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Effects of Different Concentrations of Nano—SiO, on Root Morphology of
Medicago sativa and Festuca arundinacea in the Loess Plateau
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Abstract: Based on the soil remediation needs in the ecological barrier zone of the Loess Plateau, this study investigated the
response mechanism of selected typical herbaceous plants to nano—SiO,, providing a theoretical basis for the application of nano-SiO,
in soil restoration in the Loess Plateau. Two typical herbaceous plants—alfalfa (Medicago sativa) and tall fescue (Festuca arundinacea)
—were used as research subjects, a gradient addition experiment with nano—SiO, concentrations of 0 (CK), 0.2%, 0.8%, and 2.0% was
conducted to systematically reveal the regulatory effects of nanomaterials on root morphological development and biomass. Root
morphological analysis and entropy —weighted comprehensive evaluation were employed to quantify responses of root parameters
under different treatments. Results showed that the 0.8% concentration significantly enhanced growth in both species. Alfalfa
exhibited 61.5% and 26.7% increases in total root length and root volume versus the control, while tall fescue showed 113.9% and
86.6% gains in root number and volume. Conversely, the 2% treatment caused significant inhibition, reducing root morphological
indices and biomass across both species. Tall fescue demonstrated greater sensitivity to concentration changes, its root volume gain at
0.8% treatment exceeded alfalfa's by 60 percentage points, but its fresh weight reduction at 2% treatment (27.3%) was twice that of
alfalfa (13.6%), and root diameter decreased by 28.2% in tall fescue, versus a milder reduction of 15.9% in alfalfa. Mechanistic
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analysis revealed alfalfa's enhanced stress resistance through lateral root redundancy, while tall fescue's primary root elongation was

more susceptible to physical blockage by nanoparticles. The entropy—weighted model confirmed that both species achieved theoretical

maximum comprehensive scores (1.00) under 0.8% treatment, validating that this concentration offers the optimal root improvement

benefit.

Key words: Nano-SiO,; Loess Plateau; Root morphology; Biomass
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