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Evaluation of the Phosphorous Bioavailability in Semiarid 
Soils

M. Zhu1 and C. Gu1

Introduction
Phosphorous (P) is an important limiting nutrient for 
plant growth. Chemical forms of P ultimately determine 
P bioavailability that can be evaluated with the Hedley 
sequential. This method uses increasingly aggressive 
chemical reagent to extract P so that the sizes of P pools 
of various bioavailability are obtained. Unfortunately, 
the pool size information from the Hedley extraction is 
operational and may not truly reflect P chemical forms. 
This limits our understanding of P bioavailability in 
both agricultural and natural soils. X-ray absorption 
spectroscopy (XAS) is an in situ and direct method for 
elemental speciation measurement and has been increas-
ingly used for determining P chemical forms in soils. 
Combining the Hedley extraction with XAS allows for 
more thorough understanding of P chemical forms and 
its bioavailability in soils.

Objectives
The objectives of this study are 
to evaluate the Hedley P sequen-
tial extraction with P XAS and 
to use the combination of the two 
approaches to understand P specia-
tion and bioavailability evolution 
during soil formation in semiarid 
ecosystems.

Materials and Methods
The soils—with ages ranging 
from approximately 1,000 years 
to 3 million years—were collected 
from the San Francisco volcanic 

field sites in northern Arizona. The soils were then sieved 
and milled for Hedley extraction and P XAS analysis. 
In each extraction step, the residual was measured for 
P XAS at the Canadian Light Source in Saskatoon, 
Canada (http://www.lightsource.ca).

Results and Discussion
As shown in Figure 1, the Hedley extraction overes-
timates the calcium-bound P pool size, i.e., hydraulic 
chloride acid (HCl) extracted P fractions, by a couple 
of times at all soil ages. Our further quantification 
analysis shows that the HCl extraction step removed 
a significant amount of iron- and aluminum-bound P, 
which accounts for the overestimation. This result has 
important implications for evaluating P bioavailability 
in soils in semiarid environments, including Wyoming. 
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Figure 1. Calcium-bound P fractions determined from the Hedley 
extraction and P XAS analysis. The soils are approximately 1,000, 
55,000, 750,000, and 3 million years old.
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The results that soil testing labs usually provide regard-
ing P bioavailability may need to be interpreted with 
caution.
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