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Effects of Tree Density Control on Carbon Dynamics
in Young Pinus densiflora stands
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Abstract: The objective of this study was to examine carbon dynamics with biomass, soil CO, efflux, litter and
root decomposition after tree density control in young Pinus densiflora stands. The stands were established with
50% thinning, clear-cut, and control stands with three pseudo-replicated plots and a bare soil plot in 8-year-old
Pinus densiflora nursery field. Monthly measurements were conducted from March 2012 to February 2014 and
aboveground biomass and coarse-roots were estimated by derived allometric equations. Average diameter
growth at root collar in control and thinned was 0.89 cm and 1.48 cm per year, respectively, and the diameter
growth of control stand was significantly higher than that of thinned stands (p<0.05). Total biomass was
estimated to 5.17, 4.85 kg C m™ per year in control and thinned, respectively. Annual soil CO, efflux in
control, thinned, clear cut, and bare soil was 3.71, 3.90, 4.17, 4.56 kg CO, m™ yr™', respectively and removing
trees significantly increased soil CO, efflux (p<0.05). Net Ecosystem Production (NEP) was 1.57, 1.36, -0.67,
-1.25 kg C m? yr'in control, thinned, clear cut and bare soil in the young Pinus densiflora stands. NEP was
significantly decreased by removing trees. Thinning increased diameter at root collar and carbon of individual
tree and recovered 86% of carbon removed by thinning after one-year. In addition, soil CO, efflux increased
and NEP increased by thinning. Results of this study, tree density control such as thinning increased the carbon
storage and growth of the young Pinus densiflora stands.
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AEOoZHE EY HHOZ o)lFHe FEF ol
A 8] FH A2 G2 HolA= A7)0l et FFHF
9] gtfo]l thEH, ozl H2> EG v & 9l &
e = AN dFihE CO,E WEHthFang et al,
1998). Al2e] A 7R Breje] A7 &, #22] AdE
of met FAE 1dRT &3, A= 8d o3l A=
2ATHRonald et al., 1992).

5

r\i

oy 7ER] 2] 7] 59 A Al o] AR el m A=

o] #3F ATE Kim et al.(2012b)0] Y& F&Ho=

S o] &3l 7 Ay o BA5EEF o= Lee et

al.(2015)°] 7hdel & 27 A A w4 A7 ws)

of &gk We BAE Hs v ok E3H Ko et

al.(2014)0] 7P8 77t AUEge] B9k Y& @ A}

5 A Al nXe dFE B

A AT W FEL g s

2015) F4 9

HX = FEFE FH=E A7t vl
EAt= A

& ez o

s}, E<F o)Ak

oFsfel g 2 £33

o

e, oo

<}
L=

4

e
AU fﬁ £

b
uu}
By 1=
. b
oz N
i
L oo
n% 2

)
au)
B
fd
o
kol
i)
il
&
12
B
_ﬁ
4
Og(é
p‘_lr‘
32
inj

1. APCHAX]

2 A3 2012 39 5FE 20149 2¥€7HA] F53<A]
- &850l fIXS A el 23 894
22U 53 (35910 21.437, 126°53' 58.76")0ll A A4
ATh EFS pH 6.7, 2LFHAE 44, EC 77.5 ps em™,
CEC 7.8mg kg™, N 0.57mg kg, C 6.9 mg kg™, NH,"-
N 29mg kg™, Na" 23.5mg kg, Mg 365.2mg kg,
Ca* 1374.1 mg kg, AP 0.005 mg kg™, A2 10YR
6/4 Atk FEA W 717 #S5Al MEW APH7]S
14.3°C, A3 H 771 15.0°C, AAHHF7]LS 13.6°C,
AH T HS 13922 mm ATt

A Fo] A7) 2 mx 20 mE 14652-9] U7t A1)

wo] & Stolth A= 2011 8¢ 25U 2m =2 m
A7)E 3 plotS 2 UIZT, 7PEX], A S 2438190

2TE AAE AU 14~158plote 2 313, 7hE-e
27 259 50% =2 AAIste] 7~98/plotS = 313
ok A= 14~158/plote] AUF-2 Wafste] 237
= FAFUL, A= EA F ez 3 6ok v
Al Ak 2EFE EYo] 2@EA] S st
A& Bolg=3itt. EY CO, TS 4 317] S8t 7t
plot & 3704 €] soil chamberg AX|3IA oM, EF2E
2 FEHsE ety flate] EY 24557 (WatchDog
1650 Data Logger)Z EA] 10 cm Zo]ollA 308 7+H4 2
2 sk



F-2ollA 0.1 em EHI7HA] S35 oM, —’,‘—1% TFIALE
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F& 73] AAR & S %@‘3}“3} s EH Kl
STEHE Fol] 785 T AT % F4s17] fl8l A
7RIS iz 7R A ZHzE 1,000 g o4 AHEHA
3, 394 7 A A OPOj"% =71 AFEH Sem =
JollA i shel zhzhe] mirellA 7Hd #7418
< Sem AR AF S F ] ARG M
nom, e A mEt 7] SFeE v dx
b ZhaR oA 22t A AR skATk AFE AR 2
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= 53 A 2 (nY=
A+BInX)0.2 3l th =&E nlo] eujX 274 3|94
< Agste] dEF IR on, A7 S Tl
A& Fd d=FS wh oz T fr1Ex
Fo AEF 50%S e Ho R 2459 tHAlban
and Peralam, 1992).
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EY COo, HAFF 45 18l vz, 7hdA], A,
UA Zhze) Bkl 473 11 cm, 0] 15 cml Y5
soil chamberZ 5 cm Zo|E 3ukE A X510, o xS
#aslslr] 130 57H‘é FEYS st 2171 = 20124

39HE 20149 2¥€71A] w9 13] LCpro+(Portable
Photosynthesis System, ADC, UK)E ©]-&3to] =433
o} Agule] F-2E 27 105 em, E0] 6.5 cm?l 953
chamberZ- soil chamberd] F-2A|71 & EQfoi|A WEE
£ CO,Z =43tk =42 10:005E 16:00 Alolol A
Astgoem, 23 Al mlt} 2% 7|2 A(T&D Thermo
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Egerg A0 Y.
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T3F T
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RE EAEX= [BM SPSS Statistics 192 AH&-3HS]
o oi& ek 708X 9] 7} £ vlo]l w2~ 4 3
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slo] Ay A3 ij S AASIA . Ol 2, 7HEX

i Aol QLA A

A

1ol nE
1. EYRE U FEEY
B EE Figure 17} 20}, H2lo] wje A

ESLEE tlET 15.3°C, 7HEA] 16.1°C, /HEA] 16.8°C,
UA] 18.8°CE thx7-9F UA]e] ES2E 71l f-2o 3 2}
O] 7F YERSE AL (p<0.05), A=A (12€~1€)0l thz=7-<} 7H
U2 B2 L7 /A9 YA 9] ESLEHTE H8
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Figure 1. Monthly variation of soil temperature(a) and soil
moisture tension(b) in control stands, thinned-50% stands,
clear cut and bare soil for Pinus densiflora stands.
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Z1(Son
et al., 2009)M§ et
% %o %)\-oi Eoko] 7-] L
At} ﬁ]éﬂé ESrEdEe =53 7 s~6¥
1099l =93, 53 ALl Pkth(Figure 1). hET
ZHEA], A, YA o] AdE ESTEEE e 77
58.1440.1, 72.4+423, 33.7£19.1, 24.6+19.3 kPa® T %
T} ZPER7F PEA oF YA B} =0 H
2 JERATHp<0.05). AH W] 759 o] 5o 7&%%% 2}
T}]-E]: & 9 Zukalgke) o)) 0]—?—017<]1’4-(K00 et al.,
2007). thx9F 7haA] o] BT A& ol 7+
o] AU o] Aol ot FE SHEhHe ES
oMo FiE TUE EY T TR0 &ARE ZoE A
=w, A & U] EFrFEe] 22 AL EY &
Hol Zzste] B BAlH Adso] A3l =il F1
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170 A=A I S s A |
AL 7HH Aol vls] oA 14.3%, ZHE Aol A
66.5% S7HES B, F2l3k 2ol & YERHTHp<0.05).
7 &AM AL AL tlETolA 66.95+0.56 cm,
7R oA 73.73+0.21 cm AA8IR 0, F2] 8t xjol=
UEREA] 233k Th(p>0.05). 7HE & A+t oL A
o gk zjo]7} gl o}t 2217 A tlz2elA 14.3%,
PR A 66.5%°] TS YERITH
AT A% =LA A A tr1e 2
A o] 197 FFAaUFolA ZH2 HAZ3AA] 035 cmet
0.56 cm, Q1 FZHA 036 cm@t 0.37 cmEth EUTH(Na
et al,, 2010). M8 & W] FFe] STt ES 2EE F
7WA713L, o] 7188 ZXIAA (Prescott, 1997) t}
Aol G rIAH, 718 B AoM = 7hdo] 4
ZAAA] F S MR THKim et al., 2012a; Zhou et al.,

2173 ko] =ohth(p<0.05). 7Hd & 29 3FA

2013)2L 2313k Bf Uk, B, 7HH F Gho JFofA=
27 Ao B<3s] Z7FsFK(Thorpe et al., 2007)3 H.437
& up ek 2 AT A 2937 A AL e
ES2Ee BT ¥R i Yo ggo] &
Ao = ket

3. MFZ

Hko] Quj 2 37242 th3] 7] 2] (InY=A+BInX)>.&
21 73ell gk 7|7 nlo] Qi ~E F7g 8 A3}, T ol A
InY =-3.567+2.570 InX, ZHEA]oA InY =-2.615+2.154 InX
2 et vlo] omj 2 34342 0] AAFR)E B
E F-90lA 0.80 ooz =& S veRdth

) A AA S 2011 thERT 745 kg m™, @HE*Z]
8.26 kg m? oo™ 7HER A QA& HA|Z 2.18 kg m™?
E WESTh HA) 2d 91 2013 R A
17.95 kg m?, 7HHX] AAFS MEFS X35l F
19.02 kg m>Ath. A3 A ol gk Ha] A 1
S(TRE) 2= 2.88, 7184 2.62=2 F2| 3 Afol& 1}
ERATH(p<0.05). thx7-¢F 7hE=] 9] 7|38 A= 73
W {98k 2pol= YehtA] 2380 (p>0.05), 74 H]
= UiETeh 7hR] 25 278718 o2 v
ERtTh o] i D=rt 7hEA 9] i WERT 2
v o]t ERoll Eatal 7t 7|3hE AR o) 26l o] 4
A &2 olfre 1haR 9 A A o] tixe] 293
AET w7] wfZol o9} e Ayt e Blom 7
ezi=
ol A 201 1'dF-E] 2013L=177}ZM

&2 247} 5.02, 4.65, 5.85 kg m? yr 'L
A Z¥z} 3.78, 4.76, 5.98 kg m™ yr 't 7]
TS diZ2TelA 9 0.87, 714 113, E71 1
2] 141 kg m? yr'oem, 7
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1.18, 7] 1.46, %] 1.30 kg m? yr'QAeh. 708 & 49

AR S i 2ToA] A 3.74, AEHA] 5.
m2yr!, 7P| AL 3,54, $]EHA] 4.85 kg m™
yr'Z et o o] S HYAGH HEAY &
o] A4 0.87, 1.60 kg m2 yr!, 98 AA| 1.002+
1.87 kg m2 yr'(Seo et al., 2010)2t} ¥53] E¢on,
7% FFA S 3634 27Ivkavrd 7] 17.1, 7HA
52, %1 3.8, A4 274 kg m™ yr'(Kwon and Lee, 2006)
of ¥l3l] F2 e RAFET) ol g A= 7]
AT BHop B Ao JEUEsF dAE] w3, Yo vt
o} 27] Aol w2 7] wjitoletal AehE )

4. R7|Etagk

A= HAE 20110l 7HEA] A 1.09 kg C m?, /i
AJof|A] 2.59 kg C m20] WFEE 3, 7HE & 20115
2013E7bA1 9] QIE A f7 ek gi2tol| A bzt
3.62, 5.89, 8.79kg C m2, ZFHX| oA 2,99, 533, 8.31kg
C m™2 Yeht wid F7tshs Aol yebstth A
o & ZFE] 7] 20112 0.88 kg C m, 2012 0.66 kg
C m?2 20139 0.28 kg C m22. 2 ud 7F4sk L, 2148
o] f5-ol wE 2olE YERH TH(p<0.05)(Figure 2). <4
S B EYoE FUFEE A7 AT 201249
2T, 7PE A oA 22t 1.56, 0.88 kg C m™ yr ' 2 Fr2 3k
2}o) 7} YR LH(p<0.05), 201339l z+2t 2,17, 1.18 kg C
m” yr' 2 o] g 2po] 7t YEREA] 2k Th(p>0.05).

Y5 HA frleime gizreh iR A wid 5
7¥slar, MMEA e o2 Qs vid 74si 7hd
2 08 A 79 frleA RS FTMHSH, |
W & AR EE AP 86%E 3|83t o]

2 7hdy e A RE R Q13 Y7 Uel 714

SP7F AP f7IekA A Ekel] 3 nA]7] wfE
HHE] ™ (Son et al., 2004), 7HE-E 2
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Figure 2. Organic carbon of each component for Pinus
densiflora in control stands, thinned-50% stands and clear
cut for Pinus densiflora stands. C : control stands, T : thinned-
50% stands, CC : clear cut

ZAo] & FH ol MR = 9F 279

S AN TR A7 Ao R BAES 7S

A1Z1TH(Zhou et al., 2013).

N
I

AME EY CO, TAZFS BF FH7]oA 7=
s S71Re 43S BIaL 8~9¥ 71 =okon,
1299 7F¢ Skth(Figure 3). £ CO, T 2] B9
= U7 1.20~5.20 pmol m?s™, ZFEX] 1.20~5.18 umol
m?s', 7WEA 1.10~6.08 ymol m? s, YA 1.39~6.65
pmol m™ s 2 YERITE B ESS CO, TA 2 717t
27 2,62, 7PE2] 2.72, WEA] 291, YA 3.19 pmol
m’s 2 e WA, ZHER 9F YR oA fre] gt x}o]
7F e UK (p<0.05), th7-9F 7HEA] 7ol f-2] gt 2}
o] 7} YJERA] 2t Th(p>0.05).

AT 717k FoH2012d 39~2014 29) v =43
EF CO, TAFS Tk 17F T B CO, WA FE

FAsAT. A7 B CO, B TS 1da} thTrolA
3.21, 7PE%] 348, /WHA 3,69, LA 330 kg C m2 yr!
olm, 2 dx} thRTFoIA 421, 7HEA] 433, /IEA 4.66,
WA 581 kg C m™ yr'& YERRTE 292} A7F E¢F
CO, o] 1dx} A7 B9k Co, A HRT =& 3
< YERITHp<0.05). %8 EY CO, LA F2 g+
3.71, ZPE%] 3.90, WEA] 4.17, YA 4.56 kg C m 2 yr!
Ko, folA Zpol= UEPA] &8k tH(p>0.05).

EY CO, B Ee i Uwy) 7SS Srket
(Litton et al., 2004; Noh et al.,, 2010)2Z ®33F v} 1o
U EY weo® Mgsrt A 4 B EY CO,

WA 2Fo] =TH(Son et al., 2004y B3 v} 9lom thx
T & 7HE7] | AU I Atolel] oAl 2ol 7t
STHKim et al., 2009)xL H 23+ v} T}, o]} 7+ 19l

4, |
o2 B Ao YA BEY CO, YA Fo] A4 veld A
o= dAddn. & A Ae AA AFTHAA Azb
A sl BEY CO, TAH 1.0~4.6 kg m? yr'e] H

(Raich and Nadelhoffer, 1989) Wl Jlou} 23|54
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Figure 3. Monthly variation of soil CO, efflux in control
stands, thinned-50% stands, clear cut and bare soil for Pinus
densiflora stands.
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oA dutxo=m FFE= AF BAF 1.5~23 kg m™
yr' B E UEstTh o] 3k lole F, EUE H
S5 XY Fo b2 o] (Ellert and Gregorich, 1995)°]
AR, AAE, AAAE 717 dEEE, H3Y A,

§ HallE Aol Fo Ao AdtHEr)

IV = J

ow), | AP BE fo
tH(p<0.05). 71&2] B Aollx
FEot B3 Aol vl Bire up
2008; Kim et al., 2009; Lee et al., 2012), B4
e 5ol 9Fs rxe 7 8Rlo® By
W3 FHol gloj(MacDonald et al., 1995), EF
Hsh7E o270k A2l EY CO, B ol
< FXIAL e Ao R Hekdr

EY CO, TAFH B 1] A A AaaA
= Ul AT BT w9 22 102 Yepstt 7180l B
2 AFAA EGite] EY CO, EA ol FaFS vH]
= F93 34900 ® ByE v QO (Liu et al,
2006; Tamai, 2009), ¥ A58} 7ro] EFFto] EF
CO, WA & nX= 37} v]&3tAY(Lee and Mun,
2001), EF2=H T} A 7F Yrhal Bk v Qo
(Chapman, 1979).

fo fol

=

6. Edllga 2sias

el Eajlo] wh A FEES 1171Y 43 FHE
2ol g YERAT 20719 A Fo] IEELS U2T
50.8%, ZHFHA] 44.5%, 7NEA] 38.8%, UA] 39.2%= 71
Ao} A o] e Eall 7 vl 7hH R o k] 218
H Ao folgk 2kol= YAATHp>0.05)[Figure 4(a)].
T (k= 207184 =+ 042, ZPEA] 0.49, 7HEA]
0.57, YA 0.562.2 VERSITH

wa]o] Hajo] e FA HE=ES Y A3 FHE
A2 2ol & YERA AL, 7hE R 9 EA = 11712 A
I & gz NEAE 140 A3 F 27 =H A
o 2070 A3} Foll= thERT 28.0%, 7HEA] 26.3%, 7
A 32.5%, YAl 36.9%= A28 F2]$F 2pol= Itk
(p>0.05)[Figure 4(b)]. E-3l/d=(k)= 20704tz 0.79,
7h82] 0.75, WEA] 0.58, YA 0.602- 2 UERSTE

S o] Eal&2 /NdA 9 YA oA =3kt o] 22 A
b2} A o] B ol Egitol et 1hEA]
Ho} 7] gjFo g dAdtdh ke AL Ftel A
T BT 2ol7F A9 fIAIRE BHE oF <t
MR e} YA o] ES2E7 219} 7HER] 9] B
TR Eo} o] 77k E8l|7F e RO o).
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Figure 4. Monthly litter decompositon rates(a) and root
decompositon rates(b) in control stands, thinned-50% stands,
clear cut and bare soil for Pinus densiflora stands.
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o] T&o 23k CO, A F(Heterotroph Respiration,
HR)®| zfolol] efaf A=, o] A& =AY el Al Y 2= (Net
Ecosystem Production, NEP)°] 23 3Fch(Lee, 2003). ©|
£ B3l ek A7 g FHlE 2Tl R AA
ZFo g ol 7IA, &7 42 043, 0.56, 0.84kg C m™
yr!, BBE]oll A 0.70 kg C m? yr'2 2 % 253 kg C m?
yr'e] BAE AT EY CO, HAFOZ 1.01 kg
Cm” yr'e ©4E 7|2 BEA, A S
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Figure 5. Compartment model showing the distribution and
flow carbon of the Pinus densiflora stands in th study areas.
Box indicate biomass , CO,. C is carbon.

1.52kg C m? yr'th ZHHA A b & wE 2
1.09 kg C m?2 yr'9] &42E THSAL, 2] YA F
o=z 9 7HA, Z7190M z+zt 043, 0.59, 0.73 kg C m™
yr!, B oAM= 065 kg C m™ yr'& & F 239 kg C
m? yr'e] ©AE TSI B CO, WO E 1.07 kg
C m™” yr'e] &AE WwEsision, SAHAYNEFS
1.33 kg C m? yr 'tk 7HAA] A EAWER 2.59 kg
C m” yr'e] &4E FAHSUN, F IFE7= A7k
59%4 7+adked 047 kg C m™ yr'e] €4S 73T
EY CO, HAHFOZ 1.14kg C m?2 yr'e] &AE W=
AL, FANALFFES -067kg C m? yr'SZ AT
0.67 kg C m™ yr'e] &4E W& UX A E
CO, TAFO 2 125 kg C m? yr'e] &4AE WE319 2,
A AP S 1125 kg C m? yr 'O & A7F 1.25 kg
C m™? yr'e] &4E W& ch(Figure 5).
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