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INTRODUCTION

Fusion of phosphate rock with magnesium
silicate followed by rapid cooling of the melt in a
stream of water produces a granular material
almost completely insoluble in water which, when
finely ground, is an effective phosphatic fertiliser,
frequently comparable to superphosphate (Cullen
1958; Karlovsky 1957; Hill et al. 1948).

Commercial products range widely in particle
size; for example, in a fused phosphate from the
U.S. 93.1% of the material was finer than a 200
mesh BSS sieve and 2.2% coarser than 100 mesh,
whereas a Japanese product had only 5.2% finer
than 200 mesh and 81.4% coarser than 100 mesh
(Sinclair 1975).
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ABSTRACT

Fused calcium-magnesium phosphate in four size ranges and powdered superphosphate
were compared as phosphate sources in pot culture and incubation experiments.

When the fertilisers were mixed through the soil, 100-120 mesh and finer than 200 mesh
BSS sieve size ranges of fused phosphate were identical, and were equivalent to superphos
phate finer than 30 mesh as phosphate sources for ryegrass. Size ranges 30-52 and 16-25 mesh
were progressively inferior. yielding total phosphorus uptakes which were 74% and 46%
respectively of that from the finer fractions.

Anion exchange paper tests showed that in 16 days fused phosphate particles finer
than 100 mesh reacted almost completely with moist soil, whereas particles from the two
coarser fractions persisted as discrete phosphatic particles for up to 244 days.

passing .35, 60, 150, and 300 mesh sieves respec
tively. McLachlan & Norman (1969) con
sidered that a product used in pot experiments,
78% of which was finer than 100 mesh, showed
slow release properties. Karlovsky (1957) con
cluded from field trials that superphosphate was
quicker acting than "fine" and "granulated" fused
phosphate, but gave no further particle-size
details. Effectiveness of well-defined particle-size
ranges does not appear to have been studied.

The two experiments described in this paper
were to provide more detailed information on
the effect of particle size on the rate of P release
from fused phosphate in soil. A Te Anau soil was
chosen for the experiments because fused phos
phate has proved particularly effective on it in
field trials (Cullen & Grigg 1971). In the first

Particle size would be expected to have a experiment the growth of ryegrass in pots was
major influence on the rate of phosphorus (P) used to indicate fertiliser-P availability; in the
release from materials of low water-solubility, second an anion-exchange-paper test was used to
but information on reaction rates of fused phos- follow the reaction course of fertiliser particles in
phate size fractions in soil is rather limited. soil during incubation. Superphosphate was
Perhaps the most detailed study was that of Hill included in both experiments to provide a com
et al. (1948), who showed increasing effectiveness parison with a recognised rapid-release phosphatic
as a P fertiliser in fused phosphate fractions fertiliser.
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EXPERIMENTAL
Soil - The soil was a Te Anau yellow-brown

loam (N .Z. Soil Bureau 1968), 0-7.5 ern depth,
collected from an unimproved area about 5 km
north of Te Anau township near the site of field
experiments conducted by Cullen & Grigg (1971).
Analytical data are:

pH (1 : 2.5 soil/water) 5.3
Bray No.1 P test 1 ppm
Phosphate retention (Saunders 1965) 86.7%
Fertilisers - Four particle-size ranges of fused

phosphate were prepared by grinding separate
portions of the 16-25 mesh fraction of 'Thermo
phos' (Permanente Metals Corp., USA), contain
ing 8.9% total P and 7.1% citric acid-soluble P.
Superphosphate was an ungranulated commercial
product, containing 9.2% total P, 8.6% citric
acid-soluble P, and 7.7% water-soluble P.

Experiment 1
Ryegrass ('Grasslands Manawa', Lolium multi

florum X perenne) was grown in 15-cm diameter
pots each containing 726 g soil (oven-dry basis)
under the following fertiliser treatments:

1. No phosphate
2. Superphosphate < 30 mesh
3. Fused phosphate < 200 mesh (FP200)
4. Fused phosphate 100-120 mesh (FP100)
5. Fused phosphate 30-52 mesh (FP30)
6. Fused phosphate 16-25 mesh (FPI6)

Each fertiliser was applied at a rate equivalent
to 500 ppm total P in the soil. To balance the
liming effect of fused phosphate, Treatments 1
and 2 received 2.44 g Ca (OH) 2- the calculated
lime equivalent of fused phosphate in the other
treatments. Gypsum equivalent to the superphos
phate in Treatment 2 was added to the other
treatments. To eliminate other nutrient defic
iencies all pots received in solution form 0.7 g
KC1; 1.05 g NH4N03; 16 mg each of
CuS04.5H20, ZnS04.7H20, and Na2B40dOH20;
and 240 fLg Na2Mo04.2H20. All fertilisers were
mixed thoroughly with the soil before potting.

Four replicates of each treatment were prepared
and arranged in a glasshouse in 2 blocks of 12
pots each. each block containing 2 of each treat
ment in a random arrangement.

Pots were each sown with 37 seeds of 'Grass
lands Manawa' ryegrass on 6.3.70 and later
thinned to 25 plants per pot. Watering was
performed daily or twice daily to maintain a
moisture content above wilting point.

Herbage was harvested from each pot by
cutting at approximately 2 ern height 35, 52, 75,
112, 153, 207, and 244 days after sowing. To
maintain an adequate nutrient supply (apart
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SINCLAIR: REACTIONS OF CA-MG PHOSPHATE. I 107

from P), 0.175 g KCI and 0.206 g NH!N03 were
added to each pot after cuts 1 to 6, and 1.0 g
and 0.44 g Na~SO! after cuts 2 and 6 respectively;
all additional nutrients were added as solutions.

All herbage samples were dried overnight at
85°c and dry matter (DM) weights were
recorded. The percent P in herbage was deter
mined by digesting ground samples with a nitric
perchloric acid mixture and analysing the diluted
digests by an automated version of the method of
Barton (1948). After the final cut, soil from
each treatment was bulked and analysed for pH
and the presence of phosphate-fertiliser particles.

Experiment 2
Fused-phosphate particles (in size ranges used

in Experiment 1) and superphosphate (85-100
mesh) were mixed with oven-dry Te Anau soil
at a rate of 500 ppm total P in the soil. Samples
of each mixture were withdrawn, and the
remainders were adjusted to 60% moisture (dry
basis), placed in glass jars, and incubated at 25°c
for 32 days. Further samples were withdrawn
1, 2, 4, 8, 16, and 32 days after incubation began
and immediately dried at 100°c. After very
gentle grinding to break down soil aggregates,
portions of the samples were spread in a thin
layer on anion-exchange paper (Whatman
Chromedia AE81) supported on a wet, foam
plastic pad. After 4 h the soil was rapidly washed
off the paper with distilled water. The paper was
then treated with molybdate and reducing
reagents, as described by Sinclair (1971), to
convert absorbed phosphate to readily visible
phosphomolybdate blue.

Anion-exchange-paper (AEP) tests were also
made on the final soil samples from Experiment 1.

RESULTS
Experiment 1

The herbage data for all phosphate treatments
are summarised in Table 1. Dry matter produc
tion in pots on Treatment 1 was too low for
chemical analysis, so data from this treatment
have not been included in the statistical analysis
of the trial.

Herbage dry-matter production - Yields of
ryegrass dry matter from FP200 and FP100 did
not differ significantly at any of the seven cuts
or in total. Lower yields were obtained from
FP30 at cuts 1 and 2 (P < 0.01 and P < 0.05
respectively), but subsequently this material was
as effective for DM production as the finer
fractions. Overall DM production from FP30
was 5% lower (P < 0.05) than from FP100 and
FP200. Dry matter production from FP16 was
only 37% of that from FP200 at cut 1; however,

FP 16 improved with time relative to all other
materials. and its total DM yield was only 18.5%
Jess (P < 0.01) than that from FP200.

The total DM yield from superphosphate was
9% less (P < 0.01) than that from FP200 and
FP100. The difference occurred throughout the
experiment although at most individual cuts it
did not reach statistical significance.

Percent P in herbage - After the second cut,
percent P in herbage declined rapidly in all treat
ments, and the figures for the final two cuts
indicated severe P deficiency. Superphosphate,
FP200, and FP100 did not differ significantly at
any stage. FP30 gave low percent values
throughout, and FP16 gave still lower values, both
effects being highly significant (P < 0.01). This
was in marked contrast to the DM results in
which FP30 and FP 16 differed little from the
other treatments after the first two cuts.

P uptake in herbage - P uptakes from FP200
and FP100 were virtually identical throughout the
experiment. There was slightly less P uptake
from superphosphate; the difference was gener
ally not significant at individual cuts but overall
P uptake from superphosphate was 7% less than
from FP200 (P < 0.05). FP30 and FP16 gave
successively lower P uptakes (P < 0.01) through
out the experiment; total P uptakes from FP30
and FP16 were 74% and 46% respectively of that
from FP200.

Total P uptake in Treatments 2-6 amounted to
21.9%,23.6%,23.3%,17.4%, and 10.9% respec
tively of the total fertiliser-P applied.

Final soil tests - At the end of the experiment,
soils had the following pH values: Treatment 1,
pH 5.5; Treatments 2, 3, 4, pH 5.4; Treatment
5, pH 5.3; and Treatment 6, pH 5.0. These
confirmed that the superphosphate treatment had
been correctly limed and indicated a smaller
liming effect from FP 16 than from the finer fused
phosphate fractions. AEP tests on these soils are
considered with Experiment 2.
Experiment 2

The AEP tests gave a visual record of the fate
of phosphate-fertiliser particles. AEP absorbs
labile phosphate from moist sailor fertiliser
particles with which it is in contact. The develop
ment process converts this phosphate into the
intensely coloured phosphomolybdate blue, giving
a pattern corresponding to labile phosphate at the
contact surface. Individual spots on the paper
denote discrete phosphate particles in the soil,
and an even stain indicates labile phosphate dis
tributed throughout the soil. AEP stains obtained
using incubated soil-fertiliser mixtures from
Experiment 2 are shown in Fig. 1.
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Fig. 1.- Anion-exchange-paper tests on soil incubated with fertilisers.
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SINCLAIR: REACTIONS OF CA-MG PHOSPHATE. I 109

Discrete superphosphate particles disappeared
almost completely after 1 day in moist soil,
and thereafter this treatment produced only a very
pale stain on the paper, indicating the phosphate
was fully transferred to and strongly held by the
soil.

FP200 initially gave an almost uniform dark
stain caused by large numbers of extremely small
particles which had not had an opportunity to
react with the soil. After 1 day's incubation the
very fine material in this fraction had reacted,
and a high density of individual spots, corres
ponding to the larger particles in the < 200 mesh
fraction, appeared. A few of these particles
remained after 4 days; by 8 days all had dis
appeared.

Most of the FPlOO particles persisted for 4
days, after which the number of individual
particles rapidly dwindled and practically none
remained after 32 days. A steady increase in
background density denoted the gradual transfer
of phosphate from fertiliser to soil. FP30 and
FP 16 particles persisted throughout the 32-day
incubation period, although a darkening back
ground stain again indicated substantial phos
phate transfer to the soil.

AEP tests, made on soil recovered from pots
at the end of Experiment 1, were in accord with
those from Experiment 2; no phosphate particles
could be detected with superphosphate, FP200,
or FPlOO, but FP30 and FP16 particles were
still present in the soil after 244 days.

DISCUSSION
The experiments clearly demonstrated the

differences between fused-phosphate particles of
different sizes in their abilities to release phos
phate to soil and plants. Measurements of P
uptake by plants and AEP tests were in good
accord, but for short-term effects AEP tests were
more discriminating, revealing differences be
tween FP200 and FPlOO during the first 16 days
in soil. As there was little plant growth in the
pot experiment during this period, and as the
first cut was not taken till day 35, early differ
ences between FP200 and FPlOO were not
reflected in plant performance. Thus in terms
of phosphate supply to plants, both these fractions
acted as rapid-release fertilisers similar to super
phosphate. (Superphosphate used in the pot
experiment contained material coarser than that
used in the incubation study, but there is little
doubt that such a highly soluble material would
release its phosphate rapidly to the surrounding
soil.) FP30 and FP16 were slow-release P
sources, giving significantly less P uptake and

percent P in ryegrass throughout the pot experi
ment.

The percent P content of herbage appeared to
be a more sensitive indicator of phosphate supply
to plants than was herbage OM production, as
throughout the experiment it showed highly
significant differences between fused-phosphate
fractions which were not reflected in OM pro
duction. The low P content of herbage in the
last two cuts from all treatments indicated that
none of the P sources had prolonged effectiveness
in Te Anau soil, although at most only 23.6% of
the applied P had been taken up in the herbage
by the end of the experiment.

Fixation processes reduce the availability of
applied phosphate in highly phosphate-retentive
soils such as Te Anau soil (McLachlan & Norman
1969; Devine et al. 1968). McLachlan & Norman
(1969) suggested that with such soils a slowly
available P fertiliser would have greater sus
tained effectiveness than a rapid-release form.
The principle is that on these soils soluble phos
phate is rapidly converted to forms of low
availability to plants, but particles of slow-release
fertilisers provide a steady supply of phosphate
as long as they persist in the soil. However, no
such effect occurred in this experiment, although
FP30 and FP16 particles persisted through the
entire growth period, as shown by AEP tests.

Herbage yields from FP200 and FP 100 were
greater than those from superphosphate by 9%
in total OM (P < 0.01) and 7% in total P
uptake (P < 0.05). Unlike differences between
fused-phosphate size fractions, this difference was
revealed in OM production but not in percent P
in herbage, so the cause was apparently not a
difference in phosphate supply. Thus super
phosphate may be considered as identical with
FP200 and FPlOO as a phosphate source to plants
in this experiment.

Soil properties - pH and phosphate retention in
particular - are likely to have a large effect on
the rate of reaction of fused-phosphate particles.
As fused phosphate is a basic material, its reac
tion rate will increase with soil acidity. The
fairly low pH of Te Anau soil will combine with
its high phosphate retention to favour rapid
reaction, and so rates observed in this experiment
probably represent an extreme situation. How
ever, it is for such highly fixing soils that fused
phosphate has been recommended (Cullen &
Grigg 1971; McLachlan & Norman 1969).
Another factor likely to influence the reaction
rate of water-insoluble fertilisers is the mode of
application to the soil. The present experiment,
in which fertilisers were mixed through the soil,
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allowed maximum soil-fertiliser contact and
minimum interference between fertiliser particles.
In this situation the experiment indicated that
fused phosphate is not superior to superphosphate
as a plant P source. If ground to pass a 100 mesh
BSS sieve fused phosphate is very similar to
superphosphate, and if coarser than 52 mesh it
is initially inferior to superphosphate and, over
the experimental period, shows no greater residual
value than the rapid-release materials. However,
if, as in the experiments of Cullen & Grigg
(1971), these fertilisers are surface applied and
are not worked into the soil, a totally different
pattern of P availability may be expected. These
placement effects will be considered in Part II
of this series (Sinclair 1975).
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