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Figure S1. (A) Energy-dispersive X-ray spectroscopy (EDS) spectrum of PF-ZrO₂ 

nanoparticles, confirming the presence of zirconium (Zr), oxygen (O), and carbon (C) as 

primary elements, with their respective atomic percentages. (B) Elemental mapping images 

showing the uniform distribution of Zr, O, and C, indicating the homogeneity and purity of the 

synthesized nanoparticles. 

  



 

Figure S2. Effect of chromium (Cr) stress and PF-ZrO₂ NP application on soil phosphorus (P), 

potassium (K), nitrogen (N), magnesium (Mg), and calcium (Ca) contents. T1: Control (0 

mg/kg Cr + 0 mg/kg PF-ZrO₂ NPs), T2: 50 mg/kg Cr, T3: 50 mg/kg Cr + 500 mg/kg PF-ZrO₂ 

NPs, T4: 100 mg/kg Cr, T5: 100 mg/kg Cr + 500 mg/kg PF-ZrO₂ NPs. Results are the mean 

values ± standard deviation (n = 3). Error bars indicate standard deviations. Different small 

letters on the bars indicate significant differences among treatments at P<0.05. 

  



 

Figure S3. Effect of chromium (Cr) stress and PF-ZrO₂ NP application on soluble protein, 

soluble sugar, and proline content in the shoots and roots of Chinese cabbage. 

  



 

Figure S4. Effect of chromium (Cr) stress and PF-ZrO₂ NP application on shoot and root length 

(cm) and biomass (g) of Chinese cabbage. 

  



Figure S5. Effect of chromium (Cr) stress and PF-ZrO₂ NP application on magnesium (Mg), 

potassium (K), phosphorus (P), calcium (Ca), and nitrogen (N) content in shoots and roots of 

Chinese cabbage. 


