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What | Study:

Organic P:

PHYTATE
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How can soil bacteria do this?
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What | Study:

Result:
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How does Organic P get there in the first place?

Organic P:

PHYTATE




How is it removed?




How is it removed? DESORPTION




Today

Soil Organic P
Forms/Sources
Behavior in Soils
Measurement

DESORPTION (e.g. phytate)
Mechanisms
Kinetics




Soil Phosphorus



Soil Phosphorus

Total Soil P



Inorganic Phosphorus

Total Soil P



FORMS
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SOURCES

Fertilization | o
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Mineral P —-0-p=0
Organic breakdown | O

Microbial storage — [
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o Total Soil P



Organic Phosphorus

Total Soil P



Organic Phosphorus
Orthophosphate

\\“O Diesters
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Total Soil P
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Organic Phosphorus \/j
o Orthophosphate
"°' Diesters

P

FORMS

Nucleic Acids (0.2 — 2.4% Organic P)
DNA, RNA

Phospholipids (0.5 — 7% Organic P)
phosphatidylcholine (lecithin)
Phosphatidylethanolamine (cephalin)

Total Soil P

Fatty Acids
Teichoic acids
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Organic Phosphorus \/j

d Orthophosphate
°=i“°' Diesters

i

SOURCES

Nucleic Acids (0.2 — 2.4% Organic P)
Biological

Phospholipids (0.5 — 7% Organic P)
Cell membrane
Cell membrane

Total Soil P

Fatty Acids
Microbial cell wall/membrane



Organic Phosphorus
Find the phospho-di-ester bonds.....

Phospholipids (0.5 — 7% Organic P)
phosphatidylcholine (lecithin)



Organic Phosphorus
Find the phospho-di-ester bonds.....
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Phospholipids (0.5 — 7% Organic P)

Phosphatidylethanolamine (cephalin)



Organic Phosphorus

Orthophosphate Monoesters

Total Soil P



Organic Phosphorus

FORMS
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Organic Phosphorus
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Organic Phosphorus

Orthophosphate
Monoesters
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Organic Phosphorus ORIGINS in SOIL



The Phytate Story

Plant Seeds




Behavior in Soils




Behavior in Soils

PHYTATE
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Behavior in Soils

Abiotic
Biotic

PROCESSES — '




Abiotic

Celiet al. 2001a

Sorption and Desorption influenced by:

P Concentration

Mineral surface characteristics
pH

lonic strength

Temperature
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Abiotic

Sorption
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Abiotic

Depends on agueous CHARGE SPECIES
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Abiotic

2. Depends on mineral surface CHARGE
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Celi et al. 2001a



Abiotic

3. Depends on electrostatic INTERACTIONS

10

Celi et al. 2001a
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Abiotic
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Abiotic

Phytate and Phosphate on Calcite
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Figure 1. Adsorption isotherms of myo-inositol hexaphosphate (IHP) and orthophosphate (P1) on caleite: variation of the sorbed amount (sorbed
P) with the equalibrium concentration (C,).

Celi et al. 2000
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Biotic > DEGRADATION




Biotic > DEGRADATION




Biotic > DEGRADATION




Biotic > DEGRADATION




Biotic > DEGRADATION

Enzyme
Hydrolysis




Biotic > DEGRADATION

PHYTASES

Fungus
Bacteria
Plants

Enzyme
Hydrolysis



RECAP: Behavior in Soils

Soil
particle




RECAP: Behavior in Soils

ABIOTIC PROCESSES

Reductive | €
dissolution M
+ ° Precipitation GOETHITE - phytate  { ©

Sorption %

Desorption
Pt ~ O
) particle = Dispersion D S




RECAP: Behavior in Soils
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RECAP: Behavior in Soils

t
myo-, scyllo-, L-chiro-

Epimerization

Production
+




ABIOTIC PROCESSES
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Measurement




Measurement
Aqueous Extraction b/
METHODS<31?>-N|V|R - A

Enzymatic Hydrolysis o' ?




Aqueous Extraction

WATER

SODIUM
BICARBONATE

NaOH EDTA



Aqueous Extraction

Total Soil P

WATER

SODIUM
BICARBONATE

NaOH EDTA



Aqueous Extraction

WATER

SODIUM
BICARBONATE

S NaOH EDTA

Total Soil P



Aqueous Extraction




Solution 3P Nuclear Magnetic Resonance Spectroscopy

NaOH-EDTA

Solution 31P
NMR




Solution 3'P Nuclear Magnetic Resonance Spectroscopy

Typical NMR Experiment
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Barbara J. Cade-Menun 2007




Solution 3'P Nuclear Magnetic Resonance Spectroscopy
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Enzymatic Hydrolysis

NaOH-EDTA

Inorganic



Enzymatic Hydrolysis

NaOH-EDTA

PHOSPHATASES

Inorganic



Enzymatic Hydrolysis

NaOH-EDTA

Diesterases =» ‘i
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PHOSPHATASES

Inorganic



Enzymatic Hydrolysis

NaOH-EDTA

PHOSPHATASES

OH
HO
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Ho” \\O Inorganic



Enzymatic Hydrolysis

NaOH-EDTA
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NaOH-EDTA

Enzymatic Hydrolysis

Diesterases > P

PHOSPHATASES

Inorganic

Monoesterases > P
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Enzymatic Hydrolysis

Beer-Lambert

A=¢lc

P Concentration
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Enzymatic Hydrolysis

NaOH-EDTA

ESTIMATES P

- MEASURES P

Inorganic






DESORPTION (e.g. phytate) |}
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Negligible under

environmental conditions...
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Mechanismes....



P Fe (ﬂ

Chelation

Mechanismes....



P~ Fe (ﬂ

Chelation

- Bacterial Siderophores

- Citrate - Oxalate
O"F?\So X
OH O

Mechanismes....



P

Competitive Displacement

Mechanismes....



P

Competitive Displacement

Depends on the DISSOCIATION CONSTANTS (K)

metal-organic anion
metal-siderophore

Mechanismes....



pyruvate

Competitive Displacement
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Mechanismes....



Electron Donor

Fe (1) = Fe (II)

Mechanismes....



Ascorbate

HO
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Electron Donor

Mechanismes....



P Fe(in)

Chelation
P

Competitive Displacement

P Fe () > Fe (I1)
—)  Reductive Dissolution

Mechanismes....



phytate

goethite

Desorption Kinetics

Organic Anions/
Siderophores

—

Incubate

—

Measure P, Fe
in supernatant

t=0
t=1
t=2



Desorption Kinetics

IP6 dissolution from goethite coated in phytate. bi
(A)1 M Ascorbic acid,(B) 0.01 M Ascorbic acid in MES Ascorbic A

media. N ccorbic B
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Ascorbate Example....



Desorption Kinetics

IP6 dissolution from goethite coated in phytate. A bic A
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Influence of pH and Oxalate Concentration
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Oxalate Example....



Influence of pH and Oxalate Concentration

10
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Oxalate Example....
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Questions? Comments? Concerns?
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