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N,O Emissions on the Soil of Alpine Wetland by Temperature Change. Kim, Sang-Hun, Sung-
Hwan Lim and Yeon-Sik Choo* (Department of Life Science, Kyungpook National University,
Daegu 702-701, Korea)

Global warming due to climate change is a problem facing the entire world. Several
factors, such as CO, concentration, level of warming, soil temperature, precipitation,
water content of soil and denitrification by denitrifying bacteria influence the
emission of nitrous oxide (N,O) from soil. In this study, we investigated nitrous oxide
emissions from the soil of two wetlands, Jilmoineup in Mt. Odae and Moojechineup
in Mt. Jungjok, according to temperature change. Soil collected in Jilmoineup in
July showed increasing N,O emissions as temperature increases, but did not show
any significant differences at 10°C (p<0.05). Soil of 15°C and 20°C showed increasing
pattern of N,O emissions until 24 h. After that, however, there was no difference in
temperature. Overall, N,O emissions showed significant differences according to
temperature (p<0.05). Soil collected from Moojechineup in July showed increasing
N,O emissions according to temperature increase, but did not show any significant
differences at 10°C (p<0.05) as was the case for Jilmoineup soil. On the other hand,
two wetland soils showed a slight increase of N,O emissions by additional nitrogen
supply, but did not show any significant differences in the presence of nitrogen or
between nitrogen sources. In conclusion, increasing temperature the wetland soil
increased the emission of N,O, which is a known greenhouse gas. In order to more
clearly identify N,O emissions, various subsequent studies such as the influence and
correlation of several factors are required.
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TR AE ASA A, A
G5AE s, AR¥AES =3¢
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44, 394 S A AT 75 o) F
slord, 52 A4 Aot selaR] B A7}
YA o] Fofx ghr}(Kim, 2009).
3, F9lellAE 200013 o] F A F-2wtEke} A )
of olel=cfo g RE A wiZEo] AT dEtE rH&GE
AlZ Aoleke AT A3Ee] BuEHA o]stEfe A
olAbatels Bl wEke] wiZEel] Widt ATt A&How
o] Fo]x| 3L glom (Wu et al., 2010), B2 24 7|4l
ofabEtd 4x0] wiZel| g AT =F o)A 1 Qe
Aks}o| o} (Maag and Vinther, 1996).
ojebmcfoz e ojalstula U vgbka wlZel] o
e F= Qglogx EoF2 % (Crill et al., 1988: Morri-
ssey and Livingston, 1992; Dunfield et al., 1993; Valen-
tine et al., 1994; Fechner-Levy and Hemond, 1996; Grof3e,
1996), *]&}l=9] (Dise, 1993; Moore et al., 1994; Bubier,
1995; Kettunen et al., 1996; Bellisario, 1999; Pelletier et
al., 2007; Treat et al., 2007), o]et2] = (Segers, 1998;
Coles and Yavitt, 2002), 214 3] (Dise, 1993; Bubier, 1995;
Waddington et al., 1996; Joabsson et al., 1999; Treat et
al. 2007), E9F2] A= (Dunfield et al., 1993; Valentine et
al., 1994; Hanson and Hanson, 1996; Garcia et al., 2000;
Dedysh, 2002; Kamal and Varma, 2008), =|J| 2+ 3t=F
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Fig. 1. The survey areas of two wetlands (Left: Jilmoineup, Right: Mujechineup). The source of the picture was as follow:

http://www.ramsar.org).
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dom, A F =k A (20~25°C)ellA F
27 2mm A2 M-l £oF2] o3ty B4 EAd
°]-g-3dt.

2) BEdrk= B4

N,O 7}22] %2 Static chamber methodS ©]£-3}
9t} (Smith et al., 2012). Td=o] EFAIE8ZF 10cm X
10cm x 20 cm (H)®] 27wpizh &= okpulE Al
Hol 33k o A2AA e Y 1087F 3R]
1 mL FA}7] (gas-tight syringer)S o]&3le] %7] 7}
A& (control)E A5}t =3l wel wEF
N,O 7}~ 10°C, 15°C 18] 31 20°Col|A 4A|7F 7+A
o2 36A7F Bt MBI E Fhag 7 oz =A%
Ak =& A2 Holel] g N,O 7k wi &S v]ws}
7] 913te] 1N KNO; €983} 1N NH, £ 200 mL& 7+
7 BoFAE el F4J3 F 9o U e v}
25 25

N,O 7}22] Az HP-PLOT/Q 19095P-Q04 column
S AF8-3le] Gas Chromatograph (7890A GC, Agilent)Z
o] 88}l H-A138}9] T} (Detector, Electrion capture detec-
tor (ECD); Injection temperature, 250°C; Detector tem-

o 1 o

perature, 320°C; Split ratio, 10 : 1; Column flow rate, 6
mL min™Y). N,O #j &3> 2F N0 7k~E o] £-3}e]
100 ppbell 4] 5ppm7tA] 55HA 2 A ste] kA 2HA]
F Ahgstdet

3) Bk pH, #71E TS 2 A2
£ pHE 2mmAlE 5343 571 £9F 59& s0mL
AZep T sl ZFS 25mLE 71g oL §
A7t Eob #EHE & ubx)3t o8 pH meter (Orion 710)

& olgsle] SR Bk vl 71Tt AaT

& EoF 025035y o Ha Eulalel Ested
PERA7IE 3dE o83t YaEA7] (Elemental
Analyzer, ECS 4010)2 o]&3}le] EA3sl9lo §7]&3
F2 da7|z AT frIRa2Y Y fEEEE

ghabaloleh

=0F] 7] &3rek (%)=C (%) X 1.724

4 % olePRe) 24
44 = & ol LFAE 100mL AHFEATS] £
F 50 Wi 25mLY| FFAE Fhete] 30¥7 A8, o
3t & oJ3}E]l A =E Mettler Toledo MX 3008 ©]-&-3}
o A7|HA == (EC)E FA3te] NaCl 7= FHAtslolt

5) 2324
A= SPSS 12.08 o]83te] 7 &= A FellA|
WA AT =Pk Almo] NO FAEA e 73k
< Fstgl o, Hagke] #-2]3t x}o]x= Oneway ANOVA
(Duncan test)E o]g3lglom, Add, A4, Aiadd
o] kel AbolE ttests o]-g-3ke] A3ttt

Z
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EEE

g ANT EofomyE BAT Avy wope
sheb BAe 243 A3 Table 13} 2o

79 A% Bl At BF pHEE1Z 2419
om Z o]2Feke HF 1.99 ueq gt soil, 7] Tk
30.20%, & Ardeke JF 1.73%, S8 67.32%
2 A
949 Ay B Ab=: HF pH 6.07, F o3
- H 2.5ueq g soil, -.T7]—-gf;} 2 37.25%, & AA
gheko 1.95%, $E-3tek2 73.16% 2 FAE 9T
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Table 1. Physicochemical characteristics of Jilmoineup soil collected in July and September, 2011.

Total ionic . .
Organic Total nitrogen Water
Wetland PH contints_ contents (%) contents (%) content (%)
(ueq g™ soil)
Jilmoineu July 5.61+0.08 1.99+0.11 30.21+2.20 1.73+0.21 67.3+9.24
P September 6.07+0.48 2.50+0.50 37.3+2.02 1.95+0.31 73.2+4.26
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Table 2. Physicochemical characteristics of Mujaechineup soil collected in July and September.

Total ionic

Total nitrogen Organic Water
Wetland PH contints_ contents (%) contents (%) content (%)
(neq g™ soil)
Muiaechineu July 5.01+0.08 4.28+0.31 21.3+4.04 1.91+0.17 78.3+6.21
) P September 5.16+0.05 2.46+0.18 23.9+6.84 2.04+0.20 73.5+5.88
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Fig. 2. N,O emissions according to the temperature change of Jilmoineup soil collected in July and September (A: July, B

September).

2) FAA =
- mofoiE AT FAXE =
ol a}abA A= & Ak Table 2} 2} 79 A
e EofoA] AlxE= H pH5.012 FAME o, =

o] 23tk B 4.28 ueq gt soil, 7] 3= 21.33%,

Z Asdeke FF 1.91%, SEIFS 78.20%2 ALY
Aot 99 A% EofollM Abxi= 4 pH5.16, F o]
geFe 4 2.46 peq gt soil, %7]% ke 23.86%, =
A 4gheke 2.04%, 433 eFS 73.54% 2 2A}E o)

Aes 2ok 2 TXM Follre= 7€} 99 AFH 3
Atelell ZF o] 23k F ATl FolA <l
2} ]7} Vel oyt (P<0.05), Atx, §7|88e agl3

SR 2 Aol B RolA gloieh
2. obak3h A 2= (N,0) 7h2=ck

1) 2= 5 B¢k N,O W&
79 A=A AFH3T =EokS AwoA] 10°C, 15°C
I3 20°CR A8t ¥ 427 7 o= 3642 Fat

A% A3, BE &x HTelr HE 4R Sl
7V & N,07F A E gl om, Azke] BFe] wiel W
ko] 3] 7F4AsI= oFANS Wt 36A|7F F9F b
AEF2 10°Co| A= 0.016~0.019mg - m2 - hrl, 15°Cd]]
X]+= 0.040~0.044 mg-m~2-hrt 18|32 20°CollA =

0.069~0.072mg-m™2-hr12] N,07} wj&5 sl e (Fig.
2A), 24X 7F Z9F A1 WAl ke 10°Coll A= 0.63+0.055
mg-m2, 15°Co|A]x= 1.48+0.037 mg-m™2 18]31 20°C
o A1 2.52+0.015mg - m22] k& HgIT}(Table 3). A
W oz w7l Skl kel opAbstA 48] &l
Hzp 718kl o, 10°Coll A= Azl w3 & zbol&
HolA] ket 15°C Eof3} 20°C EoF2- 2447 Feh
71 S Boluh L o] 3= N,O HHEFe] 2]
£ Holx Yt A e Lol e N,O Z)
—‘FE g Aol BT (P<0.05). 22 oz 9o A
#3t =oFe 243 A3}, 10°Col A 0.017~0.018 mg -
m=2-hr?, 15°Cej|A]= 0.050~0.053 mg m=2-hrt g
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Table 3. Cumulative N,O fluxes on the soil of two wetlands by temperature change for 24 h.

Cumulative N,O fluxes (mg - m2)

Wetland Month
10°C 15°C 20°C
. . July 0.63+0.055% 1.48+0.037° 2.52+0.015°
Jilmoineup a b .
September 0.63+0.004 1.71+0.060 2.53%£0.073
Muiaechineu July 0.63+0.049°2 1.62+0.058° 2.64+0.040°
) P September 0.6240.097 1.74+0.082° 2.74+0.062°
The different letters indicate significant differences among temperature treatments, according to Duncan’s test (P <0.05, n=3).
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Fig. 3. N,O emissions according to the temperature change of Mujaechineup soil collected in July and September (A: July,

B: September).

(Fig. 2B). 10°C EfeilA] w&% N,O ¥ 79 =44
718] AR vl &k e e

2) FAXF B2 NOW=F

79 FAREANA AF T Eoke] L= AT 36412 5
ok NpO 7} v &5k AEE E9f3) vir7l A2 A 4
A7 Bdel 1 e N,O7L BHE e, A7) B
o e} baerel WS Fashs PE nalch 364
7k & 10°Ce|A]&= 0.019mg-m™2 - hr'l, 15°Cel| A= 0.047
~0.049mg-m=2-hrt 18]3 20°CellA]= 0.073~0.078
mg-m=—2-hr12] N,O 7}27} vj&5 o} (Fig. 3A). 2=
7} F7 el mhel NLO wi&eo] A2} Z7letglom, AE)
F3 viR7IA 2 10°Col M= ARt wE 2 Apels B
o] ¢kel}(P>0.05). 15°C E9Fs} 20°C Eoke 2] 12
AZWAA = fr2] A ]l 2fo] & Moo)A] 9kgront, 124171 o]
FHE|E oMb A 4 TR2ckel]l Qle] 20°Cell A AA 3] B
oFol wl&H It (P<0.05). At oz 7Y FAA%

KR
—

12 5o w3l 15°C o]Afe] &xof|A] o @ of
Hﬁ%k’% Bolom, 247k A Ay el A -
it} (Table 3). TU3 whg o= 9o )
=2]3 A3}, 10°Col| A= 0.016~0.019mg -
-hrt, 15°Co|A]+= 0.049~0.053mg-m=2-hrt 18
20°Cel|A]= 0.077~0.081mg - m2-hr'e] N,O 7}~
) =) 9lo} (Fig. 3B). 9¢ M43 15°Ce} 20°C Hg] =
oFo] 24A)7F =2 NLO WA eke 7zt 1.74+0.0829} 2.74
+0.062mg-m22 742] 1.62+0.058%} 2.64+0.040 mg
m2ef] w]al W2 ko] N,O 727} vl &= gl o, 743}
9Y 1o FAulZeFol| A §-93 x}o]S B} (Table 3).
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g B

1) 2¥ 5 B
9Y AH3sE =EoFo] 1N KNO; £ 200mLz} 1N
NH,CI g2 200 mL H7}5te] &) wh-E N,O v &3S

N,O 7}~ Wl &%



414 UME - YME - FAHY

(A) o7

a 10°C 15°C 20°C

i 0.6 !\

(\‘f 0.5 \

E o4

) 5, )

E 03 ]

x \

2 o2 |

o) i \l_ ,,,,,,,,,,,,,,,, ] .

> 01 T - e

0 e

4 8 12 16 20 24 28 32 36 4 8 12 16 20 24 28 32 36 4 8 12 16 20 24 28 32 36

(B) o7

o 10°C 15°C 1 20°C

v 06

: X

(‘V' 0.5 \

E 04

2 s A X

g 0.2 \ \_‘H

2 0

Q 01t e - 0.~ S

z ' = ————— o o= T
4 8 12 16 20 24 28 32 36 4 8 12 16 20 24 28 32 36 4 8 12 16 20 24 28 32 36

Hour Hour Hour

Fig. 4. N,O emissions according to the temperature change and nitrogen sources of Jilmoineup soil collected in September

(A: NOy N, B: NH,*-N).

Table 4. Cumulative N,O fluxes on the soil of two wetlands

by temperature change for 24 h according to additional N

treatments.
Cumulative N,O fluxes (mg - m™2)
Wetland N-treatments
10°C 15°C 20°C
Jilmoineu NO; -N 0.60+0.006° 1.60+0.123 2.47+0.095°
P NH,*-N 0.62+0.0042 1.58+0.063" 2.50+0.092°
Muiaechineu NO,-N 0.63+0.049° 1.82+0.050° 2.64+0.040°
) P NH,*-N 0.63+0.104° 1.67+0.004° 2.62+0.066°

The different letters indicate significant differences among temperature treatments, according to Duncan’s test (P <0.05, n=3).

2449 A KNO, £91% 58 A5% Eopl 4 A
2] 364]7F & 10°CollA] 0.017mg-m™2-hrt, 15°Cel|x| =
0.045~0.054mg-m2-hrt Z18]3 20°Ce|A+= 0.074~
0.076mg-m=2-hr 2] N,O7} vjZ&5 ¢t} (Fig. 4A). 10°C
o] A NOs;-N& 7131 Eoke] ofAls}A 4 wjZape =a
4 A2l ol W8] 2 Aol wolx) shgren, Lxol o}
£ wEde A9 $A8 P Jell ek NHCl 49
200mLE £33 A 2ok 3647 F 10°ColA &=
0.017 mg-m2-hrt, 15°Ce]A]&= 0.050~0.052 mg-m2

hr'! 78] 3 20°Cel| 4= 0.074~0.075mg-m™2 - hr'1o]
] 25 ¢l o™ (Fig. 4B), 15°C7}A] = NO; -N& 3713 &
2 AL AR A EgS Baoh 13y 20°C ¢
A w2l 9lo]Al= NO, -N 22|77} 2.47+0.095 mg

m=2¢] B]3] NH,*-N %8| 3¢] 2.50+0.092 mg- m 22

o gel MiEE e F A2 T3t f2o3 Aol B
o} (Table 4).

2) FAAF B

949 A3 FAA Bl AAaADE Ll 2=
of w2 NO mi&FS A A3, A4S AahA
1> E9F(Fig. 3B)3} w7 IA 2 A5 4A17F F<t 7H
T2 N,O7) A E gl o™, A 7be] S5 whe} Aol
AA3] A FFS 2ok KNO; §94& 743 7
AR EoFl A= 28] 3647F & 10°Cel|A] 0.019 mg -

m2.hr7, 15°Cel|A= 0.052~0.054 mg-m~2-hrt 18
20°Co|4]+= 0.078~0.081 mg- m™2- hr'te] N,O7} 7t
W] =5 St} (Fig. 5A). NO-NE& 743 E9k2] N,O vl
Fe BE 2xxE TN AAE MR g 94
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Fig. 5. N,O emissions according to the temperature change and nitrogen sources of Mujaechineup soil collected in

September (A: NO;™-N, B: NH,*-N).

EF(Fig. 3B)3} f2]8t zleo] & Bolz] ¢girh NH4CI%-
ol 200mLE F3)8F FAIX % =] N,O #l &2 NO; -
N 279} 7] AR k& Bolom 3647 ¥ 10°C

o] A} 0.016~0.019mg - m™2-hr, 15°Col|A]:= 0.051~
0.055mg-m™=2-hr! 728]3 20°C Ef|A]= 0.081mg-
m2-hrt¢ N,O7} ®jZ3s}% 2™ (Fig. 5B), 10°Col A=
A2 77 Aol5 79 el gdgton), Lxo) whe
AnAF7be) v &Sl SlAAM= Ao AR s
Yepliglel AAafd ez NO;-N3 NH NS U8 +
FA EoF Zholl opAlEhA A HEAJFFS- 10°Ce} 15°Cof| A

oAl ApelE BelA] ghghont, 20°CellM e A
Ze] AEgre A A2 FelM o B N,O 74

2k 1
=

5315} (P<0.05). el Wsl FAAE £
=o)a mopuc)

H%

© NO; -N& E9]8F ko] NH,-N&

A ¥ 8 NO 7k~ RS el sl (Table 4).
Ao F H2] Eoke RIHAQl A4 A A

Aol mE AR iEPAe] el 2 Aol Hol
A shoror, ghx) LxAelo] whe wlEel 4T Fe
Aol meloleh

&

I

guid oz woke A N,O 7tAE 57]4 A3 zkg-0)

1,]_ ag 7];@ %ﬂz}-ﬁ.,} 7o u])\g 61—24 _,,};H KN _15-_—5}] 33

e Bl NO 7k wiE2 &=, pH, 7H9, A

, B4, AA, Aol 8 5 ohaks gl o3 o
"o m (Frency, 1997), R o2 &k w7y} Al
o wel N0 wi&Esfe] Frkehs Aoz AdHA Qo
(Parton et al., 1996). A 2= ko] 0|33t EAlS %
ARgE Az}, Adel] w2 EoFo] Al=el {715 §HakelA
Afe) % hax wolon} (Table 1), o|2ig Ahelol = E78
T EFe] N0 7hs wEolAE §o14Q) Aol wo|
A gokeh(Fig. 2). FAAES) A% % ol s} £ 4
Aqamm Bo]-el w}olH 10311‘{}, EFlA wiEE

N0 7hagell s & 8 nAA] ke Aoz 24
El?d‘;}(Flg- 4). N,O9] wrze] AL FHo= o Fo
o =t}= dF ZAI}(Cantarel et al., 2011)E Efjz =2
AT=E AE5H 793 9ol AFE Ay AH
FollAl 7ol AHT =okzt 9o HFHT =42 N0
W EF> 2=7F SV wet Sobske oS Badd
(Fig. 3A). 10°Cell A= A A|Ztel| w2 zto]7} 71¢] ¢l
S2u}, 15°C o] Aol M= A 2] A 7hel| whet 24 v &
St Z7hsH pbe w3ich 9ol AR w9 = 7
Qo) opbsla WEAT} A A e Bk ¥
AAE2] 75, 793 9¥ell AHAT =F2] N,O wiEF
< 10°CollM = AEEdt vz f2o0% el zlel&
Bo]x] ekgkA|ut, 15°Ce} 20°Ce] Bk A Aweah=
=] 15°CHTE= 20°C Bkl A o] w2 ¢ke] NL,OE #j
Z3}9it}H(P<0.05). o]= F o] A3}g-o] 20°C, 100% EA+
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£ (FC)ollA deojdtl= o]Fe AT (Maag and
Vinther, 1996)¢} f-AFSE oFAHS Bgiet T2v} 793} 9
Gol| HF 3 EoFol A mi &3 N0 wlj&el| 2] £
o) Q) Aol vehtA sl e Lxol g
Ashge) Wske 2ARE AFelA] 5°Csl 10°Cel A A3
£o] 79| ztel7}t glE AL BedFI 3l%e] (Maag and
Vinther, 1996), 2 zA}2] 10°C E9Fe]| 4 N,O wl &k =
g A|Zbel] mhE oFe] WEE o] ®olA] sk

919 Aol A 10°C o]ahe] Lol A N,O7} 7
o] wiZE3HA] kskom, 15°C o] ] 2mellM oha w2
Fel N,O7} whEshe Ao Mol Eope] N,O wEe
B =PAFS] BHo| 15°C o4 LEE LTS
Aoz A7 w3 15°Ce 20°ColA N,O v Ze)
$9192 Aol7} A, Lol He wjEe] Aolx
N,O vl Zo] ESFS] £, pH 53} & 43el At
220 A3tz o AX| (Parton et al., 2001), E2Fe] Al=
oF 715 ke Apol7} tha NO 7k wlZel| J3ke
0% Ao Az,

=opol ] AaAue] Zrlel wel Eefez i
N,O il Zepe] Z7hsIed, 53] NH,-Ne| 3717} whe o
o] N,O 7}2AE uwl| &3} (Xu et al., 2004), =3 NO; -N
o] A= N0 wlEE VM7= Aoz duld oo
(Hellebrand et al., 2008). =93t 34z 735}l A A4
of b2 opabEhA 40] wiETFE A4 (NO; -N, NH,*-
N)S F3HA] o 7493 9¢9 wi& A} A9 §A4F
g e Bl (Fig. 3). o7l olntw wh7|7he] A4
4 A2} =epiEe) SAee] 2
S Aoz AARY. FAAE BoF =3 %o ot
B N09 wiEak A F7 2 Hrled R A9
o fe)al Aol el ekake). $7) o ekAlol
A =9 o) NOy 9] 57k e Adel A N,0 7h2r
7H o]l WAISI v Barb QlX| 4k (Carter et al.,
2012), ¥ AFelME B> AEAztez s AaYd ¢
o SLa Aol 2 elA] gioieh Yo =k o) of
AsRae] Z7he nlgEe] £F 278 B9 NOF
wo] wjZdl= Aoz ez 9)or} (Kettunen et al.,
1996), & Aol M= Alztel| whE EoF AW W o]Aks}
o] A5k vlgge] 55 AahalA $ohA As
Qo] FFN= BT N0 wiZE FAolA Xo]ls B
o7 Qste Ao Az,

AEHoz, o|etEcfo g BE wiE3h= N,09 F>
=7k 45T et S8 PP Bglent Aad
o] Fiel BFES N O wiE ofdell 2 ApolE Bol#]
oke Aoz AT 2011 8¢ A A} A] o]et

A P1AA %

FAQ AR Efexy F 15°C 183 FAA %
o BF 19°CE uelee, & AWAAAD olskucke)
=7t g5Ee ¥ B ool N0 7l BAE 7
o= dZHR, oJRkEAHe N0 7k WAL
e Apel = dake uA 4 ol Aoz A,
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of, oJetE ko 2 HE] 2A7[AS wjEA)7|E e 9
3] g d7-F AT Al SRS A7
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