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Table S1. Summary of soil properties
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Table S2. Kinetic of cross-linking of chitosan and citrate ion

‒ 𝑟= 𝑘 [𝐶ℎ𝑖𝑡𝑜𝑠𝑎𝑛]𝑥 [𝐶𝑖𝑡𝑟𝑎𝑡𝑒]𝑦 [𝐴𝑐𝑒𝑡𝑖𝑐]𝑧⟹{𝑘= 9.92 × 10 ‒ 4

𝑥=‒ 2.1
𝑦= 2.35
𝑧= 0

� 
𝑘= 𝐴 × 𝑒

‒ 𝐸𝑎
𝑅𝑇 ⟹{ 𝐴= 5.43 × 107

𝐸𝑎= 61.08 𝐾𝐽.𝑚𝑜𝑙 ‒ 1 �
Temp. Concentrations Equilibrium 

time

°C
Citrate

M
Chitosan % 
(w/v)

Acetic acid 
M

Fitting

s

24.1 0.15 1 0.1 y = 9.36681 + 50.50092.e-x/28.15465 255

24.1 0.075 1 0.1 y = 14.08345 + 33.18494.e-x/96.30774 781.5

24.1 0.075 0.5 0.05 y = 5.61841 + 18.3832.e-x/17.05091 132

24.1 0.075 0.5 0.1 y = 9.31094 + 12.36181.e-x/16.96054 127.5

18.1 0.15 1 0.1 y = 9.36778 + 54.06066.e-x/46.29918 424.5
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The modified equation for the releasing behaviour model has been adapted for this study and 
is as follows:

𝐻= 1 ‒ 𝑒
‒

𝑟0
𝐶𝑖𝑛𝑓

  ×  𝑡
1 ‒ 𝐷𝑟

Where, H : releasing efficiency

r0 : initial releasing rate (mg mL-1 min-1)

Cinf : equilibrium concentration (mg mL-1)

Dr : damping coefficient

Table S3. Value of r0, Dr and t0.8 of different samples obtained from the logistic growth model 
with a damping coefficient for the releasing behaviour of both composites in aqueous media.

Sample Aqueous media r0

(mg L-1 min-1)
Dr R2 t0.8

Deionised water 0.0048 0.85325 0.9403 69 daysCFI-made-CAC

Acetate buffer 84.4152 0.81139 0.9541 9.4 mins

Deionised water 0.0012 0.74135 0.9669 2422 dayssheath-made-CAC

Acetate buffer 20.1872 0.83865 0.9779 62 days
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Figure S1. Schematic illustration of chitosan cross-linked citrate ion
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Figure S2. SEM images of apatite nanoparticles
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Figure S3. Optical microscopy image of passive merging channel
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Figure S4. Viscosity titration of citrate ion 0.15 M in 15 mL of Chitosan 1% (w/v). Measurement 
performed at 24.1°C at 1000 s-1.
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Figure S5. SEM-EDS results for fertiliser with different intial conditions
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Figure S6. Elemental mapping images of section (inside) of the capsule on the necklace of 
S7_5.25_0.5_1.25_CS sample

10


