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Introduction 

ÅA high proportion of applied P is rapidly converted 

to insoluble phosphates that plants have virtually 

no access 

ÅThese transformations mainly depend on  

ïfertilizer sources 

ïtype of soil 

ïsoil moisture conditions 

ÅUnderstanding major reaction products of 

fertilizer P in different soil types and their 

solubility may help designing better suited 

fertilizer formulations for different soil types 

 



Objectives 

ÅTo understand mobility, availability and reactions 

products of P from MAP, DAP and APP fertilizers 

in different soils 

ÅTo  integrate mobility, wet chemical data and 

reaction products to understand their 

performance in different soils   

 

 



How widespread or distributed are soil 

containing  high P fixing capacity?  

 

International Soil Reference and Information Centre, 2011  

 
× There is a great need in increasing P availability on these enhanced P fixing soils. 

 



Soils 

Six soils 

1. Oxisol, Brazil 

2. Calcareous soil, Idaho 

3. Andisol, Ecuador 

4. Calcareous soil, South Australia 

5. Ultisol, Sri Lanka 

6. Calcareous or acid soil, KS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Methodology 

Treatments:  

× Control   

× MAP (11-52-0 N-P2O5-K2O)  

× DAP (18-46-0 N-P2O5-K2O) 

× APP (11-37-0 N-P2O5-K2O)    

× MAP + Fertilizer Enhancement Product (FEP) 

× DAP + FEP 

× APP + FEP 

Petri dish size: 87 mm 

MAP: 42 mg granules per dish; DAP: 43.4 mg granule; APP: ~40 ɛL 

N was balanced by Urea 
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Samples 

Å pH 

Å Total P 

Å Resin P 

Å Reaction products 

(XANES) 

 
 

Reaction products 

in granules  

SEM-EDX and/or XRD 

Å Changes in structure 

Å In situ elemental analyses 

Methodology (cont.) 

Soil Sampling and Analyses 



Methodology (cont.) 

Wet chemical based analyses 

Å Soil pH (1:5 soil:water) 

Å Total P ïAqua-regia digestion  

Å Resin extractable P 

P Speciation and granule observations 

Å X-ray Absorption Near Edge Structure 

Spectroscopy (XANES) 

 Data analysis: Principal Component Analysis (PCA) 

 followed by Linear combination fitting-LCF 

Å Scanning Electron Microscopy- Energy      

Dispersive X-ray Analysis 

   



Selected Soil Properties 

Sample ID pH CEC OM Ext. Ca Ext. Fe Ext. Al Total P 

  (H2O)  cmolc/kg % --------- mg/kg --------- 

Brazil soil 4.3 12.4 3.7 49 52.9 79.5 237 

Idaho soil* 8.0 19.6 0.6 3376 2.4 n.d. 468 

Ecuador soil 5.5 16.5 5.4 565 37.6 6.5 447 

* CaCO3 = 7.4% 
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Resin P 
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Element-  Wt % 

N                 ------ 

Al                4.07 

P                12.51 

Fe                3.86 

Elemental map-EDS  

P=Red 

Al=blue 

Fe=Green 

MAP Granule- Incubated 3 days 

Ecuador Soil 

 



Element- Wt % 

N               ------- 

Al                4.55 

P                11.81 

Fe                4.54 

Elemental map-EDS  

P=Red 

Al=Green 

Fe=Blue 

MAP Granule- Incubated 5 wk 
Ecuador Soil 

Zn, Re, Mg 

~ 1- 1.5 % 


