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ABSTRACT

This study quantified, through a direct harvesting method, storage and annual uptake of carbon from open-grown trees
for three landscape tree species frequently planted in the southern region of Korea, and developed quantitative models
to easily estimate the carbon reduction by tree growth for each species. The tree species for the study included Camellia
Jjaponica, Lagerstroemia indica, and Quercus myrsinaefolia, for which no information on carbon storage and uptake was
available. Ten tree individuals for each species (a total of 30 individuals) were sampled considering various stem diameter
sizes at given intervals. The study measured biomass for each part of the sample trees to quantify the total carbon storage
per tree. Annual carbon uptake per tree was computed by analyzing the radial growth rates of the stem samples at breast
height or ground level. Quantitative models were developed using stem diameter as an independent variable to easily calculate
storage and annual uptake of carbon per tree for study species. All the quantitative models showed high fitness with 7
values of 0.94-0.98. The storage and annual uptake of carbon from a Q. myrsinaefolia tree with dbh of 10 cm were 24.0
kg and 4.5 kg/yr, respectively. A C. japonica tree and L. indica tree with dg of 10 cm stored 11.2 kg and 8.1 kg of
carbon and annually sequestered 2.6 kg and 1.2 kg, respectively. The above-mentioned carbon storage equaled the amount
of carbon emitted from the gasoline consumption of about 42 L for Q. myrsinaefolia, 20 L for C. japonica, and 14 L
for L indica. A tree with the diameter size of 10 cm annually offset carbon emissions from gasoline use of approximately
8 L for Q. myrsinaefolia, 5 L for C. japonica, and 2 L for L indica. The study pioneers in quantifying biomass and
carbon reduction for the landscape tree species in the southern region despite difficulties in direct cutting and root digging
of the planted trees.
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2 AYBS ATE PAshs Adolt weh] E d7e B
A gl £3] Ak 9F 2A5ES AR 3
7Y B AN DA 2 BT ARSI, 45
W AP B2 AAGE Folspl Agske ATAS )
W ol ¥ ATE dRAY A9 4550 %
AFFY 4L PR 8T 0 A Bk
S z e

e AT (KES, 2014
DMC, 2017)& AEste] 2t & 2oig 71549 3|
Wl &3] ARl sk 2ATE T BAAY At FAlseE F
WIS Camellia japonica), WS- Lagerstroemia indica), 7}
Al U&'%(Quercus mnyJhaefoﬁé) SV AEES AFFEoE

I

AR, dRAge) AR 245 ANEEe 8
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(2007) 2 Jo et al(2014)9] vpo] Qw2 ZA} - B4 HFEUH
S ALtk 23 Al Jo ef al(2014) 9] W 7o) 714
A, FRE, 5 4 AY 38 S 223
W

PN A7) EFEES AH3he] KIAST(2000)9)
EQN BEUYS ENE A4 Bses 54

o
=

a: Camellia japonica b Lagers[ro&ma Indica ¢ Quercus myrsinaefolia

el Separating branches  f: Separating leaves

d: Digging roots

Figure 1. Growing conditions and harvesting of study trees
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M Azl SRS AFES Hetste] AEsislth 47 ), FEHE el g A7k 2 A AEES 0.65em/'d
A BAARE agoR A7 SUHE AAEE 7 T ' 3 0.73cm/ Aotk 5] A AFES AAF F gag
Aot 055 Fstel 7 AA|S] gageds APl T DV\E e = FRAM] AAE o EA]
5, A AAEALES olgstel 73 AdRY] AHS AA ZATE 79 09 Az AT F1874 AES H9E
T AP Al tigete] AdEe] YA FS AFEet, ol F dd A it 072cm/‘ﬂ 2 AEAAF 083em/ Ao, AEH
T AAFAA AzFste] A A7 FTHFS S e o AR 79 057em/deol k(o and Park,
TH(Nowak, 1994: Jo, 2002). ¥lE - 9 th7l G493 el & 2017) 2 AT TR AR AEE A '
B3l afuich S gAE gl 2 % }Ei g3 Ft T A AZAGF] A9 AR A SRR T oF 154
7 AR ol A AlZdetdTt g, 4S9 A Feg Atk Jo et al(2014) ol W2 A5 Cornus officinalis) ¢+
o] A9 397k o 7S 7 O}Oq(Dirf 2009: Rowntree B ( Taxus cuspidata) ©) Q7F L9474 A& 47} 0750m/
and Nowak, 1991) 25% ‘ﬁ S At 283 2 £ 4 2 040cm/ DO EA, B EWUT i 2] Ao
TR, FU FHES SHUSFE WAl Y 3 W Zouth oA Zoloy) FERTE PN 2 Aow 1,}5}
s FA8t 758 Aol 0 989 gAaisE §ol oﬂ;quAL SE g0k B)3lela] EAS Table 29 740
Sl sk 7 AR ARRD S BEsth EAS F20 me} FE EE A2 R 38S pH
50~6.0, F71% 03~21%, 82 005~020%, &I} 476~
. Z2} 2 pE 376.6mg/kg, %¥o]Lx3H= 1.9~9.0cmol/kg S0tk KILA
(2016) 9] 27AA7IEA 58 B A5 Hrkswd &
1. =2 AMZFT|HF L ARR|2E shd T U A B BA A= 2474101] AA skl =l
oA, WEUTY] A pHS f71E2 A9S B 3ol

AT 2HFES T A AE wevHre Fu oldelsith
AFAI} ke, 7MIUT= A5 59 A4, 7tz 2735 (A T BAFE Al whe} U 1~16ke/F
4ol 2AE AolArHTable 1 #x). 7MAIUFe] 1474 g 1 ~35kg/—r. 7P 2~161kg/F 5ol tH Figure 2
& 5ol wek 31~16.6cmol A, FH RS} Hl Fue A2). 5 F9E A B Al sF wet 2ol
SAAE 271 35-0%m, 28~ 137emel BAAGIEIT, ofF 4 HA0L MRS A9 7V WA A 9T, o
Bo] H e 7] A% AgEA A3 a‘qA 5~Fd 2044 oM Hejek 7K 4 28% 27% o 12% 5] ol &
ogitk PR ¢k FIAA ARES 0Bem/ oIS BEAR MFURE B AR 1Y B 6%190(F
Table 1. Size and diameter growth of study trees by species
Species Growth place Diameter’ (cm) | Crown width (m) | Height (m) | Age (yr) | Diameter growth (cm/yr)
Camellia japonica Garden & nursery (Gangjin) 35~99 05~15 15~35 7~12 0.65+0.06
Lagerstroemia indica Nursery (Jinju & Hadong) 2.8~137 09~43 2.1~54 6~20 0.73+0.06
Quercus myrsinaetolia | Garden, street & nursery (Jinju) 31~16.6 1.2~46 37~79 5~16 0.83+0.06

" 1t indicates stem diameter at breast height of 1.2 m (dbh) for Q myrsinaefolia and stem diameter at ground level (dg) for C japonica and L. indica (the
same with subsequent tables and figures)

Table 2. Physical and chemical characteristics of growth soils for study species

S Sl text - oM ™ Ava, P EC (cmol /kg) CEC
pecies e P (%) %) | (ng/ke) K catt Me?* (cmol*/kg)

.. . 53 0.6 0.05 61.7 0.13 0.88 0.32 19

Camelli japonica. | Sandy clay loam | oy o | (o) | (low) (low) (low) (low) (low)

[ acerstroemia indica Loam 50 2.1 0.20 376.6 0.76 410 0.84 6.3
& (low) (low) (high) (high) | (middle) | (midde) | (midde) (middle)

Quercus myrsinaet Lo 6.0 0.3 0.09 476 0.16 6.71 1.58 9.0
us myrsnaciona am (middle) | (ow) | (middle) | (low) (low) (high) (middle) (middle)

" OM: Organic matter, TN: Total nitrogen, Ava. P: Available P,0s, EC: Exchangeable cation, CEC: Cation exchange capacity, ( ): Soil assessment rating
based on KILA (2016)’s standards
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7] 30%, *2) 24%, & 10%), W= He 30%. o 25%,
Z7] 24%, 7 21% 59 £o2A 53 Yo A7t e 5
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Figure 3. Changes in carbon storage per tree by diameter growth
of study species

Table 4. Regression models to quantify carbon storage per tree of
study species

Species Regression model’ 7 D

Camellia japonica InY = —49154 + 31833 InDg | 0.9546 | <0.0001

Lagerstroemia indica | InY = —3.2502 + 2.3199 InDg | 09439 | <0.0001

—2.4849 + 24593 InDbh | 0.9746 | <0.0001

Quercus myrsinaefolia | InY

Figure 2. Changes in biomass by diameter growth of study trees
for each species
Legend: [] Stem [ Branch [} Leaf E Root

Table 3. Biomass expansion factor (BEF) and ratio of below ground/
above ground biomass (B/A) for each species

Species BEF’ B/A ratio
Camellia japonica 3.77+0.37 0.44+0.05
Lagerstroemia indica 2.24+0.09 0.27+0.02
Quercus myrsinaefolia 2.180.09 0.3420.04

" Ratio of above ground (including stem, leaf and branch)/stem biomass

AT 59 AR w2 e gL Figure 33
23, Table 45 #FF FEst F58 5o SAaALFS 4
Z3l= AFRYS HoF AgRd B5E A% A3 B
AA o7 FatA L (p<0.0001), A= HA 094 oo 2T
T7b Fsstelnh YEH 9 A4 s AAS dAl £ 1A A

% T FAHS YeT &, SHHSFEN 714
7 Wk ope), £, FAE 5 TEe ARRYS B F

" Y: Carbon storage (kg/tree)
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g =4 &-sted A7 ¢ SO =
A4 AFH(Table 5 %), F2 1579 a4 274
A3t o] 27k AIUT, AAF 1 I Aol 44
o] 25 0% AR &, 37e) 2om AR wrjet 7} 5
T B2 A4 13~ 37 S7keke 202 et
sk $EERE F2474 10em 71E 7MW 24.0kg/F

Table 5. Comparison of carbon storage per tree by diameter growth
for study species (kg/tree)

] Diameter (cm)
Method Species
4068 ]10]12]|14]|16]18
Camellia japonica| 06 | 22| 55[112[200] - | - | -
Direct | TAEtoema || ool ygl g1l 124|177 | 201 | -
. ndica
harvestinga
Quercus 1 oo ool 130 | 240 | 376 | 549 | 762 1018
myrsinaetolia
Biomass | Quercus acuta | 49 | 111|199 | 316 | 465 | 649 | 869 |1130
equationb | Quercus glauca | 29 | 72| 139|232 | 355|509 | 69.8 | 923

* Applying Regression models from open-grown landscape trees of this study
5 Applying biomass equations from southern forest-grown trees (KFRI, 2014)
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2, 2997 10eme] FALES MFIEA 247} 112ke/
% 3 81kg/Folth 7HILRS] BaA e FRA] 4
J

ANE o8 2734%9] 7%(Jo and Ahn, 2012: Jo ef al, 2014)
S} u|EH, FY A HHTE HA A E oF 1.3 (19keg/
F), 183 AE25F oA Ry ) (12kg/5F) o Boie) &
A G dE 59 F7/AIU(Quercus acuta) $F 5714

W (Quercus glauca) AYEA552] AR 5 14 7]

12} oF 3kg/% 1 23kg/F2 A (KERL 2014), 2 7pAIL
SAGFE H7PIVFEG A5, ST RO oF
Y 2otk Jo ef al(2014) 90 <J3HH, 947 10eme] A
frob FE9] gaAgEde 2417t 93kg/F 2 6.3kg/FolAh
Y 44 71F B ST gaAgEe A fEn oF
L2v), FEEC 18v) o B, 2 w3 A9 AR
oF FEO FHA O gt AR 10Le] AHlE oF
57kgel ©aE ti7]el wiEsh=u (https://www.gir.gokr),
TA7 10emS] 7HAUE 3 37 4209 3 &HE,

BN
i

s
4
2 2997 10ome) FULESE 0 EUTE 14~20Le)

i Al met MEEE gaTe AEL e Aotk

o [ oo

3. BtaEaret AlgEd

]I[oll

FEE BB 4440 42 GaESY Uas B
[e]
=

A& AR dS 7H7} Figure 4 2 Table 63 Z2th
.‘

ARRY R5= A4 A3 BAHOE |98 3(p<0.0001),
£ A2 09

& 95 oo RN ARErt Foegitt YAE 3 4
79 SAAFE (7 A 1% FEAA Fo/3S et
CBaAREe] A9 SHHEREAN 271474 9=
Hole AREDS sl /ol

= 2L
Qsttiet: sk FHE] AT 5% FEAA 79

4 a9tk BAESY 94 27197 B SYUFE A%
slo] A ek Zlo] WS WY B, £ WA A
23} Ao} & BE9) x

F 7M7Y 45kg/F/ 01T, 2947 10eme] -}
Wl B2t 242 2.6kg/F/ A B 1.2kg/F/A0IAEE SHAY
o AAE o8 245F] g% (Jo and Ahn, 2012: Jo
et al, 2014) 3} ¥lEtd & 7RIS s Y 49 o
AIE HFAQ] oF 35kg/F/AET 130 18X AESFS
H A9l 2.0kg/F/ AR 238 o gokth ¢, A
A AsE GaA FUER AR HE gagTYe
4 14 71F 32%keg/F/ A2 EAM (Jo and Ahn, 2000) & 7}
A= ol BTt [ 48] B eAE5HS et 71E A7
(Jo et al, 2014) el =W LLAA 10em AH-F-oF F59
ST 27 32ke/F/A B 06kg/F/ A0 B F
oL HiF U] T G T)E BASTEHE ARRRE
A3, FEEOE 4 o gtk 3247 10em! 7Y
3 1FE oF 819 Fukg M), 183 2947 10eme)
WO Wl S U= 2~5L9 3k Ao whe) wiE s =

y
2% i IS BAESY Q8L 9gagT,

roooft o &

Table 7. Carbon uptake per tree by diameter growth of study
species (kg/tree/yr)

Figure 4. Changes in carbon uptake per tree by diameter growth
of study species

Table 6. Regression models to quantify carbon uptake per tree of
study species

Species Regression model’ I D
Camellia japonica —5.6582 + 28731 InDg | 09811 | <0.0001
Lagerstroemia indica | InY = —32160 + 14838 InDg | 0.9517 | <0.0001
Quercus myrsinaetolia | InY = —27303 + 1.8411 InDbh | 0.9846 | <0.0001

" Y: Carbon uptake (kg/tree/yr)
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