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Abstract - This study was conducted to analyze community structure and species composition of Pinus densiflora for. erecta
Stand in Mt. Cheonchuk (653 m). Field survey was carried out from June to September in 2013. 74 plots (20x20 m) were set
up, 5 herb layer plots (3x3 m) were constructed for each plot, and there, Diameter at Breast Heigh t(DBH), height,
environmental factor, annual growth were measured. Vascular plants were surveyed as following; 66 family, 165 genus, 211
species, 2 sub species, 29 variety, 6 form 248 taxa. Results of cluster analysis for P. densiflora for. erecta forest, 3
communities were divided into; Quercus mongolica (P-1), Quercus variabilis (P-2) and Quercus aliena-Stephanandra
incisa (P-3). There were significant environmental factors that organic layer, annual growth, CEC, total total nitrogen,
organic matter and pH for each community. As a result of DCA, P-1 and P-2 were distributed large range of environmental
factors but relatively limited in P-3. Distributions of herb layer were affected by sand, cation exchange capacity, silt and
total nitrogen. Results of MRPP test for herb layer communities, it was significantly analyzed (A=0.003, P<0.008). Species
diversity index was highly recorded in P-3 and influenced by cation exchange capacity, total nitrogen, annual growth in
consequence of NMS analysis.
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Fig. 2. The climatic map (2004-2013) in study sites (a:
administrative district of study site, b: mean altitude, c: mean
annual temperature, d: mean annual precipitation, e: mean annual
maximum temperature, f: mean annual minimum temperature,
g: Curve of mean monthly temperature, h: Curve of mean
monthly precipitation, i: Mean monthly rainfall>100 mm (black
scale), j: Relative humid season, k: frost period (black bar) of
study site).

9] 7)Z(Kim and Lee, 2006)< 118]ao] Ax|a19] 0 A
71712 2013\ 695-E] 9D7HA] ZAFSIAC

A2 A YRS Tesle] FER BR (WL
OHIBTE )T SRS O 7 FHslo] BEZ2] 92
o4 /A1 =-2] F-112) 7% (DBH)S S48 1,

Braun—Blanquet (1964) 2] F3--H T 5 o] &33tt E3h 2

Q
o
~
@
&~
o5)
0
g
=]
[0
=
B
a
2
2
3
i
>~
&
Ooft
ol
2

FYSRAI GRABERIN AN EEAE
=£-5(Korea National Arboretum and The Korean Society of
Plant Taxonomists, 2007)9]] Z&35}$ith,

=2

M
fioa)
T
flo
i
/M

O

o
1o oo N kI

o
a4
T

il

2
BB U] UGS e ThL
ZAES] 78] 2 E+ Euclidean (Pythagorean) 2]
B Ward's WS 01 83IC), S
shotsp] 9j8) 225l 1A 2] o

Non—metric Multidimensional Scaling)&41<-

o
E

[o
2 B

Hy o
2]

=2 v

A= NMS

7

=
rlr

o,

—~

:
ol
1o

’

- DCA (Detrended Correspondance Analysis) &A1 0]
o 224 Aol e 2.1} v Fiet. F SAEES,

PN ofo
Oofr
-1

¢



Korean J. Plant Res. 33(1) : 1~14(2020)

= 02239 45 o9 HW?LOW
H|o|E]% Braun—blanquet] 21EA}3]s}
’\}i = =S HAStste] 2ALSH | dlzol
AEE0 A RHEA, FAE St Elol
o2 Zﬂz]—z%o]tq 0]740] a3 tt]akﬂ_,] E/H.C_L
DCARA] O] -ﬁ—ﬂ 317] w0 th(Lee, 2002), @5
L 2Ezu 2R waH:
|52 o] i 9fste ofof| Bl
NMSH-4] g-o|s}7] wfjiZo|thBarbour et al,,
Lee, 2002), 7t w3lo] 2 Hs1A| BFE=|=A]o digt 7

%2 9J5}o] MRPP (Multi—Response Permutation Procedures,
O g et A test S ANIalAT), oliz 7} 2 W) £24
o W& FAHEA 2 BAEH, A2 A s SOrensend =5
0]-8-5}19th(McCune and Grace, 2002; McCune and Mefford,

o]

].

6(‘)]:

I‘.BL

m[o

Y| | S0 A FE5= 20 & (Dufrene and Legendre,
1997) AU O] A ] of S 4o] = Folok,
THEZ NMS, MRPP, X|#% 542 PC-ORD (ver, 5.17)&
0]-8-5}% tHMcCune and Mefford, 2006),

APYZAPE o] o1 TA7H 9] 2
T 0~20 en®] ZoJo A Al2E AT, HFTH B
SR SEHE AP R 2tsto] Aol A of 237 S & 2 mm
©}0.02 mn®] Ao FHAIA FAE Al 22 ARSI B
HlEA oz SAston, EYpHE FUAIE 10g3 5574
50 méE 1:5% Y= & pH-meter & AMESH] S48 8
9lXKAvailable phosphate : Avail, P205)-& A}
8-8ko] EdEA47](Shimadzu UV-120-02)F °]-85t 57
Tk A9t A AsAEEA7)(NCS 2500, Fisons
Instruments S.P A, Italy) 2 S48} 00, ofo]2x|g-82F

4@

Uio

74

we ok

rlo

I

Fu

(e}
Lancaster-&

SRENS

2006), 12|31 IR ZAM AR E AR BHEA R s (CEC) Brown's Method ] 0.2 EAJ51 3Tt
3, 7k, S5 glol, §718% o], A, Epolafal
2 B4 51870 R AgSlgon], Bie 20 $4EA Zn o DE
& wAREAE AAIBIAL ARS-E4| (Post hoc) Turkey—test
2 i 719 Aol vlmsieiek F-94 24
T4 9-A1E vlash | $Jste] Curtis and Mclntosh 2 AT SA W vehd HEAF Ao SRV AEE
(1951) 9] @A =2k V.: Importance Value)S HE-&= LJE} 4= 661} 16545 2118 2015 29HE 6EZX0 2 X 9488 F L
W A4 A (Importance percentage, Brower and Zar, 1977) o] BE3[= Z1 02 ZAEQLE FA|4lE0] 431045 145 11
g pEolpEpEzog JLHsl] AT AT 9-Hx] FTOEI5EFTOR Ao, LAt Eo] 23 245 2 1
D208 Ao, BRYUSH  FEOR SRR, AN 603} 1534 195% 2015 2005
A= (221 P)+(olE=21P)+HIE21P))/322 7 FEZO0F 2 930H 08 ZAFEQTHTable 1).
SIS0k FRPHE R 28F0% UG Samon- - HASHE AT U $0E S low
Weaver®] FTFE, FAE, SHEE EAITHKent and  OF2|RA} A3}l it H719) 7“57} Ht A o] eR(Park
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Table 1. The vascular plants in study sites
Taxa System Family  Genus Species Subsp. var. f. Total taxa Izoa/f)l)o
Pteridophyte 10 14 0 0 15 6.0
Gymnospermae 2 2 0 0 1 3 1.2
Angiospermae 60 153 195 2 28 5 230 92.8
Dicotyledoneae 53 122 154 2 20 5 181 73.0
Monocotyledoneae 7 31 41 0 8 0 49 19.8
Total 66 165 211 2 29 6 248 100
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Table 2. Soil physico-chemical properties and environmental factor of each community (+SD, ns indicates that the item did not show
significant different differences among treatments at the 5% level)

. Communities
Environmental factor
P-1 P-2 P-3

"Slope degree (°) 23.51+6.86 21.67+7.23 21.43+10.69
“Litter layer depth (cm) 0.960.40 1.17£0.56 1.29+0.57
Organic layer depth (cm) 1.22+0.72° 1.18+0.56 2.07+1.27°
Annual growth (mm) 2.56+0.74% 3.03+0.83° 3.83+0.78"
Altitude (m) 490.89+101.34 412.63+105.76° 295.00£90.20°
C (%) 2.93+1.28 3.16+1.32 3.39+1.23
N (%) 0.14+0.06 0.15+0.07 0.2240.08"
CEC(cmol(+)/kg 0.200.07° 0.20+0.07° 0.29+0.08°

K 0.500.22 0.48+0.22 0.51+0.26
Exchangeable cation Mg 1.53£1.39 1.54£2.10 1.71£0.77
(cmol(+)/kg) "Na" 0.52+0.11 0.52£0.09 0.56+0.08

"Ca2" 1.84+2.20 1.85+1.30 2.44+1.45
oM 6.94:0.44° 7.03+0.45° 7.3340.39°
pH 5.05+0.32° 5.12+0.33° 5.34+0.28"
™Sand (%) 76.54+7.97 74.48+£10.75 78.60+8.26
"Silt (%) 11.516.62 14.17+7.85 11.74+6.67
“Clay (%) 11.95+2.52 11.35£3.92 9.66+1.85
71ERe, pHOllA 238 Tt e de] Q1 =St 53] P-3vAd 7155 Aol =2 A= et AWM= A=A ol
¥} LPHXI AT} Zol7t vEhtEEl, #1539 Aol A Tl 54 0) S/ Ao, St ATkE GRS
(Organic layer depth)7} B4l H]sl =2 %]Q1 2,07 + X ol T2 F71EY HallE Bl 33 o] (Lee, 2011) B
127 enE 7|53150H o= 72 Y 7189 3(Organic ol vlgto] FHE EggES B o weE
Matter, O.M)I} H|S:3t o= EAE1om, P-3 Z41

H A AL Sob AP R Bl S AR 1A APHAR S >9E FHEAL 2 Exoky
EG Y f71=E 5ol Aot 58 Soll dste] Y A= A 25 AR At 37R UHroll o, ofof tigh 52
=T TebA] GG ofekA] Aol sfdalert o4 H $245 A E a1 (Appendix 1, 2) ©|F ﬂﬂﬁ"hﬂl =2
2 2245 A o7 worer) Song et al. (1995)0]] ©J3HH 57 AR o2 ufFsltkFig, 6), tRAARA AT 7 A o
AU ] A S0 %X“%E— THETE =2 AL 0] 22| EHE-H(CEC) 1} A7 o] Ao FetA7E 2 A2
§ 7HAM f718 g CEC7H H & oA = Uepdral o) 2 Ut e AR, 718, Adaes
AL, & dof| A= siale *17*% TR oA =A e O A2 A7} o s AARRo] fHasial ofol A

o B akehA] JA o= tha W A2 EAE Q] ShgFat A A0 ghFo] FolE= A0 R eyt sl
o}, pHi= 5.05~5,34 ALo] 9] 2| 2 FA R Gt A 27 + SRR A TRlo] 7 om o] = sl whE
AU O] pHi= oF 4,622 7415 0](Joo and Jung, 2001) 2 7125k 5 B Aol = vehd Ante wiekE

AR = EF 2| o] H]3}o] TR 2l = et
AR Ao A p-3 o)  £3lof v]5le] 0,22+0,082
Z 2 YeY BAIH 02 fofgh ol & Byow YE

22)3 B4

ol
=

—E

David and Robert, 2007).
T3 73S S| Sl MRPP £-41232HA=0, 210,
o2 20| Rl 2 Ao

7_1L

P<0.00001) f-2Jgt 4=
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Fig. 7. DCA ordination of low layer species and study site (left) and species. (H1- Thelypter ispalustris, Pulsatilla koreana,
Thalictrum actaefolium var. brevistylum, Viola mandshurica, Leonurus japonicus, Patrinia scabiosaefolia, Cirsium setidens,
Crepidiastrum denticulatum, Eupatorium japonicum, Dioscorea nipponica, H2- Dennstaedtia wilfordii, Pinus densiflora, Pseudo
stellaria heterophylla, Stellaria aquatica, Actinidiaarguta, Hydrangea serrata var. acuminata, Duchesnea indica, Vicia unijuga,
Melampyrum roseum, Dendranthema zawadskii, Agropyron tsukushiense var. transiens, Spodiopogon cotulifer, H3- Quercus
mongolica, Cimicifuga dahurica, Desmodium podocarpum var. mandshuricum, Ampelopsis brevipedunculata, Styrax obassia,
Callicarpa japonica, Pedicularis resupinata, Conyza canadensis, Asparagus schoberioides, Dioscorea tokoro, Dactylis glomerata,
Carex dickinsii, Carex humilis var. nana, H4- Osmunda japonica, Onocleaorientalis, Indigofera kirilowii, Oxalis corniculata, Viola
selkirkii, Pyrola japonica, Lysimachia clethroides, Veratrum maackii var. japonicum, Stipa sibirica, Carex bostrychostigma, H5-
Quercus serrata, Astilbe rubra, Viola albida var. chaerophylloides, Aster ageratoides, Disporum smilacinum, Heloniopsis koreana,
Carex ciliato-marginata, Cephalanthera longibracteata, Amitostigma gracilis).
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Table 3. Indicator species of each community

P

-
-3

Korean name

Layer Species name Community Indicator value max. p
Stephanandra incisa E SRS P-3 94.3 0.0002
Quercus mongolica Al P-1 79.5 0.0002
Lespedeza maximowiczii ZE2R¢] P-3 75.1 0.0004
Zanthoxylum schinifolium Abzyg P-3 67.1 0.0002
Lindera obtusiloba AT P-3 63.8 0.0002
Rhododendron mucronulatum =l P-1 55.7 0.0054
Quercus aliena FAZASB AT P-3 53.5 0.0002
Quercus variabilis 2R P-2 51.5 0.0080

V;Z’;‘iy Styrax obassia £ A P-3 51.1 0.0254
Fraxinus sieboldiana A B U P-1 49.9 0.0224
Rosa multiflora CEIRE P-3 49 0.0004
Pinus densiflora for. erecta AR AT P-2 383 0.0014
Corylus heterophylla piRleass P-3 324 0.0062
Lespedeza maritima S P-3 28.6 0.0066
Spiraea blumei AL Z IR P-3 28.5 0.0054
Rhus javanica e P-3 25.8 0.0168
Euonymus alatus for. ciliatodentatus kel A P-3 249 0.0178




HEA A FAUR-Y g2 W FRA
Table 3. Continued
Layer Species name Korean name  Community Indicator value max. P

Oplismenus undulatifolius FEZNE P-3 54.0 0.0012

Atractylodes ovata = P-1 51.8 0.0058

Clematis apiifolia AL 2] - P-3 47.4 0.0010

Phryma leptostachya var. asiatica & P-3 46.8 0.0138

Smilax china e P-3 46.4 0.0072

Valeriana fauriei HAeoz= P-3 439 0.0030

Lysimachia barystachys 744 P-3 41.8 0.0176

Low layer Quercus aliena R P-3 29.4 0.0228

Agrimonia pilosa WA= P-3 27.4 0.0146

Viola selkirkii oA\ 2 P-3 252 0.0202

Asperula lasiantha ZrF oA H] P-3 24.9 0.0368

Pimpinella brachycarpa s P-3 23.7 0.0222

Platycodon grandiflorum L=t=104] P-2 21.9 0.0394

Pueraria lobata Z P-3 18.6 0.0478

Vitis ficifolia var. sinuata 7hat WS P-3 14.2 0.0392
9 rleb S TR AR SAE, S EF Y FRANA 7ol BEekz 2ol W P-3 20 F 23} vlmele] o]
A A7 oAl B A mUERS BREUEet Aol S2Ael Ao A, Eriorel A EE KA
o] a7, 3 P3O T} ol Ae] SEIE U FTYE A
EH0h= T2 IO & randomized testE F3H 19148 2 F7h e Aor ZAHSE, o= % 5ol 2Rt A FEol
© AEFS A3 22K (Table 8) 53], A F #4041V, CH 3=l o] A-E(pioneer species) B o2 A= A5
(Indicator value) gto] S5 FLdh= F-S UERHH(McCune al7] fo|3t 271 vt AutE YeRgrhSchnitzer and
and Grace, 2002), 5 74T 9] B} whejoA 1 Carson, 2001), o]of w2 W7ol 22 =td ol 5t =5
gE|ojof k= Folt}, 53] P-3 -2 wrUhet 28R4, ol whE FaUTe] gelE WAsh] Sl A7 el &
TP AR 5 2 ) o] 47 el AAsle] Q) B SRR ALY MakS TSIl

oA A=she

A 25o] A wgto] %A Lepsteh(Table 3)

2115 201 20

o & 7 o2 HREleh 3
o] ztol= G71EF Zo|, AWAT, SIS
ohagF A4, pH 59 498t Atol 7k vyt 544

of gtk EAA Hof| et A2 d|ofejo] 2] 152 A
A RAE 93 7|27 S0 o] 2 HAA Hg)
L 5250 M0R olojy ARTIPAT} E7H 4EA80)
Qe o] 2ol A AT e AE SAIh, o] Slat BE
2191 HAHITY] Slt= GIS (Geographic Information System)
tlolBE 55k Aoz A A E A 9o 49+
7H H97E Hof QIzto] g2 o m QIAIS]of fHAI7F Q17
woll kA1l e JpHol E Aol 5k Ao A W 4
A3t dlolelE AFs} Al71aL 71491 B S8 47
ARl U Ego] a5, o]= X f-A o] AIADAQ1 A
BAIE olsishe "ol
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Appendix 1. Importance percentage of herb layer species (minor 167 species were omitted, R.C.- Relative coverage, R.F.- Relative
frequency)

Species name R.C. RF LP. Korean name
Spodiopogon cotulifer 20.76 4.23 12.50 71EA]
Carex humilis var. nana 18.02 3.59 10.80 V=9l AR
Artemisia keiskeana 6.14 3.73 4.94 gror]&
Carex lanceolata 8.04 1.00 4.52 IsA=
Atractylodes ovata 3.64 4.16 3.90 Al
Pinus densiflora 4.02 2.08 3.05 AUE
Disporum smilacinum 4.23 1.43 2.83 o7+
Quercus mongolica 2.90 2.44 2.67 Al
Smilax china 2.31 1.65 1.98 Aoy =
Spodiopogon sibiricus 3.08 0.65 1.86 27124
Pyrola japonica 1.84 1.87 1.85 -2k
Ainsliaea acerifolia 1.36 2.08 1.72 22
Preridium aquilinum var. latiusculum 1.15 222 1.69 TAY
Polygonatum odoratum var. pluriflorum 1.05 2.15 1.60 =4
Quercus variabilis 1.51 1.51 1.51 =22RR
Phryma leptostachya var. asiatica 1.23 1.72 1.47 a2 &
Oplismenus undulatifolius 1.82 0.86 1.34 FEXNE
Syneilesis palmata 1.33 1.15 1.24 QA E
Dryopteris chinensis 0.18 222 1.20 7F=QlZ A u| AL
Duchesnea indica 0.65 1.65 1.15 7]
Viola acuminata 0.27 1.87 1.07 ZHA e 2
Rubus crataegifolius 0.35 1.43 0.89 A7)
Smilax riparia var. ussuriensis 0.34 1.29 0.82 U=
Aster scaber 0.15 1.43 0.79 P =
Athyrium yokoscense 0.24 1.29 0.77 HY AL
Potentilla fragarioides var. major 0.33 1.08 0.70 FA| &
Galium spurium var. echinospermum 0.24 1.15 0.69 A=
Carex siderosticta 0.52 0.86 0.69 AL
Dioscorea nipponica 0.24 1.08 0.66 Hafup
Quercus aliena 0.70 0.57 0.64 ZZ R
Cephalanthera longibracteata 0.23 1.00 0.62 2otz
Rubia akane 0.04 1.08 0.56 =Y
Polygonatum inflatum 0.60 0.50 0.55 =5=9
Onoclea orientalis 0.72 0.36 0.54 7N a}
Asarum sieboldii 0.04 1.00 0.52 e e
Carex ciliato-marginata 0.50 0.50 0.50 HojAlx
Iris rossii 0.04 0.93 0.48 FANE
Isodon inflexus 0.22 0.72 0.47 Abats}
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Appendix 1. Continued

Species name R.C. RF LP. Korean name
Hosta capitata 0.22 0.72 0.47 SR B
Quercus serrata 0.22 0.72 0.47 B,
Dryopteris crassirhizoma 0.71 0.22 0.46 o=
Lysimachia barystachys 0.13 0.72 0.42 VTRt
Asperula lasiantha 0.03 0.79 0.41 ZFA oA H]
Pseudostellaria heterophylla 0.03 0.79 0.41 NEZE
Chimaphila japonica 0.03 0.79 0.41 ufj s} 2k
Akebia quinata 0.52 0.22 0.37 o229
Astilbe rubra 0.21 0.50 0.36 2oz
Codonopsis lanceolata 0.03 0.65 0.34 =l
Dictamnus dasycarpus 0.03 0.65 0.34 RS
Valeriana fauriei 0.03 0.65 0.34 Fo=z=
Appendix 2. Importance percentage of herb layer species (minor 152 species were omitted)

. Community
Species name M.LP. Korean name

P-1 P-2 P-3

Carex humilis var. nana 13.79 6.97 11.55 10.77 7h=Q a5
Spodiopogon cotulifer 15.90 10.16 3.98 10.02 71EA)
Artemisia keiskeana 4.19 5.42 7.16 5.59 woe
Carex lanceolata 3.66 6.64 - 3.43 RSN
Atractylodes ovata 4.96 3.26 1.74 3.32 A
Smilax china 1.78 1.53 5.17 2.83 Aol g
Pinus densiflora 3.40 2.99 1.69 2.69 AU
Oplismenus undulatifolius 0.18 1.72 5.72 2.54 FEXNE
Disporum smilacinum 1.70 4.65 0.85 2.40 o7+
Pyrola japonica 1.13 2.51 2.83 2.16 L2k
Quercus mongolica 2.95 2.86 0.59 2.13 Al
Ainsliaea acerifolia 1.84 1.50 2.03 1.79 X
Phryma leptostachya var. asiatica 1.67 0.97 2.58 1.74 o2&
Prteridium aquilinum var. latiusculum 1.38 2.14 1.44 1.65 JAY
Polygonatum odoratum var. pluriflorum 2.02 1.25 1.14 1.47 =49
Spodiopogon sibiricus 2.33 1.70 0.00 1.34 7124
Syneilesis palmata 1.11 1.29 1.44 1.28 QA
Dryopteris chinensis 1.19 1.13 1.49 1.27 7H=9l 2 A 8] A E]
Duchesnea indica 1.28 1.05 1.14 1.16 Hi7)
Quercus variabilis 1.51 1.91 - 1.14 B s
Akebia quinata 0.08 0.09 3.19 1.12 SE=g=
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Appendix 2. Continued

. Community

Species name M.LP. Korean name
P-1 P-2 P-3

Viola acuminata 1.02 1.13 1.14 1.10 ZH AR
Rubus crataegifolius 0.68 0.99 1.44 1.04 A7
Athyrium yokoscense 0.60 0.69 1.74 1.01 AL
Smilax riparia var. ussuriensis 0.43 1.16 1.14 0.91 U=
Quercus aliena 0.18 1.03 1.14 0.78 2
Aster scaber 0.85 0.78 0.59 0.74 =
Carex siderosticta 0.61 0.76 0.85 0.74 A=
Galium spurium var. echinospermum 1.12 0.17 0.89 0.73 ZgZ
Cephalanthera longibracteata 0.42 0.76 0.89 0.69 o=
Lysimachia barystachys 0.17 0.43 1.44 0.68 VAR
Isodon inflexus 0.43 0.35 1.14 0.64 Abals
Dioscorea nipponica 0.60 0.73 0.59 0.64 H2fa}
Asarum sieboldii 0.51 0.43 0.89 0.61 &
Rubia akane 0.42 0.69 0.59 0.57 =AY
Potentilla fragarioides var. major 0.68 0.93 - 0.54 RISk
Valeriana fauriei 0.17 0.26 1.19 0.54 Fo=z=
Asperula lasiantha 0.42 0.26 0.89 0.52 Z+ o1 A H|
Clematis apiifolia 0.08 0.26 1.19 0.51 AFQ] A
Pueraria lobata 0.08 0.29 1.14 0.51 2
Quercus serrata 0.35 0.55 0.59 0.50 B,
Dictamnus dasycarpus 0.25 0.26 0.89 0.47 LR
Pseudostellaria heterophylla 0.34 0.43 0.59 0.45 k=
Chimaphila japonica 0.34 0.43 0.59 0.45 | 5} 2k
Cocculus trilobus 0.17 0.29 0.89 0.45 ooy
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