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Evaluation of N2O Emissions by Nutrient Source
in Soybean and Pepper Fields

Gun-Yeob Kim™*, Sun-Il Lee, Jong-Sik Lee, Hyun-Cheol Jeong and Eun-Jung Choi

National Institute of Agricultural Sciences, RDA, Wanju 55365, Republic of Korea

Abstract - Nitrogen fertilizers, hairy vetch, and slow-release complex fertilizers were applied
to the soil during the cultivation of crops. The impact of these factors on N2O emission was
quantitatively assessed and the GHGs reduction effect comprehensively evaluated. Among
the three factors, the significant factors affecting N>O emission were mineral nitrogen > soil
moisture > temperature. Yield and fertilizer utilization efficiency were highest in the slow-release
complex fertilizer treatment. There was no significant difference in N2O emissions between the
slow-release complex fertilizer treatments and the NPK + hairy vetch treatments. Comprehensive
results showed that slow-release complex fertilizers treatment has high yield and fertilizer

utilization efficiency but low N2O emission.

Keywords : N2O emission, low-release complex fertilizer, soybean and red pepper fields
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FAAANA EE= 2A47FA HiE7EAQ N 0= A
2113132 2 (GWP; Global Warming Potential)©] CO, T H]
3108 2 7} ZoHIPCC 1996). t7] 5 NL,O 5=+ AHYE
T o] 270 ppbollA] 20069 320 ppbR F 128 Z7}a}e
THIPCC 2007). S UEEN A N;00 = HjZ gL Fin g
4 7HEEkolm, NoOY A2d3t 7]o&L2 5% o<l
Aoz otEA QITth(IPCC 2007). FATEo] o3t 247k~
HEASS HoiMe HA UREY 2471 dgdn &
Foll FEFTEEEE 2A47IE wiEd vXe 9Fs 74
o g Byrig B avt Q.
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Table 1. Chemical properties of soil in soybean and red pepper fields before the experiment

Exch. Cation (cmolc kg ™)

Crop pH(1:5) EC@Sm™) OM (gkg™) Av. P,Os (mg kg ™) T-N(gkg™"
Ca Mg
Soybean 6.6 045 197 392.0 12 0.52 593 291
Red pepper 70 0.66 25.7 3243 1.8 0.51 7.78 3.15

O Su Frio} o] B Bl AL Y £2HL
E3tel NO M2 2 4 U2 A0 JHska ick. 1
Y3 oL FFALE VAN F HERA o
=

SH|ZE Hoh ON&o] vy w1 (22& 10) 23%
=7F WE f71=0lw (Cho et al. 2012). BAHAANA {71&
T =EYgolMe CHs A HHEEotol o3 d71=d
BH2 F71E0] 8= o] CHyol TASHAT f7]&0] &
EFollM A2 vz YsjAut Y= N.0%N= 2A ¢
Fe A goBz N0 HjE ZEl| 71098t k. whetbA
LCURHA| A B3t 8 Al§C2 QI3 NoO Hi&T 4|2
= AR A NO HIE A58 5 a3 e HE
3t 259 N,O & A3 (Kim et al. 2002, 2010; Seo et al.
2012; Azeem et al. 2014; Sakatar et al. 2015; LeMonte et al.
2016)= Jou, AaFFUEE N.O HjE AEaHE T
Moz stolg A vlnlsact

&2 dFoAe A= AujAl dan gt T°r7]U° 3110131
HZ] 223 LCUARAEAY B3 & dasddd
Eg *lﬂﬁ}@l A& %, N0 & 54 ‘3—4 N.O HHE
T ALz wofsta AaFHHEE N.O
Hﬂg°ﬂ Aty FFS FEAE AFH R WA 247
2 W&o 2a% 7|28 E AlFstat ki

Mz o EE

1. 438 9 A& 2

HAHE AL &5 ol AqHe] YX3 5y s st
Ao A FEZAF(Y=: 35°82'L41.5"N, = 127°04'L36 0"E)
A 2016~20173 2) F¢F +3SFATH AlH EFLS p
L 6.2~7.1, %7]%@}%2 78~13.8g kg '2A éxg%
Table 13 21 S22 53 Eof3lalE A8 (NIAS 2010)0
Foleh ARES Ut 8 TAEYL F WD)
S TAAER A Y HFUL 0¥
12947, 120 AAYL 59 10dACE AA FE ud=

A sto] Aufstet. HlE A& FENZTH ZAEE Al
H| AW 7]E (RDA 2006) 9] EEAIHFS 7|22 3132
Z Aufol A NPK gl N-P,0s-K,0F 32-33-37kgha™' &

o r|o

22 33 ZA], 94 84 Lﬁli A% 71v], 2= |3t
2 g 23] ZA8H. Bl& 9 §7]E4 2= NPK, NPK
(B2 AET 50%) +3ojgulA] Yz (i AETF 50%),
LCU (Latex Coating Urea) @ T} X A B3| = (A4 JETF
100%) 5 348 3HtE o2 7+ Xg g AL ETF 100%°ﬂ
groich. slojalu| x| o] AagteFe Fofe M7t 32g kg
o2 Fojux EE (G2 75.7%) 8,800 kg ha”
o]t}

E"@Ps—}*“—% EGAEE Aot 4 F 2mmAE F
A A FEXTH EFSSHEA Y (NIAS 2010)9] &3}
A8t pHE EFS SRTS 1:5(W/V)E 343 &
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AP ZZA NoO+= B HAE L P (Closed Chamber
Method)?l =23 42 (Denmead er al. 1979)& ©]-8-5}o]
ozl 37 80 UES TG A chamber
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EEER 08 % 7tAE EAste] 308 A 2
o SEe} 308 F ZUW FEAS olgsie MERS 5
Attt 72X R HFHE Yagi er al. (1991)9] B ol o5}
of 24|17t HiE S 2ATIE FEE BAT wY A d
A7} FFo] F ¥ 10:00~13:00A]2} 2% 16:00~19:00
Az Ye o RT3 A7 Fo) sl A7HeE A
H3lo] 7IASE PFHFER B AP AL 10:00~13:004
Apolol] 60 mL FAP7|2 1520 28] AFIate] BABHTH
A3 F7] A =29 NLO 7|A 5=+ 10 port@} 4 port valve
= A2 GC-ECD (7890A, Agilent, USA)S AH&314 1
column-2 Porapack Q (80/100 mesh)E %73t 1/8”"x2m9]
stainless steel tubing column, Z12] 3 Detector®] <X+ 320

= i =) T A

Table 2. Gas chromatographic analysis conditions for NoO mea-

surement
Detector ECD

Column Packing material Porapack Q (80/100)

Materials Stainless steel

0O.D. X length 1/8"X2m
Carrgier gas N2
Flow rate 30mL min_l(Carrier + make up)
Temperature  Column 70°C

Injector 80°C

Detector 320°C
Retention time 3.2 min

0.5 and 1.0 ppmv

Concentration of calibration gas .
885 N,0in N

Loop 2mL
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Fig. 1. Daily changes of soil water contents, soil temperature and soil N2O in soybean and red pepper fields (all flux measurements included).
Values are the mean of three replicates measured between 10:00 a.m. and 12:00 at sampling dates.
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1+ (Stevens et al. 1997; Arnone and Bohlen 1998; Hou et al. 23 132 vl EdoA FAATIY HEYHEE N,O =
2000; Kim et al. 2008)3} E 2% (Godde and Conrad 1999; Hj &2 Fig. 204 B Hkel Zro] NPK H|& X 2|4 7}
Kim et al. 2008)9} A 9] FTTA 7} Qlo], EFei TFol A W2 W& (F 098kgha |, 313 235kgha )& HYT
UESeE 1893 EYRET =555 N0 siEFol gt LCUEHA AA Z3H|E A2 (F 061 kg ha ', 5 1.17
1 &t kgha ) TH& o2 goj2]¥| X + N H] & H2|(F 0.54kgha ',

F A mOl N0 & HBHE A% 27191 68 %
(6 21928 79 F£(7Y 1714 oFg B2 NP
.]

e

T3 1.03kg ha HE vlEFo] Hich LCURTAAY &
Fu|E7F 22 34EH| ¢ NPK A2 ot N,O Hj& o]
Aol FojH| 2] +N H| &2t LCURTAI A EF3HH] R 4L YAA 1FE A4 EeE Hota dAst

B AEG HjEFo] B4 dEen, 1 o|F BSF7|H A AaAEo| §&EHE LCUARAAY Fan|g9 B

i

~

H 8717k WE %L e Aot uad BEFS BY (LeMonte e al. 2016) HEO 2 AZHET EF £7]8 £F
ThNPK B2 Al & 27| A57)70] A4 vlge 6% = oA HlRA C/N&o| 2 oA = EdolA
T7h web NoO HiE o] &2 A2 2 Uehgrt goj 2y 7189 Eej& =t wet FEO FAES} H R0l &A 8]
A +N H 28 LCUA A A4 B3| g A= Asz7]7 EOHA 2A7FA W& EO]AITH(Cho er al. 2012; Alam ez
H F77HA] A K717 5 NPK B2 4 2] Hlsf @ al. 2015) 715 t}h NPK 3}3ha| 27} Ba&=rt o Het
< &S FASAT 15 A 24 N0 viEF W3t A N0 Hi &30l &4 Uehd A (Alam er al. 2015)0.2 &
= 9532 68 F£(6¥8 27¢)RE 8Y 2¢(8Y 197 Eh
A w& HlEFdS 23 NPK 38t A7t A A57] N0 &9 gt 7| =& Table 30 YetHct. 2FA S
2t &t &l =A yUEktth + ¥ 0729, 1% 07609 2HE Fich wakA N.O HijE

1.0 4 Soybean 3.0 q Red pepper

0.8 28]

2.0
s 061 0.98 Ty 2.35
2 041 2
1.0
0.54 117
0.2 05 1 1.03
0.0 : 0.0 .
NPK  Hairy vetch Latex-Coated NPK  Hairy vetch Latex-Coated
+N fertilizer Urea(LCU) +N fertilizer  Urea(LCU)

Fig. 2. Accumulated N>O emission from soybean and red pepper fields by different fertilizers.

Table 3. Multiple regression analysis for contribution factors to N2O in soybean and red pepper fields (¥*p < .05, **p < .01; statistically signif-
icant at 0.5% and 1%)

Crop Factors Standardized coefficients (3) ~ Pearson correlation coefficient (r)  Contribution rate (%)
Soil temperature (a) 0.104" 0.658" 152
Soil water contents (b) 0.144" 0.710" 19.2
Soybean  Nyminera (©) 0.689" 0.865~ 65.5
Multiple correlation coefficient (R) 0.837
R-square 0.718
Multiple regression equation y=0.028a+0.024b+0.025¢ —1.934
Soil temperature (a) 0218 0.764" 220
Soil water contents (b) 0.288" 0.859" 28.8
Red pepper Ve (© 0.492" 08917 512
Multiple correlation coefficient (R) 0.869
R-square 0.756

Multiple regression equation y=14.107a+49.242b +6.178c — 84.089
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Table 4. Yield, fertilizer utilization efficiency and N>O emission of soybean and red pepper fields from treatments

Crop Treatments N sour_c]e Yield_ ] *Fertilizer use N0 emissig)ln
(kgha ) (ton ha ) efficiency (FUE) (kg NoO ha )
PK 0 1.12 0.35
Soybean NPK 32 2.32 375 0.982
NPK + hairy vech 32 2.25 353 0.54
LCU 32 2.95 52.5 061°
PK 0 9.81 0.35
Red pepper NPK 190 16.38 34.6 24352
NPK + hairy vech 190 16.20 33.6 1.03
LCU 190 1831 447 117

*Fertilizer use efficiency (kg unhulled rice yield/kg of applied N): (Yield in respective treatment - Yield in PK)/(N fertilization rate)

of tigt 3719 S@Hs (FrIHAE, ESrEdE Y
2E)o] &) FolA 71.8%, 13 75.6%S AP 5
o N0 & EG2E, EdrEd®d 28 77
29 A 2435 A, FollAl Z 0.658™%,0710%* 18|12
0.865™*, = 0.764™*,0.859** 1811 0.891"* 22 11
T2 foste] N0 HiEZol| 2 9FS F= A2z YE
Wk NoO Hij&ol 932 vA= 8902 FolA F7IEHE
£(65.5%), EFTESF(192%), EFLE (152%), 213
aFME FIIHEL(51.2%), EFTELT (28.8%), B
FLE(220%) &2 YEHoH, & AE 2% 7|4
o 7199=7t 7HE & ALz YEd N0 HiEel 7H 2
o] nx= Ao Z YETh. Arone and Bohlen (1998)
N0 Hj&F EY +E2dddes 3o AuaA7E Ao
519121, Dobbie ef al. (1999)2 5 AFEMHE=2] N,O
HlEapo] AT Z1F Holo] BAGle] EGFSEY 2
AT WAV Ak S TR YL, EPRE, B
Ee ¥ EYA N0 vz 7 9%FE vA= 890
T} (Davidson et al. 1993; Parton et al. 1996; Wagner-Riddle
et al. 1997; Lemke et al. 1998; Frolking et al. 1998; Jones
2007). Hellebrand et al. (20082 32t 3 5 JAA2E
NA N0 MiEF} B4 5 F7]s8 490 NOs -N& Ao &
WHAZF Q1o NOs -No| 21 N,O &%= Wk 3t
STt o9 o] QI9jH o2 o] EVsT EY2EE Al
fsta W BEgFo|A] LATIAE AEE7] AdiA = NoO Hi
S 2 e F= BTy FUIHELRS} BATE e
A2AMFS 2HFO2H Thssitia AZET Al 7HA] &
A & NO HiZol 7H¢ A IS vAE= 292 #7153
A (F 65.5%,512%), EFTESEF(F 19.2%, 13 28.8%),
EFT (F 152%, 13 220%) <22 YEYL &, &
71 E27F NoO v ol 7HE 93FE nA= 8oz 74
H3lom, NoO HjEel 7]ofsk= Al 7H4] 84 § EY2E
7F NoO vl tigt WA= 92 WYt o= 154 F

koo of B>

Aol A N0 i Eol| 2 S FE 2902 Frg - ko]
o o2 EFFRodtte A8 A7 Axtet dAsAt
(Kim er al. 2010). Iserman (1994)2 %732 £k A 7]
2 &= oiEtE A9 F 712dl 81%7F AAH| R 9
3 WjESE T sttt 5AA EgolA] otitstA A wiEe
Aibstzbgoly g Azg 5 AESHQ o] M} Fa
oo, EqFo] Q45 A 88 1§ 949 VTl R R WEEE
NH.&= 3H8Ha 23982 A3kt <3 N.O™ 2k NOs
2 AStE| T o] gt AAstArg-o] o7 AAS FI A3t
82 A2 E &3] N,OY NOE uj&3tt} (Firestone et al.
1989). @ATFE 3FWol AR 8A7F datst S 5
3 ALASHES 0|83k N,O2F No& Hj&3tth(Davidson
etal. 1993). 1 E2 E9F U] Zrgds TFL 2A3)
el LcuanA a4y EdH|RE A|85to] ofiksta A bl
EFE £ 5 e 5LE /YT 5 Qo

Table 4= F3 13 o)A vEIFdE A0 E
o] 8a5E&E Yehd Aot £FL i FAFAA F
©] 1.12 & ha' 281 13 981 & ha ', NPK A4 T
232 E ha ' 283 1% 1638 E ha ', NPK + 3o} 2] H] ]
e|of| A F0] 225 E ha' 283 13 1620 & ha”',LCU
ERA AN EHE Ao F 295 F ha | 12 2
% 1831 E ha'2& 7} &gttt AAH|E o] LELA
T LCUARA| A EFHHR APollA] F 5259 115 447
2 7 =9t NoO W&ol M= LCUR A A4 E3]
F29} NPK +3ojgje 2] A oA Zpo]& Ho|x| ¢koror
S Aav|RolaE 181 N,O WiEF 52 T¢F
o7 AHEH LCURIAAY R A7t A 2
A oA 7MY 3 Ao R Yepyth I8ERE B
FU FrH AL 35S 2Es] 98 LecuaTA A &
FHIRE A g3t opiEtd A wiES Y = 9e 59E

71HE = Ao
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¥ 2

Az AujAlo] dav g 77124 FojHA 11
LCUERA Y EARE § ALsFUEE B A&
3t NoO Hi S0l 9 F= 8UAS9 E4e AR
283 I 850 NoO Hi &l drtt g3 +
A

7tA S ANE SEH R Hrkstat

N0 #i&o] S nAe 82U EY2E, B4R
F718 A A Folt}. o] Al 7FA] 891 F N0 HiEl| 7 2
A FFE A= 29 FIIHELE(F 65.5%, 51.2%)>
BB (T 19.2%, 113 28.8%) > EFL T (T 152%,
I 220%) =22 Yeigth 51 v Ro]-§a&2 LCU
AT QY EFHR A4 7HY =9t NoO &=
LCURIA A4 E3hu] 29l NPK + F|ol2]H| 2] A 2|oA 2}
o]F Ho|A| ¢rol FA A= I H|Ro|EEE 1
I Fe N0 HiEFHE B9 LCURTA A4 B3tu|g A
g7t 7HF st Ao 2 Yehgth mEka ko2 NyO Hj
2 AT £ e EY FEHE V& N a7 g
HH 2A7IA WiEAT o] =& d ACE 7
4= et
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