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HTTRODUCTION 

A fea t ure of New Zealand agriculture i s the requirement for regular 

applications of phosphate fertilizer to maintain high producing pastures. 

This is r eflected 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 natural.ly 

deficient in phosphate, are no exception to this requirement for r egular 

applicat i ons 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 1 5, 700-16 , 800 1.cg D . II . /ha can be realized 

(Blackmore, pers , comm.) . 

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 ; or 

(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) n combination of these factors. 

The object of the present study was to investi.::;ate the operation of 

these factors for two representative sand country soils , the differing 

mo i sture regime and pH status of which might be expected to exert some 

influence on the course of phosphate fixation. At the same time , i t 

was hoped to reach some conclusion as to the relative sensitivity of a 
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number of commonly used chemical "quick tests" for evaluation of 

phosphate availability in these soils and to determine whethe:;:- changes 

in these values were paralleled by demonstrable changes in the forms of 

phosphate binding. 

->'.- .;(- * i i· .;;- * 
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A. Introduction to the .Manawa tu-Ran{{~ tikei SanQ,_~.ou~j;!7Y. 

( 1) Locati_on: The Man'.3.watu-Rangi tikei sand colut::::-y ( Ji'igu::o 1. 1) 

comprises a complex of dunes.- sand plains and 

pea ty mmmps bordering the coast c. :;:1d eztenJ.i21g j_n:and up to 

14.5 km. It is part of an extensive c o:'lp ]_e~c bordering the 

uust coast cf the lower part of tho North Island of New Zoe.l a:'ld __ 

exteI:.ding from Paekako.riki in the south to Pe.t ua i ::c th; no:'.:'th. 

approximately 68, 800 hectares are :'_n the Hr.:nawa.tu f'.'1.Cc R.r"' ,.,, -; -~ .; 1 ~ ~ -i _ 

districts (Cowie, et al. 1967). 

The M8.nawa l:;u--r..angi tikei. sa~1a crnintry f a llG within 

the western Wellington clima.tic clistric·c, its 

clim2.te being charactGrised by warm suIILn::ers a1~r1 i--_ild i:rinters 

(Robertson, 1959). l''fr:.rch tends to be tJ.1e 0riest mo~lch (54.1 S 

mm) and June the wettest month ( 91 . 01 mm), t he ave:-_'[1.g'G 2.nnual 

rainfall being j_n tlw range of 847--90'~ IDTI (App::mdix 1 (a) ) . 

Data recorded at F'loc:c House Parm of Ins·cruct i on ::"l10-vrn 

that there is no great extreme in tempe::catu::e. t r") 2.-i.:i'.' tomr­

eratures being highest in February 2.nd lon-;st in July (_\ppencUx 

1(b) ). 

Strong north·-west 2:1d westerly winds, frec;_uontJ.y roaching 

gale force are common duri ng spring and ea:::.0 ly surr·~,e"".' . Tho so 

winds decrease in frequency and strength during late su::0 111er and 

autumn and e::·.s terlies become more frequent. From late e.utumn to 

spring light winds prevail and calm spell s are common (Cowie , 

et a l. 1967). 
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(3) Vegetatio.n: 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. 

Detai led reports of the vegetation are to be found in 

Appendix i(c) and 1(d). 

(4) P~rent :Material: The parent material of the Manawatu-

Rangi tikei sand conn try soils is wincl-blovm 

sand derived chiefly from greywacke of the central ranges, 

tertiary sandstones and mudstones flanking these ranges and 

volcanic materia ls from the Taupo and Taranaki. districtn 

(Cowie , et a l . 1967) . 

The dominant characteristics 0f the wind-blown sand are 

its coarse text ure (a large proportion of the sand grains fall 

within the s ize range 0.15-0.3 mm diameter) and its negligible 

amounts of silt and clay (Cowie ~ 1968). 

Claridge (1961) sta t ed that the dominant clay mineral in 

these soils is illi te . toge ther with :i:iartia lly exranr'Jed micas 

and vermi culites. He sugges ted that the assemblage of clays is 

consistent with the hypothesis that most of the clay in these 

soils is derived from loess-like material blo;m in from the 

beaches after being eroded from soi ls in t he vicinity. 

From sea-level the sand country rises to the 

terraces of the Marton-'l'urakina district, the 

altitude of the inland margin being approximately 30 m near 
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Turakina and 105 m near Bulls. The land between the Rangitikei 

and Hanawatu 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 Nanmva tu rivers. This rj_se is less pronounced 

south of the Nanawatu river, where the land rises to between 15 

and 30 m before it falls auay towards the flats and terraces of 

the Levin-Koputaroa district ( Uowio , 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 consists of a windrift du...11.e of 

two long narrow parallel ridges united at their eastern end to 

form an apex with an enclosed sand plain (Fig-cTe 1.2). The sand 

. plain slopes down from east to west so that the water table is 

low at the hj_gher , eastern end but becomes closer to the surface 

towards the lower western end. In the extreme wostern end of 

the sand plain it is at or near the surfa ce during winter and 

spring . Where the flovr of' this surface water away from tho sand 

plains is prevented by the next dune to the ivest , peaty swamps 

and lakes have been formed. 

Although examples 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 apiccs may be present a long 

the wings, the dunes may be crescent shaped and arranged in 

festoons, or, as in the extreme southern part of the dis t rict, 

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 

have formed during four distinct dune­

building phases (Cowie . 1963). These phases i in order of 

increasing age are named Waitarere, Motuiti, Foxton and 

Koputaroa . 

The Haitarere phase , extending from the coast inland for 

a distance of from 0.4 to 3o2 km is thought to be less than 

120 years old and the adv~.mc.a is l1tt ributed· p8:rtly to 

overgrazing and burning of the vegetation on previously 

stabilized dunes, and partly to a ccelerated erosion inland due 

to clearing and burning (Cowie , 1963). 

Inland from the \rlaitarere phase, the i'fotuit i 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 Notuiti phmrn 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 areas of the northern and southern parts of the Nanawatu 

district inland from the Foxton dunes. 

( 7) Soils: Soils of differing degrees of profile development 

corre:::pond to the four dune phases. Within each dune 

phase differences between soils ar e due either directly or 

indirectly to differences in relief. 

Sequences of soils a rranged according to age and drainage 
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are shown in Table 1. 1 and further detail is provided by Cm·1ie 

( 1 957 , 1 968); Cowie nnd Smith ( 1 958) ; Co:1i€: and Hall ( 1 S65 ) ; 

und Cowie ; e t a l . (1 967) . 



TABLE 1 .1 

Manawatu-Rangitikei Sand Country Soils 

Arranged According To Age And Drainage 

ToEograEhic Drainage Increasing Arz.e And Soil Profile 
Position Develo12ment 

" ? 

Dune Excessive Waitarere sand 
Somewhat Motuiti Foxton black sand 
excessive Foxton brown sand* 

! 
Free Foxton brown 

mott l ed sand* 

Somewhat 
excessive 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 Puke puke Awahou 
mottled sand brown se.nd* loamy 

sand 
Awahou 
loamy 

: 
; sand 

Sand plain Imperfect Hokio sand Puke puke bla ck Puke puke Carnarvon 
' sand brow-n black 
i Pukepuke black loamy loamy 
I loamy sand sand* sand 

l::ia:P:aaf'\•ea .. 
brown 
loamy 
snnd 

Poor Hokio sand, peaty Puke puke black Puke puke Carnarvon 

phase sand with brown brown 
concretions sandy loamy 

loam* sand 
Pu..l(epuke Omanuka 
brown peaty 
sandy loam, 
loam, shallow 
peaty phase 
phase* 

Peaty swamp Very: poor Omanuka peaty Omanuka Omanuka ' 
sandy loam pes.ty peaty 

silt loam 
loam 

Corresponding Waitar ere Motuiti Foxton 

dune phases 

Soils marked with an as terisk are formed under forest; r emainder are formed under scrub, 
sedges , and rushes. Position of peaty soils in time sequence tentative only. 

.. 
~ 

..... ,- -. 

Koputaroa sandy 
loam* 

-

.. 

-

Koputaroa 
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B. LITERATURE REVIEW 

(1) Phosphate Fractionation And The Forms 

Of Inor ganic Phosphate In Soils: Although extensive 

literature has been 

published on the phenomenon of retention of phosphate by soils, 

f i r st demonstrated by Way (1850), and the possible mechanisms 

involved, interes t in the sub j ect r emains undiminished. This is 

demonstrated not only by the large number of recent publications 

on this subjec t , but also by revie\'T articles such as those of 

Dean ( 1949) , Wild ( 1 950), Hemwall ( 1 957 ) , and Smith ( 1 965a) . 

It is generally agreed t hat in acid soils, phosphate is 

present in chemical combination as , or in association with, iron 

and a l umini um compounds , whi l e calcium compounds ar e important 

i n calcareous 3oils (Smi th, 1969b) . 

Hany workers have attempt ed to f r a ctionate inorganic 

phosphate (Fr aps, 1906 ; Fisher and Thomas, 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 , 19590. ) with varying degr ees of 

success . The method proposed by Chang and Jackson (1 957a ), 

although often criticised, has gained wide a cceptance, although 

it has been modified by Khin and Leeper (1 960); Fife (1959a , 

1959b, 1962, 1963); Glen, et al . (1 959) ; Chang and Liaw (1962); 

Smith ( 1965c ); Wi lliams ( 1965); Peterson and Cor ey ( 1966), and 

Williams, et a l. (1967). 

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

a pr ocedur e for fractionat i on of soil inorganic phosphate into 



the following categories: 

(i) Water- soluble and loosely- bound phosphate 

(ii) Alumini um phosphate 

(iii) Iron .phospha t o 

(iv) Calcium phosphate 

(v) Reductant- soluble iron phosphate 

(vi) Occlui ed a luminium phosphate 

(vii) Occluded iron phosphate 

12 

However, the procedure has limitations. Yuan and Fiskcll 

(1959) found that the citrate- dithionite extraction for reductant­

soluble iron phosphate extracted l ar ge amounts of aluminium from 

soils, and Saunders (1959b) showed that for a range of twelve 

New Zealand soils, the citrate was r esponsible for most of the 

aluminium extract ed . Khin and Leeper (1960) were of the opinion 

that ambiguity must a lways remain in t he distinction between (a) 

aluminium and i ron phosphates , due to r esorption of phosphnte 

by i~on oxides during extraction of aluminium phosphate by 

fluoride, and (b) between calcium phosphate and reductant-solublc 

phosphate, due to extraction of roductant-soluble phosphate in the 

calcium phosphate extraction. Corrections for the resorption of 

phosphate by iron oxides during extraction with fluoride hnve 

been proposed by Fife (1 962), 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 a ctual value s of iron and aluminium phosphate, 

there is ~ noticeable improvement over no correction at all . 

Patel and Nehta (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 Caco
3

, formation 

of CaF 2 during extraction 1'1i th NH
4

F may effectun tc the iron plus 

aluminium phosphate to be greatly underestimated , due to the 

resor ption of released phosph~te by CaF2 during extr action with 

NH
4

F and NaOH, and subsequent fractions to be overestimated, due 

to the release of phosphate from CnF2 (Syers , et al. 1972) . In 

resorption studies of a range of British and Indian soils using 

32P, Rajendran and Sutton (1970) found 68 to 87% r esorption of 

phosphate during the extraction for loosely- bound phosphate, 

along with a tendency for the Chang and Jackson procedure to 

overestitlate occluded phospha te due to resorption of phosphate 

during the preceding extractions . Corrections to the r emaining 

fractions diffe red between soils, the overnll result being to 

accentuate soil differences rather than to change the originnl 

pattern. If dicalcium phosphate is present in soils, as may 

occur aft er fertilizer application, this will be included in 

the aluminium phosphate fra ction due to its solubility in 

NH
4

F (Laverty and .McLean, 1961; Kaila , 1961 a , 1963c. ) . Ter pugov 

and Yuzhakov (1969) noted that the aluminium phosphat e fraction 

may also contain some magnesium phosphnto; they also pointed 

out that the soil raa.y contain mixed phosphatGs of the 

CaAl H(Po
4

)2 . 6H2o type , (Lehr , et al . 1959) , which cannot be 

characterised simply as aluminiura or as ca lcium phosphate 

compounds. 

Some authors prefer to discuss results of fractionation 

studies in t erms of the extracting solutions used, i. e . 

NH
4

F- soluble phosphate, NaOH- soluble phosphate or acid-

sol uble phosphate ~ rather than by the names of discrete compounds 

(aluminium phosphate, iron phosphate and calcium phosphate) in 
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the manner of Chang and Jackson. In the present review, the 

t erms a luminium phosphate, iron phospha te and ca lcium phosphate 

will be used with the proviso thnt they may not be discrete 

fractions. Compari s ons of r esults published by different 

authors may not be strictly va lid and should be made with 

certa in r eserva tions , as it appears, inter alia, corrections for 

r esorption of r e l eased phosphate during the determination of 

aluminium phospha t e have not a lways been made; in such a 

circumstance it i s obvious that the aluminium phospha t e will be 

underestima t ed. 

(2) The Effects of Degree of Heathering, Time, Soil 

Type and pH on the Forms of Phospha t e in Soils: Chang and 

Jacks on 

(1958) suggested thnt the di stribution of inorganic phosphates 

in soils r efl ected the degree of chemical weathering and followed 

the sequence calcium phosphat e, a luninium phosphate, iron 

phosphate and occluded phosphat e . In proposing thi s theory 

they consider tha t a luminium phosphates in soils ar e predominantly 

in t he form of discrete crystall ine phases and transformation of 

the various phos pha t e speci es i s determined by the so lubility 

products of these species . This theory has been criticised by 

Hsu ( 1964) and by Williams and Walker ( 1 969 ) who extended the 

view of Bauwin and Tyner (1957) and proposed an alternative 

theory. They sugges t ed tha t iron and aluminium phosphates in 

s oils consis t of phosphate ions which ar e either chemisorbed on 

the surfaces or occluded within the rnatric;:)s of phosphate­

r etaining soil component s such as gibbsite , goethite and 

amorphous a lumina-silica t es . Whereas Chang ~nd Jackson (1958) 
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implied that the relative amounts of a luminiun and iron phosphate 

should bo influenced by soi l maturity and not by soil composition, 

Williams and Walker (1969) predicted that secondary inorganic 

phosphates would be di stributed betv;een the vo.rious soil miner a l 

phases in amounts directly rela ted to tho phosphate-retaining 

capacity of oach phase. 

There is evidence that the forms of inorganic phosphate in 

soils a lter with increasing ago of t~e soils . Thus as soils 

age, calciun phosphate has bGen shown to decrease in El 

Salvador soi l s developed from volc anic IruJ.terial (Dahnke , et al. 

1964), New Zealand basaltic soils (Williams a~d Wa l~e=, 1969), 

New Zeal and soils developed from greJT1-mcke a lluvium (Syers, 

e t al. 1969) , New Zealand soils developed from wind blown sand 

(Syer s and Walker , 1969b) , Cetnadian soils deve loped f:"OIJ river 

a lluvium (John and Gardner, 1971) , and i n chernozen soils of 

South Dakota as compared with younger chestnut soils (Uestin 

and Buntley, 1966) . This decline in calcium phosphate wit~1 

increased age is usu:._clly accompanied by an increase in the iron 

phosphn te (itfos tin and Buntley, 1 966; Syers, et nl. 1 969 ) , anCI. 

r eductant sol uble phosphate (Syers, et al . 1969). Tho acctrrJul a­

tion of non- occluded secondary inorganic p~osphate appears to 

be char acterist ic of weakly weathered soils (Syers, et a l. 

1969; Syers and Walker, 1969; Wi lliams and Wallrnr, 1969), 

while in highly weathered soils iron phosphate, particularly 

occlud ed iron phosphate , is dominant (Chang and J ackson, 1958). 

Trends in the amounts of a l uminium phosphate in soils of 

differing ages are variable. Dahnke, ct al. (1964 ), found tha t 

aluminium phosphate decreased with age in El Salvador volcanic 

soils, but Syers and Walker (1969) noted tha t in the course of 
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10,000 years of soil development in a chronosequence of soils 

developed from wind-blown sand, alurniniUD phosphate showed a 

s light increase . John and Gardner (1 971 ) also noted an increase 

of alurniniuill phosphate with increasing soil age in a chrono­

sequence of Canadian soils developed from river alluvium. Westin 

o.nd Buntley (1 966 ) found no s i gnificant diffor ences be tween 

a luminium phosphate in chernozem and chestnut soils , but Williams 

and Walker (1969) noted tha t as the age of the basaltic soils 

s tudied by them increased, a luminium phosphate increased to a 

maximum and then declined. The apparently differ ent trends of 

a luminium phosphate observed above may, a t l east in part , be 

attributed to differ ences in the age and degree of weathering 

of the soil sequences. 

Of the phosphate fractions s tudied by Williams and Wa lker 

(1969) , only calcium phosphate showed a trend free from marked 

irrsgulnrities with i ncreas ing maturity, and it was suggested 

tha t the values of secondcry phosphate fractions were dependent 

on factors other than the degr ee of maturity. 

Some gener a l concl us ions have been made with r espect to 

phosphat e f r ac tions and soi l type . I ron phosphate is the 

dominant unoccluded forn in Terra Rossa soils (Ahmad and Jones, 

1967), volcanic soils (AppeH and Scha l scha, 1970; : Fassllenderr : 

1968) , l a tosol s (Sing, et a l. 1966 , Fassebender, 1968 ) , alluvia l 

soils in Costa Rica (Fassebender, 1968), tropical soils (Blasco 

and Bohorquez, 1968), chestnut soils (ifost in and Buntley, 1966) , 

and podzolic soils (Chang and J a ckson , 1958; Hal s t ead, 1967). 

Manning and Sa lonon (1965 ) , however, found aluminium pho sphat e 

to be the doninant form in a brown podzolic soil from Rhode 

Island. Al uminium phosphate is the dominant form in grumusols 
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(Ahmad and Jones , 1970), but calciun phosphat e domina t es dark 

grey gleysolic soils and brown for est soils (Halstead , 1967), 

chernozeP soils (Chang and Jackson , 1958; Wes tin and Buntley , 

1966; Ha l s t ead , 1967) , and a gl eyod l uvisol (Massey , e t al. 

1 970). 

After comple ting a f r a ctiona tion s t udy of s i x ca lcar eous 

soils from tho south-east of Engla nd , Sen Gupta and Cornfie l d 

(1962) noted tha t from values given in the li te r a ture, a luminium 

phospha t e, iron phos pha te and non-apa titic ca lcium phospha te 

a ccounted for a smaller proportion of tota l soil phospha t e in 

ca lcar eous soils than in non-ca lcareous s oils , but that the 

inert phosphate (total phospha t e - (NH
4

Cl soluble phosphate+ 

a luminium phospha t e + iron phospha t e + organic pho sphate ) ) c.nd 

apa titic fra ctions a ccounted for a greater proportion of the 

phospha t e in ca lcar eous than in non-c lcar oous soils . This 

differ ence, however , may be due to CaF2 format ion in ca lcareous 

soils during ox tra ction with NH
4

F1
, leading to tho under estima tion 

of the a luminium plus iron phospha t e f r actions , and the over-

estimation of the subsequent phospha t e fra ctions . 

Organic phosphate , a s a percentage of tota l phosphate, 

gener a lly decreases wi t h pa rticle s ize, wher eas tota l phospha t e 

t ends to be maximal in the clay separ a t es of soils (Williams 

and Saunders , 1956; Hanley , et al. 1965; Syer s , e t a l . 1969). 

Syers, et al. (1969 ~ found ca lcium phospha t e l eve l s wer e gr eatest 
a11d 

i n s ilt"sand separ ates of t wo New Zeal and a lluvia l s oils and 

this agr ees with the findings of Williams and Saunders (1956) 

tha t apa tite as a percent age of tota l phosphat e decreas ed with 

decreasing particle size . Syer s, et a l. (1 969), a lso found a 

pronounced increas e in both al uminium and unoccluded iron 
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phosphate with a decrea se in particle size in one soil, but in 

the other s oil the coarse sand conta ined groater amounts of 

these two fra ctions. In both profi l es silt and clay contributed 

significantly to the a luminium phosphate and tho unoccluded iron 

phosphate. Occluded iron phospha t e and r esidua l inorganic 

phospha t e fractions were highes t in the clny fractions of both 

soils. 

The association be tween pH and the dominant forms of 

phosphate in soils i s we ll documented in the literature . Morillo 

and Fassebender (1968) found a significant correl a tion(+ 0.769) 

be tween calcium. phospha t e and pH in ten soil series in the lowor 

basin of Cholutecn, Honduras . Ca lciun phosphate domina t ed a 

r ange of I ndian soils of pH 7.1 to 8.2 (Tripnthi , e t al. 1970) 

and also two other Indian soils of pH 8 .3 and 8,6 (Kha nna and 

Maha jan, 1968). Khanna and Datta (1 S68) found tha t ca lcium 

phosphate domina t ed soils of pH>7 while a luminium and iron 

phospho. t e domina t ed soi l s of pH<?. A sinilar conclus ion was 

r eached by Du Plessis and Burger (1 966 ) . However, Al-Abbas, 

e t al. 1966 , found that iron phosphate domina t ed in s oils up 

to pH 6 .7 and ca lciun phosphat e above 6 .7. However, these 

conclusions must be consider ed with soi;:ie r eserve, as soil s with 

high pH are likely to contain Co.co
3

, the pr esence of which wi ll 

affect the r 0l a tive amounts of each phosphate fraction 

de termined. 

Hsu and J ackson ( 1960) and Mackenzie ( 1962 ) found curvili:rein .· 

relationships be t ween pH and a luminium phosphate, iron phosphate 

and calcium phospha t e, when these individual fra ctions wer e 

expressed as a percentage of their sum. Later, Williarns, et a l. 

(1971), in r ef er ence to these studies noted tha t an increas e in 
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soil pH was associated with an increase in Caco
3 

content, and 

they sugges ted that this would l ead to an increasing under­

estimntion of aluminium phosphate and even more markedly 

to an undGrestimation of iron phosphate because of readsorption 

of phosphate by CaF2 during extraction with NH
4

F ~nd NaOH. This 

implies that aluminiun, iron and ca lcium phospha te fractions do 

not vo.ry as Lluch be tween samples of differing Caco
3 

content as 

was proviously estir:iated. In contras t to the evidence presented 

above, Kaila (1964a) found ca lciun phosphate to be doLJ.inant in 

s everal acid soils (pH 4.6 to 6.3) of Finland and she ascribed 

this to a low degree of wea thering, The increase in ca lciun 

phosphate with depth found by Kaila (1963b) in an earlier study 

would seem to corrobora t e this assumption, 

Pratt (1961) showed that when soils containing r elatively 

large anounts of ca lcium phospha t e wer e acidified to pH 3.5, 

the calcium phospha t e fra ction decreased and this was l argely 

balanced by an increase in aluminiUL1 phosphate . It wa s 

suggested that lowering the pH increased the exchangeable 

aluminiun in solution and with dissolution of calcium phosphate 

a t lower pH values, thi s led to the precipitation of alULlinium 

phospha t e . Hsu and Ja ckson (1960) showed that alur;iinium, iron 

and calcium phospha tes , re)resented by variscito, s trongite and 

hydroxyapatite , had approxinatoly equal solubilities between 

pH 6 and 7 , depending on the magnitude of cat ion activities froo 

various solid pha ses such as gibbsite , alu~inosilicates, hydrous 

iron oxides , Caco
3

, exchangeable ca lcium and possibly from 

soluble salts . Above this pH r 3nge the calcium phosphates wore 

more stable than aluninium or iron phospho.tes, particula rly in 

the presence of Caco
3

, while below this rnngG the a luminium and 
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iron phosphates were nore stable than calciULl phosphates. 

It was concluded by Chai and Ca ldwell (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. 

(3) Limitations of Phosphate Fractionation Procedures 

as an Aid to tho Study of the Fate of Phosphate 

Added to Soil: Nany studies 

have been nade 

on the identification of individual r eaction products formed when 

soluble phosphates are added to soil . A discussion of the 

identification of individua l compounds is outwith the scope of 

this roview. Nevertheless, it is worth drawing attention to 

r eviews by Huffnan, (1962, 1968), HuffIJan and Taylor (1963), and 

Mattingly and Talibudoen (1967) as these authors deal with the 

identification of the phosphate compounds included in the 

phosphate fraction~ discussed in uore detail below. 

Although chemical phosphate fractionation procedures have 

been wiQely used to determine the fat e of soluble phosphate 

applied to the soil, they are not without criticism. Laverty 

and McL ean (1961) state that the procedures foil to distinguish 

differences in solubilities between freshly formed phosphates and 

more aged crystalline compounds, but, nevertheless, these authors 

acknowl edge that there is no valid reason why the methods should 

not be used empirically until bettor means are devised. 

The possibility of changes in the forms of soil phosphate 

during fractionation procedures, which may be inportant 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 contont of a certain 

phosphate fraction in the fertilized and unfertilized s oils may 

not give a r e liabl e estimate of the content of fertilizer 

phosphate in this fraction (Kaila., 1963a). In soils which have 

been recently fertilized, it is likely that the a luninium 

phosphate may be overostinatod due to the extracti on of dicalcium 

phosphate by the amDoniur::1 fluoride solution (Laverty and McLean, 

1961; Kaila, 1961a; 1963a). Lindsay and Stephenson (1959) 

found that dicnlciun phosphate dihydrate r;iay persist in soils 

for a period of several months . This, however, would be mo r e 

likely in calcareous than acid soils. 

The amounts of added phosphato :.recovered by fractionation 

procedures vary. Yuan , et al. (1960) studying three acid sandy 

soils r ecovered on average 8C/fo of the added phosphate but the 

range af percentage recovery was 20 to 180. Bapa t and Bedekar 

( 1 965) recovered 21 to 84% of added phosphate while other 

workers (Laverty and McLean, 1961; Volk and McLean, 1963) 

recovered Doro phosphate than was added . 

It is gener a lly agreed that when soluble phosphates are 

applied to acid soi l s the r eaction products are recovered 

predor:rinantly i n the aluminiUD and iron phosphate fractions, 

with normally little or no increase in the calcium phospha t e 

fraction (Chang and J ackson, 1958; Yuan, et al . 1960; Laverty 

and McLean, 1961; Chang and Chu, 1961; Weir and Sopher, 1963; 
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Volk and McLean, 1963; Kaila , 1964b; 1965a; 1969; Hsu, 1964; 

Kurtz and Quirk, 1965; Fassbendcr 1968; Shelton and Colewan, 

1968; Bezuglaya, 1969; Massey, et al. 1970) . In spite of this 

wealth of evidence, exceptions huve been found in an acidic 

lowland rice soil high in total und active Fe2o
3 

where the 

reductant soluble phosphate showed a significant increase (Mandul 

and Das, 1970); in two latosols after one hundred days flo oding 

where it was thought that phosphate was occluded by iron oxide 

during drying after flooding (Chang and Chu, 1961) ; and in i'iest 

Bengal soils where an appreciable increase in occluded iron and 

al uminillLl phosphate was not ed (Kar and Chakravarti, 1969) . In 

the case of soils high in Caco
3

, the bulk of added phosphate has 

been r ecover ed fron the calciun phospha t e fraction (Sen Gupta 

and Cornfield, 1963; Mackenzie and Ancr, 1964; Ba ~t and 

Bederi.nr1 1 965; Chai ::ind Caldwell, 1959) . However, when 

deteroining tho fate of applied fertilizer phosphate, duo r egard 

must be given to the type of phosphate fortiliz~r used. For 

exawple, addi tion of rock phosphate nay significantly increase 

the co.lciuo phosphate fraction (Kaila , 1961 a; 1969; rlfanning 

and Salooon, 1965; Smith, 1968), but this could be due l argely 

to residua l apatite present in the fertilizer . 

(4) Fa ctors Affecting the Binding of Inorganic 

Phosphate by Soils: The appearance of 

added phosphate in 

either the nluminiun or iron phosphate fractions depends to sorae 

extent on tho tine interva l between applice.tion and sa.rapling. 

Chang and Jackson (1 958) and Chang and Chu (1961) found that 

on addition of phosphate to soi l , tho a lUI:liniuo phosphate at 
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first increasGd oore than iron phosphate, but later the calciun 

phosphate and alUIJiniun phosphate l evels grcdually decreased 

while iron phosphate, being the l east soluble, (Chang and 

J ackson, 1957b) increas ed . Othe;r worke rs hcvu also noted a 

change from a lur:iiniun phosph.:i. t o to j ::m pho'3phn tc 1·1i th tine 

(Hsu , 1964; Snith, 1965b, 1967; 1969a; K.'.liln , 1S67), and 

ffathan and Durairaj ( 1967) found an increase i!l occluded. 

phosph:i. te with tine . Shelton and ColeLLa.n ( 1 958) detected an 

increase in r eductant soluble phosphn.t e throe to f iye yea.rs 

after the initia l applica tion of phosphate to a r od. clay soil; 

the soils which r eceived tho highest anount s of forti~.i~ ~:' 

phosphate showed this increas e ccrlior them t hose which rece ived 

st:lll.llor runounts of f ertilizer . Hunphreys and Pritchet t (1971) 

found tha t s even to e leve n years after applica tion of supcr­

phospha te to sa ndy fores t soils , two of the soils sho:~3d an. 

increase in tho phosphato fr~ction r crai ninc nf-+;or o::troction 

of the oasily-solubl e phospha. te, alunini1m phospha t o , i :::-"""1 

phosphate and ca lciuu phosphate frc.ctions . .A~polt and. Schal sch.:i. 

( 1970) noted a r elative decrease of a luni nj_u'"'.J phosphat o and c 

r e l ative incroaso of iron phospha t e with tiwc i n u range of 

volcanic soil s of Chile, but they concl uded tha t the po.ttern 

wcs peculiar t o each soil. 

Water loggi rl€,' has been shown to c cceler.::. ~o tho c o:worsio:'.1 

of aluminiUB phosphnto to iron phospha t e ( Ch,:mg a.nd Chu , 1951; 

Mah.1patra c.nd Patrick, 1S69) , and t o incre2.s e th -, cclcj.l'D 

phosphat& fract ion in a clay-loo.~ soil (Snith , 1969a ). Tnc 

latter found th.s.t a lthough tho extent of the incro.:i.se in ir on 

phospha te was dependent on the anount of phosph~to add8d to 

the soil 9 the oxtont of the increase in cnlciuo phosphate 
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depended on the length of tine of water logging, but was 

independent of the r ate of application of fertilizer phosphate . 

The r e lative proportions of the forras to which applied 

phosphate i s converted appears to be influenced by the aoount 

of phosphate addad. Fiskell and Spencer (1964) found that 

when 896kg per hectare of triple superphosph~tc wcs added over 

n period a__· six years to Lake land fine sand (in which native 

phosph~to wns l argely iron phosphate) most of the added phosphate 

o.ccunulatod ns nluniniUI:l phospha te a l ong with l esser amounts of 

iron a nd calciun phosphates; but when 14 ,336kg per hectare were 

applied, nlthough the prodoninant increase still occurred· in the 

alurainiura phosphnte fraction, there was also an increase in the 

proportion of iron and ca lciur:i phosphates . Kaila (1965n) found 

nn increase in the propor tion of a luniniun to iron phosphate 

when the rate of application of solubl e phosph~te was increased . 

This wc.s apparent even in saoplos i n Hhich the pattern of 

phosphat e r etention was domin&tGd by iron . Sirail ar findings 

have been reported by Yuan, ct a l. 1960, and by Shelton and 

Coleron (1968) , Snith (1965c) showed thnt this effect nay be 

duo, at least, in part, to the decreasing ability of f erric 

oxides to sorb phosphate du0 to their partia l sntur ntion uith 

fertilizer phosphate. 

Another as puct which lilny affect t ho form in which added 

phosphate is r etained is tho fixa tion capnci ty of the soil . 

Laverty and McLean (1961) found u dofinito rulntionship betwoen 

the fixation capacity of soils and tho amounts of iron and 

o.l uniniun phosphat e forwcd . Soils with high fixation capo.city 

r etained a lmost twice us mu ch phosphat e in the f orn of iron 

phosphate as in the form of aluniniun phosphate . This situation 
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was nore than reversed in soils with low fixation capacity 

while soils between these extrerues r etained progressively nor o 

phosphate in the foro of aluninium phosphate r e l ative to iron 

phosphate, as the fix~tion capacity of the soil decreased . 

Sioi l n.r r esults have been reported by Volk and McLean (1963) 

and by Knila (1963a; 1965a). 

Singh, et al. (1966) found that in a roddish brown 

l ateritic soil with a high iron content, nost of the phosphate 

applied over a sixteen year period occurred o.s iron phosphate. 

Other workers (Robertson , et a.l. 1966; :rtiandal and Das 1970) 

have noted significant increases in the occluded phosphate 

fraction of soil high in iron after addition of phosphate over 

a period of yuars. Pcrhnps the explanation for these 

observations lies with tho suggestion of Kaila (1964a) that 

tho re tio of altu:iiniun to iron contents is uore iuportnnt than 

the absolute ai:iounts in detor rJining the distribution of 

phosphate b'3twoon the a lur.iiniuo- a nd iron- bound fractions . 

Tho liter a ture contains contradictory r eports on the 

8ffect of pH on the forDs in which applied phosphate is 

retained in soils . Chang and Jackson (1958) found that lining 

soil s to pH levels of 4 . 7 to 6 .7 had littl e effect on the 

relative abundance of different f orns of phosphate in 

unfertilized soil? but when phosphate f ertilizer was applied 9 

the calciun phosphate fraction tended to incre3.se nore in the 

limed than in the unlined soils . On the other hand, Chang 

and Chu (1961) found that lirae applied together with f ertilizer 

phosphate over a p0riod of thirty-one years did not significantly 

alter the distribution of added phosphate in ·i;he soils . Fiskell 

and Spencer (1964) showed that as the ~raounts of phosphate and 
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lime added to Lakeland fine sand increased , the r e lative araounts 

of calciura phosphate formed increased with a corresponding 

decrease in the proportions of iron and a luninium p:1osphnte 

formed. Hortenstine (1966) noted that lining had different 

effects on throe soils . In one soil,wator-soluble phosphate 

and calcium phosphate fractions increas ed linearly with ea ch 

increment of line while the iron phospha t e decreas ed. There was 

no significant eff ect on the a luninium phosphat e . In another 

soil , wa t er-soluble phosphate decreased and ca lcium phosphate 

increased with liming , while in the third soil , which :ad a high 

fixation ca pacity , the aluniniun and iron phosphate fractions 

remained unchanged while the ca lcium phospha t e fraction i ncreased. 

Addition of phospha t e t o the firs t two of these soils nft e r lir.uing 

produced a decreas e in the cnlciillil phospha te fraction and an 

increase in aluniniun phosphate and to a l esser extent in iron 

phosphate, while in the third soil a ll three fractions increas ed. 

After studies on Finnish soils, Kaila (1961b; 1965b) r eached 

tho conclusion that the effect of liming was to increase the 

a luminiun phospha t e and calciun phosphate fractions a t the 

expense of the iron phospha t e fracti on. However , in a l a t er 

study Kaila (1967) found that a lthough incubation for f our nonths 

with Caco
3 

increas ed the a luoiniun phosphate , ca lciun phosphate 

and easily-s oluble phosphate fractions in both fr .. tilized and 

unfertilized soils and decreas ed the iron phospha te fra ction, 

incubation for eight nonths t ended to increase iron phosphate 

at the expense of aluminium phosphate . The sDall amounts of 

f ertilizer phosphate r ecover ed in the acid solubl8 for m did not 

depend on the rate of liming even a t pH 7. Lnverty and r.T cLean 

(1961) investigating a r ange of s oils of s ilt-loara t extur e 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 35°c 

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 bet~een the phosphate fractions in soils and the phosphate 

extracted by Truog~s reagent (0.002N H2so
4 

buffered to pH 3 with 

(NH
4

)2so
4

) and by Olsen's*reagent (0.5M NaHco
3 

at pH 8.5). 

Positive significant corre l a tions have been shown to occur 

between the amounts of phosphate extracted by Truog's reagent 

and (i) NH
4
Cl-soluble phosphate and calcium phosphate (Srivastava 

and Pathak (1969) and (ii) alwninium 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
4

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

Garber, 1964); (ii) NH
4
Cl-soluble phosphate and iron phosphate 

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

1959; Grigg, 1965; Susuki, et al. 1963; Sherrell, 1S70), 

*The reagent of Olsen , et al. ( 1954L designated in tl1is r ev i e1'l 

as Olsen's reagent. 
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and (iv) NH
4
Cl-soluble phosphate, aluminium phosphate and iron 

phosphate (Datta and Kehra, 1969; Srivastava and Pathak, 1969). 

According to Bray and Kurtz (1945), Olsen 's reagent 

solubilizes aluminium and iron phosphates, and s imilar 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 . 

Pra tt and Garber (1964) found that with increasing clay 

content of E:oils, 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 1 s 

soluble phosphate and the clay content of twenty-three Indian 

soils. Pratt and Garber (1964) suggested that two f actors were 

involved; first that the ineffectiveness of the Olsen's 

reagent in r emoving phosphate from clayey soils as compared 

with sandy soils was a result of reaction of the r eagent with 

minerals other than phosphates, and secondly that there was 

dissolution of one phosphate fraction with subsequent 

reprecipitetion 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 extr actable phosphate. 

Chang and Juo (1963), and Srivas tava and Pathak (1969) 

found that Truog 1 s reagent dissolved predominantly ca lcium 

phosphate, but Chang and Juo (1963) noted that it also 

dis·solved small amounts of a luminium and iron phosphates. 

Susuki, et al. (1963), considered that Truog 1 s reagent romov~d 
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portions of both aluminium and calcium phosphate. 

It appears that the phosphate fractions removed by Truog 1 s 

and Olsen's reagents depend to a large extent on the soil. For 

example , Grigg (1965) found s ignificant correlations between 

phosphate extracted by Truog 1 s r eagent and calcium phosphate for 

all the soils he studied, but found significant correlations 

with aluminium phosphate only for gl ey soils derived from grey-

wacke alluvium. In a later study on the Lismore stonr silt 

loam, Grigg (1966) found that partial correlation on ca lcium 

phosphate was negligible for the Truog 1 s reagent, and this con-

trasts with his earlier findings. Chang and J uo (1963) divided 

soils from Taiwan into (i) soils dominant in iron phosphate, 

(ii) soils dominant in iron and ca lcium phosphate, and (iii) 

soils dominant in calcium phosphate. They found that Olsen's 

phosphate wa s correlated with aluminium phosphate in soils 

dominant in calcium phospha t e, whereas in soils dominant in iron 

phosphate the highest corre l ation was between Olsen's reagent 

and aluminium phosphate . but significant corre l a tions were also 

found between Olsen extractabl e phosphate and calcium and iron 

phosphate. Similarly, Truog's phosphate corre lated significantly 

with calcium and iron phosphates at the 1% level and with 

aluminium phosphates at the 5Y~ l eve l in soils dominant in iron 

phosphate , but in soils dominant in calcium phosphates , Truog 1 s 

phosphate correla t ed only with calcium phosphate , and then 

only a t the 5% level. Weir and Soper (1 963 ) found that in four 

soils ranging in Caco
3 

content from 0.7 to 42%, only a very 

small fraction of the total acid extracted phosphate wa s 

ex changeabl e , However, an increased percentage of the 

a luminium phospha te and an even larger fraction of the iron 
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phosphate exchanged with 32P. Thus, they concludGd 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. Nost 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 ; 1934; Hibbard , 1935; Moser 1941) , 

calcium lactate, magnesium bicarbonate , acetic acid, potassium 

bisulphate, citric acid and sodium hydroxide (Williams and 

Stewart, 1943). The initial increase in "available" phosphate 

after phospha te 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 tha t four years cfter 

cessation of phosphate top-dressing, pasture p~oduction on a 

New Zealand yellow-grey earth fell to about two-thirds the 

original level and then decreased furthe~ until a f airly 

stable low-production level was reached seven years after the 
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last application of fertilizer. Larsen , et a l". ( 1965), studying 

a range of t wenty-four British soils for four years after the 

applica tion of phosphate, found tha t when the differ ence in 

L value be tween the trea t ed and control plots (bL) was plotted 

against the time thnt had e lapsed s ince applica tion,,.11 showed 

an exponential decrease wit h time , Determi nat ion of a half­

life par ameter from the s lope of the plot of-11 against time 

gave half-life va l ues \-Thich varied widely between soils . Tho 

half-life values r anged from one to six years in eighteen soil s, 

while f or another soil a vn.l uo of over fifty yoars was gained . 

A peak in the distribution occurred at approxi mately two and 

one half years . 

Kurtz and Quirk (1965) s studying samples of field plots 

with differ ent f ertilizer treatments fr om t hroe groups of s oils 

(red- brown earths , lateriti c podzols and brunizemi c) found that 

the va l ues for t ot al phosphate were misl eading in estimating 

the phosphate status of fertil ity plots. Relatively little 

chango \'TC..S sometimes found in totc.l phosphate although the 

mor e soluble phosphate fractions had been increased appr ec iably. 

Williams (1950) working wi th r ed- brown earths found t hat 

although 170 ppm phosphate had been added to pl ots, the 

increase in totnl phosphat e was about 42 ppm. Simila r find­

i ngs have been r eported by Ensminger and Cope (1947 ) and by 

Ozanne, e t al. (1 961). I\foschler, ct a l. (1957), found that 

after applicati on of 76 kg P2o
5 

per hectar e each year for 

forty years , about thr ee-quarters was still pr esent in the 

0 to 15 cm l ayer . 

Ceceoni (1960) showed t hat the initial pr oducts of 

phosphate applied to soil often have short r ange order and 



32 

possess a high ability to exchange phosphate , but this abilit y 

decreases vri th increasing r ange of o::-dcr c:Lur i ng agei !lg. J uo 

and Ellis (1968) showed thnt , under the same environ::.:.3nta l 

conditions , iron phosphate crysta llises a t a rnuc~1 f aste::- r at') 

thnn aluminium phospha t e and colloida l iron and alt-:'.:li niun 

phosphates a r e more "available" to pl ants tha::1 t !-:.J corrcs po:i.C:ir:~ 

crystalline forms . However, pH is nn i mpor ta::-it fa~tor uith 

respe ct to t he 3.vailability of various phosphate co~pcunds . 

Vlher ec.s Juo and Ellis ( 1 968) reported t ha "!; colloida l alum~_n:;_lDl 

phospha t e was considerably more "o:railablG" than varisci t e in 

a sand culture , Taylor, c t a l . (19S3) r eported colloitlQl 

aluminium phos phate and varis cito t o be eq_u ·ill~r ;:E'.7ailabl e 11 

in a calcareous soil a t pH 8 . 5. 

Al though the "ava ilabili ti' of phos ph"1';·.J i n soi ,_s i s 

complex, it is evident that t he 11 <wailc bility" of phosph::.t o 

applied to soil decreas es with increasing tir' of r. ~!ltact , 

and to maintain a high l evel of phosphato 11 .-::D.~. labili t~·~ 

continued a pplication is requ:ir ed o::. :iost soils . 
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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 approximately 5 , 470 hectares 

(Cowie et al, 1'967). 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 ar 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 s the Foxton black sand is formed on the dune where 

drainage is so~ewhat 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 t he 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 



FIG1.JRE 2 . 5 

Association Of Sand Dune And Sand Plain 

FIGURE 2 . 6 

Water Lying On The Lower Parts Of The Sand Plain 

At The Foxton Black Site During Winter 



(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 Pu.kepuke 

brown sandy loam soil. 
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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 r eceived 250 kg/ha of 3afo 

potassic super annually for ten years, as well as considerable 

amounts of lime. 

* * * * * * * 



(B) METHODS 

1. Experimental Design 

(a) Estimate of Phosphate Variability: 

38 

A phosphate variability 

test was ccrried out on 

the two soils as follows: a 50 m line was fixed diagonally 

across the proposed sampling area and at 5 m intervals , two 

single core samples. 30 cm apart, were collected. All samples 

were analysed for "0.5N H2so
4 

soluble phosphate" and "1N NaOH 

soluble phosphate" to gain an index of two different soil 

phosphate fractions. 

On the basis 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. 

(b) 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 fc:ce of the dune to prevent the 

possibility of run-off water moving phosphate from one plot to 

another (Figure 2.8). 

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

was considered adequate to recover the bulk of 

the applied phosphate without excess dilu tion 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. 

(d) Addition of Phosphate: 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 fr om fertilizer 

additions. The addition of commercial superphosphate at the 

rate of 25g/m2 to the Foxton soil and 50g/m2 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). 
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TABLE 2.1 

Amounts Of Total Phosphate Determined Prior To 

Plot/Sample 
Number 

And Six Weeks After The Addition Of 

50g/m2 Of Superphosphate To Five Plots On 

The Pukepuke Soil 

-------- ·---- -,---

Total Phosphate Total Phosphate 
Before Addition After Addition 
of Suporphosphate of Superphosphate 

mgP% mg:f>% 
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---1 I 

I Amount of 

i 
Phosphate 
Added (By 

I Difference) 

I mgP% 
l ·-·----- ---t--·----- -----

A 169. 9 263 . 9 94.0 

B 172.6 278.7 106 . 2 

4 A 173 .9 247 .8 74.0 

B 161 . 2 246.6 85.3 

6 A 160.6 272.6 112. 1 

B 163.9 267 . 3 103.4 

9 A 164.6 276.6 112.1 

B 183. 9 204.6 100. 7 

10 A 163. 9 269.3 105.4 

B 163.9 262.6 98 .7 

Standard Error 2.3 6.9 3.8 

Coefficient of 

Variation 4 . 3 8 .5 12. 1 

Average Calculated Increase 99.2 

Percentage Increase 54.3 I 
··----~ --~-· - --··---- -·---

_________ ..! 



TABLE 2.2 

Amounts Of Total Phosphate Determined Prior To 

Plot/Sample 
Number 

1 A 

B 

4 A 

B 

6 A 

B 

7 A. 

B 

9 A 

B 

Standard Error 

Coefficient of 

Variation 

And Six Weeks After The Addition Of 

25g/m2 Of Superphosphate To Five Plots· On 

The Foxton Soil 

Total Phosphate I Total Phosphate 
Before Addition I After Addition 
of Superphosphate of Superphosphate 

mgP% mgP% 

61.2 102.0 

63.6 102.0 

62.7 107. 9 

63.6 94.4 

62. 1 102.8 

61.2 107 .6 

60.0 103.8 

61.2 106.1 

61.2 99.2 

64.3 102.0 

0.4 1.3 

2.3 3.9 

Average Calculated Increase 

Percentage Increase 
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Amount of 
Phosphate 
Added (By 
Difference) 

mgP% 

40.8 

38.4 

45.2 

30.7 

40.7 

46.4 

43.8 

44.9 

38.0 

37.7 

1. 5 

11 • 6 

40.7 

65.5 
i . 
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2. 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 interferenc:o 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
4 

, Cl and F • While no inter-

ference from Cl- (added as HCl) was observed even at a 

concentration of 17,250 ppm, a pronounced effect was observed 

with NH4+ (added as NH
4
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 NH
4 

alone and not to a combination of NH
4 

and Cl- is evident from Table 2.3 which shows that an identical 

interference level applied when (NH
4

)2so
4 

was substituted for 

NH
4
c1. As a result of these preliminary tests, the molarity of 

extracting solutions containing NH
4
+ was reduced to the extent 

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

+ interference by HH
4 

on colour development would be experienced. 



TABLE 2.3 

+ The Influence Of NH
4 

On Colour Development In The 

Determination Of Phosphate In Solution By The 

Method Of Watanabe And Olsen (1965) 

Con~entration of 
NH in final 
soiution 

ppm 

72 

360 

720 

1080 

1440 

1800 

2166 

2880 

Optical Density 
(0.4 ppm phosphate 
in final solution) 
using 1!N ~4?\ as 
source of NH

4 

0.295 

0.295 

0 . 295 

0 . 295 

0.295 

0.295 

0 . 295 

0.1 08 

Optical Density 
(0.4 ppm phosphate 
in final solution) 
using (NH

4
)2 so 

4 
as 

source of NH
4 

0.295 

0 . 295 

0. 295 

0. 295 

0. 295 

0 . 295 

0.295 

0. 108 

44 
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Fluoride present in excess of 90 ppm in the final solution 

caused a depression of col;ur 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 a~ end-over-end shaker at 38 rpm maintained nt a 

temperature of approximately 22°c. 

(b) Determination of Total Soil Phosphate: Williams (1965) and 

Syers et al. (1968) 

found that fusion with Na2co
3 

by the method of Muir (1952) was 

the most r eliable method for determining total phosphate in 

sandy and highly weathered soils in New Zealand. This pro-

cedure was adopt ed in this study with the modification that 

the Na2co
3 

melt was taken up in 10N H2so
4 

rather than in water 

as in the original method. 

(c) Measurement of Available Phosphate: The methods of Truog 

(1930) , (0.002N H2so4 
buffered to pH 3 with (NH

4
)2so

4
; soil:extractant ratio 1 :200; 

30 minute extraction) , Olsen et al. (1954), (0.5M NaHC0
3

, pH 

8.5; soil: extractant ratio 1 :20; 30 minute extraction) and 

Schofield (1955) , (0.01M CaC12; soil:extractant ratio 1:20; 

16 hour extraction) were used to determine estimates of the 

available phosphate. All extractions wer e 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 

Concentra tion of 
Fluoride in final 
solution 

ppm 

20 

40 

60 

80 

90 

100 

200 

400 

800 

Boric Acid (Kurtz , 1942) 

! 
- ~ · 

Optical Density 
(0.4 ppm phosphate 
in final solution) 

0.295 

0.295 

0.295 

0.295 

0.295 

0,281 

0.018 

n . c. 

n.c . 

n.c. - no colour development. 

i 

Optical Density 
(0 . 4 ppm phosphate 
in final solution) 
+ 10 ml saturated 
Boric acid 

0.295 

0 . 295 

0.295 

0.295 

0.295 

0.295 

0.295 

0 . 295 

0.295 
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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 is r ecognized that there is some 

uncertainty concerning the se l ectivity of the methods employed 

in fractionation studies, and that the various categories of 

phosphate may generally be more correctly specified in t erms of 

the extracting agents used than as specific forms of chemica lly-

bound phosphate. This approach works well for fractionation 

schemes such as those of Chang and Jackson (1957a) and Wil liams 

(1965) , wher e the fractions are r emoved systematically from one 

sub-sample . Thus , for example, in the procedure of Williams 

(1965) "the acid-soluble 11 fraction can be equat ed closely with 

calcium- bound phosphate , whereas in the procedure of Fife as 

used in the present stuiy _ the l a tter would have to be described 

as 'acid-soluble' minus 'alkali solublEl' phosphate. Similarly, the 

'alkali-soluble' fraction in the procedure of Fife represents the 

sum of a luminium-bound plus iron--bound fo1·ms, whereas i n the 

procedure of Williams (1965) it r epr esents (in its corrected 

form) largely iron-bound phosphate. To save the possibj_li ty of 

confusion, it was decided to characterize the four main fractions 

delineated in the present study as aluminiUI!'.-bound, iron-bound, 

ca lcium-bound and r esidual phosphate, with full recognition 

t hat sharp delineation of forms is probably not realized under 

the conditions of the extraction procedures employed. 

(i) Determination of Eas ilY;-Soluble Pho§.Jilla t~ 

Chang and J a ckson (1957a) extracted soils with 1H NH. Cl 
1, 

to r emove "wa t er-soluble" and n1oosely-bound phosphate" . 

As this NH
4
+ ion concentration was too high for 

convenient use with the Watanabe and Olsen (1965) method 



Separa1G sub-sample 

I 
Extract for 1 hour 
with 0.05M NR

4 
Cl 

I 
Centrifuge 
(Discr son) 

Determine P in 

(~)eTnt 

Easily-Soluble P 

Separate sub-sample 

I 
Extract for 1 hour 
with 0,05M NHl 
pH 8.5 

Centrifuge 
(Discard Soil) 

I 
Determine P in 
su~ernatant 
(BJ 

Uncorrected 
Al-bound P 

uncorrected 1 z-

Corrected 
Al-bound P 
(B) 

Al-bound P 1-Sa 

Extract for 1 hou~ 
with 0.5M NH F · 
containing 1~25 p~m P 
pH 8,5 I 

I 
Centrifuge 
(Discard Soil) 

D1nnine Pin 
supernatant 
(B2) 

L25 = Sa j 1- £·-B2 (pg{ml) 

Sa 

Fractionation Flow Sheet 

8 Mesh · 1 Sam les 

Separate sub-sample 

Preleach with 0. 5M NaCl Extjt with 0. 02N 
Determine P in leachate HCl for 3 hours 

(c) I 

Dry soil with acetone 

I 
Extract with 1N NaOH 
for 16 hours 

I 
Centrifuge 
(Discard Soil) 

I 
Determine P in 
(~)ernatant 

(C) + (D) 
Easily-soluble + 
Al-bound + Fe-bound P 

j ( C+D) - (B+f,) 

Corrected Fe-bound P 

Cent,ifuge~~~S,il 

Determine P in Wash with 25ml 
(~Jernatant Oi5M NaCl 

Extract with 1N NaOH 
for 16 hours 

I 
Centrifuge 
(Discard soil) 

I 
Determine P in 
supernatc.nt 
(F) 

Sum of E + F is easily-loluble + 
Al-bound + Fe-bound + Ca-bound P 

(E+F) - ( C+D) 

Ca-bound P 

Separate sub-sample 

IgniJ at 550°C 
for 1 hour 

I 
Extract with 0,02N 
HCl for 3 hours 

I 
Centrifuge,----Soil 

I I 
Determine P in Wash with 25ml 
supernatant of 0.5M NaCl 

( G) I 

Extract with 1N 
NaOH for 16 hours 

I 
Centrifuge 
(Discard soil) 

I 
Determine P 
in supernatant 
(H) 

I 
Sum of G + H is easily- soluble 
+ Al-bound + Fe-bound + Ca~bound 
+ organic P 

( G+H) - (E+F) 

Organic P 
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when large aliquots were taken , a 0. 05M 11R
4 

Cl solution 

was substituted. The extraction period adopted was one 

hour. It was thought des irable to remove as much NH
4

Cl 

soluble phosphate as possible from the soils of t 11e 

treated plots , so that as high a proportion as possible 

of the phosphate r emoved 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 NH4c1 soluble phosphate 

and provide a sufficient concentration of phospbnte for 

easy ID~ Lsurement. 

(ii) Determination of Alum~nium-B_ound__P_ho§..12P.ate 

Fife (1962) used 0.5M NH
4

F at pH 8 .5 to determine 

aluminium-bound phosphate , and this o.ethod was adopted 

in the present study after preliminary experiments 

established the most suitable extraction period and soil: 

extractant ratios. Using the data shmm in Table 2.6 , it 

was decided to use a soil:extractant r atio c.' 1 :250 for 

the Foxton soil and 1 :500 for the Pukepuke scil. Although 

further widening of the soil:extractant r at io produced a 

more efficient extraction, the difficulty of measuring 

low phosphate concentrations made such a step undesirable . 

Even at the extreme soil:extractant r at ios , r esorption 

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 NH
4

c1 Fro~ 

The Foxton And Pukepuko Treated Soils Over 

A Rnnge Of Soil:Extrnctnnt Rat i..£s. 

(One Hour Extra ction Per~_s:i_9., ) 

Soil:Extrnctnnt Foxton Puke puke 
Ratio Treat ed Soil Treated Soil 

meP% mgf% 

1 :50 6.6 5.3 

1 : 100 8. 7 9 . 3 

1 : 1 50 9 .5 12 . 6 

1 :200 10.1 1 5 0 L+ 

1 :250 1o .1 ·1 1.2 

1 :300 I 1o.1 18. 6 

1 :350 n . d. 1 8 . 8 

1: 500 n .d. 19 .0 

n.d . not de t ermined. 
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I 

I 

I 
! 
I 
I 

I 
I 
I 
I 
I 

I 



TABLE 2,6 

Amounts Of Phosphate Extrncted By 0.5M NH
4
F (pH 8.5) 

From The Foxton And Pukepuke Soils Over A Range 

Of Soil:Extractant Ratios (One Hour Extraction Period) 

51 

Soil:Extractant Foxton Treatod Pukepuke Treated 
Ratio Soil Soil 

mgf'% mgP",h 

1: 50 31 ! 9. 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.S 57.6 

I 
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shaking a second soil sample with 0.5M NH
4

F (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 tha t had been absorbed by the soil during 

extraction. The term "corrected a luminium-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 compared with the recommended twenty-four 

extraction of Fife, appears r easonable 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 tho lowest clay content 

showed the highest initial rate of extraction , and 

equilibrium was reached earlier than wit h tho other soil s. 

Apparent equilibrium in the low clay soil was reached 

after twenty minutes , whereas in the high clay soil, no 

apparent equilibrium was rea ched even after one hundred 

and sixty minutes of extraction. 

When the extracts were highly coloured, the acid­

precipi table organic matter was removed by mixing equal 

volumes of the extract and a solution saturated with 

respect to H
3

Bo
3 

and normal with r espect to H2so
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 H
3

Bo
3 

required at a later stage to 

prevent fluoride interference in t he development of the 

molybdate blue colour. When the colour of the ext~acts 

was low and r emoval of the organic matter was unne cessary, 

the H2so
4 

~ .Jition was omitted and 10 ml of satura ted 

H
3

Bo
3 

were added to an a liquot of the fluoride extract 

prior to colour development. 

(iii) Determination of IroD-Bound Phosp~~te 

As a preliminary step to the extraction of NaOH-soluble 

phosphate , the soil samples were lea ched with 0 . 5~1 NaCl 

++ to r emove exchangeable Ca and thus prev-ent p:recipito..b_on 

of phosphate by Ca++ during the NaOH extr a ction. 

It was found (Table 2.7) that a soil:e::tractant 

r a tio of 1 :250 over a four hour extraction period was 

sufficient to remove the NaOH- soluble phosp~10.t e fractions. 

In pra ctice , a sixteen hour ext::.~act ion period was adopted 

to fit in with labora tory 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 phosph3. te. 

(iv) Determination of C~lcium-Bou~d_-~~o~~hat~ 

Unless , as in the fractionation procedure developed by 

Williams (1965) , the r eductant soluble phospha t e is 

removed prior to the acid extraction, the concentration 

of the acid should be kept to the minimum va l ue 

r equired for complete dissolution of apatite . 

Du.ring extraction of soils with acid, some 

resorption of released calcium-bolli'.d phosphate by : -.'.'on 



TABLE 2,7 

Amounts Of Phosphat e Extracted By 1M NaOH 

From The Foxton And Pukepuke Soils Over 

A Range Of Soil:Extractant Ratios (16 Hour 

Extraction Period) 

54 

--

Soil:Extractant Foxton Treated - Pukepuke Treated 
Ratios Soils Soils 

mg:f'% mgP% 

1: 50 31.4 97.5 

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 I 36.0 106. 7 

I 
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and aluminium compounds occurs. According to Fife (pers. 

comm . ), extraction with 1N NaOH following such acid 

extraction releases this resorbed phosphate into 

solution. Hence the difference between the sum of these 

two extractions and the NaOH extract i on previously 

carried out on a sep~rate soil sample should give a 

value for calcium--bou:1d phosphate. 

Preliminary experiments were carried out to 

de termine the effect of' extra cting the soils used in 

this study with varying strengths of acid and a l so to 

determine the strength of acid r equired to give an 

equilibrium pH below 2.38 in the presence of the soil. 

Ballard (1968) found this to be the equilibriu~ pH value 

obtained in an HCl extract just sufficiently acid to 

dissolve apatite in the absence of soil, Table 2.8 shows 

that acid strength had very little effect on the HCl + 

NaOH-soluble phosphate extracted fro~ tho fertilised 

Foxton soil , whereas Table 2.9 shows that the comparable 

values for the f ertili sed Pukepuko soi l depondod on the 

strength of the acid used . Further extracti ons wer e 

carried out to determine if the same effect would occur 

with the Pukepuke untreated soi l (Table 2. 10) and it was 

found here also that the total phosrt~te extracted 

increased with increasing acid strength. Tables 2.9 and 

2 . 10 show that of the a cid strengths studied 0.02N HCl 

provided the neares t approach to a final equilibri um 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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TABLE 2.8 

Amounts Of Phosphate Extracted From The Fertilised Foxton 

Soil By Extraction With Varying Strengths 

Of HCl For 3 Hours (Soil:A.cid Ratio 1 :100) Followed 

Normality 
of HCl 

1 • 0 

0.5 

o. 1 

0.08 

0.06 

0.04 

0.02 

0.01 

By A 16 Hour Extraction With 1N NaOH 

(Soil:NaOH Ratio 1 :250) 

Initial Final P Extracted P Extracted 
pH pH by HCl by NaOH 

(a) (b) 
mgP% mgP% 

0.41 0.50 47.8 5.0 

0.59 0.88 46.6 6.3 

1. 20 1.35 45.) 7.5 

1. 38 1 . 42 43.9 8.2 

1 .49 1. 52 43.9 9.3 

1. 58 1 . 68 42 .7 1o.1 

1.81 2.02 41 . 6 11. 3 

2. 10 2.23 

I 
40.7 12. 0 

Total P 
Extracted 
(a) + (b) 

mgP% 

52.8 

52.9 

52.8 

52. 1 

53.2 

52.8 

52.9 

52.7 
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TABLE 2.9 

Amount Of Phosphate E~tracted From The Fertilised Pukepuke 

Soil By Extracti_2n With Varying Strengt'.1s 

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

By A 16 Hour Extraction With 1 N NaOH 

(Soil:NaOH Ratio 1 :250) 

Normality Initial Final P Extracted P Extracted Total P 
of HCl pH pH by HCl by NaOH Extracted 

(a) (b) (a) + (b) 
mg:fl% mgP'fb mgP% 

1 • 0 0.41 0.68 149. 7 23 . 9 173. 6 

0.5 0.59 0 .75 130. 4 33.6 164.0 

o. 1 1. 20 1 . 42 72.6 8 5.5 158. 1 

0,08 1. 38 1. 49 57. 1 100.8 '157. 9 
I 

0.06 1 .49 1. 58 44.9 113, 0 157. 9 

0,04 1. 58 1 . 81 25.0 131. 3 I 156. 3 

0.02 1 . 81 2,08 12. 2 139.4 1 51 . 6 

0.01 2. 10 I 2.50 i 9 . 8 I 140.2 150 .0 
----- I ___ , 



58 

TABLE 2.10 

Amount Of Phosphate Extracted From Tge Pukepuke 

Untreated Soil By Extraction With Varying Strengths 

Of HCl For 3 Hours (Soil:Acid Ratio 1 :100) Follov!ed 

By A 16 Hour Extraction With 1N NaOH 

(Soil:NaOH Ratio 1 :250) 

Normality Initial Final P Extracted P Extracted Total P 
of Acid pH pH by HCl by NaOH Extracted 

(a) ( b) (a) + (b) 
rngP% meP% mgP% 

1 .o 0.41 0.45 45.7 18 . 1 63.8 

0.5 0.59 0.68 36.2 27.3 63.5 

o. 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 s.s. 7 

0.04 1. 58 1. 63 1. 5 55.6 I 57 .1 

0.02 1 • 81 2 . 01 0.7 53.5 I 54 .2 

o. 01 2. 10 2.40 0.6 53 .5 54 . 1 

I 
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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 hour 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. q ~ and Williams and Saunders (1956) and one 

extraction method, Mehta , et al. (1 954 ), 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 



TABLE 2.11 

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) 

60 

------------ ------------------·--.------·-----··------·--·-
Method 

Fife (pers. comm.) 

Williams and 

Saunders (1955) 

Mehta 9 et al. (1954) 

Foxton Soil 

mgP% 

30.25 

30.62 

30. 51 

Pukepuke Soil 

mg.P% 

67.42 

68.75 

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 a nd NaOH on the ignited soil in the 

determination of organic phosphorus is referred to as 

the 11 total phospha te fractionated" , and the difference 

between this value and the total phosphate value 

determined by Na2co
3 

fusion is referred to as "residual 

phosphate". 

(e) Measurement of Phosphate Sorption Capacity: The phosphate 

sorption 

capacities of the untreated soils were measured according to the 

method of Ozanne and Shaw (1967). This involved shaking the 

soil with 0.01M CaC12 s olution containing varying amounts of 

added phos phate , for 17 hours , using a soil:extractant ratio of 

1 :20. 

(f) Determination of 'Free' Iron Oxide: The 1free' 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 NaHco
3 

buffer by Mehta and Jackson (1960). After 

each dithionite-citra te-bicarbonate extraction , the soils were 

washed with 10 ml 0.05N HCl (Mitchell and Mackenzie , 1954), for 

three minutes at 40°c 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 density of the solution being 

measured on a model DU Beckman quartz spectrophotometer at 

535,f1p. 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. 

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

that treatment of the clay 

fractions of selected Scottish soils with cold and hot 5% Na2co
3 

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% Na2co
3 

were carried out in a boiling water bath. 

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. 

(h) 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 NH
4

0Ac and allowing to stand overnight. The soil 

was filtered and leached with NH
4

0Ac 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 SrC12 

to prevent Po
4

3- 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 350-400°C for 8 hours , the 

difference between the oven dry weight (105°c) and the weight 

after ignition being taken as the weight of organic matter. 

3. Other Measurements 

All results are expressed on an oven dry (105°c) basis. 

The pH valoo s were measured electrometrically at a soil :water 

ratio of 1 :2.5 after overnight equilibration. 

Bulk densities were calculated as : 

B lk D .t oven dry weight g/cc 
u ensi y = field volume of sample 

on soils samplOO. to a depth of 5 cm. 

Mechanical analyses were carried out according t o the procedure 

outlined by Piper (1942). 

The mineralogy of the clay fractions were investigated by x-ray 

diffraction techniques using a Philips 1011 generator 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 TEREE 

RESULTS 

1. 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 statis tica l data 

are included in the appropriate tables in Appendix 3. 
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2. Total Phosphate 

The means of total phosphate determinations , expressed on a 

weight basis , carried out at the commencement and conclusion of the 

oxperiment 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%. 

Figure 3.1 shows that addition of 50 g/m2 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/m
2 

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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Figure 3.1 : Total phosphate levels in the Foxton and Pukepuke control 
and phosphate treated plots determined throughout the 
experimental period. 

(Appendix 3, Table 1). 

Phosphate treated soils 

Control soils 

Foxton soil 

Mar Apr Jul · Nov Feb 

5 16 14 2 23 

Mar Apr 

5 16 

Date of Sampling 

Pukepuke soil 

Jul Nov Feb 

14 2 23 
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3. Estimation 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 1 

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 tpCa in 0.01M CaC12 calculated by Murrmann and Peoch (1968) 

from activity coefficients given by Cole and Olsen (1959), are 

presented in Table 3.3. 
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Figure 3.2: Mean values for Truog extractable phosphate determined at 
each sampling for the Foxton and Pukepuke control and 
phosphate treated soils. 
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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 Hean 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 

71 

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 77. 1 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 7.5 52.3 65.6 37.4 

Feb 23 43.7 36.8 4.0 47.4 58. 1 20.6 
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TABLE 3.2 

The Ratio Of Olsen Phosphate:Truog Phosphate 

Calculated For Each Sampling For The 

Foxton And Pukepuke Control And Phosphate 

Trea t ed Plots 

Pukepuke Soil Foxton Soil 

Sampling 
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 
-

I I 
x 0.53 0 .41 

I I 
: -- -
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TABLE 3.3 

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 7.37 5.44 7.72 5.92 

May 19 7.55 5.50 7.47 5.83 

Jul 14 7.21 5.67 7.78 6.78 

Sep 8 7.74 5.86 7.84 7.00 

Nov 2 7.37 6.02 7.84 7.09 

Dec 24 7.28 5.98 7.78 7.03 

Feb 23 7.48 6. 14 7.78 7.32 
I 

' I 
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4. Phosphate Fraction1l,tion 

The amounts of each phosphate fraction present at the coQ..Tience-

ment and end of the experimental period for the control soils, and at 

intervals throughout the dura:~ ion of the experiment for the fertilized 

soils, are shown in FigurES3.5 and 3.6 . For both the Pukepuke and 

Foxton control s oils, organic phosphorus accounts for much of tho 

total phosphate in the top 5 cm (43.6% and 52. 8~, resp0ctively). 

The inorganic phosphate fractions show l arge dil'fE.conces, both 

in amount and relative ira:i;iortance of each frnc-'.-ion, behrnen the t~·~o 

soils. The follo:·dng table shows each inorccmic phosphate fractio:1 

expressed as a percent~ge of total inorGanic phosphate fo~ t~e 

Foxton and Pukepuke control soils. 

--·· -·-· 

Phosphate Fraction Foxton Control Pul<:epuke Control 
Soil Soil 

Aluminiura--bou.i."'ld p 19.4% 6 . g;6 

Iron-bound P 3.4% 27.2% 

Calcium-bound p 29.3% 27.6% 

Residual p 47 .9% 37. 75~ 

In both soils, r es idual phosphate is the largest inorganic phosphata 

fraction, and in order of importance with respec t to a~ount, this is 

followed by calcium-bound phosphate, aluminiw:n-bound phosp::.-3. t e, and. 

iron-bound phosphate in the Foxton soil and iron-bound phosphate, 

calcium-bound phosphate and aluminium-bound phosphate in t~3 PU'.~epuke 

soil. 

Data calculated to show the mgP% increase 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 



Figure 3.5: Means of phosphate fractions determined for the Foxton 
control and 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 B). 
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phosphate applied, are presented in Table 3.4. Equivalent data 

calculated at the end of the experimental period aro presented in 

Table 3.5. 

(i) A.mmoniur:i Chloride-Soluble Phosphate: Table 3.4 shows that 

26.3% of the added 

phosphate remaining six weeks after the application of fert-

ilizer to the Foxton soil appeared in the NH
4

Cl-soluble 

phosphate fraction . Thi s decreased over the experimental 

period and constituted only 14.aJb (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 :t-111
4
c1-

soluble phosphate fraction in the Pukepuke soil (17.6 mgP%) 

was greater than in the Foxton soil (10. 8 mgP%), it comprised 

only 19.0",h of the added phosphate remaining six weeks after 

application (Table 3.4) and fell to 4.5% of the added phosphate 

remnining at the end of the experimental period (Table 3~6). 

In the Pukepuke soil, each sampling was significantly 

different from the preceding sampling nt the O. 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 srunplings. 

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

alULliniwn-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 Pukepukc soils 

six weeks after application, 46 . 4% and 32.4% respectively 
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TABLE 3.4 

The mg;p% 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 

-----·-

Foxton Soil Puke puke Soil 

NH 
4
01-soluble P 

orrected c 
A luminium-bound 

orrected c 
I ron-bound p 

c alcium-bound 

R esidual P 

T otal Increase 

ncrease I 
N 

in 
a2co

3 
P 

p 

p 

-·---------- · 

mgP% Increase 
on Addition 
of Phosphate 

10.8 

18. s 

2.2 

9.0 

-
40.8 

40.7 

' 

Increase as mgP% Increase Increase as 
Percentage on Addition Percentage 

of Phosphate of Phosphate of Phosphate 
Applied Applied 

26.3 17.6 19.0 

46 ,4. 30.C 32.4 

5.3 19. 9 21.5 

22.0 15 .3 16.4 

- 1 o.o . 1o.7 

- 92. 8 -

- 91.2 -
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TABLE 3.2 

The Amount Of Added Phospha te (mgf%) 

Remaining In Ea ch Phosphate Fraction 

And The Percentage Of Remaining Phospha t e 

Occurring In Each Phospha te Fraction Of The 

Foxton And Pukepuke Treated Soils At 

The End Of The Experimental Period 

Foxton Soil Pukepuke Soil 

mgP% Differ ence mgP% Differ ence 
Differ ence Be tween Differ ence Between 

Between Control Between Control 
Control and and Treated Control and and Treated 

Treat ed Plots Plots as % Trea t ed Plots Plots as % 
of Total of Total 

Differ ence Difference 

NH
4
Cl-soluble P 3.4 ~ 14. 0 3.6 4 .5 

Corrected 
Aluminium-bound P 12.5 51.0 21. O' 25.7 

Corrected 
Iron-bound p 7.5- ' 30.8 35.3 43.3 

Calcium-bound P 2. 1 '," 8 .8 8. 9. 11 . 0 

Residual P -1 . 1. -4.6 12. 6° 15 . 5 

Total Increase 24.6 - 81. 6 -/ 

Increase in 
Na2co

3 
P 24. s·:: - 84 .5 : -
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ap~eared 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 tho actual 

amount of aluminium-bound phosphate had decreased, 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 be tween 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 tho difference between tho 

November 2 and February 23 samplings was only significant at 

the 0.05 level. 

The readsorption determinations made in the interes t of 

correcting the rra
4
F-soluble values showed that even at the wide 

soil:extractant ratios used in this study , the readsorption was 

considerable. Addition of 1 .25 / lg/ml of phosphate to the 
I 

NH
4

F extractant showed that readsorption was in the region of 

1o% for the Foxton soil while the equivalent measurement for 

the Pukepuke soil was approximately 29°/o. 

(iii) 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 . 

(iv) Calcium-Bound Phosphate: Of the added phosphate remaining in 

the top 5 cm of soil six weeks after 

application, 22.0}b 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 

experioental 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 



Normality 
of HCl 

1 .o 

0.5 

0. 1 

0.08 

0.06 

0.04 

0.02 

0.01 

TABLE 3.6 

Amounts Of Phosphate And Fe2o
3 

Extracted From 

~~e..P.~o Unt.r'-~t.ei_ .~oil 1?.Y_.!&i;~'!.ct~o~ 

With Varying Strengths Of HCl For 3 Hours 

(Soil :Acid Ratio 1 : 1 00) Followed By ;). 16 Hour 

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

Phosphate Phosphate Total 
Extracted Extracted Phosphate 

by Acid by NaOH Extracted 

mgP% mgP% mgP% 

45 .68 18. 14 63.82 

36.17 27.36 63.53 

4. 51 55. 13 59.64 

3.02 55.98 59.00 

1. 94 56.76 58.70 

1 • 51 55.62 57. 13 

0.72 53. 51 54.23 

0.58 53.50 54.08 
I 
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mg Fe2of/ 
gram o 

Soil Appear-
ing in 
Extract 

40.5 

31. 5 

16.5 

1 o.o 

7.75 

4.50 

1. 02 

0.02 
I 



TABLE 3.7 

The Difference In Amount Of Phosphate Extracted 

From Pukepuke Control Soi: And Pukepuke 

Phosphate Treated Soil By Extraction With 

Varying Strengths Of HCl For 3 Hours (Soils: 

Acid Ratio 1 :100) Followed By A 16 Homz 

Extrnction With 1N NaOH (Soil:NaOH Ratio 1 :?.50) 

Normality Phosphate Phosphate 
of Acid Extracted Extracted 

From From 
Untreated treated 
Plots (a) Plots (a) 

mgP% mgP% 

1 • 0 63.82 173. 58 

0.5 63.53 164.04 

0.1 59.64 158 . 14 

0.08 59.00 157.99 

0.6 58.70 157.98 

0.04 57. 13 156.28 

0.02 54.23 151 • 62 
· · -

0.01 54. 1 150. 1 

Differ ence 
(b) - (a) 

mgP% 

109. 76 

100. 51 

98.50 

98.99 

98.28 

99.15 

97.38 

96.0 

83 

I 

I 

i 
I 



to 0.1, there was an increase in the difference when 

extractions were carried out with 0.5N and 1.0N HCl . 

(v) Residual Phosphate: The residual phosphate, as described 
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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 treated plots, and the levels of residual 

phospha te 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 six weeks after application of phosphate. 

This residual phosphate in the treated plots showed a 

t endency to increase with time, but the increase was not 

significant. 

(vi) 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. 



320 

280 

240 

200 

( mgP/g soil)XI0--.2 

160 

120 

80 

40 

0 

Figure 3.7: 

Total P 

Residual phosphate shown as the difference between total 
phosphate (by Na2C03 fusion) and the total phosphate 
fractionated (sum of NH4Cl-soluble P, Al-bound P, 
Fe-bound P, Ca-bound P and organic P) for the Foxton 
and Pukepuke control and phosphate treated soils. 

Pukepuke soil 

••••••••••••• 

Residual P 

Total P fractionated 

Foxton soil 

Phosphate treated soils 

Apr Jul Nov Feb 

16 14 2 23 

Control soils 

Apr Feb 

16 23 

Phosphate treated soils 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Apr Jul Nov Feb 

16 14 2 23 

Date of Sampling 

Control soils 

Apr Feb 

16 23 
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5. Jill. 

The pH values determined at each sampling throughout the 

experiment are presented in Table 3.8. The high pH of the Pukepuke 

soil can be attributed to the liming policy of the farmer. 

Applica tion 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/m
2 

of superphosphate to the Pukepuke soil depressed the pH by only 0 .27, 

After sampling on December 24 , there 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 

Sampling Control Treated Control Treated Date 

Apr 16 5.70 5. 10 7.45 7. 18 

May 19 5.70 5.35 7.45 7.20 

Jul 14 5.70 5. 40 7.35 7.20 

Sep 8 5.70 5.50 7.30 7.22 

Nov 2 5.70 5. 50 7.30 7.20 

Dec 24 5.75 5.75 7.28 7.22 

Feb 23 I 5.70 5.70 7.30 7.22 
I I 
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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 addod phosphate, 

the Pukepuke soil showing higher phosphate retention than the Foxton 

soil. 
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TABLE 3.9 

Phosphate Sorbed By The Pukepuke Contr?l Soil 

From Solutions Of Varying Phosphate Con?entration 

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

Period), Expressed As J;gP /2. 5g Soil And JJgP /g Soil 
t - I · . . 
I • 

I 
Concen- j~g P Added Equilibrium j/g p p 

tration ·In 50ml Of Phosphate r'n The Sor bed 
of Standard Cone en- Solution At (a) - (b) 

Phosphate Phosphate tration Equilibrium //g 
Solution Solution To 

Added 12.5gm Soil 
~g P per m] ( 0 ) }Jg P per ml (b) 

1 • 0 50 0.043 2. 16 47.84 

2.5 125 0.054 2.70 122.30 

5.0 250 0.068 3.38 246.62 

16.0 500 0.141 7.03 492.97 

15.0 750 0.200 10,00 740.00 

20.0 1 ,000 0.338 . 16.89 983.11 

40.0 2,000 2. 189 109.46 1,890.54 

100.0 5 , 000 21, 890 1'096.64 3,905.36 
I 

200.0 10 ,000 80.410 4 020.42 15 , 979. 56 

500.0 25 ,000 259.72 12 ' 986. 11 112,013,89 

' 
i 

89 

/,,€ p 
Sorbed Per 

Gram Of 
Soil 

19. 14 

48.92 

98 .64 

192. 19 

296.00 

393.24 

756.22 

1 '562. 14 

2' 391 • 83 

4,805.56 



Concen-
tration 

of Phosphate 
Solution 
Added 

fJg P per ml 

1.0 

2.5 

5.0 

10.0 

15.0 

20.0 

40.0 

100.0 

TABLE 3.10 

Phosphate Sorbed By The Foxton Control Soil 

From Solutions Of Varying Phosphate Concentra tion 

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

Period) , Expressed As VP/2.5g Soil And /JgP/g Soil 
' j 

I 

90 

! 
J..1g P Added Equilibrium 'g p p I µg p 
In 50ml Of Phosphate r'n Tho Sor bed Sorbed Per 
Standard Concen- Solution lit (a) - (b) Gram Soil 
Phosphate tration lj]quilibriuo 

Solution To 
2. 5f, soil 

a) 
pg p per ml . 

I 
(b) µg 

50 o. 051 I 2.57 47. 43 18. 97 

125 o. 154 7.70 117. 30 46.92 

250 0.389 19. 46 230.54 92.22 

500 1 • 703 85.35 414.65 165.86 

750 3. 960 198 . 20 551.80 220.72 

1 ,000 6.950 347.98 652.02 260.81 

2,000 22 , 290 11 '11 4 . 90 885 . 1 354 .04 

5,000 78.550 , 3, 927. 51 I 1 ,072.49 428.99 
I : 



7. Organic Matter, Bulk Density, Fe2o
3

,_.&12o
3

, Exchangeable 

Ca And Exchangeable Mg Determinations 
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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 preparation. 

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 unrensonable. 

Whereas similar amounts of Al2o
3 

were extracted from both the 

Foxton and Pukepuke soils by hot dilute Na2co
3

, the Pukepuke soils 

contain over ten times as much citrate-dithionite-bicarbonate 

extractable Fe2o
3 

as does the Foxton soil, and this explains partly 

the difference in colour of the soils in the field. 

The exchangeable calcium content i s considerably higher in 

the Pukepuke soil which also contains over twice as much exchange­

able magnesium as the Foxton soil. 
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TABLE 3.11 

Some Chnr ncteristics Determined For The 

Foxton And Pukepuke Control Soils 

Foxton Soil Pukepuke Soil 

Organic Ma tter 

(by ignition) 9.96% 21.68% 

Bulk Density 1.16g/cc 0.78g/cc 

Fe2o
3 

(citrnte-dithionite- 6.23Bg Fe2o
3
/ g I 67.31mg Fe2o

3
/g 

I 
bicarbona t e ) soil soil 

A12o
3 20.1mg A12o

3
/ g 16.6mg A12o

3
/g 

(hot dilute Nn2co
3

) soil soil 

Exchnngenble Co. 

(N NH
4

0Ac, pH 7) 1 .05mg Cn/ g I 8.82mg Co.jg 

I soil soil 
i 

Exchangeable Mg I 
(N NH

4
0Ac, pH 7) I 0.13mg Mg/ g 0.34mg Mg/g I i ! 

I soil soil 

I cnco
3 

% w/w Nil 0.6 
I 

I i 
! 
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CHAPTER FOUR 

A. DISCUSSION 

(1) Movement and Losses of Phosphate, and the Phosphate 

Retention Property of the Soils: The phosphate 

fertilizer 

was appli ed to the Foxton and Pukepuke soils towards the end of 

a drought , and the rainfall in the six weeks between application 

and the first s~mpling after application was only 25.1 mm (Table 

3, Appendix 4), with no more than 11.9 mm falling wi thin a 

twenty-four hour period. It is unlike ly 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 

r emained in the top 5 cru 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 thnt, in the Foxton soil, 

short torm movement of phosphate may be appreciable. The high 

loss found in the present instance is in agreement with the 

finding of Jordan , et al . (1952). These workers indicated that 

on n short t erm basis there was an appreciable movement of 

phosphate in a fine sandy loam, The extent of movement was 

found to be dependent on the amount of water received by the 

soil. The results of Ozanne, et a l. ( 1 961) which showed that 

17-81 % of added phosphat e was lost from sandy soils under low 

rainfall conditions, corrobora tes the above findings. Ozanno, 

et al. ( 1961) and Smith ( 1 956) found that the 1'.'a te of y.ihosphorus 
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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 wore u~ed on each soil. 

Saunders (1968) divided phosphate retent ion by New Zealand 

soils into four classes. These w0ro derived frocn mGasurements 

of the percentage of addod phosphate taken up in a twenty-four 

hour period by 5g of soil shaken a t 20°C with ?5 ml of NaOAc-

HOAc buffer solution ( pH 4 . 6) with an initial phosphate 

concentration of 0 . 032H KH2Po
4

. Tho fou.r classes are low 

(0-30 percent), moderate (30-60 percent ), high (60··90 perce:it ) 

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 f:con the Foxton soil. 

The ability of the Pukepuke soil to retain addeu phosphate 

against leaching loss may be attributed to the high iron oxide 

content , and the amorphous nature of its clay content. Some 

loss of phosphate from the Pukepuke control plots was probably 

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

*It was not possible to traco the dowmrard r..:,-: o:'.:!.ont o:: phosphate 

in the Pukepuke soil as phospmte vari ability in sc.mpl es 

collected from depths of 5-10 cm and 10~1 5 cm made any difference 

in phosphate l evels in samples collected from control and treated 

plots non-significant. A similar s2l!lplinc p1~oceduro was 

impracticable on the Foxton soil due to tho unconsol -i_d-'.1. ted 
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nature of the soil which causod sampling difficulties. 

(2) 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 a r e 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 Truog phosphate val-oo to a des irable 

level. Six weeks after application of superphosphate, the 

Truog phosphate va l ue for the Pukepuke soil had risen to 89, 

and for the Foxton soil to 71 • but a t the final sampling these 

va l ues had fallen to 39 and 33 respectively . Although the 

Truog va lue for each soil appears to decrease with time at a 

similar r a t e the Olsen value decreases more ra~idly for the 

Pukepuke than for the Foxton soil (Table 3.1). Wher eas the 

final Truog va luo expressed as a percentage of the April 16 

value is higher than the equivalent Olsen va lue for tho 

Pukepuke soil, the Olsen va luB of tho Foxton soil is higher 

than the Truog -:alue . This evidence, couplod with the 

observa tion that the ratio of Olsen phosphate:Truog phosphate 

is different in the hrn soils (Table 3.2), indica tos that 

Olsen' s and Truog ' s re~gent s are extracting different fractions 

of phosphate. Whereas Bray and Kurtz (1 945), Pratt and Garber 

(1964), Datta and Kehra (1969) and Srivastava (1971) found that 

Olsen ' s reQgent solubilized aluminium and iron phosphates , Grigg 

(1 966 ), Susuki , e t a l. (1963), and Datta Gnn KPhra (1969 ) noted 

that this r eagent solubilized mainly ~luminium phosphate. Chang 
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and Juo (1963) found that Olsen's phosphat e was correla t ed 

with aluminium phosphate in soils dominant in calcium phosphate. 

In soils dominant in iron phosphate the highest correlation 

again wa s between Olsen phosphate and aluminium phospha t e, but 

s ignificant corre l a tions wore also found be tween Olsen phosphate 

and calcium and iron phosphate . Tho evid ence suggests that in 

the two soils of the pr esent s tudy, Truog 's r oagent extracted 

phosphate other than ca lcium-bound phosphate. For example , 

after applica tion of phosphate to the Pukepuko s oil, Truog 

phosphate increased by 34.57 mgJ?% whereas the sum of NR
4

Cl­

solublo phospha t e and ca lcium-bound phosphato increased by only 

32,87 mgP%. Ther oforo , oven if all the 15.26 mgJ?% increase in 

calcium-bound phosphat e aft er phosphat e addition was soluble in 

Truog 1 s r eagent (which is unlike ly) , phosphat e from other 

fractions must have been solubilized to account for the increas e 

in Truog extractabl e phosphate found, A s i mi l ar argument may 

be applied to the Foxton soil, If Olsen's reagent is assumed 

to remove l arge ly tho NH
4

Cl-soluble and aluminium-bound 

fractions (Chang and Juo , 1963) , then the more rapid decline in 

Olsen phosphate in tho Pukepuke soil may be due to the more 

r apid decline of the NH
4

Cl-solubl e and a luminium-bound frac tions 

found in the Pukepuke soil. The initial r apid decrease in Truog 

and Olsen phosphate l eve l s may have been duo to three factors: 

(a) the loss of phosphate by l eaching, (b) a r edistribution of 

phospha t e within tho soil phosphate fractions with ~ r esulting 

decrease in extractability, and (c) decrens e in 0xtractability 

within the soil phosphate fractions. A fourth f nctor could 

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

Evans and Syers (1971) which showed rapid penetration of added 



phosphate into soil crumbs from which s even days extraction 

with 0. 1 N NaHco
3 

r esolubilized only 14-1 cy; of the s orbed 

added phosphate. The suggestion that Truog's and Olsen 's 

reagents extra cted differ ent fractions of phosphate is 

supported by the conclusion of Colwell and Donnelly (1971) 

tha t phospha te t es ts ~re affected by variation in soil 

composition , particularly with r espect to compounds of iron , 

a luminium , magnesium and ca lcium. Borlan, et a l. (1968) 

noted that the chemica l properties of the soils they worked 

with accounted for up to ei ghty percent of the variance of 

the eff ect of fertilizer and lime . 
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The initia l increase and subsequent decrease in 

"availab l e" phospha t e found in the pr esent study agrees with 

the r esults of Grigg (1966) , who showed that annual application 

of 564 Kg/ha of super phosphate to a yellow-grey earth go.vo an 

annua l fluctuation from 0 to 17 units in Truog values . This 

emphasises the fact tha t soi l phosphate status i s a dynamic 

concept, and that interpreta tion of soil t es t values must take 

into account the time since f ertilizer was previously applied 

and also seasonal growth conditions (Grigg, 1966). In the 

present study, the rapid decline in the phosphate concentra tions 

in 0.01M CaC12 equilibrium solutions with time after application 

of superphosphate to the soils corrobora t es the findings of 

Larsen and Widdowson (1 971) who showed that the agei ng process 

of phosphate added to soil was indica t ed by fa lling solubility 

as time elapsed . 

Schofield (1955) considered that it i s not the amount of 

available phospha t e in a soil that primarily controls the 

uptake of phosphate by plants but the work needed to withdraw 
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it from the pool, and he proposed tha t the potential of mono­

calcium phosphate in soils may be expected to serve as an index 

of the availability of soil phosphate. Russell (1961) noted a 

lack of experimenta l evidence which could be used to discriminate 

between whether phosphate uptake by plants is controlled by the 

potential of monocalcium phosphate or by tho phosphate ion 

concentration in the s oil solution. However, it :is the opinion 

of Wild (1964) tha t for solutions of about tho snmc phosphate 

concentra tion as thos e in soil , it is the phosphate concentr2tion 

and not the potential which determines phosphate uptake by plants. 

However, Wild a lso noted that it is not clco.r whethGr the con­

centra tion should r ef er to tho total inorganic phosphate in 

solution or to that fraction present as H2Po4 ions. Nye (1968) , 

considering the experimental finding of pla~ ,_t physiologists tha t 

the rate of uptake of an ion varies with it s concentration in 

solution , wns of thG opinion that "to express this concentra tion 

as a concentra tion ratio with other ions , or t o t ake tho 

logarithm of the ratio and use thermodynamic term:i_nology does 

not give the si_mple r e lation between concentro.tion in solution 

and plant uptake any better theoretica l justifica tion". Hence 

the hypothesi s of Schofield may not bo entire ly correct and may 

in f act not give any advantage over the s imple mollsurc,~nnnt 

of phosphate concentration in solution. 

In the present study, although the f~rtilized Pukepuke 

soil showed higher Truog and Olsen values than tho fertilized 

Foxton soil, the amounts of phosphate at equilibrium in the 

CaC12 extracts were lower, This demonstra t es that tho l evel of 

phosphate maintained in the s oil f'!0]11tion is lower in the 

treated Pukepuke soil than in the troated Foxton soil. Virtually 



99 

all of the phosphate in solution in the Foxton soil will be in 

the form of H
2

Po
4
- be cause of the l eve l of soil acidity; hence 

in calculation of phosphate potentials ~ the actual phosphate 

concentration in the equilibriUl!l 0.01M CaC12 extracts was 

used . However 9 this is not the caso for the Pukepuk:G soil 

where, because the equilibrium pH of 0,01M CaC12 extrc.cts 

lies between 7.1 and 7.2, only approximately 31% of the total 

phospha t e ~oncentration is in the monovalent form, and only 

this fraction is considered in determination of phosphate 

potentials . Hence the phosphate potentia l s for the Pukepulm 

soil indica te a lower level of phosphate in the 0,01M CaC12 

extracts than is indica t ed by measurement of the phosphate 

concentra tion. Consider a tion of th0 coefficients of variation 

(
1ra bles 3-5, Appendix 3) shows that tho order of coefficient 

of v::i.riation was Schofield values) Truog values) Olsen values . 

Nye (1963) s tressed the need for dooper understanding of 

the transfer of nutrient s from soil to crop and concluded that 

without it "the future of soil testing will consist of an 

endless series of f ertilizer trials des igned for correl a tion 

with an ever increasing number of hit-or-miss extr.:.:.ctions" . 

Perhaps the comment of Ozanne c..ncl Shaw (1 967 ) that "it is the 

amount of required phosphate tha t is of more concern than the 

existi ng supply" is relevant. These authors showed that tho 

measurement of phosphate sorption by soil at some standard 

equilibrium concentra tion was closely and linearly rela t ed to 

the phosphate requirement of pasture plants growing on that 

soil , A standard equilibrium concentration of 0.3 ppm was 

chosen because this would ensure maxi mum yield without 

entering the zone of luxury consumption, However, Ozanne and 

LI BRARY 
MASSEY UNIVERSITY 
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Shaw noted that because of a differing phospha te requirement 

between species , more accurate relationships between phosphate 

sorbed and phosphate required might be found in situations 

where only one species is dominant. Graphical r epresentation 

of the sorption data presented in Tables 3.9 and 3.10 showed 

that to obtain an uquilibrium phosphate concentration of 0.3 

ppm r equired the addition of 82 ygP to each gram of the Foxton 

soil and 364 /.1g to each gram of the Pukepuke soil. Ozanne and 

Shaw found that where plants were grown in fi eld soil to which 

a ourfa ce application of phospha te had been made, tho ratio of 

phosphate sorbed in the l~boratory test , to phosphate required 

by the plants , was 1/0.7 , wher eas when the phosphate was 

uniformly mixed through the soil, the ratio was 1/1 .6. 

(3) Tho Significance of Soil pH Ch~ iges Induced 

By The Field Application of Phosphate: The differ ence in pH 

depression shown by the 

two soils (Table 3.8) as a r esult of the addition of super­

phosphate indica tes different buffering co.pacities. 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 s ix weeks aft er topdressing , tho pH of the 

phosphate treated soils moved towards that of tho control soils. 

Saunders attributes the initial decrease of pH in the treated 

soils to tho acid nnture of the f ertilizers and the replacement 

of exchangeable H+ ions by Ca++ ions from the f ertilizer. He 

considered thnt 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 tho pH of tho phosphate treated plots to move 

towards that of tho control plots within a few months after 

addition of superphosphate agrees with the view of Russell (1961) 

tha t superphosphate is not an acid f ertilizer as demonstr ated by 

the fact that long term f ertilizer trials on the Rothamsted and 

Woburn soils had no· appr eciable effect on the pH . Pnr t of the 

pH depression noted in this study may be duo simply to the salt 

effect, as measurement of tho equilibrium pH values in 0.01M 

CaC12 extract s showed that the pH diffor once betwe en trea t ed and 

control soils was only 0.1 for the Foxton soil and 0,08 for the 

Pukopuke soil a t the first sampling after addition of phosphate. 

(4) The Trends Of Phosphate Fixation Revealed 

By The Fractionation Procedures: The coefficient of 

variation for the 

es timn ti on of the various phospha t o fracti ons generally vari,ed 

from 5-26% ( ~able 6-8, Appendix 3) , depending upon the soil and 

tho fraction. Khanna and Datta (1967) r eported that the 

coefficient of va riation in their study vari ed from 0-23%, and 

the maximum variation was observed with tho es timation of the 

iron-bound phosphate . They suggested this was probably due to 

tho hydro l ysis of or ganic phosphorus extracted a long with this 

fraction . Exceptionally high coeffi cient s of variation wore 

found i n determino.tion of iron-bound phosphate in the present 

st'..ldy, the highest being 71%. This occ'J:rred in determination of 

iron-bound phosphate in tho Foxton control soils, and may be 

partially due to the low level of phosphate in this fraction. 

The VQlue of 52.8% for the organic phosphorus content of 



the Foxton control soil (expressed as a percentage of total 

phosphate) is comparable to the value of 5o% given by Syers 

and Walker (1969a) for the top horizon (0-14 cm). However, 
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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 o.lthough the 

importance according to abundance is similar, the relatj_ve 

percentages vary, Percentages ca lculated from the results of 

Syers and Walker ( 1969b), and the percentages determined in 

this study (in brackets) are: residual phosphate 60.1% (47.9%), 

calcium-bound phosphate 18,7% (29.3%), aluminium-bound phosphate 

12.6~b (19. 450 , nnd iron-bound :phosphate 8.6% (3.4 5t). 

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 Wi:J //<er (1969b) ), nnd to differences in the fro.ctionation 

procedure used. 

(i) Ammonium Chloride Soluble Phosphate: The phosphate 

extracted by NH
4
c1 

corresponds to water-soluble and weakly-bound phosphate 

(Chang and J a ckson ; 1957a). According to Fassbender 

(1968) this fraction decreases in soils with increasing 

degrue of phosphate retention. Thus the higher phosphate 

r etention capacity and the higher iron content of the 

Pukepuke soil could be used to predict that a smaller 

proportion of the added phosphate would r emain in the 

NH
4
Cl-soluble fraction; the results show that this was 

indeed the case (Table 3,4), The rate of decrease of 

the 1-HI
4
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 NH
4
Cl-soluble 

fraction comi_)rised 14. (f;b of the added phosphate r emain-

ing in the Foxton soil, wher oas the equivalent figure for 

the Pukepuke soil was 4 .5% (Table 3 .5), despite the fact 

that the percent age loss of added phosphate was gr eat es t 

in t he Foxton soil. 

Only a f ew workers have reported on a nd dis cussed 

the NH
4
Cl-oolublo phosphate fraction. Fassbender (1968), 

by shaking 0.5g sampl es of soi l with a solution contain­

ing 100 ppm phosphate l abelled with 32P, found tha t the 

percentages of added phosphate r ecover ed in the NH Cl-
4 

soluble fraction wore 14.50, 11.05, and 2.95 for 

a lluvia l soils, l a tosols , and andosols respectively. 

Yuan , et al . (1960) added a solution containing 100 ppm 

phosphate to throe acid sandy soils and reported that 

of t he phosphate r etained , . ·~ .5 , 2.1 , and 3. 8 percent 

The was recovered in the mr
4 
Cl-soluble fra ction. 

porcentagos ~ added phosphate r ecover ed in the NH
4
Cl-

soluble fraction in the pr esent study lJ.rG consider ably 

greater than those r eported in th3 liter a ture, and this 

is true even s ix ~eeks after applica tion of tho phosphate 

f ertilizer. This could be due to the high application 

r a t e being used and also to the f act that the soi l: 

extractant ratio used here was considerably wider t han 

that used by the authors r eported a bove, and may be 

expected t o extract mor e phosphate . 

(ii) Corrected Aluminium-Bound Ptios12hat~,: Several authors , 

including Robert-

son and Hutton (1 960) 9 Chang and Chu (1 961), Fiskell 
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and Spencer ( 1 964) , Manning and s._..,_ lomon ( 1 965) , Khanna 

and Datta (1968) 9 Fassbender (1968) , and Appelt and 

Schalscha (1970) , have reported that the bulk of 

phospha te added to soils can be r ecovored in the a luminium-­

phosphate fra ction. This was found to be the case in the 

present study and , furthermore, the initia l increase in 

the a luminium-bound phospho.te followed by a decline with 

time (Figures 3.5 and 3.6) agr oe with the findings of 

Chang and Ja ckson (1958) and Chang e nd Chu (1961). 

Harter (1968) found that the portion of phosphate 

adsorbed by a 1ake sediment which uas subsequontly 

extracted by NH
4
F, appeared to be bonded by two diff '.:' r ont 

mechanisms . When small amounts of phospho. t e wore adclod , 

NH
4

F extracted a tightly bonded f or m of phosphate 

probabl y occurring ns an aluminium phosphate. When 

larger amounts of phosphate were added . tho ac1.di tiona l 

phosphate was bound more loosely in a form 1-1hich appeo.red 

to be independent of tho a lumi.niun content of th:: sediment, 

a nd could bo removocl by successive extr action with water. 

Tandon (1 969 ) a lso noted that smaller additions of 

phospha t e to soil rcsul ted in a stronger bonding bet1~oon 

phosphate and ahminiwn "'· ,, ,,,_did 1-".:l'.'ger additions, 

assuming a constant amount of phospha t e r e t ention 

surface . He ascribed this to u vari a tion i n tho distance 

bet ween tho phosphate ion and the retention si tG, which 

increased as the araoun t af added phosphn t o increased. 

From additional adsorption-extraction data on several 

soils, Harter (1969) postulated th~t +.he l oosely 

a dsorbed phospha t e is primarily bondGd to orga nic 
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matter on anion exchange sites , and the mechanism 

involved is most likely a substitution of phosphate ions 

for hydroxyl ions. This proposal suggests that phosphat e 

is initially bonded to anion exchange sites on or ganic 

matter, and subsequent ly transformed t o less soluble 

iron and aluminium phosphates . It may be concluded, 

t herefore, t hat o.s the amount of phosphate added to 

soil increases , ther e i s a r eduction in bonding s trength 

of the phospha t e . It would be expected t hat as tho 

Pukepuke soil received twice as much phosphate as the 

Foxton soil, and since this soil contains l oss free 

a l umina, raore of the added phosphate will be held by 

the l ow energy bonds. The mor0 r a pid doclino of tho 

NH
4
F-soluble phosphate in tho Pukepuke soil supports 

this hypothesis. However , al though the Pukepuke soil 

contains l ess free a luminu , tho degree of saturation of 

the alumina surfaces is not known. 

Ono of the first r eaction products of monoca lcium 

phosphate i n soil may be dical cium phosphate, and its 

impor tance could be expected to incrohsc as tho calciuo 

content of tho soil is increased (Lindsay, ot a l. 1959). 

Such dicalcium phosphate is likel y to be extract ed lfil! i n ly 

by the fluoride sol ution (Kaila, 1961b, 19630.; Laverty 

and McLean, 1961) .J.nd ther efore, i n the early samplings 

of the Pukepuko soil after phosphate applica tion, the 

NH
4

F- soluble phosphat e may include some dico.l ciun 

phosphate . 

Tho l a reo diffcr nncP. in r Pn.o'H"'.,.::'+; on of phosphate 

found between the Foxton and Pukepukc soils during 
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NH
4

F extractions reflects the different free iron oxide 

contents. As sugges t ed by Smith (1965c), it was found 

necessary to use separate correction factors for the 

control soils and the phosphate trea t ed soils. the 

percentage adsorption of addod phosphate being lower in 

the trea t ed soils . As pointed out by Willi a:ws, e t nl. 

(1967), the use of r ecovery va lu0s obtained after the 

addition of 1 .25 {.igP per ml of NH
4

F solution as a basis 

for correction to an adsorption-free basis , is not 

entirely adequate if the relationship be tween sorbed 

phosphate and phosphnte in solution is non-linear . It 

would appear desirable to keep tho concentration of 

phosphate added in the NH
4

F solution ns low as possible, 

but some difficulty was oxpericmced in this study when 

low concentrations of phospha t e were a dded to N"tl
4

F 

solutions due to variability between samples in the 

amounts of phospha t e adsorbed. 

(iii) Corrected Iron-Bound Phosphate: 'l'ho higher IX3 rcontage 

of the added phosphate 

recovered in the iron-bound fraction in tho Pukepuke as 

distinct from the Foxton soil is doubtless a reflection 

of the higher 1free 1 iron oxide content of tho former 

soil . The t endency for both the Foxton and Pukepuke 

soil s to show an increas e in the iron-bound phosphate 

fractions with increasing time after phosphate applica tions , 

agrees with the findings of Chang and J a ckson (1 958); Hsu 

(1960); Chang and Chu (1961); Smith (1965b , 1967, 1969) 

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 

r eductant-soluble phosphate i s extra cted in the pre­

cedin!5 ca lcium phospha te extraction , thus l oading to 

overestima tion of the l a tter fraction (Ir ·~ and Leeper, 

(1960). Preliminary investigations (Table 2.8) showed 

that the normality of HCl in the range of 0.01 to 1.0 

had no significant effect on the amount of phosphate 

extra cted from the Foxton soil when the phosphate in 

tho a cid extra ction and the subsequent alka li extraction 

were summed . Therefore, in this particular soil, it 

would appear tha t tho acid was not extracting r eductant­

soluble phospha t e, for if this had been so, there would 

have been an incr easo in tho amount of phosphate 

extracted as the normality of the HCl was increased . 

Further support for this conclusion is to be found in 

the work of Shah e t al. ( 1968) who showed that ; for the 

top horizon of the Foxton black soil , tho suri. of the 

acid-extractable ca lcium phosphnto plus tho non-occluded 

aluminium and iron phosphates i;·m.s approximately equal to 

the phosphate extracted by 1N H2so
4

, and t ho authors 

cons i dered that the se fractions may be approximately 

equated. 

In contrast , the phospha t e extra cted by acid from 

the Pukcpuke soil wa s dependant on the normality of the 

acid in the range of 0.01 to 1 .O (Table 2.9) . If it 

COUld be Shown tha t the increaSA in rhospha te extracted 

with incrensing normality of acid was accou1panied by an 
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increase in tho amount of iron extracted, this would 

sugges t that as the acid increased in strength, the 

reductant- solublo and/or occluded phosphate was being 

a ttacked . The r esults ('I'a.ble 3.6 ) show that this was 

the case . Thus, as the aclli. strength was increased 

from 0 , 01N to 1,0N, each increase in the amount of 

phosphate extracted rms a ccompanied by an increase in 

the amount of iron extracted (Table 3.6 ) . Similar 

amounts of phospho. t o were extracted by O. 01 H and 0, oar 

HCl and although the amounts of iron appearing in these 

extracts uere l ow, there was a five~fold increo.se between 

the 0.01 and o.oar HCl extrncto. As the normality of 

the HCl was increased from 0.04 to 0 . 1, the amount of 

phosphate extracted increased , and this was accompanied 

by an increase i n the amount of iron extract ed. Tho 

increase in the amount of phosphate extracted by 0.5N 

HCl was nccompa.niod by an a lmost two-fold increu.so in 

tho amount of iron extrc.cted , and a l thow,·h 1 • ON HCl 

extracted still more iron (representing approxima tely 

6Cff; of the iron extracted by ci tra to-di thioni te­

bicarbona te extractions) thorc was little increase in 

the amount of phosphate extracted. If the acid "tms 

extracting a certain fraction of phosphate at each 

normality ; then the difference between the phosphat8 

extracted from troei. t ed soils and that e:xtracted from 

thG control soils , would be expected to remain constant 

over the r ange of normalities, and approximately equal 

to the amount of n:;:iplied pbn~:0hnt.e .. Thi s occur:red up 

to a strength of O. 1 N (·rnblo 3. 7) but 0 . 5H HCl increased 
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the difference botweon tho amounts of phosphate extracted 

from the treat ed and control soils . The differ once at 

1.0N HCl was 11 .3 mgJ% higher than tho moan difference 

over the r o.nge of 0.02 to 0 .1 H HCl. The f o.ct tha t the 

difference of ~pproxiti.J. t e ly 98 mgJ?% obta ined over tho 

range 0.01-0.1N HCl was high0r them t he meun value of 

the phosphate added and r ecover ed in the fractionation , 

can be explained in terms of fie ld variability of the 

soil. More importantly , the diff0r ence of 11.3 hlgJ?% 

between the amounts of phosphc.t o oxtra ctod by 1 .ON and 

O. HT HC l is s light ly larger than the amount of <:J.dded 

phospho.te appearing in the r es idual phospho. t e fra ction. 

When the r eductant-soluble phosphate wns determined on 

the treated and untroa t od PukEJpuke soils . tho phosphate 

appli ed ·which had not been r e cover ed in the unoccludod 

phospha t e fractions , w.::.s r ecover ed i n tho r eductant­

solublo phosphate fra ction. 

WilliaBs (1 965) compar ed the me t hod of Fife ( s imilar 

to that used in tho pr esent study) for determination of 

ca lcium phosphato and a mGthod modified by \llilliams 

( 1965) . ovc:r a r ange of s i x soils . H0 found good agree­

ment in the a.mounts of calciun phosphatG ex t racted by 

the two me thods using two soils whi ch apparently 

contained no ca lcium phosphate" Howover , o.ppr E:c i a ble 

differences between the two methods wE:r e found for t he 

r emaining sampl es . Williams (1965) consider ed that it 

wo.s possible t hat the method of Fif8 over es tima t ed 

calcium phosphate be cause of s light a lter a tion of the 

sanple during a cid extr act ion. He added that visual 
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observation showed considerably more organic matter to 

be extracted by Nae ,_ from acid-tronted samples than from 

tho samples troa t od with alkali alone and he considered 

thn t this m y hc.ve been due to partia l break-down of 

iron oxide coa tings or concre tions by the ac:id. treatment. 

Pretrea t ment with HCl ha s been shown to increase the 

amount of organic phosphate extracted from soils by 

No.OH solution (Mehta, ot a l. 1954), and Williams con­

sidered it r easonable to a ssume that this would apply 

to inorganic aluminium and iron phospha t e . However , it 

ha s already been established tha t tho acid used in this 

s t udy (0.02N HCl) extracted very little iron. Further­

more , applica tion of the f ractiona tion procodure of 

Willians (1965) in tho pr es ent study produced a calcium­

bound phosphate va l ue of 24.7 mgP% for the Pukepuko 

control soil which compar es favourably with tho value 

of 25.1 mgP% obta ined by tho method of' Fife on the 

same series of samples. 

It may be concluded therefor e, tha.t tho me thod for 

det ermination of ca lcium-bound phospha t e used in this 

study gave a good estimation of calcium~bound phospha te, 

but the procedure of Chang and J ackson (1957a ) in which 

0.5N H2so
4 

is used to determine calcium-bound phosphate, 

may overestimate the ca lcium-bound phosphate a t the 

expense of the r eductant-soluble and/or occlud od 

aluminium and iron phospha t es 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 phosphnte 

content . Saunders (1959b) found that application of 

phospha te in field trials to New Plymouth black loam 

over a number of years l ed to a smnll increase in the 

l eve l of apatite phosphate . Because of the high 

sesquioxide cont ent and the ooderately acid reaction 

of tho soil, Saunders considered that tho build-up of 

calcium-bound phosphate was not duo to retention of 

phosphate by cnlciUJJ, but r a ther to the prosonco of 

r osidunl water-insoluble apatite added in the phosphatic 

f ertilizer. Tho increase i n calcium-bound phosphate in 

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

leas t in part , to unreacted apatite in the applied super­

phospha te. Of the 9.46%P in the superphosphate used in 

this experiment , 18?& was not renoved by two successive 

extractions of 1g super phospha t o with 100ml of water. 

Tho finding of Kaila (1967) that after incubation 

of soil with Cnco
3

, tho small ai~ounts of fertilizer 

phosphate recovered in tho acid solubl e f orB did not 

depend on the rate of limi ng, even a t pH 7 , is 

suppor ted by tho small difforence i n the aIJounts of 

calcium-bound. phosphate found in tho tuo soils of the 

present study. However, calciUI'.1-bound phospbate may 

be expected to be more stable i n the f-ulrnpuke soil, 

because of its higher pH , than in the :F'ox-':on soil. 

This is supported by the finding that tho ca.lcium-bound 

phosphate fraction of the Foxton soil decreased with 

time a t a faster rate than that of the Pl.1kepuke soil. 
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(v) Residual Phosphate: An increase in the residual 

phosphate fraction of the Puke­

puke soil six weeks after the application of super-

phosphate i ndica t es that occlusion of phosphate added to 

soil may occur nore rapidly than is gen8rally believed. 

Increases in the r oductant-soluble phosphate have been 

reported a t ei ght weeks (Mandal and Das , 1970), three 

months (Kar and Chak:ravarti, 1969 ) , and one hundred 

days (Chang and Chu , 1961) after phosphate application, 

but in all co.sos the soils were flooded. However, for 

the soils consider ed here, in tho s i x w0eks beti-rnen 

applica tion of superphosphate and the first sarupling 

after applica tion , rainfall wns only 25 . 1Ilfil (Tabl e 3, 

Appendix 4) and no flooding occurred over this six 

week period. The explanat ion for this increase in 

r esidual phospbnte over such a short time interva l is 

nost likely due to the high rate of phosphate npplicat ion 

and the largo content of iron in tho soil. Examination 

of tho coarse s::rnd fro.ction of tho A horizon of tho 

PukopukG so il revealed a nunber of roughly rounded 

reddish brown grains, with the s'J.perficial appearance 

of ironstone nodules . Hmvever, when those wer e broken 

open, they were found to be earthy and porous and l acking 

in any suggestion of concentric concretionary deve lopnent . 

Tho oajori ty of p ·nins vrnre earthy a ll tho lmy through , 

but some appear ed to contain r emnants of the original, 

weathering, ferromagnesion minerals a t their c·..:-ntreo. 

The r eddish broun earthy matGrial wns i dentified ns 

consisting of the two phases goothitc andp Fe2o
3

.H20 
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(Challis, pers. comm. ), who suggested t ha.t the grains 

could possibly be pseudomorphs aft er biog0nic iron 

pyrite, which is colill:lon in uet soils. Howevc::r the 

presence of what o.ppeo.r cd t o be ori gi nal fcrromagnesiu:n 

min0Tals at the core of some of the grai ns would suggest 

that they could equally well be pscudomo:.'phs after such 

wcnthoring Dincrals (Pollok, pors . cotliil , ) . These 

pscudorlCrphs would provide a rcndy source of iron for 

the occl usion of phosphate . 

'fhc f E:.ct thnt t he increased content of residual 

phosphate fraction r esulting from the fertilizer 

additions was not extracted by HH
4
F, lfoOH or 0 . 5N HCl, 

inclicates thn.t it i s not in a. descrote forn such as 

Yariscite, strengite or ::i.patitc . However, because it 

is solubilizcd by extracti on with 1!T HCl, which a lso 

removed a largo noount of iron, it is suggested that 

this phosphn.te i s siuply occluded by o.n iron oxiQe 

coo.ting_ r eooval of which a llows the phospbat0 to bo 

extracted. 

As previ ously stat ed tho term 11 residual phosphate" 

o.s used in t his study includes tho roductant- solublc 

phosphate , occl uded a l uniniULl and iron phosphat0, o.nrl 

thu residual phosphntc of tho Chnng and Jackson (1957c) 

procedure . This latter fraction uas belicvC;d to consist 

of secondary inorganic for1:is of phosphorus (Dauwin and 

Tyner, 1957) . Syers, et al. (1 967), studying four bench 

sands and Kopu taron sandy loan froD the Mo.nm·r.:i. tu sand 

country, foun~ that apatite was present as inclusions 

in several of the volc.:i.nic derived minerals in beach 
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sands, Since these apatite inclusions were partially 

resistant to attack by 1N HCl, it was concluded tha t 

residual or inert phosphate in soils filay have both 

primary and secondary origins, Apatite inclusions have 

a lso been studied by Cesca s, ct al , (1970) who concludE:d 

that, in the beo.ch sands of the Hannwatu sand country, 

such inclusions ar e probably more s ignificant than 

lattice phosphorus a s contributions to total phosphate. 

(vi) General Conclusions Concerning The Trends of Fixation 

And Tho Values Of The Fra ctiona tion Procoduro: 

Tho differ ences exhibit0d bctueen tho Foxton and 

Pukepuke soils in t he porcontnge distribution .· f c.ddcd 

phosphate withi n tho phosphate fractions support tho 

findings of Kaila (1963n ) tha t f ertilizer phosphorus 

accumulates in vnrious fra ctions EL'linly according to 

the properties of the soil s . Kaila (1964b) noted a 

greater accumulat i on of iron-bound phosphate as the 

phosphn.to sorption capacity of the soil increased, and 

this accords with the ocrlier work of L~r:orty and HcLean 

( 1961) and Volk and r:icLean ( 1963) . The findings of tho 

present study also fit this : 2ttern~ as tho Pukepuko soil, 

with the higher phosphate sorption capacity, r etained 

more of the added phosphate as iron-bound phosphate than 

did the Foxton soil with u lower phosphate sorption 

capacity. 

The r atio of a luminium-bound phosphate:iron-bound 

phosphn t0 (subsequently designated Al-P/Fe-P) shows a 

different behavi our for the two soils. In the Foxton 

soil, the Al-P/Fo-P r atio was 7.87 prior to phosphate 

addition, indica ting the r elative unimportance of the 
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iron-bound phospl~~ te fraction in this soil. Six weeks 

af ter application of superphosphate the ratio was 7.82 , 

but by the end of the experimental period this r a tio had 

decreased to 2.26, Application of superphosphato 

increased the Al-P/Fe-P ratio of the Pukepuke soil from 

0.17 to 0.78, but by the end of the expe~imental period 

the ratio had fallen to 0.42, thus indica ting a tendency 

to revert to its originnl value. These findings agree 

with those of Shelton and Coleman (1968) who showed 

that with increasing tir:ie after application of phosphate, 

there was a decronse in a luminium-bound phosphate and 

an increase in iron-bound phospl~te , a situation to be 

ant icipated in view of solubility considerations. 

Although it is fully r ecognized that sharp 

delineat ion of tho forms of phosphate: in soil s is 

probably not roo.lized under the conditions of the 

fractiorw.tion procedures er:ip loyod in this study ( nc1· 

fo r th.1.t matter by any other existing scheme of fraction­

ation) it appears that, by the use of appropriate 

corrections, tho relative importance of ench phosphate 

fraction can be well es t ablished . However, 

it is essent i a l to deternine f or ea ch soil the optimum 

soi l: extr actant ratio and extr act ion time, and, for 

the deter mination of calciun-bound phosphate , the 

required initi a l normality of a cid to produce tho 

desired equilibrium pH value. One featur e of the 

fractionation procedure of Fife is that it used a 

separ ate sub-sample in the determination of each 

phosphate fraction. This bas the advantage over 



116 

s equential ex t r a ction in that it obvia t es possible 

r el ease of phosphate during a cid extra ction from CaF
2 

fornod during fluoride extraction of cnlciULl carbona te­

cont aining soils , Syer s, et al. (1972J. 

* * * * * * * 



B. SUMMARY 

A study was made of the changes in avail ability and forns of 

phosphate binding over a twelve-month period following th0 

applica tion of coI!lflercial super phosphate under field conditions , 
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in two contrasting soils of the Manawatu-Ra:i.gitikei sand country, 

using the r eagent s of Truog (1930) , Olsen (1954) and Schofield 

(1955) , and tho fractionation proced~Te of Fife (pers. comm.). Tho 

two soils used for t hi s s tuc.y were t he Foxton black scmd, an 

excessively dra ined dune soil, o.nd the Pukepulrn brown sc.ndy lonn, 

a poorly dro.ined so.nd plain soil. Fertilizer wa.s a pplied i n the 

autumn and the oxporimonta l period was des i gned to cover tho 

approximate time interva l between successive fertiliz er applications 

in a f arming situation. 

The following conclusions were dr awn frou this s tudy:-

( 1) Tho Pukepuke soi l possess0s a higher phosphnto sorption 

capacity than the Foxton soil; this is nost like l y duo t o 

the high iron oxido contont of the Pu..1<epuke soil and th0 

amorphous nature of tho clay fraction . 

(2) Short tern downward movement of applied phosphate fron the 

top 5cr:i of soil was considerably G-reat or in tho Foxton 

soil than in the Pukopuke soil . 

(3) Application of superphospha t e to tho Foxton and Pul~epuke 

soils resulted in a l a rge increase in the Truog, Ols on and 

Schofield phosphate l eve l s. All throe va l ues fell r a pidly 

with tirJ.e, but whereas the Schofie l d vn Jnes moved to,~o.rds 

the va lue of the untrea ted plo ts , the Truog and Olsen 

values appeared to I!love t . ,;ards an equilibrium l evel above 

t hat of the untreated soils. 
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(4) Olsen and Truog r eagents extra cted different fracti ons of 

phosphate . This was indi ca t ed by a diffe r ent i ·atio of Olsen 

phosphate :Truog phosphate in the two soils coupled with a 

differing r a t e of decline of Olsen phosphat e . 

(5) Although tho l eve l of phosphate maintained in the soil solution 

was similar in tho untreated Foxt on and Pukopukc soils , tho 

l ev el of phosphat e mai ntained in tho soil solution was l ower 

i n tho treated Pukepuke soil tlw.n i n the treat ed Foxton soil . 

This was denonstr a t ed by the anounts of phosphat e i n s olution 

at equilibriufil in CaC12 extracts . 

(6) Sorption data obta i ned by the me thod of Ozo.nne and Shaw showed 

that to raise tho phosphat e l eve l of the untreat ed soils t o 

an adequate l ovol r equired the additiun of 4. 5 tiDes as much 

phosphat e t o the Pulcepuke soil as t o t he Foxton soil. 

( 7) Addi ti on of ~m.perphospha t e to the two soi l s produced a 

t empor ary depr essi on of pH, po.rt of whi ch may have been due 

t o the salt effect. 

(8 ) For both the Pukepuke and Foxton contro l soi l s, or ganic 

phosphorus ac count od for nu.ch of tho t ot al phosphate in t ho 

t op 5cn (43 , 6 and 52, 8 percent r espectively). 

(9) The coef fi cient of vnri ntion f or tlw ost i nation of the 

various phosphate fractions generally vari ed fr0n 5-26% 

depending upon the soil and tho fraction . Tho maxi mum 

varia tion wa s observed f or the es til'J2. tion of iron-bound 

phosphate . 

(10) The order of i mportance, with r espect t o auount , of the 

inorganic phosphat e fractions i n the contr ol so ils wns 

r esidua l, ca lcium-bound, a lUDinium-bound and iron-bound 

phosphate in the Foxton soil and residuo.l, iron-bound, cnlciun-
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bound and a luminium-bound phosphnte in the Pukepuke soil, 

(11) Addition of superphosphate to the Foxton soil produced increases , 

in order of auount, in the a luninium-bound, easily-soluble, 

calcium-bound and iron-bound phosphate fractions , while increases, 

in order of o.mount, in the a lum.iniuB-bound, iron-bound, easily­

soluble and ca lcium-bound phosphate fractions were found after 

addition of phosphate to tho Pukepuke soil. 

( 12) Addition of sup0 rphosphate hD.d no significant effect on tho 

organic phosphorous l ove ls i n either soil over the twelve 

month experimental period. 

(13) With increased time aft er application of superphosphate , both 

soils showed n docreasc in the eo.s ily-soluble a nd aluminiUL:t­

bound phosphat e f ractions and an increase in the iron-bound 

phosphate fra ction. Tho Pukepuke soil showed a more r ap id 

decline in the easily-soluble and a luminium-bound phosphate 

fracti ons than did the Foxton soil. 

(14) The nethod for de t ermina tion of calcium-bound phosphate used 

in the present study gave a good estination of calciun-bound 

phosphate, but the pr ocedure of Chang and Ja ckson (1957a) 

would overestimate the ca lciUill-bound phosphate at tho expense 

of the r oductant-soluble and/or occluded a luninium and iron 

phosphates in the Pukepuke soil. 

( 15) Tho differ0nce in pH botweon tho two soils did not ci.ppenr 

to affect the amount of added phosphate appearing in the 

ca lcium-bound phosphate fraction. It is suggosted that 

the small increase in cnlciUL1-bound phosphnte is at loast 

partially due to the presence of unreacted apatite in the 

superphospho.te applied to the soils. However, calcium­

bound phosphate appeared to be more stabl e in the Pukepuke 
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soil where the pH was higher. 

(16) An increase in the r esidual phosphate fraction of the Pukepuke 

soil was noted siz: weoks after thG application of superphosphato. 

The fact that the increo.so in tho residual phosphate fraction 

was not extracted by NH
4
F, NaOH or 0.5N HCl indica t es that it 

is not in a discrete form such as variscito, strongite or 

apatite. However , because it was solubilized by extraction with 

1 N HCl, which also ronoved c' l a.rgo ar..10unt of iron, it is 

suggested that this phosphate is occluded by an iron oxide 

coating , r emoval of whi ch exposes the phosphate to the extract­

ing r ea.gont. 
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Stati on 

Foxton (a ) 
(1 912-1954) ~ b ) 

c) 

Wai fa.r er e (a ) 
(1 948-1 954 ) (b) 

Glen Oroua (a) 
(1 935-1 954 ) (b) 

Tnngimoana (a ) 
(1923-1949) (b) 

(c) 

F'lock House , (a ) 
Bulls (b ) 
(1926-1 954 ) (c) 

Waitatapi a (a ) 
( 1895-1 954 ) (b) 

(c) 

Jan Feb 

59.43 63 . 23 

~'APPENDIX 1 {a) 

RAI NFALL 

(a) Hean monthly and annual rainfall (mm) 
(b) Extreme monthly and annual rainfall (mm) 
( c) :1. ·.rnrage annual number of rn.indays 

Mar Apr Nay Jun Jul Aug Sep 

53.09 64 . 01 79.50 87 . 63 76. 96 78.49 63.50 

Oct Nov Dec Year 

82 . 01\- T5.15 68 . 33 848.37 
162.05 204 .72 143 . 26 125 . 98 229 .11 213 . 36 169 . 67 176.78 132.08 100 .09 198 .1 2 193.29 1128.78 

119 

52 . 83 68 .33 45 . 21 69 . 60 68 .83 94 . 23 73. 91 T5 . 91 41 . 91 87. 38 87.48 83 .82 867. 84 
96 . 52 92 .20 64 . 01 109. 98 126.24 151.89 123 . 95 115.82 97 .79 160. 78 171.70 151. 99 993 . 65 

69.34 67 .06 58 .17 69.60 75.95 96 . 77 68 . 58 79.25 62 . 48 82 . 04 78.23 75. 44 882 . 91 
165 .10 168.91 155.19 132.59 210. 57 222 .00 152.91 165 .1 0 145.80 17~ 48 187.48 152~15 1004.57 

64 . 26 78 .49 53 .85 73.66 88. 90 90 .17 75.69 78.23 67 . 06 82 .80 65.79 71. 63 890 .53 
143.76 213.11 149.61 153 . 67 222 .00 201 . 93 162.05 177.80 155.70 189.74 127 .00 192 .79 1049 .53 

140 

59.94 65 . 53 54 .86 70.10 75.18 90 . 42 68 .58 80. 01 59. 69 84 . 33 73. 91 70.87 853 . 42 
159 .511 64 . 34113 .54 130.05 197 . 36 194. 311 49 .1 0184. 66 153. 92 174.24 232 .1 6 180.59 1021.59 

120 

64.80 68 .58 59.69 78 .74 84 . 58 86 .87 78. 99 74. 17 68 . 07 91.19 77 . 72 69 . 85 904 .80 
196.93 196.60 192.02 198 .1 2 232.16 224 . 03 163.32 191 . 26 162.56 179.32 172.47 192.79 1197.36 

143 
. 

*Adapted from Cowie, et al . (1967) . 
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APPENDIX 1 ( b) 

Temperatures (
0

c) And Humidity At Flock House , Bulls (1948-1954) 

1

• · ----- --- ·-- ---- ~~=--=-----~~~=J~ J~~ ! ---~;b \ Ma~ Apr \ Mayi-J~-Jul ~~Sep ; ·o;t·-~- N~-:+ D-~~ - · y~~;_- _· 
Mean Monthly Tempera ture 1 16.11 ' 17.28 l 15.671 12.9 \ 10.8

11

\ 8.9 ' 8.0 1 8.60 1 10.6 1

1

12.2 • 14.3 1
1

15.7 ! 12.6 

I 
I - --

' I l ' ' ' I i ' 
I '. i I I i i 

Mean Da ily Maximum ! \ ! l i \ l ' I : ! . 
Tempera ture ! 20.6 21.8 20.2 17.3115.6 1 13.0 112.3 1 13.1 I 14.9 ! 16.4 i 18.3 ! 19.8 :. 16.9 ' I l ,. I ' 1 I I 

Mean Daily Minimum \ I • \ I : I 
Temperature ; 11.6

1

· 12.8 11,1 J 8 .• 4 j 5.9 4.9 3.6 4.1 1 642 8.1 ; 10.4 1 11.6 '. 8.2 
I I ! I I I I I I I I ' 

Absolute Maximum i I i I ; l i ! 
Temperature \ 28.3 i 30.0 : 27~2 I 23.6 25.0 i 19 .. 9 18.1 19.2 21.9 !' 21.6 i 23.7 30.6 I 30.6 

. I . . ' \ I ' I I 

Absolute Minimum \ \ ! j 
1 

Temperature [ 2.8 4.9 I 0, 7 1 -1.6 1-1 .• 5 -4.4 -3.3 1-2.6 1 -2.8 i -1, 1 ! 2.5 I 3.1 

Mean Number of Days \ \ _ 
0 

\ ! 

4.4 

of Ground Frost i 0.2 0_.2 2.7 6. 5 _...2 14 .2 9 .7 5.8 j 2.3 

l I I I ' I 
Avera ge Relative Humidity 
(%) at 9 a.m. 

Mean 4" Earth Temperature 
at 9 a.m. 

Mean 8" Earth Temperature 
at 9 a.m. 

72 I 76 76 I 82 I 85 I 8• 85 I 82 I 80 I 75 

I l 
19 .. 1 18.8 I 16.3 12.3 9.3 

I 
j 17.8 

! 

I i 
I 14.0 \10.8 

I 

I 

I ! 19.8 
I 
! 

19.8 

7.4 

i 
I 8 . 7 

l 

I 6 . 1 
i 
i 

I 
\ 7 .3 
I 

6.7 
I . i 10.8 \ 13. 4 

: j 
I 10.9 114.1 
, I 

8 .2 

0.1 50.7 

' I 

74 \ 
! 

75 1 79 

i I 
' I : 18.6 i 12.9 : 16. 4 

i 

; 16.8 ; 18.8 : 13.9 
' 

--· ··- ----· .; __ __ -·- .. ------·----- -~------- ·-·--- -·--·----·· ·~ .. .. 

*Adapted from Cowie, et al. (1967). 
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APPE1'DIX 1 ( c) 

*Snnd Dune Vegetation In The Mnnnwatu 

Snnd Country 

Situation Type of Botanical Nrunes Conman Na.mes 
Plant 

Fore dune grass Spinifex hirsutus silvery sand grnss 
" Desmoschoenus spirclis pingao 
II Amm.ophiln nrenarin mnrrum grass 

Relatively shrub ~assinia leptophylla cottonwood 
stable II Coprosmn. acerosn dune coprosmn 
inland slope II Pimeloa arenarin sand-pine lea 
of foredune II Lupinus arboreus tree lupin 

Stable herb Gnaphalium luteoalbum white cad weed 
landward !I Leontodon hispidus 
slope of II Erigeron sp. e.g . hor:::oweed , 

plobrane 
foredune grass Deyecixia billnrdieri 

Further herb Sonchus oleraceus annunl sowthistl e 
inland on grnss Holcus lanatus Yorkshire fog 
more II Festuca nrundinncea t · .ll fescue 
stable shrub Olearia solundri 
dunes " Leptaspermum scoparium red ten-tree 

II Ulex europaeus gorse 
II Cytisus scorpnrius common broom 
II 

! Discaria toumntou wild irishman 
grnss 

I Arundo conspicua toe toe 
II Phorfilum tennx flax 

tree Cordyline australis cabbage-tree 
Pteridium esculentum bracken fern 
Muchlenbeckia complexa 

The original pre-Europenn climax appears to have been stable shrublnnd. 
Today modified latter stages of the clinnx with principal species 
Pteridium escalentum and/or Lupinus arboreus occur with a varying 
admixture of the other shrubby speci es . 

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

--
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APPENDIX 1(d) 

*Sand Plnin Vegetation In The Mn.no.watu 

Snnd Country 

Situation I Typo of Botanicnl Name CoI!ll!lon Name 
Plant 

First grass-like Carex pumila dune sedge 
colonists herb Selliera radicans creeping-selliera 

Gunner a arenaria sand gunnera 

Second herb Scirpus nodosus 
group of Leptocarpus simplex r ed rush 
colonizers Mariscus ustulo.tus rao. riscus 

gr ass Holcus l nnatus Yorkshire fo g 
herb Trifolium sp. 

Loontodon hispidus 
herb Rnnunculus sp. buttercup 

Climax shrub Essentially the same 
I shrubs and associ~ted 

species as the latter 
I enteries into tho dune 
I 

succession. I 
I 

I 

In some snnG.-hollows, the pre-Europenn succession appears to have 

proceeded to semi-swamp for est. Dominant species are Podocarpus 

dacrydioides and Lnurelin nov~ezelnndiae. 

*Compiled from Cocknyne (1911) a nd Carnahan (1957). 



Soil: 

Loca tion: 

Grid Reference: 

Slope: 

Vegetation: 

Horizon: 

~ 0-22cm. 

B1 g 22-36cm. 

B2g 36-60cm. 

APPENDIX 2 

PROFILE DESCRIPTIONS 

Pukepuke brown sandy loam. 

Approxima t ely 0.4 ·1'.:'TI north of Himatangi 

block road and Koput'.l.roo. road corner. 

N148/894291. 

Flat. 
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Pasture . vfoite clover ( Tr.jfoli..1:!:21 }'8l?~z_Il§.), 

perennial rye (~~ .12..~~~£~~). buttercup 

(Ranunculus re"Qens.., ,1.), narrow leaf plantain 

(Plantago lanceolnt a , 1,.) , cocksfoot (Dacty:J,,t 

glomerata), Californian thistle (Ci_rsiUII! 

arvense). 

Dark brown (7.5YR3/2) sand.y loam, friable; 

weakly developed fine nutty structure; some 

reddish yellow and pale grey mottling; the 

l atter occurring in pockets associated uith 

surface gleying; abundant plant roots, many 

worms , moist; abrupt wavy boundary; 

Grey (7..5YR5/0) sand, abundant large prominent 

strong brown mottles (7.5YR5/6); loose; 

single grained; some roots beconing fewer 

with depth; moist; diffuse bounda:;_·y. 

Dark grey (7.5YR4/0) sand; nany large 

prominent strong brown mottles (7.?YR5/6); 

loose; single grained; some decaying tree 



Cgg 60cm. 

Par ent Ma t eria l: 

Clnssificntion: 

roots; practica lly no living root s ; wet; 

diffuse boundary; 
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Dnrk grey (7.5YR5/6) sand; l oose; singl e 

grained; no pl ant r oo t s; wat er t able nt 

63cm. 

Wind-blown sand. 

Yellow brown snnd. 



Soil: 

Location: 

Grid Reference: 

Slope: 

Aspect: 

Vegetation: 

Horizon: 

Ah 0-22cm. 

B 22-36cI.J.. 

C 36cm. 

Parent Material: 

Classification: 

Foxton black sand . 

Hiraatangi block road, 300 yards south of 

Paranui road. 

N148/883254. 

23°. 

N.N.E. 
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Browntop (Agrostis tenuis); sweet verno.l 

(Anthoxanthum odoraturn); white clover (Trifoliura 

repens); flo.t weeds. 

Black (10YR2/1) sand; very friable; moderately 

developed medium nutty structure; IJo.ny 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.~5Y4/4) sand; l oose; single 

grained; some roots but nUDber decreasing with 

depth; moist. 

Wind-blown sand. 

Yellow bro1m sand. 
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APPENDIX 3 

TABLE 1 

Menn (i) Standard Error (SE) And Coefficient Of 

Variation (CV) Of Total Phospha t e Determined 

Prior To And At Intervals After The Addition Of 

. Suporphosphatc To : The Foxton .And 

Pukepuke Phosphat e Treat ed Soils , And For 

The Control Soils At The Corunencenent And 

End Of The Experimental Period 

Phosphate Trea t ed Soils 
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Control Soils 

Sampling Da tes Sampling Dates 

Mar 5 
I Apr 16 I J7ul 14 Nov 2 I Feb 23 Apr 16 Feb 23 I 

1971 I 1971 1971 1971 1972 1971 1972 
I I I 

Foxton Soils 

62.11 102. 77 94 . 17 I 87.56 61. 13 62.61 94.53 
0.44 1. 28 2. 01 1.44 1. 14 0.60 0.75 
2.26% 3.93% 6.76% 4.82% I 4 .14% 3. 11 % 3. 8Cf/o 

I 

Pukepuke Soils 

167. 83 258.99 254. 76 246.88 
i 

162. 24 153. 79 238.30 I 

2.30 6.95 2.79 4 . 90 4.69 ! 3.88 3. 01 I 

4.33% 8.48% 3.47% 6.2ff/o 6.23% I 7. 56~b 6. 19% 
I 
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TABLE 2 

Two-Tailed t Test Va lues Calculated As 

A Test For Sifinificant Differences Between 

Tota l Phosphate Determined On Various 

Dates For The Foxton And Pukepuke Control 

And Phosphate Treat ed Soils 

Foxton Soil I Pukepuke Soil 
I 

I 

I 

Test Between Control I Phosphate Control 
Samples Soils Trea t ed Soils 

Collected Soils 
On 

Apr 16 
and 1 .370 11.280 4.922 

Feb 23 

Apr 16 
and n.d. 4.078 n.d. 

Jul 14 
I 

Jul 14 
and n.d. o. 131 n.d. 

Nov 2 
I 

Nov 2 I and n.d. 2.353 
I 

n.d. 
Feb 23 

i 

Figure r equired for significance a t a particular probability. 

n.d.. not determined. 

5% 2.262 

1% 3.250 

Phospha te 
Treated 
Soils 

3.439 

1. 776 

1 .425 

1 .504 
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-x 
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CV 
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CV 

TABLE 3 

Mean (i) Standard Error (SE} And Coeff icient Of 

Varia tion (CV) , Of Schofield Extractable Phospha t e 

Deter mined At Each Sampling For The Foxton And 

Pukepuke Control And Phosphate Treated Soils 

Sarapling Dat es 

Apr 16 I May 19 Jul 14 Sep 8 Nov 2 Dec 24 
1971 I 1971 1971 1971 1971 1971 

I 

Foxton Control Soils 
Schofield Extractable Phosphat e 

(mgP}&) 
I 

0.018 0.012 0.027 I 0.024 0.018 0.025 
<0.001 0.001 0.001 I 0.001 0.001 <O. 001 I 

5.50% 13.27% 16.99% 
I 

15. 45% 10.99% 5.61 % I 
I I i 

Foxton Phospha t e Treat ed Soils 
Schofield Extractable Phosphate 

(mgP}&) 
! ' I 

1. 55 1 • 37 I 0.92 I 0.59 0.41 0.58 I 

I 0.06 0.08 0.08 0.03 0.02 0.03 
12. 89% 19 . 36% 28.65% 16.37% 12.83% 14 .21 % I 

Pukepuke Control Soils 
Schofield Extractable Phospha t e 

(mgP%) 
' 

I 0.027 I 0.019 0.047 0.022 0.021 0.023 
0.001 I 0.002 0.002 

l 
0.001 0.001 0.001 

14.52% I 10.27% 22.57% 30.16% 10.69% 10.64% 

Pukepuke Phosphat e TrGat ed Soils 
Schofield Extractable Phospha t e 

(mgP%) 
I 

I 

1. 73 2. 10 0.32 0.15 o. 12 0.1 .3 
0.16 o. 13 0.04 0.01 0.01 0.01 

29.17% 19.23% 34 .97 22. 67% 15.59% I 13.78% 
I I 
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Feb 23 
1972 

I 0.025 

I 
0.002 

26.7(}}0 
l 

0.32 
0.03 

I 25.61 % 

0.025 
0.002 

26.7o% 

0.07 
(0.01 
18. 43% 
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TABLE 4 

Menn (i) Standard Error (SE) And Coefficient Of 

Variation (CV) Of Olsen And Truog Extractable Phosphate 

Determined At Each Sampling For The Foxton Control And 

Apr 16 
1971 

1.02 I 
0.04 

11. 67% I 

1o.18 
1.46 

14 .35% 

2. 13 
0.21 

31 . 6g/o 

28.90 
1.16 

12.64% 

May 19 
1971 

0.64 
0.01 
6.67% 

9.33 
0.33 

11.25% 

1.62 
0.03 
6.21% 

25.40 
1.68 

20.94% 

Phosphate Treated Soils 

Sampling Dates 

Jul 14 
1971 

Sep 8 
1971 

Nov 2 I Dec 24 
1971 I 1971 

Foxton Control Soils 
Olsen Extractable Phosphate 

0.37 II 
0.01 

11 • 37% l 

(mgP%) 

0.71 
0.01 
5.09% 

0.68 
0.17 
8 .17% ! 

Foxton Phosphate Trea t ed Soils 
Olsen Extractable Phosphat e 

(mgP%) 

8.59 
0. 44 

16. 21 % 

6.77 
0.22 

10.2o% 
I!. 5.63 I 

o.24 I I 13.61% 

Foxton Control Soils 
Truog Extractable Phosphate 

(mgP%) 

1. s2 I 
0,06 

16.36% 

1 . 18 
0.04 

10.51 % 

1. 33 
0.02 
5.5o% 

Foxton Phosphate Treated Soils 
Truog Extractable Phosphate 

(mgP%) 

22.28 
0.97 

13. 73% 

' 17. 50 
0. 49 
8.?r:J/; 

I 12. 99 r 
I 0.58 I 

I 14 .23% I 

0.68 
0.02 
7.9g/o 

6.68 
0.23 

1o.93% 

1. 72 
0.04 
7.8Cf/o 

15.10 
0. 41 
8 ,65% 
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Feb 23 
1972 

0.63 
0.04 

21.62% 

5.92 
0.36 
o. 1 g;6 

1. 97 
o. 11 

17.8Cf/o 

13. 71 
0,66 

15.21% 



-x 
SE 
CV 

-x 
SE 
CV 

-x 
SE 
CV 

-x 
SE 
CV 

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

Vari a tion (CV) Of Ol sen Ari,;;:.d Trv.o_g_Extrncta bl@. 

fhosphate Determined At Each SampUP£iQ,1'.' The 

Pukepuke Control Soi1s And Phospho. t e Treated Soils 

Sampl ing Dates 

Apr 16 

I 
May 19 

i 
Jul 14 I 

I I I 
Sep 8 Nov 2 

1971 1971 1971 1971 1971 

Puke puke Contr ol Soils 
Olsen Extractable Phosphate 

(mgP%) 
f---

I 
I 2 . 11 1.93 1 . 49 1. 69 1.27 

0.07 0 . 07 0.05 0.07 0 . 03 I 

9. ss·(:.~ 11. 59% 10. 23% 12.66% 7 . 82~~ I 
I I 

Pukepuke Phosp:h_nte Treated Soils 
Olsen Extractable Phosphate 

(ngr%) 

I I 

I 21.48 18. 94 16. 80 I 11. 38 7.52 
o. 71 0.63 I 1. 03 o. 18 0.33 I 

I 
I 

10.41% 10. 44% 19 . 42% I 5" ()"/~:; 13, 65% ! 
I i I i 

Puke~uko Control Soil s 
Truog ExtractaiJle Phospl1nte 

(mgP%) 

2.83 
I 

4 .25 I 
I I 2 . 46 I 2. 77 3. 87 

o. 13 o. 19 I 0.12 0.17 I o. 11 I 14 . 47% I 14. 1 o% I 11L·10% I 13. 5S% I 14 . 03% I I ! I I I 

Pukepuke Phosphe.te Trea. ted Soils 
Truog Extractable Phosphnte 

( ' ) ,mgP% 

I I I 

37.30 3.33 
! 

33.50 23 . 68 16,24 I 
1. 92 1 ' 94- 1. 56 0 .63 o. 61 I 

I 
16.28% 18.41% 

I 
14. 71 % 8 . 42% ·11 . 94% I --L_ 

152 

-j 
Dec 24 

I 
Feb 23 

1971 1972 

1.65 I 1.69 
0.05 

I 
0.07 

9. 46% 13,A6% 

7. 67 7. 91 
0 .22 0.23 
8 06% • J 9.Yi% 

3.40 2. 91 
o. 16 o. 10 

1 5 . ~ 5% 1o.72% 

I 
16.50 16 . 29 

0.79 0 .52 
15.11 % I 1o.1 8% 

----
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I 

TABLE 6 

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

Variation (CV) Of Fo~r Inorganic Phosphate Fractions 

Determined For The Foxton Control And Phosphate 

Treated Soils 
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-----

Phosphat e Treat ed Soils Control Soils 

Sampling Dates -Sampling Da tes 

Apr 16 I Jul 14 Nov 2 
r 

Feb 23 A-pr 16 Feb 23 I 1971 1971 1971 1972 1971 1972 
I I 

NH
4

Cl-Soluble Phosphate 
(I:lgP%) 

1o.76 

I 
4.70 4.45 I 3.lt5 - -

0.64 0.35 0.26 0.22 I - -
18.68% I 23 .32% 18. 34% 20.19% j - -I 

Corrected Aluminium-Bound Phosphate 
(rngP%) 

24.59 25.39 I 20.35 18. 15 5.64 5.59 
0.81 1.03 I o. 81 0.88 0. 11 o. 12 

1o. 46% 12.80}0 ' 12. 52% 15.28% 6.07% 7.04% I 
' I 

Corrected Iron-Bound Phosphate 
(rngJ?%) 

3.15 2,88 

I 
0. 46 5.77 8.04 0.99 

0.56 0.34 0.48 0.56 0.22 0.08 
55.21% 37.44% I 26.4o% 22 .03% I 71 . 49% 57.26% 

I 

Calcium-Bound Phosphate 
(rngP%) 

17 . 47 I 13. 43 11 • 19 10.41 8. 49 8 .24 
I 1.20 0.56 0.70 0.86 0.29 0.36 

21 .79% I 13.18% 19.88% 26.06% 1o.99% 13.86% 
i I 
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x 
SE 
CV 

-x 
SE 
CV 

-x 
SE 

I CV 

-x 
SE 
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TABLE 1 

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

Variation (CV) Of Four Inorganic Phosphate Fractions 

Determined For The Pukepuke Control And Phosphate 

Treated Soils 

I 
Phosphate Treated Soils I Control Soils 

I 
Sampling Dates 
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---··-· I I 
--~ Sampling Dates --

Apr 16 

I 
Jul 14 Nov 2 Feb 23 Apr 16 I Feb 23 

1971 1971 
I 

1971 1972 ! 1971 1972 I 

: I 

NH
4

Cl-Soluble Phosphate 
(ngP%) 

17 .61 9.90 I 5.34 

I 
3.67 I - I -

0.88 0.53 I 0.32 o. 10 I - -
15.83% 17.08% I 18.5o% I 8. 75% ! - -i 

I I ; ---
Corrected Aluminium-Bound Phosphate 

(mgP%) 

I I I 
--

36.74 34 .52 I 23.88 6.70 I 2.87 27. 91 
1.89 1,78 I 

1.35 0.73 0.32 0.24 I 
I 16. 26% ! 16. 25% l 15. 33% I 9. 61% 14. 91 % 26.63% 

I --
Corrected Iron-Bound Phosphate 

(mgP%) 
- --! 

I i I 46.78 53.07 55.42 57.20 I 26.83 21 .84 
2,66 1.44 1 . 11 1 .84 I 1 • 14 0.77 

17.97% 8.57% I 6,36% l 10.17% 13.4o% 11 . 17% 
l I 

' ··--·- -~--

Calcium-Bound Phosphate 
(mgP'fo) 

41 .86 42.07 
I 

41.36 

I 
36. 51 26.60 25.57 

3. 51 1.28 1.84 1.25 0.66 0.48 
26. 48% 9.61% I 14. 13% I 10.86% 7.9o% 5,4890 

I 
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TABLE 

Mean (x) S~andard Error (SE). And Coefficients 

Of Variation (CV) Of Organic Phosphate Fraction 

Deter mined For The Foxton And Pukepuke Control 

And Phospha t e Treated Soils 
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Phosphate Trea t ed Soils Control Soils 

Sanpling Da t es Sampling Da t es 
--

Apr 16 Jul 14 
I 

i Nov 2 Feb 23 Apr 16 Feb 23 
1971 1971 ' 1971 I 1972 I 1971 1972 I I 

i I 
Foxton Soils 

----·-
32.30 32.81 l 33.56 32.29 32.30 33.61 
0.34 1.25 i 1. 44 1 .29 0. 47 0.48 
3.28% 11.97% I 13. 62% 12 . 6o% 4 .6o% 4.56% l 

I 
I 

Puke puke Soils 

I i I 
r-----

70.74 71.84 I 70.19 72.30 70.69 I 70.24 I 1 .38 1. 97 I 1.60 i 1. 92 

I 
1.39 1. 57 

6.18% 8 .69% 7 .21% I 8 .4o% 6. 19% 7.08% 
I 

! 
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TABLE 9 

Two-Tailed t Tes t Values Calculated As A Test 

For Significant Differences Between Particular 

Phosphate Fractions Determined On Various Dates 

For The Foxton Control And Phosphate Treated 

Soils 

~ 
--

Phosphate Fractions 
. ·--r-·-----

NH Cl- Corrected I Corrected Calciun- I O"ganic ! Residual 
Between soiuble Aluminium- I Iron-Bound Bound Phosphate Phosphnte 
Sanples Phosphat" Bou11d Phosphate Phosphate! 

Collected Phospha t e I I 
On ' I ---------------1-~ 

Phosphate Treated Soils 

Apr 16 I 
and 11.116 5. 418 7.097 6.282 

I 
0.008 0.256 

Feb 23 
I 
I I --
I I 

Apr 16 
I I and 8.045 0.858 

I 
0.411 i 2. 796 0.402 0.371 

Jul 14 I I 
I 

I 
I Jul 14 i 

I 

and 1 .677 4.399 I 4 .617 j2 .544 I 0.337 0.021 
Nov 2 I I 

I I 
I 

I Nov 2 I 
i i 
I I and 4 .080 I 4.278 I 4.262 10 .879 0.887 

I o. 136 
Feb 2':) i i I i ·-- I 

Control Soils 

I I I 
I 

Apr 16 I 
and - 0.602 1. 933 0.638 1. 722 I 0.944 I 

Feb 23 I 

i I 

Figure requir ed for significance nt n particular probability 

5% 2.262 

1% 3.250 



TABLE 10 

Two-Tailed t Test Values Calculated As A 

Test For Significant DifferencEBBetween Particular 

Phosphate Fra ctions Det ermined On Various 

Dates For The Pukepuke Control And Phosphate 

Treat ed Soils 

\ 

Test NH Cl- Corrected Corrected Calcium- Organic 
Between soiuble Aluminium- Iron-Bound Bound Phosphate 
Samples Phosphate Bound Phospha te Phosphate 

Collected Phospha te 
On 

Phosphate Treated Soils 
I 

A:pr 16 I and 13. 552 6.372 3.795 1 . 476 I 0,067 
Feb 23 

Apr 16 
and 4.809 0.747 

Jul 14 
2.646 0.055 0. 419 

Jul 14 
and 9.213 3.502 3.545 1 .088 0.795 

Nov 2 

Nov 2 
and 5.816 2.967 

Feb 23 
1 .005 2. 144 0.682 

I I 

Control Soils 

Apr 16 
and - 12. 922 

Feb 23 
1 . 427 1.257 0.242 

Figure required for significance a t a particular prob~bility 

5% 2.262 

1% 3.250 
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Residual 
Phosphate 

--

0.977 

1 • 811 

0.958 

o.644 

0.534 



APPENDIX 4 

TABLE 1 

CLAY MI: ~ _J.ALOGY 

A. Pukepuke Brown Sandy Loam 

Lar gely an rphous material (A12o
3

, Fe2o
3

, Si 02) with trci.,ce 

aoounts of crys t alline naterials. 

B. Foxton Bl a ck Sand 
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J'll"l.jor amounts of Chlori t e, Knolini te , Mica, Quartz and mixed 

layer 11-13.R mat erial with minor amounts of Feldspars and mixed 

layer 18-28K mat erial. 
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TABLE 2 

Particle - Size - Distribution For 

The Foxton Bla ck /, nd Pukepuke 

Brown Sandy Loan Soils 

Foxton Bla ck Sand 
I Pukepuke Brown 

Sandy Lorn:i 

% % 

Clay 
(0.002 Diil. 4 .0 11 • 0 

Silt 
0 .02-0 . 002 rJil:l 15. 4 14 . 6 

Fine sand 
0 . 2-0.02 DIJ 63 . 8 51. 1 

Coarse sand 
2-0.2 tun 

i 
16. 8 24.3 

--
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TABLE 3 

Rainfall (rn:i) Recorded At The 

Pukepuke Soil Site Over The 

Experiflentnl Period 

Date I ' Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 
-

1 7.6 4.8 22 .9 I 
2 7.4 1.0 3.3 5.3 1 • 5 4 .6 
3 6.6 6.4 24. 1 20.3 
4 19. 1 19. 1 9. 1 
5 31 .8 4 .1 2.0 18. 5 
6 

I 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 
11 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 0.5 1.0 1 .8 6.4 2.5 
17 2.8 
18 

11 . 4 1.0 6. 4 

19 1. 3 7. 4 2,_;. . 6 
20 
21 2.3 46.5 , 13.2 
22 5.3 1.0 4.6 2.0 2.0 . 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 4.6 1.0 11 • 4 
27 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 I 5. 1 9. 1 8 .9 0.5 0.3 

Total ! 20.3 
I 

12.4 103. 3 154.5 38.3 61 • 5 126.6 122.2 49. 1 59.6 79. 4 !54.6 

Total = 881 .8 mm 




