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Carbon Mineralization in different Soils Cooperated with
Barley Straw and Livestock Manure Compost Biochars
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ABSTRACT: Biochar is a carbon material produced through the pyrolysis of agricultural biomass with limited oxygen
condition. It has been suggested to enhance the carbon sequestration and mineralization of soil carbon. Objective of this
study was to investigate soil potential carbon mineralization and carbon dioxide(CO,) emissions in different soils cooperated
with barely straw and livestock manure biochars in the closed chamber. The incubation was conducted during 49 days
using a closed chamber. The treatments consisted of 2 different biochars that were originated from barley straw and
livestock manure, and application amounts were 0, 5, 10 and 20 ton ha! with different soils as upland, protected cultivation,
converted and reclaimed. The results indicated that the TC increased significantly in all soils after biochar application.
Mineralization of soil carbon was well fitted for Kinetic first-order exponential rate model equation (P<0.001). Potential
mineralization rate ranged from 8.7 to 15.5% and 8.2 to 16.5% in the barely straw biochar and livestock manure biochar
treatments, respectively. The highest CO, emission was 81.94 mg kg™ in the upland soil, and it was more emitted CO,
for barely straw biochar application than its livestock biochar regardless of their application rates. Soil amendment of

biochar is suitable for barely straw biochar regardless of application rates for mitigation of CO, emission in the cropland.

Keywords: Biochar, Carbon dioxide, Carbon mineralization, Different soils
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Table 1. Chemical Properties in Different Soil Types
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2.1. Al EY L BlOo[at A=

£ AT 7€ WFE Aletdd =4 2 EGF
(Upland Soil : 35°00'7.0“N, 127°30'24.2"E), Al A]H}A]
E K Protected Cultivation Soil : 35°22'52.3“N, 126°36',
38.87E), 7N7FA] E9F (Converted Soil : 35°49'28.4“N,
127°02'49.0"E), TF&A] E%Reclaimed Soil : 35°49'42.8N,
126°41'10.0°E)S thAA 2 A3k a1, iAol A
AFF B FH F omm AE FHs] FAA
22 ARBSIATE 34 ESFY] 0]381ek2 542 Table
1ol YERHRATE

7 BREe 9, A2 5 A HEe

= Ex. caon .

pH EC TC TN NH4 NO; Av.P,05 C.E.C
type K Ca Mg

15  dS m! - g kg' - - mg kg - - - cmol kg - -
U’ 5.8 0.5 14.13 1.40 92.3 260.6 320 04 2.6 1.2 5.6
p* 55 4.1 12.05 1.38 289.2 240.2 595.0 0.5 7.5 2.2 14.3
c 6.5 03 7.79 0.63 95.3 7.6 160.6 0.2 32 1.5 6.7
R 6.7 0.2 4.12 0.57 57.9 2.5 171.7 0.7 1.8 2.2 10.6

"U: Upland soil, P: Protected cultivation soil, C: Converted soil, R: Reclaimed soil

ok,

"EC : Electrical Conductivity, "TC : Total Carbon,
***** CEC : Cation Exchange Capacity

TN : Total Nitrogen
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Table 2. Physicochemical Properties of Different Biochar

. pH TC" N TH™ , , Surface area
Material : : : CIN ratio H:C raio ——————
1:10 g kg g kg (9 kg') m- g
BB’ 9.5 253.0 14.6 8.2 17.3 0.30 7.84+0.21
LB’ 10.2 376.9 273 9.4 13.8 0.39 6.30+0.36

"BB:Barley straw biochar, LB:Livestock manure biochar

“TC : Total Carbon, “"TN : Total Nitrogen, """TH : Total Hydrogen
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2t} 7hE vho] QAR UrERlom, ERE T A
25 Al FrE ol wel & E<F (U: Upland soil), Al
Al A] EQF (P: Protected cultivation soil), 7}7HA]
EF (C: Converted soil), ZF&A] EF (R: Reclaimed
soil) 47O &2 AHEFE FESITE Hlo] 2419
E4%FE ha T 0 ton, 5 ton, 10 ton, 20 ton 4752
2 o] BYstinh AT A= AlAT S
Aol 3R HiAHS o] 83T
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EUS S50 15 WV)E 3 3 3083t
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2 ZA3F¥ 3, T-C2} T-N= CN analyzer (Vario Max
CN, Elementar, Germany)= #4313t} faU4H>
Lancaster’ 720nm 7oAl H]AA (UV2550PC,
Pekinelmer, USA)S_2 #-433}%3 ™, NH," = Indophenol-
Blue H]AH, NO; = Brucine'§2 ©]-&3}e] 2243}
o} o2 2H-8-HCation Exchange Capacity)¥} =]+
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om, A4 ¥ 5 Z3-2 Hayesep Q (80/100
mesh)E S ¢ 1/8” x3.66 me] Stainless steel tubing
column®]3l, HAE7] 2&E 250CE 3tk COo;
efflux®] AlMEE ofgfo] 2] 15 o] &3FATH.

CO, efflux (g m* day"') =

V. AC 273

x (T+273)

X
P2g " AL

(Eq.D)
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A 294 (md), = AW W 29 A Co, 571
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A RS SRD)S o §te] FerIzt
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2.6. SAEA

EBA BEWE vto]at Bl mE o]ikEte
2~ &% HlalE SPSS statistics 252 ©]835f] &
AAE sttt MEzte] ztolE Blwslkr] st
o] EAHEA (Two-way ANOVA)S 2 A5t
HE3E Fetest #°] p<0.059] HeIolA & 735l
T} Duncan's multiple range testS A3} TH

A A F EQe
BEZ vlo] oAt & 3 >
Honlo]eat F]jEel] mE 1EE fofd
(»<0.001)Z YeERJoH, TN e ujo)
off & F2]3 xpol= AR ek} &2 A
$ TC g vpo]oxt F{i#Fol| vlast Frfst
Atk A A R A TN &3S 1.58 g kg' 2 7HE
A et s, 7HE A EdkolA 0.75 g kg2 7P
S et Eke] ON H1 &L vlo] 2315 &4
314 282 U0, PO, CO, RO A &] 7oA ON vl &2 &=
2H o2 GhA|(9.35-5.39)EFSEAL, 20 ton ha! T
3k U20, P20, C20, R20 #2]7-2] C/N Bl-&2 11.09-
7.66"91E UEFSTHTable 3).

V=8 vlo)eal £& B9k TC, TN, CN E5F
EY TRE vlo| et B ©E 1EE f9
3l 2po] 2 YEPATHp<0.001). TCE Hlo] &3} £
of nlglsted 71 U0, GO, CO, GO *&]7<]
TC $HEFS 1435341 g kg'olat, Hpol 2= 20
ton/ha FUEF Z4$ 19.28-7.56 g kg' HWAE Vebst
ok AR IR A TN $eFe 176 ¢ kg' 2 713
A Yebar, 2HE A B4 074 g kg' 2 71
S YRt B9 ON B]&-2 vlo] 2312 F135}
2 & U0, PO, CO, RO A&]FolA CON HlE&E
8.35-4.72 MR, 20 ton ha' FJ3IF V20, P20,
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7 =& TC 7HS C EYolA 472%, R E
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Table 3. Changes of TC and TN Contents, and C/N Ratio in the Different Soil Types with Application of Barley Straw

Biochar under Closed Chamber Condition

A ol Y u) ulol 2te] F4jake] we
o B Z7180] U Husled, ot 2

Ao Aot FAbsith mhEbs] AUkl Bkl A
Hio] @ xko] B4 A 9l o|lsteka wljE A
Hx = FEFol =tk Ty BIST EYS T
7] flelMe 27] B 2313 vle] &4 F+
AesteE Zlo] dasttta Y7ok

235 ha B 20 & F
Ed U &@AFEFS 415~ 493 ¢ kg
Ho] @ ab= HAE o] IS wol WA %7

I

Y3t ool Hls|
S7HE AT

reatments g kg g kg ratio
Treatment TC (g kg™ TN (g kg™ CIN rati
Uo 13.70 + 0.05° 1.46 + 0.00° 935 + 0.23°
Us 16.37 + 0.02° 1.57 + 0.00° 10.44 + 0.18°
U uU10 16.28 + 0.02° 1.48 + 0.01° 11.04 + 0.41°
U20 17.22 + 0.09° 1.55 + 0.01° 11.09 + 0.25°
Average 15.89 + 0.05° 1.52 + 0.00° 10.48 + 0.24°
GO 12.59 + 0.10° 1.61 + 0.01° 7.78 + 0.20°
G5 13.61 + 0.16° 1.57 + 0.01° 8.64 + 0.56®
P’ G10 14.15 + 0.08° 1.56 + 0.01° 9.10 + 0.35®
G20 15.76 + 0.09* 1.60 + 0.01 9.91 + 0.91°
Average 14.03 + 0.06° 1.58 + 0.00° 8.86 + 0.34%
0 6.38 + 0.04° 0.75 £ 0.00° 8.50 + 0.27°
C5 8.02 + 0.04° 0.92 + 0.01° 891 + 1.21°
c C10 10.59 =+ 0.06 0.92 + 0.00° 11.54 + 0.52"
20 11.55 + 0.06° 0.92 + 0.00° 12.53 + 0.46°
Average 9.13 £ 0.07° 0.88 £ 0.00° 10.37 = 0.60°
RO 4.02 + 0.09° 0.73 + 0.01° 539 + 0.64°
R5 438 + 0.05° 0.80 + 0.00° 548 + 0.45°
R R10 471 + 0.03° 0.73 + 0.00° 6.53 + 0.68"
R20 5.85 + 0.05° 0.76 + 0.11° 7.66 + 0.11°
Average 474 + 0.03* 0.75 + 0.36" 6.27 + 0.36"
Effect " Probability > F7
Soil type(A) p < 0.001 p < 0.001 p < 0.001
Biochar input amount (B) p < 0.001 p <0217 p < 0.001
(A) x (B) p < 0299 p < 0.668 p <0239

Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are significantly

different at «=0.05 between treatments.

TANOVA was performed for all the treatments.

"The bold indicates that the effects are significant at «=10.05.
A,B,C : A result of Duncan's multiple range test by soil type (p<0.05).

ab,c : A result of Duncan's multiple range test by biochar input amount (p<0.05).

U Upland soil, P: Protected cultivation soil, C: Converted soil, R: Reclaimed soil

J. of KORRA, 30(4), 2022
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Table 4. Changes of TC and TN Contents, and C/N Ratio in the Different Soil Types

E7hsiol 4YAT At FA3IS oY,

M E ol vlwA HAgA

uss

mlru fo

Manure Biochar under Closed Vhamber Condition

Co, MEFS B4
T A CO, 1
EXC R DL

A, MA EF 0, 5,

— o
o

Ao AR

10, 20 ton ha'! olA]

E)

7‘<

k2t

with Application of Livestock

Treatments TC (g kg™ TN (g kg™ CIN ratio
U0 14.35 + 0.50° 1.72 + 0.09° 8.35 + 0.28°
U5 14.45 + 0.44° 1.57 + 0.05° 9.18 + 0.05
U U10 16.76 + 0.51° 1.70 + 0.22° 9.87 + 0.22°
U20 19.28 + 0.46° 1.76 + 0.28° 10.98 + 0.28°
Average 1621 + 0.64° 1.69 £ 0.31€ 9.60 + 0.31°
GO 12.53 + 0.53° 1.67 + 0.41° 7.51 + 0.41°
G5 14.28 + 0.67° 1.71 + 0.13° 833 + 0.13"
o G10 14.84 + 0.43* 1.71 + 0.11° 8.70 + 0.11°
G20 20.55 + 1.73° 1.96 + 0.34° 1047 + 0.34°
Average 15.55 £ 1.00° 1.76 + 0.35° 8.75 + 0358
0 6.24 + 0.14° 0.81 + 0.06° 7.78 + 0.65°
Cs 7.54 + 0.53° 0.80 + 0.01° 9.39 + 0.78
c C10 9.05 + 0.84° 0.87 + 0.03° 10.51 + 1.14%
20 12.35 + 1.45° 091 + 0.04° 13.50 + 1.11°
Average 8.79 + 0.78° 0.85 £ 0.02° 1030 = 0.75°
RO 341 + 0.16* 0.72 + 0.02° 472 + 0.10°
R5 447 + 048 0.73 + 0.09° 6.19 + 0.41%°
R R10 6.60 + 0.71° 0.79 + 0.00° 8.38 + 0.90
R20 7.56 + 0.87° 0.71 + 0.02° 10.76 + 1.36°
Average 5.51 + 0.56" 0.74 + 0.02* 7.51 + 0.78*
Effect " Probability > F7
Sail type(A) p < 0.001 p < 0.001 p < 0.001
Biochar input amount (B) p < 0.001 p < 0.018 p < 0.001
(A) x (B) p < 0241 p < 0.151 p < 0.185

Values are the means with standard errors in parentheses (n=3), and those followed by a different letter are significantly

different at «=0.05 between treatments.

TANOVA was performed for all the treatments.

"The bold indicates that the effects are significant at «=10.05.

A,B,C : A result of Duncan's multiple range test by soil type (p<0.05).
a,b,c : A result of Duncan's multiple range test by biochar input amount (p<0.05).

‘U: Upland soil, P: Protected cultivation soil, C: Converted soil, R: Reclaimed soil
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Fig. 1. Effect of CO, emissions to different soils cooperated with barley straw biochar under closed chamber condition

during the 49 days of incubation periods. Values are the means of triplicate and vertical bars are standard errors of the

means (n=3). Error bars are often too small to be depicted. Detailed treatments are provided in Table 3.
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Fig. 2. Effect of CO, emissions to different soils cooperated with livestock manure biochar under closed chamber condition

during the 49 days of incubation periods. Values are the means of triplicate and vertical bars are standard errors of the

means (n=3). Error bars are often too small to be depicted. Detailed treatments are provided in Table 3.
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Table 5. Effect of CO, Emissions to Application of Different Biochars with Soil Types during 46 Days fo Incubation Periods

Treatments Barley straw biochar Livestock manure biochar
Cumulative CO, (g m?) Cumulative CO; (g m?)
U0 76.45 £ 4.69° 7748 + 5.08"
U5 94.48 + 538 68.17 + 4.46"
6] U10 73.04 £ 3.91° 70.18 + 3.75%
U20 83.79 + 4.28® 82.70 + 4.52°
Average 81.94 + 2.38° 74.63 £ 2.27°
GO 57.58 + 4.05° 61.11 + 4.66™
G5 4753 + 2.66° 57.76 + 3.7
p Gl10 53.93 + 3.69° 74.96 + 4.68°
G20 52.17 + 2.72° 71.68 + 4.53%
Average 52.80 + 1.68° 66.38 + 2.28°
C0 57.51 + 2.96° 4775 £ 330%
cs 5249 + 3.02° 53.45 + 3.42%
C C10 52.05 + 3.03° 46.60 + 2.95°
20 55.90 + 3.08 56.63 + 3.20°
Average 5449 + 1.51° 51.11 + 1.63°
RO 4797 + 2.44° 40.95 + 2.36"
R5 39.48 + 2.28" 40.79 + 247
R R10 4624 + 2.66° 41.77 + 2.50°
R20 36.41 + 1.78° 4597 + 2.63°
Average 4252 + 1.224 4237 + 1.24%
Effect Probability > F7
Soil type(A) p < 0.001 p < 0.001
Biochar input amount (B) p = 0486 p < 0.004
(A) x (B) p < 0.001 p = 0.067

Values are the means with standard errors in parentheses (n=30), and those followed by a different letter are significantly
different at «=0.05 between treatments.

TANOVA was performed for all the treatments.

"The bold indicates that the effects are significant at «=0.05.

A, B, C: A result of Duncan's multiple range test by soil type (p<0.05).

a, b, c: A result of Duncan's multiple range test by biochar input amount (p<0.05).

U Upland soil, P: Protected cultivation soil, C: Converted soil, R: Reclaimed soil

Table 6. Parameter Values (Mineralizable C Pool, Mineralization Rate Constant of C) of the Single Exponential First-order
Kinetics Model of Input C (Compost + Barley Straw Biochar) Mineralization and Estimated C Retainable in Four Soils

: Biochar Mineralizable C y C retainable in soil
Soil type (ton ha) (C, % of TO) k (day’) (% of TC. 100-C) K F
0 15.52 0.17 84.48 0.989"* 932.0""
10.40 0.23 89.60 0.995™* 2024.4™
Upland o -
10 5.56 0.25 94.44 0.980 482.4
20 3.98 0.26 96.02 0987 740.5™
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Table 6. Continued

T e B v A S F
0 11.94 0.18 88.06 0.993"™ 1368.9™
Protected 5.33 0.25 94.67 0.991™" 1041.9™
cultivation 10 421 0.25 95.79 0.996™"  2284.9™
20 2.52 0.27 97.48 0.985™" 642.8™
0 10.66 0.33 89.34 0.993™" 1500.5™
Converted 5.33 0.25 94.67 0.991" 1041.9™
land 10 4.15 0.23 95.85 0.996"" 25242
20 2.77 0.24 97.23 0.995" 1937.8™
0 8.66 0.40 91.34 0.990" 1113.8™
Reclaimed 420 0.33 95.80 0.984™ 5953
land 10 3.40 0.37 96.60 0.994™ 1538.7°"
20 1.69 0.34 98.31 0.994™" 1782.5™

As the parameter values were obtained with the mean(n=3) CO, emission data, no statistical analysis was performed. "P<0.05; ~P<0.01;

ok

P<0.001

Table 7. Parameter Values (Mineralizable C Pool, Mineralization Rate Constant of C) of the Single Exponential First-order

Kinetics Model of Input C (Compost + Livestock Manure Biochar) Mineralization and Estimated C Retainable in Four Soils

e S e R v i S F
0 16.50 0.14 83.50 0.973" 362.6™°
Upland 5 7.07 0.12 92.93 0.941:: 159.5::
10 4.24 0.21 95.76 0.929 130.9
20 2.94 0.22 97.06 0.955™ 2143™
0 13.05 0.16 86.95 0.947"" 1787
Protected 6.07 0.14 93.93 0.914™ 106.6™
cultivation 10 497 0.16 95.03 0.932"™" 138.0™
20 2.89 0.14 97.11 0.899™ 89.1™
0 9.98 0.18 90.02 0.915™ 107.5"
Converted 5 6.07 0.14 93.93 0.914™ 106.6™
land 10 2.99 0.19 97.01 0.958" 227.7%
20 2.06 0.23 97.94 0.985" 665.9""
0 8.18 0.22 91.82 0.973" 361.8™
Reclaimed 4.06 0.17 95.94 0.961™" 249.4™
land 10 2.53 0.26 97.47 0.952"™" 199.5™"
20 1.65 0.26 98.35 0.981™" 514.8™
ié;s the parameter values were obtained with the mean(n=3) CO, emission data, no statistical analysis was performed. “P<0.05; “"P<0.01;
P<0.001
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