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Abstract - This study was conducted to find out the soil CO; emission characteristic due to rain
fall pattern and intensity changes. Using Automatic Opening and Closing Chambers (AOCCs), we
have measured annual soil respiration changes in Pinus koraiensis plantation at Seoul National
University experimental forest in Mt. Taehwa. In addition, we have monitored heterotrophic res-
piration at trenching sites (4 X 6 m). Based on the one year data of soil respiration and heterotro-
phic respiration, we observed that 24 % of soil respiration was derived from root respiration. Dur-
ing the rainy season (end of July to September), soil respiration at trenching site and trenching
with rainfall interception site were measure during portable soil respiration analyzer (GMP343,
Vaisala, Helsinki, Finland). Surprisingly, even after days of continuous heavy rain, soil water con-
tent did not exceed 20%. Based on this observation, we suggest that the maximum water holding
capacity is about 20 %, and relatively lower soil water contents during the dry season affect the vi-
tal degree of trees and soil microbe. As for soil respiration under different rain intensity, it was
increased about 14.4% under 10 mm precipitation. But the high-intensity rain condition, such as
more than 10 mm precipitation, caused the decrease of soil respiration up to 25.5%. Taken togeth-
er, this study suggests that the pattern of soil respiration can be regulated by not only soil temper-
ature but also due to the rain fall intensity.
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Fig. 1. Annual change of soil respiration and soil temperature at 5
cm depth at Mt. Tachwa in 2012.
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Fig. 2. Relationship between soil respiration and soil temperature
at 5 cm depth collected in 2012 on Pinus koraiensis com-
munity in Mt. Tachwa.

Fxgel A7 WA

mgCOz m2h 1—/] C027]‘ .

EFEEe oot 9429l Qe W) )
)

Z
e
i,
po
lo
fu
B
>
32
T

= =

10 T o

 ARe ngow Yoz SURH 8U7A e
o] §A43] d5se= A

e X
2
X
o
off
O
e
=
o,
2
il

’t}%‘éi _‘!1‘33"/} (Flg. 2). EHE}L sl
2= d3t S el B ERREQuE
2012 AA 717He B3l 230|900k BgsFe AMA
WMERE Aihes Aol Waleld 7)de Ao
B3 glov], 3EY BT B4 Sl EgsFY
& A oo el We} ApAoz ZAee Aoz o
22 2o} (Hubbard et al. 2005). AR 2] B3 F-L Z]
2o ARA wsel g W18 wx Prdes W
She oPgE Helw ek
sden] AN Rl B FE T2 T8, A =
FEF VAEAAE AN Tz AP 2
5 WA solof ). thAle) o} 2Tl EokaF
A Zols B 20129 =5 F F ofF 24%7) B
oz WE 7|93 Aoz FA =T (Fig. 3). Hanson
et al. 2000)2 =0F5F F 2] &g v]&o| 10~90%
o] ol2x W& tlekst 71 ®WelS B 73k ubH, Naka-
ne et al. (1983)2 L& 80 AUFHolA]l 47~51%,
Lee et al. (2003) 9 A] 40~50% Bl &g H] &S H 3}
9o, Pyo er al. (2003)2 AT - A|A < 46%2]

2000 250
== Rain

= —+ SR (RR+HR)
= 1600{ -+ Trenching (HR) 200
£ 6
o) A £
3 1200 i 150 2
B okt 2
£ { W g
g SR\ =
S 800 i ! k*l 100 &
1] A ig' Q
4 I \1' 3
=) o Lt Ll A
5] A | "P:'
& 400 M i 50
; Lii | [P

0 e | I'"A it o ety 0

Jan Jul Oct

Fig. 3. Annual soil respiration and heterotrophic respiration at Mt.
Taehwa in 2012.

Soil temperature (°C)
Soil water contents (%)

~ 60
g

g 50

8 40

2 30

o

‘5 20

3

& 10 |

olL | [ 1 ] T
2 E 2 g2 2 2 2 2 5 &5 &
2 2 < < < < < < 9 @ 9
NNM“QEQ:\Dﬁf

Fig. 4. Soil temperature and soil water content at each treatment
from 20 July to 20 September 2012 (filled circle: soil tem-
perature at trenching treatment, open circle: soil tempera-
ture at trenching and drought treatment, filled triangle: soil
water content at trenching treatment, open triangle: soil wa-
ter content at trenching and drought treatment).

w2l 55 9 8e w0} ek ol oA SR
o] E¢F5F = mg]$F v]Eo| Hanson et al. (2000)°]
B8 HFE gl|A= AT 4£Fo]¢) A=, Nakane et
al. (1983), Lee et al. (2003), Pyo et al. (2003)7} B.18F 2
sheb wlmshe vha e grolaleh ot AF A%Hel
wUElRE Be neh 4HE FolE HeHE 4 9l A
o= g7,

SEA T BT 9 AT Aes v
Wl 5 WA shol Azakgd TUBRE 34 3
S AT S R AR e Tt of
3.0% ¥& Aoz teptert o ¥4 Wol we 3

olgtes #4uc}Fg 4). et 757 elwA F



Rain Effect on CO, Emission 393

1000 A B

11

40 TENBIN: 30 mm

Soil respiration
(mgCO,; m2h™Y)
& (=) e

[l [l (=3

(=} < (=}

[553
[=3
(=)

1l

SANBA: 68 mm

Precipitation (mm)

Aug-14 .

%)
o S
Aug-30 [N

Sep-13 i
Sep-17

Jul-31
Sep-12
Aug-28
Aug-27 |
Sep-14 |1

Fig. 5. Rain effect on soil respiration (A: no precipitation, B: less
than 9 mm precipitation, C: more than 9 mm precipitation
with typhoon TENBIN and SANBA).

A2 A& 2pol= 0.9%=2 712 zke]7t gleiA &
ol 7ol o3 = AT A Zzutde] W}
of QAH oz ol Aow e

B 79 2097 57t W ol F o 3040l
AT F mprRREe AskEele el 84 13
Qe 159 Apelo] T3 ok 789mme] A3z <o) =
FPHFE oF 199744 455 Weh. ol F AE @
" (8¥Y 30 34.7mm) =E A} (8Y 17 68 mm)%}

¢

§L ot ol 1 52 mi

f
(52
+
. e
)
oft
o
[\*]
S
R
T

°iﬂ} ot F
R

rlo (o
o
L
\l l
o,
v
o
X
o
il
m
=
ol
b

Asteder ok A4k AvHes A A7ele 4
el Eopul AR BAo] FFE MA Ao
Qe gl A9ARA T A Aol He
=]
-

oN
N,
o
o
b
2
R
‘lu
ol
A
o
o2
0
5

lO‘I
ool
ttlo
=

ETA

AT A AeE Gl A IFS] A5 6049 mg
CO;m?h, s 8l pe-aperae] 32| ¢ 575.0mg
CO,m~?h™'=2 DZHe 7} F 5.6% ¥4 ebgovt
$-2]A el xFol:= glglem (p>0.05), o] FLoj k=
350 FA Wolo] 7918 Aoz A7+EY (Fig. 5).
B I.§3} 2Fe] 10mm e]&ke] 74-97F A A A e
Fob B2 % AR LA T FHAIYEIEFLE
7b7} 583.1, 4853 mgCO, m 2 h''2 e 7} o
20.0% Eskow, froH el Aol BeF (p<0.05).

ol FAA TZAE T FEHAFNEIZFH ] 5.6%
B2 A vt x of 144% 2 AHE BT} o]
T EgSEe] BES AS of 50%° E4EFe] A
2 ® 73 Tamai(2009)2] ZA3}uct Aoz 2 3o
£ Byok ol B A AS EFEF F F5IF
AEZFHE 2] w2 xjolo] 7]o|qt Aoz A
7+ o}

T2y C 253 2] £33 10mm oo 37 =9)
A E AT FHAIYEEFTF] 5675
mgCO; m ™ h!, & Bl Zh9-xpdA 2] 2] F&d Iy &
Feko] 721.8mgCO m 2 h™'2 DA 2] 77} <F 19.9%
skeom, folxel ztelE HAFAH (p<0.05). o]
Al RZAE] 7] FHAGREIFTE] 5.6% BUH
S 1T ) 25.5% 7F43F Aol C 1FelA 8

30 e wule A A 34.7mmz 94 17
eF AL o 68 mmy e TFpaFe A whtAE]
TollA ol o7t FHAFYESFF At o 2

74

Al ekt ol d Aabe 84 1047 RE of 2047

1o e Y, o> MU
o

A &5 7gol oe] EofprgEko] AvH oz =917)
oz A7tEvh Aoz i3l shhg Aaf e

A5 o 10mm o 3}e] 4% £ANAE FHAGAEE
Fpel AAMom Z7HhA 10 mm o4

2N E F4GPPEEEL] We] 23]
s A3he ehiele ol 2
A el S8 Ae zhas)

o
=of ] gl v9lFel We Ao FyHL.

[}

Lo

A dY ol o

T
o oox

ol

o

o

o

lo
Y

o2

¥ 2
R CE IEE I s E R RS
A& e BAZANA e A D B e

9
A% Agesa 463 oz
9 5 A EgEE AWE ol sl Aune 37

7 g ageld 7% Aoz FAs o5 B2
o Aviel BEoD AT Bl Fwo] 97t WA
79 W3 9% WA Folg =FEE 2A71E ol
sto] 27 o ALY TS BT P ASADA T
N FEdGABEEE SRS =Pt 7

$ w447k WAA ool 20%E 23}

[



394 Sanguk Suh, Sungae Park, Kyuyoung Shim, Byeonggug Yang, Eunjung Choi, Jaeseok Lee and Taekyu Kim

S saleh ol a7k Ao A Al 4
EZA o} Eofu| g Eo] Ao F3Fe njA Hozw F
A=t 7} 7F=7F 10 mm ©]3Fe] A7t 7FSoA=
FaodopE 2ol oF 144% A5oHH00} 10mm o))

o mE ByEAANAE B&IPPEEF] 255%

REFERENCES

Baldocchi D, E Falge, L Gu, R Olson, D Hollinger, S Running,
P Anthoni, Ch Bernhofer, K Davis, R Evans, J Fuentes, A
Goldstein, G Katul, B Law, X Lee, Y Malhi, T Meyers, W
Munger, W Oechel, UKT Paw, K Pilegaard, HP Schmid, R
Valantini, S Verma, T Vesala, K Wilson and S Wofsy. 2001
: FLUXNET: A new tool to study the temporal and spatial
variability of ecosystem-scale carbon dioxide, water vapor,
and energy flux densities. J. Clim. 82:2415-2434.

Baldocchi D. 2008. Breathing of the terrestrial biosphere: Les-
sons learned from a global network of carbon dioxide flux
measurement systems. Aust. J. Bot. 56:1-26.

Bond-Lamberty Ben, C Wang and ST Gower. 2004. Contribu-
tion of root respiration to soil surface CO> flux in a boreal
black spruce chronosequence. Tree Physiol. 24:1387-1395.

Falge E, D Baldocchi, J Tenhunen, M Aubinet, P Bakwin, P
Berbigier, C Bernhofer, G Burba, R Clement, KJ Davis, JA
Elbers, AH Goldstein, A Grelle, A Granier, ] Gud munds-
son, D Hollinger, AS Kowalski, G Katul, BE Law, Y Malhi,
T Meyers, RK Monson, JW Munger, W Oechel, U Paw, T
Kyaw, K Pilegaard, U Rannik, C Rebmann, A Suyker, R
Valentini, K Wilson and S Wofsy. 2002. Seasonality of eco-
system respiration and gross primary production as derived
from FLUXNET measurements. Agricult. Meteorol. 113:
53-74

Fang C and JB Moncrieff. 2001. The dependence of soil CO,
efflux on temperature. Soil Biol. Biochem. 33:155-165.

Hanson PJ, NT Edward, CT Garten and JA Andrews. 2000. Se-
parating root and soil microbial contributions to soil respi-
ration: A review of methods and obserbations. Biogeoche-
mistry 48:115-146.

Hubbard RM, MG Ryan, K Elder and CC Rhoades. 2005. Sea-
sonal patterns in soil surface CO, flux under snow cover in
50 and 300 year old subalpine forests. Biogeochemistry 73:
93-107.

IGBP. 1998. Terrestrial Carbon Working Group. The terrestri-
al carbon cycle: Implications for the Kyoto Protocol. Sci-
ence 280:1393-1394.

IPCC. 2001. Climate change 2001. A report of working group
I of the intergovernmental panel on climate change. Cam-
bridge University Press. Cambridge.

IPCC. 2007. Climate change 2007: the physical science basis,
contribution of working group I to the fourth assessment
report of the intergovernmental panel on climate change.
Cambridge University Press. Cambridge.

Koji Dairaku, Seita Emori and Taikan Oki. 2004. Rainfall Amo-
unt, Intensity, Duration and Frequency Relationships in the
Mae Chaem Watershed in Southeast Asia. J. Hydrometeor.
5:458-470.

Lee, Misun, Kaneyuki Nakane, Takayuki Nakatsubo and Hiro-
shi Koizumi. 2003. Seasonal changes in the contribution of
root respiration to total soil respiration in a cool-temperate
deciduous forest. Plant Soil. 25:311-318.

Nakene K, M Yamamoto and H Tsubota. 1983. Estimation of
root respiration rate in a mature forest ecosystem. Jap. J.
Ecol. 33:397-408.

Pyo JH, SU. Kim and HT. Mun. 2003.0A study on the carbon
budget in Pinus koreansis plantation. Korean J. Ecol. 26:
129-134.

Rachhpal SJ, B Andrew, DN Michael, GG David and N Zoran.
2008. Effect of soil water stress on soil respiration and its
temperature sensitivity in an 18-year-old temperate Doug-
las-fir stand. Global Change Biol. 14:1305-1318.

Raich JW and WH Schlesinger. 1992. The global carbon dio-
xide flux in soil respiration and its relationship to vegeta-
tion and climate. Tellus 44:81-99.

Rosenzweig C and D Hillel. 1998. Climate change and the glo-
bal harvest. Oxford University Press. New York.

Suh SU, YM Chun, NY Chae, J Kim, JH Lim, M Yokozawa,
MS Lee and JS Lee. 2006. A chamber system with auto-
matic opening and closing for continuously measuring soil
respiration based on an open-flow dynamic method. Ecol.
Res. 21:405-414.

Tami K, Y. Kominami, T. Miyama, Y. Goto and Y. Ohtani.
2008. Topographical effects on soil respiration in a decidu-
ous forest-The case of weathered granite region in South-
ern Kyoto Prefecture. J. Agricul. Meteorol. 64:512-222.

Waring RH and SW Running. 1998. Forest ecosystems: analy-
sis at multiple scales. Academic Press.

Zhou T, P Shi, D Hui and Y Luo. 2009. Global pattern of tem-
perature sensitivity of soil heterotrophic respiration (Qio)
and its implications for carbon-climate feedback. J. Geo-
phys. Res. 114:1-9.

Received: 5 November 2014
Revised: 2 December 2014
Revision accepted: 5 December 2014



