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Figure 1. Schematic representation of the HTC reactor manufactured in this study
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Table 1. Some physical and chemical properties of the studied soil

Property Unit Value Property Unit Value
Soil Texture Sandy loam Available-P 4.8
Soil Taxonomy 2014 Fine, mixed, active, mesic Typic Available-K 188
Calcixerepts
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ECe ds mt 257 Available-zn ~ mgkg®  0.65
Calcium carbonate .

equivalent " 30.7 Available-Cu 0.56
Organic carbon 0.79 .

Total N 0.05 Available-Mn 7.3
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Figure 4. Means comparison of pH in studied biomasses, biochars, and hydrochars
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Means followed by the same letter are not significantly different at p < 0.05 by Duncan's multiple range test.
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Table 2. Means comparison of nutrient concentrations in different biomasses, biochars and hydrochars
Nutrient concentration (g kg?)
N P K Ca Mg Na Fe Mn Cu Zn

4.26° 22.83° 2.43% 165 1119 279 2809 0.14% 0.13% 0.39¢

Organic matter type

Sewage sludge initial
biomass

Poultry manure initial
biomass

Sugar beet tailing initial
biomass

Wheat straw initial
biomass

Sgﬁ'}‘;"s"“d initial 0.35°9 015" 058 1.64 0469 033 0331 001° 008 013
Sewage sludge biochar 426% 42.70° 5.14° 2419 253°F 423 450* 0.18% 0.23% 0.49°
Poultry manure biochar 1.28¢ 70.12% 25.64® 70.5° 19.00* 10.32* 297° 1.26% 1.12% 0.45¢
Sugar beet tailing biochar 0.25%¢ 1.76%" 258¢ 9572 3.31° 252f 0749 0.09° 0.08¢ 1.122
Wheat straw biochar 0.54° 4429 525° 34.8° 879° 3559 1.46° 0.10° 0.22¢¢ 1.04°

Apple wood biochar 0.159 0.40" 1.90%f 574 157%9 1279 156° 0.02 051° 0.38f

Sewage sludge hydrochar  3.33> 14.58" 1.52¢f 21.4% 1.80%9 0.93% 351> 0.14¢ 0.20% 0Q.27"

Poultry manure 216° 38.14° 521° 60.3° 10.58" 3.08° 263' 1.11° 068" 0.38"

hydrochar

Sugar beet tailing 058 0929 025 66.9° 1.0°9 0.80" 0.28 0.03% 030° 0.19

hydrochar )

Wheat straw hydrochar 0.56° 1.229" 054 297 5769 0.481 1.157 0.07¢" 0.06% 0.40°

Apple wood hydrochar ~ 0.36°¢ 0.18" 1.09%f 162 0.429 0.411 046" 0.019 0.10° 0.22
5505 jlolire Bgles wuoyo O Jlaka o 10 (Sils (s3] b oysim po 50 S i (Y By S e gl (sla Sl

The means with at least one common letter in each column have no significant difference according to Duncan's multiple range test at 5%

probability level

325" 32479 16.36° 42.4¢ 10.28* 552° 1.287 0.97° 055" 0.25
053¢ 053" 1.07¢f 44.0¢ 1.47%9 0.63™ 021 0.020¢ 0.07¢ 0.27"

0.45°F 1279 2.24% 180" 223%9 0.69™ 0.61%" 0.03% 0.07¢ 0.33Y

EF 9 yiwd 395 o i glp S )0 ol Qi bl a9 by « pand Cdill 9 EC pH (6o (uSleo dua o Y Jgux
JEESYWY
Table 3. Means comparison of soil pH, EC, and available P, K, and Na for the interaction effects of P-fertilizer
and amendment type

P fertilizer Amendment type - _Ec pH P R e
(mg kg) (dsm) (mg kg )
No amendment 1.28¢ 7.66%¢  499¢ 120.82 86.22
0 Biochar 1.58P 7.878 4.15°¢ 134.1%  90.7°
Hydrochar 1.35¢ 7.610¢ 4,98°¢ 124.6%  85.0°
No amendment 1.38¢ 7.75%  22.61° 126,78 94.22
80 Biochar 1.752 7.73% 28.74%  142.68 9952
Hydrochar 1.48" 7.52¢  31.31* 137.7% 98.9%

il e a0, B Jlaisl mlaw 50 Sils (yge3T b lobine @gles w3l (g o 10 S i n5Y B G aneS sl sla il
The means with at least one common letter in each column have no significant difference according to Duncan's multiple range test at 5%
probability leve
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Abstract

Biochar and hydrochar are carbonacious solid materials that produced through carbonization of
biomasses, resulting in carbon sequestration and soil fertility improvement. The aim of this study was
converting different biomasses including sewage sludge, poultry manure, sugar beet tailing, wheat
straw, and apple wood wastes to biochar and hydrochar and investigating their chemical properties.
Also, using a factorial experiment on the basis of completely randomized design with three
replications, the effects of the apple wood biochar and hydrochar were studied in the presence and
absence of monocalcium phosphate fertilizer on soil pH and EC and available P, K, and Na. A slow
pyrolysis process with a temperature of 500 °C for 1 h was employed to produce the biochar and a
hydrothermal carbonization process with a temperature of 180 “C and pressure of 11 bar for 12 h was
applied to produce the hydrochar. After conversion of biomasses to biochar and hydrochar, yield
percentage of the biochars and hydrochars and pH, EC, ash percentage, and concentrations of N, P, K,
Ca, Mg, Na, Fe, Mn, Cu, and Zn in initial biomasses, biochars, and hydrochars were measured. The
results showed that the ash percentage and elements concentrations in biomasses, biochars, and
hydrochars of poultry manure and sewage sludge were greater than those of sugar beet tailing, wheat
straw, and apple wood. The pH of all biochars was more than 7, and the pH of all hydrochars (except
for the poultry manure-derived hydrochar) was less than 7. Application of wood biochar increased soil
pH and the integration of P-fertilizer with hydrochar decreased soil pH. The soil pH and EC in
presence of hydrochar were lower than those of biochar with and without P-fertilizer. The P-fertilizer
had synergistic interactions with biochar and hydrochar in terms of soil available-P. The effects of
biochar, hydrochar, and P-fertilizer application on soil available- potassium and sodium were not
significant. Regarding the acidic pH of the studied hydrochars and increased concentrations of some
nutrients in the investigated biochars and hydrochars, the applications of biochar and hydrochar
accompany with P-fertilizer could be recommended in calcareous soils.
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