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ABSTRACT

In New Zealand, the fertilizer P requirements of
developed pasture, maintained at a steady level of
production, are currently calculated using a model which is
based on the concept that the size of the P cycling pool
remains constant. Consequently, fertilizer P is required
only to replace P lost from the cycle through animals and in
the soil. A soil test is required to assess whether the
amount of available soil P is appropriate for the desired
level of production and to monitor the effectiveness of the
maintenance fertilizer P programme indicated by the model.
A water-extraction procedure offers potential as a soil-
testing procedure for this purpose. The water-extraction
procedure involves an extraction period of 1 h and a soil:
solution ratio of 1:120.

In an initial evaluation in the glasshouse with
20 soils, water-extractable P was highly correlated with
plant uptake of P (r = 0.90**). Unlike the prediction by
the Olsen test, the prediction of plant-available P using
water extraction was not improved by inclusion of an
estimate of P buffering capacity (P retention value or the
slope of the desorption isotherm). Consequently, the water-
extraction procedure may have advantages over other soil P
tests because the interpretation of the results obtained

appears to be independent of buffering capacity and soil
type.

The effect of seasonal variations, sampling depth, and
fertilizer P additions on water-extractable P values was
investigated in field experiments, involving two soils of
contrasting P sorption capacity (Ramiha and Tokomaru) under
permanent pasture over 12 months. It was found that the
levels of water-extractable P in soil were always lower than
those of Olsen-extractable P. Over the 12-month period, the
average value of water-extractable P in the unfertilized
Ramiha soil (0-7.5 cﬁ depth) was 1.8 ug g'l soil compared to
the Olsen-extractable P value of 12.6. The variability



associated with water-extractable P at each sampling time
was comparable with that for Olsen-extractable P. However,
the relative seasonal variation over 12 months was larger
for water-extractable P (coefficient of variation = 23% for
the Ramiha soil) than for Olsen-extractable P (coefficient
of variation = 16% for the Ramiha soil). Both extractants
showed a seasonal fluctuation that was closely related to
the pattern of pasture P uptake. Low levels of extractable
P were generally associated with autumn and spring flushes
of pasture growth, while high values were obtained during
periods of slow growth in winter. The levels of water- and
Olsen-extractable P were higher in samples taken from the
0-4.0 than the 0-7.5 cm sampling depth. For example, water-
extractable P values of the unfertilized Ramiha soil
averaged over the 12-month period were 3.7 and 1.8 g g-1
soil for the 0-4.0 and 0-7.5 cm sampling depths,
respectively. The relative variability of P level at each
sampling depth varied between soils.

Fertilizer P addition resulted in larger increases in
water-extractable P in the 0-4.0 cm sampling depth than
those in the 0-7.5 cm depth. Furthermore, the effect of
fertilizer P on water-extractable P in the 0-7.5 cm depth
became undetectable within a few months of addition, inspite
of the continuing response of pasture to fertilizer P.
Consequently, water-extractable P in soil sampled from the
0-4.0 cm depth may better reflect the effect of fertilizer P
addition than water-extractable P in the 0-7.5 cm depth.

The relative increase in water-extractable P as a result of
fertilizer P addition was larger than that of Olsen-
extractable P. At two weeks after 40 kgP ha~l was added to
both the Ramiha and Tokomaru soils, water-extractable P
(0-4.0 cm depth) was increased by 150% whereas the increase
in Olsen-extractable P was only 100%.

Although seasonal variations were observed in both
water-extractable P and soil microbial biomass P in
unfertilized and fertilized soils, they were not related.
Neither were the seasonal changes in soil microbial biomass

P related to P uptake by pasture. It appears that microbial
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biomass P may be a less sensitive index of soil P
availability than previously thought.

The addition of lime in an incubation and a glasshouse
study caused significant decreases in Olsen-extractable P
but very little change in water-extractable P in two soils
of contrasting P sorption capacities. Decreases in Olsen-
extractable P of approximately 20% were obtained for both
soils of medium P status as a result of the addition of
Ca(OH), at rates equivalent to 2,000 and 6,000 kg

CaCO3 ha-1, respectively. No such decreases were found in
plant data or other soil P tests. Evidence from a
laboratory study indicated that the decline was a result of
an artifact in the Olsen procedure by which calcium
phosphates may be precipitated under the conditions of high
calcium concentration and high pH. Results from a field
experiment on a Tokomaru soil under permanent pasture over
21 months also confirmed that liming caused a decrease in
Olsen-extractable P. In fact, a significant reduction of
30% in the Olsen-extractable P was still obtained at 21
months after the application of 5,000 kg CaCOj3 ha-1l.
Because water-extractable P values are much less influenced
by soil pH, water extraction may have an advantage over the
Olsen test as a soil-testing procedure for limed soils.

A model of P sorption, based on the Langmuir adsorption
equation was used to predict changes in water-extractable P
in soils following P addition. The predictive ability of
the model was strongly influenced by estimates of sorption
energy constants (K) for a high P-sorbing soil. Whereas for
a low P-sorbing soil, estimates of sorption maxima (b) were
more important. The predictions were satisfactory for
a soil with high P sorption capacity but overestimated
results were obtained for a low P-sorbing soil. A revised
model was developed to use phosphate retention (PR) test
data as an estimate of b. When tested on a group of
16 soils with a wide range of P sorption capacities, very
good predictions (r = 0.84**) of changes in water-
extractable P following P addition were obtained. It was

found that, in some soils, the amounts of P extracted by
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water were still changing rapidly at 1 h but the rate of
change became significantly smaller at 24 h. Improved
predictions by the model (r = 0.91**) were obtained with

an extraction period of 24 h compared to the original 1-h
period. With such a modelling approach, it may be possible
to use the water-extraction procedure to determine whether
fertilizer application rates are in excess of the calculated

maintenance requirements and also to quantify this estimate.

In a study using a double-labelling technique designed
to characterise soil P, the soil was incubated with 33p for
a relatively long period of time (51 days) and 32p for
a relatively short period of time (5 days). The 32p:33p
ratios in the Olsen and water extracts of the high P-sorbing
Egmont soil showed a contrasting pattern to that of the low
P-sorbing Tokomaru soil. An initial assumption of the
technique is that as the exchangeability of soil P
decreases, so should the ratio of 32p:33p, The unexpected
lower 32p:33p ratios in the water extract as compared to the
ratio in the Olsen extract of the Egmont soil appears to be
consistent with the larger difference between the amounts of
water-extractable P and those of Olsen-extractable P which,
in turn, seem to reflect the ratio of loosely-held P to more
tightly-held P. A lower 32p:33p ratio in the water extracts
can occur when the exchange of 32p petween the soil solution
and the surface has slowed down and the 32p is redistributed

among various surface groups.

The 32p:33p ratios of ryegrass grown on the labelled
soils were always lower than the ratios of white clover,
indicating that ryegrass can remove P from more tightly-held
soil P than can white clover. This may be due to the
ability of ryegrass to exploit P from different soil P pools

as well as the larger depletion of soil P by ryegrass.
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