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Abstract the general concent, there was no any correlation between
CHj4 oxidation rates, and soil temperature and labile carbon
BACKGROUND: Forest soils contain microbes capable concentrations, irrespective with tree species.
of consuming atmospheric methane (CHs), an amount CONCLUSION: Conclusively, the methane oxidation rate
matching the annual increase in CH4 concentration in was correlated in positive manner with organic matter,
the atmosphere. However, the effect of plant residue abundance of methanotrophs. Methane oxidation was
production by different forest structure on CHy different among tree species. This results could be used to
oxidation is not studied in Korea. The objective of this estimate methane oxidation rate in forest of Korea after
study was to evaluate the effect of Korean alpine soils complementing information about statistical data and
having different forestation structure on CHj4 uptake methane oxidation of other site.
rates.

METHODS AND RESULTS: the CH, flux was measured
at three sites dominated with pine, chestnut and oak trees in
southern Korea. The CH, uptake potentials were evaluated
by a closed chamber method for a year. The CH, uptake rate
was the highest in the pine tree soil (1.05 mg/m’/day) and
then followed by oak (0.930 mg/mz/ day) and chestnut trees
(0.497 mg/ mz/(.iay). T.he CHy uptake .rates were highly Intergovernmental Panel on Climate Change (IPCC)
correla.ted tq soil organic matter and rrllolls.ture c.ontents, aTld o em A 7o] U7 ERewe] A% AFE 0.65~1.06C
total microbial and methanotrophs activities. Different with
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J50] olakslekA th] 20~30u] ol AT2W3} 7o
7b ¢k 20%91 tiEAel AZFAR FAFE I Yt (Blake
D.R. and Rowland F.S., 1988). H|gto] whAEke A7t
550Mt O % o] F 470Mte] th7] & 2FeZ wkgol oJaf Ak
shEH, oF 50Mt2 EYF U] mlEHEETQl Methanotrophs
of o} AAR= Aew g v (IPCC, 2007). th7]
HeksE el QloA, ti7]Hel el wigk AAE 1914
Z739] ofglgo] Q= Hhdell, At o2 Eokelx = wgkit
shre] @S TNl 2AZAE B8 o] HERsE
Z40] 71531t} (Anne Saari et al 1998).

HER st 7] & wEe] w8 BEY i 7R
2%, pH, I1EEF 59 93-S wror(Hanson and
Hanson, 1996), A F+ /% et} (Conrad R. 2007).
Type I WgHitslats 22 Weks% (< 12ppm 7] & =
s ob fARE 27) 2419 52 AdawE A vig
& Ak Zlow dejA glom, Type II wEilshto-
T HEbsE 207 b AbaEE el Mgks Atg)
sh= Zlo® deA] Q) gk Akt 3524 2% pMMO
(particulate methane mono oxygenase)E 7Fi Sl=
Zog dHA 9len (Conrad, 2007), pMMO ¢] Alpha
subunit?! pmoA genes 16s RNA 9} 7©] Maker® &
43} Aerobic methanoprophsE %% 4= 3Uth (Holmes
et al, 1995).

AHESA L] wERtslel] digk ATte ol E
(Dobbie et al, 1996; Dobbie and Smith, 1996;
MacDonald et al, 1997; Smith et al, 2000; Bradford et
al, 2001; Borken et al, 2006)¥} 7|= (Crill, 1991; Yavitt
et al, 1993; Goldman et al, 1995)°] HZE o] = AH
otk HulellA = thkst 57121 EgFellA <] weitstel o
st A= EskA JAE oY ol gt =AY A4
Ao 4] o]Fof Fom Ade] st A= wn]gk AAolch
ol fElvet T FEHA T ARESC] AAshs &S
64%°1™, 26%7} AFTHoE FAHo] lom gt
17%, &34ol 21%= st e+ vIFeo] & W (A
718 A, 2010) = ek Abske] & RS AR E
= AbglelA o] vgk Abslkel] oigt AL a3 A
chech 3 2 Aol B AA) o s 59
zfolel] whh Helg Tl EUCE fYHe =

[e}

2= 0)

I 2749 Aol= A7 wgAtshr o] dAdwstel] ot vk
Aekgel Aok ols ¢ & Aex WHHIY (Priha
and Smolander, 1997; Grayston and Prescott, 2005;
Lejon et al, 2005; Menyailo, 2007). =W} Abgollx %
e Asks Aol g B7ksk] flste] & Al =
A U % v Abstksel tid AR AASIIT. ©f
2 Fal A 5 WE 9 S g Asks 7o)
A 9 A5 ) AelA] e Akea Q] di 71w Ael
FEE AT & 5 s JoR AREI.

TR

EININ
AL 7R (35° 9'26.27"N, 128° 5'9.59"E)-> 73

HEZ A HF H 24

FAAAEAEA

Bz 3719 9%38 PVC static chamberE A X8} 1M
& Fsb7] Sl A & dFYo] st o]Fe StAANHE
BT AW Ui 84 ok 9 L o], 9%% PVC #
H el 3715 2567] 918l 64 cm’(8 cmx8 cm)Alo]=
o] &% M dAeto] AR 7S gREISITE TR A
A Al B REE 2EAIE o]&ste] SAsIGon, T
A= 2011 39 23UFH 15790 13], 183kl AA 3
749l mEh =S kX @ 10~11A] Aol AA]s}
Ak Hgke] AR 30 Bt AAERleH, 50 ml
ANE olgste]l AFHIE AHAT Tk F o sEE
Gas chromatographs ©]-&3t] J#sI3it). o|w| Porapak
NQ column (Q 80-100 mesh)¥} Flame ionization
detector (FID)7} ©]€5%19™, column-injector-detector
255 80-100-110°CE 7H2 243818]t}. Carrier gas@® He
7FE AR O, burning gas® Hy/F~E o] 8513l

Hel&EF A

€l v EHCH, emission rate)< Closed chamber2]
F72 9] A3 Be A 0% A3 F BEAE o|F of
2] 13} o] ALK tHRolston 1986).

F =p Xx (V/A) X (Ac/At) X (273/T) 1)

07|14, Fi= Hek #lES (CH, flux, mg CHy/m/h), p=
wgke]  WE(0.714 g/L, latm, 0°C), V& Rl e
(chamber volume, m’), A= $H5l0] (chamber area, m?),
Ac/At= W ] weZkx S35 (CHs gas accumulation
rate in the chamber, mg CHs/m/h), T 3 U Al
(273+mean temperature in the chamber, °C).

Seasonal CH; flux = X" (Ri X Dy) 4 2)
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Table 1. Properties of alpine soils having different forestation structure

Parameter Pine Oak Chestnut

Texture Silt loam Clay loam Silt loam

pH (1:5 with HO) 47 5.1 5.0

Total carbon (%) 32 27 2.3

Total Nitrogen (g/kg) 1.47 1.56 1.47

C/N ratio 17.9 14.0 15.5

Labile pool 1 (g/kg) 34 3.0 3.3

Labile pool II (g/kg) 6.3 5.7 6.5

Resistent pool (g/kg) 17.7 11.7 11.3

Microbial biomass carbon (mg/kg) 122 108 35

pmoA gene copy number 2.46 x 107 0.72 x 107 0.69 x 107

0714, Seasonal fluxi= ZAP|ZF & HAE F vgk 2 Atak7] S8l BSEE A3 et] Fumigation method (Vance

A (CHy g/md), R i WA A|ZAF A7)0 vk & et al. 1987)% %3| Microbial biomass carbons 5733151
(CHy flux, mg CHy/m’/day), Dit= i HA] A3 A7] on weRlste] s dotry] fJE sAxd Eok

o AEAF 144 (day).
EURE X EY 54 £

flsto] B 545 FA6I om, 3ukEe] Bk
EAIES sl eaks #H4st sttt itk B
a2 54E dotry] flste] EYRE, )
48K total carbon, TC), pH, %+
nitrogen, TN), "|zo] A o8& =+
Labile carbon o< A3l om, ndE4 545 &1l
3}7] 913 microbial biomass carbon (MBC), pmoA
gene copy numbers FAFIGITE ESF 25 7HA AFH
A Z4zke] A BRI 2 o] Bato] SAsRlt 742t
o] AR 110 YASS AT F, 193 27 1H
% 5 cm9 = AFsto] w40l o] gt AH T
EG AEE F1 F AR mm olshsle] =T 5
Yt B 9 A4 B4R (RDA 1988)l &3t
B T, BAL A, pHE & 15 FEHS
FEA3E F718 02 TC, TN, Labile carbon fraction,
pmoA gene copy numberE #At7] QI8 7 AR
2011 4€ 14, 20119 7€ 29, 2011 11€ 15, 2012
29 179d0]) 742} EFS AF skl A el o] 86isith TN
& KjeldahI'H& ol&a] #4sl%iem, TCE Tyurin®
(RDA  1988)= ©lg3fd =7dsloirt. Labile carbon
fraction:- acid hydrolysisHl< ©]&3te] Labile pool
fraction I ¥} Labile pool fractionIl, Resistant pool
fractions 717} 2]t} Labile pool I & 5 N HxSOs&
o]gsto] 105C oA 303t 7Fd $- HEato] Felakalon,
Labile pool [l & 26 N H;SOs% ©]-8-3t0] mnkahs 24413F

1o

ML=
A%

FoF A& 3 105 C oA 1413 71E5e] HEs) 83
FolEAs HAFxst] olF dAENTIE I 43IH
(Rovira and Vallejo, 2000). E%FS] &A1 54S =

AlZo- DNAZ Fast DNA SPIN Kit for soil (MPBio)
& o|&3to] %313 Quantitative real time PCR (Step
One PlusTM Real Time PCR, ABI)< o|&3lo] 7t A E
o] Hgtshte] @S S5k olwf ARg-¥ Primer
= A189F (5-GGNGACTGGGACTTCTGG-3') ¥} Mb661R
(5"-CCGGMG CAACGTCYTTAC-3" )2 AM-3131aL (Horz
et al. 2005), Dye+= SYBR Green (Toyobo, Japan)< A
313itk Real Time PCR| 5372 94°C 5%, 94C-58.
2°C-72°C (27} 45%) 40cycle, 72°C 10%0]3it}. A3 &
ool EAL Table 13 79ttt

SHEM

Bl 412 SAS package version 9.2 (SAS Institute
Inc, 2001)% ol&st] Aratglon] iRk (LSD,
Least significant difference) 2] 9= 7} Ag]+3ke] 7t
AFEESE O AA wekEkE AfolE wlwsiqlth gk Ak
EQFo B4 viehibslsk 1ko] Al EIsh] flske,
ABA AL PASW statistics 18.0 (SPSS Inc., 2009)<
olgate] AAretor e A¥EA (Simple correlation
analysis) ©. % Pearson ‘¥ (Pearson correlation
coefficient) & ©]-&-ato] 7} 7o) A E vl wsiSith
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Fig. 1. Changes of CH, oxidation rates of having different wood composition for one year.

Daily CH, oxidation rate (mg/m’/day)
o
—

4 60000

a
“V < 40000

20000

Yt
L

Annual CH, oxidation (kg/m’/year)

Pine Oak Chestnut

Pine Oak Chestnut

Fig. 2. Daily methane oxidation rates and annual methane oxidation.

A Bt viek S AR Aot o SR B
o] vt AbglE S F 1.046 mg/m’/day ©].oH,
P 4 B 0930 mg/m’/day, - S B

£ 0.497 mg/m day ¢ et 4bsles JERSITH (Fig.
2). wpebr A7 ARl Akskd 4 Qe HRe] g2 1
ha W4 g 2 8 Er 3.820 kg, FHF- 3.39%
kg, W 1.814 kg% AR It A Harx|olzl Ak
TFe] it vek 24512 1.54 mg/m’/day 07 E A
of| X o] wgilslEo] B AFHESFS] weitsly B o
2> 5k oGl of g Hgk kst 9] Apol= A ge] 1A
Z25E e f71E 2 9 EE 546l sl 2aE A
o IE Ik
Zb ol w meitalE s Eoke) SAS HlwslE

I EAo] F7Vel dEE Fol BRA R mEtstel °§

kS = Ao 7 WAl o (Dorr ef al, 1993), AA| E7]

ol = Zlor AEQId Au 4 Bk
A Bl EAS 247t Silt loam¥} clay loam©]$10.H
7P Abglso] Wk w4 BEdkelM vy o4 B
oFi} 2+ Silt loam S Z YERIT (Table 1). 015 53 &
A mRitske] 39S 74 de JoR FRIEgI
me Adglel] S £ AR ddHe 4 dAw, A
AzAdol v Z7te] ARGl 1del A e

.
8 2Rt 2P F ANAOR AP 94 A
Ego 9] Figol the o] va] thi A #2ol
B9t (Fig. 3). ¥k 2 Wk A5 2] wAE S
S A $E BT A, Rl FRE0l 3

S 2ol AR (FA
—0.142)E zb= 7 =
(2010)l <Jstd & ¥
Bl FL v

(Fig. 4). Semrau
PRFE vaashre 243

P
= PN 3
MRz, 53] B FRPLL

-
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Fig. 3. Changes of soil water content in alpine soils having different forestation structure.
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Fig. 4. Correlation between CH, oxidation rates and soil water contents in alpine soils

having different forestation structure.
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AUTH (Fig. 6). ol wgHtslto] gyt njal &%
o] wigle] @ wighshr] wiel AoE ddEw (Hanson
and Hanson, 1996: Chu et alZ, 2007) 24| -1'C ~30TC &
S OS] dlelA HEE AkstE o] & 2jolE HolA] gkl 3
o19] A+ Aol dAEH (Castro et al, 1995).
ARA o w2 Eoke] =Rl 3 Qo1 HgHlsle] A
QIS vAA] T Ao R Al oH wEr Alsly
xfoli= EFe seha A8 Sl os 2= 4
107 PEQIty. B 318 50 2A 77t AR
A TC, TN, C/N |8} wgk Abse 74 Aa-dAE

qetglomn, vk ksl TC (s 0.5007), e
st C/N H| (A5 05447)7F A9 a7} 9)
= FRIE & STt (Fig. 7). 53] A Tl 8=
o] o]&3sl7] 4= FE|] Labile pool HTH= Resistant
pool k29 dheo] =2 ApE SHEFA 71 =2 v

o X

o]
A
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Fig. 5. Changes of soil temperature in alpine soils having different forestation structure.
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g AbslES gRlgh 4 I3t (Table 1, Fig. 2). °l&
resistant pool®] W3 E7 % methoxylated sugarsel]
ofal] frepgt vl wgk 714 (o, methanol)ell oJ&h wleHtst
w0 FWgHE FAHG (King, 1993).

HEAskso] E0E Bl Al vAEEe] dS
H7}8}7) 9lell Microbial biomass carbons =73 Au}
2 4 EQRlA 129 mg/kgl 2 71 =9ka sy
o} B 94 EdkolAE= 109 mg/kg, 35 mg/kgel =2
2 UERSITH (Table 1). AFHESFS] v Dol oa) wid
AEE QS W Zlo R P glon A weHilkskkat
ekt % 2He] WIS A RT) flsto] B o] HgAt
s}4te] pmoA gene copy numbers 73t A}, A
FE 0806 2 HEtEEe] pmoA gene copy number
7b STVl weh E4fe wgAs folHow Fkehe

e

s

O|ZH-E] AFEfeIA ] vk
vkttt o] didel WakE

& Aoz Wik

WY (Fig. 8).
o] L—% 7R AHEsh=

JECECE

(CHYS| -8 281 (Sink) 5 H7hesn
& kb7 Sl Ak
& Adkste] Aol wgk Akt
S Aolk A B v
2ol 7P wWekd vy (B
m?/day)7} 7V ko, U (0.930 mg/m?
/day), Y- (0497 mg/m’/day) $3 EQ] o= 7
Ak ¥ Btk olF Fal At AR EeA Atsk
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AR g1 F o] 7Fsd Ao0R AdESIth AEH 0
7 EGS g Absks B0 f71E g 2 A ndE
7} wg kst (Methanotrophs) & &/3 ¥} 11%=9] 42 Akt
TAZE Yl om, AR ol whet vek Akskse] AfolE B
Gtk A Aol 247 wjEH Aol QlojA] o)at
Sfeka F4Eo] 2 FRo® HrhEa glon, E el
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