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Abstract
Background
Several studies have demonstrated the significant effect of biochar on enhancing the biological
and functional characteristics of plants. This study investigated the effects of oak biochar on
certain functional traits and the efficiency of Achillea millefolium essential oil, as well as the
physicochemical properties of soil.
Materials and Methods
Oak biochar produced via pyrolysis at 300°C and 500°C (B300 and B500, respectively) was
applied in the treatment groups. The experiment included 45 pots (2 kg each): 15 control pots, 15
pots with 300°C oak biochar (B300), and 15 pots with 500°C oak biochar (B500). The biochar-
to-soil ratio was 5% for both treatments. Thinning and weeding were carried out until the
flowering stage. At flowering, total chlorophyll, chlorophyll a, chlorophyll b, dry matter of aerial
parts, dry matter of underground parts, and essential oil percentage were measured. Soil pH,
electrical conductivity (EC), organic carbon, and total nitrogen were also determined. One-way
analysis of variance (ANOVA) was used to compare soil and plant parameters among treatments,
and Duncan’s multiple range test was applied for mean comparisons.
Results
The addition of biochar significantly increased chlorophyll a (19%), total chlorophyll (17%),
essential oil yield (36%), dry matter of aerial parts (25%), and dry matter of underground parts
(87%) compared to the control. Biochar also significantly enhanced soil organic carbon (88%)
and total nitrogen (27%). No significant differences were observed between B300 and B500 for
any plant or soil parameter.
Conclusion
Overall, biochar application improved the biological performance of yarrow by enhancing soil
chemical properties, particularly organic carbon and nitrogen. Increased chlorophyll content
likely contributed to higher photosynthesis and essential oil yield. Both B300 and B500 biochars
produced similar effects on plant and soil parameters, indicating no advantage to increasing
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pyrolysis temperature above 300°C. These results suggest that oak biochar is an effective
approach for increasing plant yield, essential oil production, and improving soil chemical quality,
and that biochar produced at 300°C is sufficient for achieving these benefits.
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Table 1 - Comparison of soil properties in different biochar treatments and control treatment (mean + standard

error)
B500 B300 Control Source of variation
7.66+0.052 7.58+0.03 2 7.59+0.102 pH
227.2+0.60 2 229.1+0.20? 301.1+0.102 EC
0.48+0.03 % 0.50+0.012 0.26+0.02 P Organic Carbon(%)
0.12+0.022 0.11+0.01 2 0.08+0.00° Total Nitrogen(%)

Different Tetters in each row indicate significant differences between means at the one percent level
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