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1- Polycyclic Aromatic Hydrocarbons
2- Hydrothermal carbonization
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1- Autoclave
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Table 1- Properties of Wheat straw Biochar and Hydrochar at different temperatures

(gl 4 53) Lod (Yield) 2334 oc LOI SOM SOMYI
Temperature (C°) (%)
W - 52.85 - - -

BW200 85.53 49.92 90.00 3.94 3.37
BWS300 39.47 16.77 80.00 51.09 20.16
BWoa00 32.89 15.21 66.67 40. 45 13.30
BWsoo 26.97 12.48 65.00 43. 48 11.73
BWsao 23.68 8.22 60.00 45.83 10.85
HW140 88 52.45 92 1.23 1.08
HW170 79 49.17 91.67 6.95 5.49
HW200 7 47.58 90 7.97 6.13
HW230 59 46.02 83.33 3.99 2.35

Feo Fee Fov lalod )5 puiS oSyl g paiS ol ,Sby i ey HW230 s HW200 HW170 HW140 BWeoo « BWs00 BWaoo BW300 BWa0o W (5Ms)
(A8l so YY+ 5 ¥ev Ve OF+ lales ;3 puiS oS Jlgydun 5 5o e

W, BW200, BW300, BWa00, BWs00, BWs00, HW 140, HW170, HW200 and HW230 are wheat straw, biochar and hydrochar of wheat straw
produced at different temperatures

At Slod j5 eS8 jlarg)iud g jlagm polis pdlie -F Jgoa
Table 2- Elemental analysis of wheat straw biochar and hydrochar samples at optimum temperature.

digod Ca Mg Na K

N

S C H ©)

H/C OIC
Sample (%)
BW300 0.2 0.13 0.11 0.16 1.15 0.49 59.65 3.09 27.02 0.05 0.45
HW200 0.13 0.07 0.08 0.02 0.71 0.16 49.14 5.37 38.15 0.11 0.78




YAV b -pgd SL 0 (S b Sloogas g puiS ol jlzgyied g 5Lz g 9,235 1 (o)

Wt Sod y3 PS8 jlag)ad g slagn (lend 9 (K58 Oluoguad T Jouo
Table 3- Chemical and physical properties of wheat straw biochar and hydrochar samples at optimum temperature

b:. Eh =>=' A
ged EC Sur)::ce Area AEC CEC - p =7 pH WHC
dS.m? Cmol.Kg'! Cmol.Kg™! %
Sample ) (m2g) ( gt ( gl (g.cm?) (%)
BW300 2.35 46.95 10.11 13.75 0.26 7.09 262
HW200 0.53 35.43 9.42 12.66 0.09 6.13 385
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Table 4- Physical and Chemical properties of soil

salyly Slade
Parameter  Amount
EC
(@s.m) 1.81
Pb
(g.cm®) 145
oC (%)

TN (%)

Falyb Slase
Parameter Amount
Sk sl b —p
Soil Texture Loam-Sand
pH 7.82
CEC
(cmol.kg?) 6.92
n
%) 43.50




WAY 5 — ol ys  Yoylod FY ule (S g ol aypis VAY

S (K5 Sluogad S o5 )lag s 9 5l gn Ao (()lord 51 il g 2528 Jgaa -0 Jgaa
Table 5- Variance analysis of the effect of wheat straw Biochar and Hydrochar samples on soil physical properties

&b @3ljl 4y S Olayye (e Sargn Ol (b
Index Degrees of Freedom Mean of squares (Hydrochar) Mean of squares (Biochar)
n po n P
hesd 25.503% 0.028* 17.963* 0.021*
Treatment
5 2
’I’g_“ . 0.001" 0.000™ 0.000™ 0.000™
Repetition
a3 6
0.000 0.000 0.000 0.000
Error
groe 1
Total

deoyd gy gedaws )3 I gme 1K ¢l xe 1 4816 NS
ns: No significant effect, * Significance at the five percent probability level

SB (058 Oluogad p oS o5 jlag i g jloge il (bl J1 (50ke duglio -1 Jgar
Table 6- The Average comparison of the effect of different wheat straw Biochar and Hydrochar treatments on soil
physical properties

)l%; saly BW?2 BW5 BW10 HW2 HW5 HW10
Treatment Control
pb 1.45a 1.34b 1.30c 1.26d 1.32¢e 1.28f 1.23h
(g.cm®)
n 43.5a 46.32b 47.74c 49.25d 47.32e 48.65f 50.36h
(%)

3,13 Iy gime BN doyd gy Jloin g 1 (g)lel Jlai 5l adinn Cndy K 5D Syttt By gl &5 6]
Rows with the non-same letters have significance difference at the five percent probability level
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Table 7- The Average comparison of the moisture content of Biochar samples in different suction based on Duncan test

(Hhawedl) S Cagh, S b BW2 BWS5 BW10
Soil moisture suction (atm) Control

0.33 21.3%0 23.53a1 26.32a2 31.22a3

3 17.03bo 18.76b: 20.90 b2 23.18bs

5 15.67¢o 16.72 c1 17.79 c2 19.23c3

10 12.37do 13.36d: 14.02d2 15.18ds

15 9.03fo 9.15fo 9.72fo f1 10.24 f;
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Rows with the non-same letters have significance difference at the five percent probability level
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Table 8- The Average comparison of the moisture content of Hydrochar samples in different suction based on Duncan test

(phamedl) SE Cugh, e - HW2 HWS5 HW10
Soil moisture suction (atm) Control

0.33 21.39%0 24.56a1 27.77a2 32.67a3

3 17.03bo 19.34 by 22.56b2 25.71 b3

5 15.67¢co 1724 c1 18.88 c2 20.92c3

10 12.37do 13.74d: 14.62d: 15.18d>

15 9.03fo 9.22 fo 10.02f, fo 10.56 f1
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Rows with the non-same letters have significance difference at the five percent probability level
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Figure 2- The effect of different Biochar (A) and Hydrochar (B) samples on Soil water retention curve
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Introduction: Organic matter is considered as the main element for soil fertility by improving the condition
of agglomeration, porosity and soil permeability. One of the most useful ways to use plant debris is to turn it into
Biochar and Hydrochar. Biochar is a kind of coal produced from plant biomass and agricultural waste that is
burned in the presence of low oxygen content or its absence. The hydrothermal process involves heating the
biomass or other materials in a pressurized in the presence of water at a temperature between 180 and 250 C, and
the result of this reaction is coal (Hydrochar) and soluble organic matter. Biochar and Hydrochar have several
advantages such as climate change mitigation through carbon sequestration, soil cation exchange capacity (CEC)
increasing, soil fertility, plant growth and root development, improved soil structure and stability, increased soil
moisture storage capacity and soil pH adjustment. Coarse soils have large pores and they have low ability to
absorb the water and nutrient. The aim of this research was to determine the optimum temperature of wheat
straw Biochar and Hydrochar production, and to investigate the effect of these materials on bulk density, total
porosity and moisture curve of Sandy Loam soil.

Materials and Methods: In order to produce biochar, at first the wheat straw was washed and dried in the
oven. Then it was grinded and was made at different temperatures (200 to 600° C) inside a furnace for four
hours. Similar to biochar, for producing hydrochar, after washing and drying the wheat straw it was grinded into
particles ranges from 0.5 to 1 mm. Then it was placed in a stainless steel autoclave with deionized water. The
autoclave was heated at different temperatures between 140-230° C for four hours. The optimum temperature for
producing of biochar and hydro-char was determined by using stable organic matter yield index (SOMYI), and it
was used in this study. The pH and EC of the biochar and hydro-char samples were measured by combining 1 g
of a sample with 20 mL DI water. The cationic and anionic exchange capacity were determined by replacing
sodium nitrate with hydrochloric and potassium chloride (Chintala et al., 2013). Surface area was obtained using
methylene blue method. A CHNSO Elemental Analyzer (Vario ELIII- elementar- made in Germany) was used to
determine the content of C, N, H, S and O in the samples. Potassium and sodium content were measured by
flame photometer and calcium and magnesium were measured by titration with EDTA. Biohchar and hydrochar
treatments were applied at three levels of 2, 5 and 10 mg / kg soil in three replications in 21 lysimeter. The bulk
density, total porosity and moisture curve of soil were measured after four-month irrigation period.

Results and Discussion: According to the calculated value of stable organic matter yield index (SOMY) at
various temperatures in this study, the maximum thermal constancy of wheat straw biochar was 16.20 at
temperature of 300° C and for hydro-char was obtained as 6.13 at the temperature of 200° C. So, the temperatures
of 300 and 200 C were determined as the optimum temperature of sustainable carbon biochar and hydro-char
production and were used to continue the experiments of this study. The results showed that addition of HW2,
HWS5, HW10, BW2, BW5 and BW10 to soil compared to control treatment significantly decreased the bulk
density of the soil, 8.97, 11.77, 15.17, 7.9, 10 and 13.10 percent respectively. Also, results showed that addition

of HW2, HW5, HW10, BW2, BW5 and BW10 to the soil as compared to control treatment increased soil
porosity by 8.8, 11.48, 15.77, 6.48, 9 and 22.13 percent, respectively. The reason for reducing the soil bulk
density and increasing the total porosity of soil can be due to the mixing of the soil with materials with a lower
bulk density and the effect of increasing the organic matter of the soil due to the use of Biochar and Hydrochar.
Based on statistical analysis, wheat straw Biochar and Hydrochar had a significant effect (P <0.05) on moisture
content in different suction of soil. The results showed that addition of HW2, HW5, HW10, BW2, BW5 and
BW!10 to soil as compared to control treatment increased available soil moisture content by 24.11, 43.61, 78.88,
16.34, 34.30 and 74.69 percent respectively. Organic matter affects the structure of soil pores that determines the
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extent of moisture storage in the soil. For example, intrinsic porosity leads to the formation of fine pores in the
soil, thereby it increases soil moisture retention capacity. Comparison of Biochar and Hydrochar treatments
showed that Hydrochar has more potential to decrease soil bulk density, increase total porosity and soil moisture
content.

Conclusions: In general, it can be concluded that the addition of wheat straw Biochar and Hydrochar
samples cause positive changes in some physical properties of the soil such as bulk density, total porosity and
soil moisture content in different suction. Given that Biochar and Hydrochar are a carbon source, since carbon is
highly porous and has high nutrient and moisture content retaining power. As a result, the use of Biochar and
Hydrochar to improve soil properties can play a fundamental role. The results showed that the Biochar and
Hydrochar treatments in the amount of 10 and 2 grams per kilogram of soil had the highest and the least effect
on the studied properties of the soil, respectively.

Keywords: Biochar, Hydrochar, Organic matter, Soil water retention curve






