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An Analysis of Correlation between Pinus thunbergii Forests and
Soil Conditions by TWINSPAN and CCA Ordination
in West Coast of South Korea

Kim, Min-Ha" - Park, Chong-Min® and Jang, Kyu-Kwan®

Y Department of Forestry, Graduate School of Chonbuk National University,
2 Department of Forest Environmental Science, Chonbuk National University,
%) Botanical Garden of Wonkwang University.

ABSTRACT

Vegetation and soil conditions of four sites in west coastal forests in South Korea, were examined
to analyze the relationship between Pinus thunbergii forests structure and soil conditions. The P.
thunbergii forests were divided into four clusters; 1) P. thunbergii - Prunus sargentii var. sargentii, 2) P.
thunbergii - Robinia pseudoacacia, 3) P. thunbergii - P. densiflora and 4) P. thunbergii - Quercus
serrata. The soil of each site was poor in chemical characteristics but good enough for land plants
to grow because of its low salt concentration. According to the results by CCA Ordination, certain
excessive soil nutrition has influenced on vegetation and specific species distribution. Forty eight
species were found in the whole sites of coastal forests and some species appeared in every site. They
are P. thunbergii, R. pseudoacacia, Rhus chinensis, Idesia polycarpa and Morus alba. For the tree
species importance value, P. thunbergii was followed by R. pseudoacacia, Q. serrata, P. densiflora,

Celtis sinensis, M. alba, I. polycarpa and Q. mongolica in order.
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Figure 1. Map of the surveyed region (I: Janghang, II: Goosipo, III: Gijipo and IV: Chunjangdae) in the west
coast of South Korea.
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Table 1. Latitude and longitude of surveyed sites in Janghang, Goosipo, Gijipo and Chunjangdae coastal forests
of South Korea.

Site Latitude Longitude Region
1 36°1730.77” 126°39’50.30” I (Janghang)
2 36°1723.87” 126°39'51.90” I (Janghang)
3 36°1'17.73” 126°39/53.46” I (Janghang)
4 36°1/3.98” 126°39'56.14” I (Janghang)
5 36°1/4.00” 126°39/55.70” I (Janghang)
6 36°11.36” 126°3955.81” I (Janghang)
7 36°1/1.39” 126°39/56.18” I (Janghang)
8 36°11.62” 126°39/55.74” I (Janghang)
9 36°11.61” 126°39'56.07” I (Janghang)
10 36°1/1.44” 126°39’55.40” I (Janghang)
11 36°0755.21” 126°39'54.14” I (Janghang)
12 36°0"54.10” 126°3953.86” I (Janghang)
13 36°0753.11” 126°39'54.19” I (Janghang)
14 36°0753.46” 126°39'56.14” I (Janghang)
15 36°0"56.17” 126°39/57.23” I (Janghang)
16 36°0755.66” 126°39'58.47” I (Janghang)
17 36°0750.92” 126°39/52.99” I (Janghang)
18 36°0752.02” 126°39'57.10” I (Janghang)
19 36°0752.46” 126°40/5.29” I (Janghang)
20 36°0756.26” 126°409.14” I (Janghang)
21 35°26/30.42” 126°265.67” I (Goosipo)
22 35°26/30.80” 126°26/8.71” I (Goosipo)
23 35°26/32.53” 126°26’10.11” I (Goosipo)
24 35°26/31.16” 126°26/11.16” II (Goosipo)
25 35°26/35.74” 126°26'12.71” I (Goosipo)
26 36°33/52.28” 126°19'19.98” I (Gijipo)
27 36°33/54.29” 126°19’19.52” I (Gijipo)
28 36°33/56.80” 126°19720.93” I (Gijipo)
29 36°33/54.97” 126°19/22.05” I (Gijipo)
30 36°33/55.07” 126°19/23.93” I (Gijipo)
31 36°10'2.92” 126°3140.50” IV (Chunjangdae)
32 36°10'2.09” 126°3143.02” IV (Chunjangdae)
33 36°104.18” 126°31/42.92” IV(Chunjangdace)
34 36°10'7.49” 126°31/41.97” IV (Chunjangdae)
35 36°10’5.65” 126°3141.40” IV (Chunjangdae)
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Ap(+), Ps(+) At(+),
Q.s(+), Ta(+)
Q.m(+) Q.8(+)
1,2,3,4,5,6,7,9, 8,13,14,16,
10,11,12,15,17, 19,20,21,22, 27,29,30 23,24,25,33,34
18,28,31 26,32,35
| O [ O

W : Pinus thunbergii - Prunus sargentii community,
U] : P. thunbergii - P. densiflora community,

@ : P. thunbergii - Robinia pseudoacacia community
O : P. thunbergii- Quercus serrata community

Figure 2. The pathway of subdivision into community of Pinus thunbergii groups by using TWINSPAN(A.p: Acer
palmatum, P.s: Prunus sargentii, A.t: A. triflorum, Q.s: Quercus serrata, Q.m: Q. mongolica, T.a: Tilia

amurensis, Q.g: Q. glauca).
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Table 2. Soil physical characteristics of the four plant communities in the west coast of South Korea.

Soil Community  Pinus thunbergii - P. thunbergii - P. thunbergii - P. thunbergii -
characteristic Prunus sargentii ~ Robinia pseudoacacia P. densiflora Quercus serrata
pH 7.11 £ 4.96 8.00 £ 5.04 529 +491 5.50 £ 4.65
E.C (dS/m) 0.08 +0.03 0.12 £ 0.04 0.08 + 0.02 0.18 £ 0.05
Organic matter (%) 1.02 £0.28 0.76 £ 0.38 1.06 £ 0.64 1.92 +£0.82
Total-N (g/kg) 0.57 £0.19 0.36 £ 0.14 0.59 £ 0.18 1.30 £ 0.30
P,05 (mg/kg) 35.17+£0.18 4.12+0.18 - 18.50
K" (cmol'/kg) 0.36 £ 0.04 0.17 £0.05 0.13 £0.07 0.23 £ 0.09
Ca** (cmol’/kg) 2.10+£0.30 2.82 £0.15 1.25+0.26 1.20 £ 0.23
Mg* (cmol*/kg) 0.98 +0.20 1.47 £0.10 0.33£0.15 0.48 +0.14
Na" (cmol'/kg) 0.03 £0.02 0.04 £0.02 0.01 £0.01 0.04 £0.03
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Figure 3. Vegetation data of Pinus thunbergii groups : CCA ordination diagram with plots. The plots are; Il : Pinus
thunbergii - Prunus sargentii community, @ : P. thunbergii - Robinia pseudoacacia community, [] @ P.
thunbergii - P. densiflora community, O : P. thunbergii- Quercus serrata community. The environmental
variables are : T-N: total nitrogen; K*° potassium concentration; Mg"*; magnesium concentration; Ca™*
calcium concentration; Na® : natrium concentration; O.M : organic matter; P,Os : available phosphorus
concentration; E.C: electrical conductivity.
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Figure 4. Vegetation data of Pinus thunbergii groups :

TA
Y

CCA ordination diagram with tree species(small number)

and environmental variables. The numbers are; 1; Pinus thunbergii 2; Robinia pseudoacacia 3; Prunus
sargentii 4; Rhus javanica 5; Idesia polycarpa 6; P. davidiana 7; Diospyros lotus8; Ginkgo biloba 9;
Celtis sinensis 10; Morus alba 11; Euonymus alatus 12; Quercus serrata 13; Acer palmatum 14; Castanea
crenata var. dulcis 15; Platanus occidentalis 16; R. verniciflua 17; R. sylvestris 18; Lindera glauca 19;
D. kaki 20; Caesalpinia Japonica 21; Mallotus japonicus 22; Sophora japonica 23; Q. myrsinaefolia
24; Broussonetia papyrifera 25; Q. mongolica 26; Q. acuta 27; L. erythrocarpa 28; Zanthoxylum schinifolium
29; Cudrania tricuspidata 30; B. kazinoki 31; Paulownia coreana 32; M. bombycis var. bombycis 33;
Albizia julibrissin 34; A. triflorum 35; Ailanthus altissima 36; Q. acutissima 37; Q. glauca 38; Cedrela
sinensis 39; Tilia amurensis 40; P. persica 41; P. densiflora 42; Salix koreensis 43; Populus tomentiglandulosa
44; Koelreuteria paniculata 45; L. obtusiloba 46; Sorbus alnifolia 47; Kalopanax pictus 48; Q. aliena.
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Table 3. Importance value of the major tree species of surveyed sites in the west coast of South Korea.

Species R. D R. F R. C LV
Pinus thunbergii 66.97 27.31 84.69 178.97
Robinia pseudoacacia 9.36 24.86 293 37.15
Prunus sargentii 4.83 12.77 226 19.86
Quercus serrata 2.17 6.30 0.96 9.43
P. densiflora 2.34 2.13 3.39 7.86
Celtis sinensis 1.19 4.50 0.34 6.03
Morus alba 0.83 3.64 0.21 4.68
Idesia polycarpa 1.29 2.08 0.37 3.74
Q. mongolica 1.01 1.84 0.39 3.24
Q. acutissima 0.63 2.15 0.30 3.08
Rhus chinensis 0.58 1.54 0.17 2.29
Albizia julibrissin 0.36 1.71 0.12 2.19
Castanea crenata vat. dulcis 0.87 0.76 0.25 1.88
Platanus occidentalis 0.39 0.32 0.71 1.42
Acer palmatum 0.63 0.36 0.35 1.34
R sylvestris 0.42 0.60 0.29 1.31
Paulownia coreana 0.6 0.15 041 1.16
Sorbus alnifolia 0.59 0.49 0.06 1.14
R. verniciflua 0.29 0.80 0.05 1.14
Ginkgo biloba 0.51 021 0.32 1.04
Lindera erythrocarpa 0.28 0.42 0.07 0.77
P. davidiana 0.33 0.36 0.05 0.74
Broussonetia papyrifera 0.15 0.33 023 0.71
Mallotus japonicus 0.22 0.32 0.07 0.61
Q. myrsinifolia 0.25 0.32 0.04 0.61
L. glauca var. glauca 0.16 0.33 0.07 0.56
Q. acuta. 0.14 0.16 022 0.52
Sophora japonica 0.17 0.26 0.06 0.49
P. persica 0.15 0.28 0.05 0.48
A. triflorum 0.22 0.05 0.17 0.44
Populus tomentiglandulosa 0.24 0.13 0.06 0.43
Koelreuteria paniculata 0.20 0.13 0.06 0.38
D. lotus 0.12 0.17 0.03 0.30
Zanthoxylum schinifolium 0.12 0.15 0.03 0.29
Cudrania tricuspidata 0.14 0.15 0.04 0.29
Diospyros kaki 0.11 0.14 0.03 0.28
B. kazinoki 0.11 0.14 0.03 0.28
Caesalpinia japonica 0.11 0.15 0.02 0.27
Ailanthu saltissima 0.18 0.06 0.05 0.27
M. japonicus 0.11 0.12 0.03 0.24
Kalopanax pictus 0.11 0.12 0.02 0.24
M. bombycis var. bombycis 0.11 0.14 0.05 0.20
Cedrela sinensis 0.15 0.13 0.02 0.20
Q. glauca 0.06 0.22 0.01 0.19
Tilia amurensis 0.06 0.21 0.01 0.18
Salix koreensis 0.04 0.23 0.01 0.18
L. obtusiloba 0.05 0.22 0.01 0.18

Euonymus alatus 0.05 0.04 0.01 0.10
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Table 4. Importance value of the major tree species of the four plant communities in the west coast of South Korea.

Community Pinus thunbergii -  P. thunbergii - Robinia P. thunbergii - P. thunbergii -
Species Prunus sargentii pseudoacacia P. densiflora Quercus serrata
Pinus thunbergii 182.81 184.89 152.89 171.03
Robinia pseudoacacia 31.32 39.37 30.30 16.93
P. densiflora 5.74 - 61.12 -
Celtis sinensis 8.01 6.92 3.17 -
Sorbus alnifolia - - 14.31 -
Kalopanax pictus - - 3.76 -
Morus alba 5.36 4.78 12.81 221
Albizia julibrissin 1.79 0.64 2.55 6.73
Koelreuteria paniculata - - 451 -
Lindera obtusiloba - - 2.19 -
Castanea crenata var. dulcis - 1.56 2.19 9.06
Rhus javanica 2.06 1.06 5.16 4.01
Prunus persica - - 2.49 1.93
Idesia polycarpa 0.48 222 2.55 18.21
Quercus serrata - 12.71 - 30.45
Q. acutissima - 2.83 - 15.38
Q. mongolica - 7.47 - 9.57
Rhus verniciflua 1.14 - - 4.46
Sophora japonica 0.33 0.47 - 043
Tilia amurensis - - - 1.25
Q. glauca - - - 1.37
L. erythrocarpa 0.70 - - 3.38
Cedrela sinensis - - - 1.41
Q. aliena - - - 1.34
P. sargentii 43.25 18.75 - -
Diospyros lotus 0.36 0.42 - -
Broussonetia papyrifera - 1.96 - -
Ailanthus altissima - 0.87 - -
Cudrania tricuspidata 0.31 0.47 - -
Q. myrsinifolia 0.38 1.15 - -
Acer palmatum - 428 - -
A. triflorum - 1.37 - -
Q. acuta - 1.42 - -
R sylvestris 0.50 2.89 - -
B. kazinoki 0.32 0.43 - -
P. davidiana 1.22 0.58 - -
M. japonicus 0.80 0.76 - -
Ginkgo biloba 2.19 - - -
Euonymus alatus 0.21 - - -
Platanus occidentalis 3.10 - - -
L. glauca 1.20 - - -
D. kaki 0.51 - - -
Caesalpinia Japonica 0.50 - - -
Zanthoxylum schinifolium 0.52 - - -
Paulownia coreana 2.67 - - -
M. bombycis var. bombycis 0.43 - - -
Salix koreensis 0.39 - - -

Populus tomentiglandulosa 0.86 - - -




»}E}‘*D} Ol 3161 ﬁﬂr
of| Al AP - of O}WMTﬂ 37
oz geteEch
o2A R Fdn FAN
gto] 2o} SR 4
Aek. FE-oPA e A EH
191em TJﬂ

11

%NSLM'
R

184.89, 0}77}/\]
AU 1271, A
747 2 FUT 692 o2 VERtTH
olzlg ﬁﬂ%— E3dAE oA UL

1 H'H%o A Oi UrE}
oA 4
s/

—_

r/‘r(Shm, 2013).
F&-FAUETEAA &Y

rot

o 1821, oAU 16.93,
W 1538 2 T 9.06 o ® ura}wu}. o

7, oHIE 9 ARt Agsa gle
, o2 A9 cjrlez Ko} oA
;‘q ]. ljo]_ﬂ 74 oz J&E}lﬂ\;} & }‘7414-
ge) 54024 3R, vhiE, 44
AR, 2RUE 5 3URRY} o)

At olelgh Aate et <k HellA

M © 40 ofy H

(o]
—_

o

rﬂHUHrgﬁ—lﬂHJkO

it
=

il

seluket Aafetel 9% ) Aol T
9e dgon a0 EYRYAS JUW

Aol e Eoke] sleka B4 7
pH 5.78, A71AE% 0.071d S/m,
1k 0.869%, A% E5 0433g/ke, &
B Q1% 7.261mg/kg, Z-F 0.107cmol kg, 24
1.004cmol/kg, "F2U|F 0.453cmol/kg 2
EE 0.028cmol/kgZ YEISIT B3|, A&
co AE ANAEEE S48 48
o Aol §ls FER Bekrh
3) AEwety Eksbdate] A

Ordination®. 2 ¥A13+ A3} Z&-
Il
=

o Flf b

N
ru{tl
u

JZ-‘

N
B
U

% g

Q
@
>

N
e
iy
(%%
2
N
2
b
b
ug We
il
2 T
SE 0
%
d
Ho§2 rlo ~

i)
[
2,
N
=

L = J\E o Jo 18
i
o>
9
=)
=

oM
s
rlo
bl
2
a
y
O
3

We >

Orr‘
o on!
o o
e (o
ox
r-l
e

lo
bl
=
Mo
<
ofs
2
£ K

AE CCA
3 pHSF vhavlE
o Seuh

o
Nl

|
4 78 754
Ordination &=

o ge Folt %

S
1%l

N

P

{u



,_]
Z
Z
w2
o
>
Z
)
Q
e
>
Q
=
=
g
g
=
2
1o,
et
>
:Oé
o,
ok
b
o
ik
Tt
)
o
ol
)
1o,
o
2]
M
1%
W
N

Faha I3, pHSE vk D Aol B
& Rl FAUR - GUT - B bl
29 gAe 4 Fo BEsa I

& AL YEF 2 AR} B2
T
ey

7t RE s =
2 A 5

E=
S5
,Ae Fole ARl Hut

4
oy
T
T
N:}
jaic?
T
T

5)

oo Ao S Hd M Jo

, BE - ORI - ARV - U
O - BbE Fol 47 A sfictdelA &
2o g 3t F e 3 178,97,
O 37.15, APEIUHE 19.86, S3
9.43, 2UHT 7.86, LT 6.03, #HT- 4.68,
oV 374 Bl AT 324 5O O U
335421

oldel e T3, At 47l Al
vEsta ge wE g clugse] Fa
A whet 47)e) o s Ty HAa, B
o] G AHEY val =FF 21S 7
3 S AR Yehgth A4 Bkt
BHRA TR e SR BEG dRe At
of whet o] Lo HEge vxel 9g=
TAE Ao vERtt A9 FaX|dA=
BEZFAAN $H8L e FES A

sl A= 4E3] Be Foled, oA
< At e st e A WAL Sle
Aoz getEt

ofeh #2 ATARE = o et 47 A1
o =l Ae wE AdELE tFd L
Fof Aol o8 ey gadoR 24
g AoR Aot mE] AHAoR
3 Sl g Ve BT 5 = A
o= 7lqdc). 2y 9o gEHe YIS

2, A 0] Wk, Q1914 meke] Ao}t g3k
ol digk F7EEQ0 A7 ed et 3l
o} oleldt THAR] AFEAHRES HIRCR 3
A FEo e, sk B, v
wjze], A4k o] & Fof Wikl =&d
T A& Aotk

References

Bae JY - Kim JS - Lee KJ : Kim JY and Yeum
JH. 2013. Changes of vegetation structure in
Naejangsan district, Naejangsan National
Park for twenty years (1991-2010), Korea.
Korea Journal of Environment and Ecology
27(1): 99-112. (in Korean with English
abstract)

Choi CH. 2004. Flora and vegetation structure of
the coastal dune area in Sinduri, Korea. M.S.
thesis, Chonbuk National University, Jeonju,
Korea, p. 59. (in Korean with English abstract)

Choi HIJ. 2009. Flora and stand structure of the
coastal forest at the same latitude of east and
west coast in Korea. M.S. thesis, Kangwon
National University, Chuncheon, Korea, p.
60. (in Korean with English abstract)

Chung JC - Jang KK - Choi JH - Jang SK and
Oh DH. 1997. An analysis of vegetation-
environment relationship and forest community
in Mt. Unjang by TWINSPAN and Ordination.
Journal of Korean Forest Society 86(4):
459-465. (in Korean with English abstract)

Curtis & MclIntosh. 1951. An upland forest
continuum in the prairie-forest border region
of Winsconsin. Ecology. 32: 476-496.

Greig-Smith, P. 1983. Quantitative plant ecology.
3rd ed. Blackwell, Oxford.

Hill, M. O. 1979a. DECORANA - A FORTRAN
Program for detrended correspondence analysis



58

and reciprocal averaging. Ithaca, N. Y.
Cornell Univ. Press. p. 100.

Hill, M. O. 1979b. TWINSPAN-A FORTRAN
Program for arranging multivariate data in
an ordered two-way table by classification
of the individuals and attributes. Ithaca, N. Y.
Cornell Univ. Press. p. 50.

Hill, M. O. and Gauch, H. G. Jr. 1980. Detrended
correspondence analysis an improved ordi-
nation technique. Vegetatio. 42: 47-58.

Jang JH - Han BH - Lee KJ + Choi JW and Noh
TW. 2013. A study on the changes of
vegetation structure of the plant community
in Mt. Kwanak. Korea Journal of Environment
and Ecology 27(3): 344-356. (in Korean with
English abstract)

Jeong JH - Koo KS - Lee CH and Kim CS. 2002.

Physico-chemical properties of Korea Forest

Soils by regions. Journal of Korean Forest

Society 91(6): 694-700. (in Korean with

English abstract)

CB. 2012. Effects of soil physical-chemical

characteristics on plants on sand dune -A case

Kim

study on central-western coastal area of
Korea-. M.S. thesis, Korea University, Seoul,
Korea, p. 47. (in Korean with English abstract)
Kim CB - Park KH - Lee CW * Youn HJ and Kim
KH. 2014. A comparison on the forest type
of coastal disaster prevention forest between
the coastal area in Korea. Journal of Korean
Forest science 103(4): 564-573. (in Korean
with English abstract)
Kim DG. 2010. Native tree species of tolerance
to saline soil and salt spray drift at the coastal
forests in the West-sea, Korea. Korea Journal
Environment and Ecology 24(2): 209-221. (in
Korean with English abstract)
Kim HJ - Jung SH - Hwang CH * Kim H - Choi

SM and Lee SH. 2012. Vegetation structure
and management plan for windbreak forests
along the west coast in Korea. Journal of
Agriculture & Life Science 46(1): 71-81. (in
Korean with English abstract)

Kim HP. 2011. Studies on the characteristics of
survival and growth of Pinus thunbergii
planted in a coastal snad zone. M.S. thesis,
Yeungnam University, Daegu, Korea, p. 50.
(in Korean with English abstract)

Kim HS - Lee SM - Chung HL and Song HK.
2009. A study of the vegetation in the
Deogyusan National Park. Korea. Korea
Journal Environment and Ecology 23(5):
471-484.

Lee JH : Do MS and Song HK. 2013. Vegetation
structure of Hongdo island. Korea Journal
Environment and Ecology 27(5): 45-54. (in
Korean)

Lee SC - Kang HM * Kim JS * Yu CY and Choi
SH. 2014. A study on the correlation plant
community and environmental factors of
Tongdosa (Temple) Area, Gajisan(Mt.)
Provincial Park. Korea Journal Environment
and Ecology 28(6): 715-724.

Lee SK * Kim KH * Kim YT - Park JY and Lee
SH. 2005. Occurrence of Rhizina Root Rot
in a black pine (Pinus thunbergii) forest
located at the western coastal area in Korea
and its spreading patterns. Research in Plant
Disease 11(2): 208-212.

Lee TB 2003. Coloured Flora of Korea.

Lee WT - Chon SK. 1984. Ecologiaal studies on
the coastal plants in Korea - On the sand
dune vegetation of the western coast. Korean
Journal of Ecology 7(2): 74-84. (in Korean
with English abstract)

Nakashima Y. 2005. Situations and problems of



TWINSPANZ} CCA Ordination®]] 23+ Majet &3 ERs4nte] A4

M
%

A 59

coastal forest in Japan. Proc. of joint seminar
of Korean Society of Coastal Forest and
Japanese Society of Coastal Forest, pp. 7-10.

Oh HK. 2002. Vegetation structure and habitat
management of windbreak forest: In case of
four sites in the southern coast of the Korean
peninsula. M.S. thesis, University of Yeung-
nam, Gyungsan, Korea, p. 169.

Park CM - Kim SW and Park SH. 2009. Study
on growth characteristics of Pinus thunbergii
windbreak forests around Goosipo beach,
Gochang-gun. Korea Journal Environment
and Ecology 23(4): 365-375. (in Korean with
English abstract)

Rural Development Administration(RDA). 1988.
Analysis Methods of Soil Physical and
Mineralogical Properties.

Shin HS. 2013. Community ecological research
for the mid west coast vegetation conservation
and restoration. Ph.D thesis, Kongju National
University, Gongju, Korea, p. 119. (in Korean
with English abstract)

Song HK - Jang KK and Kwon KW. 1994. An

analysis on the forest community in Mt. Odae
by Ywo-Way indicator species analysis and
by Detrended Canonical Correspondence
Analysis. Research Report Environment
Science Technique of Chungnam National
University 12: 47-54. (in Korean with English

abstract)

Song HK - Jang KK and Oh DH. 1998. An analysis

of vegetation-environment relationships of
Quercus mongolica in Soraksan Nationa Park.
Korrea Journal of Ecology 11(4): 462-468.
(in Korean with English abstract)

Ter Braak, C. J. F. 1987. CANOCO-A FORTRAN

program for canonical community ordination
by [partical] [detrended] [cannical] corres-
pondence analysis, principal components
analysis and redundancy analysis(version 2.1)
TNO Institute of Applied Computer Science,
Statistics Department, Wageningen, The
Netherlands.

www.nature.go.kr



