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The effect of activated biochar and hydrochar produced from qurls on the
s, largely relying on

biological and enzgmati
Introduction: Soil microorganisms play a vital role i i

n enhance microbial and enzymatic
activity in soils. This study evaluated the effects of activate rochar from Chlorella vulgaris at 0.5%
and 1% concentrations over 90 days, aiming to compare their effoQ§ s in improving microbial respiration, enzyme
function, biomass carbon, and microbial populgiions.
Materials and Methods: The microalga Chl
harvested after two weeks. The biomass was pr!
via hydrothermal carbonization at 200 °C. BotINgi rochar were activated using potassium hydroxide
(KOH) to enhance surface ggharacteristics. o he Is were then mixed with soil at 0.5% and 1%
concentrations. Soil incubati®® was conduct d environment at 25 °C and 70% field capacity.
Measurements included microbial irati i , pH and microbial populations across 12 weeks, and final

pH value of 7.82 occurred in th ochar treatment during the first week, whereas the lowest pH of 7.53 was
recorded in the 19gbi week 12. Regarding microbial populations, both bacteria and fungi responded
at higher concentrations. The bacterial population peaked at 6.33x10° CFU g1
dry soil in the 1% hydr ment during the second week. Similarly, fungal populations reached their maximum
in weeks g and three, hydrochar-treated soils, indicating enhanced microbial proliferation due to improved
carbon an§ ility. All treatments exhibited an initial sharp decline in microbial respiration, which later

! significantly outperforming the control treatment, which measured only 186 mg CO; kg™ dry soil day™. In terms of
microbial biomass carbon, the highest amount was found in the 1% hydrochar treatment at 596 mg C mic kg soil,
while the control had the lowest at 213 mg C mic kg™ soil. These results indicate that hydrochar is particularly effective
at promoting microbial growth and activity, likely due to its favorable nutrient profile and porous structure that
supports microbial colonization. The study showed that both biochar and hydrochar enhanced enzyme activities in
soil, with hydrochar demonstrating a stronger influence overall. Alkaline phosphatase activity was highest in the 1%
hydrochar treatment, recording 2225 pg P.N.P g soil h'%, while the control had the lowest activity at 1303 pg P.N.P
g? soil h't. Acid phosphatase activity also peaked in the hydrochar 1% treatment at 772 pug P.N.P g* soil h.
Avrylsulfatase activity was most elevated in the 0.5% hydrochar treatment at 286 ug P.N.P g soil h', while the control
showed only 166 pg P.N.P g soil ht. Invertase activity followed a similar trend, with the highest value recorded in
the 1% hydrochar treatment at 450.5 pg glucose g soil h™t. Other enzymes such as -glucosidase, dehydrogenase, and
protease also increased in activity across all treatments, with hydrochar-treated soils showing the most substantial
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gains. The microbial metabolic quotient (qCO:), an indicator of microbial efficiency in carbon use, decreased with
both amendments, particularly hydrochar. Lower qCO: values reflect more efficient microbial communities
converting carbon to biomass with less energy loss. This suggests reduced soil stress and better resource availability,
likely due to a shift toward more efficient groups like fungi.

Conclusion: The results of this study clearly demonstrate that activated hydrochar derived from Chlorella vulgaris
outperforms biochar in improving soil biological activity. It significantly boosts microbial biomass, enzyme activity,
and respiration while promoting more efficient microbial carbon utilization. These findings highlight hydrochar’s
potential as an effective and sustainable soil amendment for improving soil fertility and ecological health, especially
in agricultural systems seeking environmentally friendly management practices.
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