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Soybean biomass
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100 mg/L of CeO2NPs did not affect the Cd 

concentration associated with soybean roots, but 

significantly reduced Cd concentration in shoots 

Cadmium Concentration



Plant Uptake and Accumulation of Cd 
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• Attach to root surface and reduce pore sizes

• Affect membrane integrity

• Change root exudates excretion

• Adsorption of metals on ENPs

Cd 

chelates



Pore diameter (nm)

Control 7.33 ± 0.45 a

Ce NPs 4.80 ± 0.30 b

Cd 6.43 ± 0.41 a

Ce NPs + Cd 5.13 ± 0.25 b

The mean diameters of the pores limiting 

nanoparticles and heavy metals transport 

through the cell walls of soybean roots 

determined by observation of cytorrhysis

http://www.shmoop.com/biology-cells/plant-fungi-algae-cells.html
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Treatments Root pH Medium pH

Control 7.40 ± 0.10  b 7.69 ± 0.15 ab

Ce NPs 7.53 ± 0.06 ab 7.80 ± 0.06  a

Cd 7.40 ± 0.10 ab 7.66 ± 0.13 ab

Ce NPs + Cd 7.20  ± 0.10  a 7.50 ± 0.07  b

𝐻+
Cd2+



Adsorption of Cd on CeO2NPs surface
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CeO2NPs affect Cd Transport Proteins
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Conclusions

• CeO2NPs alter the Cd uptake in soybean shoots in 
both hydroponically grown and soil grown soybeans; 
but did not affect Cd concentration associated with 
soybean roots; 

• CeO2NPs modify root apoplastic barriers and pore 
sizes which may affect the apoplastic transport of Cd;

• CeO2NPs affect root exudation and may possibly 
change the speciation of Cd in rhizosphere;

• CeO2NPs display adsorption capacity of Cd;

• CeO2NPs may modify the function of certain Cd 
transporters.  
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