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ABSTRACT

This study was carried out to examine the relationships between seasonal variations of soil CO; efflux
rates and soil environmental factors in matured Pinus densiflora and Quercus variabilis stands in the
Wola national experimental forests, southern Korea. Soil CO, efflux rates were measured monthly
from March 2015 to February 2016. Mean soil CO, efflux rates during the study period were
significantly higher in the Q. variabilis (meantstandard error; 2.27+0.22 pmol m?s™) than in the P.
densiflora (1.63£0.12 pmol m™ s™) stands. Mean soil water content and pH were also significantly
higher in the Q. variabilis (26.96+0.93%, pH 5.19) than in the P. densiflora (21.32+0.89%, pH 4.87)

stands,
(13.92+0.67°C) and in the Q.

while soil temperature was not significantly different between the P. densiflora
variabilis (13.52+0.70°C) stands. Q9 values were higher in the Q.

variabilis (3.35) than in the P. densiflora (2.72) stands. The results indicate that soil CO; efflux rates
in Q. variabilis stand could be more sensitive by the change of soil temperature compared with P.
densiflora stand under a similar site environmental condition.

Key words: Carbon cycling, Carbon dynamic, Q1 value, Soil respiration, Soil temperature

Ly 2
AR A BB 24k F A2

7P 2 A\ofel @AskaR eldl olulskea

(CO) A9 72 0% BFOIL AoIgl A% ] &

Fom R st AR AL ol 7h A

S e AR Slulol otk 9 CO, el A

Al WEI o o] i A A A o
Ak o]0 A| ek AgeA] BA Fasheh

* Corresponding Author : Choonsig Kim
i (ckim@gntech.ac.kr)

1
Fu

=

=4

=

o
e

FE EF CO, Hzof Tofohs duo) 2y
& QY] BFolut A A =R E FFS o
(Jandl et al., 2007; Peng et al., 2008), o] & &t ¥+-&-o| 7}
A 217] 7)ok R0l E £1E, B 4R 9 ARG
B S YA 2213 BF U] 7]k 22 7]
(substrate quality)9] x}7} €91 0.7 e #| QJtHDong
etal., 1998; Deng et al., 2010). FH, AFH E o] 4] WAl
—5—}5 CO, 01_%3 /\] . 17}%4 og /Kl—l:}—‘]— %0]7]- l?:_]—}\g

o R84
3} (Konda et al., 2010), EQF 45 2 oFE 0 7

=

=

lo ¢~

N

(¢]

=g



Gyeongwon Baek et al.: Seasonal Variations of Soil CO, Efflux Rates and Soil Environmental Factors in Pinus densiflora ... 121

rit
)

LRI} LA A 7E YIX|RE A2 4] 912 9
112519 cKonda et al., 2010).
ForHE CO, W&o Al - F7HA 2 ¥
SAF O 7HA = CO, S5 H AR 59
d/do] ARl o= AlFEar glom, o] 5 3

2 o] & el W(Ullah et al., 2009),
H(Peichl et al., 2010), AFEAY Tz
(Yashiro ez al., 2008) -5} THARE THRE A7} A A
ek

AP e A o A B H=E BY RS
uef iRt S FEHE Hol= Ao ® dEA gl
0]= Q&9 A& EA nYE TE oJEo] My &

&

g
=2
=2
ﬂ¥
ol
o
é

40 O o
o o W oy g
o
et
> o
ox T
o]
gl
Léi

&
4o mr Lo
do
>
>

2 b
X
&
E of
:
o
HU

g
TR
o,

OF =0

A B, GG
EoFo|gleld] EA So] 9]
EY CO, ¥= sHE 2
Jeong, 2016). el 4] el <]

WEs ol et AR Y= F2HA Y Ayg o}
= AR EYE ST ]JL(YI 2003), L3
Al AYyFe} U] B s EAKim et al.,
2000b), 7'd A A, 2]y je|cha b, Hregs
22 Eqka gt EoF 34 8 Q1uke] :A|(Kim and

Jeong, 2016) 5 o] 9lr}. 3HH 9
E] S CO, WH&0] A QA9 of w2 A - 2
2| ol sjol Yop BE A
TR 2 e AR YR T A= Q)
oA A3t &3t AT Pinus densiflora S etZ.)
%XLL]'—,{Quercus variabilis Blume) &2
ARG ZRE UEEE COt A2 SRl o
ol 2fol & Hol= A& vlastil, CO, ¥E 751
2 Helel B g 8 ¢l Ao]ofl A& 88
=202 a5t

ILIiE %

2.1. ZAFK| 7HE

QATE §15 ZAAIE AR 1A Sk
4@@ “gopA Y SIAsIAT. e 301 B
(1981~20109) o] ] &2] & Hat 72=2kL. 1,513mm,
A Bt 7122 13.1°Co]r}. AAH A= 331 160~
180m v 415:2] Aol $Ixlah, Al A 15250
ot} 1 A 0 2 AU Zanthoxylum schinifolium
S. et Z.), A Z(Rosa multiflora Thunb.), Fuj =

mﬁ&m\

Fig. 1. Location of the study site . P: Pinus densiflora (a); Q: Quercus variabilis (b); LI-8100 A(c).



122 Korean Journal of Agricultural and Forest Meteorology, Vol. 18, No. 3

(Smilax china L.), Z3YE(Quercus serrata Murray),
SN Q. variabilis Blume), 7§12 U5 Toxcodendron
trichocarpum Kuntze), AFE7|(Rubus crataegifolius
Bunge) 0] £EHL} 515 BEAAL 0] ] %) o}
o}, 242 ek H|2ere] Alerelut Befe] 4 o]
off SAIBIL, $-2lutet AFIE QR ROl w2l gz
oF A R R(DRby)] BESSTE AT §

Fet x@el A Qgstel A o m A8 st
F= Ve olate) et A Ao Bt
ohaho 2 A stelckFig. 1), 24 SIS
(pseudoreplication)2 T|317] ]3] 3EF(block) 22
TAE 91 ZHE2-227)9] 10m x 10me] ZAREE T
Safo] 3 127) ZAFRAFALR, BHT) <3 55
X 2uRE] S ARSIk Bt 9 W] 49 2b o
F-0-1,450+187 - ha (B = QAN 2 FRUS
1,000+163 ha''of) e 3kt Bt FAEE 4t
I OJEL 16.63+0.87cm, ZELFR Q5 17.73+1.32ecmE
5 QI Afolol & Aol glovf, JE-FIEA e
AU 9lHo] 33.80+4.59m° ha'®, FHUE Q&
25.38+3.68m” ha' o] H|3]| koLt -9-0]7 Q] Zjo]= ¢

o,

>~
ok
N

O

o ¥
dqr e

o <

2.2. EQF CO, HEEF XA}

ZAE AAE 2R} B
2 EY COEF S flal 24 =AW
A 2290 WHE27 20cm, o] 11em Y53
ASH)L(PVC collar)S FEZ E9%=2~3cm o7}t
A wjAdstA Tt B CO, <2 LI-8100A (LICOR
Bioscience, USA)¢]| 20cm survey chamber?l closed
opaque chamber (soil respiration chamber) & 9 23F %,
4 E Ao E AF Aol LI-8100AE F-2+5
1! Infrared gas analyzer (IRGA) ¥ of| 23} v & & 12
B2 QUE(ALFR, SR 3 YR x gk 3 0
=414 201549 395 € 20161 2€7H4] 274 10A] 5
B 124] Ato]o]| S5t B e 2%l S ES 2%
0] 7%, B CO, =] 574 %= A3 oll K-type H
A9 &= A|(SDT 25, Summit, Korea) & ©]-8-3}0] |3
A 8em zlo|o] =5 SAEIIE BYF pHOF E4F
SHFS- A7 5eme} 7o 5em A7)E VA= 95 E
EFAF7IE 0]-88to] Al 0~5cm 210] 9] EOFAIR
AFIstar A wof Wgot > A= FHISH S
, 28 A 2= E9F pH (Model 735P, istec, Korea)
A 717 %= %(Orion 3 star, Thermo Scientific, Singapore)

M

o H

£ 24EIUT, B SRR U204 105°CE 24
ARF o4 Az T ALY B 7164 520
105°C A3 B4k 550°C 3J&}st & Ao X 7]

23. X2 2M

o = A=) Y& 3ol A8(P<0.05)
SASS]PROC TTEST, 14 53 Al&4 0 2 Hha =3
H 7o ¢ HHE=4 EAHLH(repeated measure
ANOVA)S- 93] SAS MIXED9] repeated & ©]-8-51%1
THSAS Inc., 2003). Z+ & EF CO, HEHFH EF
L1 dstete] Pl A4 T E-S(Boe” ™, By, Bi:
S| AA) 7SI 2 i B CO, Y=o &
& 2E IdE= O %}E(Qm:elo*gl)% AlAksEel o
(Saiz et al., 2006), E<F 45351k EoF pH, 7| AT,
F71ea Tt B CO, HEFe] Wes At
(SAS Inc., 2003)S AA|5FATE

1L Z2p 2 o &

31 QU 8 EY CO, WEO| TN WS
Tkl o Wisks 69 7Y SR
o] A ol HIsl 194 2. 2(P<0.05) =A
e THFig. 2). 693} 7Y BEF 257 i At
o]of Zfe]7} glol(Fig. 2), o] 717 2t B CO, W=
> EF s adlof ofsf RS AL = Ao AlRE
o} o & S5 v E S olu e o) ke A
T U= B pH H B g 23U ol &
U ol Hlsf =7 YebdthFig. 2). B CO =
FAARA M F A2 B 7o 7 w24k
Helon, o] 7|7H ot FFUE E 538 umol m”s™,
AU QR 2,95 umol m?s™ 2 71 E o] 29l
ZRUF QE2] 149 0.42 umol m? s, A&
2] 39 0.49 umol m™s™of] ¥} ZFUE -2
Hlf, AU =2 OF 64 = ol R Yo
A2 o] v ol vlsl A yrebkth
A A AR A o] EF 2me B CO W=
O) A A W50l 717 =2A| 7] o1 8h= 27 8. 21(Borken
etal.,2002; Vincent et al., 2006; Kim and Jeong, 2016)
O 7, ol B2k Hst A E Y Sgolu B
e 5ol g AL 2 AN AR A ez L
EfL= 2102 oA 9tk 2 A oA E = QR mf
B2t e 587 W3, B 2= st st

O_{u
L © po
X 3 A



Gyeongwon Baek et al.: Seasonal Variations of Soil CO, Efflux Rates and Soil Environmental Factors in Pinus densiflora ... 123

8
= —o— Q. variabilis
o * —a— P. densiflora|
£ 6 *
=]
£
=
= 4 A
=
=
S
S 2
S
K=}
B
o
35
—o— Q. variabilis
S 28 —a— P. densiflora
o
2 21
£
3
g 12
2
3 7
S
o
60
—o— Q. variabilis
= so —a— P. densiflora
S a0 o *
£ *
S 30 - *
g *
B 20 4
=
K 10 4
o
12
—o— Q. variabilis
= —a— P. densiflora
= o9 -
S
=
S
2 ©
=
s
20
S 3 |
K=}
3

—o— Q. variabilis

—a— P. densifiora)

Soil pH
w
q

w

-]

w
]
o

—o— Q. variabilis

w
Q
o

—a— P. densiflora

BONON
w oo w
© 6 o
*

M
Q
o

Electrical conductivity (u § cm)

w
o

Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb.
2015 2016
Month

Fig. 2. Monthly variation of soil CO, efflux, soil
temperature, soil water content, soil organic carbon
content, soil pH and electrical conductivity in Quercus
variabilis and Pinus densiflora stands. Vertical bars
indicate standard error. Asterisks represent a
significant difference between Quercus variabilis and
Pinus densiflora stands at P<0.05.
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Fig. 4. Relationships between soil CO; efflux and soil pH, soil water content, electrical conductivity or soil
organic carbon content in Quercus variabilis and Pinus densiflora stands.
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Table 1. Mean soil CO; efflux, soil temperature, soil pH, soil water content, electrical conductivity and soil organic

carbon in Quercus variabilis and Pinus densiflora stands

Stand Soil CO; efflux  Soil temperature Soil pH Soil water Electrical Soil organic
(umol m?s™) (°C) p content (%) conductivity (1 S cm™) carbon (%)
Quercus 2.27 13.52 5.19 26.96 118.73 5.10
variabilis (0.22) (0.71) (0.04) (0.93) (4.65) (0.22)
Pinus 1.62 13.92 4.87 21.32 140.20 5.15
densiflora (0.12) (0.67) (0.04) (0.89) (6.03) (0.30
P-value 0.03 0.88 <0.01 0.02 <0.06 0.98

Values in parentheses are standard errors. Bold letters represent a significant difference at P<0.05.
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