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ABSTRACT

The level of nitrous oxide(N>O), a long-lived greenhouse gas, in atmosphere has
increased mainly due to anthropogenic source, especially application of nitrogen
fertilizers. Quantifying N>O emission from agricultural field is essential to develop
national inventories of greenhouse gases(GHGs) emission. The objective of the study was
to develop emission factor to estimate direct NoO emission from agricultural field in
Gangwon-do, Korea by measuring N>O emissions from potato(Solanum tuberosum), red
pepper(Capsicum annum L.), and Chinese cabbage(Brassica campestris L.) cultivation land
from 2009 to 2012. Mean N;O emissions(tstandard deviation) from field cultivated red
pepper, potato, and Chinese cabbage grown in spring and fall were 1.48+0.25, 1.27+0.27,
1.49+0.06, and 1.14+0.22 kg N,O-N ha’, respectively, as compared with 0.45+0.15 kg
NoO-N  ha’ for background emission from non-fertilized soil. The estimated
fertilizer-induced emission factor of N;O was 0.0051+0.0016 kg N.O-N kg” N. It should
be noted that country-specific emission factor needs to be determined based on various
regions and crop types in the country because many factors including soil properties,
environmental factors, and agricultural practices influence N>O emissions. In addition,
many researches have been conducted to develop agricultural practices to reduce
greenhouse gas emission from agricultural field. We assessed the effect of green manure
crop and biochar on N;O emissions reduction from upland crop field. The green manure
crop used in the study was Hairy vetch and the cultivated crop was Red pepper
(Capsicum annuum L.). Nitrogen was applied at a rate of 190 kg ha’, standard N
fertilization rate for Red pepper. Emissions of N>O from the field were reduced from the
plots applied with hairy vetch and biochar by 46.5% and 24.6%, respectively, compared
with nitrogen fertilizer treated plots with N,O emission of 1.14 kg N,O-N ha™. The
results from the study imply that green manure crop and biochar can be utilized to

reduce greenhouse gas emission from the upland crop field.
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1. 4= H

ARl 247F~e] shel opabstd o) A 23} A o] 4kEl ek eh Bl ul sl
ok 3008 =-2H|(IPCC, 2007), th7]e] ofitstd s F=+ wid 02~03%% Fobxal Q)
(Saggar -5, 2009). 1700 dth o]Hol= opitstd Ao w7} 285 ppbv iUl (Stauffer2t
Neftel, 1988), 1998'dol|l+= 314 ppbv(IPCC, 2001)E 7}ttt Park 5 (2012)°] 19403 %
B 20054707 7] Fo ohatgtdael WA BANL 24S AHR A, okisdz
T S Fd 2912 F4AC A& Ao HE] AR YEyH 5 BEY ﬂl*ﬂg
o] E4A Aed A2 HEY VIS B HElE A3 A 2 Age AA
A7, © FAAA Fibzely T3 AEE opEtE a7 wHE ol BH(Freney, 1997
Singh$} Tyagi, 2009). Gu 5(2009)2> A ZFei o] opirsbd i 26~30%+= SEAZNE W<
gt Aoz FA9.
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3 Joze A AMFE EY f71E &
3 F,odEdY TR/ 5ol 3ltk(Stehfest, 2008). Kim 5(2008)<
a5 Auf A A 9] ofitshd i w 290 82E AFENHNE FIH A
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& 2EE6%), T7IH BA(24%) wolATkL SHATE ET AAFEANA S obitstd 4 Wi &
< AYGE vl 74~82% HAJi, EY FwdHo] -50 kPa¥ w7t -30 kPaql ARt
=

13~40% AJiL &Avk g Shin 0(2003)% T A7E ot A A Ml EHE 3.0~4.7 kg
N:O ha'2tx 3t EH, Kim 5(2010)0] wh=w F Au) <ol A 2] ofatalad i wjEo] JaFS
nAE Q91 o Ai66%), EF *H(19%), = L5 (15%) &l A,

Felvete 247Fzd W =7F 2R wEASTE obF A A Foemg VE
slol] #st AR 3] 9 (Intergovernmental Panel for Climate Change; IPCC)ol|A] 7] 3k
Z AAZ B EAFE ol&st FRA NN AH MEHE 247M29 FE FASAL 3
obabald & Wl EAIF O] 78-S 1996 7hel =kl A= 0.0125% =1, 2006L:1 7}ol_a}
M= 0012 ZHHAFIPCC, 2006). = F4 AN HolE Z4d Hlgy & HH 7
g S A Fa Fe A2 1%e ofitstd o FHE A7 tirz HHE%E}—E o] o]
o S7bvtg B 719, AF V1 S0l HE2EE, I af wWEASE ol&std ¥ A%
& 22 s mEge AT 2 9k

AR F7kaLf optetd & vl EAFE ol&ste] oMo optstd s wiEHEE A
s ok ' Frla wlEASE 00062 kg NbO-N kg N(Akiyama 5, 2006), 29
g 0.01~0.015 kg NoO-N kg' N(Swedish Environmental Protection Agency, 2006)°] L
Hgges ggugs 001 kg NO-N kg’ N, EEME 002 kg NO-N kg’ N
(Netherlands Environmental Assessment Agency, 2006)E, &3+ Ax AWoA #I3HA|
& e 0003 kg NoO-N kg No25E o 259 0.021 kg N;O-N kg’ N7HA| thak
3HAl A3} (Australian Greenhouse Office, 2006) AF-&-3}3L SJth
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ole%e A&EE olusidsel WEFS 2Y + YL HAFE AT FFEo] HuH
31 dtk(Yanai 5, 2007; Alho -5, 2012; Felber &, 2012; Kammann %, 2012).

2 AFoA = ofitstA &d tigk I7F A Wi ESAFTE N EsH] At FdE F3H
A A}, aF, vl S T 3RS 493 At A obitEtd A AlRE AF St EAskTh
ES 7R RE 2AVIAE EolEle AAS WA erEE, ¢ FEAME FAARF
HeY 2472 miEZFS Soldde =go] dasith wepx FH| = ]01114‘11] 2] 9} n}ol
Qo] WAEY sl i Auf Ao A ] opistA A wjEFS dviv =Y 5 A=A A
W B kot

AAEERd7IEdY TAEFEA, N 37° 57 159”7 E 127° 46’ 26.6”")° A 7 2KSolanum
tuberosum), W) 3=(Brassica campestris L.), 3L5(Capsicum annuum L)E 437t AujslH A 2
7k A BE AFE] EAstET FES 20099 4€ 29¢, 2010 59 59, 2011 5¢ 3
o, 20124 5€ 1190 #ZF/8AeR wiF= 190l 2/ (E, 7Hs) AwietRAar, 59 3
b= g A AEi AT Sl e L F9F HARSE 22 d A A, 7HEEl = 2009 8
9 269, 20109 9€¥ 59, 2011d 89 23, 20121 d 99 5Uo] APt EFo Ee &
A% (fine loamy, mixed, mesic Typic Dystrudepts)o]™, AlHS AlZsl7] He] B 313t
< 3 19 YERSITE HlE A& e 7 &%Q EFE ARFE 7IFo2 =, b
10ad N-P,Os-K:O = 32-7.8-19.8 kg, 113+ 19-11.2-14.9 kg, #HAH= 13.7-3.3-11.4 kgolth.
A E Yo wet AAts BF UAECE sgoe Wi 1= UAEH AR
ol FAU v A AAe 52%E WAECE dta, UMA 48%E 230 U
Ao g FATH AFE 54%E WAEOE, 46%E SAECE 33 FAUh 722y ¢
£ 20099 7€ 10%, 2010 7€ 27%, 2011 7€ 18%, 20121d 7€¥ 24¥o|lon,
2009d 649 30¥ 3 11¥€ 16¥, 2010 7¥€ 193 11€ 25¢, 2011 62 28¥ ¥} 11¢¥ 23%1,
2012 79 10¥€ 7 119 20¥0] F&38gth. 2 AFFE 18 m'ol, Yy 3ukE o7 )
289tk ZE 54 AgE SAS(ver. 9.2, SAS, Cary, NC) T2 & o]&agon, 54
2 994 #AAL 005 FF4 Duncan G5 H AW S o] &3tk

-N
ff 1S Mo © k:ﬁl fr ox o o

N' do

%1 AREY 2% B ety
X|8+A] oFol& AARAN
PH  Loidece s/% Su4 1874 %ol HAEY
(H20,1:5) Ca K Mg =g HAF  HE
dS m” g kg’ mg kg’ - cmolkg™- e % —m-mmnmv
6.0 0.33 22 470 35 063 087 54 18 28

ofpbsld 4] S 9%k Alg AFHE 247 AFddA dtdoE 2ola Qe AW
HE o] &3P eH(Kim F, 2006; Kim &, 2008; Saggar -5, 2009; Kim &, 2010; Seo -5,



2012; Yang 5, 2012a; Yang 5, 2012b), A& AF 2122 F 23]t} Parkin(2008)9] A
Ao w2, 149 AR A5E HHsE 4 TE
10% ol hen, 3-79 7+ Aol= 14% oAtk 4 A& 200992 4€ 299U 7 H
o2 3l 5¢9 3Y7kA] 370¢%t, 20109 59 5YFE T

< 549 3¥HH v 8 3¢ 1597kA 317¥€%E, 20129 5€ 11L45H 11€¥ 2297+A] 19
A7F AFsS EASAT opitst A ke BALE AXREEHAEZV|(ECD)E FAS st~a=2n)
EJg 2 (Varian GC 450, USA)E ©]-&3lATHSeo 5, 2012). ohitstd o] wiE&e o
21-g o] &3k AAF3F thShin 5, 2003; Kim &, 2008; Kim %, 2010; Seo &, 2012).

F = p-V-A' Ac-At-273-T!

o] 71 A F oMibabd & (mg m” h')olH, pe ol 4o xSl 1.96 mg m”
ola, Vel Ax 77t A9l A(m))Z Wm’)olH, Ac-At'e Fw ol e Aztg opatalA
A =Y @ FUHEela, T AW Bd 25(C)d 2738 ©gk gelth Parkin 5
(2012)0] w29, AP S o] &3 247 SN A 7 ol AF AV 2
B4 A9 Als AFH Azbel digt 9= gtk

AF7IZ T H Ve ArEds 1" 1o YEdTh B 712 200990 = 103
C, 2010%d 10.3C, 2011 10.8TC oA=Hl, ol %'d(1981~2010) &<l 11.2 T} Hl s}
o 04~09C ¥ Zrolth A3 200999 1,789mm, 20101 1,634mm, 20113 1,851mm,
24, H3d A79 1,325 mmEt 300~500mm %= k).
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WS A A Z2REH W EE e 247N E Eole 7eS NEEy] Hdty, AEEEH I
=99 =A EFNA LI (Capsicum annuum L)E AW SFHA 247}~ ARE A F 51
AR 2Fe EYE Y E(coarse silty, mixed, nonacid, mesic Aquic Fluventic
Eutrochrepts) &2, A @S AlZtetr] Ao ESF 33pAdS & 20 YAtk Lo g
A BFAEIER] 10aT 19kgs 842 A& 75 dE27E 3qoH, HHFEQ 3o

332 £ M. AEHAT A



XS Helg ¢, slojelM Aot A HlE ubEH9.5kg 10a)S Al &3 T

A7 BEZ 10aT 19kg Al&3 T, vlo]exa A2d HE WS A83 T ol A
A2 etA] Fe FALETE FALh Fojgu A= A 1% Ciat

)t EEst o, 49 ol TN FHFS AAF SR 10aT 774kgol At 8 o]
g x5 A 7T 13kg¥ FLA HEstAEd], o] W] FE FIFE 842%= UE
Fo2E AHYTF 21kgolAth ol FTH AAF FE vt FUT W)
10a%d 1,000kg o2 At £ Ao 2230 o w x| 9} nlo]es9] 818t =4
3 3o YeEr A

U iﬂ

_l

® 2 ANYEY EYe 3y
. XA Fol
A7AEE 71 = fr &<t .
(1:5) dS m” g kg’ mg kg’ = —eeee cmol” kg —-mmemev
6.4 0.18 16 547 0.46 52 14
% 3. AR AR Sl A 9} npol 959 et x4
AdAL Q1 4t Ze A3 1E
g kg’
& of 2] H %] 441 11.8 43.0 18.0 6.7
Hlol| o= 3.6 1.1 6.7 11.5 0.8

a3 A2 2011 5¢ 1399 dRon, LAS(EAE HIR)S 6¥ 297 79 2¢9
Al g3tdnh 2 HelTe] =)= 2.1x8.0meo|H, bh%t” 3HE. o 7 w2 ATE Ee A &
A& SAS ZZ I (ver. 9.2, SAS, Cary, NO)= o] &3tHom, 5% FFolA TAZF 794

S 9 (1981~2010Lﬂ)v)r H) ﬂé}@l o 2oﬂ L}EMO*E} 16471{}94 Pyir|ee 22
5C2 HWdy 2otoy}, 72442 1565mme HY 7|29 725mme] 5 ] o]Ato] itk
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3. 2ot A 1&E

a3 AR opabalA & E&-2 200999 355 g N,O-N ha' d' ©]3}l, 20104
19.8 g N,O-N ha™ d” ©ol&}, 2011 269 g N,O-N ha' d' °]3l, 20121d 263 g N,O-N
ha' d' olgtdth@® 3). A= 200990 295 g NO-N ha d' ©]38l, 2010 163 g
N2O-N ha™ d" ©]3}, 2011 285 g NoO-N ha” d” ©]3}, 20129 30.7 g N;O-N ha' d? o]
stol At 5o 7hAp oA opstsl A A AL FAMEE AE T T3/l Y oyl
B Ego] Edth wiF= 7hsol AuEE Afole Fo AuEe 299 e FFs v
BTt &, 7kl wiFE AAE HFol opitsbA A mjEEo] 2009d= 983 g
N2O-N ha™' d7, 20109 79.2 ¢ N,O-N ha’ d7, 2011 60.3 g N,O-N ha” d”, 20123 64.8
g NoO-N ha'! d'74A F%F8ted, 2 Au ¢l 533 g N,O-N ha' d' (2009), 37.4 g N,O-N
ha” d7(2010), 375 g NoO-N ha™ d"(2011), 40.8 g N,O-N ha” d"(2012)¢] Hls} =gtc}. o
= A2 A7 71 Aol b A e A w Aol HlE) ol B 2xeh ol
MAE EAdo ARR7] dEer ARET. oA L WEEE =TFS w¢ Yoldt
7 Agde AL 00l Zte] oA e, ol %9 EY FUIH Ao FhaFe] vtopA
7] jEo g HQlth
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a3 o] opatsbA 2 wiE e 2009 1.83 kg NoO-N ha”, 20104 1.31 kg N,O-N
ha', 20113 1.46 kg N,O-N ha’, 20121d 1.31 kg NoO-N ha'o] Atk @ 4). #HAH= 1.66
kg N;O-N ha'(2009), 113 kg N,O-N ha' (2010), 1.23 kg N,O-N ha™ (2011), 1.04 kg
N2O-N ha'(2012)%em, Euj3+E 151 kg N,O-N ha'(2009), 141 kg N.O-N ha™(2010),
1.53 kg NoO-N ha'(2011), 1.52 kg N,O-N ha™(2012)% 3., 7H&Hl 5= 1.22 kg N,O-N ha™
(2009), 0.82 kg N:O-N ha”(2010), 1.34 kg N,O-N ha™(2011), 1.17 kg N;O-N ha’(2012)°] %A
o 2012' 32 19647 A FH EAste] & 9] 317~370L ] HlE] #Hkou, Agdls 71
o] mwjg- wki Ecke Holle HAATE HojA ofitstd A wjEo] Wi WS AR AR
HAoh 135 2 549, 2012d0 45 EWd 1149 22¢ o|F AL FtY opirstE A
vl &8-S 1B, 20099 022 kg NO-N ha’, 20101 0.19 kg N,O-N ha”, 2011 0.21 kg
N2O-N ha'Z ¢tk Bouwman 5(2002)& 120 ool AN opitald s wjEHe
180~300¢ FF SA S Amo] HlE FolstA wokthal 9o, Akiyama F(2006)2 H|
T A& ot oprtstA A vl EE 90Y ol "lFE o]FojXtt sAEka, 909 o) F
S ARES vEoRE R oA L wMEAFE AT 8, A4 ¥EE A
25tA] k& FH| oM ofatalA 4 wj &S 0.37~0.67 kg N;O-N ha'e Uehfo], Y&
¢} 0.65 kg N2O-N ha'(Akiyama %5, 2006), <] 1.06 kg N2O-N ha'(Gu %, 2009), 1]

3l Bouwman(1996)°] A% 1.0 kg N,O-N ha'Bohe tha W FFo|dth

w
w

2009 2010
= 2 o
= T '|' =
z I z [
Ot‘l Ot‘l “V
2 T =
2, 2 T L
0
FH3 =2HE Jleyx aa 27 2H7 =HE 7heiE A% ZR
3
2011 2012
% 2 &
= =
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Zb AEE Aa AW ES optstd e v & Fulgte] opiatd s wiEFoE AAE u
ZASE IFE 0.00545~0.00676 kg N.O-N kg’ N, ZFab= 0.00541~0.00800 kg N.O-N
kg' N, ZH]3 0.00405~0.00483 kg N,O-N kg N, 7F&uj3+& 0.00226~0.00387 kg N,O-N

kg’ Nojgith AF= 3RS E Edo o] & Aulx e olitgdi wEASE T&
0.0202 kg N;O-N kg' N(Yang &, 2012a), @< kg N:O-N kg’ N(Yang %5, 2012b), 7=}
0.0040 kg N,O-N kg N(Yang %5, 2012c)elgtx Rud u} itk dENNE HiF7 & 5
T el HE 00032 kg NoO-N kg' N, #l5=71 B33 2 00140 kg N,O-N kg’ N2 3}
of F7laf opatEA & wjEAFE 0.0062+0.0045 kg N,O-N kg’ NS AH&3sta gl
(Akiyama 5, 2006). ©2F x}UHEE 0.0282+0.0180 kg N,O-N kg’ N2 wz Attt
(Akiyama 5, 2006). $-@Ugtl e A2 T wEA5E B2 5 ARTE 2H2S
2oz Aoy, vWl§ 5ol wjE FFS Hole AEUS wE Hste Aol Fogd A}
g% 2 dFeAMe Ads wEes FHI} L= opitsdL Hﬂgﬁl
0.0051+0.0016 kg N,O-N kg' NeoJu}, opatstd 2 wj %

ol, Al #Y 5 oy Q2o I JFL worz oy Ay oy =
sho] Aafo]of dv}

WAE Au] Ao Ao 247~ wEHS Fole Ves MEsy] A AFAAMs 1F
A A ZRE A|F7IF ] oSt A A W E S 29 54 YEAT 244 Hs
E A FelME 155 ZAT b o 1F7Y Foll wiEZo] vi§ okt o] B
ol e AFE HPoHW, 2AES F el ik =okAe S HEU AT Kim §
(2008)# Kim 5(2010)°] W13k upe} o] opptstd 4 &S FUIH) 249 I EG
25, EY & g% Tol HEFHer AEstE=, ol= g adld o5 F3ig w3t
S HolX & ¢skth Yang 5(2012a, 2012b)& 3H4ats] EQkolM F3 S AujE A o
oprtsl A Aol Ml EHY Ed FEFAE 29 B¢ AE2 ARAAV Aoy, EY &9}
= @ sldde f94e] dFHRY T2 Fole gl AFHA Eutta AT

40 - —F

——BC+F

- 30 e
ol ,
E 20 -
=
3
=10 -

05!10 5/20 5/30 6!9 6/19 6/29 T7/9 T/M9 T7/29 8/8 8/18

Date
# F: &N, BC : molo%, H: slofelu ), Fb -dav 8
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&~ HEE EF AWF 10aF 19%g A 2g FollA o 374D Fekel A opats)

%2 1.14 kg N;O-N ha'olglon, AAYEe AgstA] & FA&FolAe ofat

Ao wlE S 016 kg NoO-N ha'th(2 9 6). 242 vz Ao opatstd s w2

AGE 00057 kg N2O-N kg’ NZA IPCC(2006)91 A A3+ vl =443 0.01 kg N.O-N kg

NET B Holqith AlE 71z 5 A3 Hdo 2v] oK (2™ 1olRernz, Bk

T 2‘5}%1 4Es s AoE FHEY EY FE FHo| 24E gdo] F doy
A

© T
AW, B Tl g AR FF HIEo] 90% oldelM s optstd s wjE ol 54

B X

T,
N
(o]

3] ‘%LO]'{U}(Lemke =, 1998). ualA] Fohet FeEked ot YR =8 EoF SR dEko g
opptstE & Wi EEo]l woliles JheAdS WA & (o @9, 2 AT WiEAs

0.0057 kg NO-N kg’ N& 3¢ 0.0202 kg N,O-N kg N(Yang %5, 2012a)Rt} ®ou},
29 0.0025 kg N,O-N kg' N (Yang 5, 2012b)2} 7HAF 0.0040 kg N,O-N kg N(Yang &
2012c)Ht} =2 FholUATh

~
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F BC+F BC+F% H+F: H None
a8 6. 13 AR olxls}A A H| ST

slojgw x| 9} wloles=+A A HF ATt opststd i u
ha's} 0.86kg N,O-N ha'24], Hu]ZEQ Fojgfu] X9} nlo]%s &&3td 247129
opatsl A i) MEHS 747} 465%9) 24.6% Y 5 AL AoZ AlEH
FE opbstdh wjEe B SAWT oyt 7)Y 239 JFS A woeEg A A
T W3 Zo] avn B 4 QItkKim 5, 2008; Kim %, 2010; Yang 5, 2012a; Yang 5,
2012b). 3, T AlHlF e sFsle dad HgEs 747} doew X9 vlo] e
A A g Fole opialA A wlE#FHS 7b7 070 kg N2O-N ha'¥} 056 kg N2O-N
ha'ol Atk ol Xe A4 FFo] e T FE2ZA Aadom Fgad EY T
T8 Ah FFS 59 oMigd L wEFe] =0Y AoE AR

Yanai 5(2007)& Hlol%£S FA HIZ 10%S XSRS ul opitad A viE#o] 105
g NoO-N m?e 4 11 pg N,O-N m?&2 ] Etha R8¢tk Zwieten 5(2009)& H}o]
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2% A7t ol AR RE AA V2R FUA7E 54 XS =AY, EY 5714
< Fo 2247 4 IFS X AY, EY pHE Fo oRibsldA Sdare] €48
Folil N,O/N; HIE EFAY, @4 &40 83t FaH 8AE F2ste =oAL,
ARG A o] FFol BsE FAY, volexo] oA AE 2% vy 24 V22 B
AFAY, ofitatd vt nlol szl F3HE WEHE ©A SFHES A 7IEA Al A
& 7t Fste opitgl A ko] Wi EHEE Folv AoE FHEALh

4. ® @

LAE A A A vl ZEE opitstd 4] Wi EFH M EASE A3 ke 49
(2009~2012) 315, Wi, RS AufslaA A RE AFH sk EAEATh oftstA A )
(BT+EFAPS 1137} 1.4840.25 kg N,O-N ha”, 7HA}F 1.2740.27 kg N,O-N ha”, &
1.49£0.06 kg NoO-N ha’, 7F&ul 5 1.1420.22 kg N,O-N ha'olith. 242 ¥gs s}
A e Fu|Fo| oplistA A WlE TS 045+0.15 kg NoO-N ha'o]ith A4 AjH| &} o}
AetA A W&, TRl opidslA A wiEFo® g wiEAS = 0.0051£0.0016 kg
N:O-N kg’ No|Qit}h opitald 4 wjEde B A7, 714 5 874 291, Au @2 5
o] adld oa] AP o2 A3 o2 AEe] ARE FEste] Fstoof ok

A A7k wEFS Fol7] fAste] FHIFEQL FojEju A e} vlo]exS o8
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