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Interveinal yellowing                  Necrosis                                    Reduction in yield and quality

Cereals, leguminous, fruit trees, grapevine, OLIVE trees

Calcareous soils: 30-35 % world soil surface and å70 % of soil surface in Spain 

1. Iron chlorosis

IRON (Fe) CLOROSIS ðFe DEFICIENCY



Fe availability vs total Fe concentration (Marschner, 1995)

Problem: Fe bioavailability

Fe requirements for plants
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Plantresponse to Fe deficiency(Marschnerand Römheld, 1994)

Dicot+ non graminaceous Graminaceous

Fe+3 to Fe+2 No Fe reduction

H+

Organicacids

Phenoliccompounds

Phytosiderophores

(C3  >>> C4)

Changesin rootmorphology 
(Landsberg, 1982; 

Romeraand Alcántara, 2004)

Ferricreductaseactivityinhibitionat highpH 

and CaCO3 content

Microbialdegradationof phytosiderophores
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Soilpropertiesrelatedto Fe chlorosis

Fe oxides

Lindsay y Schwab, 1982;  Loepperty Hallmark, 1985

Goethite < Hematite < Lepidocrocite< Maghemite< Ferrihydrite

Poorly crystalline
FecaandFeox̍ chlorophyll

CaCO3, HCO3
Ĭ

and pH

2H+ (aq) +CaCO3 (s)Ÿ Ca2+ +CO2 (g)+H2O(l)

CO2 (g)+H2O(l)Ÿ HCO3
ï(aq) +H+ (aq)

pH 7.5ï8.5

Romeraet al., 1992

NO3
ĬNH4

+ K P: CONTROVERSY!

Crystalline
Fed
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Soil P reactionsP macronutrient

P in solution
0.1ï10 ɛM

> 10 ɛM

P primary
minerals

OrganicP

Fe & Al oxides
Clays

Carbonates

Protonation

Ca, Fe and Al  
phosphates

AIM: to clarifytherole of P onFe bioavailabilityin calcareoussoils

Hypothesis: P coversFe oxide surfaces(high-affinity) and reduces Fe availabilityfor

plants

(High)P-fertilization

-expensive

-eutrophication
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