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Text S1: Fluorescent Detection of Superoxide Radical and H2O2 in the roots of rice 

seedlings

Detection of superoxide radical (O2·-) was performed using the fluorescent probe 

dihydroethidium (DHE)1. Rice root tips were carefully removed and incubated with 

DHE (10 μM) in a cell culture plate for 30 minutes in the dark. After immersion, the 

dye was washed thoroughly and then washed with Tris-HCl buffer (50 mM, pH 7.4) for 

5 minutes. Examination and photographing of stained samples using a laser confocal 

microscope (Nikon, A1, JPN). Based on similar procedures, to observe the presence of 

H2O2 in rice root tips, 2,7-dichlorodihydrofluorescein diacetate (DCFDA) was used 

according to the method described by Morina et al2.

Text S2: Determination of malondialdehyde (MDA) content in rice roots

Malondialdehyde (MDA) content was determined as described by Hu et al.3 

Briefly, a 0.1g aliquot of powdered sample was homogenized in 1 mL of a solution 

containing 20% (v/v) trichloroacetic acid (TCA) and 0.5% (v/v) thiobarbituric acid 

(TBA). The mixture was incubated at 95 ℃ for 30 min, followed by cooling to room 

temperature. After centrifugation at 8000g for 10 min, the absorbance of the supernatant 

was measured at 532 nm and 600 nm. Malondialdehyde (MDA) concentration was 

calculated using the formula: MDA (nmol g-1 FW) = [(A₅₃₂ - A₆₀₀)] / (ε × FW) = [53.763 

× (A₅₃₂ - A₆₀₀)]/FW, where FW represents fresh weight and ε is the molar extinction 

coefficient (155 mM⁻¹ cm⁻¹). Results are expressed as nmol g-1 FW.



Table S1 Component of a half-strength nutrient solution

Serial number Mass element Concentration(mM/L)

1 K2SO4 0.094

2 KCl 0.1

3 KH2PO4 0.1

4

5

6

Serial number

1

2

3

4

5

6

MgSO4·7H2O

Ca(NO3)2·4H2O

EDTA·2Na

Trace element

H3BO3

MnSO4·H2O

ZnSO4·7H2O

CuSO4·5H2O

(NH4)6Mo7O24·5H2O

FeSO4·7H2O

0.294

0.183

0.2

Concentration(μM/L)

1.0

1.0

1.0

0.1

0.05

6.0



Table S2 Physical and chemical properties of soil tested

Indicators Numerical value
PH 7.5 ± 0.1

TOC (g/kg) 67.3 ± 1.2

Mg (g/kg)

N (g/kg)

P (g/kg)

K (mg/kg)

S (g/kg)

Ca (g/kg)

Na (g/kg)

Fe (mg/kg)

Mn (mg/kg)

Zn (mg/kg)

Cu (mg/kg)

Mo (mg/kg)

Se (μg/kg)

6.5 ± 1.2

10.5 ± 1.3

0.7 ± 0.1

30.3 ± 0.2

0.9 ± 0.1

7.2 ± 0.1

5.9 ± 1.0

29.8 ± 1.5

487.9 ± 48.4

48.5 ± 5.6

31.1 ± 3.7

1.8 ± 0.3

309.1 ± 42.8



Fig. S1 (a) TEM images of Se NPs (2 μm), (b) Powder XRD pattern of Se NPs (2 μm).

Fig. S2 Maturity biomass under different treatments: (a) Fresh weight, (b) Dry weight.



Fig. S3 Relationship between Fe and Se content in IP and ROL of rice.

Fig. S4 Activity of SOD in rice roots at maturity under different treatments.



Fig. S5 Fluorescent histochemical staining of roots with fluorescent superimposed 

bright field and bright smooth images for (a) superoxide radical (O2·-), (b) hydrogen 

peroxide (H2O2).



Fig. S6 Malon-dialdehyde (MDA) content in roots of hydroponically grown rice.

Fig. S7 (a) SEM image of rice roots treated with Se NPs (2 μm), (b) Elemental 

distribution of Se and Fe (2 μm).



Fig. S8 XRD pattern of iron plaque under different treatments.

Fig. S9 (a) Photo of rice at maturity under different treatments, (b) Representative photo 

of rice panicle under different treatments.
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