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Effect on Nitrous Oxide Emission in Applying Livestock Manure
Compost for Strawberry (Fragaria x ananassa Duch.)
Cultivation in Plastic Film House

Lee, Chang-Kyu - Moon, Hyung-Cheol - Song, Eun-Ju + Choi, Seon-U -
Ko, Do-Young - Chon, Hyong-Gwon - Yun, Seok-In

This study was conducted to investigate the growth characteristics of strawberries
and N,O emission by treating the compost for each type of livestock manure,
which was an organic farming material, as a basal fertilization in plastic film
house. Livestock manure compost, which made from cattle manure, swine manure,
and poultry manure as raw materials, were applied to this experiment, treated by
mixing or single on the basis of nitrogen content with the standard amount of
fertilizer for strawberries. Total emission of N>O were 10.7% higher than those in
poultry manure compost treatment compared to the inorganic fertilizer treatment,
but 16.5~41.9% lower than those in other livestock manure compost treatment. The
period of N,O emission mainly was up to the 17th day after fertilizer application,
accounting for 70~87% of the total amount of discharge, and 13~30% of the total
amount was emitted for 158 days later. N,O emission was decreased significantly
NH,"-N content in the soil, and increased NO3-N. As compared with control, the
number of leaves, leaf width and crown diameter of livestock manure compost
treatments were not significantly different, leaf length of cattle+poultry, cattle+
swine, swine+tpoultry treatment higher, and SPAD (soil plant analysis development)
values of cattlet+poultry treatment highest. There was no significant difference in
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weight and sugar content of strawberry fruits among treatments.

Key words : greenhouse gases, livestock manure compost, nitrous oxide, plastic
film house
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BAA m2H 2018 2 vhet B E HAL 6,062 haol L, AHAHFS 183,639+
olom, 15 AAA] B L 5969 ha (181,894%), A A)Hl B 2L 93 ha (1,745%)°] 3]
ot AZEE B7)A] A3 557 haol AL, it 17,5080l o m, AlAAN] WA
555 ha (17,454%), =X A8 B2 LS 2 ha (45)2 RE A0 Aul= ot

2017d Syl L4712 FMEFS 709. 1M THE COseq. 2 199013 2922 THE CO,eq.
of HI3l 142% 713t al, & HlolUA] FofollA MiEE = 247F2% 204WRHE COseq.
2 FlEF9 2.9%Z A3 JATHGIR, 2019). FHEOkIA FE2 A= A7~
N,O2} CH 0™, N,O= Al 7F&38A] 45 (GWP; Global Warming Potential)©] CO,E.T} 3104
27t EAR Y &5l Yal F2 vEEH A, CHye 21HE 54 A wjl&S T/dH ol
A F@r)Z el Bal oA A B THIPCC, 1996). N,09 5 HiEU S 5 5o AH&3
 71EER 9 A4 v5o)H, Ao 238 7] &L 5% o] AoE dHA Tt
(IPCC, 2007).

Hols A HlEEE 2472 Fol7] 93] N,O 45 Zlsd MEAs AL A
TE 733t Ytk Kim 5(2018a)> 5ol EFARFe] A4 7|F o &2 F7]HHE 50%
o} slojul x| 50%E T8t Mg A9 izl vls] oF 56.2% A4S, Lee &
(2018)2 ¥A, T, v AAHVIAR ThE nlo] A5 Eol| A A3 N,O sj&7Fo]
81.8~86.9% A3t A T HA3IHTE Kim 5(2011)2 EFAIHHS 4 7|Fo 2 =2F
H 2 Al§3 Ay B8 F 28Tl Bls) 16.7~94.9% Z7}3F9 1L, Choi 5(2019)2 &4
7tz W& Al NS 98 Fr1Av s 4 VSR SFE FHEE 10, 20 Mghas Al
&3t A3} JtEEEH9 N,O HlEA15E 0.007~0.024%1 Ao 2 H 3§ T

SHAIRE N,O Hij &l tigh 7SR EH AT Fr1Av s} 3 f71EZ 7SR EHE
Al g3 AT = YA O U (Park et al., 2015; Lee et al., 2017; Hyun at al., 2017; Kim et al.,
2018b, Choi et al,, 2019), F7]1& Y 7I€d &S 93] F71AvEE dAlsty 75 EEHE
AN &3 Ao} 7R FFE E1)9 N, wiEel tigh d7s 253 Aotk a8 ¢
ek M F2 oA BAsHE N,0oll tigh A7 S AR T, A2 o] Eo)
g A= AT FAEHA Gdth kA BY] AEE-2dA TSR SR HElE

=

BAFLE Agste] iiEEE N,0% 229 A4S AR & d7F st
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2 dqe APAEE ibAl &2H 458](36°077 553”7 N, 126°567 38.5” E)oll #1X|gk
A 3HS-20ll A 2019 9 9 HE] 2020 3¢YE 2¥ = 175%_17} AN AT APERS E
ofo maAlEo|m EAS HALESEGt loam), S UEE 1.23 gm’, FFES 57.7%°]1
THTable 1). AlE A B2 pH (1:5)= 7.6, ECE= 2.5 dS/mZ FF E=9ky1, w3k ol
K= 1.40 cmol/kg, Ca>*= 11.2 cmol/kg, Mg>'= 4.5 cmol/kgol At B FgkA(total
carbon; T-C) -2 17.3 gkgol AL, F2 Ax(total nitrogen; T-N) 32 1.8 gkgl E C/N H]

9.60] 2™, NO;-N< 72.0 mg/kg, NH;-N-2 19.4 mg/kgo] AT}

Table 1. Soil physicochemical properties of the experimented area

Parameters Value Parameters Value
pH (1:5) 7.6 Total N (g/kg) 1.8
EC (dS/m) 2.5 NO5;-N (mg/kg) 72.0
Available P,Os (mg/kg) 595.4 NH;"-N (mg/kg) 194
Exchangeable K (cmol./kg) 1.40 Soil texture Silt loam
Exchangeable Ca (cmol./kg) 11.2 Sand (g/kg) 631
Exchangeable Mg (cmol/kg) 4.5 Silt (g/kg) 218
CEC (cmol/kg) 13.9 Clay (g/kg) 151
Total C (g/kg) 17.3 Bulk density (Mg/m®) 1.23
Organic matter content (g/kg) 29.8 Porosity (%) 57.7

7] A E % FEFTFUOE SEEY], 2EEN], AREHIZ 27 AE AFS

AR, 7FEEENIS] N 52 AR oA 32%= 718 Zkor, =EE oA
3.1%, SEEH|A 212 71 YdtiTable 2). 75 H] A8 @7 FFAR S N
FFS 7IFOE N 96 kg/llas AF UAFSOE 7247 A&7 AT EEHI(N 4.8
kg/10a)2} AEEHI(N 4.8 kg/10a) A& A2+, =ZEHI(N 4.8 kg/10a)9t AlZEHI(N 4.8
kg/10a) Al-& X 2], SEEH|(N 4.8 kg/10a)2} ER-EH|(N 4.8 kg/10a) A& A ETE F
o tixz7+ F71ENE AYTE FJL, 84, 84900, d3ptElE Lf/\lﬂlﬂkoi N
9.6 kg/10, P,0s 4.9 kg/10a, K,O 7.4 kg/10aS #2353} T} l e g s 714
H S5 20199 9€ 9ol Wy 3ukE o= Xestd ZF Ao ¥y 15 mMeZ 3}
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Table 2. Chemical properties of the livestock manure compost

Livestock manure compost N (%) P,0s (%) K;0 (%) OM (%) OM/N ratio
Cattle 2.1 3.1 3.6 74.2 34.7
Swine 3.1 6.8 3.7 72.6 234
Poultry 3.2 4.0 6.4 69.6 21.5

Aot @7 FFL Aol AL 20199 9 109 AAEIFoH, A AT E FEIL
m 20 cm, @748 20 ecmZ ST EoF FEHYE Y& 2] A=
2 1.5%/10a A5 AF3A 3, BE Aol YA AA s
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D7) AGZARE A2 F 500l AAEH A, ZARE-S 9 (no. of leaves), A 7(leaf
length), B=(leaf width), T2 7 (crown diameter), SPAD (soil plant analysis development) %%
ot AHZEASY] HAE Fol7] Y3l 2 d&ES T Aol SHIIES 3t H
sttt 27 AAEL AR 7] ARE AFHBE S (fruit weight)? T = (sugar
content) & SA3IA ol FE= BY] HAE 2AFY ZH 2] G EA(Master-M, Atago,
Japan)E SASIATH EF A AHE AETE xS + JAEE 21F AFHs =
S, 1 kg AEE 153 3ol dxdte] &40 A3t pHe ECE EXH S/
FE 1:52 3t pH "E7](A221, Thermo, USA)2} EC W]E{7](A222, Thermo, USA)Z
ZA339 A, F71ES Tywin &2 A At A4S Lancaster ol wel v A4 A
(UV-2600, Shimadzu, Japan)Z 720 nmoll Al 3 #3111, a$HA ko] &K', Ca*', Mg?H)S 1 M
NH,0AcE FE3 FEZ24¢Eet=nt £33 =A(ICP-0ES, Integra Dual, GBC, Australia)
Z ZA3¥ o, T-NF T-C= Y4EA7](Vario max cube, Elementar, Germany)Z &4 3}
ATh NO;-NE 0.025 M AL(SO),E MZ5t] 0] &84 AZHA214, Thermo, USA)O.E =
Aot o, NHy -N2 2 M KCIZ =3 &9 MgOE &8t S/ o HA
Al A EhE RS 2% BAF 8o :TL—;SE‘]'O:] 0.01 N 4k g0 2 AU N,O
ZRL2 W HY 37 7UH 7S YA + = 23 A H(Hutchinson and Livingston,
1993)S AFE3FA AL, A2 25 cm, E°] 45 cmOI ATk A= F5 A =3 ZAE Ao
o] A :mHolA Zlo] ¢ 10 cm oW E AFYste] Hele] &2 E¢f F& o5 Ads A
2318k AL, A g Fruet 3RHE 0 2 AA|EkTh 7 A FH = N,O HjEe] & A7

1F7Lel 13], N,O HiEo] 22 Hgstd Al7]el= 2Fde 13 AASAH. N,O 25
Yagi (1991)2] el wheh 23 104 2024 11AI74A] 40831 3] 5 28903, 23
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Fol AW BAE AP T LHD N0 AR 42 guatel JhaaRnE

A5 A
12 (7890B, Agilent, USA)Z #2413} 11, detector= pECDE 283} tH(Table 3). 7}~=
2ulEIgy 4 wet AFE N,O= ok 2 (D)ol wet S8 2E Absidth

F=pxhx Ac/ Atx273/T (1)

FE ©9AIE G @i o) viEEE N,09 %, pe 7F2EE(mg/m”, pano=1.96), h
Avle] FEE0|(m), Ac/ Ar=AHY 7t2E 50 FFE7E S5 (mg/mbhr), T=AHY 3

=4

w71 2(K)< 2ri

Table 3. Gas chromatographic analysis conditions for N,O measurement

Parameters Operating condition Parameters Operating condition
GC Agilent 7890B Retention time 8.3 min
o 0.3 -0.7 - 1.0 ppmv
Detector uECD Calibration gas .
N20 mn Nz
Packing material Hayesep Q Column | 60°C/10 min (hold time)
Column Temperature
0O.D. x length 1/8” x 1.83 m Detector 350C
Carrier gas CH; 5.0%/Ar Loop 2 mL

E353 547173478 B A 8] 2 (Agricultural Weather Information Service)©l 4]
= olbAel Hul, AA, BE LEE 2AG] LA, A B

R-ZZ 7 3H(R version 3.6.1, The R Foundation, New Zealand)< €83} N,O vl&3F 3} A5
of gk T 57 A (Duncan’s multiple range test)S A8} A T},

mz =
L AAsh-2oll A 7F5 25 B Algell mE N0 vl &7 st

D71E Aufets AAsH-2olA EF RO R TSR EHIE NS A3, N,O W&
< F712u g Aot vlaste] RENe AL EHH AgTE Ad BE ATl A

= b th(Table 4). 719 & A2 79} 0w 45 AREH s} SRE A
7ol ohtst s MEFS FANOT oI Aol EhA Bt ERHM, ¢

N
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Table 4. Evaluation of N,O emissions and GWP (Global Warming Potential) according to
the livestock manure compost

Livestock manure compost Daily N,O emission Total N,O emission GWP
(gN2,0O/ha/day) (gN,0O/ha) (kgCOxeq./ha)

Control (NPK) 31.1abz 5,449ab 1,689ab
Cattle 26.0bc 4,552bc 1,411bc

Swine 18.9d 3,312d 1,027d

Poultry 34.5a 6,030a 1,869a
Cattle+Poultry 22.4cd 3,916¢cd 1,214cd

Cattle+Swine 18.1d 3,168d 982d
Swine+Poultry 24.1cd 4,217cd 1,307cd

“Mean values (n=3), with different lowercase letters indicating significant difference at p=0.05 by Duncan’s
multiple range test.

EHAEEY], ST+ EH 2 SEHAEEH R ATl s 22.6~41.9% 4T A E
S ToA SFE+EREN ATk =2EHE AETe 7P W2 obstE A wWEFge

N,O €Y WlEFS HEE A3 1Y 52 20199 9€¥ 10838 F43] 7157 thHFig.

1. 283 HIEAE 8Y $21 9¢ 17¢0) 718 ol WiE=H A, 99 264 F-El= 43| 7+

2 S % WjEdhe AEFS YA viEEo] 7 wkd 949 179

o] N,O Hi =& A ZEH] AT 59.4 mg/m¥day, F71A¥ & 2 2]F 47.8 mg/m’/day, ¢

Eu] A2l 34.6 mg/m’/day, EEEV+AREH X2 F 32.0 mg/mY/day, $-5-F B]+AEE

Hl X2l 27.8 mg/m¥/day, EEEH] AT 262 mg/mYday, $EEB+EREH] AT
21.4 mg/m*/day =02 FALE U

@
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Monitering date (month.date.)

Fig. 1. Daily variation in N.O emission and air temperature during the experimented
period.
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25 Auishs 71 B9 N,0 T HlEHS 2ARE A BlE AT F 17Y0] B
94 2647MA = FHEH2] 70.0~87.0%7F vl == ATh(Fig. 2). M| TFE oMitsd A 72 )
SF2 AEEH A FAA 87.0%F Z7|uE Hlgo] 7MY &%, Fr1EHE AT
78.5%, B RI+AIEE Y] A 2T 76.8%, TEE B A BT 75.4%, TEEHIHEEEH] 2
T 73.2%, SwEB AT 70.9%, =EERHAZER] AT 70% &2 YENT H R
g & 18Y0] 73‘4?;L Ol—?l"i-Ei Al F5Y20209 39 2¢)y71A1 9] 74 N,0O vl &S
13.0~30.0%= 7] 17€%tF +2 vl vlal Blua ¥ F£Fo =2 wEEHIth

A= X T

700

—+—Control (NPK) —s—Cattle —a—5Swine —O—Poultry —<—Cattle+Poultry —a—Cattle+Swing —@=——Swine+Poultry
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95 910, 9.17. 9.26. 10.1. 10.7. 10.5. 10.22. 10.25. 11.5. 1112, 11L21. 11.26. 12.3. 12.10. 12.17. 1224, 12.30. 17. 122, 25 217. 3.2
Monitering date (menth.date.)

Fig. 2. Daily variation in cumulative N.O emission during the experimented period.

N,O v &0l st 59 FFS golrr] 93 MPuEE itr e 7| &5E ZAMGH
A7 20199 9 9Y FE 20201 3¢ 2¥97kA] HA7]2 26.9C 0| AL, HA 7|2 44T
Hi 7122 8.6C Ol%E}(Flg 3). BHE2E7F 7HE &2 A7l 2019\ 99 = 222C 0|},
1 olF A 7 —8}04 2020 2ol 32T E 714 wokor, 390+ 7.6CE of 44C =

VT AL sl 2020 990 269C & FFA =9ro) x&H oz 7HAaste] 1290

-

30 ¢

25 F ——Average —sMaximun —<Minimum
20 |
15 [

10 F

Air temperature (°C)

-10 G

19.9. 19. 10. 19.11. 19.12. 20. 1. 20. 2. 20. 3.
Date (year. month.)

Fig. 3. Monthly variation in maximum, minimum, and average temperature during the
experimented period.
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83C7HAl ZAastAal, o338l 390l 134CE 4 718t AA 257 718 we A

712 20208 292 44Co|Qa, 7P =2 AlZ]= 2019 9€ =2 17.3C o]t

2. B F7HZ & &7 N,O s &5
N,O Z8|Z%F7 EQF NH, N 5=

Bol AL VERATHFIg. 4). N,O HlZ o]

7S Bokd 2] ASx27190 201993 9¥ 26¥ 9] EYF NH,' N FE= Y&+2 N0 W&
Fo S o H9 4B =-0.779, p<0.05 n=7)= YERJATE v T2 FA}
A710 108 790l EY NH,/-N 5 749 37 N,O slEdo] S/t Tt f2f s
ABAR(r=-0.513, p>0.05, n=7)< Bo|A ¢Sth N,O FHEH3 EF NOy-N B5&= A
9] F#AAFE YERATHFig. 5). 92 26¥ 9 EY NO;-N F5EE =55 N,0 H|EF]
VR oY Fold ABA(r=0496, p>0.05 n=7) Ho|x skt 3HAT 109 7L 9
EY NOy-N F57F 2&5F N0 slE%e] fostA 719 thr=0.765, p<0.05, n=7).
7 10
sep.26 s [ oct.7
6F . y:-o;}sit{nggas_.ssss 2 y =-0.4385% + 7.6711
Ts5 F . o 5 5 i R=-0.513
%4 ; [ S . ‘g o L R
s oF T . s s | R
E3F * £ sl . ST
g2t 23t * .
E 2t
1 F
E 1+
ok 0 P
6 7 8 9 10 11 5 7] 7 8 k] 10

Fig. 4. Correlation between N,O emission and NHs*-

Soil NH,=N (mg/kg)

Soil NH,*-N (mg/kg)

N concentration in soil on the 26th of

September and the 7th of October.

10 10
g5 [ Sep.26 g [ Oct. 7
8 y =0.1288x - 0.7242 & r y =0.0522x+ 1.6793
Tl R=0.496 T 7 [ R=0.765"
£ < [
=4 6 - . 26t *
€ L] £ r L ]
STy & a5 T
Ear L PUETSEES L] g a L o ............................. .
9 3 [ . . 0 [ L .
=3 R
2+ 2 [
1+ 1 b
0 L L L L L 0 L 1 1 1 1 L L L
32 34 36 38 a0 42 a1 6 a8 20 25 30 35 40 45 50 55 60 65 70 75

Soil NO;~N (mg/kg)

Soil NO;~N (mg/kg)

Fig. 5. Correlation between N,O emission and NOs -N concentration in soil on the 26th of

September and the 7th of October.
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3. 27 A5 8l I 54

At g-2ol A S EEHE DAFCE AS3
A g TeoF vl A4S UERATK Table 5). B7]2 2
ol A F2J% 2o & Ho|x| AUTH p>0.05). EEEH], FE+EEFH], SE+AEEH 2
ERAREN AT AL 8.0-82 emE T AR A F(7.0 cm)E T =718kt
AE4 AT UrEMJt SPAD %2 SEEH+AREH] M T A 4645 F7|HRE A
gTFET FUEHAA, e AYTES FAE FoAE UEhAl 4ttt 2] AF
Fev BE AgTFidA BAHSE FZQl Atol& UEMNA FUTHFig. 6).

Table 5. Growth characteristics of strawberries on after planting

Livestock manure No. of leaves | Leaf length Leaf width |Crown diameter
compost (each/plant) (cm) (cm) (mm) SPAD value
Control (NPK) 5.0a 7.0b 5.9a 22.9a 43.5b
Cattle 4.9a 7.8ab 6.3a 23.1a 44.8ab
Swine 5.2a 8.0a 6.6a 23.5a 44.9ab
Poultry 5.3a 7.9ab 6.4a 23.6a 44.9ab
Cattle+Poultry 5.1a 8.2a 6.5a 23.2a 46.4a
Cattle+Swine 5.1a 8.2a 6.2a 23.2a 44.9ab
Swine+Poultry S.1a 8.2a 6.5a 23.0a 45.1ab

#Mean values (n=23), with different lowercase letters indicating significant difference at p=0.05 by Duncan’s

multiple range test.

N. 1 &t

AA3He-2 A THEEEHE RAFORE AlET & DYE Aulske I3t St F
N,O DA FE 7FE2E 0] Aol A4 F7]| B S(NPK) X ] 7toll vlsl] Z At 71EEE ]
© AEA F71ARER £849 Fr1@u 80l vs] =gA BalEr] wie 7ty AL

o] o ool Jgko 2 N,0 HiEo| UL Aoz AAHTKFig. 3). AT ARFHH] X
g ol A N,O HiE&Fe] F71dvls Al 7o vls] 10.7% =A Yelgsd], ole F 714
8oz AZFE 4= QtiTable 4). A A= ALEH X Al 7] opitsld A & o]
Bot7] W&ol T HAl= AEENE ON ¥ g2 EnHg o} 237} maA
F= 7] wEolet At VSR TR0 WE N0 HiEFE 75l 8 FU1H
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A4l NH,-N &&Fo] =842 Wkl (Choi et al., 2019; Lesschen et al., 2011), F71& 5
C/NH&o] v gojgu X+ FLall& =7} whet 2472 &S EAoha A THKim et
al, 2018a). N,O Z vl&% oy v EAE F 17 Bt & v&S B Frjdnset =
EEH], SEEH AgFEo ARER] ATl wEHE0] 87.0%% 7HE =AY A
Al Ak ulel o] C/NH|&o|gtal ATHEtHFig. 2). AlE RS N0 HjE &k &
|, =2E0], AREHE dA& FFAME 7)E 50:500.2 E33 A TR e
o AREHEZE Z3EA] e SEEH+EREN] A oA Fr|AvE AT b
41.9% AA WiZEHAUE A AEE W 7F 23E SEEVARE R 22T ERERA
EEH] A Fole FAaF] 22.6~28.1% TEoE faZo] Y ol ¢RI =7
T AES —‘é:t}j‘é}ml HH]E A3 N,O HlEo] B2 SH9 dgo] HiFo] & &
o o3| ﬂi%}»t— o2 daHh

N,O BAF L EYF 2571 WolA|H A4St S YERATHGodde and Conrad, 1999;
Kim et al., 2008). Axrslel &zo] a3 9S sl nAYE
o] g2 747 s 23 KBrady and Weil, 2010). N,O € wj&3FE
B, ASEe-2 Wi 2571 30C o3l Al7IR1 99 179 7bA] vl &7Fo] ek, 30T ©]
stE W2zt Al71Q1 9 26€ F-El= 543 AT AldsH e Beaart 91% XH
Hj 2o A9t 7HE]] 99 HE 7| 57t 543 ZFadte] AlsHe2 R 2=
ofzlth. o]} o] wrolxl L& w AHA FAEANA 715 e EM
Al AL, o7k S N0 HiET 49 ¥ 5 st HAe Zlolet 4Tk
Kim 5(2018b)2 71} Aju] EFo| A2 N,O Hj
=3l 297kA At AT Bastglet ol9F Hls3k AA T

N,O &% EY Frlediae fFod 434S YERHATH p<0.05). N,O HlE o]
B A 82719 Eokol EA15HE NH, N F=9 N,O sl &3 7o 434S Jehyi
ot ol E¢fo] EAst= NH,-No| NOy-NOo.Z ¥/t YA FIHEZDE N,07F 2
A7) WE o g2 22 A7l NOs-N# N,O HiE®o] Ao JuAdS Holn Frhste
Aol o5 AHalFE Aoz AZE. Kim 5(20182)2 N,O HlEol 714 9&&S vx&=
Q9lo g ok ZrefaAAelal &% L, Hellebrand 5(2008)2 N,0 HiZ &3 E%F] NOs-N
gt JABA Jom, NOs-No| 21 N,O HiEHE Bohal sty

7] A5 A EA4L FU1EHI R ATt vlaste] 7FSEEY] Aol FAF

2 Fo3 ZolE YeA] UthFig. 6). ol FrIFHse] AAE 7|FoE /M5
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Fig. 6. Fresh-fruit weight of strawberry (g) and sugar content (°brix) at harvest period.
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