in. each. Thus one ceuld use specific rate

.constants as.an:index . of rate.of phosphate release.: The

E

(apecificiratecconstants the faster the phosphsate.removed
the soil will. be«replenished from adsorbed: phosphate.and
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the system as & whole will

that of soil water, as suggested by Schofield (1955). T
phosphate potential will then show a siteady change asg th
of phosphate in soil is altered. This could well be tre
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In conclusion, it would appear on the basgis of the
evidence oblained in the presenit investigation, that sluminium
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preciptation of phosphate and possibly eventual crystailization

~available alumipium phosphate. Conversion to

more difficultly soluble forms is suggested by the finding that

phosphate decrease with time and that isetopically exchangesble
phosphate, ten months after the initial addition of phosphate,

o of the total phosphate added. This behaviour could

Tt

be due to diffusion of phosphate to subsurface layers and the
development of definite crystalline phosphate as time procesdsy
such conversion might be favoured by unusuelly high conceniraiions

resent study.

v

of phosphate such as have been employed in

"

Whather or not the results of these laboratory studies are
saralleded in the Field using mormal rates of phosphate

fertilizer spplication is not known.



Vi
A study was a period of ten months of the

fate of phosphate added te four yellow brown pumice soils
b

and their subscils by means of a fractionation procedure
developed by Fife (1959a,b; 1962,1963, priv. comm.)}. It

was found that the main perticn of the added phosphate was

ity

ized as sluminivm-bound phosphate and that thers was no

significant interchange of phosphate between alumindum-

bound, iron-bound, caleiuvm-bound and organically-bound

exchange resin method were emploved to study the change of
availability of phosphate over the periocd. It was found

that Trooeg's reagent extracted a great

I

v amount of phoszsphate

s

than did the anion exchange resin method. However, both
methods indicated that as time of contact between soil and
added goluble phosphate was prolonged, the amount of ex-

tractable phosphate decreased.
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The characteristies of the exchangeable phosphate fract
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in one of the soils (Tireu silt loam) W

o

wi

application of simultaneocus isotopic exchenge kineti

kS

It was found thati there were two itypes of exchangeable

phosphate viz, rapidly exchangeable phosphate with s specifi

la!
&
e
B
i

constant ten times greater than the slowly exchangeable

U

form. The awmount of exchangeable phosphate also decreased
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