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Abstract ure group resembled those with no nitrogen treatment. In
conclusion, the experiment confirmed that liquefied pig

This study focused on nitrous oxide, a major greenhouse . . o
manure can serve as an eco-friendly nitrogen fertilizer,

gas produced in agricultural settings through bacterial ni-
trogen oxidation in aerobic soil. Nitrogen fertilizer in
farmland is identified as a primary source of nitrous oxide.
The importance of reducing excess nitrogen in soil to mit-
igate nitrous oxide production is well-known. The study
investigated the use of liquefied pig manure as an alter-
native to urea fertilizer in conventional agriculture. Res-

significantly reducing nitrous oxide production, a major
contributor to the atmospheric greenhouse effect.

Key words: Denitrification, Fertilizer, Liquefied pig ma-
nure, Nitrous oxide, Pepper

ults showed a more than two-fold reduction in nitrous ox- M2

ide emissions in pepper cultivation areas with liquefied

pig manure compared to that with urea fertilizer. The pop- ol A= 203 AR 100 73 AWk
ulation of Nitrosospira, a nitrous oxide-producing bacte- “*(Global warming potential, GWP) 7} o|akalErA TH)
rium, decreased by over 10% with liquefied pig manure. ok 3008 = 7] AR, 7159} QIS HIAT)= FQ
Additionally, nirK and nosZ, which are related to the de- QQlo|th1-4]. oMtalAAE Ao % A g ol ubga)7)
nitrification process, significantly increased in the urea WA JZPoM= Uvel a8 A A(nitric oxide, NO)
fertilizer group, whereas levels in the liquefied pig man- 2 AslEo] 9FS AT AT ABRS Flo] 9E=S
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EoFoA] FelEe o AE kst ARE WAE =
o, V|2 WEHe oMtk Ae] oF 57% 7} Fgg oA
Astar glom FAA R ohet 54 el E o
Foz WAYATHO-11]. oprtshd s Tk dAtst 8l &
s} ol B Aanlg, B AME, 7, 28a 7]
o] Aitsl 9 @43l Ao Fosk gk XA drt
[3,12-15]. 53] FHEENA HestA AREEE AAnlss
oPteAE diFe R AIATI 28le] HaL 9lH{9,13].
3 AN deposition)©l] <8l th7] 52 Aaghgh=o]
Ao R s FAwEA dgwke] Fkeh AAHE e
2 ies s o] W 80-100 kg N ha'
ol ol27]% Fhi{16-18].

opitstd e TR EQF nAE] o dakddo] gAnkS
S 53 Aavks A 4 (Denitrification) ¥} ©|5}4 At
A%Hel(Dissimilatory nitrate reduction to ammonium,
DNRA)S &8 ahvo} A4 dgela] dlehs Aow &
HA AtH19,20]. + AR EF FAkdo] Sl & yow
o] mAE A, Aks, i, AAY] s, v vk
4 EY AT T ThFs B 38 Q4E0] 9Es mRY
[20]. EAHES-S A A(nitrate, NO5)©| oFEAFA(NOY)
AH AA7PAN)Z SHAT]= F71A wke-o
ghel 271oA] AR A(NO) 9F oMibebd A 7k SHIE 2
groh= A=olth21,22]. BnES- 2 Ale]l Hojshe At
2 narG, nirS| nirK, norB 2 nosZ 5°| 44 o 7t
7} Ak gl & A(nitrate reductase), oFEAFISH & A (nit-
rite reductase), AF3}A 4319 § A(nitric oxide reductase),
78] 3 oPkebA A3k & A(nitrous oxide reductase)E T
gt optsldAE 23 Al F42 EY vAdE
59 2ANg I 754 ARk EA 23] 9 ol &2
2 2jo][24,25], HElE G50 A Ajel[26,27], 7 B
a40 S Wellshs 844 211[28-30]5°] St gz
oA nitrous oxide reductase®] o] A HH o}its)
A48 whAo] ZZ1ETE DNRA g ollA] opitksld A 3he)
378NN FakesR A Th 7 GAR o7 o] HEefA
1A Al A sda sl ot opAakd e Aol
T 1A GAlE ANEZE ¢ oAk # 8 4(Cytochrome ¢
nitrite reductase, ccNiR)®l| 2]+ $FE Lo}z 2] H3lolt). o]
WA= 54 delgopt @714 Z2edlA AkaE diale)] okl
et Ax; FEA R ARESHA = RESo|th DNRA

A9e
98 Befola] ol54el AAPES FatE AR P
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202 ABFOoRH EY] AT RAIEE Fi A4
2 so] AalAle] ABEC) Ak F4E FUL 5 Y L
g oA

3t 715 3H31-33]. olE 5o Ad v 99 EY
DNRAT: A9 BE ZAS dryolz Hgts)
Eofe] HESHE oe-g $Hr34,35].

At o7 AR E A AE A8l sk A
H 57} 355l 2] ARSSaL W ofite] AarEd A
o, obdAN, oibalA A, Aavks B ekt AAgE R
gxjo] BoF 8t @ o7 RFEHTE TR A TAsHs ok
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EAYA FF 715 AAST FHE Az e =1
A THlE g AR #42 VEER
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gtalo 2 FARFI o, $EE5S I Ak
oot o 7 Fjete] f A3t Sek=n WA ICP
Perkin Elmer 7300dv, USA)Z #4133t}
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EY 3etdE 24
B S Al sEXEH Y] B 9 AEA s8]
A FIITHRDA, 2000). E9F AlgE 4 A% § 1
Al A 15 A4 $ 2AF TES HFete] A elA

2 mm AE HA FAEITE Bkl pHI A4
EE(EQ)Y] A9 pHE EY 5 goll THS 25m= 8]4]5}]
(1:59) ©]2A=H(ORION VersaStar Meter, Thermo,
USA)2.E, EC= EC meter (CM-30R, TODKK, Japan)=
SISk 718 =2 Tyurin], = ote] - ke 2
2% Kjeldahl 54, & 141k Lancaster'l], 2|3 o]
& 74, 24, vEdlsS IN ORI EARIEH(CH;COONH,,
pH 7.0) 580 JEato] FraddEetzrt HdA
7|(Integra, GBC Scientific Equipments, Australia)E At
g3t S5
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AlH|2F M

A8 A ERNATE 253 REHA N X7
9l FEG) sl B YA Al
AT Qa2 7R sl 28-S 33 A
ot} A=y Ao ek dn) AR BAANE o] sl i)
o etk Al A A5
2 At

27 717102 83

°] 30 em?| ¥4 A71E A8kl
T A AR o 5] F 3001t A Pol B AE
EAJ8EL 50 mL 850 FAP S ARl 247
Aot A v EATE 2405 7 AE(A 4 55%)
oP 3 Al AA daheTwe] 1/85 Ae A9 14 1t

OF 27 $HE 17 HoR oRsHAE xFlste] 4
s }iiﬁ}. A% 7kA~E GC-ECD (Perkin Elmer, Clarus
680)% A13Flth. A7 HayeSep Qo AHEH I 4
T, A9, A4E7] 258 247 150°C, 50°C, 300°CE A=
At} 71AI0|FAA OB FAE ALTIARE ooE AMRS}

7 3E

2 % e
A 50 FEel] v
& 1282 7¢), 22K8
4 31%), 32H10€ 4%) & 33] &5 vprelst $ A4 -+
S vl
AEH 27N 2N
HEA AR 70°C 2ol 724 Az F w4
of ARgslnh A HEAEC AR 0.5 g& HEsto]
CN H94#47](Primacs SNC-100, Skalar, Netherlands)
£ 28 900°CellA disl wA4eklaL, v A AR A=A
EHNHNO:HCIO, = 85:15) 0.2 F2 Fa & EA3A
t}. 914k Vanadate] 02 EA519 1, 2|3 ool Z-F
< FEATZT=A 23547 ](Integra, GBC Scientific
Equipments, Australia)E AH8-3t] 573I5it

Table 1. Analysis of soil chemical elements and factors

e|2|or ZEEM

weE]ol IS Sl EdoR oA 257] W
EE R A 39§ ZEE ARSI o 500 mg
=l NucleoSpin® soil kit (740780.50, Macherey-
Nagel, DE)2 AH3lol DNAS F%319lch %% DNA
£ TY2E 319 165 rDNA A primer 16S V3-V4
forward (5-CCTACGGGNGGCWGCAG-3')$} 16S V3-
V4 reverse(5-GACTACHVGGGTATCTAATCC-3) & %
ZFE9lth 5% PCR b AETietal AA) A8 <
T-AIElellA Bacterial 165 V4 gene amplicon sequencing
MEIAE Sl ZAESI 24 E AlEA R EHY 7t

Qiime L2135 3l 483l

Hiej[2|0f HIEFXK|L=BlA

A EF AFoH F5H DNAS FHO =7 319 o3}
A A W Aol BoJsh= AR nirS (nirS_cd3A 5'-
AACGYSAAGGARACSGG-3’, nirS_R3cd 5-GASTTCG
GRTGSGTCTTGA-3), nirK (nirK1040 5-GCCTCGATC
AGRTTRTGGTT-3’, FlaCu 5-ATCATGGTSCTGCCGC
G-3), 181 nosZ (NosZ-II-F_Cladell 5-CTIGGICCIY
TKCAYAC-3’, NosZ-II-R_Cladell 5-GCIGARCARAAI
TCBGTIRC-3) +AFE i 5] o] & o]gaf] PCR
553131 DNA 7195 &8 daE gl

my

2t Y o

WH|IE ALZEH 15 WollM StEHMHE 2N

AR FALTCFAET), e 38 AT(es
B A2, =wolatdu] Al ATl s ﬂ
2] A Aol B SRS ZALSSITK Table 1). £
HE AETs 58 125 Aol AlulEE w3 AJu el w}
et 71m] 13], 1] 33| = Aujsigltt. Au] AelT-e] A9 4
ZHIE 78S AT okl AR FHIE 83l Lhd AW
ow olbskd A A 13 AL TS A Frstazt
S3lth Aa AR 1A Adfel oJabd ww Al A oo}
] A= 2.0442.62 mg/kg, DA AAE 12.7144.53 mg/
kg 507 TAH B ST ARE wEoR B

Ex Cation (cmol”/kg) NH,"-N NO;-N

K Na Mg Ca

(mg/kg) (mg/kg)

Avg 5.48%0.30 0.45+0.13 1.41+0.29 56.08+23.8 0.59+0.10 0.21+0.06 2.64+0.56 4.01+£1.21 2.04+2.62 12.71+4.53

No N 6.19+0.46 0.25+0.09 1.56+0.47 80.09+23.7 0.30+0.10 0.06+0.03 2.00+0.15 3.14+0.98 8.85+5.94 3.29+2.16
Urea 5.59+0.53 0.78+0.81 1.73+0.82 79.71+45.0 0.38+£0.26 0.08+0.04 2.16+0.61 3.46+1.34 5.65+3.72 36.32+28.1
LC 5514055 0.61+£0.13 1.50+0.08 78.15+17.3 0.42+0.22 0.14+0.03 1.86+0.66 2.79+1.06 6.06+5.51 13.2449.18

(I:5)  (dS/m) (%) (mg/kg)
Before
treat
After
treat

Each elements were tested before and after the treatment of fertilizers. The values of before treatment is the average
of all testing soils. The variation of each values indicate the standard deviation(+SD). No N, Urea, and LC indicate no
nitrogen treatment, urea treatment as nitrogen fertilizer, and liquefied pig manure treatment, respectively.
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Table 2. Analysis of soil fertilization amount

Nitrogen Phosphate Potassium

(kg/10a) (kg/10a) (kg/10a)
Fertilizer appliFation 105 243 119
before planting
Fertilizer application 86 0.0 79

after planting
Total amount 19.1 243 19.8

Soil fertilization amount was calculated based on the soil
chemical composition before fertilization shown in Table 1.

A% AMEE AFESSlaL, A4 191 kg/10 a, QIAF 24.3
kg/10 a, 2] 19.8 kg/10 a 5o AHEE It Table 2).
FAE Tl e Yol Al Ak ATt 247t 8.85
+5.94 mg/kg, 3.29+2.16 mg/kg® ¥AlEo] 1Fo] g
E¥e AAt FEo] AA A Zo0R vt 84
H| 5 AelTrellxs r e Aagl Aate) A7t 2 5.65
+3.72 mg/kg, 36.32+28.1 mg/kg o= YR} HlE Az] A
of vl Z}z} 2n), 39 F7e Ao ® et oin] AE]at
M= ki ole] Aot Aate] Aavt 217} 6.0645.51 mg/
kg, 13.24+9.18 mg/kg 0.2 YR} Q4H| 8 2]+l nvld)
ol—l:n/]o].\q] ;(El_/}_t \;1 u}o] :ﬂg ql—gqi x]iﬂ] ;(l/k‘; ol: 35%
T Ao® UEpth o= AAHsE AEap] de Bk
oA 4% AaE] AT v|sg FFoln) ol2fg A=
Eojal 9l g 25 Ao R 8ﬂ°ﬂ Lhro] #HE Ao
2 Ahhe AAme] dgto] oAld A Y7

ZF WollA OfAtSHEIA bzl ZEA
A2 E FAET, Q405 AT, HH] HETelA] of
< HlwatlthFig. 1). HIE A2 $ 45 Al oF
b A dARe] 37 Fkehs Ao S 53] &
¥R APTelM= 52 309 e oRiksd AT oF 5,000

>~

ppb T STFISIAINE 22 A7) S A2eh AT
M= 2F 600 ppb (52 30Y) FEvt SAH o] Q4nR 21
27 ] 20% <] AR AEEITh o] 799U A &

A57F A A7l Bl g QAR E Aol oF
3,500 ppb 0% opitald v} %-“&‘ st oLt o)zt Ae
| Al ok 1,500 ppb (7€ 209, 28%) o2t
uPstel QA ATt o] of 40% T oprksbdAn
HEH A ol2lgt Ayk= HuE IR BAlshks HlEA
Wajo] opital A WS Atehst] B a7t 9l
& HolErh o] 8 Al Qanse} g o]
F 1= B Aas Ef:; atal glo] 71 FEQl ¢
UQO].EH A = Aakg] A 7‘<_§]—o]»——l}]] A7l AQF]
0@1 2R E A2l wls) &
7] ALk A e
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Fig. 1. Nitrous oxide gas determination. (a) The amount
of nitrous oxide gas generated was observed periodically.
(b-d) Rainfall, soil water tension, and atmospheric temp-
erature were measured and displayed during the relevant
period. The displayed error bar indicates the standard
deviation (SD) of three measurements for nitrous oxide
and soil water tension, and the highest and lowest temp-
eratures of the day for atmospheric temperature. No N,
Urea, and LC indicate no nitrogen treatment, urea treat-
ment as nitrogen fertilizer, and liquefied pig manure treat-
ment, respectively.

OHH| AME 1Fo| MEE B
A, eavs, a8 o
v Wi tHFig. 2). 247 2%, ]
Qg ATelAls FART ﬂ%ﬂ] - foet =

747 77301 47 10.1%, 104% S7Fe 202 Y,
FARE Golst 207 579% F7H3th An) AHETE x
g, 747, %73%0] 27y 13%, 9.4%, 4.1% 7}k Ao g
EPttH(Fig. 2a-c). A4 AP tin] AAH| 5o FUtE
gt FFe] aF o] AEEGon 53] 44 ]

o
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(@) (b) © (@) (b) (©
120 g2 £ 30 . 600 60 - 700 -
v £ k% kK < |
_ 100 E 15 _§ 25 500 u 50 1 600 ™ I
E 80 3 S 20 ) I 210 | g 500 1M
S p 5 E 400 £ " E 400
£ 60 & 10 B 15 = - T30 2
3 2 b 3 300 3 3 300
T 40 = 5 g0 Z 200 o 20 - ~
£ £ s 200
20 < ‘é, 100 10 A 100 A
0 A - 20 A 2 O 0 0 0
2 O > O i i
SV S ¢ SE Y é\sé‘b & e&dsp & é&o@fo &
(d) (e) (f) ; ;
| B Leaf H Stem Root Fruit (red) ® Fruit (green) |
800 - o 100 550
*k kk =3 . . . .
3 - = 80 7 a0 Fig. 3. Comparison of nutrient absorption by peppers. The
g 600 1 < 7 f ni hosphoric acid d -
S < 70 amounts of nitrogen (N), phosphoric acid (P), and potas
" 200 ; 60 ? §3° T sium (K) absorbed by pepper were measured in pepper
z | 3 20 ? £, | leaves, stems, roots, ripened red fruits, and pre-ripened
£ 20 | £ é E green fruits, respectively. No N, Urea, and LC indicate no
2 =20 ? S 10 1 nitrogen treatment, urea treatment as nitrogen fertilizer,
0. 0 7 0 and liquefied pig manure treatment, respectively.
$ Q@’D N $ Q@'D N $ Q@o

Fig. 2. Comparison of vegetative growth and pepper fruits
harvested. The vegetative growth of peppers treated with
no fertilizer (NT), urea fertilizer (Urea), and liquified pig
manure (LC) was compared. (a-c) To compare the vegeta-
tive growth of peppers, the plant height (a), stem length
to the first leaf (b), and stem length to the first branch (c)
of peppers were measured and compared. The wet weight
(d) and dry weight (e) of the harvested pepper fruits were
measured, and the total number of harvested fruits was
counted (f). All measurements were performed on at least
10 peppers in each 3 replicates, and the average was cal-
culated. Error bars represent standard deviations (SD), and
significant differences were indicated through t-test stati-
stical processing (*p<0.05; **p<0.01). No N, Urea, and LC
indicate no nitrogen treatment, urea treatment as nitrogen
fertilizer, and liquefied pig manure treatment, respectively.

A F(wet weight)(Fig. 2d),
13].1_ ‘r:d' H 1

A5 dry weight)(Fig. 2e),
F N5 (Fig. 2e)2 S4st A¥} =2 9]
A 2ol A —’Fﬁ d 1S FAE T vlE) st o
2 Z7Her QAans AHetel & AolE HolA| igith
BAS SoMe 23818 24ns At nlal folg
o7 T7H FAE Bl ole oﬂqu] N7t S7het
Az io%xwﬁg 2d and f). IFE FTE RS
o, =71, 5, drfelld 22 S A3} e s A2t
] Hglgrellxl= FAE el vl A AT o B A
&, <, 2ol Zﬂﬂ‘ﬂ , 53] A3} E710lM A STt
S B, F47 A7 H]ﬂoﬂ’\i FRIFPH H5e] 27 I¥
A7 22 §q~— RI3ISITHFig. 2a-c and Fig. 3). 9H] A
el QAN AT up] A F24 15 ol
A AL, AL 2 Al 7 At B S S E 0] )
HelT-e) vl gk Sl 2 thA g ERlE 4 9
THFig. 2d, 2f and Fig. 3). AA| 0% =& dH|:= 3L

FFIgH A Fs] Sxlete] # glehls

o)

o 10 39

20 3o

S Uehygley. o) i ol
Argol F7HE A1 v
éii}ﬂh /\17&01 &iﬂliﬂ AEUoks AA 2Ashs =
1F7E AEH R BV AT

&4 l%o}ﬂl 5401 1% *M}O] EH 9T, Ea 24
%oy pora v Ao B ] W] At %
ol5o] BAstE N B¥ Aawo] AijHos Fols
WA optaldae) 4 Ao A7k

N ot

oX jﬂ

OHH| A2 115 Zof|lA HiE|2[0o Z2E 24

A, 9ans, Jgan 9] Aol e E]o} i3
o] W3ls WS HFig. 4). 165 tDNA @719 #4918
B TR Ay, Al el EEE TP B ES
wre2lol=  Bacillus, Staphylococcus, 11l JG30-KG-
CM45_§':_OE E}Hﬂoh:]. SAEE 0]5 FQ tﬂ—E]a]o]-——O
SHE EE w90 AHA 2 ’2}‘41}—1‘{ AfrEelA
T ztelE YERA] sttt 16S rtDNA 44k 745 7
O 1000-100009 Aol & &5 veelols Mz efdE 2]
o= YISl (Fig. 4a), & 5 10% °1d Ael& vrehd]
+ Hlglol &5 wE ERste] EAIFTHFig. 4b-e). $k8H]
5 FEQI 2408 AYA| F7het Btee|olks Haliangium,
Cutibacterium, BC2-11_terrestrial, Gitt-GS-136, TRAS3-
20, Stenotrophomonas, Nitrosospira%. WWEFsxoH, 10%
oA} 7143t vre|glol= Pseudomonas, CCD24, Pseudo-
nocardia, Agromyces? EFSITHFig. 4b and c). 3 =
B IS Aest FelAnt Sk Brelloks KD4-9%, JG30-
KF-CM66, Vicinamibacteraceae, RBG-13-54-9, Solirub-
robacteraceae, Planifilum®|3 2™, 10% ©¥ 7343t vl
glol= Steroidobacter, JTB23, Acidibacter, WD2101_soil,
Allokutzneria, Hamadaea . +-*=|)tHFig. 4d and e).
o|F % Nitrosospira %> R0} Abslt o2 deA] glo
o oMitstA RS sk Bdst el dofshs e R o}
& deA ok QAnEE A FolX Nitrosospirat
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Sphingomonas

(a) Gaiella
TK10
Haliangium
Candidatus_Obscuribacter
Blriid1
Streptococcus
KD4-96
Steroidobacter
67-14
Pseudomonas
JG30-KF-CMé6
C0119
SBR1031
MND1
Cutibacterium
CCD24
Escherichia-Shigella
Vicinamibacteraceae
Polycyclovorans
Shimazuella
Sporosarcina
Pseudonocardia
Tumebacillus
Paenibacillus
Streptomyces
Burkholderia
Pajaroellobacter
Lysinibacillus
BD2-11_terrestrial_group
RBG-13-54-9
Gitt-GS-136
TRA3-20
Clostridium_sensu_stricto_1
Skermanella
JTB23
Solirubrobacteraceae
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Fig. 4. Analysis of changes in bacterial communities according to fertilizer treatment in pepper cultivation soil. Changes
in bacterial communities were observed through 165 rDNA analysis 3 days after fertilizer treatment in the non-treatment
of nitrogen fertilizer (NT), urea fertilizer (Urea), and liquified pig manure treatment (LC) groups. (a) Bacteria discovered
1000 to 10000 times through 16S rDNA gene analysis were arranged in order of dominance. (b-c) Bacteria that increased
(b) or decreased (c) by more than 10% when treated with urea fertilizer are indicated. (d-e) Bacteria that increased (d)
or decreased (e) by more than 10% when liquified pig manure was treated are indicated. No N, Urea, and LC indicate
no nitrogen treatment, urea treatment as nitrogen fertilizer, and liquefied pig manure treatment, respectively.
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Fig. 5. Analysis of denitrifying related genes. Changes in
denitrifying genes were observed by amplifying nirK; nirS,
and nosZ genes in the non-treatment of nitrogen fertilizer
(NT), urea fertilizer (Urea), and liquified pig manure treat-
ment (LC) groups. The amplification of 16S V3-V4 gene
was shown as a control gene for equal DNA amount used
for gene amplification. No N, Urea, and LC indicate no
nitrogen treatment, urea treatment as nitrogen fertilizer,
and liquefied pig manure treatment, respectively.
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