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



Massev University Library 
New Zealand & Pacific Collection I 'I" ,I,: 

I DISSOLUTION AND PLANT -A V AILABILITY OF PHOSPHATE ROCKS 

IIII IN SELECTED NEW ZEALAND AND INDONESIAN SOILS 

IIi 
III' 
jlJ' 
I'll 'II 1,1 
III 
',I I ,II II !l! 

A thesis presented in partial fulfilment of 

the requirements for the degree of 

Doctor of Philosophy in Soil Science 

at Massey University 

Donald Tambunan 

1992 



.rvlassey University Library 
Thesis Copyright Form 

Title of thesis: J)i-<irJ{tth'r/YJ � /l&;nl- A{/t(,/�b't'� cf ,1,()f!h,1e � 
� .f'e Iec/.r2.,l NtMJ 2.tt /q� � 1�"]1.q.i'h1 ..roilJ . 

I give permission for my thesis to be made available to 
readers in Massey University Library under conditions 
determined by the Librarian. 

(b) I do not wish my thesis to be nlade available to readers 
without my written consent for, . ,.. months. ' • 

(2) � I agree that my thesis, or a c9PY, "may be sent to 
another institution under condi�ions determined by the 
Librarian. 

(b) I do not wish my thesis, or a copy, to be sent to 
another institution without my written consent for 
months. 

(3) � I agree that my thesis ma� be copied for Libr
'
ary use. 

(b) I do not wish my thesis to be copied for Library use for 
... months. 

J !� ! 
Signed 

Date 

The copyright of this thesis belongs to the author. Readers must 
sign their name in the space below to show that they recognise 
this. They are asked to add their permanent address. 

NAME AND ADDRESS 'DATE 

15 



i 

ABSTRACf 

Use of phosphate rocks (PRs) as direct-application fertilizers has received considerable 

attention in countries that have large areas of acidic soils. Properties of acidic soils 

generally favour dissolution of PRs and increase their effectiveness as direct-application 

fertilizers. In this study, the dissolution and effectiveness of several PRs, Nonh Carolina 

(NCPR), Moroccan (MPR) and Pati (PPR) phosphate rocks, was investigated in a range 

of New Zealand and Indonesian soils. The main objective of the thesis was to provide 

infonnation that could assist in improving recommendations on their use in field 

situations. 

Laboratory studies showed that the extent of PR dissolution could be estimated using 

sequential P fractionation techniques to measure amounts of residual (undissolved) PR 

in soils. In New Zealand soils, residual PR was accurately estimated from the increase 

in HCI-extractable P (MiCI-P) between NCPR-fertilized and unfertilized soils following 

sequential extraction of soil and soiVNCPR mixtures with 0.5 M NaCl/fEA (30 min), 
1 M NaOH (16 h) and 1 M HCl (16 h). The MiCI-P method, however, was not suitable 

for use on strongly weathered Indonesian soils because of low recovery P in the HCl 

extractant following NaOH extraction. Tri-acid (HN03:HCI:HCIO.) digestion or H2S04 

(0.5-1  M) extraction overcame this problem. A Mi2SO.-p method involving 0.5 M 

NaCl{l'EA, 1 M NaOH and 0.5 M H2SO. extractions was subsequently tested and shown 

to be suitable for measuring residual PR in acidic New Zealand and Indonesian soils. 

Measurement of 
32

P-Iabelled synthetic francolite dissolution in these soils confirmed the 

accuracy of the new Mi2SO.-p method. 

Considerable evidence exists from this study to indicate that the capacity of soil to 

supply acid and remove Ca from the site of PR dissolution are most important in 

determining the extent of PR dissolution. The extent of NCPR dissolution in New 

Zealand soils was found to decrease with increasing additions cjf Caco3 or NaHC03 due 

to increases in soil pH (for NaHC03 and CaC03-amended soils) and exchangeable Ca 

(for CaC03-amended soils). The maximum extent of PR dissolution occurring in the 

range of acidic New Zealand and Indonesian soils incubated with NCPR and MPR was 

found to be negatively correlated with initial amounts of exchangeable soil Ca (r=O.83-
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0.92) and the percentage Ca saturation of the cation exchange capacity (r=O.78-O.92). 

Also. increases in soil pH. and possibly solution concentration of Ca, were the main 

reasons for decreases in synthetic francolite dissolution in soils amended with increasing 

rates of plant residue. And finally. field trials conducted in Indonesia showed that the 

extent of PR (NCPR, MPR and PPR) ,dissolution was greater in the more acidic Ultisol 

(PHmc,=4.8) than in the Entisol (pHmc,=S.3). 

Laboratory incubation studies showed that the key factors detennining the chemical­

availability (i.e. extractable with Olsen. Bray 1 and resin tests) of P derived from 

soluble P fertilizer or PRs in New Zealand and Indonesian soils were rate of addition. 

soil pH and P sorption characteristics and the nature of soil teSL A short-term (30 days) 

glasshouse study using a range of New Zealand soils showed that the plant-P uptake 

from soil fertilized with NCPR was low. relative to monocalcium phosphate (MCP). 

indicating the low extent of NCPR dissolution. The plant-availability of soluble P and 

dissolved P from PR, however. was more dependent on soil P adsorption characteristics 

than on other soil properties. 

Field trials in Indonesia showed that PRs were more effective agronomically than triple 

superphosphate (TSP) for maize in a P deficient Ultisol only when the PRs were applied 

to Calopogoniwn caerulewn cover crop 6 to 18 months prior to sowing maize. In an 

Entisol, PRs were less effective than TSP irrespective of application time. In the 

Ultisol. PR effectiveness was not affected by liming, provided that the PRs were applied 

6 to 18 months prior to the addition of lime. 

Results of the Indonesian field trials showed that Bray 1 test was a better predictor of 

plant growth responses than either Olsen or resin tests in PR-fertilized Ultisol, where 

high effectiveness of PRs was observed. 

Three PR dissolution models of increasing complexity (Mitscherlich. Cubic, Kirk and 

Nye) were tested using NCPR and MPR dissolution data generated from a laboratory 

incubation study. Only Mitscherlich and Kirk and Nye models adequately described PR 

dissolution in the soils studied. A sensitivity analysis showed that any differences 

between observed and simulated PR dissolution by the Kirk and Nye model could be 
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attributed to problems in obtaining a representative measure of soil solution pH. 

The Kirk and Nye model was modified to simulate PR dissolution in  the field and tested 

using data from the Ultisol field site. The model adequately predicted NCPR and MPR 

dissolution over 545 days. In this case the accuracy of predictions was found to be 

dependent on the value of the initial soil pH and the accuracy of simulating daily soil 

water contents. The model showed potential for use in a wider range of soil-plant­

climate conditions in order to assist with the selection of soils suitable for the use of 

direct-application PR fertilizers. 
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