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Abstract - The range of D. spathulata identified in this survey was between N 35° 24' 58" ~ N 35° 26' 35", E 129° 05' 43"
~E 129° 07' 04". It is located at an altitude of 98~592 m. The soil pH was strongly acidic in the range of 4.2~4.9, with a
canopy openness of 18.56% and a chlorophyll index 0f 36.74 + 2.80. As aresult of the TWINSPAN analysis, 20 plots of 100
m’ each were divided in 4 communities: Pinus densiflora community, Quercus monglica-Diabelia spathulata community,
Quercus serrata-Diabelia spathulata community and Carpinus tschonoskii subassociation. The result of species diversity
was 0.7615, and evenness and dominance were found to be 0.6077 and 0.3923, respectively. The height of D. spathulata is
up to 3.4 m, and the average height is 1.1 m, with most of the species distributed as shrubbery and herbaceous. The average
population density of the 20 plots was 1.635 individuals/m’, the height range of flowering was 1.0 ~ 1.8 (aver. 1.39 m) and
the rate of flowering was 27.37%. It’s propagation pattern was mainly formed by extending the rhizome to the side, creating

a colony of ground stems.
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Fig. 1. The location map of studied plots.
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Fig. 2. Fisheye lens photography of the studied plot 12 (Before (left) and after (right) application of a program).
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Table 1. Characteristics and vegetation status of studied plots

Plot No. 1 2 3 4 5 6 7 8 9 10
Altitude (m) 98 169 145 182 211 340 212 250 440 507
Aspect S4NE  274W  282W  280W  75E 93E 8S5E  6S5NE  60NE 20N
Slope () 345 31 285 28 32 352 355 267 27.1 14.9
Soiltemp (C) 1553 1947 1947  19.17 19 1643 18.03 164 1523 1507
Soil.mois (%) 1447 185 16.3 164 1123 13.8 14.5 16.25 15.1 19.97
Litter layer (cm) 6 3.7 55 3.5 7 5.5 5.4 5 6 75
Can(’py((;yemess 2 1294 2765 2021 1659 1897 2215 1829 1844  19.72
0
Chlorophyll
. . . 24 . . . . 2 1
(SPAD value) 39.9 33.5 37.5 3 36.9 383 396 3533 3626 38
Branch death (%) 10 12 3 5 10 3 2 9 10 2
Rock (%) 10 3 30 25 0 10 10 3 0 5
Soil.exposure (%) 0 0 5 10 5 0 7 0 0 0
Topography” Vs’ RS? V§* s R” RS? s RS? R” R”
No. of species 21 20 21 21 18 9 21 18 16 19
Population 181 494 451 464 402 242 415 371 216 319
Mean
Height (m) 12 9 8 10 8 13 8 9 8
Tree Mean R
29 29 19 2 23 20 24 23 21
(cm)
Cover (%) 58 32 36 40 15 77 19 43 20
Mean
Height (my > 42 34 42 4 48 3.6 3.9 42
Sub- Mean R
tree ean 6.7 9.7 6.3 9 5.4 10 7 6.5 6.3
(cm)
Cover (%) 29 48 48 75 4 56 64 41 49
Mean
Height (my 14 12 15 1.5 14 12 1.4 14 17
Shrub
Mean R ) 2 12 18 1.6 2 12 15 15 1.6
(cm)
Cover (%) 11 13 7 18 16 26 14 14 13 29
Mean
Height (my 0.4 0.4 0.4 0.2 0.4 0.4 03 0.4 03
Ground
Mean R 4 0.3 0.4 0.4 03 0.5 0.5 0.4 0.5 0.4
(cm)
Cover (%) 2 7 9 7 2 4 9 3 3 2

“Topography - S: Slope, R : Ridge, RS: Rides-Slope, V: Valley, VS: Valley-Slope.
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Table 1. Continued

Plot No. 11 12 13 14 15 16 17 18 19 20
Altitude (m) 542 583 342 247 160 189 592 256 522 561
Aspect 6ONE 356N 268W  45NE  38NE  267W  288W  249W  300NW  285W
Slope () 7 45 36.4 36.5 27 275 24 152 37.6 75
Soil.temp () 163 15.47 16.7 153 1453 1933 1443 18.5 14.67 152
Soilmois (%) 21.17 229 1133 16.05 11.7 12.6 13 28.8 1687  21.8
Litter layer (cm) 5.6 5.4 25 5 6 3 53 63 5.1 62
Can(’py((;yemess 2188 262 1775 1865 1694 216 759 1851 986 1522
0
Chlorophyll
. 41, . . 4 4 1 . 40,
(SPAD value) 3765 9 3753 338 3 3943 33 35 337 0.93
Branch death (%) 7 3 12 7 10 7 12 8 12 3
Rock (%) 0 0 25 35 45 30 45 30 3 0
Soil.exposure (%) 3 0 25 5 5 15 5 5 3 7
Topography” R” R” RS? s s Vs’ s \% s N
No. of species 21 15 18 16 21 22 13 29 19 20
Population 508 2,226 235 99 144 255 558 307 678 1,838
Mean
Height (m) 10 12 13 10 10 13 1 8
Tree Mean R
20 3] 28 24 18 26 2 15
(cm)
Cover (%) 26 66 46 38 46 55 43 20
Mean
Height (m) > 5 33 4 6 42 45 4 46 45
Sub- M R
tree ean 5 12 4 6 9 6 7 5 6 7
(cm)
Cover (%) 74 34 58 21 40 48 4 35 46 52
Mean
Height (m) 12 15 14 13 15 15 1.4 14 1.4
Shrub
Mean R 4 1 15 13 13 1.6 2 13 14 1.5
(cm)
Cover (%) 21 7 15 12 12 12 10 8 8 10
Mean
Height (m) 3 0.7 03 0.4 0.3 03 02 03 0.5 0.6
Ground
Mean R 4 0.4 03 0.4 0.4 0.4 03 0.4 0.3 0.4
(cm)
Cover (%) 5 59 1 1 2 2 2 2 3 18

“Topography - S: Slope, R : Ridge, RS: Rides-Slope, V: Valley, VS: Valley-Slope.
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Fig. 3. TWINSPAN-clustering dendrogram for the 20 studied plots in Diabelia spathulata.

Table 2. Importance percentage of the major species in the Diabelia spathulata population

Community IV

L Community 1 Community II Community III Community IV
Scientific name

™ ST S HY MY T ST S H M T ST S H M T ST S H M
Diabelia spathulata - 3.4 458 544156 - 177635363261 - 08 559588182 - - 70.1452 185
Quercus mongolica 16.8 26.7 0.6 0.5 149 732356 2.1 - 336 13327 - 06 64 265 - - - 106
Pinus densiflora 78.1 153 03 - 359 5127 - - 24 38 - - - 16 - - - - -
Carpinus tschonoskii - - - - - - 54 03 02 2 - 68 04 06 19 735195 - - 352
Quercus variabilis 1.8 7.7 02 02 3.1 199 64 02 02 79 36922 - - 161 - - - - -
Fraxinus sieboldiana - 233 92 92 9.8 - 103 75 45 6.1 - 47 62 42 3 - 16 63 127 73
ﬁg%giﬁgj&i - 3312774 43 - 37 38 13 24 - 10 88 23 47 - 322 - 81 105
Quercus serrata - 21 - - 06 1829 - - 15 43 38 03 - 192 - - - - -
Rhododendron
mucronulatum - 38274 32 69 - 73 18 24 173 - 54 64 06 29 - - 38 - 038
var.ciliatum
Neoshirakia japonica - 0.5 - 03 0.2 - 13 03 - 06 - 257 69 2.7 85 - 18 46 - 63
Sasa borealis - - - 48 05 - - - 309 37 - - - 114 12 - - - = -
Stewartia koreana 33 48 03 - 28 - - - 01 - 1.7 62 1.1 0.1 26 - - - - -
;Z;Zﬁgj:” - 46 11 15 18 - 2 06 02 09 - 78 07 04 23 - - - - -
Acer
pseudosicholdianum 03 - - 0.1 - - - - - - 43 16 05 15 - 86 32 - 32
Lindera obtusiloba - 0 0 02 - - - 08 23 05 - 09 28 21 1.1 - - 44114 2
Viburnum erosum - 0.6 0.1 04 - 09 08 0.7 0.6 - 1522 - 09 - 57 1.8 - 21
Styrax japonicus - 3 02 01 1 - 04 - 01 01 - 43 01 - 12 - - - - -
llex macropoda - 05 - - 02 - - - - - - 73 04 01 2 - - - - -
Spodiopogon sibiricus - - - 55 0.6 - - - 6 07 - - - 02 - - - - - -
Others - 01 12126 13 0 34 2.1 148 36 13 56 62 154 4.7 - - 58226 35
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

T Importance percentage in tree layer,

YST: Importance percentage in subtree layer, *S: Importance percentage in shrub
layer, “H: Importance percentage in herbaceous layer, "M: Mean importance percentage.
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o, 34 M 273 Ve 35,14%, 74 19} 33 V= 33,9%,

09, U°1'

B
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A1 Ve
(Table 3). ]%%— 2 1
R 2D, 21 A 2D
Sl Aol 24 skt 28 1 WOl 22

94 745 o AolA FdEHA] G SAUE, SR EA,
HIEIAN] 5 S A TAla=] Ao = 2lsf 24 Vet
FE]o] FAREZ} B WA Uepd 202 ek

o5 Foll 7 Aol AN We AR ol 2A] 9
Z5| 1 98-8 3018t 4= Q) ArHJokiméki and Kaisanlahti—
Jokiméiki, 2003). TE3F A% 74 GAFE |2 M0]7} 33 33 ~
69.14%= L A Y7 A A4 Hol 7k 13 52l
Aoz BaE)

33.33%% Ttha o)A A Q]
(AU 27 ])5'—]“_&

>~1
g
N
i
T
i
59
o

iin)

BOYE

TG TR A Y] FTHYE (Shannon—wiener) & w4
g AR AuKTable 4), 471 1419} FTHS/d A1 4>(Species
0.6615 ~ 0.8267 M9 = LEPIT FThef
E(H)¢ AT YEHmax) 2 AEE = dAET )= 1
ol 10l 77k S A7 BESEA] AL o AT el
£ Ve = A 0 Z(Brower and Zar, 1977), A7 )
A-e] A 8 Al S 16 ~ 585 H9I(E1
4R T-43%, &4 I-58%, &4 IV—16~*‘)S’§\
0.5260 ~ 0.6866L.2 AlA0] HelXdo] IThR] =x] 9k Ao

B9t Table 4),

o]#_r 1:117%1,}1} Aualx]4 *YE__Q_ 0@3%5;@

diversity index)+=

i

=
RLEN B RRLN

(ZA [ -AUEE78.1%, w4 1T-JU5E 93 1%, 23 M-t
553 93.2%, 7 N-7HAJOIUHE 73,5%) 2] BEo] 7 w4

oL

Table 3 Similarity index (%) between communities

Community I I m
I 69.14
m 54.17 59.41
v 33.33 33.9 35.14

Table 4. Species diversity indices of community

& A3 A0 Btk SRS 49 0.9 o4 uhefis
4] o] Qe S Hor, 0.3~0.7 Afolo]dl 15 s

2%0] 43, 0.1~0.3% o= of2] Fol PAIE L=
d|(Whittaker, 1956), & A ol|A] $-H=7}0,3134 ~ 0,4740

2 veht B4 & 9ol sk AAES Btk
0 A

B

BEORe T W 16,71 C& 10 Hhﬂ]fﬂl at%aL, A&}
Qo] w2} 2}olS Y tHTable 1), B it 16, 64‘7§%
AL APH Fe AR o] Z B Slof Zi Hxsh= REA
I} 3| E- T AL 1 o] wlet cheket 247k Bt o=
A om A A YTILFER} H|S=5t | A -S FAJS1= el
e ] ZRYA] F AEAEHA 0 2 YR oltef| Lok W

Aol A &A= maddieg] eke] Bt 33.4% (Jung et al,
2016)9t Apol5 Hylow, At A7RA|E SARR 47 Jé‘
26.37% (Park et al,, 2020), A2}k AJAIR|TE BAPA B4t 21,
(Noh et al, 2018)9] v|5lH thh AX3E x|Ho =z ﬁJrEPHE},
AR R A5 Aol thet 9] ) S5 BAS
K ATTable 5), AVEL 208 UA] 2] TAFISHES
O j(National Institute of Agricultural Sciences, 2020), &
FAE= pH 4.2 ~ 4.9 MR R 2ANRA ZH S 13l
o}, o= feUet AR Bt iHe(pH 4, 88)2F AR (Kim
et al, 2018), W& AHEL A2o] o] §F 4 9l QU Uk,
UhT SO B85 A7 SRE ER e Ave ek
53] A& Ao ks AL AP 5
A% 27910100 mg kg™ o) ET Ho] FE7 Bt 19.3
mg kg ' 2 HA I FAYFUE A A ZARLA
FEIE DL 1T~ 100 U, Fele} 4R

Q

Hm

O
o
RO
e r
:{o

B, P4 R G2 0 7] HOrganic mter)
2 B SHBE 717 uhze] =] ool
G, el 7145 E

Community No. of species H H'max J' (evenness) D (dominance)
I 38 0.7938 1.2187 0.6526 0.3474
I 43 0.6615 1.2528 0.5260 0.4740
m 58 0.7638 1.3417 0.5657 0.4343
v 16 0.8267 1.2041 0.6866 0.3134
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Table 5. Soil characteristic in each studied plots

PotNo. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Mean

(II)I_;) 44 48 47 48 47 42 49 47 46 47 46 46 48 49 46 48 4.6 43 45 45 4.64
(df/cm) 035 0.3 03 0.3 035 0.6 0.25 0.2 0.350.250.25 0.3 0.25 04 0.4 0.350.25 0.35 0.55 0.25 0.33
O(;\/)[. 19.1 8.1 122 13.8 122 9.2 13.7 11.1 85 10 7.7 12.1 8.7 18.7 19.6 14.5 10.4 19 15.2 16.9 13.04
0
(mlgjzggl) 27 24 15 10 12 24 17 9 14 16 20 42 10 24 20 12 26 21 20 23 19.30
K
... 04 03 05 02 04 02 02 03 02 02 02 02 03 1 04 04 04 05 08 03 037
(cmol” kg™)
C+a 1. 071 039 1.14 0.33 1.58 1.11 0.5 0.6 0.2 0.32 0.27 0.21 0.33 2.46 2.44 0.38 0.61 0.6 0.13 0.18 0.72
(cmol”™ kg™)
Nfrg L 0.380.22 0.54 0.2 0.62 0.6 0.22 0.22 0.16 0.18 0.17 0.18 0.2 0.64 1.73 0.24 0.32 0.55 0.26 0.2 0.39
(cmol™ kg)
T.N.
((yl\; 0.8 0.24 0.4 0.43 0.34 0.28 0.4 0.27 0.24 0.29 0.31 0.41 0.26 0.72 0.72 0.44 0.35 0.68 0.5 0.64 0.44
0
(cmgllfckg'l) 39.3 16.4 21.5 19.1 19.6 23.2 18.3 11.2 12.1 19.8 19.9 23.6 20.6 29.9 25.1 24.8 21.3 28.8 22.3 34.3 22.56

Table 6. Light characteristic in each studied plots

PlotNo. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Mean

Ocpinncl)lz}s/s 17.7 11.8 32.4 28.3 20.6 22.0 22.5 21.4 21.9 30.0 31.5 30.2 20.7 19.2 15.5 24.0 8.5 23.0 8.3 27.6 21.86
2 U0l £OW AU A4 GHol mgo] BckBrady, M, Pt FBUYEL 18,56 + 4,79%IcHTable 6),
1900), S AR R8-S SASH BAS B U ol AR 0 Yol o] S5k 24 Sl &
24 £ | BT AR 50 AAA YRS 044 HE AT B i ARECIR HHo] B 45,23 ~
2 Ueh Uet AR EQRS] Hat A4 §EF 0172 & 52,879 Th= ¥Qtal(Yoon et al,, 2014), W53 3= 2e
Stou], SRS HAN90.25 WS AT S BTy memEEe Heke] Bit 15.5%9} FASIHung et al,
OVgolA] LBht FAYAUT ALY EFERE $715  2016)
72 RS 57 b a9 ke mopbE A%
%o) BT FE YU HFFL 7PAE 5 Glo] EAM =4 B

41,98 7P 320 RS Wl T, RANE 49} 170 A= 22} 32,4,
B2 gA o8 W2 ks Uetiglem, 207) A
FEO] Ay EAI WA Aol e SudYE TS 36,74 + 2,800 AT Y THFig, 4).
(Canopy Openness) <= ZAH: 3014 27.65%% 774 3291201 o] 0] 1 ~ 4 m7¥] Ajeh UGB RO 2 Mo, 4
AL 120014 26,2%, ZARE T A 22,15% =08 eI, AFE Z|edol| APAIBR= AU 107] Aohe] 2A7K35.0 +
ZARE 173190 A= ZF2E 7, 59%, 9.86%= AT A 0.8 Wgko. 5.9) 2k QARSI (Kim ef al . 2019), <=E-21(3742) 2k AAF

)

)
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Chdorogp |. 11§ 5 e

Fig. 4. The degree of chlorophyll content of Diabelia spathulata according to canopy openness by studied plots.

5= FEAHUN4) Je|eEee] AP = 2425 ~

40)9He AR A3 HYtHJung, et al, 2020). U A
EOPATANI tAE SBEYE7} ob S A A
= obs 4TS HL(Fig 4), ol tha el 4T 5%
o W A7) et A0 R SULYET} Yol AR
Yok 9] o} §RES ol YR UaFo] F7H5H Wl A
Y502 Pl £8Pl FULY I 5o} 84S
S Ggo] /1R A B S AN E

9tH(Hansen et al., 2002; Lee, 1993).

ez E4
S AR AN 207) ZAFONA R 100 m)olA
Sels) F AR F A5 8 270 o], ZAT
12014 4867 71 QKL AT 1 34470, AT 3
2 2767)17)] 202 LFERFon] AL 29} 140 A= 212} 517
A2 714 A ek Table ). AARECHAR m 24 12
oflA] 4,862 714 %9k, AT 29} MollA] 217} 0,515 7}
A A ghe Bo
= 2B 204 ofmE S AR Has:
254w B ‘21‘2121%, H 4L
%3 o e}, 207) 241
o % bl B A 7 ST, A7 61
64,23%% 71 =1, ZAE 138 51,69%, AL 62 50,79%
SO UERton], 2l 285E Sd5H 247 12
0.41% 715 WA pekgteTable 7). A3t AAR9) 41 4
20,3 molA] 21318.4 m IO AHebr) A ek 4 3
E H9=1.0~1,8 m (BaF=iL 1,39 m) AfolSiTt, o= 57

P77 2 TEZ(H: 0.8 ~ 2 m)7HA] B35 ofn k=
(H: 2 ~ 8 m)oflAl= AR, AlEFur, ExEd, Z*%
& Ao Al o] A3t 0] «1 Ei% zl5o] A
3= AR5l @010 Z 2R3 7| mEol sichglt) o
4] s TR, FAY = ﬂE’—%oM o &
20| glo] £HEYE L =1 EXlo] 712
s °‘%E} ol 7hA|1S] B At Al o=
Apep7] Wil Aoz wekE s Aok A AR e
o[(H: 1,0 m) 2.2 Al FEZF9 Y 9l50] HS5= 7|
ahgo] & A0 BAEIrkFg. 9.

& 2APIA Bl 7 AR ATe] A 2 FEl=
T2 EEC}7P7RE- 3 om 9] LHOﬂH =7 % ko s

2]
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Table 7. Density and flowering rate of Diabelia spathulata by studied plots

Plot Population Flowers

No.  No of population ~ Height (m)* Density / m?  No. of flowering  Height (m)* Flowering rate (%)

: % (3:21;2 . (1)22) 0.92 16 ((1):22 . (1):22) 1739
’ ol (3;2 . 33(5)) 0.31 21 (1:22 . (2):2(5)) 41.18
: 276 (8:38 . (2):2(3)) 2.76 30 ((1):?2 . (zég) 10.87
* 176 (3:;(3) . égg) 1.76 22 (%'_38(; N t‘fg) 12.50
: 17 (?:12 . 32(5)) 178 85 8:?2 . 3;22) 4175
: 126 (gﬁig . (1)22) 1.26 64 (gzgg . (1):2(1)) 50.79
7 - (3:;(5) . é?% 344 81 ((1):(3)2 . (l):ig) 23.50
i 123 ((1)128 . (2);2) 1.23 79 ((1)222 . (2):2) 64.23
’ 120 (g:éz . 3:22) 1.20 12 (128 . (2):2(7)) 10.00
0 169 ((1):4212 . (3):3(1)) 1.69 97 ((1)23 . f):;g) 57.40
! 7 ((1)31(2) . (2)32) 2.37 114 (?:jg . (2):5;(1)) 48.10
. 486 (g:ég . (1):22) 4.86 2 (i:(s)(s) . (1):4718) 0.410
. % ((1):411(5) . ?):32) 0.89 46 (?:Zg . gﬁg) 51.69
H o ((1)2(1) . (1)22) 0.51 19 (1:22 . (1):2(1)) 37.25
P > ((1):(3)(3) . éi-)) 0.52 13 (1:2(5) . (1):2(1)) 25.00
1 1% ((1):(1)(5) . é?g) 1.38 51 ((1);? . (1):22) 36.96
v 132 (?ég . (2):22) 1.32 40 ((1):3(6) . (2):22) 30.30
8 % (%g . é:é(z)) 0.92 33 ((1):22 . (2):31(7)) 35.87
Y 133 ((1):(1)(1) . 32% 1.35 24 (11.'&;26207) 17.78
*0 203 (3:213(9) s <1):2(3)) 2.03 46 ((1):22 . (1):2(7)) 2,66

“Height (m): Min ~ Max (Mean + Std. Deviation).
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Fig. 5. Population and flowering of Diabelia spathulata according to canopy openness by studied plots

Table 8. Correlation analysis of environmental factors and vegetation characteristics in Diabelia spathulata habitats

AT* SD¥ CO¥ CC* NS' CT* CU° CsY CH pH OM° TN DIV® EVE DOM
AT 1
SD  -581" 1
cO -315 -299 1
CC  .183 -370 .465* 1
NS -384 -193 430 -051 1
CT  -402 .537° -068 -.149 229 1
CU .189 -254 -133 -211 -062 -821 1
CS  .095 -006 -043 .046 -300 -383 372 1
CH 379 -559* 312 514 -176 -414 -123 -303 1
pH -240 222 -076 -.161 089 .122 -125 -022 -037 1
OM -353 .074 .180 -.034 .462° 507" -447° -470° -044 -159 1
TN  -267 -004 .174 012 414 456z -408 -449" -019 -242 961° 1
DIV -533* 226 .115 -537° 367 .062 .306 .198 -607° .068 .052 .034 1
EVE -467° 325 -011 -551* 072 011 341 335 -627 .019 -090 -.095 .952 1
DOM 467° -325 011 .551* -072 -011 -341 -335 .627° -019 .090 .095 -952¥ -1.000° 1

“significance at 5% level, “significance at 1% level, *AT: Altitude, “SD: Slop degree, *CO: Canopy openness, "CC:
Chlorophyll content, ‘NS: No. of species, *CT: Coverage of tree, "CU: Coverage of understory, ICS: Coverage of shrub,
PCH: Coverage of herb, °OM: Organic matter, "TN: Total nitrogen, "DIV: Species diversity, 'EVE: Evenness, “DOM:

Dominance.
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