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PART I

A eongiderable amount of evidence has %w@ﬁ accunulated in

gupport of the presence in solls of iron, aluminium, and calcium
bound phosphorus, as pﬁ@@%@tﬁ of the phosphorus fixatlon process,
but the guantitative evaluation of these forms has been continuously
hampered by the lack of sultable p%m@@ﬁmm@& for thelr separate and
selectlve determination.

Although the separate determination of caleiuwm bound phosphorus
has been successful {Frﬁygﬁ 1806y F

thaniy 1943a) a procedure for the seperate determination of iron

isher and Thomes, 19363

and aluminium bound phosphorus was not available untll recently

when Chang and Jackgon (1957) included such a method in thelr

proposed scheme for the fractionation of soil phosphorus. Theirs
iz a definite advance on previous procedures as it has been
generally considered that, at least in acid soils, these two forms
repregent the dominant produects of phosphorus fixation, while their
relative abundance may be expected to vary considerably in different
goils and under different soll conditions. Fife (19569-I, 1959-II)
modified the procedure of Chang and Jackgon oy the sepsrate
gstimation of Al~P, and (priv.comm.) developed procedures for the
selective determinatlion of irvon, caleium, and organiec P,

The object of the present study was to investigate what
information these methods could provide concerning the trends
of P, fixetion in a New Zealand Yellow-Grey Barth from a long term
field experiment, embodying three forms of phosphate fertiliser,

applied with or without lime,



The freactionation of soll phosphorus

The use of selective chemical extracting solutions, which
offer the opportunity to define discrete formg of soll phosphorus
are an advance over those chemleal extractants which determine
that portion of soll phosphorus whieh may be available to plants,
as these wmethods are empirical and hence must be ecallbrated
againgt fleld experiments before useful information can be
obtained. On the other hand the selective determination of soil
phogphorus fractiong appears to produce less empiricsl resultis
sinee e knowledge of the nature of the various phosphate compounds
in & soil, together with s knowledge of the conditions under which
these different forms are available to the growing crop, gives
& much more general means of assessing svellebility.

(EM%%}) and Figk

acid-Sodium acetate buffer at @ﬁ 5,0 for various extracting

(1935) employed an acetic

periods, Dilute HoB80, at pH 3.0 was slso used. These workers
clagsifled thelr results ass

1e Ca, Mg, and ¥Mn phosphates}

2, Fe and Al phosphates

3. Absopbed P and spatite.

Williame (1937) introduced NaOH as a selective extractant,

and divided the formg of solil phosgphorus into:

1. Allali soluble Py sald to include organic P, exchangeable
Py, and the more soluble inorganic forms such as water soluble =,
dicalelum -, and sesquioxide-P§

2, Alksll insoluble P, consigting of apatites, poesibly
Titanium «, and crystal lattice«P.

Alkell and acid extractions were combined by Dean (1938),
who suggested three soll phosphorus fractionsy

1. Organic compounds, soluble in 0,28 n NaOHj

2¢ Inorganic compounds, digsolved by 0.25 n NaeOH and 0.8 n
HoB0a %

3. Insoluble compounds,

When it was found that soluble and exchangeable Ca and Mg

interfered in the alkall extractions, Ghanl (1943a) modified
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Dean's procedure by making a pre-extraction with 0.2 n acetie acid,
which was then followed by a succession of extractions with 0.26 n
NaOH, and finally by an extraction with 2 n ﬁ%ﬁﬁ&o Five fractlions
were thus obtalneds

1. Acetic acid soluble Py mono-, diw, and tricalclum phosphates

2. Alkali soluble inorganic Pj Fe- and Al- phosphatesy

3, Alkali goluble organic Pj

4, 8trong &@i& soluble P of the apatite typej

5, Insoluble P.

It was noticed that some P was belng resorbed during the
acetle secild extraction, which would subsequently be extrseted by
NaOH. Thus Ghani (1843C) modified his procedure by employing
8~hydroxy quinoline as a gsorption blocking agent.

The use of 8-hydroxy quinoline wag further explored by
Williams (1980). He adapted Ghani's procedure and made successive
extractions with 2.8% acetic acid and 1¥ 8-hydroxy quinoline,
followed this with 0.l n NaOH, and omitted the final extractlon
with Ho80,.

A different scheme for the fractionation of soll P was

proposed by Brayv and Kurte (1945).

L. Total P wag determined by the perchlorate digestion
method of Sherman (19428).

20 'Srg&miﬁ P was determined by essentially the method of
Dickman and De Turk (1938).

3. Available P was determined by an extractant which consisted
of 0.5 n Hel and neutral 0.5 M.NH,F. After the acid soluble forms
of P had been dissclved, the subsequently added NH,F would dissolve
the remaining forms. The acid soluble forms could then be caleulated
by difference. Bauwin asnd Tyner (1954) adopted this procedure and
classified the soll} P fraction asg

l. Total Py as suggested by Bray and Kurtzs
2. Extractable Py the sum of organic, acid soluble,
and adsorbed formsj
3. Non extractable P - ag the difference between (1) and (2).

Since Turner and Rice (1954) found that neutral NH,F would
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isolate Al ~ P, but not Fe - P, Chang and Jackson (1957) concluded

that the method for "avallable P* of Bray and Kurtz would largely
be a determination of Al -~ P.
Chapg

and Jackson (1957) adopted the use of neutral NH F

for the discrete delineation of Al - Py, and ﬁm@&&ﬁ@& the method in
thelyr proposed scheme of soil-P fractionation, Briefly their
procedure ig as followsy using a single %&m@&@ of soil throughout,
and washing the residue after each extraction twice with saturated
NaCl solution to remove the reagentsy

1. Pre-extract for 30 minutes with 1 n NH,CLl to remove water
gsoluble P and exchangeable Ca,

2+ Bxtract Al - P at a 13180 soil/solution ratio with
neutral 0.6 M.NH,F for 1 hour,

3, &xtract Fe-P (lz 50 ratio) with 0.1 n NaOH for 17 hours.

4, BExtract Ce~P (L3 50 ratio) with 0.5 n H,80, for 1 hour.

5, Extract "reductant soluble Fe«~P" by the cltrate-dithionite
method of Ag

uilers and Jackgon (1953), Thils time the washings are

combined with the extract,
Ge Babtract "r.s, AL-P" with neutral 0.5 Mﬁ%ﬁ@ﬁ@ as under (2),
or &lﬁ%rm&%&v&&y extract "r.s. FPe-Al-P" with 0.1 n Na0H, as under (3
7« Organic P 1s determined by the method of Bra
(1945) o

It has been suggested by Ssunders (1959) and Yuan &

(1969) that the citrate-dithionite method 1s not specific for
tpegductant soluble Fe-P", but that appreciasble amounts of r.8. AL-P"
may be removed also.

Several modifications have been suggested by Aung Xhin and
Leeper (1960)j ,

By Extract Al-P with 0.5 %»%K%F at pH 8,56 ag proposed by
Fife (1989«I).

bs Extract organic P &fﬁ&w a more drastic treatment with
ﬁﬁﬁﬁ than employed by Bray and RKurtg,

¢, BSubject at least two separate samples to the procedure;
one for the stages (1) to (4), the other for the stages (5) to (7),

execubing stage (7) first.



The modified procedure for the extraction of Al<P has been
further refined by Fife (priv. comm.), and is included in a scheme
for the fractionation of soil phosphorus developed by him (priv.

COMts ) o

Frow evidence in the literature it appears that the phosphate,
liverated during the decompogition of fertiliser particles, is

fixed in the top inech of an undisturbed soil, (Fiskell et al, 1953)

and that the greatest proportion of fixed P may be accounted for in

the day fraction (¢

Variations in the penetration of P down the soil profile are due

to such factors as btexture (Stephenson and Chaoman, 1931

Lawton and m 3

1954), the amount of P applied (8mith and Simpson, i@ﬁ@g Heglen

and Blaclk, 1954) and its solubility in water (Jlassjes and Sissing

1983, the sesguilfoxide content of the soil (Heck, 1934), and the

pH, controlling catlonactivity (Chang and Jackgon, 1988)3 but the
accunulation of P below the upper soil layver appears mainly due

to bilological activity distributing P in the organic form (Willlams,
1950y Bandal and Garey, 19543 Jackman, 19558). The msjor inorganic
complexes concerned with P fixation are calkium, aluminium, and iron
(Dean, 1949y Wild, 19503 }§ lame, 1952).

From his studies on the fixatlon of applied P in an asecid soil
from Rothamsted, and a neutral soil from the Woburn plots, Dean
(1938) concluded that, whereas in the meld solil P occurred mainly
a8 Fe-P and Al-P, in the neutral soll P would be found mainly
fixed as apafite or tri-Ca-P, and that many neutral and calcaréous
goils contained much P not fixed as apstite, while in acid soils P
would glso be present as apatite or tri-Ca-P.

For their studies on corn belt solls Bray and Kurtzx (19485)
found that both "adsorbed” and "acld soluble" P occurred. They
showed that in soils of pH < 8 added soluble phosphates and acld

soluble (rock-) phosphate tended to chenge into the relatively wmore
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sbundant sdsorbed formsy an opposite trend was found to occur

in soils of pH > 6 where adsorbed forms and added soluble phosphates
changed into acid soluble forms while added acid soluble phosphates
did not. They regarded pH 6 as the critical boundary between
adsorbed and acid soluble forms of P in these soils. YWilliams
(1950, 19680-I1); in a study of some Australian pasture solls,

algo fouwnd that soll aecidity had & considerable effect on the

forms in which added P was fized; &t a high pH more P was

retained in an acid soluble form (Ca~P) whereas at a low pH the
alkall soluble forms were more sbundant. (FPe-P and AL-P)

Williams algo found that phosphete topdressing would Incerease both
organie and inorgsnlc P formg in the soll, and also non extracitable
P. The accumulation of organic P was found to be disproportional

to the amounts of P applied, and tended to approsch & congtant

value irrespective of the @m@mmﬁ and nature of the fertiliser applie
Although the meceumylation of inorganic P was directly @%mwmwﬁﬁwm&i.
to the smounts appllied, the use of Super, Baslc Slagy or Rock phosph
ate would lead to different dlgtributions of inorganic P fractions.
Where Super was applied the inerease in inorganic P was equally
divided between the scetic acid snd alksli soluble fractions. Where
Rock phosphate wag aspplied most of the phosphorus was exbracted

in the adetic acid goluble fraction. The application of Basgle

8lag resulted in & greater increase in the acetic acid soluble
fraction and & smaller increase in the alkall soluble fraction

than in the solls to which Super had been applied,

Ghang

and Jeckson (1958) subjected & number of samples,

representing some widely different major soil groups, to thelr
fractionation procedure. From this study they concluded that

the formation of the various diserete chemical forms of phogphate in
the soil apparently depended on such soil factors as pH, cation
activity, solubllity product of the various phosphates, degree of
chemical weathering, and fertiliser practice. Immediately after

the applicstlon of phosphate fertiliser Ca~P and Al-P were more
likely to be formed than Fe«pP due to the relatively higher

activitlies in the soil of Ca and Al ions than Pe lons. Al-P at



first would inerease more than Fe~P. As time elapsedy Ca~P and
Al~P would chagnge gradually intoe Fe«Py the least soluble form of
thesa three, These three formg were found to ocour not only in
acld solls but also at neutral soil resctionsg, according to the
principle of solubility product (Klttrick and Jaoi

kgon, 1965 B,
1966 €, 19663 Chang and Jackson, 18957 (). Since Ca~P is more

goluble than the other ﬁ@wms 1t would more easlly be removed by
erops, or shifted to the less soluble forms. However, an increase
in the ecaleium activity and pH by liming would appear to favour
the formation of Ca«P and the release, through repression of Fe
and Al activity (Cole s

nd Jackson, 1981}, of P from the Al-P and

Fe«pP forms for plant use,





