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Physicochemical characteristics and carbon sequestration potential of
biochar derived from agricultural biomass residues in agroforestry areas of
Uttaradit Province
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ABSTRACT: This study analyzed and compared the physicochemical properties of biochar derived from eight
agricultural biomass types in Uttaradit Province: durian husk, fruit tree branches, cassava root, tamarind wood,
cashew nut shell, macadamia husk, bamboo node, and corncob. Biochar was produced via slow pyrolysis (300-600
°C) using a retort furnace to evaluate its carbon sequestration and soil amendment potential for acidic upland
agroforestry areas. Proximate analysis indicated high fixed carbon (FC) content (70-90%) across all types, with
macadamia husk achieving the highest (90+0.53%), followed by bamboo nodes (85+0.42%). Corncob biochar
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exhibited the highest water adsorption efficiency at 70%, followed by durian husk (65%). Chemical characterization
revealed predominantly alkaline properties (pH 6.56+0.76-10.42+0.98). Durian husk biochar emerged as a superior
soil amendment, with the highest cation exchange capacity (CEC) of 86.50+0.34 cmol/kg and a rich nutrient profile:
nitrogen (2.24+0.28%), phosphorus (0.30+0.02%), and potassium (8.47+0.85%). The C/N ratio varied from 27.57+0.45
(cassava root) to 275.28+2.45 (macadamia husk). The study categorized the biochars into three functional groups: 1)
Nutrient-rich/microbial stimulants (durian husk/cassava root), 2) Specific potential sources: such as corncob, notable
for zinc content (250.82+0.34 mg/kg), and 3) Long-term carbon sequestration agents (macadamia husk/woody
biomass). These findings provide a scientific basis for mitigating strongly acidic soils (pH 3.5-5.0) and ameliorating the
properties of weathered shale soils that lack water and nutrient retention capacities, ultimately supporting
sustainable low-carbon agriculture in sloping terrains.

Keywords: biochar; carbon sequestration; soil amendment; agroforestry; fixed carbon
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Figure 1 Community-Scale Biochar Retort Prototype (Retort Design)
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Table 1 Proximate Analysis of Biochar from 8 Agricultural Residues in Uttaradit Province (N=3)

AUTINN Proximate Analysis (%)
Moisture Volatile Ash Fixed Carbon
Durian husk 5+0.45 a 15+0.71 b 5+0.37 b 75+0.13d
Fruit tree agroforestry 3+0.32 10+0.62 e 3+0.41 d 84+0.24 b
Root of cassava 4+0.12 b 12+0.42 cd 4+0.52 c 80+0.32 c
Tamarind 3+0.26 € 13+0.54 c 2+0.54 e 82+0.37 ¢
Cashew nut shell 5+0.12 a 19+0.32 a 6+0.33 a 70+0.42 e
Macadamia husk 3+0.65 C 5+0.54 f 2+0.24 e 90+0.53 a
Bamboo node 2+0.42d 11+0.42 d 2+0.31 e 85+0.42 b
Corncob 2+0.38 d 12+0.12 cd 3+0.62 d 83+0.33 ab
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Figure 1 Water Adsorption Efficiency of Biochar from 8 Agricultural Residues in Uttaradit Province (N=3)
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Table 2 Chemical properties and plant nutrient content of biochar from agricultural biomass materials in Uttaradit Province (N=3)

Chemical Biochar from fruit trees and field crops biomass in Uttaradit Province
Properties Corncob Durian husk Bamboo Root of Fruit tree Tamarind Macadamia Cashew nut
node cassava agroforestry husk shell

pH (1:10) 10.36+0.12a 9.86+0.82b 9.30+0.87b 10.42+0.98a 8.74+0.78c 8.96+0.86bc 6.56+0.76 8.10+1.02d
EC (1:10; dS cm™) 1.59+0.11b 5.46+0.76a 1.59+0.43b 1.34+0.12bc 1.23+0.07c 0.49+0.06d 0.08+0.03e 0.48+0.02d
CEC (cmol/kg) 64.00+0.21b  86.50+0.34a  56.50+0.96bc 30.00+0.23d 26.49+0.12de 20.00+0.12e 11.97+0.04f 50.00+1.03c
TOC (%) 63.44+0.32d  61.76+0.21e  63.80+1.21d  67.48+0.31c  87.82+0.23b 87.82+0.11b 96.35+0.25a 67.02+1.45¢
TNb (%) 1.87+0.24b 2.24+0.28a 0.37+0.05d 1.75+0.12b 0.55+0.02c 0.40+0.02cd 0.35+0.04d 2.05+0.65a
C/N Ratio 33.93+0.45f  27.57+0.19h  172.43+0.21c  38.56+0.45e  159.67+2.3dd  219.55+2.3db  275.28+2.45a 32.72+0.98¢
Total K (%) 4.72+0.67b 8.47+0.85a 3.47+0.43c 2.80+0.09d  0.68+07.02e 0.20+0.02f 0.12+0.04f 3.73+0.34ab
Total Ca (%) 0.06+0.82d 1.97+0.62a 1.49+0.09b 0.87+0.01c  1.35+0.04bc 1.74+0.05ab 0.01+0.00d 0.12+0.04d
Total Mg (%) 0.17+0.65e 0.88+0.31a 0.55+0.01b 0.14+0.06e 0.21+0.01d 0.15+-0.01e 0.19+0.01d 0.38+0.00c
Total P (%) 0.03+0.77cd 0.30+0.02a 0.04+0.02c 0.12+0.02b  0.02+0.01de 0.01+£0.00e 0.02+0.00de 0.03+0.00cd
Total S (%) 0.02+0.63d 0.18+0.87a 0.08+0.12c 0.08+0.82c  0.05+0.85cd 0.13+0.75b 0.08+0.05¢ 0.04+0.04d
Total B (mg/ke) 9.58+0.12e  87.93+0.88a 62.24+0.93b 6.85+0.75f  18.45+1.22c 8.96+0.94e 6.45+0.98f 14.53+0.86d
Total Zn (me/ke) 250.82+0.3da  220.46+1.23b 167.16+£1.67c  94.32+1.32d  67.67+1.32¢ 64.43+1.06e 35.67+1.35¢ 50.51+1.17f
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Table 3 Analysis Results of 8 Biochar Types (Slow Pyrolysis)

Variable Trend at High Temperatures Impact on Biochar Quality
(>500 °C)
Fixed Carbon Increases (90% for Macadamia) High stability and resistance to degradation; carbon

concentration increases as temperature rises, but
biochar yield decreases.

C/N Ratio Higher Carbon becomes more concentrated, but high-
temperature pyrolysis may reduce the quantity and
availability of nitrogen

CEC Decreases Reduced ability to hold nutrient ions because functional
groups are destroyed.

Volatile Matter  Decreases (inversely related Harder to ignite but provides consistent heat

to Fixed Carbon)
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