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Abstract

This study measured soil respiration in pine forests dominated by Pinus densiflora in Mt.

Jeombong, Mt. Namsan, Mt. Jirisan in Republic of Korea from 2009 to 2010. The seasonal variations, along
with temperature and soil moisture content, were measured to understand the characteristics at each site.
Soil respiration was highest in summer and autumn, closely influenced by the increase in soil temperature.
Throughout the measurement period, soil respiration ranged from 205.6 to 312.2mg CO> m™> h™', with Mt.
Namsan showing the highest values and Mt. Jirisan the lowest. A strong correlation was observed between soil
respiration and soil temperature, with Q1o values ranging from 2.5 to 3.0. Precipitation significantly affected soil
moisture content, and although it appeared to influence soil respiration, no significant correlation was found.
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g ol F3l 2= vl 715 24 A &
4£4310] HIE o|&3 4= Qlth(Janssens ef al., 2003). 18
gt o] g4 EFTFol et AT 3] o,
A, B, B A 5 ohdRE Aol £HF Apolet B
A o] Feof W gagex] B AT (Park, 1997, 1999;
Kim and Jeong, 2001; Lee and Moon, 2001; Moon, 2004;
Lee ef al., 2010)2t EFEE2 AEA HES wejt A+
T EYTEY A A+ 5 ge] A4 +E L ok
(Pyo et al., 2003; Lee, 2008; Lee, 2009; Lee et al., 2010).

AU (Pinus densiflora) g2 SHHtz=o| A Fa38 A &
3 5 shdolm, 20104 7|2 Lyt AA AH- (oF
639%F ha) ¥ 1497t haS ZHAIRTE 53], A AH+H Y
oF 56%5 AAsh= & sFolH, IHe Ao Fx3ith
(Kwon et al., 2012). 2UFE-H o] 43 o] Tt A3 A
= e A AE 23, AR ¢, @i 5 44 3 JH
oA 3= Atk (Moon, 2004; Jung et al., 2015; Yang et al.,
2018; Lee et al., 2020).
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9
lon, SEtTEE 1424 mE 2 FH JE4EI4+H
&3t Agd 7] 9.9°Co| 1, A4S 1,114
mmo|th. FEA ff 2AF - AR F=O R iy
T 600 mo|H, AAIEL goolth FAke A2A| F 3FE
F, JAbE, s, 2F 2 sl 59 37°32'~37°33,
F7 126°58'~127°00"9] YA}, LI == 262 mZ2

24 5 SH-Es 5 olFY aURY H¢EA

FAeeh A% 7122 11.8°Co| 1L, A7 1,369
mmo|th. FAF W AU -2 il aE 182 mofl $JX|st
o, A== 17°0]th ik 9§ -39 A A 59
35°13'~35°27', B 127°27'~127°49' Atolo] X|3h, &

mi o

2 X

Mz A U . il
K ~ s 3
1. Study site . o '
A AR FEAL AL KA F Al AR OA 43 > o o m
— == —___
(Fig. DstRen, 714 A=2e 7144389 71 dA=Ng=E S
g (data~kma'g0~kr)"§_ o] 83}t FEARS U= QA Fig. 1. Study sites.
Table 1. Characteristics of study sites.
Study site
Parameter
Mt. Jeombongsan Mt. Namsan Mt. Jiri
Latitude (°) N38°04'12.6" N37°32'40.6" N35°16"28.5"
Longitude (°) E128°23'02.2" E126°59'16.9" E127°29'10.5"
Altitude (m) 600 182 355
Aspect W SW56 NWwW34
Slope (°) 8 17 26
Dominant species Pinus densiflora Pinus densiflora Pinus densiflora
DBH (cm) 20.3 14.3 27.5
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Bt 7122 12.1°C, 972 1,800 mmolth. AR AF
2 HTIE= 355 moH, FAETF 26°= w2 A APl
AR At (Table 1).
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EF3E2 CO, 5= £40| 718t AlA (GMT222/343,
Vaisala, Finland)2} 2 ¥ (closed chamber method)S
Agsto] 2Bt EFEF 35S Aol 2 ) 2%
3 ZHh(A7 16cm, £0] 12cm)E 67] AA|stgon, E9F
FZof 1A} tH(Bekku et al., 1995; Mariko et al., 2000).
o= COx A0l 7Fadt &4 AAE HAXstA, 2t
o ded 4 J=E AP AYsiiet. Zdet 9o S Ae
H 5ol CO» &7t F71HA ==dl 202 &8 5% 71+
S & A7t W3te| WE CO, & ¥W3E 71S5Hth (Fig.
2). ]9} FAJ 7] (Test0-925, Keison Products)} 7)<t
(7010 Pocket altimeter/barometer, YCM)= &73}3L, CO»
WS Adelel we) A Tl WAoo, HE
Zro] EF% &2 (mg CO, m™> h™")o]th(Equation 1).

B gael SRl e Torg Sistol =oF
2 (Z9] 5 cm)(Testo-925, Keison Products)i} B8
3tk (2 o] 0~5cm)2 =4 (TDR, Campbell Scientific Inc,
USA)3H3iT

soil respiration=a-p - VIS (Equation 1)

o e} FA F718He CO: 5% 57H (ppm min™),
p= COx Wx(mg m™), V= ZEke] Bul(m™), s&= Zder}
A28 Eoke] WA (m ) e,

3. Qo %

A 24 EFE S EF2E9 Wsto] gk Wiz

(@) CAP

€0, Transmitter
(MT222/343)

& - AIBEA - O|RHA]

Z Qe E¥ITH ()T EFXEX)E A4
(Equation 2)°l| ZEA|A B1& T3t &, f1= Equation 39|
st Q10 B ek

y=hoe’

yE EFTEHF (mg CO, m~ h™), x= EYLE(°C), fo, fi

(Equation 2)

(Equation 3)

B48 EoFS 30cmx30em 2719 WHT HA F
A7} 7 52 B} e FS A T EE o] ABT(H

5cm, =°] 5.1 cm)& ©] 83t EEZ(0~5cm)e EY
< HEFSIETE B 4718 &2 283 (Loss on
ignition)& ©|-&3}¥ 2™ (Davis, 1974), E42 C/NH|&=
Tyurint§ 2.2 AAsF Th(Tyurin, 1931).

o s
ZAm W oy

1. EYEY

EY 7E e 127t AsErE f7l1E0] St
+4|(Dai and Huang, 2006), =7} 7} &2 ZHEAH600
m)% B¢ f71E ol 15.1%=2 7P =%em, A4t
(355m)°] 10.9%, FAH(182m)0] 9.0% «2.2 LEltth &
AarE HEAto] 0.5mg g, FA} A 2ike 03 mg g ' 2
2 FUsHA UEsth C/NHl= {718 &3 A B A
Y Aol et t=2A Yehdtt 4bdolA s dutdes i
T+ 10 A=l C/NH|Z} 7.0 o1dY A¢ EFAA=7 &

Fig. 2. Schematic diagram of the collar and cap for soil respiration measurement (a), and measurement of soil respiration and environmental

factors (b).
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%% "Ho|th(Hur and Joo, 2002). ZA} XA 2] C/NH|&= FAE
o] 2552 7F ¥9kaL, M54k 22.8, A4t 19.12 YER
T} (Table 2).

2. EYSEO| A H5}

E‘r‘,ctt}(Flg 3). o|¢} & E“i%«l 741’% HEE2 A8
Aot Aok Aatoln, 53 Agole EGSY W2 2
T2 Q8 S BEGSY Rt A= 7] el At

o8 W2 BEYSSHEE Hrh v, o83 7H2ele
2 EGSY =9 &Y BEYSY Y7t A fAE,
2 e PAFOo R Qe w2 EYSTHS B AR &
FHth(Rayment and Jarvis, 2000; Widén, 2002). E¥S &
ZFO| AL Ao w2 AEE ZolE B7] Y3l &(3~59),
AF(6~8Y), 7FH=(9~11¥)E o] EAI81%ITh(Table 3).
EHO] EFTFIFL 1352~2454mg CO; m™> h™'9] H¢
gom, odEo)x 417.4~6484mg CO; m™> h™' ¥, 71
o= 163.4~292.5mg CO; m™> h™' 2] M9 &2 Yepgdt} B
35F AEA HE2 ZF AL A A ztolE BElomn,
oj2jgr HEA2 A9 7| ¢ Ry E4Ho= o] T
g Ao AoEw, o] AEA 9 Eg A3 AE-S vk

rl
e

e

Table 2. Soil properties at each site.

Study site
Mt. Jeombongsan ~ Mt. Namsan ~ Mt. Jiri
Organic matter (%) 15.1 9.0 10.9
Total N (mg g™) 0.5 0.3 0.3
C/N ratio 22.8 25.5 19.1
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3l Z3}to|th(Parmesan and Yohe, 2003).

54 tﬂﬂOﬂH 71 ¢l 0P~
L=A= A ‘q-(Buchmann 2000; Scott-Denton et al., 2003)
AYF EYLEE 200990 HAto] 14.6°C2 7HE &9
om, AEAH(11.6°C), A 2AH9.9°C) 02 Ve, 2010
Yol = YAH(15.2°C), BEAH(10.7°C), A 4H(10.2°C) &=0]
QTH(Table 4). AEALE 2009d 790 EF2E7} 19.7°C
2 7P =gon, ol B FSE 557.1 mg CO, m™>
h'2 718 A vyttt 2010990E 890 B =T}
19.5°CE 7128 o) EYSEFE 4123 mg CO, m > h''&
7P =A YebTh(Fig. 4(a)). A= vEPZEAIZ 20099 7
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Fig. 3. Variation in monthly mean soil respiration measured at each
site from 2009 to 2010.

Table 3. Mean seasonal soil respiration(+ S.D) from 2009 to 2010 in each site.

Soil respiration (mg CO> m > h™")

Year Season
Mt. Jeombongsan Mt. Namsan Mt. Jirisan
Spring 167.0+54.6 238.7+78.1 268.5+136.5
2009 Summer 460.4+86.4 579.2+223.6 555.7+71.7
Fall 178.1£64.3 299.2+150.9 271.1+£77.6
Spring 103.3+£20.8 252.1+£207.3 214.0+141.3
2010 Summer 374.5+64.8 717.6+109.4 559.7+188.7
Fall 148.7+£84.6 285.8+133.9 183.4+88.3
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Table 4. Annual mean soil temperature, air temperature, soil moisture content, and precipitation from 2009 to 2010 at each site.

Factors 2009 2010 Mean
Soil temperature (°C) 11.6 10.7 11.2
Air temperature (°C) 9.6 9.7 9.6
Mt. Jeombongsan i X
Soil moisture content (%) 16.9 25.6 21.2
Precipitation (mm) 1,261.0 1,186.5 1,223.8
Soil temperature (°C) 14.6 15.2 14.9
Air temperature (°C) 11.7 11.1 11.4
Mt. Namsan . .
Soil moisture content (%) 154 24.7 20.0
Precipitation (mm) 1,219.0 1,620.0 1,419.5
Soil temperature (°C) 9.9 10.2 10.0
. Air temperature (°C) 8.2 7.6 7.9
Mt. Jirisan i X
Soil moisture content (%) 21.7 32.8 26.9
Precipitation (mm) 1,487.0 2,428.5 1,957.8
= 1200 30 = 1200 30
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Fig. 4(a). Seasonal variations in soil respiration and environmental
factors (soil temperature, air temperature, precipitation, and soil
moisture content) at Mt. Jeombongsan (a).
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Fig. 4(b). Seasonal variations in soil respiration and environmental
factors (soil temperature, air temperature, precipitation, and soil
moisture content) at Mt. Namsan (b).
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A ettt oA Y EFeEe EY
2 A B PeiA den), F oA} el ASTRE U
d 5k B EGE 1Ho A= A=At

=0.850322 7P &9ko ], Wito] R*=0.7781, &4t
o] R?=0.7705& L‘rﬂ-"‘ﬂ-(Fig 5). o] Bk} B
Foll |Ae s HoF+= A A9 AZH(Knapp
etal., 1998; Lee et al., 2010; Lee et al., 2013). &= o] w2

= 1200 30
= (C) ® Soil respiration ---Soil temperature
¢ —Atmosphere temperature 25
£ 1000
~
) o
O 800 g
o0 @
£ E
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= ="
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z =
= 200
3
w
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Fig. 4(C). Seasonal variations in soil respiration and environmen-
tal factors (soil temperature, air temperature, precipitation, and soil
moisture content) at Mt. Jirisan (c).
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URAEQD Q1o B2 AR T4 1.3~3.39 HLE Yehdth
(Raish and Schlesinger, 1992). &AM A= 3.0, X|E|AH]|
AE 2.8, @AM 252 Qi ghol Yebt IX8 Aats
HoJFH(Table 5).

EYEES SES EYrE @4 SN EFRE=Y T
o Z &A Qth(Hunt ef al.,
2002). AETF 4L 20090 A 2Ato] 1,487.0 mmE

M wol 7|2 = en, HEAH1,261.0 mm), E4H(1,219.0
mm) £22 Yehtth 20108E A|2]4H(2,428.5 mm), &

AF(1,620.0 mm), FEAH(1,186.5 mm) €22 7|E& it

1200
@ Mt. Jeombongsan
AMt. Namsan
B Mzt Jirisan A
1000 A
= Al,
EN 300 | y=83. 062e0-0925x = A‘.
o R?=0.7781 B A
Q
) y= 67.402¢0-1046x
é R?=0.8503
g 600 g 0.1114 (]
£ y :,5()'% e m A
.g R%=0.7705 A
=
2 400 ¢
.—5'
W
200 &
0 1 1 1 1
0 5 10 15 20 25

Soil temperature(°C)

Fig. 5. Monthly soil respiration and soil temperature relationship
(2009~2010) with regression curves.

Table 5. Relationships between the soil respiration and soil temperature from 2009 to 2010.

2009 2010 Mean
Equation Y =55.207e""* Y =57.374e™10% Y =122.82e"0%5
Mt. Jeombongsan R? 0.7897 0.7619 0.7705
Qo 3.3 2.8 3.0
Equation Y =102.47e"078% Y =66.529¢™ 17 Y =83.962e" %
Mt. Namsan R’ 0.6735 0.8915 0.7781
O 22 2.9 2.5
Equation Y =83.18e" Y =60.607e"'%% Y =64.402e" 14
Mt. Jirisan R’ 0.8166 0.8699 0.8503
Qo 2.5 3.0 2.8
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(Table 4). Z4717F 59t 4 3712 Qs BEF4HE
o] Z71tgon, olof wet EYSFHE FUlehe Y
Ho 20109 8 7MY w2 ¥ A4 @41l mmyE
23191, JAtY EYEFHLS 27.7%0|H EYS T
774.0mg CO; m™ h™' ek, X 2Jake] 7432 680.0mm %
T, EFFEFFE 20.0%, EFEFHE 665.0mg CO, m™
h'gok. HEA e o] 363.0 mmo|H, EFrEe
FL 21.7%, EFEEFE 4123 mg CO, m™ h™'S Lpehy
t}. o]yat ATZ Hol 72 Q3 EokElero] Zvls)
H ESSTHE SVt 3 YA Schlentern and
Van Cleve (1985)= ES2 % 10~20°C WA ELE
ol EF g L A 2o Bugow, BEY
SBFFo] BEsHA AL He Fo BEFuFol 7
Aste A Heltky AFsct ST 2 AoA B

flo

1200
OMt. Jeombongsan
A Mt Namsan M y = 265.66¢%-0143x

1000 - OMt. Jirisan ™ R?=0.0267
o = 0.0356
= A y 123.82e X
o ¥, A % R?=0.0631
& sl Ama ¥ = 400.02¢-0022x
8 o0 A R =0.0421
)
g
= 600 |
S
=]
]
=
(=9
& 400
E
)
72

200 -

0 L
0 10 20 30 40 50

Soil moisture content(%)

Fig. 6. Monthly soil respiration and soil moisture content relation-
ship (2009~2010) with regression curves.

Fo] EYEFo g3 X AQJA] AR = 7 At 2
QR

|
pil
(Lloyd and Taylor, 1994). Singh and Gupta (1977)¢] |+
of EH 2 XY AHVHAY ABH EFEEH
150~530 mg CO> m™> h™'9] Welety B1 shgr}. St
g Ad AF Y AUFEe EYSEH HeE 120~770
mg CO;m™ > h™'go, A% ¥ 430mg CO,m h™'2 1}
EpsTH(Moon, 2004). Jung ef al. (2015)0]) WEH A2 23]
Aol A 49~1,210mg CO, m™ h™" WL, AHF 379
mg CO, m™> h™'g}1L 3ttt 20099 9] AR F EFs TS
Aol A 295.6mg CO, m™> h™'& 7P =qkon, x|2jld
A 292.1mg CO> m> h™", F&Aro| 4] 217.3mg CO; m ™ h™
2 Yehgth 201090l EAtol A 430.3 mg CO, m™ h™,
2|2 Akl A 286.6 mg CO, m™ h™', ZEA|A 171.1 mg
CO, m™ h™' 2 YEPgTh(Table 6).

AR EYTETHFES A &L HEFOR Tiletd
2009d0] FAto] 7.0t Cha™ yr!, X|2@4to] 6.9t Cha™ yr',
HBEAF] 5.1t Cha™' yr ' & UERgTE 2010801 Aol A
7.7tCha yr!, A2t A 6.8t Cha™' yr', HBAkolA] 4.0
tCha ' yr'2 A= Qi) o83t Aake Leluate] At
FolAe) A7t g WEFH H|wste] fARE 23S Y
Bt} A 259 2URFL 6.5t Cha ' yr 'S W&
2.1 (Moon, 2004), ' #F] 2UFHL 74(Cha”' yr'!
£ "= (Kim, 2006)3+ A3+ G-AFSE Z3ko|th(Table 6).

o
—

Table 6. Annual mean soil respiration and carbon emission from 2009 to 2010 at each site.

2009 2010 Mean
Soil respiration (mg CO> m>h™") 217.3 171.1 194.2

Mt. Jeombongsan . o4
Carbon emission (t Cha " yr ) 5.1 4.0 4.6
Soil respiration (mg CO> m > h™") 295.6 430.3 310.5

Mt. Namsan - -1 -1
Carbon emission (t Cha ™ yr ) 7.0 7.7 7.3
» Soil respiration (mg CO> m2h™") 292.1 286.6 289.3

MLt. Jirisan .. -1 -1
Carbon emission (t Cha  yr ) 6.9 6.8 6.8
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apo] Jakg wob A2 the Wele Belths A2 BIsky
o} B3], £E7t EFEFO] mNE G 7 24 Ao
A Qs AR BTh ES A B HEES B9 4
URgel A B FeE BT, Atk T e
o) ThE 2R gt SARRE st ol @
T A AR EFEF SH o ofshE o),
QA wel © Bhed A7) Fa% A4=st Y Ao

MAFEE oAz (a8 E Y A EE ddd+), 79
F(RAFEA7IETTY A7), oBEEHAH YL BHA
B2e YA, A (FHAEH Y AR AYaT
), oA (A=sta ma)

x1xr7|o=|5 43 oS, 97,
1tz 997, 23 w3 °1XH£ OJAHE, A1EHA, o]A}4),
AT AY 9 A= oAE, ol A4

Olsi2tA & AAts == Al Fostda, S3E 3
FTES HESIL FYeHs Y-

APH| 2 =22 SUHYE

5704 (NIE- 2481 7-2023-01) 9]l 2J3) A1 L=

9] “EcoBank $-x|3&] ¥ 7]
a=pnie )
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