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Abstract the control. It was appeared that cumulative N,O emissions
were 4,478 mg N,O/m’ for control, 3,227 mg N,O/m” for
CB-1 and 2,324 mg N,O/m” for CB-2 at the end of
experiment. Cumulative N>O emission contents significantly
decreased with increasing the carbonized biomass input.
CONCLUSION: Consequently the carbonized biomass
from byproducts such as pear branch residue could suppress
the soil N>O emission. The results from the study imply that
carbonized biomass can be utilized to reduce greenhouse
gas emission from the orchard field.

BACKGROUND: Carbonized biomass is a carbon-rich
solid product obtained by the pyrolysis of biomass. It has
been suggested to mitigate climate change through
increased carbon storage and reduction of greenhouse gas
emission. The objective of this study was to evaluate carbon
dioxide (CO,) and nitrous oxide (N,O) emissions from soil
after carbonized biomass addition.

METHODS AND RESULTS: The carbonized biomass was
made from a pyrolyzer, which a reactor was operated about

400~500°C for 5 hours. The treatments were consisted of a Key words: Carbonized biomass, Nitrous oxide, Orchard,
control without input of carbonized biomass and two levels Soil carbon

of carbonized biomass inputs as 6.06 Mg/ha for CB-1 and

12.12 Mg/ha for CB-2. Emissions of CO; and N,O from M B2

orchard soil were determined using closed chamber for 13

weeks at 25°C of incubation temperature. It was shown that ooobob bobo oooo oobobot - oo
the cumulative CO, were 209.4 g CO,/m’” for CB-1,206.4 g 1,160 0OOD UOOD UL (Park ef af, 2011). OO O
COz/l’Il2 for CB-2 and 214.5 gCOz/m2 for the control after oot oo odo bodo bod oobt obdo. o
experimental periods. The cumulative CO, emission was 0, b oot bbb oo 0ob oooob ooooo

similar in carbonized biomass input treatment compared to 0000 00 (Zhang et al, 2008). 00D 0000 000
U oood obo oo ogoodg, o gooo goo

0 0000 0000 0000 ODO0D 00000 bo.
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Table 1. Chemical properties of the studied soil before treatment

Properties Loam Sandy Loam

pH (1:5) 7.6 (0.0 7.5 (0.0)
EC (dS/m) 1.26 (0.22) 1.24 (0.05)
T-C (g/kg) 24.7 (2.6) 15.7 (0.4)
T-N (g/kg) 2.33 (0.03) 1.62 (0.02)
NH-N (mg/kg) 88.7 (2.0) 76.5 (2.4)
NOs-N (mg/kg) 0.00 (0.00) 0.00 (0.00)
Av. P,Os (mg/kg) 2280 (107) 1579 (119)
Exchangeable cation (cmol./kg)

K 2.23 (0.25) 3.10 (0.29)
Ca 11.0 (0.07) 10.1 (0.10)
Mg 2.22 (0.02) 2.49 (0.02)

Data followed by different lowercase letters indicate significant carbonized biomass effect at a=0.05.

0,000 000 00000(Glaser et al, 1998) 00O OO
0 00000 000 0000 ooo oooo0 (Mathews,
2008). 00O OO OO0 OOOO OOO ooOoOo oo
ooo 0bobo 0O0O0o oo oo 0O oo ooobo
(Carbon sequestration) 0000 O 000 OO0 OOO
00 (Lehmann, 2009; Singh ef al, 2012). 00, OO0 O
00 00 pHO OO OCODOO OO0 OO0 000 oo
0 00000 00 0000 00 0 ooo ooo oo o
0 0000000 OO(Larid ef aZ, 2010). OO0 OO O
00 000 00 000 000 00 oooooo ooo
0 0000 OO0 0000 ooo od.

ooO0O00 0o0o0 boOOoo oooo boooo o
0o00(COy)0 O0O000OMNO), OOOO boooo o
OCHy)O 00O 0o0O00.0 0000 oobooo ooobo
oooO 0O 00 000000 Co.0 N.OO 0000 CHy
0 00 O0000.000 o000 ooob obo, ooo, o
000 000 00O OOoOOO ooobo oooo ooo
000 000. 0000 000 000 000 00 ooo
0000 000 Uopobo bo0O Oooo oo o oooo
0 000 00000 ooooo. 000 ooo oo oo
OO0 0000 DO0OO00O(Yanai et al, 2007) OO0 OO
0 OO0 O0O(Cheng ef aZ, 2012), OO0 0000 OO0
0 000000 DO0O0DO(Singh et al, 2009) OO0 O0O.

0000 000 o000 OO0 oo ooooo oo
00 000 ODO00O0O o000 oooOoo oo oooo
OO00O(Lee et al, 2016) O0OOO O0OOO OO0 OOO
0 00 0000 000 0OoOO0O0 Oooo ooo oooo
oooo ooo booo. oo, 000 ooooo oo o
000 OO0 oooOoo ooooo booo ooo bo
0 0000 000 O0O0OO0. 000 O 00oooo ooo

00 ooob 0oooo ooooooo oogg oooo
ooo 0ooobobo 0 00 oboo, 000 0o o ooo
oo Co0 N,O 0000 00 Ooooono.

Mz X UE

A EY H M=z

0000 0000 000 0000 ooo 0 ooo o
000 OO0 (Loam; 1264506"N 34'54'19"E), 000 (Sandy
Loam; 126'46'20"N 34'56'23"E)0 00 OO0 000 O
O02mm0O0 OO0 O0OO O ODO OOOQOOO.O
00 00000 00 50.3%, 00 252%, 00 245%00,
0000 00 63.0%, 00 19.0%, 00O 18.0%0 OOOO O
O 00000, 00 000 OO0 000 oobOeHo
7.6, 00000 (Electrical Conductivity)d 126 dS/m, O O
O (Total Carbon)d 24.7 g/kg, O OO (Total Nitrogen)
0 233 g/kg, 0000 OONH,-N)O 88.7 mg/kg, U
00 OO0OMNOs-N)O 0.00 mg/kg, 0O0O0O0O(Available
P,Os)0 2,280 mg/kg, 000 00O (Exchangeable K)O
2.23, 000 O0O(Exchangeable Ca)d 11.0, OO0 OO
00 (Exchangeable Mg)d 2.22 cmol./kgd O0OOO. O
00 000 000 000 pHO 75, ECO 124 dS/m,
TCO 157 g/kg, TNO 1.62 g/kg, NHs-NO 76.5
mg/kg, NO;-NO 0.00 mg/kg, Av. P,OsO 1,579
mg/kg, Ex. KO 3.10, Ex. Cal 10.1, Ex. Mgl 2.22
cmol./kgd 0000 (Table 1).

0 OO0 OO0 OOo0oO0o OUooo oooo ooo
O ooooo oo, 0ob 0bo 0o 0o boo oobo
00 0O 00 000 000 0000 oooo oooo o
0000 00O000. 0000 TCO 6201 g/kg, TNO
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Table 2. Chemical properties of carbonized biomass

pH EC T-C T-N
Variable C/N ratio
(1:10) (dS/m) (8/kg) (8/kg)
Carbonized biomass 9.4 (0.0)° 16.8 (0.1) 620.1 (26.2) 4.73 (0.35) 131

*Values are means with standard errors in parentheses (n=3).

473 g/kg0 000, OO0O(C/N ratio)d 13100 0 (Table 2).

AR o 20 AAR

000 000 00O O 000 Oooo oooo ooo
000 00000 000 1433 Mg/ha (Park et al,
2011)0 000 OO0 OO0 OO OO0 OOooo ooo
00000 423%0 0000 O0000. 000 haO OO
0 6.06 Mg (0 OOOO OO0 42.3%)0 100%0 00O O
0 O (Control), 100% (CB1), 200% (CB2) 0000 OOO
O 00000.00000 Control, CB1, CB2 0OO0O O
0000 000 0000 00 o, 6.06, 1212 Mg/ha 00O
000. 000 O 00 OO0 OOoooOoo oooo
N-P-K (20-13-20 kg/10a)0 000000425 kg/10a)C
00 0000 00 O 0000 Closed chamber (2 9.0
cm, H 125 em)d O00000. OO0 OO00OOMWHC)
70%, 000 25C0O 000 OO0 000 00 000 00
O0(Zeng et al, 2013) 9100 OOOO0O.

000000 Ooo0o0 000 ood ooooo ooo
00 000, 0000 O0O00 oooo O0O ooooo
0000 0000 000 00000 ooooo ogd. o
00 100 mL 00000 closed chamber] OO00 OO
0 00 8 gl OOODO 20 OOO0OO OOO OOG0O O
00 00000 Ooo ooooao.

EUAz ESMUH

00 0000 000 00 OD0oooOo oooooo, O
00 000000 OO000 0O00O(Gee and Bauder,
1986). 00000 OO0 OO0 OO 000000 ooo
o000 00 ooopoob 0ooo oo oo o oobo
O0000. 00000 OO0 ODOOO0O0O(NIAS, 200000 O
00 pH, EC, TC, TN, Av. P,Os O Ex. Cationsd 00O
ooo. pHO OO0 OODOO 1:5 W/V)O 000 O 30
00 0000 pH meter (Orion 4 star, Thermo,
Singapore)d 00000, ECO pH 00O 0O 00000
#42 0000 OO O EC meter (Orion 4 star, Thermo,
Singapore)d 0000 O0O00O00. O OO0 TOC-meter
(Vario TOC cube, Elementar, Germany)d O00000.
O OO0 CN analyzer (Vario Max CN, Elementar,
Germany), JO00O00O Lancasterd 00 720 nm 0000
O0O00(AU/CARY 300, Varian, Australia)d O0O0OO0O.
000 0000 1 M NH40Ac (pH 7.0) DOO0O OO0

00000 000JICP-OES, GBC scientific, USA)O 00
0o0.000000 00 00000 0oobo oog o
0 10 gb 2M KCIO 000 00 0000000 (Auto
analyzer 3, BRAN+LUBBE, Germany)d O0000O0. O
000 pH, EC, TC, TN 000 0000 O 000 000
000 ooooo.

7tA flux £ 2 24

00000 closed chamberll] 0000 CO,0 NO O
00 0O0O00OO0. 0000 O ooood ooog ooo
00000 000000 closed chamber OO0 OOO0O
000 000 0 000 000O00.000 Co0 NO O
OO0 000000000O(Aligent, 7890A)0 O00O0OO0O. O
0000 00 CO0 NO flux®D 000 OO0 (@ 1o
ooooo

CO; or N;O flux (mg/m’/day) =

A
VRN (7+273) 5D

000, p0 0000(1.967 mg/cm®), VO 00 OO0
(m’), AD 00 000@m), i—th OO0 O 0O0ODO

CO, 0000 (mg/m’/day), TO 00000 O0O00. O
00 00 D000 £®RD)0 0000 000000 O
CO.0 N,O fluxd 00000. 00 RO CO,0 N;O 00
0(mg/m?/day)00, DO 0000 OO0 D00 0000.

SAEA

ood ood oo oo ooo ooo ooo ooo
SAS 000000(MDO 920 OO0O0 OOOO DOoO.
oo ooo oooo ooo ooo ooo ooooo
O0 000 ANOVA OO0 OO0 OoOoooo. oo,
F-test OO0 00O P<0.050 OOOO O0OO 0000

Duncan’s Multiple Range Testd OOOOO.
2 I

Eoto] 3t5hy st

0000 O OO0 000 OO0 Table 30 OO. OO
pHO 73~75 00000, 0000 0000 00 000
000 0000 0o00(@p>005). OO0 TC OO0 OOO
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Table 3. Soil pH, TC, TN and C/N ratio in Loam and Sandy Loam by Carbonized Biomass application under closed

chamber condition

Soil type CBI" (ton/ha) pH (1:5) T-C (g/kg) T-N (g/kg) C/N ratio
Loam 0 73 a" 231 a 220 a 11a
Loam 6.06 73 a 356 b 241 b 15 b
Loam 12.12 74 a 450 c 257 ¢ 18 ¢

Sandy Loam 0 74 a 152 a 1.67 a 9a
Sandy Loam 6.06 74 a 251 b 176 a 14 b
Sandy Loam 12.12 75 a 319 c 1.87 b 17 ¢
Effect Probability > F
Soil 0.002 <0.001 <0.001 0.039
Carbonized biomass 0.216 <0.001 <0.001 <0.001
Soil Carbonized biomass 0.840 0.013 0.128 0.509
°CBI, Carbonized biomass input amount
"Data followed by different lowercase letters indicate significant carbonized biomass effect at a=0.05.
(A) Loam (B) Sandy Loam
o OControl ACBl mCB2 . OControl ACBI ECB2
18 18 -
16 g 16 -
Eu B
% 12 % 12 %
g ' . T
é‘ 6 é E,’. 6 $ g
4 o} S,
2 2
0 0

ﬁaigi-!l!!q

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91

Cumulative CO, emission (g/m?)

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91

Incubation period (day)

'ﬁﬂiﬁniiilq

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91

---O--- Control -4—-CB1 —a—CB2

Cumulative CO, emission (g/m?)
i )

50

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91

Incubation period (day)

Fig. 1. Rate of CO; emission in Loam (A) and Sandy Loam (B) by carbonized biomass application under closed chamber
condition. Vertical bars are standard errors of the means (n=3).

000 0000 00 000 0000(p<0.001). OOOO
Control, CB-1, CB-2 JO0OO0O TCO OO 231, 35.6,
450 g/kgd00, 00000 Control, CB-1, CB-2 000
00 TCO 00 152, 251, 319 g/kg0O0. OOO TN
ooo 000 ooo oooo oo ooo oooo
(p<0.001). OOOO Control, CB-1, CB-2 0OOOO TN
O 00 220, 241, 257 g/kg0i00, OO000OO Control,
CB-1, CB-2 OO0OOO TNO OO 1.67, 1.76, 1.87 g/kg
O00. 000 C/N ratiod 000 0000 OO 00O

0000(p<0.001). OO0OO Control, CB-1, CB-2 OO0
O0 C/N ratiod 0O0O 11, 15 18 OOO, ODOOOO
Control, CB-1, CB-2 00000 C/N ratiod 00O 9, 14,
17000.

CO: HIEEY

CO, 0000 00, 000 00 Ooooo ooo oo
O0000(Fig 1). 000 410, 0000 260 OOOO 3 g
COz/mZ/day udd ooodod, ooo goooo gd
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Fig. 2. Rate of N;O emission in Loam (A) and Sandy Loam (B) by carbonized biomass application under closed chamber
condition. Vertical bars are standard errors of the means (n=3).

000 oOoO0O 0oo. 9100 OO0 Co, ooog oo
Control, CB-1, CB-2 00000 OO 278.3, 284.8, 290.1
g CO,/m’000 , 00000 Control, CB-1, CB-2 00O
00 00 214.5, 2094, 2064 g CO,/m’000.

N20 HIEES

N.O U000 00,000 00 70 OO0 OO0 OOO
OO0(Fg. 1). 0O0O0O 360, OODOO 510 OOOOO NO
O 00O 0000 O00.9100 00 N,O 0000 OO0
Control, CB-1, CB-2 O0O0OO0O OO 3,507, 3,065, 2,388
mg NzO/mZDD[I, go00o00 Control, CB-1, CB-2 OO
000 00 4478, 3,227, 2,324 mg N,O/m’000. 00
00 0000 000D 00000 00000 Fg 30 00.
NH,'0 0000 000 0 000 0000 000, NOs
000 000 360 O0OO0O 510 00O O0O0O0O OOOd.

2

ik

0000 0000 00 000 0008 Control OOODO
0 00000 00 231,152 g/kgOi00 OO0OO0 OOO0O
0O 00 O00O(Table 3), OO0 O0OOO CO0 OO
ooooo ooboo CO, 00 sourced OOOO OOO
0 00 COo, 0000 oooo 2783 g/mz, ogoooo
214.5 g/mZEID oooO 00000 oooo Cco,u ooo
(Fig. 1). 000 000 OO OO0 000 00 0 000

00 9.9~21.9 g/kg 000000 (Table 3), 00 CO, [
000 81 g/m” 00000 118 g/m” 00000 (Fig. 1).
0000 0000 Co.0 0000000 000 000, O
00 000 00 000 0000000 Co, 000 00
0 0000 000 0000(Fig 1). 0 0000 0000
000 000 00 00 0000 0000 000 (Nichols
et al, 2000; Ascough ef a/, 2010) 00000 OO00O0
0 0000 00 0000 Co, 000 000 00 0ooO.

0000 0000 N.OO 00000, 000 0 000
0 00 00000 000 0000 000 000 000
(Khalil et al, 2005). 0000 0000 N,OO OO0
NH,", NO; 000 000 00 000 000 0000
0000 NOO 000 0000 0000 00000.0
000 000 0000 0000 00 NO 0000
12.6%, 31.9% 00000 000000 0000 0000
00 27.9%, 48.1% 00000(Fig. 2). 000 000 OO
liming effectd] 00 pHO OOO0(Table 3) 00000
000 N,OOO 000 0000 00000 NOOOOO
000000 0OO000(Cavigelli and Robertson, 2000). O
0 000 000 000 C/N ratiod O0000(Table 3)
000 0000 00 N,O 0000 000 0000 00
00 (Cayuela ef al, 2014). 000 0000 O 00000
0 0000 000 00 000 00 000 0000 00
(Fig. 3 00 0000 000 000 000 0000. 00
0 NO; 000 0000 000 000 000 0000 36
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Fig. 3. Changes of NH;'-N and NOs-N concentration in Loam (A) and Sandy Loam (B) by carbonized biomass
application under closed chamber condition. Vertical bars are standard errors of the means (n=3).

0,00000 51000 000 O00(Fg. 3) NO OOO0O
O 0000 000 00bOFg 2 000000 NOOO
0 0000 ooo 000 o oo0.

2 o

0 000 O0O0O Ooooo oooo oooo ooo
U god bdbdo gob bob 0o bob oooo o
000 ooooo. obobo bob 0 bob oog o
go.d 0od oodob ooo oboob booobo og, o
00 oodb obob obg 0o 0o b0 oo go, o
00 Ooooobo ooodo oooooo oo O oo bo
00 000 000 0000, 000 NOOOooo oo
000 0bd Oob oooob oob oooo ooo o
god.

Acknowledgement

This work was carried out by the support of
Cooperative Research Program for Agriculture Science
& Technology Development (PJ01261403), Rural
Development Administration, Republic of Korea.

References

Ascough, P. L., Sturrock, C. J., & Bird, M. L. (2010).
Investigation of growth responses in saprophytic fungi
to charred biomass. Isotopes in Environmental and
Health Studies, 46(1), 64-77.

Cavigelli, M. A, & Robertson, G. P. (2000). The
functional community
composition in a terrestrial ecosystem. Ecology, 81(5),
229-241.

Cayuela, M. L., Van Zwieten, L., Singh, B. P., Jeffery, S.,
Roig, A., & Sanchez-Monedero, M. A. (2014). Biochar's
role in mitigating soil nitrous oxide emissions: A
review and meta-analysis. Agriculture, Ecosystems &
Environment, 191, 5-16.

Cheng, Y., Cai, Z. C, Chang, S. X, Wang, J., & Zhang, ]. B.
(2012). Wheat straw and its biochar have contrasting
effects on inorganic N retention and NO production
in a cultivated black chernozem. Biology and Fertility
of Soils, 48(8), 941-946.

Gee, G. W., & Bauder, J. W. (1986). Particle size analysis.
Physical and mineralogical methods (eds. Campbell, G.
S. et al), pp. 383-412. American Society of Agronomy

significance of denitrifier



Decreases Nitrous Oxide Emission via Carbonized Biomass

79

and Soil Science Society of America, Madison, WI,
USA.

Glaser B., Haumaier, L., Guggenberger, G., & Zech. W.
(1998). Black carbon in soils: the use of benzenecarboxylic
acids as specific markers. Organic Geochemistry, 29(4),
811-819.

Khalil, M. 1., Hossain, M. B., & Schmidhalter, U. (2005).
Carbon and nitrogen mineralization in different
upland soils of the subtropics treated with organic
materials. Soil Biology and Biochemistry, 37(8), 1507-
1518.

Larid, D., Fleming, P., Wang, B. Q., Horton, R., & Karlen.
D. (2010). Biochar impact on nutrient leaching from a
Midwestern agricultural soil. Geoderma, 158(3), 436-442.

Lee, S. I, Lee ]. S, Kim G. Y., Choi, E. ], Suh S. U, &
Na U. S. (2016). Effect of carbonized biomass derived
from pruning on soil carbon pools in pear orchard.
Korean Journal of Environmental Agriculture, 35(3),
159-165.

Lehmann, J. (2009). Biological carbon sequestration must
and can be a win-win approach. Climate Change.
97(3), 459-463.

Mathews, J. A. (2008). Carbon-negative biofuels. Energy
Policy, 36(3), 940-945.

Nichols G. J., Cripps, J. A., Collinson, M. E., & Scott. A. D.
(2000). Experiments in waterlogging and sedimentology
of charcoal: Results and implications. Paleogeography,
Paleoclimatology, Paleoecology, 164(1), 43-56.

Park, W. K, Park, N. B, Shin, J. D., Hong, S. G., & Kwon
S. L. (2011). Estimation of biomass resource conversion
factor and potential production in agricultural sector.
Korean Journal of Environmental Agriculture, 30(3),
252-260.

Singh, B. P, Cowie A. L, & Smernik, R. J. (2012).
Biochar carbon stability in a clayey soil as a function
of feedstock and pyrolysis temperature. Environmental
Science and Technology, 46(21), 11770-11778.

Singh, B. P, Hatton, B. J., Singh, B., Cowie, A., & Kathuria,
A. (2009). Influence of biochars on nitrous oxide
emission and nitrogen leaching from two contrasting
soils. Journal of Environmental Quality. 39(4), 1224-
1235.

Yanai, Y., Toyota, K, & Okazaki, M. (2007). Effects of
charcoal addition on N20O emissions from soil resulting
from rewetting air-dried soil in short-term laboratory
experiments. Soil Science and Plant Nutrition. 53(2),
181-188.

Zeng, W., Xu, C,, Wy, J., Huang, J., & Ma, T. (2013). Effect
of salinity on soil respiration and nitrogen dynamics.
Ecological Chemistry and Engineering S. 20(3), 519-
530.

Zhang, X., Kondragunta, S., Schmidt, C. & Kogan, F.
(2008). Near real time monitoring of biomass burning
particulate emissions (PM2. 5) across contiguous
United States using multiple satellite instruments.
Atmospheric Environment, 42(29), 6959-6972.



