
Figure 7 – Total P concentration profile in soil

Methods

Results and Discussion

Conclusions

Experimental setup (Fig. 2):
• Eutric Cambisol soil, sieved in two fractions:                             

- fine soil (d < 2 mm)
- coarse soil: (1.18 mm < d < 2 mm)

• ~100% water saturation
• Triple Super Phosphate (TSP) fertiliser 

granule (50-60 mg)

Microdialysis data (Fig. 6):
• Single pulse release from

the granule (high initial P
concentrations followed by
gradual decrease over time).

• P moves mainly in the
downward direction.

• Higher soil bulk densities
(fine soil, Fig. 5b) reduce the
maximum concentration and
the pulse velocity.

Total P concentrations (Fig. 7):
• Coarse soil (purple line): more homogeneous

distribution of P with depth. P reaches further
distances from the granule in higher porosity soil.

• Fine soil (pink line): decreasing concentration
with depth. P is more retained in lower porosity
soil.

Results are consistent with microdialysis
observations.

TSP granules release all the P in a single pulse within 24 h from fertiliser application.
The P free path in soil is short due to adsorption onto soil particles and depends on the
soil bulk density. Timing P fertiliser application with plant growth requirements might
maximise crop yield and minimise runoff.
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Phosphorus (P) is a slow moving nutrient and its
concentration in soil solution is usually low.
P release from a fertiliser granule leads to local gradients of P
concentration and of pH in soil.
P diffusion studies require minimally invasive techniques.

XCT of the granule region
(2D slice, Fig. 5) shows a
progressive infiltration of
water into the granule which
takes place in the first 24
hours from soil wetting.

Microdialysis: relies on passive diffusion of
solute molecules through a semi-permeable
membrane.

Offline elemental analytical techniques:
• P concentration in dialysate: Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
• Total P concentration in soil: soil digestion and elemental analysis by ICP-MS

Figure 5 – XCT images of the pellet at different stages of wetting
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Figure 4 – Microdialysis probe schematics

Figure 2 – Experimental setup schematics
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Probe 3: 3.0 cm below granule
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watering from the bottom

Build a setup to monitor P release and diffusion at high
spatial and temporal resolution.
Combine microdialysis sampling with X-ray computed
tomography (XCT) 3D imaging.

XCT: radiographs taken at different
angles around the sample, built into a
stack of images and visualised in 3D.

Figure 1 – P diffusion in soil
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Fertiliser granules release all the phosphorus shortly after soil wetting:                        
a high-resolution spatiotemporal study
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Figure 6 – Dialysate P concentrations in fine and coarse soil
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Figure 3 – XCT 3D reconstruction of the setup 
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