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P-surplus over 2000-2014 

deficit 

Source:  Dr. G. Veldhof, 2017 

Dairy farms 
Arable farms 

Sandy soils Clay soils 
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Low Average 

Low soil P – no 
P fertilizer 

Low soil P – 60 
kg P2O5 

High soil P – no 
P fertilizer 

High soil P – 60 
kg P2O5 

Source: P. Ehlert/O.Oenema, 2017 

Effect P fertilization and soil P condition on tuber yield 



Conceptual model of root/rhizosphere and soil-based nutrient 
managements for improving P-use efficiency and crop productivity in 

intensive agriculture.  

Source: Jianbo Shen et al. Plant Physiol. 2011 



Conceptual model of root/rhizosphere and soil-based nutrient 
managements for improving P-use efficiency and crop productivity in 

intensive agriculture.  

Source: Jianbo Shen et al. Plant Physiol. 2011 



More laterals 

Shallower rootsystem Deeper rootsystem 

Lower Roothair 
density 

Root architecture under low P Root architecture under high P 

Source: J. Lynch, 2012 



Placement of elements shapes root architecture. A P-starter application  
in combination with basic N+P placed on distance, gives maximum root 

development. 
 
 

Source: Dr. B. Bauer 2013 

Small P- quantities placed on the right place may 
promote and attract root growth 

Micro dose P-starter 
application 



 

Ridge Tillage 





Source: Massey et al., 2010 

Mg-struvite release by pH (8,0) 



Struvite-based micro-granular experiments 

2014 -  desk studies 
            consultation by experts on chemical, juristic and 
            agronomical topics (e.g. NMR analyses) 
2015 -  3 field experiments (Delphy/WUR) 
            greenhouse pot experiment (Aeres) 
2016 -  greenhouse pot experiment (Aeres/WUR) 
            6 field experiments (corn) (WUR) 
            field experiment (potatoes) (WUR) 
            greenhouse experiment (lettuce) University of Milan 
2017 -  greenhouse pot experiment (Aeres) 
            4 field experiments (corn) (Delphy/WUR) 
            3 field experiments (potatoes) (Delphy/WUR)  

Total: 21 trials 



Source: W. van Geel, 2015 

Trial results 2015 

Significantly as good 
as mineral P 

Mineral Micro-
granular 

Struvite based Micro-
granular 



P and N uptake balance 

Source: W. van Geel, 2015 

Positive N-uptake  



At the left mineral NK micro-granular - At the right struvite-based micro-granular.  



P- start fertlization: Proof of Concept 

1- Smart precision fertilization in close proximity of roots 

2- addition of biostimulant Physio+ (from group of cytokinins) 

3- addition of NH4+ (local low acidification) 

4- processing enhancement of raw struvite 

5- “Deep, Cheap and Steep”, keep plants lean and mean 

Main challenge: identifying 100% 
organic renewable P-sources that 
can be upgraded AND processed 

within the existing industry! 



Thanks for your attention, 
any questions? 
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