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ABSTRACT

In the agricultural sector, greenhouse gas emissions vary depending on the interaction of all
ecosystem changes such as soil environment, weather environment, crop growth, and
anthropogenic farming activities. Agricultural sector greenhouse gas emissions resulting from
many of these interactions are highly variable. Uncertainty-based evaluation that defines the
interval with confidence level of greenhouse gas emission and absorption is necessary to take
account of the variance characteristics of individual emissions, but research on uncertainty
evaluation method is insufficient. This study aims to decide on the effect of reducing N,O
emissions from wupland soils wusing an uncertainty-based approach. An uncertainty-based
approach confirmed whether there was a difference between confidence intervals in the S
different fertilizer treatment groups to reduce greenhouse gas emissions. Unlike the
statistically significant test with three repetition averages, the uncertainty-based approach
method estimated in this study is able to estimate the confidence interval considering the
distribution characteristics of the emissions, such as the dispersion characteristics of individual
emissions. Therefore, it is considered that the reliability of emissions can be improved by
statistically testing the variance characteristics of emissions such as the uncertainty-based
approach. It is hoped that the direction of the uncertainty-based approach for the effect of
reducing greenhouse gas emissions in agriculture will be helpful in the future development of
agricultural greenhouse gas emission reduction technology, adaptation to climate change, and
further development of sustainable eco-social system.
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Table 1. Physico-chemical properties of the upland soils used in the experiment

Ex.cations Soil
Crop pH OM Av. P,0s EC NO;-N
Ca Mg Na texture
1:5 g kg'! mg kg' cmol, kg'------ dS m mg kg
Hot Pepper 5.1 9 250 0.32 53 2.0 0.12 1.99 155 Sandy
. Loam
Chinese 0 9 213 036 60 21 026 073 7
cabbage

Fe]Hor 245 3] AL EA4S el B
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uH| Soln, FejHor gH Bt ot 3
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Table 2. Amount of fertilizer (N-P-K) application in the experiment

(unit: kg 10 a™)

N PzOs KZO
Cro Treatment i i i
p Total Basgl Sld§ Total Basgl Sld.e Total Bas;.il Sld.e
dressing  dressing dressing dressing dressing dressing
SF* 22.5 12.3 10.2 11.2 11.2 0 14.9 8.9 6.0
FO 0 0 0 0 0 0 0 0 0
Hot NF0.5 16.3 6.1 10.2 3.05 3.05 0 9.05 3.05 6.0
pepper
NF1.0 224 12.2 10.2 6.1 6.1 0 12.1 6.1 6.0
NF2.0 34.6 244 10.2 12.2 12.2 0 18.2 12.2 6.0
SF 32.0 12.8 19.2 7.8 7.8 0 19.8 11.8 8.0
) FO 0 0 0 0 0 0 0 0 0
Chinese g 5 25.6 6.4 19.2 3.2 32 0 11.2 32 8.0
Cabbage
NFI1.0 32.0 12.8 19.2 6.4 6.4 0 14.4 6.4 8.0
NF2.0 44.8 25.6 19.2 12.8 12.8 0 20.8 12.8 8.0

* SF(Standard Fertilizer), FO(No Fertilizer), NF(N-(n-butyl) thiophosphoric triamide-treated Fertilizer)

& 25em, £0] 45em)E Al 3HHEC2 HA|sto]
Z 23], w8 24 10~11A] A}o]o]| Mininert valveZ}
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AR A2 S W] 9] FAL Sl 122
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SA] H22EQ} 308 F LrE V=5 on, W
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valveZ} Z-2FEl GC-ECD(Varian 450)2 245190
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b Zpol7h frefshtal AT
2 Aol M A-get S8t 4’ A
IS vt Aok 7 A2t W 3Rk (e, b,
o)ollA 4T N,O HiET Fi= ZF JHHoA] 4b=3t
NoO &l tigt 22 Eq. 29} o] AHYsal
i, A A7 17 F2He] NoO & Abzef o3k
FEFHAKs), FRA7|Z 2 Aol izt Bt v
Foll disl EE=2He(u(a), ub), u(e)E AP
(Eq. 3 and Eq. 4). F A2|7 Wi HA| Ht N0 Hi&F
of tigt e HEEE uF)= 471 %Hli%oﬂ Al
=3 Huf 2o LAske] Z; JYefofA Ayt
N0 Bt &gl gk A=AE-84 ez D
FEFEZE(u(a), ub), u(e)E & g AlEd
HF dete] Fo) Alas Fste] FSHAtHEG. S).
ok A2 uf AA Hat NzO vl et SEst
Z(U)E= A&S FAAEFEST uF)o] ZTRAA}F =
w5to] APYRITHEq. 6)- 4714 ZAAL k= S
ES Ao ® TdEe AF Y aE(Ee 2EE
CL)ol ket s, & AtellAd= 95% Al=e] o=
ol EEESE ul)o] iRt 30 opel FEA
FE(dDE ALEste] t-E3E Fh(t-value)ql AR 2.0
£ o83tk 95% AlFAIHEE TN A -
SFehS 2k Aot f AA| Bt NoO siEde] Batak
(Fezie P =U)E 7Hsto] At
(Eq. 7 and Eq. 8).

L_

F :%(a+b+c) (Eq. 2)
5= [T, (= @)
N -1 where x = a, b, and ¢ (Eq. 3)

-
u=—=
VR where x = a, b, and ¢ (Eq. 4)

u(®) =3 J@P F RO+ @ (g, 5

U(F) =k -u(F) where k = t-value(df >30, CL

95%) = 2.0 (Eq. 6)
Upper limit = F + U(F) (Eq.- 7)
Lower limit = F - U(F) (Eq. 8)
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A2 3351314 2 (Global Warmlng Potential, GWP)
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NBPT 3hg E3H|E AJH]GL NF0.5 307, A4 F32A]
H] 7] 108 s=F NBPT i EgH|= AJH]-
NF1.0 1,167, 384 EZA|H|TL SF 1,431, A B3
AlH] 714] 2.08) S NBPT gh- Egku]= AJH]+
NF2.0 2,928¢gN,0 ha'! 4202 AJu|eF Z7}of v]s}
o Erew, uiE Aufigt Feke] A dsAy e

(Global Warming Potential, GWP) 2.2 Ughd CO,
T 2ANS e asEslas AR
NBPT & E3hu|g 4 7]8] AlLeF 0.54), 1.08)
S vlE Aol A EEAIRS thH] ZH2E 79%,
18% 4%t A& H K Table 3).

Table 3. Evaluation of the N fertilizer application on N,O emissions and its GWP(Global Warming Potential)
by treatment in hot pepper and Chinese cabbage cultivated field in 2016

Daily N,O emission

- 1 -1
(@N>0 ha'day™) Total emission (gN,O ha™) GWP (kgCO, ha™)
Treatments - - -
Hot pepper Chinese Hot pepper Chinese Hot pepper Chinese
pepp cabbage pepp cabbage pepp cabbage
SF 26.0 24.2 3,531 1,431 1,095(100) 443(100)
FO 5.8 2.9 783 171 243(22) 53(12)
NFO0.5 13.5 5.2 1,830 307 567(52) 95(21)
NF1.0 20.7 19.8 2,809 1,167 871(80) 362(82)
NF2.0 66.6 49.6 9,055 2,928 2,807(256) 908(205)
e ——sF —F0 wrainfall @ 7"
NFO.5 ——NF1.0 L oo
1.00 NF2.0 —a—air temperature .
80
% 080 I o
g 2 % L s E
.E 0.60 % rse =
E 20 "é o 5
% 040 ; L2
4 15 F 20
020
I L 1o
0.00 = a: - el | 4o Ly
5 15 26 36 46 60 69 82 920 104 113 124 139
DAT
os0 —\—cF —e—FO = rainfall 1 3° L as
045 ——NFO.5 ——NF1.0 (b)
—s— air temperature | . L ao
E 0.30 | é = g
E s 25 —
_E 02s 15 E :E
E 020 % 20
= B

Fig. 1. Daily changes of N,O flux with different treatments, air temperature and rainfall in the hot pepper
(a) and Chinese cabbage (b) cultivated field in 2016.
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Table 4. Evaluation of the N fertilizer application on total N,O emissions and uncertainty in the hot pepper
and Chinese cabbage cultivated field in 2016

(unit: gN,O ha™)

Treat N,O emissions in Hot pepper Uncertainty
-ments a b c F u(F) U(F) upper limit lower limit
SF 5,866 2,397 2,329 3,531 8.74 17.81 3,549 3,513
FO 1,073 311 965 783 2.13 435 787 779
NF0.5 1,038 905 3,548 1,830 7.27 15.02 1,845 1,815
NF1.0 3,058 2,720 2,649 2,309 6.40 12.98 2,822 2,796
NF2.0 8,953 5,938 12,274 9,055 30.09 61.20 9,116 8,994
Treat N,O emissions in Chinese cabbage Uncertainty
-ments a b c F u(F) U(F) upper limit lower limit
SF 1,917 829 1,546 1,431 1591 33.16 1,464 1,397
FO 155 115 242 171 1.23 2.55 173 168
NF0.5 342 355 223 307 2.43 5.05 312 302
NF1.0 727 2,153 620 1,167 12.26 26.08 1,193 1,140
NF2.0 4,334 902 3,048 2,928 27.04 56.93 2,985 2,871
T 2MTA MY EI ARIEUE) FA AUE 1Y NO Bt el

BEAAS} REUR A AGE RIS ol §
sfo] 243t 2 BH9| N,O Bt HjEe] BEe}

e u(F), 95% A12]|9] oA 9] SFESE U(F),
HEozie SHEshe B doldl Al sl
TRHALE T2H Table 49} o] Lehdeh NO 3
F ulETY AE BA0) FFH neEA 2R

7P =LA vt NF2.0 A 2|tollA] gFdEetert 7t
3 e, NoO Bt visdo] 245 2
STt ARE A Bt NO HiEE A &
] -5 B Rt o R AREE 2
295 2ke] Hato Apolof gt FAA ol
g AN Al 54 Hhshe SESE A
=3)] At sleHupper and lower limit)2] F27F1
2 ke Bl A o ok F 570 A v
HkEoll thsll NBPT 3 o8 Hou]= Al8{(NF)
A2 N:O ot HiEwro] vlal sl 384 3+
AJHI(SF) A 2]7te] A= 3ol 2= A] FaL, 54
of| NF #2]5-8] NO Bt Hil=o] SF #]2]512] N;O

> flo I

Table 5. Changes of soil chemical properties by treatment after 60 days after treatment(DAT) in 2016.

PH(1:S) NO*-N Av.P,05 Ex-K
' (mg kg (mg kg™ (emol. kg™)
Treatments

Hot Chinese Hot Chinese Hot Chinese Hot Chinese
pepper cabbage pepper cabbage pepper cabbage pepper cabbage

SF 48" 6.8° 120° 52% 343° 236° 0.31° 0.47%

FO 5.1%® 7.3% 16° g° 242° 205° 0.18° 0.27°
NF0.5 5.0% 7.1 53¢ 15° 261® 214% 0.21° 0.29°
NF1.0 5.2 7.2 159 50 270 227 0.34® 0.42%
NF2.0 5.2 7.2 196° 91° 347° 277° 0.41° 0.60°

* The same letter within the

same column means no significant difference at p<0.05 of LSD.
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Table 6. Plant length, stalk diameter after 60 DAT
and yield in dry weight of hot pepper after harvest
in 2016

Table 7. Efficiency of plant N uptake in dry weight
of Chinese cabbage after 60 DAT and Chinese
cabbage yields after harvest in 2016

Plant length .Stalk Yields
Treatments (cm) diameter (kg 10 ,1)

cm (mm) g 10a
SF 91.5" 14.83° 402°
FO 76.1° 11.95° 250°
NF0.5 86.2° 13.63% 396°
NF1.0 90.7° 13.86® 446
NEF2.0 91.7° 14.63* 463°

* The same letter within the same column means
no significant difference at p<0.05 of LSD.
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