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Changes in Growth Rate and Carbon Sequestration
by Age of Landscape Trees
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ABSTRACT

Greenspace enlargement through proper landscape planting is essential to creating a low carbon society. This study
analyzed changes in stem diameter growth rates(DGR), ratios of below ground/above ground biomass(B/A), and carbon
sequestration by age of major landscape tree species. Landscape trees for study were 11 species and 112 individuals planted
in middle region of Korea. The DGR and B/A were analyzed based on data measured through a direct harvesting method
including root digging. The carbon sequestration by tree age was estimated applying the derived regression models. The
annual DGR at breast height of trees over 30 years averaged 0.72 cm/yr for deciduous species and 0.83 cm/yr for evergreen
species. The B/A of the trees over 30 years averaged 0.23 for evergreen species and 0.40 for deciduous species, about
1.7 times higher than evergreen species. The B/A by age in this study did not correspond to the existing result that it
decreased as tree ages became older. Of the study tree species, cumulative carbon sequestration over 25 years was greatest
with Zelkova serrata(198.3 kg), followed by Prunus yedoensis(121.7 kg), Pinus koraiensis(117.5 kg), and Pinus densiflora
(77.4 kg) in that order. The cumulative carbon sequestration by Z serrata offset about 5% of carbon emissions per capita
from household electricity use for the same period. The growth rates and carbon sequestration for landscape trees were
much greater than those for forest trees even for the same species. Based on these results, landscape planting and management
strategies were explored to improve carbon sequestration, including tree species selection, planting density, and growth
ground improvement. This study breaks new ground in discovering changes in growth and carbon sequestration by age
of landscape trees and is expected to be useful in establishing urban greenspaces towards a low carbon society.
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1 5012, 53 A4 1048 F 127071 S,
WA 28 VW (Acer palmatum), ©) B YW= Chionanthus
retusus), Y-S (Cornus officinalis), V- Ginkgo biloba),
AT Prunus armeniaca), S8 (Prunus yedoensis), =
Bl (Zelkova serrata) 5 T 9553 AUT-(Abies
holophylla), 2~\W5-(Pinus densiflora), 20 W5-( Pinus koraiensis),
FE(Taxus cuspidata) & 47N AEFEIAL Y 52
STHALY A9, 72, 245 5 59 Ml
5ol AdHe=w ‘3"}0} REZA, F1H4E H4 31~F
o 30.9cme] At Table 1 ).

Table 1. Tree and growth place of study species

Tree species Bil) H(erf?t Place
Acer palmatum 49~196 | 43~83 Garden, nursery
Abies holophylla 50~192 | 3.0~75 Nursery
Chionanthus retusus | 31~105 | 37~86 Nursery
Cornus officinalis 28~152 | 1.7~54 Nursery
Ginkgo biloba 50~250 | 43~114 Garden
Frunus armeniaca | 3.6~143 | 36~76 Nursery
FPrunus yedoensis 48~230 | 38~75 Garden, nursery, street
Pinus densiflora 5.3~246 | 28~104 Garden
Finus koralensis 53~309 | 36~133 Garden
Taxus cuspidata 21~152 | 1.0~43 Garden, nursery
Zelkova serrala 51~280 | 45~102 | Garden, nursery, street

* Stem diameter at ground level for C officinalis and 7. cuspidata, and at
breast height of 12 m (dbh) for the other species (the same with
Tables 2, 4 and 5)
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Table 2. Changes in annual growth rate of stem diameter (cm) by tree species and age class
. Age class
Tree species
1~5 6~10 11~15 16~20 21~25 26~30 Mean
Acer palmatum 042 0.59 0.63 0.89 - - 0.63
Chionanthus retusus 046 0.60 0.55 0.62 - - 0.54
Cornus officinalis 0.57 0.68 0.84 0.98 - - 0.69
) Ginkgo biloba 0.50 0.77 0.92 0.78 0.78 0.74 0.73
Deciduous
Frunus armeniaca 0.39 0.60 0.63 0.65 043 - 0.55
Prunus yedoensis 0.65 0.98 1.24 097 - - 0.89
Landscape Zelkova serrata 0.65 1.08 1.26 116 117 - 1.00
trees studied Mean® 052 0.77 0.82 087 0.71 0.74 0.72
Abies holophylla 047 0.68 0.95 0.80 - - 0.70
Finus densiflora 0.68 1.02 0.84 0.82 0.72 0.67 0.82
Evergreen Finus koraiensis 0.74 111 0.98 091 0.95 - 093
Taxus cuspidata 0.27 042 0.49 052 047 0.39 0.42
Mean* 0.65 0.96 0.94 0.86 0.86 0.67 0.83
Grand mean 0.56 0.83 0.86 0.87 0.83 0.70 0.76
Deciduous 1.06 1.14 0.96 0.96 0.75 0.72 0.93
Foreign urban trees”
Evergreen 0.98 0.79 0.68 0.76 0.85 1.06 0.85
) i Deciduous 0.67 0.67 053 0.52 049 049 0.56
Domestic forest trees”
Evergreen 0.56 0.54 0.63 0.60 0.58 0.54 057

* C officinalis and T cuspidata excluded

°: Deciduous species averaged across Acer spp., Fraxinus spp.. Malus spp., Magnolia spp., Prunus spp., Tilia spp. and Ulmus spp., and evergreen species averaged
across Picea spp. (Jo, 1993)

¢ Deciduous species averaged across Befula platyphylla, Cornus controversa, Fraxinus mandshurica, Quercus spp., Tilia amurensis and Ulmus davidiana (Chung et
al, 1983: KFRI, 2012), and evergreen species averaged across Finus densiflora and P koraensis (Park, 1987: KFRL 2012)

9] TA 279 HAXHT Aokon), S Abgleae] 7 Table 3. Changes in ratio of below ground/above ground biomass

SHY GEe o 134, S 168 o Zoh AU o by age class for study species

o] AEo] Abret AT 5 FY T AeRET ¢ Age class

3 ol PR Kol ALAA T AN Al u Tree speckes e T 115 | 1620 | 2125 | 2630 | Mean

A% e, B mE AR A Sl 7Ilske AL Deciduous | 040 | 039 | 041 | 041 | 044 | 040

2 BA¥"%(Jo and McPherson, 1995: Jo and Cho, 1998; Jo Evergreen | 022 | 022 | 021 | 027 | 023 | 023

and Ahn, 2001: Jo ef al, 2014). A4 == = A7 A "2 Cornus officinalis and  Taxus cuspidata excluded
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ot ol shs AL ok oleld Aske A4 245 Sk gEuRe vz 593 Hiel A%t ATl
229 dolel Fdlslel VAW 5 R 4HE AN A 0 9 20d0) A0 BAFFEE LEYT 14 ske/d, 29
Azl Wag olsishen) &3k U 9 0kg/d, AT 80kg/d, AU 5ke/d SOl 2t
GRS FES £ Ade) AA AT £F F M AL

3. &Y ELAESE wal A% BaFFES BT

Table 49} 5+ 7+7; 4=
AR} 58 HlE A lf&
FAA Az, EAASZ 49819 7(p<0.015), A= &2 088

Table 6. Changes in annual carbon sequestration by tree species
and age (kg/yr)

Tree age
oo g ALt Zohth Y AW W AAY JHAASTE f Tree species : 0 . % -
AR A, BF 1% oA F24e Bk A7 949
_ Zelkova serrata 05 2.6 72 148 259
T 2 AEFY £HS FuA7 Sem A whe HA
o of 6"4”2, ]_ }03 7 920emel AL 7} 27L“§ W o3 Prunus yedoensis 0.4 19 47 9.0 14.8
o O, #3h, A B, £ e Pinus koraiensis 02 | 12 | 38 | 89 | 170
Yol skt Pinus densiflora 05 | 17 | 33 54 | 80
‘ N _ Ginkgo biloba 01 08 22 45 79
Table 4. Regression coefficients to estimate tree age (Y) from -
) . Prunus armeniaca 0.3 11 25 44 6.9
stem diameter (X) by study species in the form InY =
Abies holophylla 02 10 22 39 6.1
a+b InX
: Chionanthus retusus 0.2 0.8 19 35 55
Tree species a b ? » Acer palmatum 12 | 17 | 24 31 | 51
Abies holophylla 0.7744 0.7994 0.89 0.0120 Cormus offcinalis 01 06 16 29 47
Acer palmatum 12356 0.6672 093 0.0001 F— 00 ol 02 05 0
Chionanthus retusus 09776 0.8425 0.95 0.0001
Cormus officinalis 0.9683 0.7556 094 0.0001
2~ o] +A BATZGL
Ginkgo biloka 09740 07179 0% | 00001 8 2078 A AR RS REVRTE 198.3ke
1
Pius densiflora | 04494 08898 098 | 00001 2AM 7P BRI, olofA SPBIL 1217kg, S 117.5kg, &
Pinus koraiensis 07077 07633 092 00150 U 774kg, 23U 2 AU 60.0~61.0ke 59 4019
Prunus armeniaca | 10011 0776 088 0,0002 tHFigure 1 &%), A8 59 A= 474 396kg 2
Prunus yedoensis 0.6309 0.7916 094 0.0001 6.8kg?l Ao Z Yehydth n)= EA1Q Y Z2A4FE 35 20
Taxus cuspidata 1.5662 0.6465 0.90 0.0001 ol i 14.7kg/ 39 EAE -E— o}wﬁ 254 Eot T4eal
Zelkova serrata 0.7904 0.7084 0.90 0.0001 FA BhAERS 196.3kgo] 9 TH Jo, 1993). =) AFg 4R AL
Deciduous spp. 09735 0.7794 0.89 0.0001 _/,:Eél ﬂoﬂ gadi= Tlg& 3 8kg/"‘ﬂ 5\_1,}3} 9} 7!]-1,}3} P%_/,:
Evergreen spp. 0.5582 0.8784 0.95 0.0001 = 29kg/”‘ g] EIAE z':o}gi ., 254 E?l’ % 3] _‘l—_x_ql kA
%}% A4 53.6kg, =S 45.7kge] A THChung ef al, 1983:
Table 5. Changes in tree age by dbh for study species Park, 1987: KFRI, 2012: 2014). 17104, =9]2] ¥ 244
Dbh (am) T EFUTR SRR B 5E R O}:’-HH‘/}‘?—TEF
ewES TS T [ 5 | 2 | 5 [ T2 FUY HE AYFRe IR, AT, ST,
Deciduous 9 16 2 2 3 3 LR 5 7 2t 2 A BEUE =9
Evergreen 7 13 19 24 30 35 TA ZAFY A AT FES 1YY, 2 AlgeE
B} 37~430 B2 734 BAS53S ettt Agege
F5d A7 A e §g 3 SAEES A3 T BASSEE B A7 75 £ F - 818 AFU AR
A7 Table 6 %), 8 25do] A 53] 74 B2 A7t o] AR
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Figure 1. Changes in cumulative carbon sequestration by tree spe-
cies and age
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