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Abstract: This study examined the change in carbon (C) storage of soil, forest floor and coarse woody debris
(CWD) for different thinning intensities in Pinus densiflora stands 4 years after the treatment. Two study stands
were located in Jeongseon (Stand 1) and Gwangneung Experiment Forest (Stand 2). Three plots for different
thinning intensities based on stand density were established at each stand in 2008; control plot (0%), T20 plot
(20%) and T30 plot (30%) in Stand 1 and control plot (0%), T39 plot (39%) and T74 plot (74%) in Stand 2,
respectively. The C storage of soil (0-50 c¢m), forest floor and CWD was measured in 2012. Total C storage of
T30 plot (109.80 t-C ha™') was significantly higher than that of control plot (86.69 t-C-ha™) in Stand 1. In stand
2, total C storage of T74 plot (97.02 t-C-ha™) was significantly higher than that of control plot (72.04 t-C-ha™) and
T39 plot (63.25 t-C-ha™). Total C storage of the heaviest thinned plot was the highest in each study stand. Since
this study examined initial effects of thinning on C storage of soil, forest floor and CWD, further studies would
be necessary to evaluate the long-term effects.
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Z7heke t7] Bl olatseka ol et et 3
A o] AATHS wa Foedolehs 94 wha A
AL Aojs @ 5 G AFn el Ui Bue B

2] J o7 3UTH(Powers et al., 2011). o]el] w2} 7] s}
Ae N AVH Bk Fro BAH VYRS Bh
SEe] 7|12 olslsh= Ao Fastth(Lal, 2005). 7HH
<3 5 FERAES TP EA A A S
A7) Ul A1) SRR AslA SHOw (Tang
et al., 2005; Campbell et al., 2009), AFHEF EF1o] &
B3 Ao mxE FEFor A4S W 9Utk(Jandl et
al.,, 2007; Jurgensen et al., 2012). 3FH FdZ2 2HAY
H7le] T T Agmoln, 4ol
o) Jabe

=

d 4 dthJonard et al.,
2006). =3 AT T AT ES T A7 H
stof WHajel W WsrF gA dojdrial BiE}lt
(Nave et al., 2010). Z2]3 A JAAY 2
IAHE(Coarse Woody Debris; CWD)Y2 AH o] Q31 A
B2 oghg sh=tl, A2, Aol A gl w4
33k ko] BAE A A3k (Harmon and Sexton, 1996;
Clark et al., 2002). ZAME2] ¥ = U3 F=29 3
of ojste] AR =, 1P I8 Qo] TRT IARE
TEHHOEA AR WAl F X

. 7 A o) ogz‘so]:_% u]x
E]-(Duvall and Grigal, 1999; Olajuylgbe et al., 2011).
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ATHKim et al., 2009). L&} 78 %
g 149 3o ES v AYEF D EY TF A7 (Selig
et al, 2008)-+ 718 A2 339 o] wha 8l Ah A

- (Nilsen and Strand, 2008)¢} o] 7ol 2]t 712
BEFS gk A7 ARle FHQE HESL B3 43
oot wehA] 2 AT H22 S e R 7t
H Awd e EYF, H9S, AN A A Ajol&
A shs AoR, 7hHol 4hgl o] Bha Aol W=
714Q1 I8 "47}01'04 ol st & 5 d= AGA

1. A7t CHAHX|

e G DA LAl AU AA] 1(Stand
D SEAE At A A e AT HE S A
AY U AuFE A4 2(Stand 2)E Ao E B AL
£ TP 2008 A BEEE A E4)E V)
TOE K AEE %} St 37He] A& 2t A7A ol
AA AT A 12 EALE 700 m FEo] f1X]5t
, AFHZAARE 3240032, 78 VI Fo]tH(Table 1).
7P8 Zreo] wa} thZ&TE(Control; 0%), T20 A 2] T(20%),
T30 A2 TF(30%) o2 T, 7+ xa]7-2] w2
2 9F 200 m*(YHE 8 myelt) T Ao R
FF- R (Quercus spp.)] X7} Bo] wE3EstaL Z-Fuint
HANFF-(Symplocos chinensis), *3

o

T (Syyrax obassia), =

A SEUere] dE 4502 1459 haol] 24 A YU (Lindera obtusiloba) 5-°] 921, T20 A 2]Fol=
=X 0}01 2HIAR Q] 22.7%, AFSG AHEHA 2] 56.1% E5PIF(Quercus serrata) 2 AT (Quercus mongolica)
£ ARSI A tH(Korea Forest Service, 2012). U7} o] wjote}t A7t A 8kaL N (Rhus trichocarpa),
AR A AA w88 wEe]| ATES S B\ 5 (Fraxinus rhynchophylla) 5°] @3}, T30
YO AYRA ARE IUT YA AS BLA AT 3o AT Ao Ao} £ A
A, vE A e] ga Zﬂ%%k ] 5o] Bl L, AU Sl S8 ETE A9A 2 alEALE 500
Ath(Lee et al., 2009; Noh et al., 2010). T3+ &7H27] m A=l IX|EFH, AR A= 23-30°0] 3, AT AT
Table 1. Characteristics of two Pinus densiflora study stands in 2012, four years after thinning.

Stand 1 Stand 2

Location 37°30'N, 128°56'E 37°46'N, 127°10'E

Altitude (m) 700 500

Stand age (year) 51-60 51-60

Slope (°) 324 23-30

Treatment Control T20 T30 Control T39 T74

Thinning intensity (%) 0 20 30 0 39 74

Stand density (tree ha™) 580 473 338 1,100 700 313

Mean DBH (cm) 34.6 36.3 38.5 26.3 31.1 43.7

Mean height (m) 21.8 22.5 232 142 20.7 19.9

Basal area (m* ha™) 534 489 454 59.7 53.3 47.1

Volume (m® ha™) 419.1 396.1 379.1 305.1 397.2 3374
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A 13} 2+ VIGFo|t(Table 1). 7Hd 7ol w2} dj=
T(Control; 0%), T39 # 2] 7(39%), T74 A 2] T-(74%)
Foz TRAYOn], thETo} 74 Hel 7o) WAL of
314 m* (33 10 m), T39 A2 °F 499 m’ (W7 12.6
m)elth. 9] sFAAerE FHF U (Acer
pseudosieboldiarmm), 7=, A -(Acer barbinerve)
ol °1°u4 T39 A2l ol HHULE, GEFR 5

o] ¥t} T74 Agl+9] ste-2 Az 9 &3y
o] Wobrt S star AT, Al B= (Smilax china)
ol s, el del 2ER/7F ol AT

E< ’\]E"H-Hﬂ (407 cm3)E O]*Q*O}oq 7—]‘ ?41’4?“3}‘:} 9‘ﬂ
HO=Z 0-10 cm, 10-20 cm, 20-30 cm, 30-50 cm Z o
2 A} #3FH th(Korea Forest Research Institute, 2010).
HE EY AEE F4 F 2 mm A (US standard No.
10)E o]&atod AES} Ho= ZelailaL, AlEe] o
Bl gk w250 93] Bsidlon AES 105°C
oA o] mEdd w7lx] A T &7 Wr A&
a3 FAE ST 345 NES ESF AIRE A
F$ A AT 3LoA 30 em x 30 em FHHFTE ©|
gato] ZF Aot odbE 0 2 2 F51Ith(Korea Forest
Research Institute, 2010). B3+ Z+zFe] 2]+l 10 m x
10 m 3719 BZE ZAFTE 3R oz Hdx]sle] 2 A0
10 cm o’Fel™ Zol7F 1 m O] Fl e JARRS] A
xﬁ’}"ﬂ‘:} AFe] F740] B7Fse AR 1

Jotet Zash 273 Hol Aatal ot
H—.4 3} tH(Korea Forest Research Institute, 2010).
I IAHE A G 85°Co A kel =2 w7
FAE SN, IAHE A8 AFFH A
Botd B XA JANE AT HFS
995, TAE AR B B 24
@. 7] (Vano macro Elemental Analyzer, Elementar
Analysensysteme GmbH, Germany)ZS /\]-&‘S}Oﬂﬂ- Eok
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2 FEE e d o Ael el E% §4 UEg &
%, HAF L IS Bk SE, Bh 4G Aole] §

Aol dvrXE 2 & (General Linear Model; GLM)
$51915, Duncan] AW L o18519] 2 He)

A1034 A 1Z (2014)

H WA THP < 0.05). 5 4] SAS 9.2
ZZ2 S A3 THSAS Institute Inc., USA).
7=ljl_|. I;I_<I _Tl_?'él-
1. EQF EbA XEE
ATA] 12] 0-50 cm ZHoloA B BA T (%)= 4
o|E g ZT 0.65-3.78, T20 &7 1.05-4.29, T30
2 1.19-430 52 M= Yepton, A7) 29] -
iz 0.98-3.27, T39 A&7 0.89-2.37, T74 A&+
1.59-4.04 5-¢] M= Yebstth(Figure 1). A4 1¢] 10-
20, 20-30 cm ZololA E% B4 L= T30 277t
izl Hlsl FAIA SR frolshAl wokth AA] 29
0-10, 30-50 cm ZololA EYF &4 T T74 227t
T39 A&l vlal] SAXSZE FolshA Z=UAL 10-20,
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Figure 1. Soil carbon concentration in Stand 1 (a) and Stand
2 (b) of Pinus densiflora with different thinning intensities.
Different letters indicate significant differences among treatments
within each study stand (P < 0.05). The horizontal bars represent
standard errors.
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Sk AR 274 BRI ESF 0-10 cm Hole] B & UehtA] ke Zlo 2 AaEth(Grace et al., 2006).

A2 E5rt 7P B9kon, B Zolrt ZAolA4E Egk ATA] 19] 0-50 em ZloJol|A ESF ©ha A4+ (tCha™)
g TE A4S 3 AR 19 EY B T £ Zlo|HE t)ZTF 13.05-28.39, T20 28] 16.82-30.60,
T EY Zojof wel FEH oz FAZS 2ol E T30 A2 18.75-31.76 52| ML= YEl o, A4
EPAI R RE EoF ZloloA 7Hd PR Ert e E 20 A% ET 11.16-21.44, T39 2] 8.98-17.33,
EY e 55 2718t AFS Byt 931 29 T74 2]+ 15.84-26.61 52 HZ YEPITHTable 2).
Ao x 7 A=7F =& 7o) o]Fof3 T74 g 0-50 cm Zo)71A] ESF Bk A eke] g0 2= o 17 |
T EY BAh ¥ RE B Zlololx T} ol M= thE 7431, T20 A2+ 90.41, T30 A&+
T39 A FHT 2 @S Bk 7HH A=rt 7H = 99.68 o & UEltom Az 20 A9 tZT 62.92,

=2

=

=S 7S Y T39 22| 51.85, T74 2]+ 82.80 5= et
=]

= A EY g =2
A2 70 ol ¢ AR e Eefok MEA BAE s A 19 B B A2 T30 A2t ]
SAAL] AL B B RNTE B F f71E0] £ 3] BAH R FolaAl Eokow, AA] 20 BEY ©hA
H97] wEo 7 FAHrkSelig et al., 2008). T A T74 22| F7F 272} T39 A 27+l vl &
AT Ao}l gl 7o) B A TR vX= 9 AHOZ Fol5HA =AUt Kim et al.(2009) £ A9}
o] 79| gltk= HIE th(Nobles et al., 2009; Hoover, E3H AUTRYS oz Fas Ao A] 7hH X
2011). 7] B FH(0-10 cm) B4 Ao tjzH) &
A4 19] 0-50 em ZolollX EF 84 Wi (gem” )= Utk Bl om, (hH M BEY e =2 &
oM E thxT 0.76-1.10, T20 A2+ 0.72-1.01, T30  # =g 2 Aoz ZAsisitt. 2dd & A2 4
AT 0.74-1.04 5 HAZ e OH, A=A 29] T, A7A 270 ae] ] B AolollA 7H Fmo
7% tlZ=7 0.68-0.87, T39 2|7+ 0.76-0.92, T74 A e EF &2 "Ee] Xpol7p vhehtA] 28k wol
27 0.68-0.74 52 W& UEFstth(Table 2). A4 B g 5o o7t BEGF B AT Aol A

F

1olA] 7hd e B 82 "Wxe] FA4 Afol= S7)= FH 8o 2 dAdETh yhdol ), 73 7
YERA] egkth, AR 29] 20-30 cm ZolollA B 2 A HEEe] ES v A S A7 A (Nave et
424 e U2+ T39 A7 T74 2]+l H]3) al,, 2010), E B4 Aol mA= daFol A9 itk
FAFoRE FosHl =UAL, 30-50 cm ZHolollA EGF = HI% $JThNilsen and Strand, 2008; Chatterjee et al.,
44 dx= T39 A2 T7F T74 A2l vlal] SAH L 2009).

2 FsHA =UT o8] AFolA ZhHoy HAf g

2 AN FrRo R &3 dWxTF Frlee e 2. U4¥E ¥ TAE B NEE
2 B 7% A2 (Shaw and Carter, 2002; Landsberg et AR 19] YHE T FE(%)2 ©h4 A tCha)
al., 2003; Grace et al., 2006), ¥ AT E= 7HE A & 7b7h R 47.849F 9.57, T20 22T 46.713F 6.36,

ge] B 84 9t darE B2 TS Hol T30 AT 47.859 7.06 T2 UEpston, A 29
A BTt ol& 7Hd Ao Qlate] MAste ETHY 73 xR 49513 7.81, T39 A7 50.703 8.32,
o] F7kA el WHole}l H|7] o= 2lsle] FEE a2t T74 A2+ 51373 6.95 52 & UESITH(Table 3). 9
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Table 2. Soil bulk density and soil carbon storage for Pinus densiflora stands with different thinning intensities.

Stand 1 Stand 2

Depth (cm) Control T20 T30 Control T39 T74
. 0-10 076(0.02)a  072(0.03)a  0.74(0.02)a  0.68(0.04)a  0.76(0.04)a  0.68(0.02)a
gé’:lls'glk 10-20 0.88(0.04)a  083(0.03)a  085(0.03a  0.79(0.02)a  0.82(0.03)a  0.74 (0.04)a
o) 20-30 096(0.07%2  0.89(0.05a  0.86(0.0)a  086(0.03)a  0.87(0.05)a  0.72 (0.04)b
30-50 1.10(0.06)a  1.01(0.06)a  1.04(0.06a  0.87(0.05ab  092(0.07)a  0.73(0.05)b
0-10  2839(1.06)a 30.60(1.59)a 31.76(1.17)a  21.44(2.80)ab 17.33 (1.08)b  26.61 2.47)a
Soil C 1020 1945(134)b  23.71(0.65)a 2485205  1489(137)b  12.26(0.99b 1930 (1.41)a
storage 2030 13.05(131)b  1682(1.07)ab 1875(205a  11.16(127)b  898(0.83)b  15.84(1.28)a
(tCha™) 30-50 1343 (1.61)b  1928(3.10)ab 2432449 1543 (1.85)ab  1328(253)b  21.05(1.92)a
Total 7431 (4.64)b 9041 (4.63)ab  99.68(9.16)a  62.92(454)b  51.85(3.97b  82.80(536)a

Values with different letters indicate significant differences among three thinning intensities at P < 0.05. The values in parentheses are stan-
dard errors.
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Table 3. Dry weight, carbon concentration and storage of forest floor and coarse woody debris for Pinus densiflora stands with

different thinning intensities.

Forest floor Coarse woody debris

Stand Treatment Dry weight C concentration C storage Dry weight C concentration C storage
(tha™) (%) (tC-ha™) (tha™) (%) (tCha™)

Control 19.97(1.98)a 47.84(0.45)a 9.57(0.96)a 5.78 48.79 2.80

Stand 1 T20 13.54(1.15)b 46.71(0.82)a 6.36(0.60)b 2.99 47.32 1.40

T30 14.72(1.11)b 47.85(0.87)a 7.06(0.58)b 6.49 47.12 3.06

Control 16.04(1.95)a 49.51(1.36)a 7.81(0.83)a 2.66 49.13 1.31

Stand 2 T39 16.42(1.22)a 50.70(1.49)a 8.32(0.67)a 6.32 49.02 3.08

T74 13.53(1.21)a 51.37(1.55)a 6.95(0.68)a 15.07 48.82 7.27

Values with different letters indicate significant differences among three thinning intensities at P < 0.05. The values in parentheses are stan-

dard errors.
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Figure 2. Total carbon storage of soil, forest floor and coarse
woody debris for Pinus densiflora stands with different thinning
intensities. Different letters indicate significant differences
among treatments within each study stand (P < 0.05).
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