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Abstract

Vertosols are an important soil type used for cotton production in the northern grains region (NGR)
of eastern Australia. Historically, cotton has received minimal phosphorus (P) input due to the high
fertility of Vertosols. Over the past 30 years, P fertiliser use in the cotton industry has increased
six-fold, due to the perceived decline in soil fertility in the NGR. However, when P is applied to
cotton systems, the amount of P fertiliser recovered by the crop (PUE) has been low and
unpredictable (0 — 67 %), and few studies have investigated why this is so. The unpredictability of
PUE in cotton systems refers to the lack of cotton response when P fertiliser has been applied in
some soils, which was based on recommendations from the commonly used Colwell soil P test.
Long-term field trials suggest the quantity of readily available P measured using the Colwell
extractant is being replenished by other soil phosphates not measured by the Colwell extractant.
This may be due to the large amounts of Ca phosphates typically found in Vertosols, which may
supply or replenish labile soil P pools in the 0 — 10 cm and 10 — 30 cm layers. Recent studies have
used a dilute acid test (colloquially referred to as the BSES extractant) to measure Ca phosphates in
Vertosols, however, little is known about the P pools removed by this extractant. The aim of this
project was to understand the ability of Ca phosphates to supply or replenish plant available P in
the cotton systems of the NGR.

In Chapter 2, the response of faba bean and cotton to subsoil P when moisture was limiting
in the topsoil was investigated in glasshouse studies. The growth and P uptake of faba bean and
cotton was related to Colwell-P concentrations in the subsoil, demonstrating the potential
importance of subsoil P pools in crop P uptake under dry topsoil conditions. This study confirms
the Colwell soil P test is a good indicator of plant available P in Vertosols of the NGR. The
guantity of BSES-P was not related to faba bean and cotton P uptake over one crop cycle, although
this was unsurprising give the majority of these soils contained BSES-Ca/P ratios above 74:1
(Chapter 3).

This study confirmed that cotton is well suited to low soil P environments. Cotton was less
responsive to increasing subsoil Colwell-P concentrations when compared to faba bean. It is
possible that the concentration of P in the soil solution needed to trigger cotton root proliferation is
low in comparison to other crop species. This is also supported by the lack of cotton response to
increasing volumes of soil P enrichment in the subsoil. However, caution is needed applying these
results to cotton systems as the majority of cotton is irrigated and this would increase the amount
of P sourced from topsoils. We recommended that Colwell-P be measured in both the topsoil and
subsoil layers, and BSES-P used periodically (e.g., every ~ 10 years) to monitor soil P rundown in

Vertosols.

Vi



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

In Chapter 3, this study demonstrated the ability of BSES-P to supply Colwell-P in the
Vertosol soils of the NGR. In approximately half the Vertosols tested Colwell-P was being
replenished by BSES-P and this occurred when soils contained BSES-P concentrations greater than
61 mg P/kg. This experiment also found that BSES-P was more likely to supply Colwell-P when
the ratio of Ca (mg/kg) to P (mg/kg) in the BSES extract was greater than 74, suggesting the
presence of Ca phosphates of low solubility.

In Chapter 4, the soil phosphates removed by the 0.1 M NaOH and 1 M HCI extractants
were investigated using P K-edge X-ray absorption near-edge structure (XANES). This study
aimed to understand the difference between the soil phosphates removed by the 1 M HCI and
BSES extractants (Chapter 4). An important aspect of this study was the application of P K-edge
XANES for soil P studies in untreated soils, although the high method detection limit of the Soft
X-ray beamline at the Australian Synchrotron made accurate identification of soil phosphates
difficult.

There was supporting evidence that the 0.1 M NaOH and 1 M HCI extractants remove soil
phosphates according to the solubility of the P minerals that the reagent is likely to dissolve.
Calcium phosphates were the dominant soil P pool in Vertosols, and XANES spectra characteristic
to Ca phosphate reference materials were removed after 1 M HCI extraction. However, P K-edge
XANES spectra on the soil residue after 0.1 M NaOH and 1 M HCI extraction lacked pre- and post-
edge features because of the high method detection limit of the Soft X-ray beamline, and it is
possible that other soil phosphates may have been removed in addition to Ca phosphates. This
study suggests that the method detection limit of the Soft X-ray beamline at the Australian
Synchrotron is ~ 2200 mg total P/kg, and further difficulties were found in attempting to identify
and quantify the soil phosphates removed by the BSES extractant.

A comparison of the solution extracts removed by the 1 M HCI and BSES extractants
indicate approximately 80 % of the P removed by the 1 M HCI extractant is removed by the BSES
extractant. The amount of Ca phosphates removed by the BSES extractant is likely to be lower
when compared to those removed by the 1 M HCI extractant because the later reagent has a lower
pH and could potentially dissolve more thermodynamically stable Ca phosphates. However, it was
unclear from this study what soil phosphates constitute BSES-P and further research is needed to
investigate this.

This project significantly advances our understanding of the slowly available P pool in
Vertosols, and demonstrates the ability of the BSES extractant to predict the supply of Ca
phosphates to supply or replenish plant available P in Vertosols of the NGR. Further research is
needed to understand the form and availability of Ca phosphates at differing BSES-P

concentrations and BSES-Ca/P ratios.
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