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Change of Organic Matter Decomposition Rates and Greenhouse Gas Emission of the Soil
of Gyeongan Stream under Different Environmental Conditions. Choi, In young, Min Kyoung
Kang and Jung Hyun Choi* (Department of Environmental Science and Engineering, Ewha
Womans University, Seoul 120-750, Korea)

This study investigated the effects of organic matter decomposition on the emission of
greenhouse gas under the influence of environmental factors such as change of cli-
mate condition (CO, concentration and temperature), vegetation, and N concentration
in the soil of Gyeongan stream in the laboratory. The experimental results showed
that organic matter decomposition and CH,, CO, flux were influenced by changes of
complex environmental conditions. Organic matter decomposition rate was affected
by changes of climate condition with N concentration and climate condition with veg-
etation. Through the results of CH,, CO, flux, CH, flux was affected by change of
climate condition with N concentration and climate condition with vegetation and
affected by the presence of vegetation and N concentration. CO, flux was affected by
change of climate condition with vegetation and vegetation with N concentration.
According to results of the study, change of (1) climate conditions, (2) vegetation, and
(3) N concentration, each have an effect on organic decomposition rate, that also
influences emission of greenhouse gas. It is known that climate change is related to
an increase in greenhouse gasses in the atmosphere However, additional study will
be needed whether vegetation could remove positive effect of nitrogen addition in
soil since this study shows opposite results of organic matter decomposition in
response to the nitrogen addition.
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=7t 3k9] (Manganese reduction), 2 3+ (Iron reduc-
tion), 3 3] (Sulfate reduction), # &t A Al (Methano-
genesis)®] FHA o] &xpd oz Jolidel (Berner, 1980).
3l whEe] FHF AR CO¢k CH,o 2 o|2|dt =
W AAEEHA 718 wel w2 A ke 53
Q7oA ko o]t ') oAl W72 Eot
7} (Roden and Wetzel, 1996; Zhu et al., 2010) 7] &= &

2742 (CH,, CO,) =l 33 & 5 Ut
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e 4 %D}(Armstrong, 1979).
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Az =op ) A el Aoe el B 4 9
CFET Al B AT ZUhE A% uEs w
98 e o) st AHEE AT, ol A9
4 E]# (Nitrogen deposition)2 z}sd AJefA|2] =
A %ol 38FS w|X 3 Qlt}(Galloway et al., 1995;
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Fig. 1. Location of study area.
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Fig. 2. CO, concentration (ppm) and temperature (°C) of
the growth chamber under ambient and elevated
conditions during the experimental period (90 days).
(a) CO, concentration (ppm), (b) Temperature (°C).
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wope] gelshatd B4 Yohu] skl B - 3

=
A 5 HAE AW vRd @R 1A A2011-923)
o

45 SA viwd (3H
B 7] A2011-92%)e) wel E§8F =SF 20~30gel
HAPERAE o] 83te] §71EF 'S A7 H, %
A A AT A AR S o] 83le] EA -

F Aaz AT F7] A 223 Wellx] 100 mL
serum bottles]] E9F A8 5mLE Y311 =F5 5mLE
Qo] x9 <ejelE UE F mFeble duly wh)
o]-g-3}e] clampingd}gict. Clampingdt serum bottle
#7143 AFelE 14 Feb wieFat Algtel whel WAy
&= CH,, CO, ¥A)=& Gas Chromatograph (Agilent
technologies 7890A)& o| &3] 3 ki3l =A%)
Serum bottlel| A 7}A X828 FZ317] Al Fao] A
47k~ F918ke] serum bottle?] 7bA 3]s U}
A 828k} (Lim et al., 2009).
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Center for Environmental Management)ol] Elemental
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6. 2A7}X (CH, CO,) W& 33

7% 2219) Fhol, ABe] 3, A x| Hol7t )
7] % Ak el v)A e Solu Al 7t 3}
oA A7kl whE 2A7EA(CH,, CO,) 71A19] 5= W
3k 2A3kc) Aol 20em, o] 70emel of=Yz
B AHE A9 Aztel we} dskE 7)AE 108 7HA
©F & 1208 E9F 500uL syringeS o]&3) XF3H =
Gas Chromatograph (Agilent technologies 7890A)2 =
Aajoeh 249 7149 FEs B9lA7 Bt w9 |
Mol slgah £Aks YRS ehl s B A
ALg-8ke] A Ak8FSA T} (Rolston, 1986).

F=VJA (dC/dt) 1

F=7}22] i<, ug m2-hr

v=Aw 3], m?

A=3}82] EoF HA, m?

dC/dt=A¥ W 7} s =] Akl 2 W3} pg m>-hr

EA B S SPSS 12.0K (SPSS Inc., Chicago, USA)E
ol-g3ll o, 7| & 2719 Apo], A& FF, AL =
o] zpolel] whe}t f{7]E Ra&= gl Eofellxe] A}
2w ZEo] BAH O §27F Apo]E HolEA] Iotsiar
2} AP ARRLARLA (one-way ANOVA test) S AH-8-319]
2 AFEEAM (post-hoc test) &2 Tukey's teste} Games-
Howell testE AM&-3l v} (p<0.05). =3 sk x79] 2}
0]7} £A7}A(CH,, COy) Ml akel] w] A% 2d3H< Pear-
son correlationg o] 8-3}e] AbIA B LS 819} (p<
0.01).
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Fig. 3. Physical characteristics of soils used in the exper-
iment [n=3]. (a) Water content (%), (b) Ignition loss
(%).
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70~90%<2] Sand®} 0~30%<2] Silt, 0~15%2] Clay=
ol folA Qor & AT thAe] =oF Qe w4 2
3} Aol A}8-¥ ok Sand 79.4%, Silt 13.89%, Clay
6.71%=. ¥]wA Sand?] v]Eo] =& loamy sandel] 3f
e o 4= 9lgle) w3 gubd o2 loamy sand2] 7
- GLBD (Growth Limiting Bulk Density)x= H7% o2
1.75g cm™3 2+ el (Richard and Gordon, 1983)
2 oA AR e Eeke bulk density (R3] E )7}
1.64gcm 2 ¥]5=3 ke vepdS o 4 Slsi) Loamy
sand: F=o] I3 57140 ol B R F
AE= o] BEo|n fEgEFe] Wbyl wr] uite
A E S Aol 33k 2oz oA gl
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87 22 Abole] €T =Fe) §71% £al4= (Organic

matter decomposition rate) =% ZAI}E Table 1] e}
Noleh $71% elsws Avnd, 1% 229 Ho|
of We §71% ¥ SEx REe A9 71F 2209
Aol7h g BN o wE e vehIRE. A2
S0l e 712 ) SEx ATl fle AgolA
o ¥ e nden Ah wxe) Add Be §7)%
ol St Ad srrh wE A Aol sl 2
A A% FEr) 5 A% AlEe) Sl 2 BRE
e e usleh 7% 229 Aol g DA 4
ol Qi Ad wrrh 52 A9 718 elEErt

3.1+0.8mmol Cgtd? 7]& 279 xo|7} Y=
oA Algo] ¢la A Fxr) & A4 {75 B3
257} 3.1+09mmol Cgldls 74 =74 Jepton,
71% 2719] o)z} Qe A A E-o]
=7} e Aol 7B Hajzwrs} 1.0+0.3mmol C
g tdtE 7P A el
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Table 1. Organic matter decomposition rate depending on environmental factors [mmol C gt d™1].

Anaerobic organic decomposition rate

Ambient condition

Elevated condition

Non vegetation Vegetation Non vegetation Vegetation
Low N 25+1.1% 2.1+0.6% 3.1+0.9° 1.0+0.3?
High N 2.14+0.3% 3.1+0.8° 2.0+0.2% 1.5+0.2%

(Low N=N concentration is low, High N=N concentration is high)



80

[v:J

olg - s

a-

P

8%

ek

Table 2. Pearson correlation matrix of Anaerobic decomposition rate [n=48].

Ambient condition

Elevated condition

Non-vegetation

Vegetation

Non-vegetation

Vegetation

LowN HighN

Low N High N

Low N High N

LowN High N

Non-vegetation Low N L
Ambient 9 HighN  —0.24 1
condition Vegetation LowN  —0.051 —0.539 1

9 High N 0.604  0.075 —0.363 1

Nonvegetation  -°W N 0.563 —0.763  0.679 —0.099 1
Elevated 9 HighN -0.128 0.782  0.053 —0.154 -0.271 1
condition . Low N 0.508 0.16 —0.485 0.983** -0.254 -0.169 1

Vegetation .

High N 0.115 0581 —0.404 0.768 -0.534 0.349 0.785 1

**: correlation is significant at p<0.01
(Low N=N concentration is low, High N=N concentration is high)

Table 3. Chemical characteristic of soils depending on Environmental factors [n=3].

C (%) N (%) C/N
Non-Vegetation Low N 2.86+0.50 0.20+0.06 14.44+1.77
Ambient condition Vegetation Low N 1.77+£0.51 0.08+0.05 25.20+10.06
Non-Vegetation High N 1.92+0.34 0.12+0.03 16.26+1.02
Vegetation High N 2.16+0.12 0.12+0.02 18.10+2.82
Non-Vegetation Low N 1.84+0.02 0.09+0.01 21.61+3.39
Elevated condition Vegetation Low N 1.67+0.04 0.08+0.05 21.03+0.19
Non-Vegetation High N 2.78+0.12 0.20+0.01 13.86+0.22
Vegetation High N 2.87+1.05 0.194+0.02 15.37+£0.35

(Low N=N concentration is low, High N=N concentration is high)

B 5 (p<0.05)0l 4 AolE HolA] Sfetelaa 24l
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3. C/N ratio 23}

z7] =92 CINratios 7323}, B2 Cx= 1.7%,
N& 0.2%= C/N ratiox= 8.52 eyt 371Y 3, 274
Z7] Aol w2 Eoke] CIN ratios A3+ A3}, 27)
EoFo|| 1] 371 F 9] CIN ratiox= H7Ax= 1.59, @A
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Fig. 4. Comparison of organic matter decomposition rate
with C/N ratio.
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4. A7} (CH,, CO,) W& =3 A3

=epoll A AE CH, €O, 71Ae BEE =
HOE olgdte] 71F 229 Fol, A £, Ak
w9 Ao we} WekEE 474 (CH, CO,) fluxe
AR 7% 279 Ao, Alme] $, s Bwe
2po] =9] A 27 Ho|7} &4 7pA ubAlEke)| of kS
FE=A]5 Fetslr] 98 Pearson correlationg o] -£-3}e]
AR A4S STt (p<001). = B 27 Fo|
o S 2l ) $AHel £I3 L5
0.05)614 FolF HolA] Sfetatu YYAREAE
4] (one-way ANOVA test)Z} A}FRA (post-hoc test)o 2
Tukey's test®} Games-Howell testZ A}-8-5}51 0}

1) CH, flux

Z+ =7 W= 2A3 CH, fluxE Table 40 Yel ¢l
o] A}EBA (post-hoc test-Tukey’s test)2] A3}=S CH,
flux Zztel A 215 (a, b)o= e 3t (p<0.05).

7% z71e] Fole] WE CH, flux 7% 279 7}
o7} gl ] o ¥ ke vehhsish AEY 47
o wE CH, fluxt o820 A AlEe] ol 75l
A A e e g 2219 Hol} slont A
=7h 5o A% oA ¥ e
Ble) 4 5ol Aol WE OH, fluce 4 5=
7w ASAA o e e wosh

ARRA B4 A3k CH, fluxs AR3A7} gl Ao
2 yehdoen] ANOVA test ZA3ke] A3 E4] (post-hoc
testy& B3l 71F 249 Aol7} Gl BAeNA Aol

Table 4. CH, fluxes depending on environmental factors [mg m2 hr™!].

CH, flux
Ambient condition Elevated condition
Non vegetation Vegetation Non vegetation Vegetation
Low N 1.8%+2.9 0.0°+0.0 0.0°+0.0 4.0°+1.8
High N 0.0°+0.0 2.2%+15 40.3%+44.9 492423

(Low N=N concentration is low, High N=N concentration is high)
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Table 5. CO, fluxes depending on environmental factors [mg m=2 hr1].
CO, flux
Ambient condition Elevated condition
Non vegetation Vegetation Non vegetation Vegetation
Low N 247.3+£220.1 283.1°+82.0 93.6*+63.6 154.8%°+160.4
High N 214.8+152.6 267.3*+137.4 631.72°+425.1 507.7°+840.7

(Low N=N concentration is low, High N=N concentration is high)

Table 6. Pearson correlation matrix of CO, flux [n=48].

Ambient condition

Elevated condition

Non-vegetation Vegetation Non-vegetation Vegetation
Low N HighN LowN HighN LowN HighN LowN HighN
. Low N 1
Non-vegetation .
Ambient J HighN -1 1
condition . LowN  -05 05 1
Vegetation HighN 0798 -0798 -0921 1
Non-vegetation Low N —0.998* 0.998* 0.554 0.835 1
Elevated g HighN  —-0.98 0.98 0.664 0.903 0.991 1
condition ) LowN  -0.913 0913  0.103 0482 0885  0.812 1
Vegetation .
HighN  —0.407 0.407 0.995 0.876 0.465 0.582 —0.001 1

*: correlation is significant at p<0.05
(Low N=N concentration is low, High N=N concentration is high)

AT s Bwt S AS@7F 71F 229 Aelr}
G BN Aol G Ak B ¥ ALE)
7% 2719) Zolrt gl AN Aol glu A B
w7} e A3b), 1% 222 Folsk gl DA
Aol 9x Al FErt Fe A b)) Aze] Hss)
Atol7k gle-e ok % Qlglek ol8 Fal /1% 271e) A
ol AE ¥, 71F 22 Aolst Ak Fre Hol,
g 479 s pEe] Zol] BgA edske] CH, flux
Astel e vl & > Ao
2) CO, flux

7 270 Wk 24T CO, flux A ALFEA (post-
hoc test-Games-Howell test) A3}¢} 37 Table 50 L
= (a, b)oz Jel 9o (p<0.05). Pearson correlationS-
o] 43+ CO, fluxe] A3 ¥4 Z= Table 6
el (p<0.01).

1% 2719] Aol e CO, fluxis 71F 27 Aol
e BRI Ak sk e A 1E 20
Aol7t sl BAeIN Ak A ¥ A B G
Boich Age) el WE CO, flux: -] H5
Aol Gl A9lA B e g Rolh 7| F 27e)

Aol7}k Sl BAA Aol gln A 2

$ ol we EEDEE B
49 e wsel we el e A 2e Ads

ueigE 2 4 33 w

fluxe= 71% %=

27 Aol Ax 5= Aolo] whE 3%

A AL
Pwrh e A%l ¥ e nenh aehd o A%
718 &=, CH, flux Aztsh whatrbx) 2, Alge] ¢l
£ AS7E ARl Yk AU ¥ gE o] Aoe
o

9e A9l o T % 4 sl
AR 4 A, €O, fluxis /1% 2] Holk

Al 52 Ak w2k 22 249
2708 Aok sl WA Aol g7 A4 v

7} e 9o oFo] A adr A (0.998)F el oH, 715

z719] zlo|7t gl AN '] gl Ak wxr}
B2 A9 715 2719 Aol sl M A Ee]
3 AL sxrf v A =3 °k—4 A1) (0.998)

< el ANOVA test A3}e] A& X (Games-
Howell test) & &3] 7|5 279 z}o]7} 9= 34604
Azl gy Az pwrk e As@7 71F 239
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Aoz} Qe BeIA Alzo] 9lw A
S(b), 715 222 A7} gl WAl
Ak FErh £ A0 A2 A9sh Aolr} g

o] AT 71F 279 Aol Alge] §7, A e
Aol SHE £ JEAH 1718 Tl Wil
971 F 2A7F=(CH,, COy) Aol mIA] & o
B3k spolet

2 A7 A3 §718 EelE=9 CH,, CO, flux =%
37 7] BEgH o=z gl Ao oJ3FS )
& glgleh 4718 ¥
Fxo Ao, 7| F =
o e Weg
z}o) o} A A %‘—59] 2}o], 7]_,_ z7 0] ;q.o]g,]_ AlEo] &
7 A28 470 Ak FEe) Aol7) el Aol 3
o) 31525 CO, s 715 £219] Aelst 429 4

= 2o §7e) Ax wwe] Afo|7} Qi A9 g
o Aee B3 A% 249 Aolsh Az $¥ Aa
o] Zol7} %71-& Palgwol odge Fol ¥ 2

247k Whel] o8kE 2 4 S-S & 4 sUsiEh
=% T—cﬂ‘}"*"l Fobd 45 A4 (0,)9] Fate] A
HEH ol f71ES] Eal et CO, JakE A= &
A2 28 3174 =} (Davison et al., 1998). 181} 7]
279 Aolsh Suapel HahH edgol WML AT
7b 3t Asbole moke) fraakel §71%) walo)
CO, kel BAE Japel dalre S EHo Holaleh
& QA J1F 22e) Ak ke A

1>

Bol 9 A% st ¥ A FETAH 1% T
2F CIN ratio”} =74 Jeltor}t 718 BEa&xe) &
=
=

A7} (CH,, COp) AFE g & & Usleh ol
Bl 2 RS f71EY EeE AAA E

Wel 718 §3Fo] EolAAl Har o= ls A7k~
el ks pHSE o4 4 33l Coviellaet al.
(2000)¢ll °J3}H CO, F=7t =2 ZZAME A& %
A Eo] oA ER o] CINratios F7HA1ZH 4 3l
omn] o]u Fertilizer?] ¥3= AALE F7} A], C/N ratio
o Z7HE e 4 Uk gk Ad Al 2w Co,

Exrl 22 A AAZ 2718F A% C/N ratior}

o)
=]
A

[
O

f

< 53| Coviella(2000)°] Ao} 7H2 7S e}
% 4 glglet
SAAEA A H7] F CO, 39 £xo Z7=
leaf litter qualitye} Eal|&=2 *]3}A] 7|9 o= A A
9] ofR<=3l4w (Nutrient cycling rate)S 7F4A714] F
o 2l AefAle] A= vhAS] Halss Hojx=
27 =} (Hirschel et al., 1997). 221} =9k AejA =
ALE F9AE A 7184 F8lE SV 5 9l
ot el 9o} (Luxmoore, 1981; Korner and Arnone,
1992; Billes et al., 1993; Zak et al., 1993). 2 A3 A3}
M= CO, s=e} 255 ZVIAZ 71F 271 Aol
AN F71E 3l =9 24 7]’-/-\—(CH4, COy A
o] 71%F =71 ztel7} ol FAel vlE] @ s F
. I8} fertilizere] ds= %‘/\% 27}
B peldmsh 24
= Ae {ET 4 9le] A
=¥ 718 Bl =5 A A7) F
=k wa AR wHE

i

A

Woodward, 1998).

% Wt 22 solA Ak 5o At seietw o
£ 2700] W He-(ex, HE) H) £
F3lell w l% :‘3':01 gebd 4 sles o
A= WAF 4 9lgich(Cardon, 1996).
N A\E 270 Aols) el 9 394 dgpos
3| litter quality7} #3815 o] §71& sl &=r} 2H4a3s)
T 31, o]= oFE4=3t4 % (Nutrient cycling rate)3 714
A EA7E2(CH,, COp)2l H7] 5wl &2 Aslieir s=
2 2oF A We] vha AAE vﬂ*lﬂ*ﬂ 7 & 5
9)9lv} (Rastetter et al., 1992; Hirschel et al., 1997).

715 27 Aol Bk HalE FAAA 7| W
F9: £k mY AR 4 Aok 2ed e
2 478 T3 715} $715e) Balg gz
o SAA WEE B 4 sl A 3
S qlslom 71F 22 Aol 89 A2k §U2 A9,
% ?'g(posmve effect) 7ﬂ 2L o 4 sleh 19
A4 3oz st &

Ay Z.}i*li’% % ‘2 == & 5 dslen, oo uE
vl

;
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5 AL Fxo] Apolo] mE EoFo| AESH fU)E
&=o] W3y} b7 § 247k (CH,, CO,) Aol
+ oJskE ot} skl
2 Q3 Az {718 Bi4x=el CH, CO, flux 25F
3 z7e] FAlol W3te gl JgFSs WS o
UK F71E B3l Sxx 7|5 2719 Afele} AL
Afeo Z71 ztol g} A &2 57} e A
£ o 4 glglT}h CH, flux: 7]; El
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o

S0

2lee gl
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ZH: LAks B9 AEAL 4 QEkT geiA gle
o2 QAFE B 21T 18 wslst e
o ks EE FaAA S olde A%E =
& algler /1% 23 Aol 99 Aav} 494
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