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Abstract

BACKGROUND: Emission of nitrous oxide (N;O) from the
soil is expected to depend on the types of nitrogen fertilizer
used. Biochar has recently been proposed as a potential
mitigation of climate change by reducing the N,O emission.
Although laboratory studies reported that biochar applications
could reduce N,O emission, the number of field-based studies
is still limited. Therefore, a field experiment was conducted to
investigate the effect of biochar on N,O emission when
different nitrogen fertilizers were applied in corn cultivated
field.

METHODS AND RESULTS: The field experiment
consisted of six treatments: urea fertilizer without biochar
(U), ammonium sulfate fertilizer without biochar (A), oil
cake fertilizer without biochar (O), urea fertilizer with
biochar (U+B), ammonium sulfate fertilizer with biochar
(A+B), and oil cake fertilizer with biochar (O+B). Biochar
was applied at a rate of 10 t/ha. Greenhouse gas fluxes were
measured during growing seasons using static vented
chambers. The cumulative N,O emissions were 0.99 kg/ha in
the U, 1.23 kg/hain the A, 3.25 kg/hain the O, 1.19 kg/ha in
the U+B, 0.86 kg/ha in the A+B, and 1.55 kg/ha in the O+B.
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CONCLUSION: It was found that N;O emission was
related to application of both nitrogen fertilizer type and
biochar. In particular, the N,O reduction effect was the
highest in the corn field incorporated with biochar when oil
cake was applied to the soil.

Key words: Biochar, N fertilizer type, Nitrous oxide,
Greenhous gas
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Table 1. Physicochemical properties of the soil used
Ex. cation
pH EC T-C T-N Av. P205
Soil texture K Ca Mg
(1:5) (dS/m) (g/kg) (g/kg) (mg/kg) - (cmol.” /kg)-—-—---
Sandy loam 6.5 0.08 3.73 0.36 33.4 0.26 241 1.35
Table 2. Physicochemical properties of biochar
pH T-C T-N T-H Surface area
H:C ratio 5
(1:10) (g/kg) (g/kg) (g/kg) (m*/g)
10.8 566.9 5.7 17.6 0.37 159.6

Table 3. Percentage water content, mobile matter, ash and resident matter contents of the used biochar

Water content (%) Mobile matter (%)

Ash (%) Resident matter (%)

52 11.1

13.4 70.3
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(U, urea), f-°HA, ammonium sulfate) 18]1 F4HO, oil
cake) 272 Y1 ha & 10t9) v}o] 2xKB, Biochar)S
Tk Aot Tl 9k ATt FeEelglch At
Ao vl eakE TRk 9k U, A, O A9} vl 24t
= YT U+B, A+B, O+B A&7 AAalglth e A2
Toll S AR N-P.Os-K0(17.2-13-13 kg/10a)
b =3 EH](440 kg/10a)& EFel Fskglch. 2 2]
59 A4 24N 46.67%), FeHN 21.2%), FEHN
3.63%)& wefete] FRlEe AASlaL ke 849,
Zele gl e $54 44 del Bait. A
AEEN S35 59 T MM 70 x 35 cm O %
aolom, 8¢9 x& Pﬂﬂk ST AT A% 2
H 2A F 15 S%E 7IEoE Sl

EY 3 HIO|2X 24
E/\é_‘o: H]%?ﬂ‘?j?j H/Hg}oio:q E/H_Q u]ﬂ%%Aé]ﬂ
Tl WReH17]. EREAe B9 st el ot
pH EC, TC, TN, Av. P,Os ¥ Ex. CationsZ #4139t}
[18]. pHE EXS S8 1:5 (W/V)E 58 $ 3027t
wRFsto] pH meter (Orlon 4 star, Thermo, Singapore) =
7431913, ECE pH 574 & EYEHS #42 o HA R of 3}
% EC meter (Orion 4 star, Thermo, Singapore)& ©|-8-3}
o] Z43I%tE TC, TN CN analyzer (Vario Max CN,
Elementar, Germany), Av. P,Os< Lancaster] 2= 720
nm 3FoA H]AA(AU/CARY 300, Varian, Australia)
2 54 }Oﬂ@r Ex. Cations<= 1 M NH,OAc (pH 7.0) 3
50}0% EAREer=r} 3 A(ICP-OES, GBC scientific,
USA)= T'}:_L}'\jl spgick BRI RS A S FE 10
g< 2M KCIZ HE3 vy AA2ks74]7](Auto analyzer
3, BRAN+LUBBE, Germany)® Z7d33ith Hio]@a}ke]
pHE ESRHA Al ARESE A0S Bato] nlo| el ST
1:10 (W/V)Z &3t witk = 543903, T-C, T-N, &
F2(T-H; Total hydrogen)+ Elemental Analyzer (Vario
MACRO cube, Elementar, Germany) £ 43} 1, H]3%EH
22 Surface area analyzer (BELSORP-max, BEL, Japan)
AT nlo] @.41e] 3444 (proximate analysis)-
[19]9] =3l 3]dE(mobile matter), 3]¥%(ash), T FE A
Sl2kS (resident matter)AHE31SITh
AR7IRE 5 Bk R S4S 2l A14(SM100,
Spectrum, British)E E% W 10 cm zlole] 8 0% Zto}
AARte R SAsiglon, 747t SHX|= diolHEA] 30+
WRE 715 W= elt) A 2 EH7]J"]?—1L S AR
7 Qlell A 7RSS 35°82'N, 5 127°04°E)
ol FAst] Awdhs FENTH FQ7VFEEANA
(weather.rda.go.kr) 2] &% 7132t5E &4-319lt) 2019

7} 22.1°C, 427 mm ©|SItHFig. 1).

35.0 120

N Precipitation (mm)

——Air temperature (°C)

~ =
P g
g H]
] s
£ 2
g ]
g 2
= &
3 50 - 10
0.0 -
20
5.0
10.0 0
- [ = = = = = = = = =" oo o0
= = = = = = = = 2 = =
£ 2 2 2 & 5 2 5 % % 2 3 2
% W ow & T I 3 T3 4 47

Experiment period (date)

Fig. 1. Daily precipitation (mm) and daily average air
temperature (C) throughout the experimental period.
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Table 4. Analytical conditions of gas chromatographic measurement for NO

Detector uECD
Packing material Hayesep Q
Column Materials UltiMetal
O.D. x length 1/8” x 1.83 m
Carrier gas CH, 5.0 % Ar?!
Carrier 21 ml min™
Flow rate .
Make up 2 ml min
Temperature Oven 60 C
Detector 350 C
Retention time 9 min
Concentration of calibration gas 0.5 and 1.0 ppmv N,OinN,
Loop 2 ml
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Table 5. Soil moisture, ammonium ion (NH4-N) and nitrate ion (NOs-N) affected by different treatment during the

experiment period

N Fertilizer type Biochar Mositure NH,-N NOs-N
(t/ha) (%, V/V) (mg/kg) (mg/kg)
Urea 24.1 1.11 5.64
Ammonium sulfate 28.8 1.41 5.90
Oil cake 25.8 1.66 4.66
Urea 10 324 0.72 3.27
Ammonium sulfate 10 329 0.22 2.64
QOil cake 10 35.5 1.32 3.34
Statistical analysis
N fertilizer type ns i *
BlOChaI’ *kk *%k% *%k%k
N fertilizer type x Biochar ns * b

Values are mean of triplicate observations.

NS, not significant F-values for p < 0.05, and *, **, and *** indicate significant difference at p < 0.05, p < 0.01, and p

< 0.001, respectively.

Table 6. Soil pH, electric conductivity (EC), total carbon (TC) and total nitogen (TN) affected by different treatment over

the entire experimental period

- Biochar H EC T-C T-N

N Fertilizer type (t/ha) (i:5 (dS/m) (g/kg) (g/kg)
Urea 5.8 0.24 3.99 0.80
Ammonium sulfate 6.2 0.22 8.20 0.95
Oil cake 6.5 0.38 5.12 0.70
Urea 10 6.9 0.47 7.51 0.61
Ammonium sulfate 10 6.6 0.27 10.8 0.42
Oil cake 10 6.5 0.26 10.7 0.89

Statistical analysis

N fertilizer type ns ns ok ns
Biochar o ns ek ns
N fertilizer type x Biochar i ** * ns

Values are mean of triplicate observations.

NS, not significant F-values for p < 0.05, and *, **, and *** indicate significant difference at p < 0.05, p < 0.01, and p

< 0.001, respectively.

N.O HiE
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A7 N,O HlE%E Fig. 28} 2th NyO WS 7t Ag]
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o] MMl F7FelAL 24 5 254 U, A, O, U+B, A+B,
I8la O+B Aol ZH2t 5.3, 6.8, 10.7, 20.6, 5.3, 4.3,
7.1 21831 6.6 mg/m*>day® 7Fg =& wiEES YERth
I F AAFOE N,O WiEdS Hak 2o153lom, S5
A 47 o] 9N El = BE AHETelA 2.0 mg/m*day &t
2 714 wiEFe7F YRt Fig. 2). 5 w734 A4A u)
TS £ o]F Hdl N,O WlEHS el o, thost
A2Ys w747 T2 F N,O HiEHS S48 Aot
e AN EE Asty AR 39 25 ou] o) b
% UeRd 1 o]F ot AEe vERtH16].
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Fig. 2. Daily N;O efflux by different treatment (U: urea,
A: ammonium sulfate, O: oil cake, U+B: urea+biochar,
A+B: ammonium sulfate+biochar, O+B: oil cake+biochar)
during the maize cultivation.

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.
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Table 7. Effects of nitrogen fertilizer type and biochar application on cumulative N,O emission, grain yield and

yield-scaled emission during maize cropping

N Fertilizer type Biochar Cumulative N,O emissions Grain yield Yield-scaled emissions
(t/ha) (kg N,O/ha) (t/ha) (kg N,O/t grain)
Urea 0.99 2.73 0.36
Ammonium sulfate 1.23 2.82 0.47
Oil cake 3.25 2.84 1.15
Urea 10 1.19 2.98 0.40
Ammonium sulfate 10 0.86 2.74 0.31
Oil cake 10 1.55 2.41 0.64
Statistical analysis
N fertilizer type i ns i
Biochar * ns *
N fertilizer type x Biochar * ns ns

Values are mean of triplicate observations.

NS, not significant F-values for p < 0.05, and *, **, and *** indicate significant difference at p < 0.05, p < 0.01, and p

< 0.001, respectively.

AskA] 92U, A 183 O A el 242 0.99, 1.23 1
21 3.25 kg/ha |33, vle] 22t 10 t/ha £ U+B,
A+B 183 O+B AgTellA 747t 1.19, 0.86 18]l 1.55
kg/ha °|$ltHTable 7). #7134 HAAHEAE F4Is O A
ol #2714 Ai w5 de F443 U, A HTl 13
28} oA} N,O7F WiEE =), o]lst Auh= Abolsh £
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N,O HlE&S vlwg7} sl Al Aoy 24, 4
ARl H, UAN (urea-ammonium nitrate) E2|H I &
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of A& Agel whE Gy B Witk 2 AT
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AL, AHE Al A olA FIRgE o R wjESe]] dFS 0
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oA %) fol WE V12 B HAsHe] @

i
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AF7F Q3 Zlojrh
A 7 b N,O WiE% AxE FHelA viEs =
2207k 8) A it e FAlel & 4 9loH, A
g w71 e84 FKE Qe ARE 488
ATH32]. & ATtellA] S5 A7t st A= I o
H] N,O HIE3S vlo] 9215 £9lab4] 982 U, A 1812 O
Aol 242k 0.36, 0.47 18] 1.15 kg/t ©1%laL, nle]
92} 10 t/ha FY3 U+B, A+B 183 O+B Hg]TolA
Z¥7} 0.40, 0.31 1831 0.64 kg/t ©|tHTable 7). A+B A
el 7 B 031 kg/t= YeRl, 2E 8= o)
H NoO HlE%e] &&o] 7 958 2102 H7k=Egla,
O+B A |7l upo] eat Fqlel] b 8% tjv] N,O Hi
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