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Abstract

Soil, as one of the vital natural resources, plays a fundamental role in ecosystem sustainability and global food security;
however, degradation caused by unsustainable management, intensive agriculture, and pollution threatens its capacity.
The use of organic amendments such as hydrochar is considered an innovative approach to improve soil
physicochemical properties and enhance the Soil Quality Index (SQI). This study aimed to investigate the effects of
different levels of hydrochar on soil properties and evaluate SQI. The treatments included control and three hydrochar
levels (H10, H20, and H50). Soil properties such as pH, porosity, bulk density, electrical conductivity, organic carbon,
total nitrogen, and available phosphorus were measured and normalized, and parameter weighting was conducted using
entropy and principal component analysis (PCA). Results showed that nitrogen and organic carbon had the greatest
importance in soil quality. The H50 treatment recorded the highest SQI (0.815), significantly greater than other
treatments, while H20 (0.546) and H10 (0.336) also showed positive effects compared to the control (0.159). Hydrochar
application improved organic carbon, nitrogen, and phosphorus and reduced bulk density. Although an increase in
electrical conductivity was observed in H50. Overall, hydrochar application had a positive and gradual effect on SQI,
with H20 recommended as an optimal level to improve fertility and reduce long-term salinity risks.
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