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Abstract: Biochar is increasingly recognized as a sustainable practice to enhance soil
carbon balance and reduce greenhouse gas emissions. Produced through the pyrolysis
of biomass in limited oxygen, biochar has shown promise in agriculture. However, its
effects on the Net Ecosystem Carbon Balance (NECB), Total Global Warming Potential
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ps//dol.org/ / (GWP), and Net GWP, especially during autumn and spring Kimchi cabbage growing

Korean J. Environ. Agric. 2024, 43, 117-127 seasons, require further research. This study investigates the impact of rice hull biochar
on NECB, CO,, and N,O emissions during these seasons. The Biochar application rates
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GWP, including CO, emissions, ranged from 3.55 to 3.93 t/ha, showing no significant
impact from increased biochar application. However, Net GWP decreased substantially
with higher biochar inputs, ranging from -6.84 t/ha in the control to -16.59 t/ha in

Online ISSN: 2233-4173 the B5 treatment, indicating enhanced carbon sequestration. During spring, Total GWP
Print ISSN: 1225-3537 increased slightly with more biochar, from 1.63 to 1.97 t/ha, but Net GWP consistently
decreased, from -8.80 to —18.74 t/ha. These results suggest that while Total GWP varies

Eggzﬂ(egor seasonally, biochar improves NECB and reduces Net GWP, highlighting its potential

for mitigating climate change through sustainable agricultural practices.
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ATFES T 2 A9 7149 WA Bty o 45 J1SWa) EoF ek GPk W g A2
£ 00 el SLow, ol 59 LT ATRILE AR Yo, 9], ATV U S 4L
Bo) SES ST G FHS Zefsle], AN A Ao BB BAYS FLAT oHT BAS HF3] S,
StoleAs] Apge) RRET YeHL 4 dol A 35008 & LR Mol SALE 147} AUE WA Leqer
gL B Fgo] £ TFBoItHs). vol LA $4% EPRF AAE AU Yor], EF TR} HSES AML SR
LGS SN, T S AT P U B Aelslel 7| 5ol Slerele A4S
2 WrHETHT) Blol oAb We EWA, %O Aot WL, o By TR Holglol, 58] A EFolH SE 1A
Ansks d] aaolehs]. F7k2, vlo] @31 Eopo] Bte W AJBIE B4, S5 pHot ol L §IHCECO] I

e vH £ v Eet 154 FHAHIL U714 WA A vlol oA A 5T SARAE B
¥4 o LAY e PO FRLT G5t BY ol oL AW HBGA, DA At DEvE A2 4
Slol, o2 $714 WAL BEIHE ARAe Yoo R BT YrH10]. HANNA HEEE FARIER SAZ ol8%
Hlo @t A AlA AUET SO A4 Rsekn BAHS ool rk1ll,

o] k8t Ax(Carbon Dioxide, CO;) W& $7h2 Q13 A7-2iat Aol HZaide] wet, vlol X t7] 5 WA £
2 ARSI FAH PO FEu ek wetd 74 vl H§L ATeustel Io] mE S FMste] JF2
oK 4 Q= ST Ao WAARTHI). vhol 3HE CO2ut oheh oSk Nitrous Oxide, N,0) HIEE ZaHal0.
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ol A s vt B4R G2w, AT A DA 66%2l 30537havt vl AujAlolm, HiEE AA AMF
AFFO] 8292 AABHIL 1915 Qigk AR oF 37kgolthEAH, 2022). Wl WA B]2 Fo] Ho] Soj7ks oA
S0 AR A WA Yakro] e A, ofo] W ATE BAX R AgAHo] rHI). B ATV F2 heu)E
Ao 274 BT YA, BulF AME 71T 2AT Y Bo] BEEE vlol 9% Hrt nlXE o] A ek
2 SltH14). BEL 2% WFo| A3 9ol Lol ujE S3afo] 2 P ATHIs]. B o] AEls WRE Su
20| WS Tet S3ke BT SEFE Aol WARTHI6L BullEE tiFst 714 240 wEwo] SEekat 4o

S WA, HEURE WL IR 715 2ol AL ool JAASE AGIIHIL, ol AL 2
E48 Wgstel, B AT 7R, BulE AEIZE 5 vl 0 g Helrk B v 4A0h LAVEA vjEe] A L
WAL, A% TFsd 5Y AAS o 1EARE B8 & U A0 s|gEth

B Q7E JEEEAAE AFF0 AR FHEATTY AP E(35°49'45.5'N, 127°02'39.8'E)0l A FHFE Qi) ATH
IR0 BEQR2 JTHE AIYFER, o|8eHy EA42 EQALE(pH) 6.5, F E1'/\(T C, Total Carbon) 3.73 g/kg, & ZA(T-N, Total
Nitrogen) 0.36 g/kgo]ith. A3 3| 3020 F Hjx|o}¢ o, Hlo] @} FEQJFFS TZ(0 ton/ha), BI(1 ton/ha), B3(3
ton/ha), B5(5 ton/ha)2 A5t ZE Al 1Y A ZH2 EUstct

Hi3= AAHRE Wol "8 = oh= AER, A2 20229 7R3} 20239 & F A FE At 7R = A
< %74 Hho] @ 29} ¥l g= 2 JE Xﬁﬂ?oﬂ 5010}71] ﬁ%ﬂoq‘ﬂr °7‘7] Eﬁ’l Al EXJ—S— Az %ﬂ 718 B A
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Y,
2
g

11°J 237 o,
AotR L, vlE FUF
3093} 450 &

e Ll %z—"— Q‘%‘OM% Y EF5S }36} ﬂr 7REHlE=9] Al 717 2022Lq 9% 13YEH
w0 Al 717 20239 49 79 5E 6 1297k XA = olF 71 75em, 7] IF 45emE &
L 2T 0] FRAH|E 7|50 wE} N-P,05-K,0 32-7.8-19.8 kg/10a2 2851t} LA E k=4
A Yol Bdsklth 74 71 B Al EZFol= x AlA 22 71 A s #‘c‘io}?&ﬂr.
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71Zwglom, ol 714 Ao wet Eeko] SEoh SRR EW W UsichFig 1.
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Fig. 1. Temperature and precipitation in the field experiment during the autumn and spring Kimchi cabbage growing seasons.

AlE E2 3 HIO| X}

EFY ojgleld #42 B FSHEAH(NIAS, 2000)°] &5to] 33t pHE EFH SHTE 15(W/V)E E9)skl 302
7F WHFSE & pH =4 7](S230 Mettler Toledo, Switzerland)E AR&-5t0] 24313t} T-C W T-N2 A EA7](Vario Max CN,
Elementar, Germany)E AR&olo] EAEQct. 5842 LancasterH(UV2550PC, Pekinelmer, USA)& ©]85}% 1, NH &=
Indophenol-Blue H|MH-& 0]-835}% 1, NO; = Brucine& ©]-835}o] =43}9t}. IN-NH,O0Ac SH0F &3t & ICP (ICPE-
9000, Shimadzu, Japan)E ©]835}0] Fo]2x|&h&3F(Cation Exchange Capacity, CEC)T} X34 ol EA5t3tt.

Ay A EY pHE Y204 7.82 7F4 &AL Blo] 7.6°2.2 7P Wttt ECE R4 0.24 dS/m=Z 7H4 &4
B39lA4 021 dS/mZ 7} Wt T-C $HFE B1olA] 4.85 glkg O 2 7F =9kl B5of|A] 3.42 g/kgO & 71 Hgith T-N gFe
B1OJlA] 0.45 g/kgQ 2 7HAF &=k B3oJlA] 0.33 g/kgC 2 7H4F Q). CECOlA] K= BI9A] 0.33 cmol*/kgl 2 71 &3koH,
B394 0.18 cmol*/kgC.2 71 Wttt Ca®*= B304 9.97 cmol'/kgC. 2 71 k0™, B1oj|A] 8.21 cmol’/kgC.& 714 WSkt
Mg*'s 2ol A] 4.60 cmol‘/kgC & 7} =90 H, B304 4.08 cmol'/kgl & 7F Lokt Q& QIARS B3 A}l Bloj|A
310.1 mg/kgC 2 7FF w=A YEFG O™, B304 249.6 mg/kgC 2 7 WA LEFGTH(Table 1).

HlO| Q2= FAE HaE ARESto] 79t A% 5 AAE BS AX T SHEE okl fAIS Hiol At A= Sl
oF 500°CY| A4 57 E&3l FH(Top Lit Up Draft, TLUD)S &3f ©ofZoA Awsfiste] Aottt FA Hio] 2219
pHE= HPo| @2te} ZRGE 1:10(W/V)9] Bl &R 3ot 3087 Rkt & EQREA T U pH S4715 AHESHt 9A
Hio]@x}o] £9 YA BHOF N, C, Hydrogen(H)2 Vario MACRO cube (Elementar, Germany)2 45}, Oxygen(O)2]
79~ Hand Sand Flash 2000 (Thermo Fisher, Italy)2 £48}¢t}. HFo] @ X}+= H/C H|& 0.7 ©|3}, O/C H]& 04 o]5}9] FS
o)Ay E B9 g AdS QQAHtal QItH(European Biochar Certificate, EBC). TE3F = A|H}0] @ X4 3] (International Biochar Initia-
tive, IB)OIA] 1009 o4 EF U] B A G Qi A0 AFSHE ML 07 olstolth. B AHe] A Hlol 2.3} HIC
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Table 1. Chemical properties by soil characteristics in cropland

Ex. cation
pH EC T-C TN Av. P;0; ; ;

Treatment K* Ca* Mg**
(1:5) (dS/m) (9/kg) (mg/kg) (cmol/kg)

Control 7.8a 0.24a 4.70a 0.35b 295.2ab 0.26a 9.09ab 4.60a

B1 7.6b 0.23a 4.85a 0.45a 310.1a 0.33a 8.21b 4.11ab

B3 7.7ab 0.21a 4.26b 0.33b 249.6¢ 0.18b 9.97a 4,08ab

B5 7.7ab 0.23a 342c 0.36b 279.7bc 0.23a 9.36a 4.23a

B1, Rice hull biochar 1 ton/ha; B3, Rice hull biochar 3 ton/ha; B5, Rice hull biochar 5 ton/ha.
Within each column, values followed by the same letters are not significant at p<0.05.

Table 2. Physicochemical properties of rice hull biochar composition content and H/C, O/C molar ratio (%)

pH T-C T-N T-H Surface area Molar ratio
Material 2
1:10 a/kg a/kg a/kg m</g H/C 0O/C
Rice hull biochar 10.8 566.9 57 17.6 71.1+£8.8 0.21 0.05

T-C, Total carbon; T-N, Total nitrogen; T-H, Total hydrogen.

H| S22 0.210]H, O/C 8|22 ZZF 0.052 LFEFGTH(Table 2).

SARGNA MEEE LA LS A Ao CO2 N0 ZAL o] o) IS Non-steady-state AE34HT[18,19],
Whs Y A BHE G929 37 fE0] UES ek WP AHE Ao| 24 am, oI} 37 amel PVC AR

AR7e) HE Ade) EGol oem QoI ¥l AEe] 2| Bao] Aohe HASHES st A AR A7 9
B EYOIA HiEE = 2A7FA0] 24417 F Bt HiE A A 10~124] Afo]of] FH- FTIR 5§ 7kA S47](GT
5000, Gasmet Technologies Oy, Helsinki, Finland)Z &35} 2, FTIR &3 7}A £47]& 20% 71402 CO, N,O 5 247
A FEE SAT ¢ Q. 247ES 2 A AN ARtue F2E BF AAT & HAA ZF A2Fui 9 F 07,
20+, 40429 SAghe FE510] HiETF APAR1 Eq. (D]l 2-83to] CO%t N,O efflux®] S HiE T} & 23] S4 o= A7

JIN' Jil r }0

7t 4] jES APFSIGITH0L. SAEAS AT ke 717k e A4S ©X got e R 7] FHo] 9B
st
) Vv _ AC 273
CO; and N,O efflux (mg/m°/day) = o X ) X —— N X T+2713) Eq. (1)

o]71 A, pi= 7IALE(CO,2] WEE 1.842 mg/em, N0 WEE 1,976 mg/em), V= HH 23|(m®), AL 4 EHZ (m?),
AC/At= e U] S9JAIZHG CO, 2 N,O 37} Bk (mg/m’/day), T= H7] &2 9u|gict, TJ2|1 2 Wze S(RxD)S
o] 85t} Au7|ZE Bt F CO.9 N,O effluxS AXFSHYC o]wf] RS 5% F<F CO, U N,O LAY (mg/m*/day)°]|™, D=
AaE AH 39 717e Hehdoh

E EtA X[(Net Ecosystem Carbon Balance, NECB)
EY 534 EY ¥4 A= NECB 7IW2 Eq. )5 #-&3to] 4Hgstainh21,22].

NECB=Y_Cinput —Y_, Coutput = (NPP+ Fertilizer + Biochar) — (Respired C loss + Harvest removal ) Eq. (2)
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C input> &4 FAFOIH Hlg, vlo] 3}, 27 TojE 2 7|8E RUIE2FEH & g4E T C output: B4
a

=
HEFolH EYF T3(COo; HiE), 8 % 7|5 &4z gt F g4 vwieds eIt

X243} X4 8 (Total GWP), & 243} &xlzi(Net GWP)

X725} 1 2(Global Warming Potential, GWP)= 7 £47127} t7] Zo i 712k 5ot A7-evisto] vlxs
FF= CO%t Hlwsto] HFAor HATE groloh. AA] =71 2A7IA viET AHY Al 285t GWPE 20134 7| SF-#3to]
WSE HHZE F A (Intergovernmental Panel on Climate Change, IPCC) 52} 7R 1A oA AAH GWPE Z-851H, N,02+
H&H(CH,, Methane)> ZH2} 265, 289 #12 A&kl St WehA] Total GWPE F3 A4 HiEEH= 247HAQ1 CO,, N0,
CH,9] Hl&3ZS Eq. (3)°] A-&5to] AHgstaitt(23,24]. Tt CH,O] B¢ Ed =ollA HiE=E™, & 2A0A= A9 wiE=A
Aoz & AFolM= CHy HMiETS ZASHA ZUH

Total GWP (kg CO, —eq/ha)= CO, +265 x N,0+ 28 x CH, Eq. (3)

& 29k FAHNet GWP)= N,O HiEF2 AF-2depA]4 et ghofl CO, BiEdol ¥hgE NECBO|| o|sf Z=jd s
HiA Aol Eq. (45 A-85ko] A8t 25,26].

s

.NetGWPZZGSXNZO*(%X NECB) Eq. (4)

o714 44/12% HA(C)F CO,E MBS Adolth BAvt COE MFE 1), & B4 COL & 4] e Al
w0 Aa AR FHE] 2o of WFo] Wast

n

SHEHN

B7AA N A PA vjoled} Bl w2 A kA HlET u] T SPSS statistics 25.0S ©]-gat] SAH shgick. A2
7t Aol E Hliwsl7] YIste] o] Y BAHEA (Two-way ANOVA)S AAISIGITE 3L F-test gho] p<0.052] W oAl §-oJ5t 490
9l Duncan’s multiple range testE A A]o}3AT}.

11}

L,

EY L] FI7|EfEA ek Mo}

7HHl S A7t S B W FEEEEA(NH,-N) Hak= AH] 27] 3.82~19.4 mg/kgl & FE7F 4o, tl2,
B, B5, B3 AT <22 &7 FUTE olF &7t Wobdlow, 1149 i e A 527 716tk EG W d4ateda
(NO;-N) #3}= el 27] 7.21~22.80 mg/kgl & ®=7} &9tom, iz, B5, Bl, B3 X&F £08 %E7} &Slth o]%
AAACE A FAEALH, o]F Popgch 108 THY s HA| Forslon, B0 g txoA 7 =30t &l
Z 717 59t EY W SR EE-ANH,-N) H3le 49 $4HE 2.61~15.82 mg/kgC & =9ko, 54 2714 1.56~12.46
mg/kgC 2 A FAE AT EG W A EANOS-N)= 7S Aul717E ] &2 2 FAIsHAT A7zt 59
A A5 Z718tgoH 49 W} 59 %o] 291.7~535.8 mg/kgl E =9LOm, o|F x| A|3] A THFig. 2).

TERSIH,
gl A7 S A A4 829 T SHAAT AR ARFS ET, BL B3, BS ATolA 42 270,
258, 2.52, 240 kg/planto]®] A2 77F EAH oI5 ol WAHA Qokeh. AT S8 AR AAFY SEITFS
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Fig. 2. Temporal changes in soil ammonium nitrogen (NH,*-N) and Nitrate nitrogen (NO3 -N) during autumn and spring cabbage
cultivation periods.

Values are the means of triplicate, and vertical bars are the standard errors of the means (n=3). Error bars are often too small to be
depicted.

910-913% ). Bl 44 652 T SBSAT ARF 71% 175 tHETOIA] 302 kgO.= 71 kO, BL, B3, BS AT
27 268, 295, 2.82 kgol™, AL BAH oI5 Aol WAYSHA gloke.

A7|8 24712 HiEE
AE717E 57t A7 CO.%t N,O Bi&ET Fig. 33} &t} CO2 3¢ 7HHiS A7t 5 B 258 5% CO, Hi&%
2 109 F27H AR FHog —7}0}04 5.38~10.92 g/m’-day®] HYE WiEE T 7] W27} 20°C ofat2 W7k 7|2t
FE CO, &2 A 1—5] 25tk Euls Aul7|7E B9t CO, viETRS F4] AT 2.24~4.20 g/m’-day2] HYZ Z7}51A 1L
49 FE7HA] AA S| FASHE 49 F< o F H7] 2% 15°C o[ oR F76IAL, 1ol A-85H CO, HiEFE 4.23~6.32
g/m’-day®] HIZ F7I5HATE N,OO] 3%, 7HHiS= Auli7|zt St Al 27] 1.69~5.09 mg/m’-day®] HLIRE =A H&=H
on, RAF FY A7lolE N0 vi&FS S7letgth Fulils 7|zt 5% N,O MiEe 59 2704 HA|Z & 2 mg/m’
day o]stZ HEH AN 59 & RAFo] FYHIL t7] =7} 20°C o) F7FE o] thETof|A 11.2 mg/m’dayo] HiSF L
Hio] o2} £ ALo A= 8.24~9.83 mg/m®-day®] HLRE HiEE Uch(Fig. 3).

7HZES A7 AYFE 3 CO, &S R+, Bl, B3, B5o|A] Z+ZF 3.28, 3.23, 3.29, 3.73 t/ha® YEFGTE +3
N,O Hj&eFS gL, B, B3, B5o A ZH2h 1.32, 1.28, 0.99, 0.78 kg/ha& LFERIT) Hlo] @2} EQjeko] u]Hsle] wi&eFS 7145}
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Fig. 3. Greenhouse gas emissions from sandy loam cropland to the application of rice hull biochar under closed chamber conditions
for autumn and spring seasons.

Values are the means of triplicate, and vertical bars are the standard errors of the means (n=3). Error bars are often too small to be
depicted.

glow, tj=F ¥ BL, B3, B5 HeTFolAl 217k 29, 254, 411%F N,O ¥jZeFo] Zrastolch Bufs Ruf7|z Aol 4
CO, Hi&%HE HlXE, Bl, B3, B59|A] Z+z}F 1.30, 1.34, 1.45, 1.68 t/haZ YUEFGTH 34 N,0 sj&HS o X3, Bl, B3, B59)A]
Z¥7} 1.28, 1.07, 0.94, 1.09 kg/haZ WEFGFTHTable 3). HFO] QA5 3 t/ha £ A] 2T thH] 26.5%7HA] vlE&F AT

S8X| EY EtA £X[(NECB)

713 Auf7]7FS] NECBE= tf & Lol Al 1.96 t/ha, B1o|A] 2.58 t/ha, B394l 3.65 t/ha, B59]|A] 4.58 t/ha® UEFJT} Hlo|Q
2} Bl vlFeto] B ghar Al F7slglom, t2T oju] BI, B3, B5 A2lFolA 22t 0.62, 169, 2.70 tha S7FStSick.
HEull3 Aul7]7+9] NECB: Control, Bl, B3, B59|A] Z1Z} 2.49, 3.03, 4.13, 5.19 t/ha® UEFGTH(Table 3). H}0] @2} EQ]&o]
BlElsto] £ w4 AL Zrbolgiom, thRT oi¥] B, B3, BS Aol 27k 054, 164, 270 thha Z7}ksic

Total GWP

7F2ulS Qe 717 59t CO, Hl&S E S Total GWPE 7FEH[ S YR Fof|A] 3.63 t/ha, B19|A] 3.57 t/ha, B3°J|A] 3.55
t/ha, B59A] 3.93 t/haZ UEFT o] Hlo| A}t FgFo] F7Ietol| weh Total GWPZ}F A H3lsHA] Koo
HEufls Aui7|7F B2% CO, W& EFTF Total GWPE T 2718} B1o[A4] 1.63 t/ha, B394 1.69 t/ha, B59A 1.97 t/haZ UEFG

o I3
= =
o BHlFolA HloloX} Eso] F7FU4E Tol GWPZL 75t A% BT

0}O O
LTJ;EIE
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Table 3. Cumulative Greenhouse gases, Net Ecosystem Carbon Balance(NECB), Total GWP and Net GWP for different treatments
during the Autumn and Spring Kimchi cabbage seasons

CO, Emissions N,O Emissions NECB Total GWP Net GWP
Treatment Autumn Spring Autumn Spring Autumn Spring Autumn Spring Autumn Spring
--——-(t/ha)--—------ (kg/ha) (t/ha) (t/ha) (t/ha)
Control 3.28b 1.30b 1.32a 1.28a 1.96¢ 2.49d 3.63b 1.63a -6.84d -8.80d
B1 3.23b 1.34b 1.28a 1.07a 2.58¢ 3.03¢ 3.57b 1.63a -9.12¢ -10.84c
B3 3.29% 1.45a 0.99b 0.94b 3.65b 4.13b 3.55b 1.69a -13.12b -1491b
B5 3.73a 1.68a 0.78c 1.09a 4.58a 5.19a 3.93a 1.97b -16.59a -18.74a

Duncan's Multiple Range Test was conducted to compare the means of treatments, with statistical significance assessed at the p>0.05 level.

Net GWP

7heElE AE717E B CO, S-S X3 Net GWP= HEO| 3} FJefo] F7Fp5 Net GWPZ} ZAsto], tf 2o A
-6.84 t/ha, B19JA] -9.12 t/ha, B39J|A] -13.12 t/ha, B59A] -16.59 t/haZ YEIT) o|&= Hlo| X7} E9F U] &4 AE] a3t
ZHA7]= AS HoFQch Bal A7) 7F 59t Net GWPE TR0l A -8.80 t/ha, BIO|A] -10.84 t/ha, B39 A] -14.91 t/ha,
B50]|A] -18.74 t/ha® 4 &4 37} FZ5IATHTable 3).

El
|13

B ATl w3 AuiRolA 9A HlolextE 7heat BujE 7|zt Bk LA7kA MRS SHstA 191 $4R
S B A9 0} WGT & LU LS VI WA, 0O MBS Bl AL ZH A2kl
AAH O 7 Uehdeh. ol L 7120 nE BES FAste] CO, WSS ST, B4l YR SEL 5
LTS ujo] FR% FFS FIAHE 71E AT ATehE BIRIH27). ol X1 7H Hol FYt B5 Mol A Arha
oz ke co, HH% o] THHYT. B5 A4 CO, MiZo] Z7H3 AL BA Hlo|exje] AeFo| WoldsE BF

Y BYEE Eo] HhauiE e 2 A S14E 5 UrH2s). ol Bloloxte] el A 43 ol EYUsH £
W CO, el F71E AAETHas)
NO &S Aa9e Bl TIY B W) A 4% oz Aust % e Iol A RAHoR WEHTH30).

_4

olEd 5744 NO iR Hlolodt FYos 4YBe Y & 9o ua, AYAT A3 NHN FH31] L 2 23[32]
59 e Bl MiEHE 2Y 4 Uk ATE ANSNY B A7 ARIAE vlol 23} FYUOR NO HEFES 2Y &
QUgiet. 7h2HlE AE71ZE B9t Bs AT} 078 kg/ha 1 e BT L. Bela AE7I7olE B3 HelolA
0.94 kg/hai HIET oju] BAZ 013 Aol Lrehfwl Atk 5 vhol 048 A8 £Y Al ha F 3 ha Y Al N,O
&S g GiHon 29 4 U9t oled N0 SN B W G40 £894 3 WEEoR 247 24
712k £ 0 F/1H AL Ao sl4ste] To] wE J1Ahe BaskuA stoich 20229 7HSul% A 7] NHNE w2
NO;-NZ H3H]], NO,-N= NH,“N7} gdsdhs Aol 325] A4 5 A48 gashedek. ol Aaw=sh ok W v
2o ofat AuBkt | olFolA WA AL FA F7HL, olF AE Fooh LAk Aol 95 NO, N7 HA
BAT VS HBATHL, o S D B AIIANE TE FPE IUT 2 Ik 3 N0 AN
AYHS AST 4 90, s 717] N0 HhEo] Hol Z7Hsteich. B ) R EA WRlE Ak 23HYS
o2 & AT, Hlo 03 EQo] W2 FAQl GFL s It vt BAsk A4 BAT g 7t At
2o Hoz Ak ¥ DUS ARE olsieh] A% U 94 B4 50 A7 B9l /1A sAsks A7t By

i} 1:{
N
v &
O_u

3

Hfo] @2} FRlo 2 NECB= A184Ql 92 T 7H2uis A7t St diz2+-5 A% ZE A& FoA4 NECB7h
vro] @2} Ffgfo] vlF|sto] S/ ol Hio| A BEF Ul ol 2did f71=E wafotAR T1of vt B2 o] 'aE

126 hitos://wmk _ https://doi.org/10.5338/KJEA.2024.43.12
ps://www.korseaj.org Korean J. Environ. Agric. 2024, 43, 117-127




Article

A7e19l 7] wolth35]. B3 el 7|7 NECB& Hpo] &} Z=Qj%o] ulF|sto] Z7kgiom, 53] B5 A&7o)4 5.19 thaZ
7P = vetth & A7) 714 4] Aololl e B8l Hol Ak 4R B Al @A AgarA A8 74
< HOJETH36]. Park[20] 5] Aol W=, FA vlol oA} 2|7t v &= L W2 vijS AEiR|o|A B A A= ST
A, 2AZEA HEFE FAAFT ol "ol A EYY] ©a A 58S IS, BT o 7|5t At 7|0 £
52 AARRITE. NECB7F 5 A7)zt o 4 Uehd olf2+ Hiol oAt A8 Al &4 A% 9 A9 awt S80S
gelgk & AUtk
Net GWPE 544 &4 A9 AT Wi IS STHORE H7Hd 4 = AH#o|H, HIo| A 3 t/ha ol Y
Al CO, HiEE S7HIAIE &4 A% - A8 af7} B £oF Net GWP= #4stgie). o] @4 FQlwfo] Blgsto] Net GWPE=
ZhR2alE 9 s A1 St AAage S7ISHT ol Hhol Aol Figfo] FURtel wet CO,, N,O WH3tHT EQF
i A A8 it 98 2 g F71 dizolth oleh T2 AT Hiol oA A&A o BRISHS W avte HE
A WePATH37). shAIRE Hho] @Ake] T Wl-g3t ke FQ) Al EA fEEE ARE o E Ao Flste Hiol oA}
o] A4 AT 24 59 MAE sEslor sBA HolAl A8 AK Vst Ags FA7IERA 882 Zolth
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