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ABSTRACT 

Chatham Rise phospho rit e  ( CRP) oc curs as nodul es on the sea 

floor s ome 800 km to the eas t o f  the South Island of New Zealand . The 

phosphat e component is a carbonate fluo rapatite and the material contains 

approximately 9% phosphorus ( P )  and 25% Caco
3

. Several l ines o f  evidence 

sugges t that CRP has potential as a direct-application phosphatic 

fertil izer  for pas ture . 

I n  an initial evaluation in the glasshous e ,  CRP was found to be  an 

effec t ive source o f  P fo r ryegrass when compared to superphosphate over 

s ix harvests with four soils . The fo rm ( powdered o r  pel le tised) and 

method ( surface applied or incorporated) o f  application o f  CRP were fo und 

to have a marked effect on the agronomic effectiveness o f  this P source 

in the glasshouse . The effe c t iveness o f  CRP , when compared at  90% o f  the 

yiel d maxima ob tained wi th s uperphosphate , which was assigned a value o f  

100 , decreased in the o rder o f  powdered and inco rpo rated ( 100 t o  106 ) 

> powdered and s urface appl ied (96  to lOO) > pelletised and surface applied 

( 85 to 104)  > pelletised and inco rporated ( 8 3  to 9 0 ) . 

Results  from a comprehensive , long-term field evaluat ion o f  CRP at  

four contras ting s ites under permanent pas ture over 3 years confirmed and 

extended the findings of the p reliminary glasshouse study with CRP . 

Apart f rom some init ial differences , pelletised CRP was as effective as 

superphosphate at  all fo ur s ites and at  two o f  the hill-country si tes 

(Ballantrae and Wanganui) it showed a marked residual effec t  in the third 

y ear . This was particularly pronounced in the clover component of  the 

sward a t  these two s i tes . In fact at  these two s ites a single , init ial 

- 1  
appli ca tion of  7 0  kgP ha as CRP was agronomically as effective in the 
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- 1  
third year a s  three annual appl i cat ions o f  35 kgP ha as superphosphate .  

This f inding has implications to the s t rategy of fertil izer use . The 

o rigin o f  the marked residual effect shown by CRP a t  Ballantrae and 

Wanganui in the third year appears to result from the effect o f  Caco
3 

on 

the rate of release of P from CRP . 

The findings that pell e t ised CRP was almo s t  always as effect ive as 

both powdered CRP and superphosphate in the fiel d contras ts wi th the 

res ul ts o f  the preliminary glasshouse s tudy with four soils . This 

discrepancy probab ly resul ts from the fact that in glasshouse s tudies 

a number  o f  factors which can operate in the field and which may contrib ut e  

t o  a n  increased e f fect ivenes s  o f  a surface-applied , pelletised phosphate 

rock (P R) mat erial are excluded (e . g .  earthworms ) . 

I n  a glasshouse study , earthwo rms increased the effe c t iveness o f  CRP 

as a source of  P to ryegrass  by 15  to 30% over s even harves ts . S ub s equent 

s tudies showed that both the burrowing and cas ting activi ty of earthworms 

indire c t ly increased the availability to ryegrass o f  P in the PR by 

imp roving the physical dis t ribution and degree o f  contac t o f  the PR 

parti cles with the soil . Interes t ingly , goo d  agreement  was found between 

the agronomic ef fectiveness o f  pelletis ed CRP in the fiel d and in the 

glasshouse when earthworms were included as a treatment in the glasshous e . 

Consequently , care mus t b e  taken in extrapolating to the field situation , 

the resul ts ob t ained with pelletised PR materials in the glasshous e  in the 

abs ence of  b iological mixing .  

I n  a comparison in the glasshous e ,  us ing six soils and b o th ryegrass 

and white clove r as indicator species , CRP was as effective as Nor th 

Caro l ina phosphate rock (NCPR) and S echura phosphate rock ( SPR) , b o th o f  

which are reac t ive P R  mat erials . The agronomic data from this glasshouse 

s tudy were use d  to evaluat e  a number o f  convent ional , s ingle chemi cal-



iii 

extrac t ion  pro cedures used fo r assessing the l ikely agronomic effectiveness 

of PR materials . Of  these ,  2%  formic acid appears to offer the mos t  

promis e .  However ,  sequential ext raction appears to be necessary with PR 

materials which contain appreciab l e  amounts of  Caco
3

. 

A procedure involving a s ingle extract ion with 0 . 5M NaOH was developed 

for measuring the extent of dissolut ion of  a PR in soil . Because apatite 

minerals are large ly insolub le in dilute NaOH and b ecause this reagent 

ext ra c ts s orbed inorganic P ,  increases in 0 . 5M NaOH-extractab le P in a s o il 

to which a PR is added , p rovide a goo d  estimate of  the amount o f  P dissolved 

and reta ined on sorption s ites . The extent of  dissolution o f  SPR, 

measured by NaOH extrac tion , was found to vary from 22%  of added P on the 

low P-s o rb ing Tokomaru s o i l  to 4 8 %  on the high P-s o rb ing Egmont soil during 

incub at ion  at  1 5° C fo r 90 days . A high co rrelation ( r = 0 . 9 35**) was 

ob tained for the relationship between the dissolution of SPR , measured by 

NaOH extrac t ion,  and the P-sorption capacity o f  the s ix soils used . 

Whereas increasing the P s tatus o f  the Wainui soil , by the addi t ion 

of KH2Po
4

, had no measurable effect on the extent o f  dissolution of SPR,  

increas ing addit ion of Ca ( OH) 2 markedly decreas ed the dissolution of SPR 

in th is so il . Of the decrease measured in the dissolution of  SPR on 

l iming the Wainui soil from pH 5 . 2  to 6 . 9 ,  75-79 % o f  the decrease coul d be  

accounted for  by the effect  o f  Ca , which also increases on l iming . Res ul t s  

with the Egmont s o i l  indicate that a PR can dis s olve a t  pH 6 . 5 .  This 

sugges ts that the effect o f  a h igher pH on dis so lution is decreased  in a 

soil  o f  h igh P-so rption cap acity . 

Al though the exten t  o f  dissolution o f  SPR increas ed as the P-so rpt ion 

capacity of the so ils increased , the amounts of water- , Bray- , and 

b icarb onate-ext ractable P in the same soils dec reas ed . Of  these three 

es timates of p lant-available P ,  b o th the Bray and bicarbonate procedures 



were found to be  use ful indicato rs o f  sho r t- term, plant-availab l e  P 

when SPR and CRP were added to three contrast ing soils . Of  the two 

pro cedures , the B ray procedure accounted fo r mo re of  the variab i l i ty , 

poss ibly reflec t ing the difference in the mechanisms by which thes e  

two extractants remove P from soil . In contras t ,  a s ingle wat er-

extract ion p ro cedure grossly unde res timated the amo unt o f  short-term ,  

pl ant-availab l e  P i n  the s o i l  t o  which a PR was added . 

A s impl e  model , bas ed on a mo dified Mitsch erlich equat ion , was 

developed to des cribe and predict the dissolution o f  SPR in s o il . 

Th e  mo del , whi ch was developed and evaluated using contras t ing so ils , 

appears to have goo d  practical application and should prove us eful in 

future s tudies of  the reactions o f  PR materials in soils . 

iv 

Although no t yet commercially available , CRP appears to have very 

goo d  po t ential as a direct-application  P fertil izer for pas ture and ,  o f  

particular relevance to hill co untry farming , i t  shows a good resi dual 

e f fect . A possible disadvantage is the relatively low P content . 
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