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Bioweathering and K release of K-bearing minerals by
Penicillium oxalicum
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(State Key Laboratory of Chemical Engineering, College of Chemical Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: [Objective] To study the effect of K release and weathering of K-bearing minerals by
Penicillium oxalicum. [Methods] The element compositions in the liquid phase and on the mineral
surface were determined by Inductively Coupled Plasma, X-ray Energy Dispersive Spectrometer and
X-ray Photoelectron Spectroscopy. The crystal structure was analyzed by X-ray diffraction after the
mineral was incubated with P. oxalicum. The biofilm formed onto K-bearing minerals was
determined by Confocal Laser Scanning Microscope. The effect of carbon source and nitrogen source
on K mobilization by P. oxalicum was also studied. [Results] Biotite showed less resistance to fungal
bioweathering, compared with K-feldspar and muscovite, and P. oxalicum formed network structure
biofilm where probably the organic acid was concentrated. Different carbon and nitrogen source
could be used by P. oxalicum. [Conclusion] P. oxalicum can accelerate the bioweathering and K
release of different K-bearing minerals and has application potential in compost and biofertilizer.
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Table 1 Chemical composition of different minerals

W) Mineral K,0O AlLO; Si0, Fe,04 MgO HAth Other
K-feldspar 10.79 21.51 63.71 0.39 0.19 3.41
Muscovite 8.60 34.45 49.48 4.63 1.24 1.60
Biotite 5.57 15.95 48.33 10.48 8.77 10.30
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Figure 1 K release amount from three K-bearing
minerals after 15-day incubation with P. oxalicum
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Table 2 Effect of particle size on K release from

K-feldspar
RN
.5M%kl K (mg/L) pH
Particle size (mesh)
<200 47.75+£2.23 2.05+0.04
200400 76.15+1.86 2.25+0.01
>400 93.13+0.31 2.67+0.02
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Figure 2 Effect of solid-liquid ratio of K-feldspar on K
release by P. oxalicum
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Table 3 Different C source and N source on K release from K-feldspar

AFEY) Different substrate K (mg/L) MTE Gross dry mass (g) pH

kil Carbon source
Sucrose 76.15+1.86 5.50+0.03 2.25+0.01
Maltose 66.90+2.30 5.39+0.01 2.34+0.07
Glucose 66.24+0.99 5.400.02 2.28+0.01
D-xylose 73.95+2.79 5.25+0.04 2.41+0.04
D-galactose 76.53+2.30 5.60+0.01 2.16+0.05
D-mannose 71.07+1.26 5.26+0.00 2.35+0.04
D-fructose 70.80-+0.87 5.22+0.01 2.32+0.03
Soluble starch 45.68+1.45 5.21+0.03 2.18+0.03

ZJR Nitrogen source
NaNO; 60.17+1.53 5.27+0.01 5.3140.05
(NH4)2804 76.15+1.86 5.50+0.03 2.25+0.01
Yeast extract 70.36£2.76 5.17+0.02 5.10+0.05
Peptone 50.02+0.65 5.18+0.01 5.48+0.01
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Figure 3 CLSM observation of biofilm formed onto the
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Table 4 Atomic composition ratio in different phases

KA Microcline

H =1 Muscovite 14 Biotite

ANIEAH Different phases

K/Si Al/Si K/Si Al/Si K/Si AV/Si
Mineral bulk composition® 0.216 0.398 0.222 0.821 0.147 0.398
Composition in liquid phase” 0.755 1.103 0.405 1.021 1.038 0.083
EDS results before experiment 0.253 0.344 0.256 0.732 0.156 0.371
EDS results after experiment 0.205 0.334 0.108 0.351 0.128 0.299
XPS results before experiment 0.301 0.225 ND ND 0.147 0.554
XPS results after experiment 0.206 0.194 ND ND 0.098 0.283

FE: B XRF SIS RIS ° Bt ICP S g I3 8] ND: oA T
Note: : Data is obtained by XRF results; °: Data was obtained by ICP results; ND: Non-determined.
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Figure 4 XRD of original muscovite (A) and that after

incubation with P. oxalicum (B)
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