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Soluble mineral fertilisers

with nitrification inhibitors 

Plastic coated slowed mineral 

fertilisers
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Paungfoo-Lonhienne et al. 2008 

Proceedings of the National Academy of Sciences







Westermann et al in preparation 



soil plants microbes



Nutrients and organic 

materials

Manures

Mill mud

Compost

Struvite 

…

Sorbers for on-

demand release 

of nutrients

Clays

Biochar

Agricultural residues

Engineered starch

… 

Soil biological agents

Plant-growth-promoting 

microbes

Fungi, bacteria..

Worm eggs

..

Long-term soil fertility and function

Reduced N losses 



chicken manure
mill mud-sugarcane 

processing
compost



Sorbent Characteristics

Sorption 

Capacity

NH4
+ g-1

Zeolites

• Clinoptilolite

• Chabazite

Molecular sieve 

functions
1.0 - 44.30

Vermiculite
Extremely light and 

porous
0.36 - 7.00

Biochar
High carbon 

content
0.52 - 37.71

Bentonite High swelling 0.69 - 26.63

Palagonite

Large amounts 

macro/micro 

nutrients

N/A

Chin et al 2018 Science of the Total Environment



NH4
+ fluxes in sorbent-amended wastes and Imax, the maximum 

estimated root uptake rate of ~100 nmol NH4
+ cm-2 h-1 (black 

square). Each square represents 100 nmol NH4
+ cm-2 h-1 with 

total fluxes shown above each column.

Chin et al 2018 Science of the Total Environment



Barren pellet

sawdust-biochar-zeolite

Nutrient loaded pellet

sawdust-biochar-zeolite
Determining root interactions with pellets



No microbes added

Beneficial microbes added
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Ammonia trapping
Specific silica fillers

Environmental 
responsiveness

Purpose-designed 
starch hydrogel

Coating
from waste products

Sustained release
Biocomposite

formulation



1
Sustained release

Biocomposite
formulation

2
Ammonia trapping

Specific silica fillers

1. Silicates/ 

sorbents  1. Cross-linked starch-urea 

(carbamate)

2. PHA-polymer from 

bacterial fermentation 
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