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Abstract: This study was carried out to investigate the short-term (3 years) effect of thinning on aboveground
carbon storage for 34-year-old (site 1) and 45-year-old (site 2) Korean pine (Pinus koraiensis Siebold et
Zuccarini) plantations with different diameter class and site quality located in Gwangneung experimental forest.
Thinning was manually carried out in consideration of basal area in 2004 (site 1 : 30% and 60% of basa area
removed and site 2 : 60% of basal area removed). In 2004 and 2007, DBH and tree height were measured to
analyze the changes in carbon storage after thinning. In the sites of 60% of basal area removed, athough the
mean DBH of site 1 was higher than that of site 2, mean annua carbon storage increment in site 2 (6.5 Mg
C ha* yr?) was about 3 times higher than that in site 1 (2.3 Mg C ha® yr™). The reason for this result was
probably due to higher stem density and site quality in site 2 compared to site 1. In site 2, mean annual carbon
storage increment in thinned plot (6.5 Mg C ha™ yr™) was about 1.3 times higher than that in control (5.2 Mg
C ha® yr?). The results suggest that the stem density and site quality may be much more related to the
aboveground carbon storage compared to diameter class. In addition, it is needed to consider these two factors
for determining whether thinning is a feasible management aternative for the increase in aboveground carbon
sequestration.
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Table 1. The changesin stand characteristicsfor Korean pine plantation after thinning in 2004.

_— Stem density MeanDBH Meantreeheight Basd area Volume Thinning

Treatment  Thinning (treesha?) (cm) (m) (m? ha®) (ha)  intensity* (%)
Site 1-control - 812 280 16.4 39.3 261.4 -

_ before 764 200 165 296 2653

SEeL3% e 478 305 159 275 176.0 %

. before 860 271 162 391 2575

SEeLe% e 287 201 17.0 160 1001 60
Ste2-control - 1517 185 189 408 476 -

, before 1125 209 184 409 3381

SEe260% ey 35 254 195 17.0 1484 60

*thinning intensity was determined by the remova ratio of basa area
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Figure 1. The variation of annual ring increment in 30% (a)
and 60% (b) thinning intensity for site 1.
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Figure 2. The variation of annual ring increment in control
and 60% thinning intengity for site 2.
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Figure 3. The distribution of DBH class after thinning for
sitel (a: 30% thinning intensity, b: 60% thinning intensity).

de 2 S7HFel BA dvke 71E A A3
dx)eH= oz FAtEth(Thorpe e al., 2007).

IS

ol
ko
£ 4o

N

A
oy
il
Ao

A
X
fo
(2101, H:l
Ko

@AF 30% A AT 7 A

N

2
R
o WL 2
}Z fo 2

At

41 o X Aot
oy g
[o}

=]
o= A+ Fx7F 7k Ao}
& &= Ath(Figure 3).
2z = 2004 Aol A
o] JEHE Holtrt 3do] A 20074l = F
6 cm<} 22 cmoll Al 2 A ST ZA 27

7hgo] 2 ke 75

-
B
>
lo
o,
o]
Mo
54

Ir

3. XA EfA XEEF B3
ZAKA] 1¢] Faaz 30% A A oA 2] XA B
6.3 Mg C ha'ellA4 20073 104.2

Agge 108 A%
Mg C ha'2 9312 743 Aoz zAlsgon, Fut

=2 1

500 -
2004

@ 02007
400

300

200

Number of trees (n/ha)

100

DBH(cm)
250

(b) M before thinning
O after thinning
02007

0 22 24 26 28 30 32 34 36

12 14 16 18 21

- _ )
=3 @ 3
=3 S S

Number of trees(n/ha)

0
S

DBH(cm)

Figure4. Thedistribution of DBH classafter thinning for site
2 (a: control, b: 60% thinning intensity).

Table 2. The changesin carbon stock in Korean pine plantation
after thinning.

Mean annua
Aboveground increment of
Treatment  Year carbon stock carbon stock
-1
(Mg Char) (Mg Chatyr?)
2004
Thinning (after) 116.3 40
(30%) 2007 104.2 -
Stel 004 :
Thiming  (after) 6.7 23
(60%) 2007 745 .
2004 1173
Control 2007 31 52
Site2 2004
inni 53.7
Thinning  (fter) 65
(60%) 2007 731

WA 60% A ATAAE 7 A5 67.7 Mg C ha'ol|A]
745 Mg C ha'2 ZF7tste] 1 ¥+ 23 Mg C ha'e] &
&7F ARE Ao E EAEStTable 2). ¥ A= AF+
27} 78 (2001)°] A71= F5 W dHF o] FARE 31
A Z7ITAUH S IO R ARG A A e
A S7FF 32 Mg C ha'?t Hlwd o ¢F 09 Mg C
ha' 7He W& A 3], ol gk xlol= gl7|vkatr ¢



2ol

)

7F ZAEA] 19] Zhbr Qo] s #3471
, A 19] FaEH A 30% A Aol A
o] Aol = Estal A S g
g Ao ' e offr= shbr e 2
478 ¥ ha'ol|4 2007 d ZA} A] A
ol5)] 435 E halo 2 Zhasle], FALE &3
o] 2004 27.5 n? ha'ol A 2007'd 24.6 n?
alZ 93|78 20159 7] wEel Aoz FAtEch
ZAKA] 2 o] 79 eaA ko] 20049 117.3 Mg
C ha'ol| 4] 2007 133.1 Mg C ha'® Z7}ate] & B+t
52 Mg C ha* ®HF 37k 21 0= yepstt, Bgh Fadt
HA 60% A|ATFAAM = 7P 2 537 Mg C ha'ol|A]
20073 73.1 Mg C ha'e. g Z71ste] o < 65 Mg C
ha'e] eart A Aoz EAE o] gzt Hal]
Wt S o] ofF 1.38) BuTh

Aol A 2007 d =00l ARG Z2AEA] 29] iR A
B4 4 3(133.1 Mg C hal)S o] %(1998)0] &
oF o] FAFe 46348 AU Q1 Wl AR
Eo] Ao A3 AFo|A B3 127.8 Mg ha'
(639 Mg C ha) Bt} oF 2u] 7} =9ko™, Son et
al.(2001)°] JA| & AR 9 A& o] FAFSH 4648 At
T Aws o R AR A A #F 279.7 Mg hat
(139.9 Mg C ha")Z= frAkeh Aot} gt 2 Aih=
AEA 5(1996)°] 471 % FH AGeA 22 AQ5-E
Q1 37dA Bt el S-S ZEAE R =
AFgE A ' wE AZHE] 71 vhauHr 69.1 Mg C
hal, ¥4 63.6 Mg C hab)el vl ahd oF 20 717to)

M1 o
uies

1

g

!

oY [

0z

2
)

Au)
&
l-fki

w
i
o
=

>~
o

]
7Dl—

A
2y

o 4 2
2 o —\|(—' l.o
o

[o

it
% o B>

B of
)

=0

Ab

1 4 e

[e]
bl
=

& Aspolt. |9} Re A BAAYY 2 A 37}
BTGB WSk A9 o) FFS Wk ]
29

=2
T Az} dReeh(E2 2 A4, 2001).
FAHAZ 60% Al A= FL 7HH A=t
T ZAR A 9] A B BRI TS =)
PO S I @] WA A EFU B2
AFA] 2(325 £ hat)7t ZAFA] 1(287 - hah)ell Blsl] <F 3
Hj 7}7to] B-e Ao 2 ZAE AT Mufioz et al.(2008)°]
Eucalyptus nitensE tdo.2 7HH 7t o Aok A
(Mg hat yr®) s}l #afl A A7 Aol <Jshd ha
3 ZEE 400E(H 7 DBH 335 cm), 800%-(¥+ DBH
27.1 cm), 1,100 (% DBH 24.3 cm) A &]FollA 7z}
233, 27.7, 285°] AA o] T, ol THA
ol JEUE7F o A Al S7ao] Bl A
AE HoF= 0= T AHet AR & < Tk

e |
g

L A AV A g wgol viAl= 27] 9% 609

A Aol ZARA] 18] 79 7P A JEE=7F 1.3090
Al 7P A3 05302 v o™ (60% A A), 3do] A
3 200700 = 0572 2004 7 A 5o v]&l] oF 8%
S7kehe 2o ® UEhdth B3 AR 2 7hE A 4 E
T 1247} 708 A5 0512 35121 (60% A A), Al
3de] Azhet 200730l E YEE7} 0672 HER 20044
7hd A 5of vls) oF 31% S7HeF A0 E ZAE AT £

Ho = 0\'}1
e o
ko St
o 8,
rx
T E

-
T i
L
oX rj>
—~ (o3
& iy

Lot
8 ol

>
%
Ik

opy L2
e
L A0
o
u
Y o
a
0l

o= #4 Zb

>,
~
M_{
&
oo e

>
2

g off

by AL
&g
Hr A
b1
rr

d1 o K
N
ot

M o
:\_l,

w
1
2
o 3
:‘.DL_',
X
ki
E
o
o
X0,
N

N
it

, O]=*. 2006. dHaLel AlH
TZh o] vpo] Quf 2o} AZF SN
Z| 95(4): 398-404.

£83% AdFFE, AZF. 199%. )79}
FRYA Y A WA, i) Q19 BX
A5 AT, U8R 85(3): 416-425.
4. 2001 7= BT 27IttauRdie
A dwF Wsh g9l 8Hs]A] 90(6): 774-780.
007. YLAEAQRE (http://mww.forest.go.kr).
ol7 s, A, 2007. -2yl A+ wlo] onj
. Sl 8] R 96(4): 477-482.

I, £9R. 1998 A7E ZTAA 3534
o] npo]Qufof Sk A, FHAHESA
1(1): 61-68.

i
ofy
o
>

S
gad
Eﬂo{j
UO
Lo N

¢

o2 of\

L >
T 8, 01")’ oL
o

M
>
o
2,

N
R = A N <R[ )

o

IN
N
>
b oo T 4
N

o sy o b
off o

oo o 1
o2

of ox

o of

4 X o o
s

9. o] Fel, &P, oA, FAL, A, AAF, vha
. 2005, H7MAVHE PR R wE A gy
ol B3 AT, A F 1 EEA] 7(4): 282-288.

10. A F, o), 7, TE, AR, o1 AA, .
2005. A A8<) S (Camellia japonica)
AdYe] AEF oY BE. AFAY A
28(3): 163-168.

11. Chiang, J-M., RW. McEwan, D.A. Yaussy and K.J. Brown.
2008. The effects of prescribed fire and silvicultura thin-



610 aEbEaEE Al 97 A A 6 5 (2008)

ning on the aboveground carbon stocks and net primary
production of overstory trees in an oak-hickory ecosys-
tem in southern Ohio. Forest Ecology and Management
255: 1584-1594.

12. Davis, M.R., R.B. Allen and PW. Clinton. 2003. Carbon
storage along a stand development sequence in a New
Zealand Nothofagus forest. Forest Ecology and Manage-
ment 177: 313-321.

13. Hu, H. and GG Wang. 2008. Changes in forest biomass
carbon storage in the South Carolina Piedmont between
1936 and 2005. Forest Ecology and Management 255:
1400-1408.

14. Hwang, J. and Y. Son. 2006. Short-term effects of thin-
ning and liming on forex soils of pitch pine and Japanese
larch plantations in centrd Korea. Ecologicd Research 21:
671-680.

15.Kim, C., Y. Son, WK. Lee, Y.C. Ha, J. Jeong and N.J.
Noh. 2007. Effects of forest tending works on carbon
storage in a Pinus densiflora stand. Journad of Ecology
and Field Biology 30(4): 281-285.

16. Mufioz, F, R. Rubilar, M. Espinosa, J. Cancino, J. Toro
and M. Herrera. 2008. The effect of pruning and thinning
on above aeriad biomass of Eucalyptus nitens (Deane &
Maiden) Maiden. Forest Ecology and Management 255:
365-373.

17. Park, B.B., Y.K. Kim and S.I. Lee. 2007. Effects of silvi-

cultural treatments on carbon storage of northern hard-
wood forests. Journal of Korean Forest Society 96(2):
208-213.

18. Pinkard, E.A. and W.A. Neilsen. 2003. Crown and stand
characteristics of Eucalyptus nitens in response to initia
spacing: implications for thinning. Forest Ecology and
Management 172: 215-227.

19. Son, Y., JW. Hwang, Z.S. Kim, WK. Lee and J.S. Kim.
2001. Allometry and biomass of Korean pine (Pinus
koraiensis) in central Korea. Bioresource Technology 78:
251-255.

20.Son, Y., N.J. Noh, RH. Kim, JW. Koo and M.J. Yi.
2007. Biomass and nutrients of planted and naturaly
occurring Pinus koraiensis in Korea. Eurasian Journal of
Forest Research 10(1): 41-50.

21. Son, Y., K.Y. Seo, RH. Kim, JW. Koo, M.J. Yi, and J.H.
Kim. 2005. Biomass and nutrient distribution of Pinus
koraiensis seedlings invading a mixed forest dominated by
Quercus mongolica. Forest Science Technology 1: 8-12.

22. Thorpe, H.C., S.C. Thomas and JP. Caspersen. 2007.
Residual-tree growth responses to partial stand harvest in
the black spruce (Picea mariana) boreal forest. Canadian
Journal of Forest Research 37(9): 1563-1571.

(20084 8Y 259 A<= 20084 119 174 A=)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


