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A Study for Growth Density on the Pinus thunbergii and Pinus densiflora Communities

in area of Busan, Korea'
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ABSTRACT

The climate change is expected to weaken the habitat of Pinus densiflora and P. thunbergii , but they are still
in high demand for planting. This study aims to suggest the rational community planting design based on natural
forests’ community structure in the southeastern region of Korea (warm temperate zone). For this study, we
surveyed 22 plots of Pinus densiflora community and 60 plots of P. thunbergii community in Busan
Metropolitan City which is located in the southeastern part of the Korean peninsula. We investigated the
diameter of breath hight (DBH) and population of each tree layer in a 100m? quadrat and used a regression
analysis to derive a regression equation for estimating the mean number of planting individuals in each DBH.
The coefficient between canopy layer’s DBH and growth individuals per unit area (100m?) was 0.700 for P.
thunbergii communities and 0.533 for P. densiflora communities, indicating very high explanatory power by
— 0.055x

single factor. The predicted regression equation of between DBH and growth density was Y= 31.176¢
(x=DBH, Y=growth individuals per 100m?) for P. thunbergii communities and ¥ = 38.351¢~ """ for P.
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densiflora communities. Planting densities of P. densiflora communities and P. thunbergii communities in

southeast region were higher than the central region.

KEY WORDS : GROWTH DENSITY OF WARM TEMPERATE REGION, GROWTH DENSITY BY SIZE
OF DBH, ECOLOGICAL PLANTING DENSITY
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g £S5 7124 QR4 o] F 85 TH(Jabu, 1987).
HE(Pinus thunbergii)2 3|4, S4olatile E8y F
b 9 EA| R Razstal f-ejubet FRold siehd
A& o|F= WH=olth #&9 79 sfistA| <ol
o] oFF s}l F|QHFEY 0 2 #]0] 7]%50] glo] 92
Herx] o] 28 x¥4F 5 shbo|th(Kim, 2003).
ol Alrdo] #eE A= Kim(2011)0] AR ¢
W FEHS o AEFATR 248 Bl A4EY
el AL ZAL t A7 ARA o] =3kE o]
QUL AUE 5 FAA ARl tigt Aaprt glo] el
24 HEsp7)ol= SATE ATk

OlN' Ol ﬂl"
I

Ho o

3

o

ol © 2 o H
W .
ol
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® Pinus thunbergii Survey Plots
B Pinus densiflora Survey Plots

Fig 1. The location of study sites in Southeast zone of
Korean Peninsula
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Table 1. Climate characteristics of survey site(Busan Metropolitan City) and comparison site in recent 10 years

(2007~2016)

Busan Seoul Daejeon
Mean of annual temperature(°C) 15.1 12.8 13.1
Highest temperature(°C) 373 36.7 37.6
Mean of highest temperature (°C) 33.7 35.0 34.6
Lowest temperature(°C) -12.8 -18.0 -17.0
Mean of lowest temperature(°C) -8.1 -13.8 -13.3
Mean 1,510.2 1,385.8 1,294.1

Annual precipitation(mm) Maximum 1,983.3 2,043.5 1,943.4
Minimum 1,131.1 792.1 822.6
Mean of relative humidity(%) 62.3 60.3 67.8
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Table 2. General situation of survey plots

P. thunbergii  P. densiflora
Com. Com.
Max. 436 591
Altitude(m) Min. 14 59
Mean 156.4+119.0 252.5+157.1
Max. 48 30
Slop(®) Min. 2 5
Mean 17.3+£9.0 17.5+£7.8
Max. 23.0 22.0
Hifg“}?t‘(’r{l) Min. 8.0 9.0
Mean 16.1+£3.7 16.0£3.0
Max. 95.0 95.0
COS:;‘;‘;’{% ,  Min 30.0 65.0
Mean 70.4+12.8 83.44+8.4
Max. 10.0 11.0
Understory -y o) 40 5.0
Helght(m) = o 6.31.9 7.742.1
Max. 100.0 60.0
Understory -y o) 5.0 5.0
Helghtm) - \iean 4436274 2584142
Max. 2.0 2.0
Hggﬁm) Min. 0.2 0.6
Mean 1.6+£0.5 1.6+£0.4
Max. 100.0 95.0
Hggﬁm) Min. 5.0 10.0
Mean 46.0+£26.1 49.1+£25.0

F430] 607 2P RS AT R(Table 3), B
F7 W9l Ha 162emol 4 Y 57.02 F4% o
AFo] ST 9, A BEFLA AL 26.6(8.9)emo] %]
o} ol Seibe gRdel B4d0) BAS AR 72
o AaHPark et al., 2013)8} AR, E) L FAo
o BEshs oAme] ggkow thi 7 Uehgck
REES YA & RAIRAY B +9L doR
S AAlstel B4 1500 ZAstgon, 24T )
At FIAAO] ANSE Aolxli Unka] Aol glrk
OFLEES FAHE WAL 2ATER Ha ARl
el 63442 Ax7E FA ebgteh BEEe) B2 AR
S ST, DA AA 2919 B ARG 166
AR 2ALE Gl on], AR FEE4 Ha of 1250190k

arkego] 7 27 BI-L Table 49} 2} 227)
2ATO] BRFIAAL 2 14.9emol 4 Hh 38.0cme]
WelE Basigln A 2470 BEFALL 246
o WS pEe 2] A4
AL S90S fAoR 2AHE Mkl AU 15gko]
ST, B FS BATHE 50 AL M2

m
9]
=
(@]
B
o
s
=
&l
1
OF’
i



219

- Qpmld kel AEelA) 32(2) 2018

Table 3. Environmental characteristics of each survey plot of Pinus thunbergii communities(100m?)

Mean of No. of Individual

Mean of No. of Individual

Site Total . Site Total
DBH . DBH .
No. (cm) Canopy Understory Shrub Total Species @ No. (cm) Canopy Understory Shrub Total Species
1 17.63 16 6 312 334 12 31 2178 9 22 236 267 16
2 23.59 11 3 148 162 12 32 20.02 11 23 72 106 14
3 26.73 8 3 216 227 11 33 3620 7 17 48 72 5
4 19.67 12 - 68 80 11 34 4453 5 17 48 70
5 20.33 15 2 84 101 14 35 3013 6 18 72 96
6 32.71 7 20 28 55 10 36 345 4 18 112 134
7 20.73 11 24 76 111 12 37 30.00 6 15 152 173 10
8 21.80 10 12 136 158 21 38 57.00 1 22 164 187 13
9 30.40 5 17 120 142 15 39 22.68 11 9 132 146 10
10 25.86 7 23 144 174 13 40  18.72 9 2 56 67 12
11 21.89 9 8 48 65 8 41 20.03 9 - 136 145 7
12 38.13 4 35 76 115 12 42 19.21 12 4 200 216 9
13 33.25 2 63 72 137 11 43 2575 8 8 136 152 9
14 25.14 7 36 72 115 15 44 22.00 7 4 80 91 12
15 24.45 10 4 120 134 12 45 4225 4 15 212 231 16
16 21.37 15 9 116 140 8 46  46.33 3 5 64 72 9
17 24.58 12 11 76 99 12 47 2425 8 10 112 130 22
18 20.09 16 7 36 59 7 48  27.00 6 12 128 146 13
19 18.54 13 4 64 81 10 49  19.78 9 10 176 195 17
20 25.00 9 11 92 112 12 50 18.24 7 7 148 162 12
21 18.44 9 7 32 48 7 51 26.00 5 13 136 154 11
22 17.92 13 4 272 289 9 52 2422 9 12 84 105 7
23 23.56 9 9 1060 1078 18 53 27.14 7 12 l64 183 16
24 18.27 11 4 460 475 11 54 23.50 4 18 9% 118 12
25 26.20 5 6 108 119 12 55 2558 6 1 156 163 11
26 27.00 6 - 360 366 12 56 21.90 5 22 212 239 12
27 26.33 12 2 96 110 9 57  34.67 3 23 92 118 9
28 18.73 11 25 320 356 16 58 1623 11 9 108 128 14
29 50.00 1 8 100 109 15 59 1847 15 - 84 99 10
30 47.25 4 8 20 32 7 60  31.90 5 19 200 224 15
Mean 26.6 8 13 146 166 12
AN A 2 247070194 0, ESol A ke et H 2. #eE =+ A JHH+

A= 1267141011k, S AT S AA A4
B IBANR 2AFEUT, B 2E Bl 12+o]°%u}
T&Yn AURYS vaaRH Addon 2L o]

FHe] tha Folw ST BEIAY B U} o
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ik

B4 6071 ZARESE AU 227 RAREO| il ©
A 100mY EES Tt MARE 24 Ak &
59} At} UL GO R RARE AlAEHG 7] mEe] mE

%9 B4t 1502 ARAo|gdon, Tt Beynt
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Table 4. Environmental characteristics of each survey plot of Pinus densiflora communities(100m?)
Site Mgangof No. of Individual Total  Site 0?4;?]1;1}1 No. of Individual Total
No. (cm) Canopy Understory Shrub Total Species: No. (c) Canopy Understory Shrub Total Species
1 24.05 11 3 140 154 11 12 2353 5 2 48 55 11
2 22.50 12 - 152 164 12 13 14.95 16 36 55 10
3 31.00 5 17 72 94 15 14 21.08 14 5 140 159 17
4 26.29 15 24 112 151 17 15 38.00 3 2 8 13 4
5 27.07 7 2 136 145 16 16 26.54 13 9 104 126 12
6 37.90 5 13 188 206 10 17 23.11 9 4 156 169 9
7 18.21 14 - 68 82 9 18 2240 10 - 200 210 14
8 28.84 9 13 68 90 11 19  20.10 10 10 160 180 18
9 21.49 16 4 52 72 10 20 19.10 10 16 416 442 11
10 20.23 13 12 88 113 11 21 27.83 6 8 220 234 18
11 26.17 6 10 48 64 7 22 21.67 6 5 152 163 17
Mean 24.6 10 126 143 12
Table 5. Descriptive analysis of the number of species and individuals in two communities (Unit: 100m?)
Com.” No. of Species No. of Individual
om.
Tree Understory Shrub Total Tree Understory Shrub Total
I 1.0+0.0 3.4+2.1 9.0£3.0 11.7+£3.5 8.243.7 13.1+£10.7 145.8+146.6 166.2+146.1
I 1.0+0.0 3.6£3.0 9.8+3.3 12.3+£3.8 9.8+4.0 8.5+6.1 125.6+86.6 142.8+88.2
* I Pinus thunbergii com., II: Pinus densiflora com.,
22 do7|=t|(Rizvi and Rizvi, 1992) dwhA o= it EAPNES s =S

(Coniferales) A= Bl Al=50] Hlsto] T2 BRgY
A 7= 935} (Lee and Monsi, 1963; Brown, 1967; Kil
and Yim, 1983; Kil ef al., 1998) &2&2 AAo 2 AL
ue ge BEEAS WEsk Aow wud gt
(Kang and Kim, 1997). 2 @ tZ3fol| A% u)u|alx|qt o}
WEFI S| FHc= Fol FEHAA v A2S
gRIsHA=H], o= w59 =& Bayt 7|QIg Aew
e 4= QUdeh WA JRAIS0) A9, AR 5
Ho] 453] ==t ol wEY AR 5444 sigt
TR AR FULNE, AU 5 e e
P47t Fddhs 2ARZE thr 23R 0] U= dAdol
Atk o5 IHEY FEEYT AT ALt &4
A 2po] EFE A3 EolEA Hrt

100mS THOIRA 02 o B4y mEE FuxAe A
Aol wg As7hAla 52 F o] AA A 4 (coefficient of
determination; R?)+ 0.700°2.2 ol Q1o &J3t Ao
ZE e =T 58 ARTLS AFE 99%=0lA
SAHCR frofstdion, Z+ W49 ot A 4k
5 el % HARIe 4 13 2k

—_—

Y: 31.1766*0055.’1: z\_! )
(—FIH7, Y-SR AG(100m7) BEF T4 AA%)

Table 6. Analysis of variance for regression equation
of Pinus thunbergii communities

Ss DF MS F  Sig. T
Regression ) ¢, 1 14.182 135511 0.000
model
Residual  6.070 58  0.105 - -
Total 20.252 59 - - -
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Individuals

209

Y=31.176e 5%
R*=0.700

Mean of DBH(cm)

Y=38.352¢0%%%
R*=0.533

1254

7.5

257

100 200 300 400
Mean of DBH(cm)

Fig 4. Scatter plot and regression line between mean
of DBH and individuals of canopy layer on Pinus
thunbergii communities.
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Table 7. Analysis of variance for regression equation of
Pinus densiflora communities

SS DF MS F Sig. T
Regression /¢ 1 2418  22.823  0.000
model
Residual 2.119 20 0.106 - -
Total 4.537 21 - - -

Fig 5. Scatter plot and regression line between mean of
DBH and individuals of canopy layer on Pinus
densiflora communities.
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Table 8. Comparison of the suitable number of individuals followed by diameter of breast height size of canopy layer

(Unit area: 100m?)

Division Scm 12cm 18cm 25¢cm

Pinus thunbergii 23.7 16.1 11.6 7.9

Pinus densiflora 28.6 18.9 13.3 8.8

Pinus densiflora in the Central Cool Temperate” 59.5 19.0 11.2 7.3
Commercial Zone 10.0 5.0 2.5 1.3

Standard of Landscape”” Industrial Zone 30.0 15.0 7.5 3.8
Residential and Green Zone 20.0 10.0 5.0 2.5

" Hong et al.(2010),  MOLIT(2015)

Table 9. Proper species of planting model of Pinus thunbergii and Pinus densiflora

Classification Pinus thunbergii Forest

Pinus densiflora Forest

Canopy layer Pinus thunbergii

Pinus densiflora

; ; o ;
Understory layer Styrax japonicus(25%), Lindera

(Appearance rate)

erythrocarpa(25%), Eurya japonica(25%), Rhus
trichocarpa(21%), Pinus thunbergii(16%)

Lindera erythrocarpa(45%), Styrax
Japonicus(36%), Quercus dentata(36%), Rhus
trichocarpa(27%)

Lespedeza spp.(45%), Lindera erythrocarpa(35%),

Eurya japonica(33%), Rhus trichocarpa(31%),
Rhododendron mucronulatum(30%), Ligustrum

Shrub layer

Appearance rate) obtusifolium(28%), Ampelopsis
pp pelop.

brevipedunculata(23%), Rhododendron yedoense

f. poukhanense(21%)

Lindera erythrocarpa(77%), Styrax
Japonicus(59%), Quercus serrata(59%), Lindera
obtusiloba(50%), Rhus trichocarpa(45%)
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