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ATP

On average, approximately 3% of dry living cells is made of phosphorus.

(adenosine triphosphate)
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Chemical P fixation is pH-dependent.

pH



Fixation and Mobilization of Phosphorus

Phosphorus is easily fixed by chemical reactions with Ca2+, Mg2+, Fe2+ ,Al 3+ etc. 
Phosphorus fixation is pH-dependent, and is the process that removes P from 
active pools. Both too high and too low of pH values can resulted in P fixation, 
for example: 

2PO4
3+ + 3Ca2+ ( or Mg2+, Fe2+ etc) --> Ca3 (PO4 )2

This is solely a chemical process.

Although the total P content of soils is large, in most soils only a small fraction is 
available to biota, primarily because of chemical fixation. 

Microbes play a crucial role in the transforming process from organic P to 
inorganic P, and in mobilizing chemically-fixed P (mycorrhizal roots and other 
rhizosphere activities).









P-enrichment of the Everglades



Florida’s Everglades is a region of broad, slow-moving sheets of water flowing southward 
over low-lying areas from Lake Okeechobee to the Gulf of Mexico. In places this 
remarkable ‘river of grass’ is 80 kilometers wide. These images from the Multi-angle 
Imaging SpectroRadiometer show the Everglades region on January 16, 2002. Each image 
covers an area measuring 191 kilometers x 205 kilometers.
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Figure 1. Response of ecosystem processes to treatments. Treatment N was 
nitrogen applied at 30 mol m 2 year 1 as ammonium nitrate fertilizer; treatment 
NP, nitrogen plus phosphorus applied at 30 mol m 2 year 1 as ammonium 
nitrate and 15 mol m 2 year 1 as phosphate fertilizer, respectively; treatment P, 
phosphorus applied at 15 mol m 2 year 1 (as phosphate fertilizer); and 
treatment C, control. Means that are not significantly different ( = 0.05) are 
labeled with the same lower-case letter. (A) Mean [± 1 SE, n = 6 (where n 
indicates the number of 0.25 m × 0.25 m quadrants)] end-of-season above- 
ground standing biomass (solid) and biomass per ramet (hatched) of Spartina 
alterniflora as a function of nutrient treatment. (B) Mean (± 1 SE) maximum 
velocity (Vmax ) of pore-water phosphatase enzyme activity in the rooting zone 
(0 to 25 cm) from fertilized plots in a North Inlet marsh and from a contrasting 
salt marsh (SC) located at the mouth of the urbanized Cooper River estuary in 
South Carolina. Enzyme activity was assayed spectrophotometrically (with 
the use of p-nitrophenylphosphate as substrate) (11) in triplicate at in situ pH 
monthly for 10 months. (C) Effect of nutrient treatments on mean (± 1 SE, 
n = 3) bacterial abundance in surface sediment (0 to 5 cm). 



Figure 2. (A) Effects of nutrient treatments 
on rates (mean ± 1 SE, n = 6) of thymidine 
incorporation into bacteria in North Inlet 
salt marsh sediment. Treatments N, NP, 
and P were nitrogen, nitrogen plus 
phosphorus, and phosphorus, respectively, 
whereas treatment PP was a phosphorus 
amendment in the form of pyrophosphate. 
(B) Rates (mean ± 1 SE, n = 6) of 
thymidine incorporation into bacteria in 
sediments fertilized in the field with 
phosphorus. Treatment P was a control 
(unaltered in the lab); treatment P+Glu, an 
addition of glucose in the lab; treatment 
P+N, an addition of nitrogen; and treatment 
P+Glu+N, an addition of glucose and 
nitrogen. 



Figure 3. (A) Rates (mean ± 1 SD, 
n = 2) of potential denitrification 
(acetylene block) per weight of dry 
sediment in laboratory incubations of 
sediment from field controls amended 
with nitrate (5 mM final 
concentration) either with or without 
added phosphorus (200 µM). (B) 
Rates (mean ± 1 SD, n = 2) of 
potential N2 O production (without 
acetylene) per weight of dry sediment 
in laboratory incubations of sediment 
amended with nitrate (20 mM final 
concentration) either with or without 
added phosphorus (400 µM). (C) 
Rates (mean ± 1 SE, n = 6) of 
nitrogen fixation in field controls (C) 
and in field treatments as in Fig. 1. 
(D) Rates (mean ± 1 SE, n = 3) of 
nitrogen fixation in sediments from 
field controls amended in the lab with 
glucose (G), urea (U), or phosphorus 
(P). All additions were made to 
10 mM final concentration. Nitrogen 
fixation rates were greater in the 
presence of glucose (solid bars) than 
without. Multiply the scale by 100 for 
bars labeled "×100." Significance of 
treatment effects, determined on log- 
transformed data, is denoted by 
different letters



Summary of the Phosphorus Cycle

1. There is no significant gaseous component, transfer in the air is in 
particulates or sea spray. 
2. There is no change in valence, all in phosphate form. 
3. It is believed that all original P came from rock weathering. 
4. Microbes play a role in the process from organic P to inorganic P, and in 
mobilizing chemically fixed P (mycorrhizae and rhizosphere activities) 
5. P is easily fixed by chemical reactions with Ca2+, Mg2+, Fe2+ etc. The 
process that removes P from active pools. Both too high and too low of pH 
values can resulted in P fixation.
6. Although the total P content of soils is large, in most soils only a small 
fraction is available to biota, primarily because of chemical fixation. 
7. Mining the P from apatite (3Ca3 [PO4]2 . Ca[FeCl]2 ) is the main source 
of P fertilizer (about 14 million metric tons per year). 
8. Through geologic time (hundreds of millions of years), P-containing 
sediments are buried, uplifted and subject to rock weathering, completing 
the global cycle. 
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