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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,



1. History
The experiment wes lald down in 1932 at Marton by HMr AW.

Hudson, the then Crop Experimentalist of the Department of
Agriculture.

The area chosen had been under new pasture sinee 1930, and
had been grazed by sheep from the time of sowing to the laying
dowvn of the experiment.

The experiment was designed to evaluate the efflicacy of
three forms of phosphatic fertiliser with or wlithout the addition
ol lime, using the "alternate wowing and grazing technique"
devised by Hudson (1933). V

Twelve replicatlions of six treatments were divided Inte two
equal sectlonsy A and B, The plot arrangement lg indidated
on the accompanying plan (fig.l).

The treatments werej
1. Superphosphate, 4 cwt./ac./an,

8. Basic Slag, 612 1b, ©® ®
3. "Gafsa" rock phosphate, 350 1b,/ac./an.
1L. Super ag for (1), + limestone.
2L, Basgsic Slag as for (2), + limestone.
3L, Gafsa as for (3), + limestone.
Thus all treatments recelved the P 0g equivalent of 4 owb.

%

of Buper, applied in two equal dressings ammuelly. Carbonate of
lime wag applied at 1 ton/ac. in the first year, and at 3 cwit/ac/an
subsequently (Doak, 1948-I1). The Marton Guide (1980) indicates
an annual application of 5 ewbt/mc/an, All treastments recelved
regular applications of 30% Potash Salts, totalling 13 cwt./me.
over the first 8 years of the trial.

The technique of alternate mowing and grazing ensured that
one section would be under sheep grazing while the other was cut
for herbage yields. After two such cuts the section would be
grazed while the production of the other was measured.

This technique enabled continuous production records to be
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secured under as near sheep grezing conditions as possible,
without adversgely affecting the sward. The mechanical analysis
of the soil is glven in Table I and indicates that the soll is

& light silt loam (Doal, 1948-11)"

0O L M&W gu %%& A0 wolfy 10
Clay 22,9 28,0 22,8
511t 23,9 26,3 25,5 24,5
Fine sand 36,2 36,2 36,6 36 .2
Coarse sand 4,9 8.1 5.2 7 o
Loss on lgnition 10.7 9.8 8.0 77
Moisture loss 2.4 0.6 0.9 -
Total 100.0 1000

According to the Du8.1.R
ig designated asy
"Mapton loam from sandy mudstone, a Y.G. loam, clagsified as
a transition to podmolic sollsg, pH spprox. 5.9."
To date the experiment has undergone four stages, which are

a8 follows (Marton Guide, 1980):

(1932-1940)s 6 treatments, consisting of three forms

of Phosphate, with and without Lime, applied regularly each year
(treats.1-8, 12 reps.).

Stage 2 (1940-1951): Topdressing whs discontinued, and the

residual effects of previous fertiliser applications were studied
(treats.l«8, 12 reps.).

Srage 3 (1951-1968)s Topdressing resumed on half of the
replicates, with the appropriste fertilisers, as for Stage 1.
Potash (2 cowt/ac.) was applied to all plots In 1958 and 1957,

The other half remalined untopdressed. The change in topdressing
policy will be referred to as T.Ds for the re-~topdressed nlots,
and U.T.D. for the untopdressed, residual plots (treats. 1-6 and

=12 resp.t 6 reps.).

Stage 4 (1968 - pregsent)s The stage 3 programme was continued

with the following modifications:



a) The "alternate mowing & grazging” technlque was
digeontinued, and instead a "mowing with cllppings returned®
technique was instituted,

b) Section A was treabted in 1958 with chemicals to kill the
gward, followed by oversowing, to establish a new pﬁsﬁaww sward.
) Certain of the U.T.D. plots of Sectlons A and B were
gelected and topdressed with SBuper at 4 cwi./ac, annually from
19588 onwards, thus affording a comparison of responses to this
fertiliser on residual plots now elther carrying an old sward
or a nevw sward, obtalined by chemical turf-destruction followed

by oversowing. The plots, pertalning to Section B, will be

referred to as R.T.D. (treats. 82 and Pa, and lla and 1288).

To facllitate the subsequent presentation of the results of

analyses the treatments are listed in the following order:

;@iﬁﬁ WO
Tl 1 1, 11832 B
2 2 BulBw33 BB
3 3 Gl T3l Ge
iLn 4 el B35 | Buper 4+ Lime Be * Lin
21, Ex13«36 | Basic Slag + Lime B.Be + Lo
3L 6 6-14~34 | Gafsa + Lime Gs *+ Lo
. T.0e 1 7 T-24-36 | Super Be
2 i P @@wi@ 8lag B8
3 9 -« 38 G&@@ﬁk ‘ G
1L 10 10-21-29 | Super + Lime S + L
21 33,,}& T m Hasico ﬁ%:ﬁm@; + Line BeBau + Lo
3L 1z ez I Gafea + Lime e + Lie
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R.TsDs 28 Ba 8 - 27 | (Basic 8lag) + Super(l958) B.8. + B«
as 92 | -28- (Gafsa) + Super (1958) 3o + 8

218 1lla A (Basic Slag + Lime)
+ Super (1088) BoB oL, 48
318 12a 12 - 28| (gafsa + Lime) + Super(l968)G. + L.48

rial I" to date

Soil test data for pH, Lime, P 04, and Dry Matter yields were
compiled from the results presentediby Doak (1942.I1), and the
official files of the experiment (by permission N.Z.Depl.Agric.1980)
As DpHs

The results are pregented in table 3.

Ifable 8 s Lo date (on-2% core)

P AW o

Lo 1932 15:5 Bed 5.5(5,5 5.4 54
33 15,8 548 5.6|6.1 6.2 6,1
.34 1545 8,9 517|644 617 634
35 %ﬂﬁ Bol 6,7(6,3 6.7 6.4
36 16.2 5.7 5.5(6.9 6.4 6.3
37 161 5,5 5.,8(8.8 6.1 5.8
38 |6.6 6.8 5.8/6.,4 6,7 6.4
39 [5.6 6.2 5.7|6.2 6.8 @g%
40 15,6 6.3 B, 7164 6,7 6.4

€

o 8

(1941-'80) HNo data available

3a 50

51 8 5.7 5.3 5,9 : 5.5 5,8 5,7(5:8 5:0 5,7
52 |5¢4 Bed 5.5/5,8 5,8 5,6 5.3 5,6 5,5(6.1 6.2 6,1
53 5i4 545 5.4 5.5 5.6 5,3 4,9 5,7 5.4/6.0 6.2 6,2
5415.6 549 5,715,8 5.8 5,9 | 5,6 6.1 5.816.,5 6,7 6,6




1 2 3 aoeno3 |12 L 2L 3L
85 505 506 5.7 566 5o8 5s7  |5.8 549 5,8(6:4 6.5 645
56 [5.6 847 5.7 5.8 6,0 5.8 5.8 6.2 5.9/6.5 6.7 6.6
57 5.6 546 5.5(5.8 5.8 5,6  |5,6 6.1 5.8(6.2 6.5 6.4
BE (644 5.3 5.4 5,8 5.6 5.6  |5.4 5.9 5.7[6.1 6.4 6,2

pdressed

The mailn treatment effects of decreagsing the acidity of the sol

may be shown in the following ordery Super Gafsa Basle Slag, an

No Linme  Lime,
The effects of Baslce Slag over the first B year perlod were
most pronounced, and enhanced by liming.

additlon of lime

On the other hand, the
appeared to have effectlively masked the individual
effects of Buper and Galse.

ﬁﬁ‘%h@ beginning of the third period the residusl effects of
Bagle Blag and Gafsa could be noted, while those of Super and
liming were no longer apparent. BSubseguently, ﬁwwimgvﬁm@ third
periocd these residusl effects seemed to disappear agltogether, and
the soil reverted to its apparent, original acidity of pH 5.3«B.5.

Where topdressing wag resumed the original effscts of the
first period appeared to recur, but after approximately 8 years a
general decline was noted, This was even evident in the T.Ds plots
which recelved linme. |

The effects of Basic 8lag, Gafsa, and Lime are thusesppreciable

but not of long durstion.

By, :ﬁt&iﬁ?&%g

ar
o

The dats are shown in table 4, and expressed as

cad (0.D. basls) for the first period

exchangeable

(Doak, 1¥M2-II), and as parts
Ca per 20,000 of soll extract, determined by the {lame photometer,

for the third peried

(Grimmebt, 18533 priv. comm,).



Lime results to date (0"-2" corej expressed as
exchs Ca0f, 0.D, soil)
dod Vear | X 2 8 [IL 8L 3L,
1. 1982 |.191 ,192 .190 |.194 ,192 .192
38 |,200 219 ,198 |.200 ,290 ,208
34,206 ,257 .212 | .B67 ,456 ,363
35 [.227 206 ,218 |.368 ,424 ,366
36 [,248 300 248 |.383 435 .374
87 |,261 324 .246 | ,376 .431 371
38 [,268 349 ,256 | .396 464 .387
39 |.266 .354 .254 | 399 473 .395
40 1,260 .356 ,266 | ,419 467 .403

2. 1941-1503 No data available.

(Results expressed as parts Ca per 20,000 in extraet)

Jntopdressed ~ fopdressed . . .
1l 2 3 lin en 8L |1 2 3
3 L] 7 8 7|9 8 8 7 8 7
s2l 7 8 s|7 7 8 |7 8 &
53] 7 7 6|8 8 8 5 8 8
5| 6 6 6|7 8 7 6 8 8|11 13 11
55| 5 6 5|86 8 7 6 8 7|12 13 12
s8] 6 6 5|7 8 7 7 9 8|11 13 12
57, 6 7 6|97 97 7 7 9 8liz 13 12
58| _8 6 8519 7 7 |l 9 7l

A genersl increase in the lime status of the solls durlng the
first period was evident, the approximate order beingg @%@%&‘é?
Bupey <{$&ﬁim Slag, and No Lime (:@im&% This situstion resembled
ﬁ&&% found for pH.

At the beginning of, &mﬁ'ﬁuwﬁmg the %&i%& perlod, the residusl
effects of liming had @@wﬁiﬁ%%ﬁ slightly, but g further diminighing
of %%@ %§£@@ﬁ@ wag apparent.

Where topdressing was resumed in the third period the only

gigulficant effect of raleing the lime status was shown by Basle
qi8gs Liming itself apparently effectively masked individual
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troatment effeets, The peneral decline after the flrst 6 years

of topdressing, as noted with the pH, was not evident here.

?&@ data are pw@&aﬁm%ﬁ in table 8§, @wa&%%@@ as # @%wﬁ
soluble in HEL for the first and second periods (Doak 1942.II),
and ag parts P @&@ 80 mil&imm\mf soll extract {(Truog test) for
the third period (g

ﬁiwmyﬁgg 19833 priv, comm.),

Sone statistics for the ygﬁﬁ data were available (Doalr, 1942-I1,
Standard @kwmw § ﬁﬁﬂﬁﬂﬁﬁ
Least signiffcant differvence: 0.002 (5£), 0.003 (1%).

sults to date (0"-8" core)
(HCL Soluble P,0.%)

Table &

Phogphate re

riod Yeax| 1 2 .3 1L 2L 3L
1s 1982 ,100 .102 .102/.099 ,102 ,108
83,117 118 115,112 .114 114
841,185 ,122 ,126|.121 .185 .126
85].180 ,131 .131/.138 ,127 188
36 |,182 ,129 ,129|.131 ,132 .182
37 |.147 .146 (150 |.182 .145 .1858
38,155 158 ,157|.156 ,159 ,163
89,163 ,188 ,165|.172 ,158 ,173
40 [,172 169 741,185 171 18
{(Topdressing ceases)
2, 1941 [,175 178 .168|.171 176 .176
42 |.166 ,158 ,162|.162 181 170

44 1,170 169 160 |.164 159 ,165
45 1,164 L1587 .l62|.152 .183 ,169
46 |,178 ,170 178|.171 .163 ,1864

49 {149 4137 136,188 135 129
(Parts P per 50 million (Truog test)
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B3 L AL 28 3L .2 .3 11 2n 3L .
1881 2.8 2.8 8.1|28.,0 2,6 3.3 e85 2,8 3.1 8.0 2.8 3,3

52 238 3,1 8403,7 3,8 4.8 540 3.8 4.7 8.7 8,1 8.8
&3 4.5 9.8 30140 40 2.0 3.0 248 7.0(6,0 78 130
b4 20 20 20120 80 20 8.0 5.0 7.0(6.0 8,0 180
55 443 B0 446140 4,3 3,6 |10,3 1L.3 15.3]15.0 .3 208
56 B3 80 843|140 4.3 3.6 [14,313.3 18.0[13.0 143 30.0
57 30 B.8 BB 84 1546 .3 282\ V2.7 170 33,28
58

The trestments resulted in a gradusl sccumulation of acid
soluble P dupring the first perlod. Individual treatment difference
were @%mﬁm&lly significant, and of the orders %&f@ﬁ)> &m@@w;> Basle
S8lagy which differences were increasingly accentuated by liming,
ingofar that the difference between Gafsa and Super diminished,
while the difference between these treatments and Basie Slag
becgme highly signifieants During the seecond period a& general
decline In the levelsg of P wag evident, the rate of decline, if
taken over the entlre perlod, being grester for Basic Slag and
Gafss than fpr Supers The rate of decline was also greater for
the limed than for the unlimed treatments, excepting Basic 8lag
where 1t wag equal.

During the third period treatment differences were incons
glstent.

Where topdressing was resumed a rapld accumulation of P was
evident, once sgaln accentuated by liming. The effects of the
Gafse treatment were mogt notable, and appeared Lo be a function
of the solubility of the phosphate in this fertiliser.

The solubility of the phosphates in the three fertillisers is

shown in table 6.
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Bagic Slag & Gafsa

Table 6 - Phosphate Solubility of Super,

e W.&ﬁﬁ%ﬁ&h Hgsldue
Soluble ole Po0g  soluble Pl '
N Pl
Super 22.0 C 80,3 1,7 [Unreacted rock
phosphate
Basie Slag| 16.1 13,1 - 3.0 Bi-apatite
(Collings, 195685)
Gafsa 28.2 Db B 18,7 [Apatite.

It may be concluded that during the topdressing periods
phogphate residues accumulated, the magnitude and the rate of the
accunulations depending on the apatite content of the fertiliser,
the pH, and the Ca ion setivity, which would be enhanced by
Liming, and which would favour the formation of Ca~P. This
confirms the findings of Cheng and Jackson (1958).

D. Dry Matter Yields:

Table 7 has been adapted from the file data, which are
presented in Appendix I, the objeect being to reduce the very wide

amnnual fluctuations.

Table 7 - mﬁﬁ'%&%twm gﬁ@ ds

Tield|Lie] Cive o Buper=i00 Come
Period Year |0f trol
guper|B.S. ¢, 8 4 L B.f.+ L.G 4L (head-
‘Land)
L. 19327000 | 86 ©0 106 97 02 -
3317500 | 94 93 109 102 97 o
B4 19400 | B89 95 106 100 29 -
35 Q1700 1103 97 110 104 103 -
98 95 1lo2 28 298 w
37(8100 101 98 105 101 100 s
3818500 107 98 111 108 109 -
39{9300 | 104 98 110 101 o9 -
4018800 | 99 94 109 108 103 -

Topdressing ceases

{(Contd.)
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y&miﬁm?y@imﬁiva £0 Conie
er = 100 trol
%m H *Zﬁwﬁnﬂﬂ@&i

. | land)

2. 1841110000106 X0 117 117 114 -~
481 0001103 10L 114 109 118 =
43| 7800 (104 10117 114 114 -~
44 | 9700 (101 99 111 109 111 «~
451 6900 | 99 94 112 107 106 -
48 | 5400 [107 106 111 117 117 =
47| 8500 |103 94 111 114 117 97
48 | 6600 |103 X2 108 106 108 94
49 | BOO0 | 98 98 98 97 100 97
50 1 84001 94 96 100 107 111 89 | Topdressing resumes

Per«Joay @fk“ :
iod Buper {1

S B8 G S+ BS+L G+
3. 515500 87100 95 102 105 89 |113 100 96 104 113 102
52 | 6600 | 86 95 89 98 100 95 |103 106 102 106 106 102
53 | 5200 | 94 96 100 104 102 104 |121 123 117 125 123 117
54 | 5000 | 92 94 98 108 104 106 |124 128 118 140 136 180
55| 5600 | 88 86 88 93 95 91 |112 116 114 128 118 107
56 | 6400 | 91 91 88 92 94 98 |111 111 108 119 111 105
57 | 6800 85 93 91 88 |110 107 115 116 101 97
58

There ls clesr evidence of a general herbage production trend
reflecting the effects of topdressing, liming, and the intervening
period when no fertilisers were applied,

Individual treatament effects were of the oprder ﬁw@@r;> Basgie

Slag> Gefsa, end Lime > No Lime, excepting Basic Slag plus Lime
) wﬁ@wé no lime response ocecurred. During the second period the
residusl effect of Gafsa was apparent, slthough of short duration,
after which the original order was approximately re-established.

Liming appeared to double the period of residual effects.

During the third period treatment differences tended to
disappear altogether; -Super, however, tended to remain superior
throughout. It may be interesting to note the decline in production

of the treatments other than Super, which tended to approach that
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of the "headlands", which, from the latter half of the second
period, had been cut to serve as "control plois". Where
topdressing was resumed a rapld response became apparent in the
sward, with a gradually lnecreasing iimimg,@@ﬁgmmﬁw also evident,
The upward trend, however, appeared not to continue, which was
attributed to a domineance of inferior herbage species wvhich had
invaded the sward during the second periods

This is supported by the trends observed for pH, Ca, and Py
for on this basls a greater productlon than wag obtained could be

expeated.
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TAKING FOR THE PRESENT INVESTIGATION

On the assumption that soils from the sections 4 and B of
the field experiment would differ considerably, due to the
introduction on Section A of a period of chemical turf destruction,
followed by oversowing, and on the observation of clearly apparent
gsward differences between sections A and B, 1t was decided to
sample only section B. This would supposedly supply three
replicates for each treatment, each replicate plot to be treated as
g separate sample in the laboratory, for it wss not known at the
time that a fourth stage had been introduced in 1858, The data
obtained from the leborstory analyses were rearranged to ineclude
the fourth stage when that information came to hand.

850 Cores of 4" diameter were taken from the O"w-2" soil layer
of each plot and bulked. Banmpling was done at random, a zig-zag
course being taken over the plot without estimating the sempling
interval.

The plots had not yet received the first annuel application
of fertiliser, hence the samplez would be representative of the
treatment effects of 1959 and earlier. It was also fortunate
that the routine soil test samples for 19680 had not been taken
by the staff of the experimentsl area, hence there was little
chance of this sel having been affected by old core holes.

The samples were taken to the lasboratory in double-wrapped,
brown paper bags. On arrival they were spread out on sheets
of paper to dry out at room temperature.

After approximately three days the samples were passed through
a 2 mm. sleve, the coarser perticles were broken up in a wooden
mortar, and turf debris was dlscarded. The saumples were found to
be free of stones and gravel.

After a further two days drying the "alr dry soll" sanples
wvere partitioned until approximately 50 gm. was obtained. These
sub samples were ground in a porcelsin mortar until the goils had
been passed through & 0.2 mm. sieve in their entirety. The "fine
soil” thus obtained was bottled and used for the subsequent analyse

The sampling and sample processing procedure has been verified

(Jackson, 1988).
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To express subseguent results of anslyseg on an ovendried
soll basls molsture was determined on all the samples. The

results are shown in Appendix II.

Progedures

A duplicate sample of 10 gms. "fine soll™ wag placed in
welghed aluminium conteiners provided with a 1id. The containers
with goll were placed in an oven, set at 1085-.110 degrees Centigrade
and left to dry overnight. The samples were cooled in & desiccator
and reweighed. Molsture loss was expressed asg a percentage of
the ale dry soil.

2. .0l determinations

To aid interpretation of the distribution of soil phosphorus
fractions the pH wag determined on all the samnples.

Progedures

A duplicate sample of 10 gms. "alr dry soll" was mixed with
25 ml, water, and kept in suspension for 1 hour. The pH was
determined on the suspension with the "Cambridge” pH meter, using
a glass electrode. The instrument was calibrated agalnst a
standard buffer every time mﬁﬁ%wi&ﬁ of samples was tested.

The results, expresgsed to the nearest 0.1 pH unit, are
presented in table 8. Detalled test results are conteined in

Appendix IXIT.



Treatment Mean

T.De 1 8. 54 5.4 5.4 Bed + 0,04

2 B.B,. 8.1 6.0 5.9 6.0 n
3 G, 5.8 5,7 5.8 5.7 "

4 S, + L. 8.2 6.1 6.0 8.1 "

%% w% & “3‘ Xs %} -163' @ ﬁ‘@@ % 1&‘5’.%: 53 »ﬂxﬁ "

Ge + Lo 183 6.3 6,3 843 o

UeTDs 7 8a 5.4 5.3 B4 5.4 w
Bl 6.8 8.8 3’ ﬂ)»&

9 G, 5.4 544 564+ 0,1
10 8e * Le 1865 BeB 5.5 545 + 0,04

11 By + LaBe5 5.6 845 + 0,1

182 G. + Lis 5.6 546 ﬁ Oul
RoTDe 88 BaBo + B o546 5.4 5.5 £ 0.05
%8 G. + S, 544 544 T 0,08
l:l%% B.Be 498 5485 &nﬁ t .08
18a G, + L 48| 5.8 544 5,81 0,08

S8tatistical tireatment of the data gave evidence that

treatment differences were not affected by plot wwmmmm(%\??-fm>

ance of pH results

Leasgt sipn, diff.

Bource | 8.8, | d.f.] M.8, F_ |Resul w4 1% 8%,
Ireats.] 4,37 | 11 [0,397 | 86,2 #*#* L&4a]| 0.2 0sl
Error D.11 | 18 |0.006 1&9| 0.2 0.2
Total | 4.48 | 29 1&8] 0.3 0.2
288l 03| o002




The least gignificant differences between treatments were
computed according to the number of replicates avallable

{(Glenday, priv. comnm,)

The effect of lime on raising the pH is highly significant
in the T.D. seriesy it hasg persisted gignificantly in the Super
and Gafsa plots of the U.T.D. series, but is not evident in the
ReT.Dy series,

The "liming effects” in the T.D, series of Basle Slag arve
evident, and to a lesser extent for Gafsa, when compared with Super.
Thege effects are apparently not masked by the addition of lime.
This trend is also reflected in the U.T.D. series although it is no
longer signiflecant,

The effects of Super slone are not significant, whiech is also

gvident in the R.T.D. gorieg,.

3. The determination of free Fe.0. (Jagkson, 1958 p.168)

a, Regulrementss

1) Fresh Sodium dithionite; welgh out 0.5 gm. lots pridr to
each determination.

2) 0.3 M, sodium c¢itrate: dissolve 88 gm, tribasie Ha Cltrate
per Litre,

3) 1 M NaHCOp: dissolve 84 gm. per litre.

4) 8sturated NaCl solutions approx. 400 gms. per litre.

5) 80% Hy0gs

8) € n HClg dilute 60 ml., 10 n HCL to 100 ml,

7y 10% ECN8 solution.

bs Progedures Welgh out 0.5 gm, "fine soll" into a 80 ml.
centrifuge tube, add 20 ml. Na citrate snd 24 ml. NaHCO4, place
on the waterbath set at B0 degrees Centigrade.

As soon as the tube contents heve reached this temperature,
add 0.5 gm. %wﬁﬁﬁﬁ% end stir repidly for 15 minutes. At the end
of this period rinse the stirring rods with a little water, remove

the tubes and clear the liquid by centrifuging., Decant the



supernatant liguid via a stirring rod into & 250 ml. volumetrie
flask through a filter funnel,

Wesh the residue twice with 10 ml, portions of saturated NaCl
solution, recentrifuge each time, and add the washings to the
contents in the flask. Rinse rod and fummel with a little water
and finelly make the flasks up to volume. MWix contents well.

From the extract in the flasghk teke two sliquots of 10 ml. each and
place one in & 850 ml. volumetric flask Tor Fe colour developuent,
the other in & 50 ml, volumetrie flask for the organic matter
determination. Alzo run a resgent blank in this serles using no
goll,

Co

To the 10 ml, sliquot in each of the flasks add water to
obtaln a volume of approximately 35 ml, Add 3 drops of ﬁﬁﬁﬁ
and 3 ml, of 6 n HCL. Then add to the flagk on which the Fe
colour is to be developed, 3 ml of 20§ KCNS and make up to volume
with water, mlx contents well. The organic matier blenk flask is
made up to volume after the 6 n HCL has been added. Wix the
contents well., Read the Fe colours § minutes after the addition
of KCHS on the photometer at wavelength 490 mmu and slitwidth
0,02 mm, The organic matter blanks can be read afterwards, or at
any convenient time.

The sum total of the reagent and organic matter blanks ig
subtracted from the Fe value to obtain a true value which isg
subsequently converted to § free ﬁwﬁﬁ@w Prepare a standard
curve, using a range of concentrations of Fe of 0,2-8.0 gamma per

ml. from & standard stock solution of ¥e containing 1 mg Pe/ml.

o
&

Pt W%@ﬁg - &.ﬁ x emwvw f&at@w x ﬁwgﬁﬁ f ctor X 200 x 60 x 6
1000000

wheres

BoRe =

Beckman photometer reading, blank adjusted,

Curve factor = Conversion of B.R, to gamma FPe/ml (log = 0.3508)
Feg0q factor = Conversion of Fe to Fey0g (log = 0.1649).
Division by 10° converts from mgme to B
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i

B.R. x combined factor
= log BsRs + log 0.,7047-1

Hence % Fey0g

(take antilog)

L

The amount of Fe extracted has been shown to be dependent
on temperature, the efficacy of the Ne dithionite, and the amount
of stirring applied (Fife, priv. comm.). Hence it is important
that for comparable results a figiﬁ routine be employed. Thus the
dithionite is weighed out after the tubes have been placed on the
waterbath, to allow these to come up to temperature. Once the
dithionite 1s added no time ig lost in commencing to stir the
mixture, mﬁim@‘& separate glass rod for each ﬁum&w‘ Continue to
stiy for LS minutes, starting at one end of the bateh and working
up te the other, ete. At %ﬁ@‘@m& of the stirring periocd rinse the
rods with a 1ittle water. To reduce washing time use s number of
testtubes equal to the number of samples being processed. Fill
th@ﬁ@ tubes with 10 ml portions of sat. NaCl and merk ﬁﬁ@ posl tion
of the meniscus with crayvoen. Every time the residue is wm%ﬁ%& the
contents of the testiube are simply poured over, with a rod, the
residue 1s again brought into suspension, the rod is rinsed with a
little salt solution, and the tube is ready for centrifuging. While
centrifugation is in progress, the testtubes are again £illed with
HaCl solutlon to thelr marks, and another bateh of 10 ml portions
is ready for use,

It 18 advisable to keep the extracts, from wich the aliquots
were taken, until the photometer readings have been made, as a check
aliqguot can be taken should a reading appear anomalous. It takes
far longer to produce an extract than 1t takes to throw it away even
though one may be tempited tw do this due to shortages of pglassware
and time.

The need (0 use [resh Sodium dithionite must be siressed. For
when this series of analyses had been completed 1t was found by Fife
(priv. comm.) that a recently received batch of this chemical
extracted an appreclably greater guantity of frée lron oxide than

the material used originally.
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Hence the @x@r&&%immﬁ were repeated for each treatment,
and from the yield inerement a factor was obtalned to adjust the
results for the remeining plots. In fact, the concentration of
Fes0n in the extract was found to be so nigh that a five fold

dilution was necessary, as prescribed in the provedure.

g Diseugsions

The tabulated results are contalned in Appendix IV and IVa.
The mean for all plots was caleulated on an 0.D, soll basisg
im@ﬁﬁgﬁ range lm@@% o lg%w

There appeared to be no treatment differences, and the plots

were simply regarded as s sanple seriesy having plotted the
results according to the trial lay-cut (see below), there appeared
to be as much varlation over the field as was shown by the tabulate
results contained in the appendix (plot numbers are mw&akmﬁ@ﬁﬁ'

results are rounded off to nearest 0,1 unit).

(12) 1.3 (24) 1.8 (38) 1.8
(11) 1.4 (23) 1.2 (35) 1.3
(10) 1.2 (22) 1.3 (84) 1.5
(9) 1.1 (21) 1.0 (83) 1.7
(8) 143 (20) 1.1 (32) 1.7
(7)) L2 {19) 1.2 (3L) 1.3
(6) 1.2 (18) 1.3 (80) 1.3
(8) 18 17) L.l : (20) 1.0
(4) 1.8 (16) 1.2 (28) 1,0
(8) 1.2 - 18) 1. (27) 1.8
(2) 1.4 (14) 1.1 (26) 1.2

(1} 1l (13) 1.4 (28) 1.2
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For weighing s "Bunge" alr dampened aunsalytlcal balance
was used.

Chemicals for bulk stock solutions were welghed out on the
students? laboratory balance.

Fxtractions were carried out on an open box type rotary
shaker st a speed of 40 r.p.m.

Centrifugations were made with a "Wieig", inclined head
centrifuge, with a capacity of € tubes, topspeed 4000 T.peite

Colorimetric determinations on the extracts were made with
a "Beckman" guertz spectrophotomeber.

In addition to a set of 80 ml, centrifuge tubes, and a set of
50 ml, v§immwﬁria flasks, the &@m&& range of laborstoy glassware
was uged for the measurement of solution quantlities, the storing of
extracts, and the preparation and storing of stoek golutions.

A drying oven, set at 108110 depreesg Centlgrade was used for
the moisture determinationsg of the soll samples, and for the
drying of glassware. In order to match the size of batches belng
processed with the capacity of the equipment in use, a series of
tube racksg was made, each rack having a capaclty of 6,

When the determinations for total phosphorus were made, stands
weare required to acecommodate the flasks with extract in the water
bath, To this end a simple stend, conglsbing of rigid galvanised
wire screen with No.8 galvanised wire legs and reinforcings was
found guite sultable. The helght of the stand is sueh that the
extraet volume i completely immersed. The welght of the flask
1tself then will keep 1t upright.

To keep the temperature of the water bath constant, and to
avoid excesslve steaming & 1lid was slgo made in the following manner

| In a sheet of galvanised iron, of a size to £it the top of the
waterbath, cut a gseries of holes of a dlameter to give clearance to
the necks of the flasks, and at a spacing determined by the diameter
of the flasks and the sigze of the bateh to be processed. Also cut
a hole in some convenlent position at the rear to asccommodate a cork

with a thermometer fitted.



Cut thls sheet into strips, the cuts being wmede slong the
gentre lines of the holes,.

Fit & handle to each section which will give it rigidity
a8 well.

Made in this manner it is possible to immerse the entire
bateh in sets, each set belng located by the half holes of each

1id section.



From g consideration of the solubility of chemical forms of P

under alkallne and acid conditlons, and by refining the alkaline

st

NH,¥ procedure (Fife, 1959-1, 1989-11) for the separate determine

ation of Al-P, Fife (priv. comm.) developed p procedure for the

fractlionation of soil phosphorus, which 1s remarkable for its

slmpliclity.

3

Briefly the scheme 18 ags follovws:

Total P 1s determined by the method of Bray and Kurtz (1948).

Fe~P and Al-P are determined together by extraction with

%

1 n NaDH of a sample from which exchangesble Ca has been
removed by washing with HaCl solution.

Fe=P, Al-P, and Ca-P are determined together by malking an
extrsction with 0.1 n HCl, followed by en extrasction with

1 n NaOH,; and combining the results.

Al-P is extracted with 0.5 M NH,F at pH B.5, corrections being
applied for resorption of P and hydrolysis of Fe«P. The
correction values are determined in separate experiments.
Organie P is obtained by subtracting (3) from (1).

Ca-P 18 caleulated as the difference between (3) and (28).

Fe-P 1lg represented by the difference hetween (2) and (4).



L. TOTAL P, AND IT8

RRE

60% Perchloric aclid; dilute 416.6 ml 72% to 500 ml with water.
2.n

Sulphuric ac

ids dilute 85,68 ml, of 36 n Sulphuric acid to
1 1litre with water, taking care to add the aecid to the water and

not vice versa!

dilute 50 ml., 2 n Sulphurie acid to 100 ml

with water.

2. n podium carbonates dlssolve 106 gu. in 1 litre water,

godium bisuifite solutions dissolve 5.2 gm. in 100 ml 1 n

H,80,. This solution will keep for 1 week,
Or dissolve 4,75 gm. Neg 8,05 in 100 ml 1 n H,80, (keeps for 1 week

also).

Metol reagents dissolve 0,42 gm metel znd 6.3 gm Na-@sulfite with

water to obtain 100 ml solution, which will keep for 3«4 days only.

Quinsldine red indicatop: Make a 0.01¥ aqueous solution.

Standard phosphate solution: (par. 3d of this section).

Sulfomolybdic acid: ignite c.p. MO0, in & porcelain dish at dull
red heat, but below the melting point, for 1 hour in the muffle over
Cool, and welgh 7.2 gm into a 800 ml. Kjeldahl flask.

Add 280 ml. conc. Sulphuric scld, & few glass beads, and boll the
mizture untll solution is complete (a slight turbldity does not

matter)., Cool, and preserve in & glass stoppered bottle.

B, PROCKDURE ¢

1. Preparation of the phogphate extract by perchloric scid

digestions
Weigh out single lots of 0.4 gm. "fine soil", place in a 25 ml.

Kjeldahl flask, add 7.5 ml. of 60% perchloric acid, and digest on

L]

the burner in the fume cupboard for 20 minutes pfter the dark
orgenic matter colour has ﬁiﬁ&p@@ﬁwQQ; h

Allow the flasus to cool a little, dilute the contents
with a small quantity of hot water and filter into & suiltebly sized

volumetric flask - gas

; Wash the residue in the {lask and
on the filter repeatedly with water. Finally bring the contents

in the receiving flask to volume with water,
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2., Development of colour on the extract:

Pipette a suitable duplicate aliquot - 10 uml. - into 50 ml.
volumetrie flasks, add one drop of quinaldine red, and rinse the
nec¢ks with » little water. Adjust the pH with 2 n Na,C0q
or 2 n ﬁ@m@@ until the red colour has Jjust disappeared. Add water
to attain a volume of opproximately 25 ml. (use a spare 80 ml.

. flask with 25 ml, water as a gulde).

Add & ml. NaHS04 solution and place flasks on the waterbath
set at 95 degrees (Centiprade. Digest for 25 minutes after the
flasks have attained this temperature. Carefully pipette 0,5 ml,
of the sulfomolybdic reagent into the flasks by letting the |
reagent flow slowly down the neck and swirling the contents to
avold sputtering, and cracking of the glassware.

Hext pipette 8 nl. of the metol veagent into the flasks and
ringe the necks with a 1ittle hot water. Continue digestion for
a further hour. Talke out the flasks, cool, make volume up to the
mark, mix contents and read the colours on the photometer at wave
length 8L5 mmu, snd slit width 0.02 mit. The colours last apmroxe

imately 4 hours and there is a 4-5% fading in 24 hours, detectable

only by the photometer.
The photometer readings are converted to mg P/L00 gm. solil

by the following calculationy

, ; oo o g g o gy - L o 9”
mg P/LO0 gm soll = ,ma?»;%;»xﬁwmma? RELDEIR.

Adjust values finelly to an 0.D. basisg,

The factor is obtained from wga slope of the standard curve
prepared from a range of phosphate concentrations of 0.1«1.0 gamma
p/ml., using the standard P solution, and developing the colours
simlilarly. In this concentration range Beer's law ig applicable
only up to 0.6 gamma P/ml.; hence it is undegirable to exceed this
concentration in the unknown extract solutlong, as well as from the

standpoint of readabllity alone (Schricker and Dawgon, 1939);

this is conflirmed in the present work (fig.2, Appendix Va).
When the samples were extracted strictly sccording to the
procedure of Bray and Kurtz it was found that the eolours, developed

on & 10 ml'aliquot and taken from & 80 ml. extract volume, were
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beyond readability. Accordingly the size of the aliquot was
reduced, five fold in this case, in order Lo obtaln concentrations
wlthin the range of 0.2-0.4 gamma P/ml. In order to avoid the
inconvenlence of plpetting such small aliquot quantities, the
dilution of extracts, prepared in Fife's laboratory, was increased
fivefold, as described in this procedure.

A short experiment was conducted with the photometer to
determine whether, at a slit width of 0.02 mm, the wavelength of
818 mmu, normally used for molybdenum blue colour determinstions,
could also be employved here.

The results (table 9, fig. 3) indicate this to be possible
without introducing & significant error.

able 9. Rel

Relationghip between colour dengity and wave:

("Beckman" photometer)

Be readings

.241

272
815 .201
820 .294
825 296
830 205
835 ,292
845 277
860 $240

%
i

HINTS O LABORATORY WOR

When the KJjeldahl flasks have been installed ~ the set used
in this laboratory has its own burner stesnd and vacuum exhausted
glass fume %w&@ « the flames of the burners are adjusted until
the stage has been reached when all the flals will coummence boiling
at the same time. The 20 minute digestion perlod 1s then taken
from the moment the last flask changes colour.

It is also advisable to boil gently to avold excessive

gpattering. Durling the digestion the flasks are occaslionally
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rotagted on thelr stand so that spatters are taken up in the
bulk liquid.

The hot water, used %ﬁ%w%& the washing process, will
cauge the filtratlion te proceed st & rapid pace, but too hot a
washing liguld will digintegrate the filters.

Use & stirring rod - a short and thin rod that will stand
in the filter funnel - to gulde the washings on to the filters,
and wgg&a the rod resting in the funnels between operations,
taking care when replacing 1t or the filter will be punctured.

Pach washing is sllowed to percolate completely before the
next one 1s sdded. The waterbath, with a thermostat fitted,
should have a sufflciently lerge heating capacity to bring the
flasks up to temperature rapidly when the colours are to be devel-

%%%mw @
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In this procedure the soll 1s extracted with 1 n NalH at

room=-tenperature for 40 hours. The efficlency of KalH at this
concentration eppears far greater in the removal of Fe-P and
Al-P than 0,1 n NaOH, which is supported by the following deta

(Fife, priv. comm.)s

Table 10. Comparison of the efficlency of

jaOH and 1n NaOH (1:10 ratio extractions)

Po bearing % of total P.O. dissolved
Mineral 0.l n NeOH “ 1 n NagH
Varlscite 45,40 95,284
Barrandite 56,84 98.81
Strenglite 82.63 93,56
E~Taranakite 67.56 96 .33
K-Fe-Taranakite %@»%@ 97.19
K~Fa-Phosphate 85 .47 94 .14

From evidence Fife (priv. comm.) concluded that the amount
of P exbtracted was independent of the conventlonal soil/solution
ratios employed, and that with time no inerease in the amount of
organic matter in the extract ceeurred. Resorption of P was also
found not to take place, and the 40 hour extractlion period wasg

sonsidered adequate.

Be

08 M HaCls disgolve 29.23 gm. in 1 litre water,
Acetones A.R. grade,

i n NaOH: dissolve 40.0 gm. in 1 litre water.

Approx. 1 n HCl: dilute 100 ml, 10 n HCL to 1 litre with water.

To ensure correct neutralisation of NalOH by HCL a titration
test is made with methyl red as indicator. It is desirable that a
slight excess of HCL1l be present to cause the precipitation of
organic matter in the extract. Therefore adjust the strength of
the HCL so that, in a titration with 10 ml. portions of NaOH,

9.5 ml. of HCL is sufficient to create the end point (Fife, priv.

COMMNa ) o
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Duplicate lots of 0.25 gn. of "fine soll” are placed on
molstened filter papers, fitted into funnels. Suspend the
filters over 50 ml. volumeiric flasks. Lesch the soll with
portions of 0.6 M NaCl until nearly 50 mi. has been attalned.

The filters are allowed to drain completely before the next
portion 1s pdded, Remove the flasks and make up to volume with
water. Mix the contents. Withdraw 15 ml. with the plpette and
discerd this. The molybdenum blue colour is developed as
described below (par. E.)e

Also make a blank determination on & separate 35 ml. portion
of NaCl.

The goll residue on the filters is washed twlce with acetone,
then put in & warm place to dry. Or slternatively - and better
sulted te the general procedure when working with batehes - the
woshed filters with soil are placed on a tube rack and put aside
to dry overnight, making certain that no dust or other matter
can cause contamination.

When dried insert the papers with soil in 80 ml. centrifuge
tubes, add 286 ml. 1 n NaOH, stopper, and shake vigorously by
hand to reduce the paper to a pulp. Place the tubes in the
shaker and shake for 40 hours. A4t the end of this period
centrifuge well, take a 15 ml. aliquot and run this into a
centrifuge tube containing 1856 ml, of approximately 1 n HCL.
Centrifuge again to remove the precipitated orgenic matter.

Teke & 20 ml, aliguot, which 18 equal to & 10 ml, alicuot of the
original extraet, and add thig to 15 ml. water in & 50 ml.
volumetrice flask. Develop the colour as degoribed below under
par. B. Eeep the remeining neutralized exiracts. Colour is

olso developed on a blank, made up of 1 n WalH and 1 n HCL in the
same proportions as the unknown.

Prepare also sn organic matter blank series of 6 ml. allquots
taken from the remainder of the neubtralised extractsy dilute the

aliquots to 25 ml. with water, after which the colour is read off



directly on the photometer.

It is negessary to recentrifuge the extract remainders to
remove the cloudiness cauged by the previous aliquot withdrawal.
Subtraction of the blank values from the main readings produces

the true values for subsequent caleulation.

a. For leachates

Mg P/100 gm, soil = Safla B iRCRA:

The factor is obtained from the standard P curve (par.E).

Finally adjust values to 0.D. basgis.

Y

. DHOBEHO-MOLYBDIC BLUE COLOUR

el

Ammonium molyvbdate in 175 ml, water in a 800 ml. volumetrie flask.
While constently swirling the contents, add slowly 1756 ml, 10 n
HCL, then make up %o velume with water. This Dlution will w@&p
for 2 months, date the flask for reference (Jackson, 1968).

0 n Hels dilute 1500 ml, concentrated HCIL by pouring it slowly

into 200 nl. water.

g chloride golution: dilute 0.6 ml. concentvated ﬁm@lﬁ
solution to 100 ml, with water in a volumetric flasl, This
solution keeps for 1 day only and should be freshly prepared prior
to sach gset of determinations.

golution: dissolve 10 gm. 8nCl,

[

in B85 ml. conventrated HC1 and store in darkness in a stoppered
brown glasa bottle. This solution keeps for about a fortnight,
date the bottle for reference,

to obtain 2 standard solution containing




50 gemna P per ml. dissolve 0.2194 gu, KH,PO, in 1 1itre water

in a volumetric flasi.

% “ ¥ curye: employing a range of 0,1«1.8
gomma P/mls plpette into 50 ml, volumetrie flasks - to which
approx. 25 ml,. water has been added - 0,1l up to 1.8 ml, of the
standard P solution. Wash down the neck with water from the
wash bobtile untll approx. 38 ml, ls obteined. Add the molybdate
and stannous chloride peagents (10 ml, and & ml, resp.), make
flasks up to volume, and read colourg on the photometer. Plot
the results. The curve will obey Beer's law over this range.

From the slope of this curve (fig. 4) obtain the factor resulred
~to convert the Beckman photometer readlings of the test solutions &
gomma P/ml.
A record of gseveral standard P determinstions is contelned
in the Appendizx ({) and summarised in table 11, including checks
which were made from time to time. There ig no doubt that the
performange of the photometer has been remarkably consistent

for the period during which 1t was operated.

Zable 11. Summary of standard P determinations

Gamna @&ﬁﬁgﬁm(ﬁgﬁﬁmﬁﬁ&ﬁﬁgﬁﬁ;
P/ml : |
20,4.60 | 4.5.80 1
0.1 , 061 ,063
0.2 123 119 L 1z6
043 .185 18 ‘
0 44 , 240 .241 , 248
045 . 897 . 814 . 309
0.6 ,360 . 868
0.7 435 ,484
0.8 - | ,a92
049 , 30 . 851
140 , 620 . 612 L609 .813
Ll 694 | .67 L 697
1.2 | 728 . 729

Checks
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usually 10 mls - into a 80 ml, volumetric flagk to which approx.

28 ml, water has beoen gdded.

Add 10 nml, of the molybdate reagent, mix with a swirling

Then add 8 nl. of the stannous chiloride reagent and mix again.

Make up to final volume with water, stopper, and mix contents

thoroughly - thpee inversions wlll suffice

ad the developed colour after 15 minutes on the ("Beckman®)
gpectrophotometer, set at wavelength 8L5 mmu., and slit width

0.02 mm. The colours will keep for less than two hours.,

4 bateh of 18 extracts has been found wvery suitable for
colour development, as by the time the reagents have bean added,

and the photonmeter iz ready for uge, the first sample will be

o
»»

15 minutes old. Further-morey &8s cach reading takes about 1 to 2
minates this synehroniges very well with the speed of plpetting
and mixing, snd the colour on egzeh sample will be fully developed
when 1t 1s due for reading.

A sequence of operations for a bateh of 18 samples would
ag follovg, assuming thet the sample exitraet aliquots have bheen
pipetied out Into their flasks snd the re:

nts have been prepared.

y

Ls Bwiteh on the phwtometer ag it requlres aboubt 20 minutes
tO WaIm Up.

2+ Pipette out the molybdate reagent, mixing the {lessk whiech
has recelved i1ts quotuwa with one hand, while £illing the pipette
with the other.

e  Avet likewige when sdding the stannous chloride reagent.

s

Set tlmer for 18 minutes ss soon as the first quantity has been
added.

4y Make the flasks up to volume and mix.

6. Take the ecell from 1lis cleaning bath and rinse 1t well

with water.
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6, Start the resdings as soon as the timer rings.

7+ Rinse the cell 8 to 4 tines after esch reading with
the next solution.

B, Cheek each reading wntil 1t hag becowe consistent.

9. After the readings heve been made switch off the
photometer, rinse c¢ell and return it to its cleaning bath, wagh
and drain all glassware.

Afber having processged several batehes, using the same

plpettes for each particular operation, one may achieve sufficient

gonilde: in the wodus operandl to employ 100 ml, Brlenmeyer
flasks, asnd pipette out every required guantity in the following
prder:

1. 25 ml, water. ]

2, 10 ml., extract.

3., 10 ml. wmolybdate reagent.

4, Bul. stannous chloride reagenb.

80 ml. total volume.
Plpetting errors will be reduced o a éw;@% m by one having
achleved s certaln pipetting rhythm, while 1t wa assumed that
this error wlll be mw greater than that @%a@&@%& in the wolumetric

flasks. A cheok, made with g 50 ml. pipetite on these {lasks

2%

showed considerable variation to exigt. Horeover, duplication

ned ag securate G@fter s tentobive swiltih-over had beon nmade

Lenmeyer {lasks

4. Caloulationss

The values obtained are those of the test polubion and the

Whenever & fresh stock solution is prepared the blank
determinations are repeated,
The blank values are subtracted from the sxiract value to
obtein a result free from interference by sny ilmpurities in the
wemicals used., Make certain to note In the workbook the sign
of the blank value which may be elther positive or negseblve.

Assuming that & 0.5 gm. soll sample was extrocted with
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25 ml, extractant (1180 ratio)§ that & 10 ml. aligquot of
¢leared extract was baken, diluted to 80 nml. with resgents,

and that the resdings were mgde on this solubtiony and assuming

that 2 standard P curve has been prepared, from which has been
gbtained the reguired conversion factor. Then the following
saleuvlation steps apply:

1. Beckman resding x factor =~ gamma P/ml., in 80 ml. flaslky
B¢ (1) % 80 = gamma P in flask = gemwa P in 10 wl, aliquoty

8e (2) x 8,5 = gauma P In 85 ml, extract - * in 0.5 gmesoil

4y (3) = 800 = gamms P in 100 gm. soil.
= mg P per 100 gm. soll.

Bumariged, the following formila vﬂ%wW$@m
mg P/100 gm. solil = :

Pilnally adjust the regults to 0.D. soll basisg,
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By this succession of extractions total inorganic P,

eonglgbing of Pe, 4l, and Ca bound P, is determined,

dilubte 10 ml., 10 n HCL to 1 litre wlith water.

3 digsolve 29,28 gu. in 1 litre water.

10H e dlgsolve 40 gu. in 1 litre water.
¢ dilube 100 ml, 10 n HCL to 1 litre with water.

ie to engure that at legst 9.8 al.
HCL will neutrallize 10 ml, 1 n FaOH, with methyl red as
exgess of not more than 0.5 sl HCL will
acldify the solution sulficliently to precipltste sxiracted orgsnie
vbher.,

Place duplleste lots of 0,86 gm,. "fine soll® in 80 ul.

centrifuge tubessy add 20 ml. 0.1 n HCL, stopper, and shske

for 4 hours on the shaking meehine. The extract is cleaved by
centrifugation. On a 10 ml. aliquot P iz determined colorimetrice
ally. Propare a blank of the exbtractant using no seil.

Discard the remsining extract, wash the soll residue twice
with 20 ml. portions of 0,8 ¥ NHaCly centrifuging in between.
Pinally washthe residue wilth 10 ml. geetone. The tubes may be

placed in the oven, or another warm site to drive off the

e

remaining acetone. Take care not to heal th

@@%w@@ the washed snd dried soil residues proceed as

degoribed in o

e

ar. Boe., teaking care not to omlt the bla:
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1. Hel extractlons

mg P/1LO0 gme poil =

The factor is obtalned from the standard P curve (par., 2B).

Adjust values fineglly to 0.D. soil basig,




- 48 -

».w ‘ X de solublc dissolve 18,8 gme In 1 litre
wabter. Adjust the pH to 8.6 with ammonla. Store in a stoppered
"oyrex® bottle.

Borie Ael

d Solution: dissolve 50 gm., per litre water; heat the
wabter to aid dissolution.

Ammonium molybdate and stawnous chloride reagent

o
i

{par. 2B, Section A,)

bs Procedures

Place duplicate lots of 0.5 gus "Fine soll™ in 50 ml.
centrifuge tubes, add 25 ml. FH,F solutlon, stopper, shake for
the experimentally determined period, centrifuge to clear the
extract, and determine P colorimetrically on a sultable aliguot -
say 10 ml.

To eliminate fluoride interference with the development of
eolour the borie acld procedure of ﬁﬁgﬁ% (1948) is euployed,
ife

which hes been slightly wodified by {priv. comm,). Intead

of pipetting the guantities of 15 ml. boric acld solution and
10 ml. water geparately, the borle acid solution is edditionally
diluted with water in similer proportions. The pipetting order
is thenj

25 wl. dilute borie acid solution

10 ml. extract

A8 ml. colour reagents

1s totsl test solution.

The eolours.arve.read as ususl after 15 minutes on the

mms A blank

photometer - wavelength 815 mmu., slitwidbh 0.02

determination is made, using no soll.



Bt The correction factor is calculated as the
fraction wﬁyﬁﬂﬁw@m@mﬁwﬁ by three days® shaking reduced
by the smount of released Fe-P, according to the slope

of the curve snd the smount of P exiracted in three days:

5 = 0,960 (fig. 5).
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mg P/100 gm, soil = the factor

BeRe i@ﬁ%ﬁ%~

The amount of P released by this method ls dependent on
the time of extraction and the resorption of P according to the
soll/ extractant ratio emploved. Therefore a series of experluments
was conducted to determine the extent of these two fagtors, by
which subsequently the normal procedure, and the velues obtained,

were adjusted.

8oil from treatment 1 (Buper, T.D.: plot 1) was used for this
experiment, carried out in teiplicate.

0«4 gme soll was sheken with 20 ml. extractant (1380 ratio)
for periods vanging Lfrom 12 hours to 7 days, by 12 hour intervals.
The extraots were tleared by dentrifugation, end P was determined
eplorimetrically on a 10 ml. aliquot.

The results are presented in graphical form (fig. 86), and
tabulated in Appendix VvI.

It is apparent that the reélease of the greater proportion of
Al«P occurs during the first 36 hours. After 3 days the release
of Al«P appears complete, and further increments in P concentratior
are due to the, at this stage constant hydrolysis of Fe«P (Fife,
Priv.comm, ).

Afber sbout 4 deays an gpparent eguilibrium between the

relegse of P and 1ts reSorption on to the soll matrix is

established, It would be quite difficult to estimate the
release of PFe«P, but by extrapolation the 3 day extraction
period is reduced to a zero order which eliminates this aspeet.

An extrapolation fector of 0,960 was calculated for thig soil,

and an extraction peried of 3 days was adopted for the complete

releoase of Al-P,
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\LeP by 0.8 M HH,F at pH 8.5

S

Several methods may be employed to determine the extent of
P resorption by which the values obtained from the normel procedure

may be corrected.

period, triplicate determinations on the releasge of P were made

from the goil of treatment 1 (Super, T.D.: plot 1), The extracts
waere cleared by centrifugation and P was determined colorimetrics
ally. The results (Appendix VII), adjusted to g common basis

{(1: B0 ratio), are shown graphieally in fig. 6, which illustrates
the added releage of Al-P caused by wildening the soill/extrasctant
ratlo.

Since hydrolysis of Fe~P is unaffected by ineressing dilution,
Pife (priv. comm,) concludes that the increased P concentration
in the extract is due to a decrsase in resorption of released P,
which iz complete at ratios in excess of 1 1000.

The inconvenience of employing such dilutions in routine
laboratory extractions 1s obvious, and accordingly a correction
factor for the release of P at the normully used 1:50 ratio may
be ealeulated on the bads of the inerement of P, relegsed at the
gsorption free dilution. In this cese a caleulated value of 1,06]1
was found (table 1R).

of gdded P.

Soils from esch trestment were used in this experiment
where, at & 1150 soll/extractant ratio over a 3 day shaking period,
quadruplicate determinations were made on the recovery of P,
added to the extractant at a concentration of 2 gamma P/ml,
{employing the standard P solution). A simllar series employed
extractant to which no P had been added. The extracts were

eleared by centrifugation, and P was determined colorimetrically.



i x@% e

the percentage recovery of added P was caleulated from the
difference between the P conventrations in the extracts with and
without added P. The results are presented in Appendix VIII,

and summarised in table 12. Some btresatnent wvarlation is evident.

Again soils from onch treatment were shaken for a 8 day

period at & 1380 soll/extractaent ratio in 0.8 M HHGF at pH 8.8,
to which had been added a "earrier free" amount of radio sctive P.
The extracts were cleared by centrifugetion, and the smount
of radistion was determined from a 0.3 ml. aliguot pipetied on to
an sluminiws ssmple pan and left to dry overnlght. Counts were
made over a 1 minute period and, with similarly prepared standards
as reference, the percentage recovery was caleulated (teble 12,
Appendix IX).
feveral days later the experiment was repeated with solls
from treatments 1 and 7 (Buper T.D. and Buper U.7.D., plots 1
and 7 resp.), but on this occasion 1 gamma/ml, of non radio
potive P was also included in the extractant, as 1t wasg
suspected, from s comparison of the previous results with the
results of the chemical recovery experiment, that lsotople
exchange had oceurred, However, the resulis obtained frowm this

experiment appesred inconsistent and falled to confirm oy refute

this sugplelony us ghown in table 12 Detalls of the result of

this experiment are algo tabulated in Appendin IX,

It is evident from table 12 that generally the regovery of

P by chemical means is better than that for radlo sctive P,

indieating that isotople exchsnge in thlg soll oceurred. These

of the values obtained by chemlcal means.
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Be 94,28 79420 78.50
B.8a 78.72
e 77.66 80.98

e

1

2

3

4 S. + L. 81,41 82,54
5 BuSs + L. 81.28 82,54
6 G. + L. 77,07 | 72.82
7 8 70.78 | 74,16 73.81
8 B.8e 73,57 77,76
) G 68.82 | 73.02
10 8. + L. 69,39 73,81
11 BuB. + Lo 69,31 73.02
12 Go + Lo 76.86 @ 78.56

although the effect of adding P to the extrsetant in the

shemlical recovery experiment mpy tend to ralsge the recovery values
slightly, Fife (priv.comm.) hag shown for a number of soils that
the percentage recovery is not geriously influenced by & range of
addlitions of 048 -~ 3.0 gamma P/ml, In this work a higher recovery
value wag in faet obtained from the soll/extractant ratio experimen
but 1t was digregerded in favour of those obtained Trom the chemlea
recovery experiment from which a correction valuey appropriaste to
each treatment, was avallable (table 13),

Table 13. fSorption correct!

Hos Ireatment Ratio Expt. .
1 Se 1,061 1.268
2 BB 1,271 14260
3 ] 1.2080 L+2386
4 8. * L 1.829 14211
& B.8s *+ Le 1.2383 L4811
6
7
8

G % L 14300 1:3858
B e L1418 1.348 L4385
EE% migw 3&%%%

{Contd,)



10 Be * Lo 144458 1958
11 BBs + Lo | 14443 , 1870
12 Ge + Lo 1303 1.873

Soils from treatments 1 and 7 (Super T.D. and Super U.TD.s
plot 32 and 26 resp.) were shaken for 44 days wlth 0.8 M NH,F,

on which the pH was adjusted with either HCL

or NH,O0H, at & 1380
soll/extractant ratio. Although 1t was Iintended to shake for

3 days only, unforeseen c¢lrcoumstances prevented this. P wes
determined colorimetrically on the extracis, which were cleared by
centrifugation. The pH at equilibrium was determined with the
glagss electrode on the remaining sugpension. The results ere

presented in table 14, detells of which are tabulated in Appendix X.

1 SO e Ropame B in solution
‘ te 1o | treat, 7.
0.99
0.97
0,88
0.96
0.97
099
0.99
- B.24 8,26 2,490 1408
8440 8440 2487 1.08
B.62 8460 2,90 1.02
8,82 8.80 2,490 1.04
.06 9.03 2.85 L1.0%1
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It is apparent from fig, 7 that the solubility of P in 0.8 ¥
%%@? is little affected by topdressing %ﬁ%&%m@m®@ suggesting that
the greatest proportion is Al-P slthough some may be Fe-P released

by hydrolysis as indicated by the release of P over time.

& comparison ol these curves with those presented by Fife
(1989~11) shows that the Marton Loam resembles the Manawvatu silt
loam, The inersase in P solubllity with ineressing pH 1o the
alkaline range, shown by the curves of these golls ls not due to
inereasing hydrolysis of Fe-P bub rather Lo a decreasse in P
resorption by free irvon oxides. The conclusion msy be resched
that for the Marton Loam the use of 0.5 M NH,F for the extraction
of Al«P at pH 8.5 ensureg maximum solubility of Al-P coincident
with nipimum Al«P resorpilon, while the release of Fe-P by

hydrolysis may be dlgcounted by exbtrapolation.
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& wum@wwy of %m@ data is shown in Teble 15, Deilanils
of t he analyses aré fsbulated in Appendix XI.
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To facilltate interpretation of the dats , the least
 significant differences, asccording to the number of
replications, were computed, These are presented in the

table belowe

4 and ﬁ& 7m§ ‘ ' ﬁw§
1 % g 82 640
9 % 8 1 40,3 746
9 ¥ 8 11,0 | 8.0

The possible influsnece of liming, resulting in lower total
? levels, wes investigated stetistically according to the
following caloulstiong; difference between means "no lime®

and "lime"s 140487 « 10769 = 3,98,

:{A@ Ha Dy ad "% Lﬁ‘ﬁi Q:ﬁ
at 5% 3400
Result @

This effect of lLime appesrs similar to the "liming effect®
shown by Basic Slag, and it will be shown subsequently that
it is aimost entivrely due to changes in the organic P fraction,
ecaused by sn inerease in biological activity aceelerating the
mineralisation of organic P,

Individual trestment differences are not significant,

The lower levels of total P in the U,T.D. series are not
significant but may be traced to the inorganic P Praction.
The increase in total P, shown in the R,T.D. serles, may bse
traced to the Al-P fraction, and indiecates iis significance
in reflecting the changes in topdressing practics,

TOTAT, LR

A summa
demonstrates the degree of plot variatons detailed results

of the analyses are contained in eppendizx XIl,



(Results expressed as mg P/100 gm.
soil on O.D, basis).

Treatnents
T@ I)O ‘? s@ 3?1& 6§ 35053 3§ Wﬂ%
" Bo Se 34696 36602 | 3hoLB
3 G 39,52 39+99 3eli2
li» Se ¥+ Lie 3805'§ 35#&%
§ BeBow Lie Eﬁbﬁ& 31&»’4}4
& (o + Lo LOe52 39.25 37630
UpTo D i Se 164,25 the 57 e 71
8 Bo Se 15:03
9 Ge 1he40 1he80
10 {3@ P i ’569?& ‘33@9&7 ‘“»qu&
14 Bo8oe 4 Lie 16,17 o2
12 Fo 4+ Lig 13,88
RoToDo 2 BoeSe + 8¢ . 2h ok 1951
3 Go + Se 19,62
2 3&3@ g@”@" L"Q“ ﬁ«p 19«%&
3 God Lot 8o 2551 18065
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Since Ca«P i taloulated as the difference between
this fraction and alkali soluble P, it was considered
necessary o separately assess the degree of variation due

to plot and snalysis duplication., (Qlenday, priv. comm,)AprXVI,

Souree B mﬁ? @ iiw o Ba ;%w S Ty @%ﬁ%’% ‘

Treatments

Plote
(residual) e
Duplicates 30 0488

It may be concluded that neither vardstion is signifisani,
The degree of accuravy in the analytieal work was determined
by the "coefficient of repeatability®, éaloulated as Lollowss-

8 = 0,488 (duplieates)
and %ﬁ L Qa‘:“aﬁ = 7,08 (r%wi%mﬂ.)
2 a9 ;
henee 8, = = 34451 (plots)

therefore

- ¥ ‘3@0% L %o




The gombined leb. error, embodied in the plot variation for
Ca=P eaqualgge

2
%( oa)

this transferrsd lab, error will be of ¢ he order ofie

and whers

{gﬁ(aa) = duplication variance secid-alkali extraction)
$§£1&3 - duplieation variance leach-alkali extraciion)

Henge, although the group extroctions

pose the problen of

the snailybical work belng trensferred to the
subsequent resulte, the repeatebility of these extractions

is of such a hi

Il

gh owier that this error may be disregarded.

%a%@w&a%x* mﬂ ﬁh@ acid-alkali soluble P valuen from
those for total P in assumed to represent the values for

in table 17

organic Py presented
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From the analysis of variance, it was concluded that %w@w

variation was insignificant,

Bourey BeBa He %é Bolls8e Fa Resguld

Treatments | 258,283 14 23,476 5eb5k L
Error 75.012 18 o167

Total 333+265 29

P e A

The degree of variance due to snalytical error was consideped
negligible as the duplicate determinations of P on the total
P extracts showed close agreement while the insignificant
duplication erver for total inorgenic P was shown to be
negligible, The least significant differences between
treatnents, depending on the number of avallable replicates,

were compubed,

Treatments 1% 5%

and 4§ hel 565
5elt 348
68 5e0
Teo He3

s
L

2 =

T R e S

The decyrease in organic P levels, due to liming, was
investigated statistically, @%%vga@ shown to be highly
gignificant, acoording to the Lollowing caleulationsi—
Difference means "mo lime" and "lime"s The68 = 70,50 = L,,18,

LoBeDe at &&
at 5%
Besulbs

The conclusion is that lining has raleed the pH to a level
where increased biological activily eausged increased

mineralisation of P, and thus favoured a greater uptake @%
et al, 1950)s This effect wos no
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longer apparent in the U,T,D, series. The hipghly

significant difference between the TeDs and U,T,D, seriss is
apparently due to a general deerssse in P avallability, with
the result that blological sctivity was depressed and
sontracteds

The effetts due to Individual treatments are not
significant, ap are the effects due to the resumption of
topdressing, shown by the R,T.D. geries. ;

It is concluded that signifisent changes in the levels
of organic P &m only caused over long periods of time by
draptic cha
agtivity is alffected more by soll resetion than by kind

ragtice, and that organie

of phosphate carrier,

Le

i

Table "% m&mtm the @wm of plet and treatment
variation, as shown by the summarised date, details of
which are contained in appendix XIII,
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The statistioal analysis of the variance, caused by
piot variation and analytical eryor, proved that neithep
influenced treatment variation significantlye

mg wf

Cdefs | BuMeSy o

Tyesntnents éﬁwe@ 0
%ggﬁ gﬁ&g@ L4813
oo hes 2,60

2802 QWE b
i

%%mma@w :

The confidence that may be %ggﬁ on the analytical

work g shown by %

the magnitude of the Yooefficient of

repeoatability) which was caleulated as followsi-
85 = 0,0867 { auplicates)

ﬁw + 282 = 2,67

{ residual)

= 41,2036 (plote)

ihere Pe-P i @loulated as the 4 ifference between alkaldl
soluble P and P @gﬁyw@ dn d

%* and where duplication
the latter analyses was excellent, it is evident that the
acownulated analyticsl error, embodied in the plot variation
of FPe-Py may be neglected,

” gﬁgg@ﬁ% &% | gg wgwgg values Loy Fe-P and AlsP
{alkali wluble) from the values for Fe«P, Al-P, and Ca-P
{acid=alkeli soluble), represents the values for Ca-P, which
are shown in Table 19.
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(Results in mg/100 gn

soid (0sDs Basis)
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Treatnent differences were not significantly influenced
by plot variation as shown by sbatistical treatment of the
@ﬁ&ma .

eyt ot

Error 350533 18

wwﬁmxi 847,268 . 29

| It has been shown that the combined analytical error,
embodied in the variance due to plots, ¢ould be disregarded,
The least significant differences; based on the numbey

of replicates svailable for each treatuent, are sho
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it is evident from the resulte thaet the levels of Ca«p
in this soll ave low, and spparvently celeium phosphate
resldues of the fertilisers applied. In the &uﬁxxa«ﬁww&@w

the resumption of topdressing with Buper has not ves

in significent increases in the levels of Ca-P, which is
additional evidenes for te residual nature of this fragtion.
The effeets of the solubility of the galeium phosphates

in the fertilivers applied, and the gffeets of lime on the
levels of Ca-P, are also significandy and confirm the

observations made by Scheffer, el sl

(1956) and Chang and
Jackson {958). In the U.T.D, series, apparently only the
least soluble forms of Ca-P remailn.

It is concluded that the contribution to the Ca-P
fraction in this soil was mainly csused by insoluble calcium
phosphate residues (ex Gafsa) and liming, and that only a

small proportion of these residuss is hi

ghly resistant to

decomposition over long periods of time,.

6o

The ¢abulated detaills of the values obtained are shown in
appendix XIV,
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The data were Lrested statistiecslly to examine the
effects of plot variation on the treatment differences. No
attempt was made to separately assess analytieal error as
duplication agreement was excellesnts Plot variation was found

to be not significant,.

Error

et

R e

The least signifiecant differences between the trestments,
based on the number of avallable replicates per treatment,

are presented in the table belows=

5%
i = 2699
4 36 35
1 " 8 Lo 23
g % B Lek9

A statistically significant effeet of liming, depressing
the levels of the Al-P in the T.D., series was found, based
on the following caloulationgs-

Difference between means "no lime" and Yiime™s
@%005 o ?Eﬁo% e ﬁw‘dﬁ

Loa ﬁ‘%» K}» @,@ W@% ﬁ}ll@
ad ﬁ% : 1 n?
Rewul ts @

This effect appeared counteracted
solubility of the ealeium phosphates in Super, and the order

by the gre

of treatment effects may be shown thugge

Super >  Basle Slag > Gafsa, and no lime ;> lime,
These effects were no longer apparent in the U,T.D. series,
but & glgnificant inerease in Al-P levels was evident in the
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banee of this fraction in
‘wy'@&m differences noted

R.ToDo Series, indicatin

g the impow
soile This was already indicated
in the total P fractione

Te

This fraction is wwymmwmm@%ﬁ:%w the difference
%w&w&mﬁ alksll soluble P and %%&@ goluble P, The resulis
are presented in Table 21,
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Statistioal treatment of the data gave evidence that

plot variation did not mi@mﬁfi&m&%&y influenge the diffesrences
due to treatment,




The lesst significant differences sre shown in the
table belows=

4 and 4 063 |

1T "9 ‘ Q71 OeH2
1T ~8 - 0,90 0s65
9 " § 0e 9% 0669

Slgnificantly lower levels of Fe-P, caused by liming were
Pound, avecording to the following saleulationsse
Difference between means "no lime” and “lime"
@300% s ‘%?ﬁ?aﬁa w Q’G%?

Lo8.Ds at 1% 1016
at % @’0&&
Result: i

This velationship between pH

and Fe ion acbivity
confirme the observations mdde by Cheng and Jackson

The effects of liming are not significant in the U,T.Ds
and R,TeDe séries, due no doubt to the incressingly lowered
setivity of the phosphate lons csused dy the contimued
depletion of the phosphate pool through uptake by the sward,

and deaching, ,

A and in ﬁﬁ% latter case due to the resumption of topdressing
having teken plage only resently whereas the fLormation of
Fe«P 48 & & low process ( Jackson (1958),.

It is ﬁﬁ%%?@mﬁ%ﬁ& to note the inverse relationship
apparent between the levels of FesP and the solubility of
the ealcium phosphates of the fertilisers applied, which is
of the order, Supey (f” Bagle Slag e Gafaa,

AN
and opposite to that found for the Al«P fraction,




The effects of the applicetion of three phosphatic
fertilizers of varying phosphate solubility on the distribution

of fixed phosphorus in the Marton Loam are mainly shown by

the inorganic P fractions.

(Results exprecssed as mpg/l00 gm.soll)(0.D.basis)

| U inorg. Org.  total
Hos _ Jirest, iod cawp . ALeP FepP LA P

17.D08 Gl 5.3 19.41 11.68] 36,44 V8.09 112.82
a2 B.B. J8,4,0 5026 16.48 18.48] 35,16 73,06 108,21
3 G Be7 | L 12486 14,08 ] 36,98 4.0 111.87

1 8+ LB 1 8401 17.46 18,081 37,66 71.49 109,04

B8+ L1188 § 7.89 14,40 12,71 § 34,99 €9.11  104.10

o o »

9,96 11.88] 39.02 70,90

109.93

7 ﬁ%@b 8 b | 0,48 5.683 8,131 15,18 68,32  83.49
8 1 8.8, 1845 | 0.88 5.5 8,631 15.08 67.63 82,66
9 . 5.4 1 o0.20 8.12 8.18] 14.45 68.88  83.33

14,93 87.72 82,64
18,40 68,11 83,61

2PRODS (BS)48 [B48 | 2,11 10,79  8.94] 21.83 71.20 98,02
B l@ye |52 | 0.8  11.20  7.56| 19.82 87.97  87.59
2% 1,11 10.24 8.4 £9.36
3,06 10,11 8.9 92,450

The gresteyr solubility of the phosphate in Superphosphate

and Basie B8lag then Galsae is shown by the greater amount Iixed by
Al than Fe, and less residusl phosphorug remeling as Ca-P.

On the other hand, the changesg induced by the applicatlon
of lime sre markedly shown in g reduction of the organic P levels,

apparently due to the increased decomposition of orgenie matter
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used by greater biologieal activity. The phosphorus thus

ised iz apy

rently oot fizxed in inorganic form since a

deoronse &w%xﬁ then an ineresse iz evident in the inorganic P

fragtions, excepbing Ca-P, Liming appesrs o ured the
parsistence of {the fertiliger resldues in the Ca~P fraction. The

The significont reductionsin the levels of

anle P oare apparently the rosult of a downward o

P in the profile, ss was shown by Dosk (1848-I1) in his studies

on this experinent.

svement of P down the profile is aspparently also the cause

of the lower levels of P in all the fractions of the UsT.D. series,

L

changes, due to the cessation of topdressing, are highly

and significent for Pe-P ¢

ressingy shown by the

RaTaDy serieg, a signific

e

Bl

nt lnoregse in the Al-P levels only is

Y

uty which clearly demonstrab

the

legting the changes in topdressing
The relative lmportance of the soll phosphorus fractions ig
shown in table 88 which clesriy demonstrates that, slthough

organie P is the largest fraction by far, the changes in topdregsin

pragilice do

1wt affeet 1t as much

g the inorgenic P feraction
whieh

be consldered the more lablle reserve of soil

aid within which Al

phosphorus l=P 1g the mogt important frection.



a%ﬁ@@@ @%%a %@,ﬁﬁ%
P

o, Trest . pH | Cawp  AleP ¥e-p | P.
L TDel B 5 o4 478 17.88 10,8882.38 67.62 100,00
2 ,% o s G40 | 4,88 15,838 12.,40182.49 &7.81 "
3 G 8.9 | 9.47 10,95 12,58 32,97 67.08 "
4 Bas * L 6ol T35 16,00 11.09134.483 65.57 "
5 Belut Tow L B 788 13.76 12.,28138.63 66.37 W
6. 1g, + 1, 63 115,88 9,06 10.56135,50 64,50 "

¥ WD 8. %a&a 0 e@ug T+93 @%@Mwm “ws%?ﬂw.g% 21 ool

o
8 BB 5,6 1 1,04 6,70 10.44l18.,18 81.82 w
o PG, B¢t 1 0425 7.88  0.78]17.34 82.66 "
10 e * Ls 5.5 1 0.88 7,05 10,38 18.04 81,98 "
11 B.8s + De 5.5 1 1.28 6,98 10.07 18,45 81,55 o
i2 Go + Lia 1 8,81 0,81 8,84 511730 82,70 "

2R, (88) + 8. | 5.5| 2.27 11.55 9.60{23.42 76.58
a® (@) + 8, et | 0498 12,79 8,63122,40 77.60  ®
2B | (8s)+ L.+ g} 5.5 124 118 o903 21.81 789 v
3 lw +r.rsleis] 8,28 10.88 9.6228.78 78,22 v

o™

This confirms the observetions mede by Bray and Kurte (1948)
who found in their studies on corn belt %ﬁ&w@ that the debtermine-
ation of "adsorbed P", whieh Chang (1957) considered to
be laprgely Al«P, showed a high correlation with c¢rop responses

obtained Iin the field.

%w%@ {priv. comn,.) found for a number of soils that the WH4F

gxtraction procedure for the determination of Al-P, largely removed

isotoploally exchangeable P, which suggests that this fraoction

containg a high proportion of P avalleble to the plant.
The changes that have taken plaece in the Ca«P and Fe~pP

fnc

e |

froctions as a result of the changes in topdressing practice are

/s

slight, and it is assumed that the nature of the phosphate involved



is one of surface precipitated Ca-P nnd Fe-Py which, accopding

Jackaon (1967) are most available (labile).

The residual nature of the Ca«P Iraction indlecstes 1t to be
1 “me@mwaw w %
%&ﬁ&g@% (1942) claimed the formetlon of

apatite In soil s the %%mg@@ of applying Superphosphate to &
iimed soil, Moschler et al. (1957) reported the presence of this

minersl only in szoll treated with rocok phos

and not in soil

treanted with Superphosphate.

and Aslyng (1854) showed in addition that the asetual formation
of apatite would oceur only under conditions of heavy phosphate
fertilizer and lime epplications over long perlods of time.

The changes in the levelg of Pe-P, Al~P and Ca«P, according
to the changes in lopdressing practice are a clear indleation of
the time involved in thelr formation,

Hence the "lablillity® of the various inorganic P fractions
may be shown in the order Ca-P » Al-P > Fe~P which is in accord

with the observations of (I

wekson (1958) on topdressing
practice, based on the principle of solubility product.
It is evident from table 288 that the determinetion of total P,
orgenie P, and inorganic P alone is an unreliable gulde to the
phosphate stetus in soll, and thet only a couplete fractlonation
of the forms in which fixed P oceurs in a soll can give an
indieation of the changes in its distribution ag z result of the
aha nges in topdressing practices; this is particularly evident in
the Al-P fraction in this goll. For 1t will no doubt depend on
the reletive sbundence and surface activity of Ca, 41, and Pe in
a soll to determine thelr individusl Importance in the @g%gw@% of
sphate fixation (C




The effects of three phosphatle fertilisers of varying
phosphate solubllity, applled with or without lime, on a New
Zealand Yellow-grey earth were traced from the dlstribution
of the formg of soil phosphorus by the procedure for thely

separate determination, developed by Fife (1980, priv. comm.).

The fractionabtlon procedure was digcussed, and its
gimplieity and relisbility was demonstrated.

A preliminary study was made of the changes in soll reaction,
phogphate and lime status, and herbege production, asccording
to the changes in topdressing practice, from data supplied by
Dogk (1942-I1) snd the New Zeslond De

{priv. comme).

The changes in topdresgsing practice were shown to cause
narited changesg in the levels and distribution of inorganie
phogphorus, notably Aluminium bound phosphorus, and less in the
organic phosphorus fraction.

Changes in the levels of organie phosphorus were shown to
depend more on soil reasction affecting blological asctivity than
on kind of fertilizer applied,

The effects of phosphate earrier were shown o be o functlon
of the solubility of the phosphates in the fertiliger. The
zyﬁﬁ%%w effects® of Basle Blag increasing the pi, and the effects
of Gafsa on the levelg of ecelelum bound phosphorus were found
to be significent.

The effeets of solil reaction on the distribution of the
phogphorug in the soll ﬁ%%@ shown to be in sccord with the

principle of solubility product (g

Lbtrick and Jaekson, 1958).
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118
128
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Heb
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Lal




Treatmend

ToDe L i8. L Hod | Bod | B4
18 Ged | DA ] Be4
ag Goh | 5,3 ] B4 Sed
2 [B.8. 2 6.216,1] 6.1
16 6.0 | 6,01 6.0
33 6.0 § 5.8 6.9 6.0
3 G 3 5.8 ] 5.8} 5.8
17 5.7 } BLT7 | 5.7
31 5.6 | 5.6 ] 5.8 5.7
4 [8.% Le 6.2 6,2 6,2

«mmw M@&MW% &&M&e @*@ &Wé@ @%mw
13 Byl | Budd | 6.4
& 6,566,384 6,8

8 |B. + L.

(&
34 B4 [ 6.2 63 8e3
UeTeDo | 7 18, 7

28 (54 |5,3] 544 5ok

& Bt 22 B8 | B4 8.8 58
9 |G, 9 5.4 15.41] 54
25 5.5 154 ] 5.4 5.4
W0 8. + Lo 10 546 | 545 5.5
21 5.5 | 5.4 ] 5.5
20 BB | Bod | 545 545
11 [BeS. + L. 11 Bud | 5.5] 5.5
o 30 5.8 | 5.8 ] 5,8 5.5
12 |G. + L 1 20 5,71 5.8] 5.8 548
ReTWDe § 88 IBuSs +8: | 8  [5.615.,8] 5.8
| 27 Bed | 5.4 ] 5.4 5.8
9a §G. + 8, 23 5.8 1 5.4] 5.4 5.4

w.ur@. wwwsmwa% M:aé, ng wgmw &@@ _mwa@ , p@sm@ Mw:smw
Hw.%wm» Qa + Hmz + 8. m‘.“mw @ﬁ@ Mﬂw&mw mw%@
28 5.8 85.4] 544 5.8




FREE Fe,0
-

3

BXTRACTION

)

(x05066) | (Gaday |Pactor | 2%

1 9 Lo {ohé& | 020 +1 940 2201 6671 1637
18 L2 1063 1 015 1895 0498 w 1033

o 549 {069 | 045 #2396 249 " 91 o67

2 2 425 035 | 020 +1875 #4197 7405 139
16 378 {050 | O4% #1586 +165 " 1616

33 524 1048 | 015 #2320 #2040 " 1 469

3 3 450 {052 § 020 +1872 «195 5804 1615
17 | 409 jos4 | 045 #1719 180 w 1406

# Lo8 {0531 0418 #2478 w226 g 4 o3k

L L L2g jos5 {1 020 #1788 o186 6430 147
15 4oo joue | o7 +1 707 e178 " 1412

35 458 {Ou5| 045 #2096 2209 ¥ 432

5 5 s 10631 020 «1682 8175 7665 ot 3l
13 392 (ot | 017 #1692 o176 " 1035

6 450 jou5 | 045 #1976 2205 “ 1 o857

& 6 s 10601 020 +1 697 #1777 6993 1623
4 365 o 017 #1555 0162 " 1e12

B | L60 jou7? | 045 2016 #2140 " 1 ol

7 7 L6 10581 020 #1864 o1 9L Belit 102l
24 L33 (o6 ] 045 1885 0196 " 1626

26 415 (o8| 015 #1783 »186 n 1019

Ba 8 Let [056'] 045 | 3501 1773 +185 691 1028
8 22 h4L [OU6'] 045 | 35B] 1788 o4 86 W 1629
Ba 27 L20 10501 095 | 355] #1799 #4186 w 1029
9 9 L3k 10697 015 | 350] 1773 o1 8L be13 1613
Oa - 23 ﬁ&m ouT 045 mwma% @' @m@,& o 91 . 147
9 25 L8 0517 045 | 38L #1945 +202 " 4620
10 10 L8q [ 066 020 | 395] #1956 « 204 5476 1698
21 397 1087 M5 55 ¥ mm%% o ,,ﬁ.m, " 100

29 Lo2 jo54 ) 015 | 333] 1687 175 W 1 o0

11 14 488 | 062] 020 | H76] 1905 »198 6497 1038
11a 19 380 {0521 0415 | 343 #1586 #4166 w 1616
11 30 ho9 1 0521 015 | 3h2i #1733 o1 80 W 4025
12a 12 LB 1064 020 | 3971 #2014 0240 66440 163L
42 201 377{047| ©15 | 315 1596 | 166 " 1 406
1 2a 28 B 1049 048 B0 1870 s163 “ 104

Mean 14268, range 1,008 = 4.69%



APPENDIY 1¥a

BRI A

TH PRESH DITHIONITE

REPREAT FPe %&M EXTRADTION

Extract diluted 5x for eolorimetric readings Yola™
?%m yields adjusted with extra yield factor

, BRtra
Average | Final feus| Yiela
£5)) Fagtor
Bl 2570 383 6474
2 539 009 "
" 550 o0 " haa 2610 708
k) 68 009 | "
" k70 10 " L7 2235 586 ] BN
v | 469 | o2 "
" o | ooz i 2225 353 6430
5 539 014 "
b 530 013 " 508 2540 332 7065
6 016 W
" o6 | v Ll 335 6493
7 500 | O1h " |
# 500 016 " Wre 2360 %68 & eltd
8 519 | o4n |
W 544 01l # LAY au20 350 5 o9
9 uo | oz0 | v
" u63 | oz0 | ® 429 | 2145 350 Gei3
10 500 | 046 "
" 70 018 " L55 2275 295 5676
14 570 015 "
" 540 0n20 " Bl 2620 BP6 697
12 | 560 | 017 "
g 520 | 020 t 508 | 2540 397 64440




- A s 3 o

{(Phosphomolybdic~blue in H.Cl system. Values expressed in
Beckman photometer transmission readings.)

&

] i ~ A

Pl e e R e

0,1 05710555081 | 060 081 {063

0.2 118 | 123 1186 | 119 | 121f 121 | 126

0.3 180 | 185 181 | 184 (~003)-003) {-003

0e4 235 | 240 237 | 241 238 234 | 248

0.5 202 | 297 311 | 314 | 310 | 310 | 309 {(-012)e012){-012

0,6 358 | 380 | 859] 359 | 388

0e7 430 {435 1431 | 434

0.8 - 489 | 492

0.9 558 | 560 548 | 581 (=003 -008) {~003

1.0 615 | 620 809 | 612 | 600 620|609 609| 611 | 613

1,1 | 695 683 | 694 669 | 672 700) 688 | €97
' 721726 | 7221 730 | 729 (~008)(-003) (=003

004 | =006l 905 |~003{-003 §~003 [+001 {+001 |+001

Ma  TABLE OF P-8TANDARDS

(Phogphomolybdice blue in Sulphuric acid system.
Values are expressed as Beckman photometer
transmission resdingsy

Gamnal B.rongs. | true pangs Comments s

0.1 J094 1} 085l o088 | 077 %m%y&im%ﬁ of applicability
0.2 |170| 168] 162 | 160 e bomga et

03 250 242 golution. This is confirmed
0.4 335 307 by Behricker & Dawson (1939).
0.8 14121 412 404

0.8 488 482 480 | 474

0a7 552 544

0.8 620 612

0.9 [ 675 679 667 | 671

LeO 1780} T34l 42 1 TEE1

BlaoksH009 14007 4#008)



SAL.
(soil/extractant ratio 43850, results expressed as
DeDslle P in &@iﬁ%ﬁm)a

32 2,54
3&33 2 23 Vﬁ
370 3001
82 310
391 3018
39k 3620
397 323
399 | .ﬁnm&
430 Jeh9
43l 5653
394 3020
394 3020
400 3625
Log 36 87

1o Reagent
e OURZolle

4001 =002
+005  +008

,ﬁ » ganma P/ml in extract

T oP BeRe X 8925 m popels P in extract solution.




(m@m%w&; mw& m% m § W%M.M axproesped
&8 }Em%amw% @

WteBO1L|VOLeBXE )

for e G e e i e i o e e e

0s85 | 28

0s25 | 25 143100

010 | 25

090 | 450 36

0,05 | 25 {13500 | 0LB

0,05 Wi 13100¢ | 025

«00L{ 0281 B6O Lot
0,03 | 50 131500, 015

g
¢
£

=00l 019 | 570

[NGg: Reagents: =00l =00k, mean =00k

+007 4009, "  +007%

Crge mattewy:

BeR. x factor x g gomma P/ml. in extract

o 2‘3@&@ 4 8@‘”&&3 # PaPslle P in 5@&%@&@% ﬁﬂ}lm@ﬁm»



PRy 12 P Ny

FH A

THE CHEMICGAL

(sl grm s0il in 20 ml 05 M NEyF (pH8.5), plue
or minus added P, at the final sonc, of 4
gomma,/ml)

Plot & Bxtract| — ,
Treat  ITreats A ligan | Dift | drect |Pactor
4 | «p 1458 460
(&) P 365 365 | 95 |75eL0
2 +P 420 420
(Be8s) | =P 8 320 1400 |79.37
3 { WP 3ha 32
(&) P 240 2LO 1402 | 80495
Iy +P 458 1458 ,‘
(8+L) P 354 z5h | 10h | 82454
5 4P 438 4ko
(BaBaL) | =P 335 336 | 104 |82454
6 P 270 270
(a+1L) wP 180 179 9 | 72422
7 4P 224, 22l
{s) <P ] 429 134 93 | 7384
8 +P | 338 338
(Be8) wf? 236 240 98 | 7776
9 +P 204 207
(@) P 117 145 | 92 | 73402
10 +P 20l 200
(s41) P 109 111 9% | 7384
14 +P | 200 204
(BeB+L) el 109 109 92 | 73,02
12 +P 330 333
(a+1L) wp 23 | 234 | 235 | 234 | 234 | 99 | 78.%6

For treats 4-6%

Fldoride + P std: 1423 4123 425 425 125 true meang 426
Reagent blank: -003 <009 =002 002 =002

For itrents T=12:%

Flgoride + P stds 421 124 121 424 121 tre means 126
Reagent blanks =006 =005 =005 00 008




(Rudigtion Counts made for 1 minute period)

pnt Count { parcent [Corr. Standards
o, | recovery | factor Count
TDoe 1l 8. 22366 | V9.20 [1.283 27980
2 I1B8. 22244 | 78,72 [1.271 28678
3 G, 21944 | 77,66 [1.290 28679
4 18.+ L, | 23001] 8..41 [1.,229 28306
5 1B.8 + LJ 22980 8L.28 11.233 27914
B |G + Lo § 217700 77.07 |1.300
U.t.Dd 7 18. 19988 | 70.78 |1.416Mean| 28250
8 BB 20784 73,87 11.382
931G, 19488 1 68,82 | 1.453
10 18, + L. 1968561 69.39 { 1.448
IL [ BaB, + L} 198821 69,31 [ 1.4483
12{G. + Lo | 21706 76.86 | 1.303}
(ﬁaﬂi@timm QQ&&%& made for 2 mimmﬁ& ywwim&)
b i ' ’
Tl Be BL7185F 78,50
7.0 5 20063] P4.16 40400




(1350 vatio s

‘.‘.:1‘ 3

325
329
323
332
329
32
305

345

5635 Tel6 111 122
5460 739 108 119 0,87
be 38 761 109 120 0,98
7010 Y4 107 118 0,96
745 7481 108 119 0697
Te 78 796 141 122 0699
8,00 8,07 111 122 0699
Bely 8,26 115 {26 103
84140 8040 115 126 103
8,62 8,60 114 125 102
8082 8.80 117 128 104
9606 9603 113 124 101
BLANKS: Reagentss =005 «~0035 <004 HMean 004
Orge.matters 007 »OUT =007 Mean =007

SRR

Total «D14

BoRe % factor x '%% = gamma P/ml in extract
or BeRo X 8.125 = popelie P in extract solution,



{a @m%

it g il

mi&;witﬁ T8 ml @@r &wwb
| (x 390.5) | basis eans
1 1200 | 290l 200 |.271 108.950 114.56
18 | 279 | o84] 281 {.270 | 105,435 110 .40
32 | 288 | 200| 289 | .278 | 108.559 112,61 | 112.52
2 2 {274 | 2va| 274 | .283] 102,702 107.99
16 | 278 | 27| 277 | .266 | 103.873 108,20
33 | 279 | 279| 279 | .268 ] 104.654 108.45 | 108.21
a a3 {288 | 290] 280 | .278 | 108.559 118,20 |
17 | 800 | 292] 206 | .285] 111,203 116.29
31 | 273 | 273f 278 |.2e2 | 102.811 106,18 | 111.87
4 4 | 290 | 288] 280 |.278| 108.859 118,08
15 | 275 | 270+ 273 | .262 | 102.311 106 .57
35 | 278 | 274 278 | .265 | 103.483 107.46 | 109.04
5 8 | 280 | 278! 278 | .267{ 104.264 108,61
13 | 269 | 269| 268 | .257 | 100.859 104 .65
36 | 255 | 2668] 255 | .244 | 95.282 99,06 104,10
& & | 287+| 292] 200 | .279 | 108.950 118,49
14 | 277 | 277 277 | .266 | 103.873 108,820
34 | 279 | 275] 277 | .268 ] 103.873 108,09 | 109.93
7 7 { az2 | 220f 221 |.210] 82.008 85,42
24 | 220 | 218) 218 |u207 | 80.834 84,20
26 | 210 | 210§ 210 |.199| 77.710 80 .86 83.49
a - - - - ” - s -
22 | 214 | 214) 214 | ,203 ] 79.272 82 .66
W N - - - 82,66
9 | 9 {218 |217) 216 | .205{ 80.053 83.30
25 | 215 | 218] 217 | .206 | 80.448 88.56 83,33
10 10 | 218 | 218] 218 |.207] 80.834 84.29
21 | 208 {210l 209 | .198] 77.319 80 .37
2o | 220 | 215] 217 | .208 | 80.443 83,87 82.64
11 11 | 218 §213) 214 | .2031 79.972 82,58
30 | 219 | 219 219 | .,208) 81.324 84,43 83,51
12 - - - - - - -
20 | 208 | 208] 208 |.197| 76.920 80 .22
- | - - - - - - 80 .82
+ 011)

+ 011) Mean 4+ 011

+ 011)



{0e25 gm @mﬁx @m&%&m%@ﬁ Witn m,ﬁ mmﬁaﬁi@ wm&mwﬁ, extracted
with ﬁ m, NaOH, results expressed as mg P/100 gm soil).

Treat/Plot] BEGKUAN HREADINGS . [Total otal

Mg Peo

3393

130910} 3479} 36

2 2 «1 205 ) | Aﬁﬁo-ﬂ&& : 3;§w§’»§ o B
16 | 240, 134780 3L, 58] 36
33 1180 11,830 33,28
35 3 |o7s | 273 | o273 | 17.7u5|2u8] 248 | o248 | 20,150 [37.90]:
17 1276 | 2704 | o275 | 17,875 256 246 | 251 | 206397 138,27
31 1187 | 195 | 197 | 12.415] 222|218 | 2220 | 17.875 [3029)
b 4 1280 | 285 |.2825 | 18.363] 229] 229 | 0229 | 18,606 |36, 97
15 j225 | 292 [.2185 | 14.203] 246 22 | o2kl | 19,825 (3,03 3!
35 | 258 | 245 | o258 | 16.770] 254] 250 | s252 | 20,175 37,281
5 5 |262 | 251 |.2565 | 16,673 221} 230 | 0227 | 18404 [35.012
13 1207 | 298 |o2125 | 13.8931233] 2h0 L2365 | 196216 [33,03] 3helil
36 |206 | 198 | 4202 | 13,130| 2040|241 (2405 | 19,541 [32.67
6 S |37 |3 | a3 | snstoletzlets | o2t | 7388 g0 luo.s:
3 |259 | 266 | <26k | 17.160]230 ) | 18688 [35.85|3703(
7 7 loso |oso | os0 | 3.250]150 124350 [15.60116428
2h §030 | 033 {0315 2,0L81 147 1190k [13,99114.57
Qﬁ O}M @% %ﬁfﬁ?ﬁ Qg‘%'ﬁﬁ “M&ﬁ ‘%%@ﬂﬁ’wwa ’M@&?“}
© 22 |of3 |off3 | off3 | 2.795{183[103 | Tu3 | 14,819 [uThd [1550;

9 9 joyt |ou6 |ou35 | 2.828{132{132 | 132 |10.725 13055 1ha1¢
25 1035 | 032 J0335 | 2.178]148]150 | 149 | 12,106 [14.28 {148

10 10 |ous |ou3s | ok | 2.8601161]163 | 162 |13.163 [16.02]16,7¢
‘ 21 036 | 036 | 036 2634011361136 | 136 [ 14,050 113.39113.9;
29 1033 | 035 | 034 2:21011401148 | 144 %?g@ﬁﬁ 13,68 1he1¢

2,925]152 185 12,504 15,52 16417
19501 145118h | 149 | 12,106 114,06 146!

19 41 jou3 | ohy
30 1028 | 032

20 |o36 | 036 | 036 | 2.3u01135/135 | 135 |10.969 [13. 31113, 8¢

ﬁmmle dp x@@&%%ﬁ%% "005; w@@ﬁ

=05
WaOH »
+ reagenis m005g _
4 HoOL 005 00%

Oolle mean of 18 readings =001

e®s Total blankss For HoCl, extr, =005
For NaOH it =006

ot Thivinn st s Bn e mniom  omaon 2l i D amwn "t o Do B srson e i o wn e n i o s st ssmdle Fom Fem 143



(@wﬁﬁ ﬁm» wwﬁ& Km&w%&ﬁ Wiﬁh mga % N&Gl, w&&hﬁﬁ$ @xﬁw&m%@&

w&m& i w,%ﬁ%%*

o

10

11

058
| 0568
- 040

045
033
021
087
024

020
006

o1z

013

007

018
009
009
011

011

048 §

31 007 |

013 |

086

0496

040
050
0436
033

0215
0285

024

020
007

0075
013

0Lz

£

007

01458
010
010
01k

013

013

Results expressed as mg p%&am gm goil)

A ’5 ﬁ&mmmﬁﬁ W me ﬁw%%%r
ww“ﬁm””fT“””mﬁ“ﬁ” Mean miMg P Mg P
2.5 , ELs25) 0 :Dbegi
1,008| 362 | 372 | 387 |29,819]30.827] 82.42
0.798] 348 | 351 | 3495 28,397 29,198 30,57
0.8458] 350 | 347 | 3485 (28,316] 29,161 30.25
1.418] 338 | 348 | 347 28,1941 20.607 31,14
1.495] 352 | 348 | 350 |[28.438|20.939 31.18
0,9101 214 | 214 | 314 25.513|26,423 27.38
1.208] 308 [ 312 | 310 [25.188]26.391 27.52
0,948| 315 | 319 | 317 |25.,756 Q$¢$§3 27,90
0.588] 272 |272 | 272 [22.100]22.688 23,54
1.820] 341 1335 | 338 {27.463]20,28% 30.50
1.609] 812 {320 | 3l6 |25.675{27.284 28,42
1.8300] 332 1340 | 338 |27.300] 28,800 29,70
1.625 2 | 829 | 3208 |26.853] 28,474 20.67
1.414{ 302 1298 | 299 |24.204]25.708 26,81

| 1.073] 280 |282 |28l |22.831 23,904 24,84
0.700] 247 1230 | 243 [19.744 44 21,29
@ %?M 4 ﬁ?&@@ E?&*f:g& ‘@ .«3» &%w ﬁ@m& %:&. «ﬁ?ﬁ
0,780 282 {252 | 252 120.475]21.288 22,12
06501 186 1186 | 186 {15.113115.784 16.42
0.228F 168 {168 | 1645 (13,3686 04 14.18
0,244} 168 | 160 | 159 {12.919|13,169 13,69
0.4231 161 |183 | 162 113,183 38 14,17
0.428F 170 [ 172 | 171 |13.804) 14,.31% 14.90
0.,228] 156 | 181 | 1585 ]12.878 13,106 13,89
0.471 177 {172 | 17451314.178 14.64¢ 15.28
0.325] 156 {180 | 158 &%»&3;'$@*&®3 13,88
0.325] 164 | 1668 | 165 {13,408} 18.73Y 14.21
0.358 167|160 | 1835{13.284] 13,6844 14,22
0.428 1611165 | 1638 [13.244] 18.667 14.21
0.428 151|151 | 151 {12,269 12.699 13.23




APPENDIX XIV

i

WHYR EXTRACTION f{wi 8

.5 grm soil in 25 ml extract ~ Shake 72 hrs (Zero hour
correction +960)

poovery
Prand ‘netopr
{ chemical)
1 1326
18 |34k Bhl o3k H
B2 §358 P32 #3535 "
2 2 13h1 341 143l 4 260
46 1360 1360 (6360 ”
33§25 2514 |4254 "
3 | 3 1258 [258 {4258 14235
17 1253 251 |«252 "
B9 4295 [245 {4245 ,
L L p379 B65 {.302 19219 8e916 19670 | 1849
15 ;Wﬁm@ 340 " 6oB7h H7658 | 1744
35 4326 B34 330 " 166302 1701 | 1642
5 5 b357 W355 | 356 4 244 176669 [Bal0 | 1746
15 L2841 {81 | 4284 # 150973 1heBT | 1348
) 2B s 2R " 14 8561 1 2.02 14 &%
6 6 p192 19216192 | o995 | 74922 16385 1104972 {1443 | 1049
10 b %w% 54 | $1BL| 64236 8+637| 9400 | 846
Bl wgﬁﬁwﬁﬁﬁ;ééﬁﬁ , 183 %&$%$ # 10296 40,71 1042
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