Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Changes in the Forms and Availability
of Applied Phosphate Over a Twelve-
Month Period in Two Soils of the
Manawatu-Rangitikei Sand Country

A thesis presented in partial fulfilment
of the requirements for the degree of
Master of Agricultural Science

at Massey University

by

K.W. Steele
1972



TABLE OF CONTENTS

LIST OF TABLES
LIST OF FIGURES
INTRODUCTION
CHAPTER ONE
A. INTRODUCTION TO THE MANWAWATU-RANGITIKEI SAID
COUNTRY
1. Location
2, Climate
3. Vegetation
4+ Parent material
5. Physiography
6, Dune Successions
7. Soils

B, LITERATURE RUVIEYW

1. Phosphate fractionation and the forms of
inorganic phosphate in soils

2., The effects of degree of weathering, time,
soil type, and pH on the forms of phosphate
in soils

3. Limitations of phosphate fractionation
procedures as an aid to the study of the
fate of phosphate: added to soil

4, Factors affecting the binding of inorganic
phosphate by soils

5. Phosphate fractions extracted by Olsen's and
Truog's methods

6. Changes in the "availability" of soluble
phosphate applied to soil

CHAPTER TWO
A. MATERIALS

B. WETHODS
1. Experimental design
(a) Estimate of phosphate variability
(b) Plot design
(¢) Soil sampling
(d) Addition of phosphate

o 0 w1 v v W W W

11

14

20

22

27

30

33

38
38
38
38
40



2.

3.

Analytical procedures

(a)
(b)
(c)
(a)

(e)
(£)
(g)
(h)

(i)

Determination of phosphate
Determination of total soil phosphate
Measurement of available phosphate
Phosphate fractionation procedure

(i) Determination of easily-soluble

phosphate

(ii) Determination of aluminium-bound
phosphate

(iii) Determination of iron-bound
phosphate

(iv) Determination of calcium=bound
phosphate

(v) Determination of organic phosphorus

(vi) Total phosphate fractionated and
residual phosphate

Measurement of phosphate sorption capacity
Determination of 'free! iron oxide
Determination of 'free! alumins

Determination of exchangeable calecium and
magnesium

Determination of organic matter content

Other measurements

CHAPTER THREE -~ RESULTS

14
2,
3
4

5.
6.
7.

Intro
Total

duction

phosphate

Estimation of phosphate availability

Phosphate fractionation

(1)
(i)
(iii)
(iv)
(v)
(vi)
pH

Ammonium chloride-soluble phosphate
Corrected aluminium-bound phosphate
Corrected iron-bound phosphate
Calcium-bound phosphate

Residual phosphate

Organic phosphorus

Phosphate sorption capacity

Organic matter, bulk density, Fe,O
exchangeable Ca and exchangeablezMg

, 41,0,

determinations

43
45
45
45

47

49

53

53
59

61
61
61
62

62
63
63

64
65
67
74
77
77
80
81
84
84
86

N



CHAPTER FOUR

A. DISCUSSION

1. Movement and losses of phosphate, and the

phosphate retention property of the soils 9%
2, Phosphate availability : 95
3., The significance of soil pH changes induced by

the field application of phosphate 100

4. The trends of phosphate fixation revealed by the
fractionation procedures 101
(i) Ammonium chloride soluble phosphate 102
(ii) Corrected aluminium-bound phosphate 103
(1ii) Corrected iron-bound phosphate 106
(iv) Calcium-bound phosphate 107
(v) Residual phosphate 112

(vi) General conclusions conceraing the trends
of fixation and the value of the fractionaticn

procedure 114

B. SUMMARY 117
ACKNOWLEDGENENTS 121
BIBLIOGRAPHY 122

APPENDICES 141



Table

1.1

241

2o

2.3

2.4

2.5

2.6

2,7

LIST OF TABLES

Manawatu~Rangitikei sand country soils
arranged according to age and drainage

Amounts of total phosphate determined prior 5
to and six weeks after the addition of 50g/m
of superphosphate to five plots on the Pukepuke
soil

Amounts of total phosphate determined pri@r to
and six weeks after the addition of 25g/m of
superphosphate to five plots on the Foxton soil

The influence of NH,' on colour development in
the determination o% phosphate in solution by
the method of Watanabe and Olsen (1965)

The influence of F on colour development for
the determination of phosphate in solution by
the method of ~tarnte and Olsen (1965) with
and without the addition of saturated boric
acid (Kurtz, 1942)

Amounts of phosphate extracted by 0.5M NH,C1l from

the Foxton and Pukejuke treated soils over a
range of soil:extractant ratios (one hour
extraction period)

Amounts of phosphate extracted by 0.5M NH, F

(pH 8.5) from the Foxton and Pukepuke soils over
a range of soil:extractant ratios (one hour
extraction period}

Amounts of phosphate extracted by 11 NaOH from
the Foxton and Pukepuke soils over a range of
soil:extractant ratios (16 hour extraction
period)

10

41

42

46

50

51

54

2.8 Amounts of phosphate extracted from the fertilized
Foxton soil by extraction with varying strenzths of
HC1l for 3% hours (soil:acid ratio 1:100) followed by
a 16 ?our extroction with 1N NaOH (soil:NaOH ratio
1:250

2.9 Amount of phosphate extracted from the fertilized
Pukepuke soil by extraction with varying strengths
of HC1 for 3 hours (soil:acid ratio 1:100)
followed by a 16 hour extraction with 1N NaOH
(s0il:NaOH ratio 1:250)



Table

2.10

2,11

3-1

3.3

3e4

3.5

3.6

3.7

Amount of phosphate extracted from the
Pukepuke untreated soil by extraction with
varying strengths of HCl for 3 hours (soil:
acid ratio 1:100) followed by a 16 hour
extraition with 1N NaOH (soil:NaOH ratio
1:250

Amounts of organic phosphorus present in the
Foxton and Pukepuke soils as determined by the
methods of Fife (pers. comm,), Williams and
Saunders (1955) and Mehta et al, (1954)

The mean determined Truog, Olsen and Schofizld
values for the Foxton and Pukepuke treated soils
at each sampling expressed as a percentage of
the April 16 sampling

The ratio of Olsen phosphate:Truog phosphate
calculated for each sampling for the Foxton
and Pukepuke control and phosphate treated
plots

Phosphate potentials calculated at each
sampling for the Foxton and Pukepuke control
and phosphate treated soils

The mgP% increase in each phosphate fraction
and the percentage of applied phosphate
occurring in each phosphate fraction six
weeks after application of phosphate to the
Foxton and Pukepuke phosphate treated plots

The amount of added phosphate (mgP%®)
remaining in each phosphate fraction and the
percentage of remaining phosphate occurring
in each phosphate fraction of the Foxton and
Pukepuke treated soils at the end of the
experimental period

Amounts of phosphate and Fe 0, extracted from
the Pukepuke untreated soil by extraction with
varying strengths of HC1 for 3 hours (soil:
acid ratio 1:100) followed by a 16 hour
extraﬁtion with 1N NaOH (soil:NaOH ratio

1:250

The difference in amount of phosphate extracted
from Pukepuke control soil and Pukepuke
phosphate treated soil by extraction with
varying strengths of HCl for 3 hours (soil;
acid ratio 1:100) followed by a 16 hour
extraction with 1N NaOH (so0il:NaOH ratio 1:250)

Page

58

60

1

T2

3

78

79

82

83



Table

3.9

3.10

J.11

pH values determined for the Foxton and
Pukepuke control and phosphate treated
soils determined at each sampling

Phosphate sorbed by the Pukepuke control
soil from solutions of varying phosphate
concentration using a 1:20 soil:solution
ratio (?6 hour shaking period), expressed
as,UgP/2.§g soil and ng/g soil

Phosphate sorbed by the Foxton control soil
from solutions of varying phosphate
concentration using a 1:20 soil:solution
ratio (16 hour shakin period) expressed as
}JgP/Z?.Sg soil and fJgP g soil

Some characteristics determined for the
Foxton and Pukepuke control soils

87

89

90



2.1

2,2

249

2.4
2.5

246

267
2.8
2.9

31

Dol

i
N

3.4

3¢5

3.6

LIST OF FIGURES

Map showing extent of dune-building phases in the
Manawatu district.

Diagram of basic unit of dune ridge, sand plain
and peaty swamp.

Sand plain on which the Pukepuke brown sandy loam
experimental site was situated.

Pukepuke brown sandy loam profile,.

Foxton black sand experimental site showing two
small "blow-outs" on the dune.

Foxton black sand profile.
Association of sand dune and sand plain.

Water lying on the lower parts of the sand plain
at the Foxton black site during winter.

Plot design on the Pukepuke brown sandy loam soil.
Plot design on the Foxton black sand,
Fractionation flow sheet.

Total phosphate levels in the Foxton and Pukepuke
control and phosphate treated plots determined
throughout the experimental period.

Mean values for Truog extractable phosphate
determined at each sampling for the Foxton and
Pukepuke control and phosphate treated soils.

Mean values for Olsen extractable phosphate
determined at each sampling for the Foxton and
Pukepuke control and phosphate treated soils,

Mean values for Schofield extractable phosphate
determined at each sampling for the Foxton and
Pukepuke control and phosphate trecated soils.

Meens of phosphate fractions determined for the
Foxton control and phosphate trezated soils.,

Means of phosphate fractions determined for the
Pukepuke control and phosphate treated soils.

Page

34
34

35
35
36

36
39
39
48

66

68

69

70

75

76




Figure
Bl

Residual phosphate shown as the difference
between total phosphate (by Na,CO, fusion) and
the total phosphate fractionatéd {sum of NH401—
soluble P, Al-bound P, Fe-bound P, Ca-bound'P
and organic P) for the Foxton and Pukepuke

control and phosphate treated soils.

Page

85



INTRODUCTION

A feature of New Zealand agriculture is the requirement for regular
applications of phosphate Tertilizer to maintain high producing pastures.
This is reflected in the large amounts of phosphate fertilizer sold
annually, which for the 1971-72 season reached a level of 2,041,000
tonnes,

The soils of the Manawatu-Rangitikei sand country, being naturaily
deficient in phosphate, are no exception to this requirement for regular
applications of phosphate. However, these soils, especially those of the
sand plains are potentially fertile, Thus trials conducted by the
Department of Agriculture have shown that, on Himatangi sand, pasture
production in the range 15,700-16,800 %g D.Ii./ha can be realized
(Blackmore, pers, comn, ).

The need for regular, preferably at least annual. application of
phosphate to these sand country soils implies a fall in the level of
availability of the applied phosphate within the zone of action of the
pasture roots due either to:-

(i) actual loss of phosphate from this zone by leaching a
distinct possibility in such light-textured soils: ox

(ii) a change in the soil/soil solution equilibrium distribution

of phosphate as a result »f changes in the nature of the
fixed forms with time; or

(iii) a combination of these factors.

The object of the present study was to investizate the operation of
these factors for two representative sand country soils, the differing
moisture regime and pH status of which might be expected to exert some
influence on the course of phosphate fixation. At the same time, it

was hoped to reach some conclusion as to the relative sensitivity of a



number of commonly used chemical "quick tests" for evaluation of
phosphate availability in these soils and to determine whether changes
in these values were paralleled by demonstrable changes in the forms of

phosphate binding.
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CHAPTER ONF,

A. Introduction to the Manawatu-Rangitikei Sand Country

(1)

(2)

Location: The Manawatu-Rangitikel sand couatry (Figu:a 1.1)
comprises a complex of dunes sand plains and

peaty swamps bordering the coast end extending inland up to

14.5 km, It is part of an extensive complex bordering the

wust coast of the lower part of the North Island of New Zealan

exterding from Packakariki in the south to Patea in the north,

The total area irvolwved is over 105,300 hoctares <f wliich

approximately 68,800 hectares are in the Mranawatu and Reneitil-d

districts (Cowie, et al. 1967).

Climate: The Manawalbu-Rangitikei sand covniry falls within
the western Wellington climatic district, its
climate being characterised by warm summers ard vild winters
(Robertson, 1959). Mzrch tends to be the driest month (54.15
mm) and June the wettest month (91.01 mm), the avernge annmmal
rainfall being in the range of 847-9C4 mm {Appendix 1(a) Py

Data recorded at Floclk House Farm of Instructinn chows
that there is no great extreme in temperature, the air temp-
eratures being highest in February and lovest in July (Appendix
1(») ).

Strong north-west and westerly winds, frecuently rcaching
gale force are common during spring and early surme», These
winds decrease in frequency and strength duvuring late swmer and
autumn and e~sterliies become more frequent, From late cutumn to
spring light winds prevail and calm spells are common (Cowie;

et al. 1967).
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(3)

(4)

(5)

Vegetation: Scrub, fern or swamp vegetation originally covered
most of the sand country, although there is

evidence that considerable areas of forest existed especially
on the more inland parts. Most of the sand plains have now
been cleared and sown to pasture, but in some places there has
been reversion to scrub, and some of the wetter swamp areas
still maintain original vegetation.

Detailed reports of the vegetation are to be found in

Appendix 1(c) and 1(d).

Parent Material: The parent material of the Manawatu-

Rangitikei sand country soils is wind-blown
sand derived chiefly from greywacke of the central ranges,
tertiary sandstones and mudstones flanking these ranges and
volcanic materials from the Taupo and Taranaki districts
(Cowie. et al. 1967).

The dominant characteristics of the wind-blown sand are
its coarse texture (a large proportion of the sand grains fall
within the size range 0.15-0.3 mm diameter) and its negligible
amounts of silt and clay (Cowie, 1968).

Claridge (1961) stated that the dominant clay mineral in
these soils is illite together with nartially expanded micas
and vermiculites. He suggested that the assemblage of clays is
consistent with the hypothesis that most of the clay in these
soils is derived from loess~like material blown in from the

beaches after being eroded from soils in the vicinity.

Physiography: Prom sea-level the sand country rises to the

terraces of the Marton-Turakina district, the

altitude of the inland margin being approximately 30 m near



Turakina and 105 m near Bulls, The land between the Rangitikei
and Manawatu rivers rises to an altitude of between 12 and 45 m
and then falls away to the margin of the flats and terraces of
the Oroua and Manawatu rivers. This rise is less pronounced
south of the lManawatu river, wherc the land rises to between 15
and %0 m before it falls away towards the flats and terraces of
the Levin-Koputaroa district (Cowie, et al. 1967).

Cowie (1957, 1968) notes that at first sight the arrangement
of dunes seems chaotic, but closer examination reveals a well-
defined dune unit as the fundamental constituent of the overall
pattern, This fundamental unit consigts of a windrift dune of
two long narrow parallel ridges united at their eastern end %o
form an apex with an enclosed sand plain (Figure 1.2). The sand
plain slopes dowvn from east to west so that the water table is
low at the higher, eastern end but becomes closer to the surface
towards the lower western end. In the extreme western end of
the sand plain it is at, or near the surface during winter and
spring. Where the flow of this surface water away from the sand
plains is prevented by the next dune to the west, peaty swamps
and lakes have been formed.

Although cxamples of this basic unit of dune, sand plain
and peaty swamp can be found in many places, it is in fact, often
more complex. Several subsidary apices may be present along
the wings, the dunes may be crescent shaped and arranged in
festoons, or, as in the extreme southern part of the district,
the wings are shortened and the festoons compressed so that the
dune apices are the dominant features of the landscape and peaty

swamps occupy most of the area between dunes.
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(6) Dune Successions: The Manawatu-Rangitikei dunes appear to

(7)

have formed during four distinct dune-
building phases (Cowie 1963)., These phases, in order of
increasing age are named Waitarere, Motuiti, Foxton and
Koputaroa.

The Vaitarere phase. extending from the coast inland for
a distance of from 0.4 to 3.2 km is thought to be less than
120 years old and the advunce is attributed” partly to
overgrazing and burning of the vegetation on previously
stabilized dunes, and partly to accelerated erosion inland due
to clearing and burning (Cowie, 1963).

Inland from the Waitarere phase, the Motuiti phase forms a
belt up to 10 km wide. The dunes of this phase are believed to
have begun advancing 750 years ago and consideration of the
degree of soil profile development indicates that stabilization
took place about 500 years ago (Cowie, 1963).

A 3-6 km wide belt of Foxton phase dunes lie inland from
those of the Motuiti phase and Cowie (1963) suggests these dunes
are between 2,000 and 4,000 years old.

Dunes of the Koputaroa phase according to Cowie (1963)
are between 10 000 and 15,000 years old, and they occur only in
a few arcas of the northern and southern parts of the Manawatu

district inland from the Foxton dunes.

Soils: Soils of differing degrees of profile development

correcpond to the four dune phases, Within each dune
phase differences between soils are duve either directly or
indirectly to differences in relief.

Sequences of soils arranged according to age and drainage



are shown in Table 1.1 and further detail is provided by Cowie
(1957, 1968); Cowie and Smith (1658); Cowie and Hall (1655);

and Cowie, et al. (1967).

* % ¥ * 3 *



TABLE 1.1

Manawatu-Rangitikei Sand Country Soils

Arranged According To Age And Drainage

Topographic Drainage Increasing Age And Soil Profile
Position Development "
=
Dune Excessive | Waitarere sand
Somewhat Motuiti Foxton black sand .
| excessive Foxton brown sand*
- Free Foxton brown Koputaroa sandy
nottled sand* loam#*
Somewhat
excegsive | Hokio weakly mottled Himatangi weakly
. sand mottled sand,
shallow topsoil
phase
Himatangi weakly
mottled sand
Himatangi sand,
shallow topsoil
phase
Free " Hokio strongly Himatangi sand Pukepuke Awahou
mottled sand brown send* loamy
sand
Awahou
loamy
sand
Sand plain Imperfect}] Hokio sand Pukepuke black Pukepuke Carnarvon
! sand brown black
i Pukepuke black loamy loamy
loamy sand sand¥ sand
e ERE PR |
brown
loamy
sand
Poor Hokio sand, peaty Pukepuke black Pukepulke Carnarvon
phase sand with brown brown
concretions sandy loamy
loam#* sand
Pukepuke Omanuka
brown peaty
sandy loam,
loan, shallow
peaty phase
phase*
: T Omanuka peaty Omanuka Omanuka
Peaty swamp Very poor seir Loom e b
silt loam
loam
Corresponding Waitarere Motuiti Foxton Koputaroa
dune phases

Soils marked with an asterisk are formed under forest;

sedges, and rushes, Position of peaty soils in time sequence tentative only.

remainder are formed under scrub,
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B. LITERATURE REVIEW

(1) Phosphate Fractionation And The Forms

Of Inorganic Phosphate In Soils: Although extensive

literature has been
published on the phenomenon of retention of phosphate by soils,
first demonstrated by Way (1850), and the possible mechanisms
involved, interest in the subject remains undiminished, This is
demonstrated not only by the large number of recent publications
on this subject, but also by review articles such as those of
Dean (1949), Wild (1950), Hemwall (1957), and Smith (1965a).

It is generally agreed that in acid soils, phosphate is
present in chemical combination as, or in association with, iron
and aluminium compounds, while calcium compounds are important
in calcareous soils (Smith, 1969b),

Many workers have attempted to fractionate inorganic
phosphate (Fraps, 1906; Fisher and Thomes, 1935; Truog and
Dean, 1935; Williams, 1937; Dean, 1938; Bray and Dickman,
1942; Ghani, 1943; Fraps and Fudge, 1945; Chirikov and Volkova,
1945; Williams, 1950; Bhangoo and Smith, 1957; Chang and
Jackson, 1957a; and Saunders, 1959&) with varying degrees of
success, The method proposed by Chang and Jackson (1957a),
although often criticised., has gained wide acceptance, although
it has been modified by Khin and Leeper (1960); Fife (1959a,
1959b, 1962, 1963); Glen, et al. (1959); Chang and Liaw (1962);
Smith (1965¢); Williams (1965); Peterson and Corey (1966), and
Williams, et al. (1967).

The method as proposed by Chang and Jackson (1957a) provides

a procedure for fractionation of soil inorganic phosphate into
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the following categories:
(i) Water-soluble and loosely-bound phosphate
(ii) Aluminium phosphate
(iii) Iron phosphate
(iv) Calcium phosphate
(v) Reductant-soluble iron phosphate
(vi) Occlwled aluminium phosphate
(vii) Ocecluded iron phosphate
However, the procedure has limitations. Yuan and Fiskell
(1959) found that the citrate-dithionite extraction for reductant-
soluble iron phosphate extracted large amounts of aluminium from
soils, and Saunders (1959b) showed that for a range of twelve
New Zecaland soils, the citrate was responsible for most of the
aluminiun extracted. Khin and Leeper (1960) were of the opinion
that ambiguity must always remain in the distinction between (a)
aluminium and iron phosphates, due to resorption of phosphate
by iron oxides during extraction of aluminium phosphate by
fluoride, and (b) between calcium phosphate and reductant-soluble
phosphate, due to extraction of reductant-soluble phosphate in the
calcium phosphate extraction, Corrections for the resorption of
phosphate by iron oxides during extraction with fluoride have
been proposed by Fife (1962), and Smith (1965a), but Bromfield
(1970) concluded that neither of these corrections could be
used with confidence. Smith (1972), however, stated that
although the corrections of Fife (1962) and Smith (1965a) may
not give the actual values of iron and aluminium phosphate,

there is a2 noticeable improvement over no correction at all,

Patel and lehta (1961) criticised the fractionation procedure

on the grounds that no one form of soil phosphate was a definite
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fraction of total phosphate. In soils containing CaC0O_, formation

3,

of CaF2 during extraction with NH,F may effectuate the iron plus

4
aluminium phosphate to be greatly underestimated, due to the

resorption of released phosphate by Ca¥, during extraction with

2

NH4F and NaOH, and subsequent fractions to be overegtimated, due
to the release of phosphate from CaF2 (syers, et al., 1972). 1In
resorption studies of a range of British and Indian soils using
32P, Rajendran and Sutton (1970) found 68 to 87% resorption of
phosphate during the extraction for loosely-bound phosphate,
along with a tendency for the Chang and Jackson procedurec to
overestimate occluded phosphate due to resorption of phosphate
during the preceding extractions. Corrections to the remaining
fractions differed between soils, the overall result being to
accentuate soil differences rather than to change the original
pattern. If dicalcium phosphate is present in soils, as may
occur after fertilizer application, this will be included in

the aluminium phosphate fraction due to its solubility in

NH4F (Laverty and McLean, 1961; Kaila, 1961a, 1963z2). Terpugov
and Yuzhakov (1969) noted that the aluminium phosphate fraction
may also contain some magnesium phosphate; they also pointed
out that the soil may contain mixed phosphates of the

CaAlH(PO 6H,0 type, (Lenr, et al. 1959), which cannot be

h
characterised simply as aluminium or as calcium phosphate
compounds.

Some authors prefer to discuss results of fractionation
studies in terms of the extracting solutions used, i.e.
NH4F— soluble phosphate, NaQOH- soluble phosphate or acid-

soluble phosphate, rather than by the names of discrete compounds

(aluminium phosphate, iron phosphate and calcium phosphate) in



(2)

14

the manner of Chang and Jackson, In the present review, the
terms aluminium phosphate, iron phosphate and calcium phosphate
will be used with the proviso that they may not be discrete
fractions., Comparisons of results published by different
authors may not be strictly valid and should be made with
certain reservations, as it appears, inter alia, corrections forxr
resorption of released phosphate during the determination of
aluminium phosphate have not always been made; in such a
circumstance it is obvious that the aluminium phosphate will be

underestimated.

The Effects of Degree of Weathering, Time, Soil

Type and pH on the Forms of Phosphate in Soils: Chang and

Jackson
(1958) suggested that the distribution of inorganic phosphates
in soils reflected the degree of chemical weathering and followed
the sequence calcium phosphate, aluninium phosphate, iron
phosphate and occluded phosphate, In proposing this theory
they consider that aluminium phosphates in soils are predominantly
in the form of discrete crystalline phases and transformation of
the various phosphate species is determined by the solubility
products of these species., This theory has been criticised by
Hsu (1964) and by Williams and Walker (1969) who extended the
view of Bauwin and Tyner (1957) and proposed an alternative
theory. They suggested that iron and aluminium phosphates in
soils consist of phosphate ions which are either chemisorbed on
the surfaces or occluded within the matricas of phosphate-
retaining soil components such as gibbsite, goethite and

amorphous alumino-silicates. Whereas Chang and Jackson (1958)
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implied that the relative amounts of aluminium and iron phosphate
should be influenced by soil maturity and not by soil composition,
Williams and Walker (1969) predicted that secondary inorganic
phosphates would be distributcd between the various soil mineral
phases in amounts directly rclated to the phosphate~retaining
capacity of each phase,

There is evidence that the forms of inorganic phosphate in
soils alter with increasing age of the soils, Thus as soils
age, calcium phosphate has been shown to decrease in El
Salvador soils developed from volcanic material (Dahnke, et al,
1964), New Zealand basaltic soils (Williams and Wallex, 1969),
New Zealand soils developed from greywacke alluvium (Syers,
et al. 1969), New Zealand soils developed from wind blown sand
(Syers and Walker, 1969b), Canadian soils developed from river
alluvium (John and Gardner, 1971), and in chernozen soils of
South Dakota as compared with younger chestnut soils (Westin
and Buntley, 1966). This decline in calcium phosphate with
increased age is usunlly accompanied by an increase in the iron
phosphate (Westin and Buntley, 1966; Syers, et al. 1969), and
reductant soluble phosphate (Syers, et al, 1969). The accunula-
tion of non- occluded secondary inorganic phosphate appears to
be characteristic of weakly weathered soils (Syers, et al.

1969; Syers and Walker, 1969; Williams and Walker, 1969),
while in highly weathered soils iron phosphate, particularly
occluded iron phosphate, is dominant (Chang and Jackscn, 1958).

Trends in the amounts of aluminium phosphate in soils of
differing ages are variﬁble. Dahnke, et al, (1964), found that
aluminium phosphate decreased with age in E1l Salvador volcanic

soils, but Syers and Walker (1969) noted that in the course of
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10,000 years of soil development in a chronosequence of soils
developed from wind-blown sand, aluminium phosphate showed a
slight inerease. John and Gardner (1971) also noted an increase
of aluminiuwin phosphate with increasing soil age in a chrono-
sequence of Canadian soils developed from river alluvium, Westin
and Buntley (1966) found no significant diffcrences between
aluminium phosphate in chernozem and chestnut soils, but Williams
and Walker (1969) noted that as the age of the basaltic soils
studied by them increased, aluminium phosphate increased to a |
maximum and then declined. The apparently diffcrent trends of
aluminium phosphate observed above may, at least in part, be
attributed to differences in the age and degreec of weathering

of the soil sequences,

Of the phosphate fractions studied by Williams and Walker
(1969), only calcium phosphate showed a trend free from marked
irrcgularities with increasing maturity, and it was suggested
that the values of secondary phosphate fractions were dependent
on factors other than the degree of maturity.

Some general conclusions have been made with respect to
phosphate fractions and soil type. Iron phosphate is the
dominant unoccluded form in Terra Rossa soils (Ahmad and Jones,
1967), volcanic soils (Appelt and Schalscha, 1970;, Fassbendery
1968), latosols (Sing, et al, 1966, Fasscbender, 1968), alluvial
soils in Costa Rica (Fassebender, 1968), tropical soils (Blasco
and Bohorquez, 1968), chestnut soils (Westin and Buntley, 1966),
and podzolic soils (Chang and Jackson, 1958; Halstead, 1967).
Manning and Salomon (1965), however, found aluminium phosphate
to be the dominant form in a brown podzolic soil from Rhode

Island. Aluminium phosphate is the dominant form in grumusols
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(Ahmad and Jones, 1970), but calcium phosphate dominates dark
grey gleysolic soils and brown forest soils (Hulstead, 1967),
chernozeim soils (Chang and Jackson, 1958; Westin and Buntley,
1966; Halstead, 1967), and a gleyed luvisol (lassey, et al.
1970).

After completing a fractionation study of six calcareous
soils from the south-east of England, Sen Gupta and Cornfield
(1962) noted that from values given in the literature, aluminium
phosphate, iron phosphate and non-apatitic calcium phosphate ‘
accounted for a smaller proportion of total soil phosphate in
calcareous soils than in non-calcareous soils, but that the
inert phosphate (total phosphate - (NH401 soluble phosphate +

aluminium phosphate + iron phosphate + organic phosphate) ) and

apatitic fractions accounted for a greater proportion of the
phosphate in calcareous than in non-c<lcarcous soils, This
difference, however, may be due to CaF2 formation in calcareous
soils during cxtraction with NH4F, leading to the underestimation
of the aluminium plus iron phosphate fractions, and the over-
estimation of the subsequent phosphate fractions.

Organic phosphate, as a percentage of total phosphate,
generally decreases with particle size, whereas total phosphate
tends to be maximal in the clay scparates of soils (Williams
and Saunders, 1956; Hanley, et al., 1965; Syers, et al. 1969).
Syers, et al.(1969l found calcium phosphate levels were greatest
in silgm;and separates of two New Zealand alluvial soils and
this agrees with the findings of Williams and Ssunders (1956)
that apatite as a percentage of total phosphate decreased with

decreasing particle size. Syers, et al, (1969), also found a

pronounced increase in both aluminium and unoccluded iron
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phosphate with a decrease in particle size in one soil, but in
the other soil the coarse sand contained greater amounts of
these two fractions., In both profiles silt and clay contributed
significantly to the aluminium phosphate and the unoccluded iron
phosphate, Occluded iron phosphate and residual inorganic
phosphate fractions were highest in the clay fractions of both
soils,

The association between pH and the dominant forms of
phosphate in soils is well documented in the literature. Morillo
and Fassebender (1968) found a significant correlation (+ 0.769)
between calecium phosphate and pH in ten soil series in the lower
basin of Choluteca, Honduras, Calcium phosphate dominated a

range of Indian soils of pH 7.1 to 8.2 (Tripathi, et al. 1970)

and also two other Indian soils of pH 8.3 and 8.6 (Khanna and
Mahs jan, 1968). Khanna and Datta (1968) found that caleciun
phosphate dominated soils of pH>7 while aluminium and iron
phosphate dominated soils of pHST7. A similar conclusion was
reached by Du Plessis and Burger (1966). However, Al-Abbas,

et al. 1966, found that iron phosphatc dominated in soils up

to pH 6.7 and calciun phosphate above 6.7. However, these
conclusions must be considered with some reserve, as soils with

high pH are likely to contain CaCO_, the presence of which will

39
affect the relative amounts of cach phosphate fraction
determined,

Hsu and Jackson (1960) and Mackenzie (1962) found curvilinear
relationships between pH and aluminium phosphate, iron phosphate
and calcium phosphate, when these individual fractions werc

expressed as a percentage of their sum, Later, Williams, et al.

(1971), in reference to these studies noted that an increase in
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soil pH was associated with an increase in CaCO3 content, and
they suggested that this would lead to an increasing under-
estimation of aluminium phosphate and even nmore markedly
to an undcrestimation of iron phosphate because of readsorption
of phosphate by CaF2 during extraction with NH4F and NaOHE, This
implies that aluminium, iron and calcium phosphate fractions do
not vary as much between samples of differing CaCO3 content as
was previously estimated. In contrast to the evidence presented
above, Kaila (1964a) found calciun phosphate to be dominant in
several acid soils (pH 4.6 to 6.3) of Finland and she ascribed
this to a low degrec of weathering. The increase in calciun
phosphate with depth found by Kaila (1963b) in an earlier study
would seem to corroborate this assumption,

Pratt (1961) showed that when soils containing relatively
large amounts of calcium phosphate were acidified to pH 3.5,
the calcium phosphate fraction decreased and this was largely
balanced by an increase in aluminium phosphate. It was
suggested that lowering the pH increased the exchangeable
aluminiun in solution and with dissolution of calcium phosphate
at lower pH values, this led to the precipitation of aluminium
phosphate, Hsu and Jackson (1960) showed that aluminium, iron
and calcium phosphates, represented by variscite, strengite and
hydroxyapatite, had approximately equal solubilities between
pH 6 and 7, depending on the magnitude of cation activities from
various solid phases such as gibbsite, eluminosilicates, hydrous

iron oxides, CaCO_, exchangeable calcium and possibly fron

3
soluble salts, Above this pH range the calcium phosphates were
more stable than alunminium or iron phosphates, particularly in

the prescnce of Ca003, while below this range the aluminium and
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iron phosphates were nmore stable than calciun phosphates.
It was concluded by Chai and Caldwell (1959) that the
pH of a soil need not be a good indication of the forms of
phosphate present, for although the pH values of two sandy soils
and a silt loam soil they studied were similar, the distribution

of inorganic phosphate in the phosphate fractions was different.

Limitations of Phosphatc Fractionation Procedures

as an Aid to the Study of the Fate of Phosphate

Added to Soil: Many studies

have been nade |
on the identification of individual reaction products formed when
solublc phosphates are added to soil., A discussion of the
identification of individual compounds is outwith the scope of
this review, Nevertheless, it is worth drawing attention to
reviews by Huffman, (1962, 1968), Huffman and Taylor (1963), and
Mattingly and Talibudeen (1967) as these authors deal with the
identification of the phosphate compounds included in the
phosphate fraction: discussed in nmore detail below.

Although chemical phosphate fractionation procedures have
been widely used to determine the fate of soluble phosphate
applied to the soil, they are not without criticism. Laverty
and McLean (1961) state that the procedures fail to distinguish
differences in solubilities between freshly formed phosphates and
more aged crystalline compounds, but, nevertheless, these authors
acknowledge that there is no valid reason why the methods should
not be used empirically until better means are devised.

The possibility of changes in the forms of soil phosphate

during fractionation procedures, which may be important when
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phosphate has been applied recently to a soil under investigation,
has been raised by Kaila (1963a), although no indication has

been given as to the extent of these changes., It is also

unknown to what extent the addition of a fairly high amount of
phosphate will change the solubility of the native soil phosphate.
Thus the difference between the phosphate content of a certain
phosphate fraction in the fertilized and unfertilized soils may
not give a reliable estimate of the content of fertilizer
phosphate in this fraction (Kaila, 1963a). In soils which have
been recently fertilized, it is likely that the aluminium
phosphate may be overcstinated due to the extraction of dicalcium
phosphate by the amnoniun fluoride solution (Laverty and McLean,
1961; Kaila, 1961a; 1963%a). Lindsay and Stephcnson (1959)
found that dicalciun phosphate dihydrate may persist in soils

for a period of several months, This, however, would be more
likely in calcareous than acid soils,

The amounts of added phosphate recovered by fractionation
procedures vary. Yuan, et al. (1960) studying three acid sandy
soils recovered on average 80% of the added phosphate but the
range of percentage recevery was 20 to 180. Bapat and Bedekar
(1965) recovered 21 to 84% of added phosphate while other
workers (Laverty and McLean, 1961; Volk and McLean, 1963)
recovered norc phosphate than was added.

It is generally agreecd that when soluble phosphates are
applied to acid soils the reaction products arc recovered
predoninantly in the aluminium and iron phosphate fractions,
with normally little or no increase in the calciunm phosphate
fraction (Chang and Jackson, 1958; Yuan, et al, 1960; Laverty

and McLean, 1961; Chang and Chu, 1961; Veir and Sopher, 1963;
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Volk and McLean, 1963; Kaila, 1964b; 1965a; 1969; Hsu, 1964;
Kurtz and Quirk, 1965: Fassbender 1968; Shelton and Coleman,
1968; Bezuglaya, 1969; HNassey, et al. 1970). In spite of this
wealth of evidence, exceptions have been found in an acidic
lowland rice soil high in total and active F0203 where the
reductant soluble phosphate showed a significant increase (Mandal
and Das, 1970); in two latosols after one hundred days flooding
where it was thought that phosphate was occluded by iron oxide
during drying after flooding (Chang and Chu, 1961); and in West
Bengal soils where an appreciable increase in occluded iron and
aluminiunm phosphate wes noted (Kar and Chakravarti, 1969). In

the case of soils high in CaC0_, the bulk of added phosphate has

3
been recovered fronm the calcium phosphate fraction (Sen Gupta
and Cornfield, 1963; Mackenzie and Amer, 1964; Ba at and
Bedekar; 1965; Chai and Caldwell, 1959). However, when
deternining the fate of applied fertilizer phosphate, due regard
nust be given to the type of phosphate fertilizcer used, For
exauple, addition of rock phosphate may significantly increase
the calcium phosphate fraction (Kaila, 1961a; 1969; Dlanning

and Salomon, 1965; Smith, 1968), but this could be due largely

to residual apatite present in the fertilizer,

Factors Affecting the Binding of Inorganic

Phosphate by Soils: The appearancec of

added phosphate in
gither the aluminium or iron phosphate fractions depends to some
extent on the time interval between application and sampling.
Chang and Jackson (1958) and Chang and Chu (1961) found that

on addition of phosphate to soil, the aluminiun phosphate at
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first increasced nore than iron phosphate, but later the calciun
phosphate and aluminium phosphate levels gradually deecreased
while iron phosphate, being the least soluble, (Chanz and
Jackson, 1957b) increased. Other workers have also noted a
change from aluminium phosphate to i on phosphate with tine
(Hsu, 1964; Smith, 1965b, 1967; 1969a; Kaila, 1967), and
Mathan and Durairaj (1967) found an increase in occluded
phosphate with time. Shelton and Colenan (1968) detected an
increase in reductant soluble phosphate threec to five years
after the initial application of phosphate to a red clay soil;
the soils which received the highest amounts of fertilir-»
phosphate showed this increase earlier than those which received
smaller amounts of fertilizer. Humphreys and Pritchett (1971)
found that seven to eleven years after application of supecr-
phosphate to sandy forest soils, two of the soils showad an
increase in the phosphate fraction remaining after extroction
of the wvasily-soluble phosphate, aluminiunm phosphate, ir-m
phosphate and calcium phosphate fractions., Aopelt and Schalscha
(1970) noted a relative docreasc of aluminium phosphate and a
relative increase of iron phosphate with time in a range of
volcanic soils of Chile, but they concluded that the pattern
was peculiar to each soil,

Water logging has been shown to cccelercie the conversion
of aluminiun phosphate to iron phosphate (Chang and Chu, 1951;
Mahapatra and Patrick, 1969), and to increase th: calciuvn
phosphate fraction in a clay-loam soil (Smith, 1969a), The
latter found theat although the extent of the increase in iron
phosphate was dependent on the anount of phosphate added to

the soil, the extent of the increase in caleiun phosphate
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depended on the length of time of water logging, but was
independent of the rate of application of fertilizer phosphate.

The relative proportions of the forms to which applied
phosphate is converted appears to be influenced by the amount
of phosphate added. Fiskell and Spencer (1964) found that
when 896kg per hectare of triple superphosphate was added over
a period al six years to Lakeland fine sand (in which native
phosphate was largely iron phosphate) most of the added phosphate
accunulated as aluninium phosphate along with lesser amounts of
iron and calcium phosphates; but when 14,336kg per hectare were
applied, although the predoninant increase still occurred in the
aluminiunm phosphate fraction, there was also an increase in the
proportion of iron and calcium phosphates. Kaila (1965&) found
an increase in the proportion of aluminium to iron phosphate
when the rate of application of soluble phosphate was inecreased.
This was apparent ¢ven in samples in which the pattern of
phosphate rcotention was dominated by iron. Similar findings
have been reported by Yuan, et al, 1960, and by Shelton and
Colenan (1968). Smith (1965¢) showed that this effect may be
due, at least, in part, to the decrcasing ability of ferric
oxides to sorb phosphate due to their partial saturation with
fertilizer phosphate.

Another aspect which nay affect the form in which added
phosphate is retained is the fixation capacity of the soil.
Laverty and McLean (1961) found a definite relationship betwecn
the fizxation capacity of soils and tho amounts of iron and
aluniniun phosphate formed. Soils with high fixation capacity
retained almost twice as much phosphate in the form of iron

phosphate as in the form of aluminium phosphate. This situation
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was nore than reversed in soils with low fixation capacity
while soils between these extremes retained progressively nore
phosphate in the forn of aluminium phosphate relative to iron
phosphate, as the fixation capacity of the soil decreased.
Similar results have been reported by Volk and McLean (1963)
and by Kaila (1963a; 1965a).

Singh, et al. (1966) found that in a reddish brown
lateritic soil with a high iron content, nost of the phosphate
applied over a sixteen year period occurred as iron phosphate.
Other workcrs (Robertson, ot al, 1966; Mandal and Das. 1970)
have noted significant incrceases in the occluded phosphate
fraction of soil high in iron after addition of phosphate over
a period of years., Perhaps the explanation for thesec
observations lics with the suggestion of Kaila (1964a) that
the ratio of aluninium to iron contents is more inportant than
the absolute anounts in determining the distribution of
phosphate between the alunminium~ and iron-bound fractions.

The literature contains contradictory reports on the
effect of pH on the forms in which applied phosphate is
retained in soils., Chang and Jackson (1958) found that liming
soils to pH levels of 4.7 to 6.7 had little effect on the
relative abundance of different forms of phosphate in
unfertilized soil, but when phosphate fertilizer was applied,
the calciunm phosphate fraction tended to increase more in the
_ lined than in the unlimed soils, On the other hand, Chang
and Chu (1961) found that lime applied together with fertilizer
phosphate over a period of thirty-one years did not significantly
alter the distribution of added phosphate in The soils, Fiskell

and Spencer (1964) showed that as the amounts of phosphate and
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lime added to Lakeland fine sand increased, the relative amounts
of calcium phosphate formed increased with a corresponding
decrecase in the proportions of iron and aluniniunm p)osphate
formed, Hortenstine (1966) noted that lining had different
cffects on thrce soils., 1In one soil, water-soluble phosphate
and calecium phogphate fractions increased linearly with each
increment of linme while the iron phosphate decreased. There was
no significant effect on the aluninium phosphate. In another
soil, water-soluble phosphate decreased and calcium phosphate
increased with liming, while in the third soil, which 'ad a high
fixation capacity, the aluminium and iron phosphate fractions
remnained unchanged while the calcium phosphatc fraction increased.
Addition of phosphate to the first two of these soils after liming
produced a decrease in the calcium phosphate fraction and an
increase in aluninium phosphate and to a lesser extent in iron
phosphate, while in the third soil all three fractions increased.
After studies on Finnish soils, Kaila (1961b; 1965b) reached
the conclusion that the effect of liming was to increase the
aluminiun phosphate and calciunm phosphate fractions at the
expense of the iron phosphate fraction. However, in a later
study Kaila (1967) found that although incubation for four nonths
with CaCO3 increased the aluminiun phosphate, caleciun phosphate
and easily-soluble phosphate fractions in both fe tilized and
unfertilized soils and decreased the iron phosphate fraction,
incubation for eight months tended to increase iron phosphate
at the expense of aluminium phosphate. The small amounts of
fertilizer phosphate recovered in the acid soluble form did not
depend on the rate of liming even at pH 7. Laverty and FcLean

(1961) investigating a range of soils of silt-loam texture found
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a tendency for iron phosphate to decrease and calcium phosphate
to increase with liming.

Mahapatra (1969) added lime to an air dry soil and also to
soil kept water logged and anaerobic during incubation at 3500
for sixty days. In the former situation aluminium phosphate and
iron phosphate decreased while calcium phosphate increased
slightly, whereas in the latter situation the reverse was the

case,

(5) Phosphate Fractions Extracted by Olsen's

and Truog's Methods: Several workers have

demonstrated correla-
tions between the phosphate fractions in soils and the phosphate

extracted by Truog's reagent (0,002N H2804 buffered to pH 3 with

(NH4)2SO4) and by Olsen's*reagent (0.5M NaHCO. at pH 8.5).

3

Positive significant correlations have been shown to occur
between the amounts of phosphate extracted by Truog's reagent

and (i) NH,Cl-soluble phosphate and calcium phosphate (Srivastava

and Pathak (1969) and (ii) aluminium and calcium phosphates
(Susuki, et al. 1963; Grigg, 1965a; 1965b; Sherrell, 1970).
Similarly, significant correlations have been shown to exist
between the amounts of phosphate extracted by Olsen's reagent

and (i) NH,

Garber, 1964); (ii) NH4Cl—soluble phosphate and iron phosphate

(Khanna, 1967), (iii) aluminium phosphate (Chai and Caldwell,

Cl-soluble phosphate (Patel and Mehta, 1961; Pratt and

1959; GOrigg, 1965; Susuki, et al. 1963; Sherrell, 1370),

*The reagent of Olsen, et al. (1954), designated in this review

as Olsen's reagent,
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and (iv) NH401—soluble phosphate, aluminium phosphate and iron
phosphate (Datta and Kehra, 196S9; Srivastava and Pathak, 1969).

According to Bray and Kurtz (1945), Olsen's reagent
solubilizes aluminium and iron phosphates, and similar con-
clusions were drawn by Pratt and Garber (1964). However, Grigg
(1966), Susuki, et al, (1963), and Datta and Kehra (1969) agree
that Olsen's reagent solubilizes mainly aluminium phosphate.

Pratt and Garber (1964) found that with increasing clay
content of soils, the efficiency with which Olsen's reagent
extracts NH4Cl—soluble phosphate, aluminium phosphate, and
iron phosphate appears to decrease, Srivastava and Pathak
(1969) found a negative correlation between Olsen's soluble
phosphate and the clay content, and also between Truog's
soluble phosphate and the clay content of twenty-three Indian
soils. Pratt and Garber (1964) suggested that two factors were
involved; first that the ineffectiveness of the Olsen's
reagent in removing phosphate from clayey soils as compared
with sandy soils was a result of reaction of the reagent with
minerals other than phosphates, and secondly that there was
dissolution of one phosphate fraction with subsequent
reprecipitation in another fraction, It is interesting to
note the work of McConaghy and Stewart (1963) who found that
water-soluble phosphate classified nine Irish soils in much
the same order as did Olsen extractable phosphate.

Chang and Juo (1963), and Srivastavae and Pathak (1969)
found that Truog's reagent dissolved predominantly calcium
phosphate, but Chang and Juo (1963) noted that it also

dissolved small amounts of aluminium and iron phosphates.

Susuki, et al. (1963), considered that Truog's reagent removed
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portions of both aluminium and calcium phosphate.

It appears that the phosphate fractions removed by Truog's
and Olsen's reagents depend to a large extent on the soil., For
example, Grigg (1965) found significant correlations between
phosphate extracted by Truog's reagent and calcium phosphate for
all the soils he studied, but found significant correlations
with aluminivm phosphate only for gley soils derived from grey-
wacke alluvium, In a later study on the Lismore stony silt
loam, Grigg (1966) found that partial correlation on calcium
phosphate was negligible for the Truog's rcagent, and this con-
trasts with his earlier findings. Chang and Juo (1963) divided
soils from Taiwan into (i) soils dominant in iron phosphate,
(ii) soils dominant in iron and calcium phosphate, and (iii)
soils dominant in calcium phosphate. They found that Olsen's
phosphate was correlated with aluminium phosphate in soils
dominant in calcium phosphate, whereas in soils dominant in iron
phosphate the highest correlation was between Olsen's reagent
and aluminium phosphate but significant correlations were also
found between Olsen extractable phosphate and calcium and iron
phosphate, Similarly, Truog's phosphate correslated significantly
with calcium and iron phosphates at the 1% level and with
aluminium phosphates at the 5% level in soils dominant in iron
phosphate, but in soils dominant in calcium phosphates, Truog's
phosphate correlated only with calcium phosphate, and then
only at the 5% level. Weir and Soper (1963) found that in four

soils ranging in CaCO, content from 0,7 to 42%, only a very

3
small fraction of the total acid extracted phosphate was
cxchangeable, However, an increased percentage of the

aluminium phosphate and an cven larger fraction of the iron
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phosphate exchanged with 32P. Thus, they concluded that the
iron phosphate constituted a labile fraction of soil phosphate.
Tripathi, et al., (1970), also found that calcium phosphate,
although constituting 41% of total phosphate, made insignificant
contributions to labile phosphate as estimated by Olsen's method
and by isotopic exchange. HMost of the variation in Olsen's
phosphate was accounted for by aluminium phosphate whereas iron
phosphate accounted for most of the variations in isotopically

exchangeable phosphate.

(6) Changes in the "Availability" of Soluble

Phosphate Applied to Soil: It has been recognized

for many years that
when soluble phosphates are brought into contact with soil,
they generally decrease in solubility with increasing time of
contact, This has been demonstrated using extractants such as
water (Smith and Simpson, 1950), dilute sulphuric acid
(Scarseth and Tedmore. 193%4; Hibbard, 1935; MNoser 1941)i
calcium lactate, magnesium bicarbonate, acetic acid, potassium
bisulphate, citric acid and sodium hydroxide (Williams and
Stewart, 1943). The initial increase in "available" phosphate
after phosphate addition and the subsequent decrease in
"available" phosphate are both dependent on the rate of
application (Sell and Olsen, 1946; Mattingly, 1963).

Lynch and Davies (1964) found that four years cfter
cessation of phosphate top-dressing, pasture production on a
New Zealand yellow-grey earth fell to about two-thirds the
original level and then decreased further until a fairly

stable low-production level was reached seven years after the
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last application of fertilizer. Larsecn, et al. (1965), studying
a range of twenty-four British soils for four years after the
application of phosphate, found that when the difference in

L value betwecn the treated and control plots (AL) was plotted
against the time that had elapscd since application,AL showed
an exponential decrease with time, Determination of a half-
life parameter from the slope of the plot of AL against time
gave half-life valucs which varied widely between soils. The
half-1ife values ranged from one to gix ycars in eightcen soils,
while for another soil a velue of over fifty years was gained.
A peak in the distribution occurred at approximately two and
one half years.

Kurtz and Quirk (1965); studying samples of field plots
with differcnt fertilizer treatments from three groups of soils
(red-brown ecarths, lateritic podzols and brunizemic) found that
the values for total phosphate were misleading in estimating
the phosphate status of fertility plots. Relatively little
change was sometimes found in total phosphate although the
more soluble phosphate fractions had been increased appreciably.
Williams (1950) working with recd-brown carths found that
although 170 ppm phosphate had been added to plots, the
increase in total phosphate was about 42 ppm, Similar find-
ings have been rcportced by Ensminger and Cope (1947) and by
Ozanne, et al, (1961), WMoschler, ct al. (1957), found that

after application of 76 kg P per hectare each year for

205
forty years, about three-quarters was still present in the
0 to 15 cm layer,

Ceceoni (1960) showed that the initial products of

phosphate applied to soil often have short range order and
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possess a high ability to exchange phosphate, but this ability
decreases with increasing range of oxder during ageing. Juo
and Bllis (1968) showed that, undcr the same environzental
conditions, iron phosphatec crystallises at a much faster rato
than aluminium phosphate and colloidal iron and alvainiun
phosphates are more "available" to planis than the correspencirg
crystalline forms. However, pH is an important factor with
reapect to the availability of various phosphate compcunds.
Whereas Juo and Ellis (1968) reported tha* colloidal aluminium
phosphate was considerably more "available” than variscite in
a sand culture, Taylor, et al. (1953) reported colloidal
aluminium phosphate and veriscite to be egurlly “avrailable'

in a calcareous soil at pH 8,5.

Although the "availability™ of phospha’e in soils is
complex, it is evident that the "availebility" of phosphate
applied to soil decreases with increasing tir~ of contacwy,
and to maintain a high level of phosphate"arallabilit;y

continued application is required on :1ost soils.

5k W 9k % * * ¥
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CHAPTER _TWO

(A) MATERIALS

Two contrasting sand country soils, Pukepuke brown sandy loam and
Foxton black sand, were chosen for this study. Both soils lie in the
Pukepuke-Omanuka association which covers approximgtely 5,470 hectares
(Cowie et al, 1967). This association is part of the Foxton dune phase
and the soils are believed to be between 2,000 and 4,000 years old
(Cowie, 1963).

The Pukepuke brown sandy loam is formed on low-lying sand plains
where the drainage is poor., the water table being at or near the surface
for much of the winter and spring. Although the water table may fall
considerably during summer droughtiness is uncommon, Figure 2.1
indicates the extent of the sand plain from which the soil samples were
collected, while Figure 2.2 shows the profile, which is fully described
in Appendix 2,

In contrast, the Foxton black sand is formed on the dune where
drainage is somewhat excessive. Consequently, it is prone to drought-
iness in the summer, Provided that the surface cover and topsoil are
preserved, the dunes are relatively stable, but once the cover of the
dune is broken, "blow-outs" may occur with an accelerated sand loss.
Two small "blow-outs" are shown in Figure 2.3 and situations such as
this are fairly common in the district. The profile is shown in
Figure 2.4 and is described in Appendix 2.

Figure 2.5 shows the association of sand dune and sand plain, and
Figure 2,6 illustrates the way in which water lies at the lower end of
the sand plain during winter. The sites on which the experimental

plots were established were:—



FIGURE 2.1
Sand Plain On Which The Pukepuke Brown Sandy

Loam Experimental Site Was Situated

FIGURE 2.2

Pukepuke Brown Sandy Loam Profile



FIGURE 2.3

Foxton Black Sand Experimental Site Showing

Two Small "Blow-Outs" On The Dune

FIGURE 2.4

Foxton Black Sand Profile



FIGURE 2.5

Association Of Sand Dune And Sand FPlain

FIGURE 2.6

Water Lying On The Lower Parts Of The Sand Plain

At The Foxton Black Site During Winter
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(a) on a large sheep and cattle farm in the case of the

Foxton black soil, and

(b) on an intensive dairy farm in the case of the Pukepuke

brown sandy loam soil.
The particular area chosen on the Foxton black soil had received
no fertilizer addition in the past, but the area chosen on the
Pukepuke brown sandy loam soil had received 250 kg/ha of 30%
potassic super annually for ten years, as well as considerable

amounts of lime,

LA IR S BB
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(B) __METHODS

Experimental Design

(a)

(b)

(e)

Egtimate of Phosphate Variability: A phosphate variability

test was cerried out on
the two soils as follows: a 50 m line was fixed diagonally
across the propdsed sampling area and at 5 m intervals, two
single core samples, 30 cm apart, were collgeted., All samples

were analysed for "0,5N H soluble phosphate" and™N NaOH

i
soluble phosphate" to gain an index of two different soil
phosphate fractions,

On the bagis of this preliminary study, the number of

plots and also the number of samples per plot required to allow

a statistical analysis of the results were determined.

Plot Design: Ten plots. each 1.5 x 3 m were marked out on
both soils a block design being used on the
sand plain (Figure 2.7). while on the sand dune the plots were
arranged in a line along the face of the dune to prevent the
posgibility of run-off water moving phosphate from one plot to

another (Figure 2.8).

Soil Sampling: A sampling depth of 0-5 cm was chosen as this

was congidered adequate to recover the bulk of
the applied phosphate without excess dilution with unenriched
soil. At each sampling (March 5, April 16, May 19, July 14,
September 8, November 2, December 24, 1971, and February 23,

1972), two samples, each consisting of twelve 2.5 cm diameter



FIGURE 2.7

Plot Design On The Pukepuke Brown Sandy Loam Soil

FIGURE 2.8

Plot Design On The Foxton Black Sand
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cores, were collected from each plot. The samples were air-
dried in the laboratory, passed through a 2 mm sieve, and

stored in air-tight jars.

Addition of Phogphate: To ensure significant increases in
the amounts of the several phosphate
fractions over and above those already present in the soil, it
was considered that a 50-60 percent increase in the total
phosphate in the top 5 cm would be required from fertilizer
additions. The addition of commercial superphosphate at the
rate of 258/m2 to the Foxton soil and 50g/h2 to the Pukepuke
soil was calculated as the amount of fertilizer required. The
fertilizer was applied on March 5, 1971, at these rates, to
five plots chosen at random at each site, the remaining plots
being used as controls. The extent of phosphate enrichment of
the fertilized plots was taken as that amount appearing in the
top 5 cm calculated by difference between total phosphate
determined on the plot samples collected prior to addition of
phosphate, (March 5), and on samples collected six weeks after

the addition of phosphate (April 16), (Tables 2.1 and 2.2).



Amounts Of Total Phosphate Determined Prior To

TABLE 2.1

And Six Weeks After The Addition Of

50g/m2 0f Superphosphate To Five Plots On

The Pukepuke Soil

4

Plot/Sample Total Phosphate Total Phosphate Amount of
Number Before Addition After Addition Phosphate
of Superphosphate of Superphosphate Added (By
Difference)
mgP% mgP7 | mgP%
T A 169.9 263.9 94.0
B 172.6 278.7 106.2
4 A 175.8 247.8 74.0
B 161.2 246.6 85.3
6 A 160.6 272.6 121
B 163.9 267.3 103.4
9 A 164.6 276.6 12.1
B 183.9 204.6 100.7
10 A 163.9 269.3 105.4
B 163.9 262.6 98.7
Standard Error 2.% 6.9 3.8
Coefficient of
Variation 4,% 8.5 12.1
Average Calculated Increase i 99.2
Percentage Increase ! 54.3
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TABLE 2.2

Amounts Of Total Phosphate Determined Prior To

And Six Weeks After The Addition Of

25g/m2 Of Superphosphate To Five Plots:-On

The Foxton Soil

Plot/Sample Total Phosphate Total Phosphate Amount of
Number Before Addition After Addition Phosphate
of Superphosphate of Superphosphate Added (By
Difference)
mgP7 ngP% ngP%
1 & 61.2 102.0 40.8
B 63,6 102.0 38.4
4 A 62,7 107.9 45.2
B 63.6 94.4 30.7
6 A 62.1 102.8 40,7
B 61.2 107.6 46.4
T A 60,0 103,8 43,8
B 61.2 106.1 44.9
9 A 61.2 99.2 38,0
B 64.3 102.0 T
Standard Error 0.4 1.3 1.5
Coefficient of
Variation 2.3 3.9 11,6
Average Calculated Increase 40,7
Percentage Increase 65.5
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Analytical Procedures

(a) Determination of Phosphate: Phosphate in solution was deter-

mined by the method of Murphy and
Riley (1962), as outlined by Watanabe and Olsen (1965). The
method involves the formation and reduction of the phosphomolybdic
acid complex using an acidic molybdate solution containing
ascorbic acid; it was chosen because of its sensitivity and
the stability of the blue colour. Colour development was
measured on a Beckman model D.U. quartz spectrophotometer at
890 mp .

Several authors, (Woods and Mellon, 1941; Kurtz, 1942;
Jackson, 1958; John, 1970) have reported interference by
various ions in the development of the molybdate blue colour in
the colorimetric determinations of phosphate. In the present
study experiments were conducted to assess the limits of

tolerance of the method to NH " C1l” and F~, While no inter-

4’
ference from €1~ (added as HC1l) was observed even at a

concentration of 17,250 ppm, a pronounced effect was observed
with N'H4+ (added as NH,C1) at 2,880 ppm (Table 2.3), the
interference being characterised by the formation of a fine
precipitate and a fading of the blue colour, That the observed

effect was due to NH4+ alone and not to a combination of NH4+

and C1~ is evident from Table 2.3 which shows that an identical

interference level applied when (NH4)2SO4 was substituted for

NH401. As a result of these preliminary tests, the molarity of

extracting solutions containing NH4+ was reduced to the extent

that even when large aliquots of such solutions were taken, no

interference by HH4+ on colour development would be experienced.



TABLE 2.3

The Influence Of NH @ On Colour Development In The
L'.

Determination Of Phosphate In Solution By The

Method Of Watanabe And Olsen (1965)

Congentration of
NH in final

Optical Density
(0.4 ppm phosphate

Optical Density
(0.4 ppm phosphate

sotution in final solution) | in final solution)
using 1N NH,C1 as i using (¥H,).S0, as
ppn source of 4+ ; source of4N§4 4

72 0,295 0.295
360 0.295 0,295
720 0.295 0.295
1080 0.295 0.295
1440 0.295 0.295
1800 0.295 0.295
2166 0.295 0.295
2880 0.108 0.108
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Fluoride present in excess of 90 ppm in the final solution
caused a depression of coliur intensity (Table 2.4). This
interference was eliminated by the boric acid procedure of

Kurtz (1942).
All extractions of phosphate which involved shaking were
carried out on ar end-over—end shaker at 38 rpm maintained at a

temperature of approximately 22%.

Determination of Total Soil Phosphate: Williams (1965) and

Syers et al. (1968)
found that fusion with Na,COy by the method of Muir (1952) was
the most reliable method for determining total phosphate in
sandy and highly weathered soils in New Zealand, This pro-
cedure was adopted in this study with the modification that
the Na2003 melt was taken up in 10N 32304 rather than in water
as in the original method.

Measurement of Available Phosphate: The methods of Truog

(1930), (o0.002N H,S0,

buffered to pH 3 with (NH4)2SO soil:extractant ratio 1:200;

4
30 minute extraction), Olsen et al. (1954), (0.5M NaHCO3s pH
8.5; soil:extractant ratio 1:20; 30 minute extraction) and

Schofield (1955), (0.01M CaCl soil:extractant ratio 1:20;

2;
16 hour extraction) were used to determine estimates of the
available phosphate. All extractions were carried out on 2 mm

air-dry soil.

(d) Phosphate Fractionation Procedure: The soil samples used in

this section of the work
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TABLE 2.4

The Influence Of F On Colour Development For

The Determination Of Phosphate In Solution By

The Method Of Watanabe And Olsen (1965)

With And Without The Addition Of Saturated

Boric Acid (RKurtz, 1942)

Concentration of Optical Density Optical Density
Fluoride in final (0.4 ppm phosphate (0.4 ppm phosphate
solution in final solution) in final solution)
+ 10 ml saturated
ppn Boric acid
20 0.295 0.295 ‘
40 0.295 0.295 ‘
60 0.295 0.295 '
|
80 0.295 0.2%
90 0.295 0.295
100 0.281 0.295
200 0,018 0.295
400 n.c. 0.295
800 6 0.295
s %

n.c, = no colour development,



were ground to pass a 48 mesh sieve, The fractionation
procedure used was that of Fife (pers. comm.) and it is
detailed in Figure 2.9. It ?s recognized that there is some
uncertainty concerning the selectivity of the methods employed
in fractionation studics, and that the various categories of
phosphate may generally be more correctly specified in terms of
the extracting agonts used than as specific forms of chemically-
bound phosphate. This approach works well for fractionation
schemes such as those of Chang and Jackson (1957a) and Williams
(1965), wherc the fractions are removed systematically from one
sub-sample. Thus, for example, in the procedure of Williams
(1965) "the acid-soluble” fraction can be equated closely with
calcium-bound phosphate, whereas in the procedure of Fife as
used in the present study. the latter would have to be described
as 'acid-solubld minug '"hlkali solubld' phosphate, Similarly, the
"alkali-solublé' fraction in the procedure of Fife represents the
sum of aluminium-bound plus iron--bound forms, whereas in the
procedure of Williams (1965) it represents (in its corrected
form) largely iron-bound phosphate. To save the possibility of
confusion, it was decided to characterize the four main fractions
delineated in the present study as aluminium-bound, iron-bound,
calcium~bound and residual phosphate, with full recegnition
that sharp delincation of forms is probably not realized under
the conditions of the extraction procedures employed,
(i) Determination of Easily-Soluble Phosphate

Chang and Jackson (1957a) extracted soils with 117 HHdCl

to remove "water-soluble" and "loosely-bound phosphate".

As this NH_+ ion concentration was too high for

4
convenient use with the Watanabe and Olsen (1965) method



TIGURE 2,9

Fractionation Flow Sheet

i1 Samples

Separste sub-sample Separate sub-sample Sel rate sub-sample Separate Sub-sample Separate sub-sample Scparate sub-sample
Extract for { hour Extract for 1 hour Bxtract for 1 hour Preleach with 0.5l NaCl Bxtract with 0,02K Ignite at 55003
with 0,09 HH401 with 0,09K ME P with 0.5 HH4F Determine P in leachate HC1 for 3 hours for 1 hour
85 outshizg {25 p ¥ (c)
pH 8,5
Centrifuge Centrifuge ————Soil Extract with 0,02
(Discard Soil) Centrifuge Dry soil with acetone HC for 3 hours
(Discard Soil) Centrifuge
(Discard Soil) Determing P in Wash with 25m1
Determine P in Extract with 1¥f HaOH supernatant 0,54 NaCl Centrifuge——0il
supernatant Determine P in for 16 hours (EE
(ES I supernatant Determine P in
(Bﬁ}e supernatant Extract with 1N Ja08  Determine P in Wash with 25ml
(22) Centrifuge for 16 hours supernatant of 0,5 NaCl
Basily-Soluble P (Diseard Soil) (Gﬁ)
Uncorrected 2R (iz/nl)
A-bound P 1= 1,25 = 5a Centrifuge Extract with 11
Determine P in (Discard soil) lia0H for 16 hours
supernatant
uncorrected g g . Sa (DS)
A-bound P -8 Determine P in Centrifuge
supernatent (Discard seil)
, (© + (0 )
Corrected Basily-soluble +
Al=bound P Al-bound + Fe-bound P L Determine P
(8) Sum of B+ F is easily-soluble + in supernatant
Al-bound + Fe=bound + Ca-bound P (1)
(04D) - (BsL)
4 (e+p) - (C4D) Sum of G + H is easily- soluble
+ Al-hound + Fe-bound + Ca~bound

Corrected Fe-bound P
+ organic P

Ca=bound P
(6+%) - (B+F)

v
(rganic P
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when large aliquots were taken, a 0,05M NH4Cl solution
was substituted. The extraction period adopted was one
hour, It was thought desirable to remove as much NH401
soluble phosphate as possible from the soils of tie
treated plots, so that as high a proportion as possible
of the phosphate removed in the subsequent extraction
could be regarded as being released by the complexing
activity of the fluoride ion. It was concluded, using
the data presented in Table 2.5, that a 1:250 soil:
solution ratio for the Foxton soil and a 1:300 soil:
solution ratio for the Pukepuke soil would efficiently
remove a large proportion of the NH4Cl soluble phosphate
and provide a sufficient concentration of phosphate fox

easy m.surement,

Determination of Aluminium-Bound Phosphate

Fife (1962) used 0.5M NH,F at pH 8.5 to determine

4
aluminium-bound phosphate, and this method was adopted

in the present study after preliminary experiments
established the most suitable extraction period and soil:
extractant ratios. Using the data shown in Table 2.6, it
was decided to use a soil:extractant ratio ¢ 1:250 for
the Foxton soil and 1:500 for the Pukepuke scil. Although
further widening of the soil:extractant ratio produced a
more efficient extraction, the difficulty of measuring

low phosphate concentrations made such & step undesirable.
Even at the extreme soil:extractant ratios, resorption

of liberated phosphate by iron oxide was considerable and

to correct for this, the method outlined by Williams,

Syers and Walker (1967) was adopted. This involved



TABLE 2.5

Amounts Of Phosphate Extracted By 0.05M NI Cl Fron
t+

The Foxton And Pukepuke Treated Soils Over

A Range Of Soil:Extractant Ratios

(One Hour Extraction Period)

Soil:Extractant Foxton Pulepuke

Ratio Treated Soil Treated Soil
nzP% ngP%

1:50 6.6 5:3

1:100 8.7 9.3

1:150 9.0 12.6

1:2C0 10.1 15.4

1:250 10.1 1.2

1:300 10.1 18.6

1:350 n,.d. 18.8 !

1:500 n,d, 19.0 i

n.d. - not determined,

50
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Amounts Of Phosphate Extracted By 0.5l NH4F (pH 8.5)

From The Foxton And Pukepuke Soils Over A Range

Of Soil:Extractant Ratios (One Hour Extraction Period)

Soil:Extractant

Foxton Treated

Pukepuke Treated

Ratio Soil Soil
mgP% mgPsh
1:50 315 26,1
1:100 33.6 35.2
1:200 36.8 43.6
1:300 36.9 48,C .
1:400 36.6 52.4
1:500 37.0 55.0
1:800 38.6 B7.6
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shaking a second soil sample with 0,5M NH4F (pH 8.5)
containing 1.25 ppm P and determining, from the
difference in phosphate levels in the fluoride extracts
with and without added phosphate, the proportion of

added phosphate that had been absorbed by the soil during
extraction, The term "corrected aluminium-bound phosphate"
is used to describe the aluminium-bound phosphate after
correction for resorption. No attempt was made to
correct for the relatively small zero order hydrolysis

of iron-bound phosphate during fluoride extraction as

was done by Fife (1962).

The short (one hour) extraction period used in this
study, when comparcd with the recommended twenty-four
extraction of Fife, appears reasonable after consideration
of the work of Tandon (1969). Extracting three soils of
differing clay content (4%, 12% and 46% clay) Tandon
found that the soil which had the lowest clay content
showed the highest initial rate of extraction, and
equilibrium was reached earlier than with the other soils,
Apparent equilibrium in the low clay soil was reached
after twenty minutes, whereas in the high clay soil, no
apparent equilibrium was reached even after one hundred
and sixty minutes of extraction.

When the extracts were highly coloured, the acid-
precipitable organic matter was removed by mixing equal
volumes of the extract and a solution saturated with

respect to H and normal with respect to stO

BO
i R 4.
After shaking, the precipitate of organic matter was

separated by centrifugation, This method provided not
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only the acidity needed to precipitate the organic
matter, but also the H3B03 required at a later stage %o
prevent fluoride interference in the development of the
molybdate blue colour. When the colour of the extracts
was low and removal of the organic matter was unnecessary,
the H, SO, ¢ lition was omitted and 10 ml of saturated

2774

H3B03 were added to an aliquot of the fluoride extract

prior to colour development.

Determination of Iron-Bound Phosphate

As a preliminary step to the extraction of NaOH-soluble
phosphate, the soil samples were leached with 0,5 NaCl
to remove exchangeable Ca++ and thus prevent precipitation
of phosphate by catt during the NaOH extraction.

It was found (Table 2.7) that a soil:extractant
ratio of 1:250 over a four hour extraction period was
sufficient to remove the NaOH-soluble phosphate fractions.
In practice, a sixteen hour extraction period was adopted
to fit in with laboratory schedules, The differences
between the NaOH-soluble phosphate and the corrected
aluminium-bound phosphate previously determined on a
separate soil sample gave a value for iron-bound phosphate.

Determination of Calcium-Bound Phosphate

Unless, as in the fractionation procedure developed by
Williams (1965), the reductant soluble phosphate is
removed prior to the acid extraction, the concentration
of the acid should be kept to the minimum value
required for complete dissolution of apatite.

During extraction of soils with acid, some

resorption of released calcium-bourd phosphate by ~~on
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Amounts Of Phosphate Extracted By 1M NaOH

From The Foxton And Pukepuke Soils Over

A Range Of Soil:Extractant Ratios (16 Hour

' Extraction Period)

Soil:Extractant

Foxton Treated -

Pukepuke Treated

Ratios Soils Soils
mgP7% mgP%
1:50 31.4 91.9
1:100 34.5 101.3
1:200 35.8 106.1
1:250 36.0 106.6
1:300 35.7 106.6
1:400 36.0 106.4
1:500 36.0 106.7
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and aluminivm compounds occurs, According to I'ife (pers.
comm.), extraction with 1§ NaOH following such acid
extraction releases this resorbed phosphate into
solution, Hence the difference between the sum of these
two extractions and the NaOH extraction previously
carried out on a seperate soil sample should give a
value for calcium-bound phosphate,

Preliminary experiments were carried out to
determine the effect of extracting the soils used in
this study with varying strengths of acid and also to
determine the strength of acid rzsquired to give an
equilibrium pH below 2,38 in the presence of the soil,
Ballard (1968) found this to be the equilibrium pH value
obtained in an HC1l extract just sufficiently acid to
dissolve apatite in the absence of soil., Table 2.8 shous
that acid strength had very little effect on the HC1l +
NaOH-soluble phosphate extracted fren the fertilised
FPoxton soil, whereas Table 2.9 shows that the comparable
values for the fertilised Pukepuke soil depended on the
strength of the acid used., Further extractions were
carried out to determine if the same effect would occur
with the Pukepuke untreated soil (Table 2.10) and it was
found here also that the total phosphate extracted
increased with increasing acid strength, Tables 2.9 and
2.10 show that of the acid strengths studied 0.02N HC1
provided the nearest approach to a final equilibrium pH
below 2.38 for the Pukepuke soil, and as acid strength
had very little effect on the amount of phosphate

extracted from the Foxton soil, it was decided to adopt
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Amounts Of Phosphate Extracted From The Fertilised Foxton

Of HC1 For 3 Hours (Soil:dcid Ratio 1:100) Followed

Soil By Extraction With Varying Strengths

By A 16 Hour Extraction With 1N NaOH

(Soil:NaOH Ratio 13:250)

Normality Initial Final P Extracted | P Extracted Total P
of HC1 pH pH by HC1 by NaOH Extracted
(a) (v) (a) + (v)
mgP% g mgP%h
1.0 0.41 0.50 47.8 5.0 52.8
0.5 0.59 0.88 46.6 6.9 52.9
0.1 1,20 135 45.% T3 52.8
0.08 1.38 1.42 43.9 8,2 52.1
0.06 1.49 1.52 43.9 9.3 552
0.04 1.58 1.68 42,7 10.1 52.8
0.02 1.81 2,02 41,6 1.3 A
0.01 2,10 2:25 40.7 12.0 G
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Amount Of Phosphate Extracted From The Fertilised Pukepuke

Soil By Extraction With Varying Strengths

0f HC1 For 3 Hours (Soil:Acid Ratio 1:100) Followed

By A 16 Hour Extraction With 1N NaQH

(Soil:NaOH Ratio 1:250)

Normality Initial Final P Extracted | P Extracted Total P
of HC1 pH pH by HC1 by NaOH Fxtracted
(a) (b) (a) + (b)
mgPb ngPh ngP%h
1.0 0.41 0.68 149.7 23.9 173.6
0.5 0.59 0.75 130.4 33.6 164.0
0.1 1.20 1.42 26 85.5 158.1
0.08 1.38 1.4S 5Tl 100.8 Y57.9
0.06 1.49 1.58 44.9 113.0 157.9
0.04 1.58 1.81 25.0 131.3 156.3
0.02 1.81 2.08 12,2 139.4 151..6
0.01 2.10 2,50 G.8 140.2 150.0




Untreated Soil By Extraction With Varying Strengths

TABLE 2.10

Amount Of Phosphate Extracted From The Pukepuke

Of HC1 For 3 Hours (Soil:Acid Ratio 1:100) Followed

By A 16 Hour Extraction With 1N NaOH

(S0il:NaOH Ratio 1:250)

58

Normality Initial Final P Extracted | P Extracted Total P
of Acid pH pH by HC1 by NaOH Extracted
(2) (b) (a) + (b)
ngP% il ngP%
1.0 0.41 0.45 45.7 18.1 63.8
0.5 0.59 0.68 36.2 A 63.5
0.1 1.20 1.28 4.5 55.1 59.6
0.08 1.38 1.40 3.0 56.0 59.0
0.06 1.49 1.51 1.9 56,8 58.7
0.04 1.58 1.63 1.5 55.6 BT
0.02 1.81 2.01 0.7 53.5 54.2
0.01 2410 2.40 0.6 b3.5 54.1
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this strength of acid for the extraction of both soils,
The effect of strength of acid on the amount of phosphate
extracted from the Pukepuke soil is further discussed on
page 81, On the basis of these preliminary experiments,
a 1:100 soil:acid ratio and a three houwr extraction
period was adopted for the acid extraction stage of the
acid~-soluble plus alkali soluble phosphate determinations
on the soils,

(v) Determination of Organic Phosphorus

Organic phosphorus may be determined by extraction or by
ignition methods. Williams, et al. (1970) pointed out
that in contrast to extraction procedures which have only
negative errors, ignition procedures may have both
positive and negative errors. Steward and Oades (1972)
commented that no extraction method is consistently
superior to any other in removing organic phosphorus

from soils.

Two ignition methods, that of Fife (pers. comm, ,
Figure 2.9 , and Williams and Saunders (1956) and one
extraction method, Mehta, et al. (1954), were compared
in this study (Table 2.11). All three methods gave
similar results for the Foxton soil but the extraction
method gave lower values for the Pukepuke soil than
were obtained by the ignition methods., This may have
been due to incomplete extraction and hydrolysis of
organic phosphorus as the Pukepuke soil has a high
organic matter content, On the basis of this preliminary
work, the method of Fife was adopted as the most con-

venient for use in the present investigation, having due
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Amounts Of Organic Phosphorus Present In The Foxton
And Pukepuke Soils As Determined By The Methods

Of Fife (Pers, Comm,), Williams And Saynders (1955)

And Mehta, et al, (1954)

Method Foxton Soil Pukepuke Soil
mgP% mgP%
Fife (pers. comm,) 30.25 67.42
Williams and
Saunders (1955) 30.62 68.75
Mehta, et al, (1954) 30,51 60.00
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regard for the problems associated with ignition methods
as discussed by Black and Goring (1953).

(vi) Total Phosphate Fractionated and Residual Phosphate

In subsequent discussions, the sum of phosphate
extracted by HCl and NaOH on the ignited soil in the
determination of organic phosphorus is referred to as
the "total phosphate fractionated", and the difference
between this value and the total phosphate value

CO., fusion is referred to as "residual

determined by Na2 3

phosphate".

Measurement of Phogsphate Sorption Capacity: The phosphate

sorption
capacities of the untreated soils were measured according to the
method of Ozamne and Shaw (1967). This involved shaking the

soil with 0.01M CaCl, solution containing varying amounts of

2
added phosphate, for 17 hours, using a soil:extractant ratio of

1:20,.

Determination of 'Free' Iron Oxide: The 'free' iron oxide

contents of the 2 mm soils
were determined after two extractions using the dithionite-
citrate method of Aguilera and Jackson (1953) as modified for
inclusion of NaHD03 buffer by Mehta and Jackson (1960). After
each dithionite-citrate-bicarbonate extraction, the soils were
washed with 10 ml 0,05N HC1 (Mitchell and Mackengzie, 1954), for
three minutes at 4000 to remove any coatings of iron sulphide

which may have formed.

The iron in solution was measured by the thioglycollate
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method (Sandell, 1944), the demsity of the solution being
measured on a model DU Beckman quartz spectrophotometer at
535mp. It was shown that at 18°C the colour developed fully
after eleven minutes and it was then stable for at least one
hour, To standardise the procedure, the density was measured

twenty minutes after addition of the thioglycollate reagent.

Determination of 'Free'! Alumina: Follett, et al. (1965) showed

that treatment of the clay
fractions of selected Scottish soils with cold and hot 5% Na2003
removed amorphous and poorly-ordered alumino-silicate materials
while the well crystallized components were relatively unaffected.
This method was modified slightly and used to remove 'free'
(highly active) alumina from the Foxton and Pukepuke soils, Five
successive two hour digestions of 250 mg of unperoxidised soil

with 80 ml 5% Na200 were carried out in a boiling water bath,

3
The aluminium removed was determined by the aluminon method

(Robertson, 1950), using thioglycollic acid to prevent inter-
ference by iron in the red lake. The percentage transmission

was determined with a Hilger and Watts Spekker =pectrophotometer

using the green 604 filter.

Determination of Exchangeable Calcium and Magnesium: Exchange-

able Ca and
Mg were removed by shaking 10 g of 2 mm air-dried soil with 150 ml

of neutral 1N NH40AC and allowing to stand overnight. The soil

was filtered and leached with NH40Ac until no positive test for

Ca was obtained in the ~ffluent solution.

The amounts of Ca and Mg in solution were determined with
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a Techtron AA5 atomic absorption spectrophotometer, using SrCl2
to prevent PO43_ interference in the Ca determination and Al

interference in the Mg determination.

(i) Determination of Organic Matter Content: The organic matter

contents of the soils
were determined by the method of Mitchell (1932). The soils were
heated in a muffle furnace at 350—4000C for 8 hours, the
difference between the oven dry weight (10500) and the weight

after ignition being taken as the weight of organic matter.

Other Measurements

All results are expressed on an oven dry (10500) basis.
The pH valves were measured electrometrically at a soil:water
ratio of 1:2.5 after overnight equilibration.

Bulk densities were calculated as:

oven dry weight
field volume of sample

Bulk Density = g/cc

on soils sampled to a depth of 5 cm.

Mechanical analyses were carried out according to the procedure
outlined by Piper (1942).

The mineralogy of the clay fractions were investigated by x-ray
diffraction techniques using a Philips 1011 gencrator with diffracto-
meter recording, The clay fractions were saturated with various
cations and heat treatment applied as necessary (Mitchell, 1966).

Rainfall measurements were recorded each morning at the

Pukepuke site,
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CHAPTER THREE

RESULTS

Introduction

In this section the results are presented in the form of tables
and graphs. The graphs are derived from the tables in Appendix 3,
the table number being shown under each graph.

A two-tailed test was used to test for statistical differences,
calculations being made on a programmable Canola 164P electronic
calculator. Coefficients of variation, standard errors, and means
were also calculated using a programme: all these statistical data

are included in the appropriate tables in Appendix 3,
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Total Phosphate

The means of total phosphate determinations; expressed on a
weight basis, carried out at the commencement and conclusion of the
experiment on control plots, and at intervals throughout the
experiment on the phosphate treated plots are shown in Figure 3.1.
It is evident that the total phosphate in the Foxton control plots
underwent no significant change over the experimental period, whereas
the Pukepuke control plots decreased by 8.45 mgP%.

Pigure 3.1 shows that addition of 50 g/h? of superphosphate to
the Pukepuke soil resulted in an increase in the total phosphate
content of 91,2 mgP% six weeks after application, while addition of
25 g/m2 to the Foxton soil resulted in an increase in total phosphate
of 40.7 mgP% after the same time interval,

The total phosphate level in the treated Foxton soil underwent ‘
a significant decline at the .01 level (Table 2, Appendix 3) between
the April 16 and July 14 samplings, and also between the November 2
and February 23 samplings, with an overall decrease between the
April 16 and February 23 samplings of 15.2 mgP%. Although the overall
decrease in total phosphate reported (Figure 3.1) for the Pukepuke
treated plots between April 16 and February 23 of 20.7 mgP% is
significant at the 0.01 level, there is no significant difference
between successive samplings. When the amount of phosphate lost from
the control plots of the Pukepuke soil is subtracted from that lost
from the treated plots, the actual loss of phosphate over the

experimental period is only 12.24 mgP%.
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Bstimation of Phosphate Availability

The mean values of "available" soil phosphate determined at each
sampling throughout the experiment. using the methods of Truog (1930),
Olsen, et al, (1954) and Schofield (1955) are plotted in Figures 3.2,
3.3 and 3.4. It is clear that phosphate availability values for the
treated plots on the Pukepuke and Foxton soils fell rapidly with time,
Schofield's values moved towards the value of the untreated plots while
the Truog and Olsen values appeared to be moving towards an equilibrium
level above that of the untreated soils. Table 3.1 shows the rate of
decrease of the Truog, Olsen and Schofield values for treated soils
expressed as a percentage of the April 16 sampling.

The ratio of Olsen phosphate:Truog phosphate for each sampling is
presented in Table 3,2, Although there is some variation in the
ratios between samplings, they tend to be higher for the Pukepuke soil
than for the Foxton soil,

Phosphate potentials calculated at each sampling using the value
of 1.13 for %pCa in 0.01M CaCl, calculated by Murrmann and Pacch (1968)
from activity coefficients given by Cole and Olsen (1959), are

presented in Table 3,3,



Figure 3.2:  Mean values for Truog extractable phosphate determined at
each sampling for the Foxton and Pukepuke control and
phosphate treated soils.

(Appendix 3, Tables 4 and 5).
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Figure 3.3:

Mean values for Olsen extractable phosphate determined at
each sampling for the Foxton and Pukepuke control and
phosphate treated soils.

(Appendix 3, Tables 3 and 4).
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Figure 3.4:

Mean values for Schofield extractable phosphate determined
at each sampling for the Foxton and Pukepuke control and
phosphate treated soils.

(Appendix 3, Table 3).
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TABLE 3.1

The }iean Determined Truog, Olsen And Schofield

Values For The Foxton And Pukepuke Treated Soils

At Each Sampling Expressed As A Percentage Of

The April 16 Sampling

[

Pukepuke Treated Soil Foxton Treated Soil
Sampling
Date Truog Olsen | Schofield | Truog Olsen | Schofield

April 16 100 100 100 100 100 100
May 19 89.4 88.2 121.3 87.9 91.6 88.3
July 14 89.8 78.2 18.4 1T 84.4 59.3
Sept 8 63.4 53.0 8.6 66.6 66.5 38.0
Nov 2 43.5 35.0 6.9 44.9 55.3 26.4
Dec 24 44.2 35.7 1.5 Be<3 65.6 37.4
Feb 23 43.7 36.8 4,0 47.4 58.1 20,6




TABLE

The Ratio Of Olsen Phosphate:Truog Phosphate

Calculated For Each Sampling For The

Foxton And Pukepuke Control And Phosphate

Treated Plots

72

Pukepuke Soil Foxton Soil
Saiit Lt Ratio Olsen:Truog Phosphate Ratio Olsen:Truog Phosphate
Date

Control Treated Control Treated

Plots Plots Plots Plots
Apr 16 0.75 0.58 0.48 0,35
May 19 0.45 0.55 0.39 0.37
Jul 14 0.54 0.50 0.20 0.38
Sep 8 0.44 0.48 0.60 0.39
Nov 2 0.52 0.46 0.51 0.43
Dec 24 0.48 0.46 0.39 0.44
Feb 23 0.58 0.49 0.32 0.43

x 0.5% 0.41




TABLE 3,

Phosphate Potentials Calculated At Each

Sampling For The Foxton And

Pukepuke Control And Phosphate Treated Soils

Foxton Soil Pukepuke Soil
Sampling
Date Control Phosphate Control Phosphate
Treated Treated
Apr 16 T 37 5.44 Teite S92
May 19 7.55 5.50 T.47 5.83
Jul 14 y 5.67 7.78 6.78
Sep 8 7.74 5.86 7.84 7.00
Nov 2 Tt 6,02 7.84 7.09
Dec 24 T7.28 5.98 T 18 7.03
Feb 23 T7.48 6.14 TalS P22




T4

Phegphate Fractionation

The amounts of each phosphate fraction present at the cormence-
ment and ond of the experimental period for the contrcl soils, and atb
intervals throughout the dura“ion of the experiment for the fertilized
soils, are shown in Figures 3.5 end 3,6, For both the Pukepuke and
Foxton control soils, organic phosphorus accounts for much of the
total phosphate in the top 5 cm (43.6% and 52.8%, respectively).

The inorganic phosphate fractions show large differcnces, both
in amount and relative imvortance of each fraction, between the two
soils, The following table shows each inorgaunic phosphate fraction
expressed as a percentage of total inorganic phosphate for the

Foxton and Pukepuke control soils.

Phosphate Fraction Foxton Control Pukepuke Control
Soil Soil
Aluminiun-~bound P 19.4% 6.5%
Iron-bound P 3.4% 27.8%
Calcium~bound P 29.3% 27.6%
Residual P 47.% 37. 7%

In both soils, residual phosphate is the largest inorganic phosphats
fraction, and in order of importance with respect to amount, this is
followed by calcium-bound phosphate, alumirium-bound phospiate, and
iron-bound phosphate in the Foxton soil and iron-bound phosphate,
calcium-bound phosphate and aluminium~bound phosphate in ths Irepuke
soil,

Data calculated to show the mgP% incrcase in each phosphate
fraction which had occurred six weeks after the addition of fertilizer,

and also the increase expressed as a percentage of the fertilizer
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Phosphate treated soils

(Appendix 3, Tables 6 and 8).
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Figure 3.6: Means of phosphate fractions determined for the Pukepuke
control and phosphate treated soils.

(Appendix 3, Tables 7 and 8).
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phosphate applied, are presented in Table 3.4. Equivalent data
calculated at the end of the experimental period are presented in
Table 3.5.

(i) Ammonium Chloride-Soluble Phosphate: Table 3.4 shows that

26,3% of the added
phosphate remaining six wecks after the application of fert-
ilizer to the Foxton soil appeared in the NH4Cl-soluble
phosphate fraction. This decreased over the experimental
period and constituted only 14.0% (Table 3.5) of the added
phosphate remaining in the top 5 cm at the end of the
experimental period. Although the increase in the NH4Cl-
soluble phosphate fraction in the Pukepuke soil (17.6 ng%)
was greater than in the Foxton soil (10.8 mngP%), it comprised
only 19,0% of the added phosphate remaining six weeks after
application (Table 3.4) and fell to 4.5% of the added phosphate
remaining at the end of the experimental period (Table 3.6).

In the Pukepuke soil, each sampling was significantly
different from the preceding sampling at the 0.01 level
(Table 10, Appendix 3), For the Foxton soil, the difference
between the April 16 and July 14 samples, and also the
difference between the November 2 and February 23 samples was
significant at the 0,01 level, but there was no significant

difference between the July 14 and November 2 samplings.

(ii) Corrected Aluminium-Bound Phosphate: In both soils the

aluninium-bound
phosphate showed the largest increase of any of the inorganic
phosphate fractions after addition of phosphate. Of the
added phosphate remaining in the Foxton and Pukepuke soils

six weecks after application, 46.4% and 32,4% respectively



TABLE 3.4

The mgP% Increase In Bach Phosphate Fraction

And The Perccntage Of Applied Phosphate Occurring

In Bach Phosphate Fraction Six Weeks After

Aipplication Of Phosphate To The Foxton And

Pukepuke Phosphate Treated Plots

78

NB4Cl-soluble P

Corrected
Aluminium~bound P

Corrected
Iron~bound P

Calcium~-bound P
Residual P
Total Increase

Increase in

Na2003 P

Foxton Soil

Pukepuke Soil

mgP% Increase

Increcase as

mgP% Increase

Increase as

on Addition Percentage on Addition Percentage
of Phosphate of Phosphate | of Phosphate | of Phosphate
Applied Applied
10.8 26,3 17.6 19.0
18.¢ 46.4 30.¢ 2.4
2.2 b5 19.9 21.5
9.0 22.0 15.3 16.4
- - 10.0 - 10.7_
40.€& - 92.8 =
4007 e 91 -2 "




TABLE 3,

The Amount Of Added Phosphate (mgP%)

Remaining In Bach Phosphate Fraction

And The Percentage Of Remaining Phosphate

Occurring In Each Phosphate Fraction Of The

Foxton And Pukepuke Treated Soils At

The End Of The Experimental Period

79

Foxton Soil Pukepuke Soil
ngP% Difference mgP% Difference
Differcnce Between Difference Between
Betwecn Control Between Control
Control and and Treated| Control and and Treated
Treated Plots | Plots as % | Treated Plots Plots as %
of Total of Total
Difference Difference
NH401—soluble P el 14.0 3.6 4.5
Corrected
Aluminium~-bound P 2.5 51.0 1.6 25.7
Corrected
Iron-bound P 7.5 30.8 35.% 43.3
Calcium-bound P 20 8.8 8.9 11,0
Residual P -1.1 -4.6 12.6 15.5
Total Increase 24.6 , - 81.6 -
Increase in
Na2003 P 24,0% - 84.5 -
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appeared in the aluminium-bound phosphate fraction (Table 3.4).
With time, the aluminium-bound phosphate tended to fall faster
in the Pukepuke soil than in the Foxton soil and at the end of
the experimental period the aluminium-bound phosphate fraction
contained only 25.7% of the added phosphate remaining in the
Pukepuke soil, whereas in the Foxton soil, although the actual
amount of aluminium-bound phosphate had dccreased, the added
phosphate remaining in this fraction had increased to 51% (Table
3.5). This would indicate that other fractions had declined in
amount faster than the aluminium-bound phosphate.

Statistical analyses showed that in the Foxton soil there
was no significant difference between the aluminium-bound
phosphate in samples collected on April 16 and July 14, but the
differences between the July 14 and November 2 samplings and
also between the November 2 and February 23 samplings were
significant at the 0,01 level. This also applied to the
Pukepuke soil with the exception that the difference between the
November 2 and February 23 samplings was only significant at
the 0.05 level,

The readsorption determinations made in the interest of
correcting the NH4F-soluble values showed that even at the wide
soil:extractant ratios used in this study, the readsorption was
considerable, Addition of 1,25 Jﬁ%/ﬁl of phosphate to the
NH4F extractant showed that readsorption was in the region of
10% for the Foxton soil while the equivalent measurement for
the Pukepuke soil was approximately 29%.

Corrected Iron-Bound Phosphate: Of the added phosphate remain-

ing in the Foxton and Pukepuke

soils six weeks after application, 5.3% and 21.5% respectively
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appeared as iron-bound phosphate (Table 3.5). In both soils,
this fraction showed an increase with time (Figures 3.8 and
3.6).

With the exception of the difference between the April 16
and July 14 samplings, the values determined at successive
samplings were significantly different at the 0,01 level for
the Foxton soil. This was not the case, however, for the
Pukepuke soil, Although the difference between the July 14
and November 2 samplings was significant at the 0,01 level,
the difference between the April 16 and July 14 samplings was
significant only at the 0,05 level and there was no significant
difference between the November 2 and February 23 samplings.
Calcium-Bound Phogphate: Of the added phosphate remaining in

the top 5 cm of soil six weeks after
application, 22,0% and 16,4% appeared in the calcium~bound
phosphate fractions of the Foxton and Pukepuke soil respectively,
(Table 3.4). In both soils, this fraction showed a tendency to
decrease with time (Figures 3.5 and 3.6) although over the
experimental period this change was non-significant in the
Pukepuke soil and significant only at the 0.05 level in the
Foxton soil.

The effect of strength of HCl on the amount of phosphate
and iron extracted from the Pukepuke soil is shown in Table
3.6, and it can be seen that as the normality of HCl increased,
the amount of phosphate and iron extracted also increased.

The difference in amount of phosphate extracted from Pukepuke
control plots and Pukepuke treated plots with varying normality
of acid is presented in Table 3.,7. Although the differences

are approximately equal for HCl normalities ranging from 0,01
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TABLE 3.6

Amounts Of Phosphate And Fe

2
The Pukepukc Untreated Sgil By Extraction

0. Extracted From
7

With Varying Strengths Of HC1 For 3 Hours

(Soil:Acid Ratio 1:100) Followed By . 16 Hour

Extraction With 1N NaOH (Soil:NaOH Ratio 1:250)

Normality Phosphate Phosphate Total mg Fe20 /
of HC1 Extracted Extracted Phosphate gran o?
by Acid by NaOH Extracted Soil Appear-
ing in
mgP% ngP% ngP% Extract
1.0 45.68 18.14 63.82 40.5
0.5 36.17 27.36 63.53 315
0.1 4.51 5513 59. 64 16.5
0.08 3.02 55.98 59.00 10.0
0.06 1.94 56.76 58,70 ¥ iR 5]
0.04 151 55.62 5713 4.50
0,02 0.72 55.51 54.23 1.02
0.01 0.58 53.50 54.08 0.02




TABLE 3.

The Difference In Amount Of Phosphate Extracted

From Pukepuke Control Soi: _And Pukepuke

Phogphate Treated Soil By Extraction With

Varying Strengths Of HC1 For 3 Hours (Soils:

Acid Ratio 1:100) Followed By A 16 Hour

Extraction With 1N NaOH (Soil:NaOH Ratio 1:250)

83

Normality Phosphate Phosphate Difference
of Acid Extracted Extracted (b) - (a)
From From
Untreated treated
Plots (a) Plots (a)
ngP% ngP% ngP%
1.0 63,82 173.58 109.76
0.5 63.53 164,04 100,51
0.1 59.64 158,14 98,50
0.6 58.70 157.98 98.28
0.04 57.13 156.28 99.15
0.02 54.23 151,62 97.38
0,01 54.1 150.1 96.0




(v)

(vi)

to 0.1, therc was an increase in the difference when
extractions were carried out with O0.5N and 1.0N HC1,
Residual Phosphate: The residual phosphate, as described

in this study, comprises the reductant
soluble phosphate, occluded iron and aluminium phosphate and
residual phosphate of Chang and Jackson's fractionation
procedure and is equivalent to the sum of the residual
phosphate, reductant soluble phosphate and second NaOH
phosphate of the fractionation procedure of Williams, et al,
fractionation procedure.

Figure 3.7 shows the means of the residual phosphate
calculated at the commencement and conclusion of the experi-
ment in the control plots, and at intervals throughout the
experiment in the phosphate treated plots. There was no
significant difference between the residual phosphate in the
Foxton control and trcated plots, and the levels of residual
phosphate remained constant throughout the experimental
period. However, the Pukepuke treated plots showed a
significant increase (0.01 level) in residual phosphate over
the control plots sixz weeks after application of phosphate.
This residual phosphate in the treated plots showed a
tendency to incrcase with time, but the increasc was not
significant,

Organic Phosphorus: No significant differences between the

organic phosphorus in treated and
control plots were found in either the Pukepuke or Foxton

soil over the duration of the experiment.
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5. pH
The pH values determined at each sampling throughout the
experiment are presented in Table 3.8. The high pH of the Pukepuke
s0il can be attributed to the liming policy of the farmer,
Application of 25 g/m2 of superphosphate depressed the pH
of the Foxton soil by 0.60 of a pH unit while addition of 50 g/hz
of superphosphate to the Pukepuke soil depressed the pH by only ,27.
After sampling on December 24, therc was no significant difference

between the pH of control and treated plots on each soil.
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TABLE 3.8

pH Values Determined For The Foxton And

Pukepuke Control And Phosphate Treated Soils

Determined At Each Sampling

Foxton Soil Pukepuke Soil
Saggiing Control Treated Control Treated
Apr 16 5.70 5.10 T+45 718
May 19 5.70 5.35 T7.45 7.20
Jul 14 5.70 5.40 155 .20
Sep 8 5.70 5.50 7.30 7,22
Nov 2 5.70 5.50 T 7.20
Dec 24 5.8 5.5 7.28 T.22
Feb 23 5.70 570 T30 T7.22




6.

Phosphate Sorption Capacity

Phosphate sorption data for both soils are presented in Tables
3.9 and 3,10, It can be seen that there is a large difference
between the two soils in their ability to retain added phosphate,
the Pukepuke soil showing higher phosphate retention than the Foxton

soil.



TABLE

Phosphate Sorbed By The Pukepuke Control Soil

From Solutions Of Varying Phosphate Concentration

Using A 1:20 Soil:Solution Ratio (16 Hour Shaking

Period), BExpressed As FgP/2.5g Soil éndiﬂgP/g Soil

89

Concen- g P Added |Equilibrium i’g P P ig P
tration {In 50ml Of | Phosphate In The Sorbed Sorbed Per
of Standard Concen— Solution At (a) = (b) Gran Of
Phosphate | Phosphate tration Equilibrium /g Soil
Solution |[Solution To 3
Added |2.5gm Soil
p& P per ml (q) g P per ml (v)
1.0 50 0.043 2.16 47.84 19.14
2,5 125 0.054 2.0 122.30 48,92
5:0 250 0.068 3.38 246,62 98.64
16.0 500 0.141 7.03 492.97 192,18
15.0 750 0,200 10.00 740.00 296,00
20.0 1,000 0.338 16.89 983.11 393.24
40.0 2,000 2,189 109.46 1,890.54 756,22
100.0 5,000 21.890 1,096.64 3,905, 36 1,562.14
200.0 10,000 80.410 4 020.42 5,979.56 2,391.83
500.0 25,000 259,72 12,986.11 12,013.,89 4,805,56
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TABLE 3,10

Phosphate Sorbed By The Foxton Control Soil

From Solutions Of Varying Phosphate Concentration

Using A 1:20 Soil:Solution Ratio (16 Hour Shaking

Period), Bxpressed As Y/P/2,5g Soil And }QP/@ Soil

]
Concen- Lg P Added |Equilibrium (&P P g P
tration In 50ml Of | Phosphate In The Sorbed Sorbed Per
of Phosphate Standard Concen~ |Solution 4t| (a) - (b) | Gram Soil
Solution Phosphate tration |Equilibriun
Added Solution To
ye P per ml 2.5% soil Fg P per ml (b) 174
a) |
1.0 50 0.051 2:57 47.43 18.97
2.5 125 0.154 7.70 117.30 46.92
5.0 250 0.389 19.46 230.54 92,22
10.0 500 1.703 85.35 414.65 165.86
15.0 750 3.960 198,20 551.80 220.72
20,0 1,000 6.950 347,98 652,02 260, 81
40,0 2,000 22,290 1,114.90 885, 1 354,04
100,0 5,000 78.550 3,927,.51 1,072.49 428,99
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Organic Matter, Bulk Density, F9203,_g;203, Exchangeable

Ca And Exchangeable Mg Determinations

Results for these determinations for the Foxton and Pukepuke
soils are shown in Table 3.11. The organic matter figures for
both soils are high, due in part to the difficulty of sieving out
all macrc root fragments from the soil samples during preperation,
This is particularly evident for the Pukepuke soil which supports
a mat of roots formed during winter flooding.

The bulk densities determined for the top 5 cm of the Pukepuke
and Foxton soils are 0,78 and 1.16 g/cc respectively. The value
for the Pukepuke soil appears very low, but when the high root
concentration in the top 5 cm of soil is considered, this figure
does not seem unreasonable.

Whereas similar amounts of AJ.2O3 were cxtracted from both the
Foxton and Pukepuke soils by hot dilute NaZCOB’ the Pukepuke soils
contain over ten times as much citrate-dithionite-bicarbonate
extractable F9203 as does the Foxton soil, and this explains partly
the difference in colour of the soils in the field.

The exchangeable calcium content is considerably higher in

the Pukepuke so0il which also contains over twice as much exchange-

able magnesium as the Foxton soil.



TABLE 3,11

Some Characteristics Determined For The

Foxton And Pukepukec Control Soils

Foxton Soil

Pukepuke Soil

Organic Matter
(by ignition)
Bulk Density
Fezo3
(citrate~dithionite-
bicarbonate)
A1203
(hot dilute Na2003)
Exchangeable Ca

(N NH,OAc, pH 7)

4

Exchangeable Mg
(¥ NH,OAc, pH 7)

CaCO3 % W/
»

9.96%
1.16g/cc

6.23ng Fe203/g
soil
20.1mg 41,0 /g

soil

1.05mg Ca/g

soil

0.13ng YMg/g
soil

Nil

21.68%

0.78g/cc

67.31ng F9203/g

solil

16.6mg A1203/g

soil

8.82ng Ca/g

soil

0.34ng Mg/g
soil

0.6

92
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CHAPTZR FOUR

DISCUSSION

Movement and Losses of Phosphate, and the Phosphate

Retention Property of the Soils: The phosphate

fertiliger

was applied to the Foxton and Pukepuke soils towards the end of
a drought, and the rainfall in the six weeks between application
and the first sampling after application was only 25.1 mm (Table

%, Appendix 4), with no more than 11.9 mm falling within a
twenty-four hour period, It is unlikely therefore, that any
appreciable loss of added phosphate from the top 5 cm of soil
would have occurred during this period. If the percentage loss
between the April 16, 1971, and February 23, 1972, samplings is
calculated on the basis of all of the added phosphate having
remained in the top 5 cm at the April 16 sampling, then the loss
from the Pukepuke treated soil was 13% and that from the Foxton
soil was 37%. These results indicate that, in the Foxton soil,
short term movement of phosphete may be appreciable, The high
loss found in the present instance is in agrecement with the
finding of Jordan, et al, (1952). These workers indicated that
on a short tcrm basis there was an apprcciable movement of
phosphate in a fine sandy loam., The extent of movement was
found to be dependent on the amount of water rcceived by the
soil., The results of Ozanne, et al. (1961) which showed that
17-81% of added phosphatc was lost from sandy scils under low
rainfall conditions, corroborates the above findings. Ozannc,

et al. (1961) and Smith (1956) found that the rate of phosphorus



application had little effect on percentage loss, and this
would imply that comparisons between the two soils in the
present study may be valid even though different phosphate
application rates were uSed on cach soil,

Saunders (1968) divided phosphate retention by New Zealand
soils into four classes, These werc derived from measurements
of the percentage of added phosphate taken up in a twenty-four
hour period by 5g of soil shaken at 20°C with 25 ml of NaOAc-
HOAc buffer solution (pH 4.6) with an initial phosphate
concentration of 0,032M KH2P04. The four classes are low
(0-30 percent), moderate (30-60 porcent), high (60n90 percent)
and very high (90-100 percent), According to this classification,
the phosphate retention of the yellow-brown sands topsoil is low.

The phosphate sorption data (Tables 3.9 and 3.10) show that the

Pukepuke soil has a higher ability to absorb phosphate than the
Foxton soil and this agrees with the findings that a larger
percentage of the added phosphate was lost from the Foxton soil,
The ability of the Pukepuke soil to retain added phosphate
against leaching loss may be attributed to the high iron oxide
content, and the amorphous nature of its clay content, Sone
loss of phosphate from the Pukepuke control plots was probably

to be expected because of its history of fertilizer application.*

*¥It was not possible to tracc the downward rzvenent of phosphate
in the Pukepuke soil as phosphate variability in somples
collected from depths of 5-10 cm and 10~15 cm made any difference
in phosphate levels in samples collected from control and treated
plots non~significant, A similar sempling procedurc was

impracticable on the Foxton soil due to the unconsolidated
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nature of the soil which causcd sampling difficulties.

Phosphate Availability: At the initial sampling, the Truog
phosphate value for the Pukepuke
soil was 6.6 (expressed as by the New Zealand Department of
Agriculture in parts per 50 million of extract) and that of the
Foxton soil was 4.0. These values are low. The Pukepuke soil
had received a total of 2,510 Kg/ha of superphosphate over the
ten years prior to the commencement of this study, but evidently
this had not increased the Yruog phosphate valwe to a desirable
level., Six wecks after application of superphosphate, the
Truog phosphate velue for the Pukepuke soil had risen to 89,
and for the Foxton soil to 71, but at the final sampling these
values had fallen to 39 and 33 respectively. Although the
Truog value for each soil appears to decreasc with time at a
similar rate, the Olsen valuc decreases more rapidly for the
Pukepuke than for the Foxton soil (Table 3.1). Whereas the
final Truog value expresscd as a percentage of the April 16
value is higher than the equivalent Olsen value for the
Pukepuke soil, the Olsen value of the Foxton soil is higher
than the Truog -ralue. This evidence, coupled with the
observation that the ratio of Olsen phosphate:Truog phosphate
is different in the two soils (Table 3.2), indicates that
Olsen's and Truog's reagents are extracting different fractions
of phosphate. Whereas Bray and Kurtz (1945), Pratt and Garber
(1964), Datta and Kehra (1969) and Srivastava (1971) found that
Olsen's reagent solubilized aluminium and iron phosphates, Grigg
(1966), Susuki, et al, (1963), and Datta and Kehra (1969) noted

that this reagent solubiliged mainly aluminium phosphate. Chang
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and Juo (1963) found that Olsen's phosphatc was correlated

with aluminium phosphate in soils dominant in calcium phosphate,
In soils dominant in iron phosphate the highest correlation
again was between Olsen phosphate and aluminium phosphate, but
significant correlations were also found betwecen Olsen phosphate
and calcium and iron phosphatc. The cvidence suggests that in
the two soils of the present study, Truog's rcagent extracted
phosphate other than calcium-bound phosphate, For example,
after application of phosphate to the Pukepuke soil, Truog
phosphate increased by 34.57 mgP% whereas the sum of NH401-
soluble phosphate and calcium-bound phosphatc increased by only
%2.,87 mgP%. Thereforc, even if sll the 15.26 mgP% increase in
calcium-bound phosphate after phosphatc addition was soluble in
Truog's reagent (which is unlikely), phosphate from other
fractions must have been solubilized to account for the increase
in Truog extiractable phosphate found, A similar argument may

be appliecd to the Foxton soil, If Olsen's rcagent is assumed

to remove largely the NH401—soluble and aluminium-bound
fractions (Chang and Juo, 1963), then the more rapid decline in
Olsen phosphatc in the Pukepuke soil may be due to the more
rapid decline of the NH4Cl-soluble and aluminium-bound fractions
found in the Pukepuke soil, The initial rapid decrcase in Truog
and Olsen phosphate levels may have been duc to three factors:
(a) the loss of phosphate by leaching, (b) a redistribution of
phosphate within the soil phosphate fractions with a resulting
decrease in extractability, and (c) decrease in extractability
within the soil phosphate fractions, A fourth factor could

possibly have been involved; this is suggested by the work of

Evans and Syers (1971) which showed repid penetration of added
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phosphate into soil crumbs from which seven days extraction

with 0.1N NaHCO, resolubilized only 14-18s of the sorbed

)
added phosphate. The suggestion that Truog's and Olsen's
reagents cxtracted different fractions of phosphate is
supported by the conclusion of Colwell and Donnelly (1971)
that phosphate tests ore affected by variation in soil
composition, particularly with recspect to compounds of iron,
aluminium, magnesium and caleium, Borlan, et al, (1968)
noted that the chemical properties of the soils they worked
with accounted for up to eighty - percent of the variance of
the effect of fertilizer and lime,

The initial increasc and subsequent decrease in
"available" phosphate found in the present study agrees with
the results of Grigg (1966), who showed that annual application
of 564 Kg/ha of superphosphate to a yellow-grey earth gave an
annual fluctuation from O to 17 units in Truog values. This
emphasises the fact that soil phosphate status is a dynamic
concept, and that interpretation of soil test values must take
into account the time since fertilizer was previously applied
and also scasonal growth conditions (Grige, 1966). 1In the
present study, the rapid decline in the phosphate concentrations
in 0.01M CaCl2 equilibrium solutions with time after application
of superphosphate to the soils corroborates the findings of
Larsen and Widdowson (1971) who showed that the ageing process
of phosphate added to soil was indicated by falling solubility
as time elapsed,

Schefield (1955) considered that it is not the amount of
available phosphate in a soil that primarily controls the

uptake of phosphate by plants but the work nceded to withdraw



it from the pool, and he proposed that the potential of mono-
calcium phosphate in soils may be expected to serve as an index
of the availability of soil phosphate. Russell (1861) noted a
lack of experimental evidence which could be uscd to discriminate
between whether phosphate uptake by plants is controlled by the
potential of monocalcium phosphate or by the phosphate ion
concentration in the soil solution, However, it is the opinion
of Wild (1964) that for solutions of about the same phosphate
concentration as those in soil, it is the phosphate concentration
and not the potential which determines phosphate uptake by plants.
However, Wild also noted that it is not clecar whether the con-
centration should refer to the total inorganic phosphate in
solution or to that fraction present as H2PO4" ions. lye (1958),
congsidering the experimental finding of pla: .t physiologists that
the rate of uptake of an ion varies with its concentration in
solution. was of the opinion that "to express this concentration
as a concentration ratio with other ions, or to take the
logarithm of the ratio and usc thermodynamic terminology does
not give the simple relation between concentration in solution
and plant uptake any better thcoretical justification". Hence
the hypothesis of Schofield may not be entirely correct and nay
in fact not give any advantage over the simple measurcacnt
of phosphate concentration in solution,

In the present study, although the fertilized Pukepuke
soil showed higher Truog and Olsen valucs than the fertilized
Foxton soil, the amounts of phosphate at equilibrium in the
Ca012 extracts were lower, This demonstrates that the level of
phosphate maintained in the soil aolution is lower in the

treated Pukepuke soil than in the treated Foxton soil, Virtually
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all of the phosphate in solution in the Foxton soil will be in
the form of H2P04" because of the level of soil acidity:; hence
in calculation of phosphate potentials, the actual phosphate
concentration in the equilibrium O0,01M CaCl2 extracts was
used, However, this is not the case for the Pukepuke soil
where, because the cquilibrium pH of 0,01M CaCl2 extracts
lies between 7.1 and 7.2, only approximately 31% of the total
phosphatc eoncentration is in the monovalent form, and only
this fraction is considered in determination of phosphate
potentials. Hence the phosphote potentials for the Pukepuke
s0il indicate a lower level of phosphate in the 0,01H Ca012
cxtracts than is indicated by measurcment of the phosphate
concentration, Consideration of the coefficients of variation
(Tables 3-5, Appendix 3) shows that the order of coefficient
of variation was Schofiecld values ? Truog valuecs ) Olsen valucs,
Nye (1963) stressed the necd for decper understanding of
the transfer of nutrients from soil to crop and concludcd that
without it "the future of soil testing will consist of an
endless series of fertilizer trials designed for correlation
with an ever increasing number of hit-or-miss extractions".
Perhaps the comment of Ozannec and Shaw (1S67) that "it is the
amount of required phosphate that ig of more concern than the
existing supply" is relevant. These authors showed that the
measurcnent of phosphate sorption by soil at some standard
equilibrium concentration was closely and linecarly related to
the phosphate requirement of pasture plants growing on that
soil, A standard equilibrium concentration of 0,3 ppm was

chosen becausc this would ensure maximum yield without

entering the zone of luxury consumption, However, Ozanne and
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Shaw noted that because of a differing phosphate requirement
between specics, more accurate relationships between phosphate
sorbed and phosphate requircd might be found in situations
wherc only one species is dominant., Graphical rcpresentation
of the sorption data presented in Tables 3.9 and 3.10 showed
that to obtain an cquilibrium phosphate concentration of 0.3
ppm required the addition of 82 ng to cach gram of the Foxton
soil and 364 /g to cach gram of the Pukepuke soil, Ozanne and
Shaw found that where plants were grown in field soil to which
a gurface application of phosphate had been made, the ratio of
phosphate sorbed in the laboratory test, to phosphate requircd
by the plants, was 1/0.7, whereas when the phosphate was

uniformly mixed through the soil, the ratio was 1/1.6.

The Significance of Soil pH Cha wges Induced

By The Field Application of Phosphate: The difference in pH

depression shown by the
two soils (?able 3.8) as a result of the addition of super—
phosphate indicates different buffering capacities, A temporary
depression of pH of about one unit within twenty-four hours
following the application of superphosphate to yellow-brown
loams was observed by Saunders (1958) who found that during a
period of three to six wecks after topdressing, the pH of the
phosphate treated soils moved towards that of the control soils,
Saunders attributes the initial decrecase of pH in the treated
soils to the acid nature of the fertilizers and the replacement
of exchangeable B ions by ca™ ions from the fertilizer. He
considered that the extent of the pH change would be dependent

on the buffering capacity and the nature of the phosphate-
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retaining complex of the soils. The tendency found in the
present study for the pH of the phosphate treated plots to move
towards that of the control plots within a few months after
addition of superphosphate agreces with the view of Russell (1961)
that superphosphate is not an acid fertilizer as demonstrated by
the fact that long term fertilizer trials on the Rothamsted and
Woburn soils had no. appreciable effect on the pH., Part o the
PH depression noted in this study may be duc simply to the salt
effect, as measurement of the equilibrium pH values in 0.01M

CaCl, extracts showed that the pH differcnce between treated and

2
control soils was only 0.1 for the Foxton soil and 0.08 for the

Pukcpuke soil at the first sampling after addition of phosphate.

The Trends Of Phosphate Fixation Revealed

By The Fractionation Procedures: The coefficient of

variation for the
estimation of the various phosphate fractions generally varied
from 5-26% (“ablec 6-8, Appendix 3), depending upon the soil and
the fraction. Khanna and Datta (1967) reported that the
coefficicnt of variation in their study varied from 0-23%, and
the maximum variation was observed with the estimation of the
iron-bound phosphate., They suggested this was probably due to
the hydrolysis of organic phosphorus extracted along with this
fraction., Exceptionally high coefficients of variation were
found in determination of iron-bound phosphate in the present
study, the highest being 71%. This occurred in determination of
iron-bound phosphate in the Foxton control soils, and may be
partially due to the low level of phosphate in this fraction.

The velue of 52,84 for the organic phosphorus content of
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the Foxton control soil (expressed as a percentage of total
phosphate) is comparable to the value of 50% given by Syers

and Walker (1969a) for the top horizon (0-14 cm). However,
results obtained in the present study for the Foxton soil when
compared with values of phosphate fractions expressed as a
percentage of total inorganic phosphate calculated from the
results of Syers and Walker (1969b), show that although the
importance according to abundance is similar; the relative
percentages vary, Percentages calculated from the results of
Syers and Walker (1969b), and the percentages dctermined in
this study (in brackets) are: residual phosphate 60,1% (47.9%),
calcium~bound phosphate 18,7% (29.3%), aluminium-bound phosphate
12.6% (19.4%), and iron-bound phosphate 8.6% (3-L%).

Differences are probably due to different sampling depths

(0-5 cm in the present study and 0-14 cm in the study by Syers
and Walker (1969b) ), 2nd to differences in the fractionation
procedure used,

(i) Ammonium Chloride Soluble Phosphatc: The phosphate

extracted by NH401
corresponds to water-soluble and weakly-bound phosphate
(Chang and Jackson, 1957a). According to Fassbender
{1968) this fraction decreases in soils with increasing
degree of phosphate retention, Thus the higher phosphate
retention capacity and the higher iron content of the
Pukepuke soil could be used to predict that a smaller
proportion of the added phosphate would remain in the
NH4Cl~soluble fraction; the results show that this was
indeed the case (Tablc 3.4). The rate of decrease of

the NH,Cl-soluble fraction with time was more rapid in

&
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the Pukepuke soil than in the Foxton soil and at the
end of the experimental period, the NH4Cl—soluble
fraction comprised 14.0% of the added phosphate remain-
ing in the Foxton soil, whercas the equivalent figure for
the Pukepuke soil was 4.5% (Table %.5), despite the fact
that the percentage loss of added phosphate was greatest
in the Foxton soil,

Only a feow workers have reported on and discussed
the NH4Cl—soluble phosphate fraction, Fassbender (1968),
by shaking 0,5g sampleg of soil with 2 solution contain-
ing 100 ppm phosphate labelled with 32P, found that the
percentages of added phosphate recovercd in the NH401—
soluble fraction were 14.50, 11.05, and 2.95 for
alluvial soils, latosols, and andosols respectively.
Yuan, et al. (1960) added a solution containing 100 ppnm
phosphate to thrce acid sandy soils and reported that
of the phosphate retained, .5, 2.1, and 3.8 percent
was recovered in the }I4Cl—solublc fraction., The
percentages © added phosphate recovered in the HH4Cl—
soluble fraction in the prescnt study arc considerably
greater than those reported in ths literature, and this
is true even six wecks after application of the phosphate
fertilizer, This could be due to the high application
rate being used and also to the fact that the soil:
extractant ratio used here was considerably wider than
that used by the authors reported above, and may be

expected to extract morc phosphsate,

Corrccted Aluminium-Bound Phosphate: Several authors,

including Robert-

son and Hutton (1960), Chang and Chu (1961), Fiskell
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and Spencer (1964), Manning end Shlomon (1965), Khanna

and Datta (1968), Fassbender (1968), and Appelt and
Schalscha (1970), have reported that the bulk of

phosphate added to soils can be recovered in the aluminium-
phosphate fraction, This was found to be the casc in the
present study and, furthermore, the initial increase in
the aluminium-bound phosphate followed by a decline with
time (Figures 3.5 and 3.6) agree with the findings of

Chang and Jackson (1958) and Chang and Chu (1961),

Harter (1968) found that the portion of phosphate
adsorbed by a lake sediment which was subsequently
extracted by NH4F, appcarcd to be bonded by two diff-rent
mechanigms., When small amounts of phosphate were added,
NH4F cxtracted a2 tightly bonded form of phosphate
probably occurring as an aluminium phosphate., When
larger amounts of phosphate were added the additional
phosphate was bound more loosely in a form which appeared
to be independent of the aluminium content of th:z sediment,
and could be removed by successive extraction with water.
Tandon (1969) also noted that smaller additions of
phosphate to soil rcsulted in a stronger bonding betuweon
phosphate and aluminium “™-=n did larger additions,
assuming a constant amount of phosphate rctention
surface, Hec ascribed this to a variation in the distance
between the phosphate ion and the retention site, which
increased as the amount of added phosphate increascd.
From additional adsorption-exztraction data on several

soils, Harter (1969) postulated thnt the loosely

adsorbed phosphate is primerily bonded to organic
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matter on anion exchange sites, and the mechanism
involved is most likely a substitution of phosphatc ions
for hydroxyl ions., This proposal suggests that phosphate
is initially bonded to anion exchange sites on organic
matter, and subsequently transformed to less soluple
iron and aluminium phosphates, It may be concluded,
therefore, that as the amount of phosphate added to

goil inereases, there is a reduction in bonding strength
of the phosphate, It would be expected that as the
Pukepuke soil received twice as much phosphate as the
Foxton soil, and since this soil contains less free
alumina, more of the added phosphate will be held by

the low energy bonds. The more rapid decline of the
NH4F-soluble phosphate in the Pukepuke soil supports
this hypothesis. However, although the Pukepuke soil
contains less free alumina, the degree of saturation of
the alumina surfaces is not known,

Onc of the first reaction products of monocalcium
phosphate in soil may be dicalcium phosphate, and its
importance could be cxpected to increasc as the caleium
content of the soil is increased (Lindsay, et al. 1959).
Such dicalecium phosphate is likely to be extracted mainly
by the fluoride solution (Kaila, 1961b, 1963a; Laverty
and McLean, 1961) and thereforc, in the carly samplings
of the Pukepuke soil after phosphate application, the
NH4F—soluble rhosphate may include some dicalciun
phosphate,

The large difference in readsorntion of phosphate

found between the Foxton and Pukepuke soils during
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NH4F extraction, reflects the different free iron oxide
contents, As suggested by Smith (19650), it was found
necessary to use separate correction factors for the
control soils and the phosphate treated soils, the
percentage adsorption of added phosphate being lower in
the treated soils, As pointed out by Williams, et al.
(1967), the use of reccovery valucs obtained after the
addition of 1.25};gP per ml of NH4F golution as a basis
for correction to an adsorption~free basis, is not
cntirely adequate if the relationship betwcen sorbed
phosphate and phosphate in solution is non-linear. It
would appcar desirable to kecp the concentration of
phosphate added in the NH4F solution as low as possible,
but some difficulty was cxperienced in this study when
low concentrations of phosphate werec added to NH4F
solutions due to wvariability between samples in the

amounts of phosphate adsorbed.

(iii) Corrected Iron-Bound Phosphate: The higher percentage

of the added phosphate
recovered in the iron-bound fraction in the Pukepuke as
distinct from the Foxton soil is doubtless a reflection
of the higher 'free' iron oxide content of the former
soil., The tendency for both the Foxton and Pukepuke
soils to show &n increase in the iron-bound phosphate
fractions with increasing time after phosphate applications,
agrees with the findings of Chang and Jackson (1958); Hsu
(1960); Chang and Chu (1961); Smith (1965b, 1967, 196S)

and Kaila (1967).
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(iv) Calcium-Bound Phosphate: The fractionation procedure

of Chang and Jackson (1957a)
has been criticized on the basis that some of the
reductant-gsoluble phosphate is extracted in the pre-
ceding calcium phosphate extraction, thus lecading to
overestimation of the latter fraction (K "'n and Leeper,
(1960). Preliminary investigations (Table 2.8) showed
that the normality of HC1l in the range of 0,01 to 1.0
had no significant effect on the amount of phosphate

extracted from the Foxton soil when the phosphate in

the acid extraction and the subsequent alkali extraction
were summed, Therefore, in this particular soil, it
would appear that the acid was not extracting rcductant—
soluble phosphate, for if this had been so, there would
have been an increasc in the amount of phosphate
cxtracted as the normality of the HCl was increased.
Turther support for this conclusion is to be found in
the work of Shah et al. (1968) who showed that, for the
top horizon of the Foxton black soil, the sum of the
acid-extractable caleium phosphate plus the non—occluded
aluminium and iron phosphates was approximately equal to

the phosphate extracted by 1N st and the authors

04,
considered that these fractions may be approximately
equated,

In contrast, the phosphatec extracted by acid from
the Pukepuke soil was dependent on the normality of the
acid in the range of 0.01 to 1.0 (Table 2.9). If it

could be shown that the increase in phosphate extracted

with increasing normality of acid was accompanied by an
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increase in the amount of iron extracted, this would
suggest that as the acid increased in strength, the
reductant-soluble and/or occluded phosphate was being
attacked. The results (Table 3.6) show that this was
the case, Thus, ag the acid strength was increased
from O0,01N to 1,0N, each increase in the amount of
phosphate cxtracted was accompanied by an increase in
the amount of iron extracted (Table 3.6). Similar
amounts of phosphate were extracted by 0.01 and 0,02H
HC1l, and although the amounts of iron appearing in these ‘
extracts were low, there was a five-fold increase between ‘
the 0.01 and 0.02N HC1l extracts. As the normality of
the HC1 was increased from 0.04 to 0.1, the amount of
phosphate extracted increased, and this was accompanied
by an increase in the amount of iron extracted. The
increase in the amount of phosphate extracted by 0.5N
HC1 was accompanied by an almost two-fold increase in
the amount of iron extracted, and although 1.0N HC1
extracted still more iron (representing approximately
60% of the iron extracted by citrate-dithionite-
bicarbonate extractions) there was little increasc in
the amount of phosphate extracted. If the acid was
extracting a certain fraction of phosphate at ecach
normality, then the difference between the phosphate
cxtracted from treated soils and that cxtracted from
the control soils, would be expected to remain constant
over the range of normalities, and approximately equal
to the amount of applied phonsvhnte.  This occurred up

to a strength of 0.1N (Table 3.7) but 0.5N HC1 increased
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the differcncce between the amounts of phosphate extracted
from the treatcd and control soils, The difference at
1.0N HC1 was 11.3 mgP% higher than thec mean difference
over the range of 0.02 to 0.1 HCL, The fact that the
difference of approximately 98 mgP% obtained over the
range 0,01-0.1N HCl1l was higher than the mean value of
the phosphatc added and recovered in the fractionation,
can be explained in terms of field variability of the
soil, More importantly, the diffcrence of 11.3 ugPh
between the amounts of phosphatc extracted by 1,00 and
0.1N HC1 is slightly larger than the amount of added
phosphate appecaring in the residual phosphate fraction,
When the reductant-soluble phosphate was determined on
the treated and untreated Pukepuke soils, the phosphate
applied which had not been recovered in the unoccluded
phosphate fractions, wos recovercd in the reductant-
soluble phosphate fraction.

Williams (1965) comparecd the method of Fife (similar
to that used in the present study) for determination of
calcium phosphatc and a method modificd by Williams
(1965), over o range of six soils. He found good agree-
nent in the amounts of calcium phogphate extracted by
the two methods using two soils which apparently
contained no calcium phosphate, However, appreciable
differences between the two methods were found for the
remaining sampleos. Williams (1965) considered that it
was possible that the method of Fifc ovecrestimated
calcium phosphate because of slight alteration of the

sanple during acid extraction. He added that visual
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observation showed considerably nore organic matter to
be extracted by NaC.. from acid-trecated samples than from
the samples treated with alkali alone and he considered
that this may hove been due to partial break-down of
iron oxide coatings or concretions by the acid treatment.
Pretreatment with HC1l has been shown to increase the
amount of orgenic phosphate extracted from soils by
NaOH solution (Mehta, et al., 1954), and Williams con-
sidered it reasonable to assume that this would apply

to inorganic aluminium and iron phosphate. However, it
has already been established that the acid used in this
study (0.02N HC1) extracted very little iron. Further-
more, application of the fractionation proccdure of
Willians (1965) in the present study produced a calcium-
bound phosphate value of 24.7 mgP% for the Pukepuke
control soil which compares favourably with the value

of 25.1 mgP% obtained by thc method of Fife on the

same series of samples.

It may be concluded thercfore, that the method for
determination of calcium-bound phosphate used in this
study gave a good estimation of calecium~bound phosphate,
but the procedure of Chang and Jackson (1957&) in which
0.5N H2804 is used to determine calcium-bound phosphate,
nay overestimate the calcium-bound phosphate at the
expense of the reductant-soluble and/or occluded
aluminium and iron phosphates in some soils, especially
those high in iron oxide such as the Pukepuke soil of
the present study.

On addition of phosphate, the Foxton and Pukepuke
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soils showed an increase in calcium-bound phosphate
content. Saunders (1959b) found that application of
phosphate in field trials to New Plymouth black loam
over a number of years led to a small increase in the
level of apatite phosphate. Because of the high
sesquioxide content and the moderately acid rcaction
of the soil, Saunders considered that the build-up of
calcium-bound phosphate was not duec to retention of
phosphate by calcium, but rather to the presence of
residual water-insoluble apatite added in the phosphatic
fertilizer. The increase in calecium~bound phosphate in

the two soils of the present study may be due, at

least in part, to unrecacted apatite in the applied super-

phosphate. Of the 9.46%P in the superphosphate used in

this experiment, 185 was not removed by two successive
extractions of 1g superphosphate with 100ml of water.
The finding of Kaila (1967) that after incubation

of soil with CaCoO the small awounts of fertiliszer

39
phosphate recovered in the acid soluble form did not
depend on the rate of liming, even at pH 7, is
supported by the small difference in the amounts of
calcium-bound phosphate found in the two soils of the
present study. However, calcium-bound phosphate may

be expected to be more stable in the Tukepulke soil,
because of its higher pH  than in the Fox“on soil.

This is supported by the finding that thc calcium-bound

phosphate fraction of the Foxton soil decrcased with

time at a faster rate than that of the Pukepuke socil.
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Residual Phosphate: An increase in the residual
phosphate fraction of the Puke-
puke soil six weeks after the application of super-
phosphate indicates that occlusion of phosphate added to
soil may occur more rapidly than is generally believed,
Increases in the rcductant-soluble phosphate have been
reported at eight weeks (Mandal and Das, 1970), three
months (Kar and Chakravarti, 1969), and one hundrecd
days (Chang and Chu, 1961) after phosphate application,
but in all cases the soils were flooded, However, for
the sbils considered here, in the sixz wecks between
application of superphosphate and the first sanpling
ofter application, rainfall waes only 25.1mm (Table 3,
Appendix 4) and no flooding cccurred over this gix
weck period. The explanation for this increase in
residual phosphate over such a2 short time interval is
nost likely due to the high ratec of phosphate application
and the large content of iron in the soil, Examination
of thc coarse sond froction of the A horizon of the
Pukepuke soil revealed a number of roughly rounded
reddish brown groins, with the superficial appearance
of ironstone nodules. However, when thosc were broken
open, they werc found to be earthy and porous and lacking
in any suggestion of concentric concretionary developnent.
The majority of grains were earthy all the way through,
but some appearcd to contain remnants of the original,
weathering, ferromagnesion minerals at their ccontres.
The roddish brown ecarthy matecrial was identified as

consisting of the two phases goethite andﬁ F9203.H20
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(Challis, pers, comm, ), who suggestcd that the grains
could possibly be pseudomorphs after biogenic iron
pyrite, which is common in wet soils. However, the
presence of what appeared to be original ferromagnesiunm
minerals at the core of some of the grains would suggest
that they could cqually well be pseudomorphs after such

weathering minerals (Pollok, pers. comm,)., Those

pscudonicrphs would provide & ready source of irom for
the occlusion of phosphate,

The fact that the incroased content of residual
phosphate fraction resulting from the fertiligzer
additions was not extracted by HH4F, NaOH or O,5N HC1,
indicates that it is not in a descrete forn such as
variscite, strengite or zpatitc. However, because it
is solubilized by extraction with 1N HC1l, which also
removed a large anount of iron, it is suggested that
this phosphate is simply occluded by an iron oxide
coating. renoval of which allows the phosphate to be
extracted,

As previously stated the tecrm "residual phosphate"
as uscd in this study includes the reductant-soluble
phosphate, occluded aluminium and iron phosphate, and
the residual phosphate of the Chang and Jackson (1957=)
procedure, This latter fraction was believed to consist
of secondary inorganic forms of phosphorus (Bauwin and
Tyner, 1957). Syers, ct al, (1967), studying four beach
sands and Koputaroa sandy loan from the Manawatu sand
country, found that apatite was present as inclusions

in several of the voleanic derived minerals in beach
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sands, Since these apatite inclusions were partially
resistant to attack by 1N HC1l, it was concluded that
residual or inert phosphate in soils may have both
primary and sccondary origins. Apatite inclusions have
also been studicd by Cescas, ot al. (1970) who concluded
that, in the beach sands of the Manawatu sand country,
such inclusions are probably more significant than
lattice phosphorus as contributions to total phosphate,

(vi) General Conclusions Concerning The Trends of Fixzation

And The Valueg Of The Fractionation Procedurec:

The differences exhibited between the Foxton and
Pukepuke soils in the percentage distribution .f added
phosphate within the phosphate fractions support the
findings of Kaila (1963a) that fertilizer phosphorus
accumulates in various fractions mainly according to
the propertics of the soils. Kaila (1964b) noted a
greater accumulation of iron-bound phosphate as the
phosphate sorption capacity of the soil increased, and
this accords with the carlier work of Laverty and leLean
(1961) and Volk and McLean (1963). The findings of the
present study also fit this | attern, as the Pukepuke soil,
with the higher phosphate sorption capacity, rctained
more of the added phosphate as iron-bound phosphate than
did the Foxton soil with 2z lower phosphate sorption
capacity.

The ratio of aluminium-bound phosphate:iron~bound
phosphate (subsequently designated Al-P/Fe-P) shows a
different behaviour for the two soils. In the Foxton
soil, the Al—P/Fe—P ratio was 7.87 prior to phosphate

addition, indicating the relative unimportance of the
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iron~-bound phospiizte fraction in this soil, Six veeks
after application of superpbosphate the ratio was 7.82,
but by the end of the experimental period this ratio had
decreased to 2.26, Application of superphosphate
increased the Al-P/Fe-P ratio of the Pukepuke soil from
0.17 to 0.78, but by the end of the experimental period
the ratio had fallen to 0.42, thus indicating a tendency
to revert to its original value, These findings agree
with those of Shelton and Colcman (1968) who showed
that, with increasing time after application of phosphate,
there was a decrease in aluminium-bound phosphate and
an increase in iron-bound phosphate, a situation to be
anticipated in viow of solubility considerations.
Although it is fully reccognized that sharp
delineation of the forms of phosphate in soils is
probably not rcalized under the conditions of the
fractionation procedures employed in this study (ncr
for that matter by any other existing schome of fraction-
ation) it appcars that, by the use of appropriate
corrections, the relative importance of each phosphate
fraction can be - well established. However,
it is essential to determine for each soil the optimunm
soil:extractant ratio and extraction time, and, for
the determination of calcium-bound phosphate, the
required initial normality of acid to producc the
desired equilibrium pH value. One feature of the
fractionation procedure of Fife is that it used a
separate sub-sample in the determination of each

phosphate fraction, This has the advantage over
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sequential extraction in that it obviates possible
release of phosphate during acid extraction from CaF2
formed during fluoride extraction of calcium carbonate-

containing soils, Syers, et al. (1972).
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SUMMARY

A study was made of the changes in availability and forms of
phosphate binding over a twelve-month period following the
application of commercial superphosphate under ficld conditions,
in two contrasting soils of the Manawatu-Rangitikei sand country,
using the reagents of Truog (1930), Olsen (1954) and Schofield
(1955), and the fractionation procediwre of Fifec (pers. comm.), The
two soils used for this study were the oxton black sand, an
excessively drained dune soil, and the Pukepuke brown sandy loam,
a poorly drained send plain soil. Fertiliger wes applied in the |
autumn and the cxperimcental period was designed to cover the
approximate time interval between successive fertilizer applications
in a farming situation,

The following conclusions were drawn frou this study:-

(1) The Pukepuke soil possessce a higher phosphate sorption

capacity than the Foxton soil; +this is most likely due to
the high iron oxide content of the Pukepuke soil and the
amorphous nature of the clay fraction.

(2) short term downward movement of applied phosphate from the

top 5cn of so0il was considerably grecter in the Foxton
soil than in the Pukepuke soil,

(3) Application of superphosphate to the Foxton and Pukepule
soils resulted in a large increase in the Truog, Olsen and
Schoficld phosphate levels., All thrce values fell rapidly
with time, but whereas the Schofield values moved tovwards
the value of the untrecated plots, the Truog and Olsen
values appecared to move t:-.;ards an equilibriun level above

thot of the untreated soils.
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118

Olsen and Truog rcagents extracted different fractions of
phosphate, This was indicated by a differcnt 1atio of Olsen
phosphate:Truog phosphate in the two soils coupled with a
differing rate of decline of Olsen phosphate,

Although the level of phosphate maintoined in the soil solution
was similar in the untreated Foxton and Pukepuke soils, the
level of phosphate maintained in the soil solution was lower
in the treated Pukepuke scil than in the treated Foxton secil.
This wes demonstrated by the ancunts of phcesphate in solution
at equilibrium in Ca012 extracts.

Sorption data obtained by the methcd of Ogonne and Shaw showed
that to raise the phosphate level of the untreated soils to
an adequate level required the addition of 4.5 tines as much
phosphate to the Pukepuke soil as to the TFoxton soil.
Addition of superphosphate to the two soils produced a
temporary depression of pH, part of which moy have been duc
to the salt effect.

For both the Pukepuke and Foxton control soils, organic
phosphorus accounted for much of the total phosphatc in the
top Sem (43.6 and 52.8 percent respectively).

The coefficient of variation for the cstimation of the
verious phosphate fractions generally veried fronm 5-26%
depending upon the soil and the fraction., The maximum
variation was observed for the estimation of iron-bound
phosphate.

The order of importance, with respect to amount, of the
inorganic phosphate fractions in the control soils was
residual, calcium-bound, aluminium=-bound and iron-bound

phosphate in the Foxton soil and residucl, iron-bound, calciun~-
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bound and aluminium-bound phosphate in the Pukepuke soil,

(11) Addition of superphosphate to the Foxton soil produced increases,
in order of amount; in the aluminium-bound, ecasily-soluble,
calcium~bound and iron~bcund phosphate fractions, while increases,
in 6rder of amount, in the aluniniun-bound, iron=-bound, casily-
soluble and calciunm=bound phosphate fractions were found after
addition of phosphate to the Pukepuke soil,

(12) Addition of suparphosphate had no significant effect on the
organic phosphorous lcvels in either soil over the twelve
month experimental period,

(13) With increased time after application of superphosphate, both
soils showed a decrcase in the casily-soluble and aluminium-—
bound phosphate fractions and an increase in the iron-~bound
phosphate fraction, The Pukepulie soil showed a nore repid
decline in the eagily-soluble and aluminium~bound phosphate
fractions than did the Foxton soil.

(14) The nethod for dctermination of calcium-bound phosphate uscd
in the present study gave a good estimation of calcium-bound
phosphate, but the procedurc of Chang and Jackson (19572a)
would overestimatc the calcium-bound phosphate at the expense
of the reductant-soluble and/or occluded aluminium and iron
phosphates in the Pukepuke soil.

(15) The difference in pH between the two soils did not appear
to affect the amount of added phosphate appecaring in the
calcium~-bound phosphate fraction., It is suggested that
the small increase in calcium~bound phosphate is at least
partially due to the presence of unreacted apatitc in the
superphosphate applied to the soils. However. calcium-

bound phosphate appecarcd to be more stable in the Pukepuke
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goil where the pH was higher.

An increase in the rcsidual phosphate fraction of the Pukepuke
soil was noted six wecks after the application of superphosphate.
The fact that the increasc in the residual phosphate fraction

was not extracted by NH F, HaOH or O0,5N HCl indicates that it

+
is not in a discrete form such as veriscite, strengite or
apatite. Howcver, because it was solubilized by cxtraction with
1N HC1l, which also rcmoved o large amount of irom, it is
suggested that this phosphate is occluded by an iron ozide

coating, removal of which exposcs the phosphate to the extract-

ing reagent.

el o R Sl i
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*APPENDIX 1(2)

RAINFALL

(a) Mean monthly and annual rainfall (mm)
(pb) Extreme monthly and annual rainfall (mm)
(e) Average annual number of raindays

Station Jan Feb far
Foxton (a)
(1912-1954) b% 162.05 204.72 143.26
{5
Waitarere (a) 52.8% 68,33 45.21
(1948-1954) (b) 96.52 92.20 64.01
Glen Oroua (a) 69.34 67.06 58.17
(1935-1954)  (b) 165.10 168.91 155.19
Tangimoana (a) 64.26 1T78.49 53.85
(1923-1949)  (b) 143,76 213.11 149.61
(c)
Flock House, (a) 59.94 65.55 54.86
Bulls (b) 159.51 164.34 113.54
(1926-1954)  (c)
Waitatapia (a) 64.80 68.58 59.69
(1895-1954) Ebg 196.93 196.60 192.02
C

*Adapted from Cowie, et al. (1967).

Apr May Jun Jul Mg

59.43 63.23 53,09 64,01 79.50 87.63 7T6.96 78.49

125.98 229.11 213.36 169.67 176.78
69.60 68.83 94.23 73.91 73.91
109.98 126.24 151.89 123.95 115.82

69,60 75.95 96.77 68.58 179.25
132.59 210.57 222.00 152.91 165.10

73.66 88,90 90,17 75.69 78.23
153.67 222.00 201.93 162.05 177.80

70.10 75.18 90.42 68.58 80,01
130.05 197.36 194.31 149.10 184.66

78.74 84.58 86.87 7T78.99 T74.17
198.12 232.16 224.03 163.32 191.26

Sep Oct Hov Dec

63.50 82.04 7T3.15 68.33
132,08 1380.09 198.12 193.29

41.91 87.38 87,48 83.82
97.79 160.78 171.70 151.99

62.48 82.04 178.23 T75.44
145.80 177 .48 187.48 152.15

67.06 82,80 65.79 71.63
155.70 189.74 127,00 192,79

59.69 84.33 T73.91 70.87
153,92 174.2% 252.16 180.59

68,07 91.19 T7.72 69.85
162.56 179.32 172.47 192.79

Year

848,37
1128.78
119

867.84
993.65

882,91
1004.57

890.53
1049.53
140

853.42
1021.59
120

904.80
1197.36
143
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(b)

Temperatures (°C) And Bumidity At Flock House, Bulls (1948-1954)

Mean Monthly Temperature

Mean Daily Maximum
Temperature

Mean Daily Minimum
Temperature

Absolute Maximum
Temperature

Absolute Minimum
Temperature

Mean Number of Days
of Ground Frost

Average Relative Humidity
(%) at 9 a,m.

Mean 4" Earth Temperature
at 9 a.m,

Mean 8" Earth Temperature
at 9 a.m,

amdién % Feb | Mar i Apr| May: Jung. 5uli hug | Sepf_-aét Nov Dec Year f
= i M | : : ! : S

| i | 1 | | 1

| 1611, 17. 28] 15. 67 12.91 10. 8| 8.9 8.0 8.601 10, 6] 12.2 : 14, 3| 15.7 : 12.6

. { S R A R O R A

II 1 i i

| 20.6 E 21.8 | 20.2 | 17.3 | 15. 61 13.0 112.3 | 13.1 | 14, 9| 4 {18.3 | 19.8 ; 16.9

I | | o]

| 11.6 | 12.8 | 1.1 | 8.4 5.9 4.9 | 3.6 | 4.1 | 6.2 8.1 10.4 1.6 8.2

i | - t : ' |

| 1 1 ‘ : ‘

| 28.3 | 30.0 | 27.2 | 23.6 | 25.0 E19.9 18.1 {19.2 | 21.9{21.6 | 23.7 | 30.6 | 30.6

; i :

| | o |

il 2.8 409 0.7 “"1.6 "'1-5 -4‘-4 _303 "‘2.6 "2.8 i "1.1 ; 2.5 3-1 : 4-4

| ] |

| 0.2 0,2 | 2.7 6.3 9.2 {14.2 | 9.7 | 5.8| 2.3 1 0.1 | 50,7

' ' I

| 5 | |

i 72 76 76 | 82| 8 | 84| 85 ! g2 | 8| 751 15| T4 T9

| | | | | |

119.1 1 18.8 |16.3 | 12.3 | 9.3 | 7.4 | 6.1 % 6.7 |10.8 |13.4 |16.4 |18.6 | 12.9

Ig ; | l| | [ } | !

: ' i i : . ! 3. i i

119.8 119.8 :17.8 | 14,0 {10.8 % 8.7 | 7.3 | 8.2 |10.9 |14.1 116.8 {18.8 ' 13.9 .

’- " | '- '; ! ! | 1 |

! | : i ] ! ]

*#Adapted from Cowie, et al. (1967)
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*Sand Dune Vegetation In The Manawatu

Sand Country

Situation Type of Botanical Nanmes Common Names
Plant
Foredune grass Spinifex hirsutus silvery sand grass
n Desmoschoenus spiralis pingao
3 Ammophila arenaria marrum grass
Relatively shrub Cassinia leptophylla cottonwood
stable " Coprosma acerosa dune coprosna
inland slope " Pimelea arenaria sand-pimelea
of foredune L Lupinus arboreus tree lupin
Stable herb Gnaphalium luteoalbum white cadweed
landward n Leontodon hispidus
slope of Y Erigeron sp. e.g. horscweed,
plebrane
foredune grass Deyecixia billardieri
Further herb Sonchus oleraceus annual sowthistle
inland on grass Holcus lanatus Yorkshire fog
more " Festuca arundinacea t:11 fescue
stable shrub Olearia solundri
dunes B Leptaspermun scoparium red tea-tree
n Ulex europaecus gorse
i Cytisus scorparius common broom
i Discaria toumatou wild irishmen
grass Arundo conspicua toetoe
L Phormium tenax flax
tree Cordyline australis cabbage-tree

Pteridium esculentun
Muchlenbeckia complexa

bracken fern

The original pre-European climax appears to have been stable shrubland.
Today modified latter stoges of the climax with principal species
Pteridium escalentum and/or Lupinus arboreus occur with a varying
admixture of the other shrubby species,

*Compiled from Cockayne (1911) and Carnahan (1957).




*Sand Plain Vegetation In The Manawatu

APPENDIX 1(d

Sand Country
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Situation Type of Botanical Name Common Name
Plant
First grass-like Carex pumila dune sedge
colonists herd Selliera radicans creeping-selliera
Gunnera arenaria sand gunnera
Second herdb Scirpus nodosus
group of Leptocarpus simplex red rush
colonizers Mariscus ustulatus mariscus
ass Holecus lanatus Yorkshire fog
herb Trifoliun sp.
Leontodon hispidus
herb Ranunculus sp, buttercup
Climax shrub Essentially the same

shrubs and associoted
species as the latter
enteries into the dune
succession,

In some sand-hollows, the pre-European succession appears to have

proceeded to semi-swamp forest,

dacrydioides and Laurelia novaezelandiae.

*Conpiled from Cockayne (1911) and Carnahan (1957).

Dominant species are Podocarpus




Soil:

Location:

Grid Reference:

Slope:
Vegetations:

Horizon:

Ah 0=22cm,

Blg 22-36cmn,
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APPENDIX 2

PROFILE DESCRIPTIONS

Pukepuke brown sandy loan.

Approximately 0.4 'Im north of Himatangi

block road and Ioputaroa road corner.
N148/894291.

Flat.

Pasture. White clover (Trifolium revens),
perennial rye (Lolium peverne), buttercup
(Ranunculus repens, I.), narrow leaf plantain

(Plantago lanceolata, L.), cocksfoot (Dactylis

glomerata), Californian thistle (Cirsium

arvense).

Dark browm (7.5YR3/2) sandy loam- friable;
weakly developed fine nutty structure; some
reddish yellow and pale grey nmottling; the
latter occurring in pockets associated with
surface gleying; abundant plant roots, many
worms, moist; abrupt wavy boundary;

Grey (T.BYRS/O) sand, abundant large prominent
strong brown mottles (7.5YR5/6): loose;
gingle grained; some roocts beconing fewer
with depth; moist; diffuse boundary.

Dark grey (7.5YR4/0) send; nany large
prominent strong brown mottles (7.5{R5/6);

loose; single grained; some decaying tree



Cgg 60cn,

Parent Material:

Classification:
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roots; practically ne living roots; wet;
diffusc boundary;

Dark grey (7.5YR5/6) sand; loose; single
grained; no plant roots; water table at

63cm,

Wind~blown sand.

Yellow brown sand.



Soil:

Location:

Grid Reference:

Slope:
Aspect:
Vegetation:

Horizon:

Ah 0-22cm.

B 22-36cn,

C 36cm,

Parent Material:

Classification:
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Foxton black sand.

Himatangi block road, 300 yards south of.
Paranmui road.

¥148/883254.

25",

N.N.E,

Browntop (Agrostis tenuis); sweet vernal

(gntho;anthum odoratum): white clover (Trifoliun

repens); flat weeds.

Black (10YR2/1) sand; very friable; moderately
developed nedium nutty structure; many roots;
noist; abrupt boundary;

Dark brown (10YR4/3) sand; friable: weakly
developed medium nutty structure in upper

part of horizon grading to single grained
beneath; some roots; moist; diffuse boundary;
Olive brown (2.574/4) sand; loose; single
grained; some roots but number decreasing with
depth; moist.

Wind-blown sand.

Yellow brown sand.
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TABLE 1

Mean (X) Standard Error (SE) And Coefficient Of

Variation (CV) Of Total Phosphate Determined

Prior To And At Intervals After The Addition Of

_Supcrphosphate To The Foxton And

Pukepuke Phosphate Treated Soils, And For

The Control Soils At The Commencenent And

End Of The Experimental Period
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Phosphate Treated Soils Control Soils
Sampling Dates Sampling Dates
Mer 5 | Apr 16 | Jul 14 | Nov 2 | Feb 23 | Apr 16 | Feb 23
197 1971 1971 19T L1972 197 1972
Foxton Soils
X 62.11 102.77 94.17 94.53 87.56 61.13 62.61
SE 0.44 1.28 2,01 1.44 1.14 0.60 0.75
cv 2.26% 3.93% 6.76% 4.82% 4.14% 3.11% 3.8
Pukepuke Soils
T | 167.85 | 258.99 | 254.76 | 246.88 | 238.%0 i 162.24 | 153.79
SE 2.30 6.95 2.79 4.90 4.69 | 3,88 3.01
cv 4.3%% 8.46% 3.47% 6.28% 6.23%|  7.56% 6.19%
l




TABLE 2
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Two=Tailed t Test Values Calculated As

A Test For Significant Differences Between

Total Phosphate Determined On Various

And Phosphate Treated Soils

Dates For The Foxton And Pukepuke Control

Fogton Soil

Pukepuke Soil

Test Between Control Phosphate Control Phosphate
Samples Soils Treated Soils Treated
Collected Soils Soils
On
Apr 16
and 1.570 11.280 4.922 3.439
Feb 23
Apr 16
and n.d, 4.078 n.d. 1.776
Jul 14
Jul 14
and n.d, 0.131 n.d. 1.425
Nov 2
Nov 2
and n.d, 2,353 n.d. 1.504
Feb 23
Figure required for significance at a particular probability.

5% 2.262

1% 3.250

n,d, not determined.



Mean (X) Standard Error (SE) And Coefficient Of

Variation (CV), Of Schofield Extractable Phosphate

Determined At Each Sampling For The Foxton And

Pukepuke Control And Phosphate Treated Soils
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Sanpling Dates

Apr 16 May 19 Jul 14 Sep 8 Nov 2 Dec 24 Feb 23
1971 1971 1971 1971 1971 1971 1972
Foxton Control Soils

Schofield Extractable Phosphate
(mgP%)

X 0.018 0.012 0.027 | 0.024 0.018 0.025 0.025
SE <0,001 0,001 0.001 | 0.001 0,001 <0, 001 0,002
cv 5.50% 13.27% 16.9% | 15.45% 10.99% 5.61% | 26,70%

i
Foxton Phosphate Treated Soils
Schofield Extractable Phosphate
(ugP%)

x 1.55 1.37 0.92 | 0.59 0.41 0.58 0,32
SE 0.06 0,08 0.08 0.03 0.02 0.03 0.03
cV | 12.89% 19,36% 28, 65% | 16.37% 12,836 | 14.21% | 25.61%

Pukepuke Control Soils
Schofield Extractable Phosphate
(mgP%)

- 0.027 0.047 0.022 0,021 0.019 0.023 0.025
SE 0,001 0.002 0,002 0.001 0,001 0,001 0,002
CV | 14.52% | 10.27% 22,57% | 30.16% 10.69% | 10.64% | 26.70%

Pukepuke Phosphate Treated Soils
Schofield Extractable Phosphate
(mgP%)

¥ 1.73 2.10 0.32 | 0.15 0.12 0.13 0.07
SE 0.16 0,15 0.04 0.01 0.01 0.01 <0.01
oV | 29.17% 19.23% 34,97 22.67% 15.59% | 13.78% | 18.43% |




TABLE 4

Mean (X) Standard Error (SE) And Coefficient Of

Variation (CV) Of Olsen And Truog Extractable Phosphate

Determined At Each Sampling For The Foxton Control And

Phosphate Treated Soils
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Sampling Dates

Apr 16 May 19 Jul 14 Sep 8 Nov 2 Dec 24 Feb 23
1971 1971 1971 1971 1971 1971 1972
Foxton Control Soils
Olsen Extractable Phosphate
(mgP%)
3 1,02 0.64 0.37 0.71 | 0.68 0.68 0.63
SE 0.04 0.01 0.01 0.01 ’ 0.17 0,02 0.04
v | 11.67% 6.67% 11.37% 5.09% | 8.17% 7.99% | 21.62%
Foxton Phosphate Treated Soils
Olsen Extractable Phogphate
(ngP%)
£ | 10.18 9.33 8.59 6.TT | 5.63 6.68 5.92
SE 1.46 0.33 0.44 0.22 ‘ 0.24 0.23 0.36
oV | 14.35% | 11.25% | 16.21% | 10.20% | 13.67% | 10.9%% | 0.1%%
Foxton Control Sbils
Truog Extractable Phosphate
(ngP%)
X 2.13 1.62 1.82 1.18 1.35 1.72 1.97
SE 0.21 0.03 0.06 0.04 0.02 0.04 0.11
cV | 31.69% 6.21% 16.36% | 10.51% 5.50% 7.80% | 17.80%
Foxton Phosphate Treated Soilsl
Truog Extractable Phosphate
(mgP%)
x | 28,90 25.40 22,28 17.50 12,99 15.10 13.71
SE 1.16 1.68 0.97 0.49 0.58 0.41 0.66
oV | 12.64% 20,94% 13.73% 8.70% 14.23% 8.65% | 15.21%
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TABLE 5

Mean (X) Standard Error (SE) And Coefficient OFf

Variation (CV) Of Olsen And Truog Extractable

Phosphate Determined At Each Sampling For The

Pukepuke Control Soils And Phosphate Treoted Soils

Sampling Dates

Apr 16 May 19 Jul 14 Sep &8 ov 2 Dec 24 Feb 23
1971 1971 ‘ 1971 1971 1971 1971 1972
Pukepuke Control Soils
Olsen Exiractable Prosphate
(mgP%)
% 2.11 1.93 1.49 1.69 1.27 | 1.65 1.69
SE 0.07 0.07 0.05 0.07 0.03 | 0.05 0.07
cv 9.8°% 11.59% 10.23% | 12.66% 7.82% | 9.46% | 13.46%
Pukepuke Phosphate Treated Soils
Olsen Extractabie Phosphate
(ng?%)
- T T T
| 21.48 18.94 | 16.80 | 11,28 7.52 | 7.67 7.91
SE 0.71 0.63 I 1.03 | 0.18 0.3 | 0.22 0.23
ov | 10.41% 10.44% | 19.42% | 5.0%% 1%,65% | 8.95% 9.375%
Pukevuke Control Soils
Truog Extractable Phosphate
(n37%)
% 2.83 4.25 | 2,77 3,87 2.46 3.40 2.91
SE 0.13 0.19 | 0,12 0.17 0.11 0.16 0.10
CV | 14.47% 14.10% | 14.10% | 13.55% 14.05% | 15.15% | 10.72%
Pukepuke Phosphate Treated Soils
Truog Extractable Phosphate
(ngP%)
X | 37.30 %33 33.50 23,68 16.24 16.50 16,29
SE 1.92 1,94 1.56 0.63 0.61 0.79 0.52
cv 16.28% [18.41% 14.71% 8.42% 11.94% 15.11% | 10,18%




IABLE 6

Mean (X) Standard Error (SE). And Coefficient Of

Variation (CV) Of Four Inorganic Phosphate Fractions

Determined For The Foxton Control And Phosphate

Treated Soil

S
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Phosphate Treated Soils

Control Soils

Sampling Dates

‘Sampling Dates

Apr 16 i Jul 14 | Nov 2 | Feb23 | Apr 16 Feb 23
1971 1971 1971 1972 1971 1972
|
NH4Cl-Soluble Phosphate
ngP%)

% 10.76 | 4.70 4.45 3.45 - -
SE 0.64 l 0.35 0.26 0.22 - -
cv 18.68% | 23.32% | 18.34% 20.19% . g

Corrected Aluminium-Eound Phosphate
(mgP%)

| 24.59 25.39 | 20.35 18,15 | 5.64 5.59
SE 0.81 1.03 0.81 0.88 ' 0.11 0.12
cv 10,46% 12.80% | 12.52% 15.28% | 6.07% 7.04%

Corrected Iron-Bound Phosphate
(mgP%)

X 515 2.88 5.77 8.04 0.99 0.46
SE 0.56 0.34 0.48 0.56 0.22 0.08
cv 55.21% 37.44% | 26.40% 22.03% T .49% 57.26%

Calcium-Bound Phosphate
ng

X 17.47 | 13.43 11,19 10.41 8.49 8.24
SE 1.20 0.56 0.70 0.86 0.29 0.36
cv 21.7% | 13,18% | 19.88% 26.06% 10.99% 1%.86%

!




TABLE

Mean (X) Standard Error (SE), And Coefficient Of

Variation (cV) of Four Inorganic Phosphate Fractions

Determined For The Pukepuke Control And Phosphate

Treated Soils
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Phosphate Treated Soils

Control Soils

Sampling Dates Sanpling Dates
Apr 16 Jul 14 ! Nov 2 Feb 23 Apr 16 Feb 23
1971 1971 | 1971 1972 1971 1972
IH,Cl-Soluble Phosphate
: (ngP%)

| 17.61 5.90 | 5.3 3,67 - -
SE 0.88 0.53% l 0.32 0.10 - -
Cv 15.83% 17.08% | 18.50% 8.75% - -

Correéted Aluninium~Bound Phosphate o
(mgP%)

X 36.74 34,52 ! 27.91 23.88 6.70 2.87
SE 1.89 1,78 | 1.35 0.73 0.32 0.24
cv 16,265 16.25% | 15.33% 9.61% 14, 9% 26.63%

Corrected Iron—BQund Phosphate
(mgP%)

= [ '

T | 46.78 53.07 I 55.42 | 57.20 | 26.83 21.84
SE 2,66 1.6 | 1,11 | 1.8 1.14 0. TT
ov | 17.97% 8.5 | 6.36% | 10.1Th | 13.40% | 11.17%

Calcium=-Bound Phosphate
(mgP%)

x 41.86 42.07 l 41,36 36.51 26.60 25.57
SE 3.51 1.28 | 1.84 1.25 0.66 0.48
cv 26.48% 9.61% | 14.13% 10.86% 7.90% 5.48%




TABLE
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Mean (x) Standard Error (SE), And Coefficients

Of Variation (CV) Of Organic Phosphate Fraction

Deternined For The Foxton And Pukepuke Control

And Phosphate Treated Soils

Phosphate Treated Soils

Sampling Dates

Control Soils

Sampling Dates

Apr 16 Jul 14 | Nov 2 | Feb 23 Apr 16 Feb 23
1971 1971 | 1971 | 1972 1971 1972
Foxtdn Soils
| 32,30 32.81 | 33.56 | 32.29 52,30 33.61
SE 0.34 1.25 | 1.44 1.29 0.47 0.48
ov 3, 28% 11.97% | 13.62% | 12.60% 4.60% 4.56%
Pukepuke Soils
x| 70.74 7.8 | 7019 | 72.30 70.69 70.24
SE 1,38 1,97 | 1.60 | 1,92 1.39 181
ov 6.18% 8.6%% 7.21% | 8.40% 6.19% 7.08%




TABLE

Two-Tailed t Test Values Calculated As A Test

For Significant Differences Between Particular

Phosphate Fractions Determined On Various Dates

For The Foxton Control And Phosphate Trecated

Soils
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Phosphate Fractions

Test NH,Cl- Corrected | Corrected |Caleium=~ | Owganic Residual
Between So&uble Aluminium- | Iron=-Bound | Bound Phosphate | Phosphate
Sanples Phosphate Bound Phosphate |Phosphate
Collected Phosphate
On |
Phosphate Treated Soils

Apr 16 t

and 11,116 5.418 T7.097 6.282 0,008 0.256
Feb 23
Apr 16 i

and 8.045 0.858 0.411 796 0.402 0.371
Jul 14 }

Tl 14 |

and 1.677 4.399 4,617 |2.544 0.337 0.021
Nov 2 i
Nov 2 l

and 4.080 4,278 4,262 10,879 { 0,887 0.136
Feb 23 i |

Control Soils

Apr 16

and - 0.602 1.955 0.638 1.722 0.944
FPeb 23 |

Figure required for significance at s

a particular probability
5% 2.262
1% 3.250




TABLE 10

Two-Tailed t Test Valuecs Calculated As A

Test For Significant Differences Between Particular

Phosphate Fractions Determined On Various

Dates For The Pukepuke Control And Phosphate

Treated Soils
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[t

]
|
|
|
|

Test NH ¢1- Corrected | Corrected | Calcium- | Organic Residual
Between Soiuble Aluminium~-| Iron-Bound| Bound Phosphate| Phosphate
Samples Phospha te Bound Phosphate | Phosphate
Colleeted Phosphate
On
Phosphate Treated Soils
1

Apr 16 J

and 13.552 6.372 3.795 1.476 i 0,067 0.977
Feb 23
Apr 16

and 4.809 0.747 2,646 0.055 0.419 1.811
Jul 14

Jul 14

and 9.215% 3.502 3.545 1,088 0.795 0,958
Nov 2
Nov 2

and 5.816 2,967 1.005 2.144 0.682 0.644
Feb 23

Control Soils

Apr 16

and - 12.922 1.427 1,257 0.242 0.534
Feb 23

Figure required for significance at a particular probability

5% 2.262

1% 3,250



158

APPENDIX 4

TABLE 1

CLAY MI" RMI0GY

4
T
i ——

A, Pukepuke Brown Sandy Loanm

Largely ar: rphous naterial (A1203, Fe203, 8102) with trace

anounts of crystalline materials,

B, Foxton Black Sand

Ma jor amounts of Chlorite, Kaolinite, Mica, Quartz and mixed
layer 11—133 naterial with minor amounts of Feldspars and mixed

layer 18-28R material,



TABLE 2

Particle - Size = Distribution For

The Foxton Black ;nd Pukepuke

Brown Sandy Loam Soils
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Clay
£0.002 nn

Silg
0.02-0,002 nm

Fine sand
0.2~-0,02 mn

Coarse sand
2=0,2 mn

Poxton Black Sand Pukepuke Brown
Sandy Loan
% %
4.0 11.0
15.4 14.6
63.8 B
16.8 24.3




TABLE 3

Rainfall !nm! Recorded At The

Pukepuke Soil Site Over The

Experimental Period
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Date | Mar| Apr May Jun| Jul Aug| Sep Oct Nov| Dec Jan | Feb
1 7.6 4.8| 22.9

2 7.4 1.0] 3.3 5.3 1.5] 4.6
3 6.6 6.4 24.11 20.3

4 19.1 19.1| 9.1

5 %1.8 4.1| 2.0]18.5

5 4.8| 7.6 7.1 1.8

7 29.7! 5.1] 0.5 21.3

8 1.0 9.7 9.9

9 0.5 7.4
10 1.5 5.8

" 3.3 24,1

12 2,0

13 1.8 3.6 0.3

14 1.3 28,7 7.6 1.5

15 16.5| 4.8 9.1 9.9

16 | 6,51 1.6f 1.8 6.4| 2.5

17 | 2.8 1.4 1.0] 6.4

18.

19 1.3 T4 | 24,6

20

21 2.3 46.5 13,2
22 5.3 1.0 4.6 2,0 2,01 7.6
23 2.5 16.8 6.4

24 5.1| 6.6| 2.5 19.8
25 | 0.5 1.3 8.6 2.0
26 | 4.6 9.1 3.6 10011,

27T [11.9 18.5| 8.4 18.5

28 16.0 | 6.6 4.6| 3.0| 6.4
. 29 34,0

30 7.6 20.3

31 5.1 9.1 8.9| 0.5 0.3
Total { 20,3 | 12.4[103.3 [154,5 [ 38.3 | 61.5 [126.6 [122.2 | 49.1 |59.6 |79.4 '54.6

i

Total = 881.8 mn






