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Change of Aboveground Carbon Storage in a Pinus rigida
Stand in Gwangnung, Gyunggi-do, Korea'
Choonsig Kim** and Jin-Hyun Jeong’
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ABSTRACT

Aboveground carbon storage and increment of a 31-year-old pitch pine (Pinus rigide) stand were
measured for five years (1997 ~2001) in the Jungbu Forest Experiment Station, Gyeonggi-do, Korea. The
carbon concentration in each component of aboveground and soil depth decreased in the order of
needle>branch)stembark>stemwood>forest floor>0-15¢cm soil depth>15-30cm soil depth. The carbon storage
except for root carbon was 140,600kgC/ha and the tree accounted for 61%, soil 31% and forest floor 8%
of the stand carbon storage. Due to high tree mortality by Fusarium subglutinans infection and spring
drought in 2001, carbon increment except for 2001 data was 3,233kgC/ha/yr and was in the order of
stemwood>branchystembark>needle, Carbon storage and increment were attributed to stand density and site
quality. Carbon storage and increment were higher in the high site quality than in the lower site quality
plot on similar tree density. Also, the high tree density site on similar site quality showed more carbon
storage and increment compared with the lower tree density. The results suggest that site quality and tree
density are a key factor determining carbon storage and increment in this pitch pine stand.
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F 2 71 olAtstetAdEEe] Frbe A28l
o] TA A AFgt FEE wha 9] o] o]Atslgta
o F4 - AA FHE 7HA AR 'kAF Ak of
& HAo] Frlslmslcl(Vitousek, 1991; Alban
and Perala, 1992; Laitat %, 2000, Watson %,
2000). £3] 2001 7€ MNHF 7| Fwsbal
Aoz F3 S743)9ddMe= 7% H(management
forest)ell ©H¥ ¥t4H(carbon credit)& AT
24 2% (artificial forest) & HdH2 g4
AR FHe mete FAAAY Bd2xd g5 4
F Z1xGAZA 2 FaAe] ¥74E dAeirt
(Earth Negotiation Bulletin, 2001). °18l& &
SA ) vl 5] AL I AAL ®*AA
Z 539 A }H(Birdsey, 1992; Schroeder and
Winjum, 1995, Alexeyev and Birdsey, 1998)
olitatebA A7He 913 EAYH e 88 F
(McPherson and Simpson, 1999) ©}%% 477}
Al 3 glont e AS o]’ A7t ¢
&3 AAolch, I 9] kARl AT RA
Azaa} AR AAdY 2 A 544
B wA FEHEES, 1999)) o A7t o
2OAAR uwl glevt Aol eopd HAH
(natural forest)oll =§=Ee & AAHe|H oA 7}
2 2 287w "ok A el

F2 {7152 SAstE A AAHAY fo=x
B A TRtasgd 3A 71T B ohe} B
#7152 EAsle BEdRrisas EYoldty
EAgE LAY HHE JHR7] dEe frlga
gro] AR Ag AR YA AHe] Y= A
o2 oralx 9lth(Alban and Pelara, 1992).
At Sevete] F8 2YsEY shbdd@r
g4, 2000) &7lchavdFdBd gaxsk HAE
st Az FEe $A3 D=t A7 o E
A A& Brdau g s der 5
£9H(1997~2001) =YX diaAgEdsd d g4
Z7beF W3 2AE BHog SIEg.

Nz ¥ 2

£ A7E A7|E 2AT 4289 F5l HAF
FHAdAEAY ridaur2EAE Qe
At o] A9 d Pt 1,365mm
24 fehtel d9E A4 1,274dmmEre ¥

A vdehdz glen @ et 11T e}
A S ool 3tka sloh, 2AAE 7k
nlehg a2 AAE ZYdAad moky(Byo] ¥
Faix 9o 2R AL A Carpinus
laxiflora)7} 482 S5 (Quercus servata),
252V 5(Q. acutissima), A5 Cornus kousa)
55 3% 9 ez &dstm 9.

19979 AR E AAH 31494 grivkavkF-2
YA S Aoz Yxe} 297 o 309 20x
10m ZAF-E A slgl o 2Ab7-o JFFaA
AL 15.3cm, F29AAEL 41.1 m*/haZ =4}
H9ch, YU EE ZAFE 1o] 548/200m®, At
T 25 UE/00m?, AT 3 3H5E/200miez
ZAVE 10] FAVE 2, 3ol vl YELUEI} Fgho
o YR A FAE 1L 8.8, A 2&
7.8, A 32 10.224 EAME 30) A1, 2
o vl#] 2 ¢} T Ao eyl 7 AT
£ 19974 109 20 H-E] 22 Alelel wRERALE
AN F 4 2AT-E UIE F e WEES
AARsLT AR 20~30cm 3ol HAYE AA
slgdon WA" 152 71, o, 7] 9 AF
ge 2R3 AFH A8y dFe AR &

Azxy BEE A AR FHelA] AL
g grlckayF vleler s 44 2 3HKim
=, 1995) &4 AZwH {954l 2elrt Hlrl
o Fol(Kim 5, 1999) £ 2AbEd £ 5 o
T AFH FAL A= FHAA Y F vle].e
2 A AL ol 45t FAsigod JEAFH
9 50% 5 wristaske g #Akslg cH(McPherson
and Simpson, 1999). YAH(forest floor)®] 7%
200cm’ FAHEAE 7HAE 2HgH A FEALE
£ o) 43ted 1999 4ol AT 40H F 1240
9] A EE At 105T & A=A F 9
Bl Aty g AT, EF AEe 4u
Ao g sk fr]E%go] AdA Wslg Kol
B2g2(71%4], 1998), 19994 44 14, 8% 64, 10
4 59 33l AA AA 5em, Heo] 15ecm B
AH7)& o]g3te] 0~15cms}t 15~30cm #4=2
He 7 247 2 Aol 3HA F 543 Ay
EARE At A A, 94, BN &
F1eragke 550TC9] 3326 A% A4% F
$AE FAY 0% E Frisaddo g st
Al A gJAke] AFE o] 43l BAAGgS
2515t Alban and Perala, 1992). Eok4 #



776

g EckgAW ol HHFgAY T s
HAAAFE Adstdet, =3 AR g3t
23 97d o] F 98+ 94 17¢, 999 109 144,
2000+ 11€ 124, 20019 10¥ 59 714 5\d-%¢
Wl FuAAAZFE st @ A4E B4
Z7te Wskg zabslgl o TALES A4 o)
o] TFHo2 Y2 wiEHAAY B #7)E
E #057] dFell AR g 28k A 95t
Ak, datelt Eohy ghaA Akl fude)z)
= B NS¢ 2 8t 9l Ao Hty
o] ZA3}x] %9kch(Watson 5, 2000).

da ¥ o

ZATY Eokoldlery AAF B IZAMT
9] T ol BEF JEZA R} w|al Feke]
70% o144 ¥lxd E=A velhz glor YE9
Aol vl gt BEAL JA 2 Qe Aoz
A gick(Table 1). £ pHE 4.5604 5.19)
75k Eokelw #U1E AL A RE
4.4%01 0.2 7 A vigtoli} HetwA A B
9 §718 & 3.0% 5 A4 Jepgri(e] ==,
1981). =3 f&cl4ale] AH$x 3I5ppmelAoz
sp7kwvielel) Hetna) Y B FEUAF
2 42ppmell H]3] FAEAY =A ez 9
ok, AR, FEAA, ol LA BLYF T 2ALTF
o EofBAE ¥ w ZALE 3o 2AME L, 2
of wla] ESRrs =2 oz ey}
(Table 1).

19974 AR ZrxALEe] JBUEE FALE
1, 548/200m® ZAME 2, 348/200m® ZAMF- 3,
3B5E/200m’] EEstw glovt 2001dels FAF
F 1, 438/200m* ZARF 2, 238/200m® ZAMF
3, AE/200m’ .2 JERSo Aty WEE B
o)1 ¢Jc}(Table 2, Figure 1), ¢]¢} 2-& 9l &9

Table 1. Soil properties in the study site.

REGE AR =71vaurakare th ER RFEATEE ML

Z9 ke 20009 AHEHE 20014be]e F=
wAstgon 2001 57|l 3~594te]
o] Ade Fpakd 28.1~46.9mm=zA  dlde
246.1lmm?] 12~19%° E3}3l] UdE-ol] 3t Az
&7t Astdz £3 o] Aol #0F rlcka
g9 Fale|&(Fusarium subglutinans) 7} vt
EHE JEIAEY Aol ArtH oz 2H43tg
< Aoz Ag"rh(e]sF, Personal communica-
tion). 5¥E1te] AAAAE mdlvigle mAlR
HE2 AFo] & Y58 8~16cm A x| =
g9 YEAA T2 dAE o v (Figure 1) 2
AEA S o3 FgEle] sl 45 zA)
o] velythi (7 %4}, Personal observaton).

tree/200m?2

8-12cm 12-16cm 16—20cn[1BH 20-24cm  24-28cm 28-32cm

o 2001 il
Bplot3

tree/200m2

8~12cm 12-16cm 16—200%330—240m 24-28cm  28-32cm

Figure 1. Distribution of DBH in the study site.
Plot 1: High tree density with low site
quality; Plot 2 : Low tree density with
low site quality; Plot 3 : Low tree density
with high site quality.

- + ¥ 2+ 7r
Depth o, Sand Silt Clay (fl:{S OM TN Pos SEC K Na@ Ca” Mg
(cm) (%) H,0) (%) (%) (ppm) ( cmolc/ke)
1 45.6 40.8 13.6 4.5 4.4 0.17 37.3 10.1 0.15. 0.21 0.68 0.10
0-10 2 4.4 46.6 19 5.0 50 0.20 35.5 12.8 0.22 0.23 1.52 0.16
3 35.4 43.6 21 4.5 6.3 0.22 66.2 14.5 0.14 0.4 1.06 0.24
1 3.4 36.6 27.0 4.8 i.1 0.06 10.7 9.95 0.14 0.22 0.46 0.06
10-30 2 43.7 37.5 18.8 5.1 2.3 0.10 1.4 9.5 0.14 0.19 0.83 0.06
3 41.5 36.7 21.8 4.8 2.5 0.10 23.3 12.1 0.12 0.22 0.40 0.05
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EAY AA 6em ol A B FuARAF B
Ee B0 M =9R 24 19 AS 32
ARAFS 37t A dehvdzn 2AT 28 32
ARFTE & AAINA 224 X3y F
7t AAF(12~20cm)e] ok HEE Holm g)
ok A 3¢ A+ 20cm o)Ak FaA Aol
2 959 vl go] etxAFo vl3] E3tH(Figure
D. HFF2AA4L 247 3] 19.98cmaA 7}
A2 AAE Bola 9low EALFE 13} A 2
£ 16.05cm®} 16.782 f-Abslsict. mAlE-o] 7}
7 gro] whAlslalH 2001 +31E ALEE A
W HFAE A A9 19973 58 200001 74A]
FAFE 3 0.39cmEA ZRAMF 1, 29 0.29cm,
0.22cmell w13 EA vebgtri(Table 2). 53] =
AR 3o] ZALE 29 BAT FEE A 2UA
Wi FuA A7 ARG A A4 Ytz gl
on o)l EEACAM G Azl o] o]
o] BEofu| L=t Fol 297 £A Yehdr] o
Toz ARdcY. 2AFY FaddEAds) 3
9 FrlEe JEUES M B 2A ]
F AN7F T ZAME 30| FAFsIE 2001 F
A k4 g Faddd Fobe gae 2A
Eo Zotel & FuddA e 2ast dalelnd
(Table 2).

ZAU A5, 44, B HE tadEs
PEF-#-2 483gC/kg 22 (Table 3) 571, 71,
3, 8o Fol A etz 9ler dukge
2 95 B4 AF5F] 0% E A4 &
2¥Fe R 7Hstz gle AS 33E dw(Alban
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and Perala, 1992) £ 3¢ 934 228z}
E & AoVt 9 AR epydnh, da ®a
FF2 446gC/kg o 2 Y5294 w3 A et
Yi glew ol dAHH-H7 BekE9)el A48
of FEAL fi3ie] 7] dFolt}, TS ok
W =gtk 0~15cm do)7t 27gClkg, £ 15
~30cm Fel& 17gC/kg2 & e, R EHo] A
EZe A8 A4 ez gl ol 3EZ9
A5 GddAY AZEHERE $ddE 4018
Feko] 7] WEFLR AlzEd, ¥ d7ANE $-
gz} fFridaudTdE 1539 HEegel
13.4gC/kgell vl&) #AH(AAE =5, 1998).

Table 3. Carbon concentration of each component in
a Pinus rigida stand.

Stem- Stem- Forest Soil Soil
wood bark Dranch Needle “p ot o e 15-30em
(gC/kg)

A7 493 488 488 M6 B 17

2001l =219 glr)chau g B A AFEe
AAE g4 %e 55,810kgC/ha~95,293kgC/ha
7} $¥xslgon HFetizke 81,721kgCl/haz
A velgti(Table 4). YE&L X7t B9k ZAT
12 A7 w32 FaAAAGge] B9 24}
T 30] AR staA A wolw gt ey
dEdres fAstgd o A97 Ukl z2AT
 ZANE 39 vl R wAAERE Holw
9ol EUF YEURGA B A9

Table 2. Mean DBH and sum of basal area in the study site.

Tree Site! Mean DBH Sum of basal area

Plot {density in 1%97 ingzx (cm/200m®) (cm?/200m?
(trees/200m’) 97 | 98 | 99 [ 2000 | 200t | 97 | 98 | 99 [2000| 200
14.45 [14.70] 15.10 | 16.05 9,607 | 9,969 |9,934] 9,153
1 o4 8.8 |14.24) (4 91) 1(0.25)| (0.40) | 0.95) | *38 | (209) | (362) | C35) | (~781)
15.17 | 15.45 | 15.65 | 16.78 6,417 | 6,669 | 6,857| 5,315
2 H 7.8 11499 19y 10.28)| 0.20) | (1.13) | &1 | (166) | (252) | (188) | (-1 542)
17.33 [17.64 | 18.22 | 19.98 9,020 | 9,357 [9,410 | 8,433
3 3 102 117.08) (4 90y | 0.31)| 0.58) | (1.76) | 368 | ‘Gap) | G3) | 53 | omm)

Plot 1 : High tree density with low site quality; Plot 2 : Low tree density with low site quality; Plot 3 :

Low tree density with high site quality
'a=7 dominant and co-dominant trees

Parentheses value is mean diameter and basal area increment for two years, respectively.



778 WHEEE KRR el ivavFakarel PR REREE ML

of we} Aolzk A vebd 5 3E& Atz
ek, Aoz AR AAE B AT 1
7 29 As AR Aole YFHEI I
FE& AL GlEE BT gl

Table 4. Aboveground carbon content of each tree
component in a Pinus rigida stand.

Stemwood| Stembark | Branch |Needle| Total

Pt | Year (czClta)
1997 66,061 | 7781 | 14,078 | 4.724 | 92.644
1998 | 68.477 | 8.066 | 14.647 | 4,903 | %.093
1 19| 71406 | 8.412 | 15,338 | 5,120 | 100,276
000 | 72,57 | 8550 | 15799 | 5,256 |102.17
001 | 67.591 | 7.964 | 14,829 | 4,909 | %.293
1997 | 4565 | 5251 | 9.5 13,191 | 62,53
1998 45,909 | 5409 | 9.845 13,290 | 64,453
2 (199 | 47,95 | 5.650 | 10,328 | 3.442 | 67,375
000 | 50,249 | 5920 | 1095 | 3.643 | 70,767
2001 | 30.546 | 4.660 | 8.7%6 | 2.878 [ 55.810
1997 | 64,859 | 7.643 | 14,445 | 4711 | 91,658
199 | 67.793 | 7.989 | 15,172 | 4,933 | %.887
3 (199 ] 70,648 | 8.3% | 15871 | 5,148 | 99.992
2000 72614 | 8557 | 16555 | 5,346 103,072
2001 | 66,124 | 7.793 | 15256 | 4.889 | 94,062

Plot 1: High tree density with low site quality;
Plot 2 : Low tree density with low site quality;
Plot 3 : Low tree density with high site quality

2} 5 dakel 20019 2414 #rlvkav-Fxd
29 &axAee Z7]7} 57,753kgC/ha, ¥
6,805kgC/ha, 71# 12,937kgC/ha, <] 4,225
kgC/hao 24 &7 AA A shiA 2o
71%, 5 8%, 7HA 16%, % 5% o2 et
v 9lckTable 4). $£53F 4044 A2d)5-9
AL E7] 64.5%, =9 10.6%, 7121 21.8%, ¥
5%¢t vlZ& W (a4, 1999), & 27igavy
AEQ A$9 EV|EE B2 /AR AR
o gy gal AduhFel vls A ey
I ek

AL wo] sl W 20019 AEE A7
97~200004Ake] RAME- d whE: FlERe 1,918
kgC/ha/yrotAd 4,229kgC/ha/yr A=g e W
343,233kgC/ha/yre] ZF7lste 22 viebyt
t}H(Table 5). & 7 Ao} viadd F% AF
Ade] FFgeh AZF AdgEe] 484
e 7z}t 5 120kgC/ha/yr, 5,880kgC/ha/yr(:t

e, 1999), 2oAdrHe) s A4k 4,650
kgC/ha/yr(Melillo %, 1993)3 wlag of 2]7]
tdavte s HddEeht 2di3gdse
59 FF ol vs] @A ez o
== North CarolinaF2] 16249 loblolly pine2]
2,056kgC/ha/yriche =3tch(Kinerson 5, 1977).
g7t 3o 3o B ol =3 EUD
RN w02 E7]8el s B ool
A=z glelodt g ed At A
S ADEZDSE o 20 1999) AHE
g5 Fd@g A old BaFslR =Zr)E
A3 Aolst e ALR ey,

Table 5. Aboveground carbon increment and decre -
ment of each tree component in a Pinus
rigida stand.

Stemwood| Stembark | Branch [Needle| Total
(keC/ha/y)
97-98| 2.416 25 569 179 | 3.449
98-99) 2,932 6 61 | 217 | 4.186
99-00| 1.165 138 461 136 | 1.500
00-01] -4.980* | -586 970 | -7 | 6.883
97-98| 1,34 158 316 100 | 1,918
98-99| 2.046 A1 483 152 | 2.922
99-00| 2.294 241 627 152 | 3.34
00-01| -10,703 | -1.260 | -2,229 | -763 |-14,955
97-%8 233 346 21 | 21 | 429
98-99, 284 336 699 | 214 | 4,103
99-00] 1,966 232 684 198 | 3.080
00-01] 6,489 | -764 | -1,299 | -457 | -9,009

Plot | Year

Plot 1: High tree density with low site quality;
Plot 2 : Low tree density with low site quality;
Plot 3 : Low tree density with high site quality
*Negative values indicate the decrease of stand
carbon storage due to high tree mortality by
Fusarium subglutinans infection and spring
drought in 2001.

wa FrhEe A9 AP B9 24 3]
FAR YERRY 24T 2} YEUES} EY
| 2T Lo Hs Fe Ba 3R weln
ok, AG7E fAE AT 1329 A 95
7} 9 2AFF 1o] 24T 20 Bld) EA o
hi sadgs F7he fAY Egzdel
£ ASUES) AP A e Aoz e
2 sleh. 20014 Bae AR e WA
2o} B Aol sz o A94% A
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wobel FAVE 271 14,955kgC/ha/yrel 3Hadle
7 e ool itz ot dEUES =N
W 2A 12 6,883kgC/ha/yre 2 7H4 A&
o] Fasiyct. 3ZAMF EF FAlElg MAIvHE
Wolu} Az e AHANRYE ZAMEO] Hol
A ste] AR AL Aol A ga
F adae] d & ddE RAFT Yt

48, Qast 2ok sraA A AN dF
287} 74 Eow EY (0~15cm ¥4, EY 1
5~30cm, J4 £2o2 Jepgr(Table 6). F &
2AAE ErxuE A5 61%, B 31%, 4
8% 24 ABRel MY @ Bt A=
e Aoz veyrt, a2y ZAE BAF
2 xule] glolA X7t U A 29 S
B AAE wask v &L 55%EA X907t E
gt ZAME 3olut S et %A A 19
62~65%l B8 A2 A ake] g v Eo]
wkoket.

Table 6. Distribution and storage of carbon in a
Pinus rigida stand.

Plot Abovegr? Forest Soil Total
und tree* | floor | 0~15cm |15~30cm

1 97,296 |10,503 | 25,982 | 21,348 (155,129
62%) | %) | U1%) | (14%) [(100%)

9 64,188 |12,479| 21,835 | 18,568 [117,070
(G5%) | (10%) | (19%) | (16%) |(100%)

3 96,934 | 9,986 | 25,513 | 17,169 |149,602
%) | 6%) | 17%) (12%) 1(100%)

Mezan 86,139 |10,989 | 24,443 | 19,028 |140,600
61%) | 8%) | (11%) (14%) |(100%)

*Mean of five years (1997~2001)

Plot 1: High tree density with low site quality;
Plot 2: Low tree density with low site quality;
Plot 3 : Low tree density with high site quality

d 8

A% 5o AT YFUEe A7t o
3144 e et raYAE dges 5%
o Badge 4 271% ARE 24T A% @
£ARY R ZAAEE AT Aol FAR Hol
g Holx glod fAE dEUEdHE B
Sx &g AS7E J%E PAD AR A9
HE 98U Es] Aoldl mret Askel Holzk b
ehtx Aok, ot fARE AAelAE d%REs}

¥ Aol Aol Aolr} Ele YFLEZA
g% ARF FPl dxFesEE FA ¢ 5
Adg 7FsAE A, E=3 AYE S A=
Ze AR A AL oAzt 43
d3g mAH A7t E& Aqe] YFHUEH A
7t e Ao ulE i ZA vehda 9l
o)A Edu| L= FA-L AT AR AH] T4 4
A st 9@ F7ged 7193t A A=)
23E 9 gL a2y 5 & THeAE A
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