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Isotopic and conventional procedures to determine availability of phosphorus, cadmium
and flourine in soils and crops fertilised with soluble phosphorus fertilisers and reactive
phosphate rocks
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Activities under this IAEA project were closely co-ordinated with the National
Reactive Phosphate Rock (RPR) Project in Australia administered through La Trobe
University in Melbourne, Australia. Work was divided into a number of phases. Initial
experiments were designed to assess the efficacy of isotopic and non-isotopic techniques to
assess phosphorus (P) fertility of soils and the capacity of soil tests to predict response to P
fertilisers and reactive phosphate rocks under field conditions. Subsequently, work focused on
the assessment of potential adverse environmental effects of impurities of Cadmium (Cd) and
Fluorine (F) in phosphate rocks and fertilisers

Pasture response to soluble P and phosphate rock fertilisers was assessed at 30 sites
around Australia and soil tests related to plant responses. All tests, including isotopic
procedures, performed poorly under the wide set of growing and soil conditions under which
the tests were assessed. Isotopically-exchangeable P (E values) determined using shorter
equilibration times was better related to pasture responsiveness to P, and hence fertiliser P
requirement, than E values determined using longer equilibration times. Errors in abnormally
high E values in some soils were found to be caused by low precision in determination of
solution P concentrations at levels less than 0.02 mg P/L

Environmental concerns relating to Cadmium (Cd) and Fluorine (F) in phosphate rock
fertilisers were assessed at 11 and 4 sites, respectively, of the National Reactive Phosphate
Rock (RPR) Project. There were no significant differences between F in herbage from plots
fertilised with either single superphosphate, partially acidulated phosphate rock or North
Carolina phosphate rock, or between sites. Concentrations of F in herbage were low, generally
less than 10 mg F /kg. However, there were large differences in Cd concentrations in herbage
between sites, while differences between fertiliser treatments were small in comparison. The
site differences were only weakly related to total or extractable (0.01 mol/L CaCU) Cd
concentrations in soil. Significant differences in Cd concentrations in clover due to fertiliser
type were found at 5 sites. North Carolina phosphate rock treatments had significantly higher
Cd concentrations in clover compared to single superphosphate at 2 sites. Partially acidulated
phosphate rock treatments had significantly higher Cd concentrations in clover compared to
single superphosphate at 4 sites. At the site where Hemrawein was tested, this treatment had
significantly lower Cd concentrations in clover compared to both single superphosphate and
North Carolina phosphate rock treatments

At one pasture site, long-term reactions of fertiliser Cd in soil were measured using
109Cd. Accumulation of Cd in the soil was highly correlated to application rate of single
superphosphate. No evidence was found to indicate offsite movement of Cd, either through
horizontal transfer or via leaching through the profile. Increases in soil Cd led to an increase in
the Cd content of wheat which was grown in the soil. However, using a radioisotope dilution
technique, a significant proportion of the added Cd was found to exist in a non-bioavailable
pool in the soil. A model was developed which estimated that Cd was being fixed in this soil at
a rate of 1 to 1.5 % of the total added Cd per year.
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