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Introduction

Phosphorus (P) loss from agricultural fields 
results in environmental degradation and waste of P 
as a fertilizer resource. The purpose of this 
publication is to describe a practical means of 
determining when a soil has reached a level of P 
loading that constitutes an environmental risk. It is 
intended for use by soil scientists, environmental 
consultants, state agency personnel, Institute of Food 
and Agricultural Sciences (IFAS) Extension faculty, 
and others with an interest in the potential of P loss 
from soils.

Why is soil test phosphorus (STP) 
not a suitable indicator of 

environmental P risk?

Soil test P (STP) procedures such as Mehlich 
1-P fail to precisely indicate whether a given soil is 
capable of retaining additional P (P "sink") as 
opposed to functioning as a P source that would pose 
an environmental risk. By using the same STP 
extract, such as the Mehlich 1 (M1) extract, and 
analyzing it for iron (Fe) and aluminum (Al), a P 
saturation ratio (PSR) can be calculated, as follows:

 PSR 
M1

= (Mehlich 1-P/31) / 
((Mehlich 1-Fe/56) + (Mehlich 1-Al/27)) Eq. 1

This ratio of sorbed P (P held by the soil) to the 
sum of the components (Fe and Al) to which it is 
mainly sorbed is a useful indicator of the "change 
point" at which a soil becomes a P source to the 
environment. In other words, the risk of phosphorus 
moving from agricultural fields or lawns greatly 
increases when the soil reaches the change point, 
which can be estimated using this calculation based 
upon soil testing.

The change point

Since P concentrations in the soil solution are 
related to P losses via surface and subsurface flow, 
the PSR can be used to determine the point of P 
loading at which P release begins to abruptly increase 
and become an environmental concern. The amount 
of P lost from a soil after application of a P-rich 
amendment (e.g., inorganic fertilizer, biosolids, 
poultry manure, dairy manure, etc.) will depend on 
the solubility of the material and sorption capacity of 
the soil—the net effects of which can best be 
determined by extraction with water. When soils are 

Archival copy: for current recommendations see http://edis.ifas.ufl.edu or your local extension office.



An Indicator for Risk of Phosphorus Loss from Sandy Soils 2

extracted with water and plotted against PSR 
calculated using the Mehlich 1 extractant (PSR

M1
), 

we get a "change point", also referred to as the 
"Threshold PSR" (Figure 1). The change point is 
defined as that point where P concentrations in the 
soil solution abruptly increase. In Figure 1, the 
change point is 0.1.

Figure 1. Relationship between the concentration of 
water-soluble P (WSP) and the P saturation ratio 
calculated from P, Fe, and Al in a Mehlich 1 extract 
(PSR

M1
) for manure-impacted surface (A) and subsurface 

(E) horizons. Threshold PSR value is significant at the 
0.001 probability level (Nair et al. 2004).

Change points for flatwood soils 
containing a Bh horizon

Excess P can move vertically through the soil 
profile and come into contact with the spodic (Bh) 
horizon of Spodosols. It is therefore important to 
know the change point for Bh horizons (Figure 2). 

Figure 2. Relationship between the concentration of 
water-soluble P (WSP) and the P saturation ratio 
calculated from P, Fe, and Al in a Mehlich 1 extract 
(PSR

M1
) for manure-impacted spodic (Bh) horizons. 

Threshold PSR value is significant at the 0.001 probability 
level.

We can now use the change point of Bh horizons 
as an indicator of P release that would be 
environmentally detrimental. The change point for Bh 
horizons of Florida Spodosols has been determined to 
be 0.08 (Figure 2).

How can we use the change point to 
evaluate environmental P risk and 
agronomic needs simultaneously?

Since P concentrations in the soil solution are 
related to P losses from a field via surface and 
subsurface flow, the PSR can be used to determine 
when P release from a soil reaches the point of 
environmental concern. Using this scenario, P could 
be applied to the soil at an agronomic rate based on 
the normal IFAS recommendations unless the PSR is 
greater than 0.1 for surface soils. Depending on how 
much the PSR is greater than 0.1, a recommendation 
to apply P only at crop recovery quantities could be 
made. For surface horizons, depth of sampling could 
follow IFAS protocols for soil testing. Deeper 
sampling may be called for where there is concern for 
subsurface release of P. The spodic horizon becomes 
an environmental P risk when PSR

 M1
 is greater than 

0.08.

Why is the use of a "change point" 
PSR better than STP?

Here's an example:

When two soils have the same STP value (e.g., 
50 mg kg-1 Mehlich 1) but have different abilities to 
hold P (i.e., different Fe+Al values), then the soil 
(Soil 1) with the higher (Fe+Al) will have a lower 
PSR value compared to the soil (Soil 2) with a lower 
(Fe+Al) value. For example, if Soil 1 has a PSR 
value of 0.05 (below the threshold PSR of 0.1), and 
Soil 2 has a PSR of 0.2 (greater than the threshold 
PSR of 0.1), then Soil 1 will not be of an 
environmental P risk while Soil 2 would release P.

Can we use any other extractant for 
determining PSR?

The original method of calculation of the PSR 
specified oxalate-extractable P, Fe, and Al 
(Breeuwsma and Silva 1992; Eq. 2). Modifications 
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are based on STPs used in various parts of the U.S. 
Mehlich 1 extracts (Nair et al. 2004) and Mehlich 3 
(Maguire and Sims 2002; Sims et al. 2002; Nair et al. 
2004) extracts have been shown to be suitable to 
calculate PSR for sandy soils of the Southeastern 
U.S. 

In addition to using oxalate P, Fe, and Al values 
(Eq. 2), we can use Mehlich 1 P, Fe, and Al (Eq. 1) 
or Mehlich 3 P, Fe, and Al (Eq. 3) for PSR 
calculations.

PSR
Ox

 = (Oxalate -P/31) / 
((Oxalate -Fe/56) + (Oxalate -Al/27)) Eq. 2

PSR
M3

 = (Mehlich 3-P/31) / 
((Mehlich 3-Fe/56) + (Mehlich 3-Al/27)) Eq. 3

Note that the "change point" PSR will be 
dependent on the method used in its calculations. 
Therefore, when reporting a PSR value, it is 
necessary to indicate the matrix [e.g., PSR

M1
 (PSR 

calculated using P, Fe, and Al in a Mehlich 1 
solution), PSR

M3
 (PSR calculated using P, Fe, and 

Al in a Mehlich 3 solution), or PSR
Ox

 (PSR 
calculated using P, Fe, and Al in an oxalate 
solution)]. For example, the change point when 
using Mehlich 3-P, Fe, and Al is 0.08 and, when
using oxalate extraction, is 0.10 for A and E 
horizons.
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