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Phosphate Stable Oxygen Isotope 

Variability Within a Grassland Soil 

Granger, Harris et. al (2016) 

Phosphorus (P) is an essential element for plant growth and is 

applied to agricultural systems, often in large quantities, to 

underpin intensive levels of agricultural production. It can be 

applied as either inorganic mineral fertilizers, or via the spreading 

of animal wastes or other organic materials. However, surface 

waters are particularly sensitive to P because critical 

concentrations of only a few tens of µg of phosphate (PO4) can 

cause eutrophication, but are an order of magnitude lower than 

soil PO4 concentrations required for crop growth. Therefore, as 

with many other soil properties, an understanding of soil P 

variability is essential for designing sampling strategies or the 

evaluation of the effectiveness of diffuse water pollution mitigation 

measures. 

Recently a new tool for investigating P sources and processes has 

been developed, using the stable oxygen isotope ratio within the 

PO4 molecule. This can potentially be used as a P source 

fingerprint, or as a means of determining P transformations. In this 

study, we conduct a spatial analysis of soil total P (TP), acid 

extractable phosphate (HClPO4) and the stable oxygen (O) isotope 

ratio within the PO4 molecule (δ18OPO4) from an intensively 

managed agricultural grassland site. 

While the spatial variability of total P has been described at 
different scales by other researchers but this is the first study to 
assess the variability of soil δ18OPO4 at a field-scale. We 
investigate whether or not δ18OPO4 variability has any significant 
relationship with: (i) itself with respect to spatial autocorrelation 
effects; and (ii) soil HClPO4, elevation and slope - both globally and 
locally within the study field.  

 

Soil HCL-PO4 heterogeneity 

Values of HClPO4 and δ18OPO4 for each 

sample location 

Results 

Total P in the soil was found to range from 736 to 1952 mg 

P kg-1, of which between 12 to 48% was extractable using 

a 1M HCl with the two variables exhibiting a strong positive 

correlation. The δ18OPO4 of the extracted PO4 ranged from 

17.0 to 21.6‰ with a mean of 18.8‰ (±0.8). 

Scatterplots below display relationships for declustered 

data between δ18OPO4, HClPO4, elevation and slope. Points 

coloured red and blue relate to samples to the south and 

north of the historic field division, respectively.  

 

Results indicate that δ18OPO4 was not spatially 
autocorrelated; and that δ18OPO4 was only weakly related 
to HClPO4, elevation and slope, when considering the study 
field as a whole. Interestingly, the latter relationships 
appear to vary in strength locally. In particular, the δ18OPO4 
to HClPO4 relationship may depend on the underlying soil 
class and/or on different field managements that had 
operated across an historical north-south field division of 
the study field, a division that had been removed four years 
prior to this study.  
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