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ABSTRACT

Due to globalization and increasing trade activities, the problems of ecological
stability and economic loss are intensified all over the world due to the invasion of
alien species which threats ecosystems. In Jeju Island, climate change and the invasion
of alien species threats biodiversity, which is one of the most important features of
Jeju. One of the invasive alien species, Solidago altissima L. has recently risen to threat
biodiversity of the island. Therefore, in this research, vegetation monitoring and
analysis were conducted to understand the current invasion status of Solidago altissima.
Also environment-friendly management of Solidago altissima was studied by
controlling mowing frequency and using eco-friendly herbicides in areas where the
Solidago altissima is dominant. Also finding utilizing potentials such as remediation
ability and antioxidant activity were studied, under hypothesis that increased use leads
to increased harvests, thereby facilitating the removal of the species. During 2018 and
2019, the significant reduction of biomass and height growth was achieved through
the removal of aboveground of the Solidago altissima through mowing or an eco-
friendly pesticide, and the mowing became good candidate for an effective
environmental friendly removal method of the invasive alien species. Especially, the
biomass of Solidago altissima significantly decreased in the mowing twice and three
times treatment, indicating possibility of invasion control. Also, the difference in
biodiversity between areas where Solidago altissima are dominant or not dominant
were revealed by vegetation research. Solidago altissima showed unaffected growth

even under concentration of nanoparticles and showed excellent ability of

1



bioremediation. Both Silver and Titanium nanoparticle treatments showed no
significant difference between the biomass and chlorophyll contents. Consequently,
Solidago altissima seems to be a suitable species for phytoremediation. As the species
are usually at roadsides were contamination often occurs, the removal of Solidago
altissima will have both soil remediation effects and invasion control effects. As for
testing efficacy of Solidago altissima, the scavenging activity value of Solidago
altissima through the analysis of the antioxidant activity was higher than other alien
species, indicating the potential of the species utilization. When utilization
(remediation and/or scavenging activity) became active, increased use of Solidago
altissima will leads to harvesting increase and finally promote the removal of the

species.

Keywords: Solidago altissima, Alien species, Eco-friendly management,
Phytoremediation, Plant resource
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Figure 1. Blooming of Solidago altissima, October 2018
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Figure 2. Aerial photograph of mowing and patch treaments.

Table 1. List of field investigation of Solidago altissima

o
¥

~

' R
7 x| K27

Site Longitude Latitude Altitude Treatment
1 126°33" 5™ 33027 22" 283m M
2 126°33" 11" 33°27' 25" 282m M
3 126°31° 16 33°27 47" 203m M
4 126°31° 36" 33°27" 39" 212m M
5 126° 31" 35" 33°27 38" 215m M
6 126° 31" 40" 33°27 40" 212m M
7 126° 31" 40 33°27° 40" 212m M
8 126° 30" 47" 33°27 52% 198m P
9 126°33" 1" 33°27 33" 283m P
10 126° 33" 30" 33°26" 55 350m P

M: Mowing treatment, P: Patch treatment
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1.3 4939 1873 AA

Azol AR wHEAQ AA= B AR oA Ao 2etst
of xS o]&3 A4 AA Adds JdAs3inh. 2018 349, 77 Ato]Ee

2 AAsArh 24 g T qrel o] /je] 2m X 2m =71 9]

o4 A= Eco 200 ol#h= A3 oFAlE ARGkt oled 1873 FAE
ARERE o] fr= AEolAM FEF SAH=HAS AHglon

I ARAOR HEO b aA AME SR et B ofAlE ARSI 1Y
31 Eco 200 9 H3A <A A5 5, 7, 98l 4rdF FE 9] 30%E %

of 14

e

=7] B8-S A23 Eco 2002 =7|7F Z™ wde] 99lo9W Eco
200 Al F A= A A s tHFigure 3). 28] a1 Ao tEk AFAE A 9

ato] 2 goll Aular EA RS AlASH t(Figure 4).
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Figure 3. Example of how to use an Eco 200 (Site 8)
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Eco 200 Mowing 1 Mowing 3 Eco 200 Mowing 2

Control Mowing 2 Mowing 1 Mowing 3 Control

Figure 4. Picture of the quadrat established treatments.

Control: Unmowing, Mowing 1: Mowing once in July, Mowing 2: Mowing twice in May and
September, Mowing 3: Mowing three times in May and July, September, Eco 200: Removal
of shoots of 30% after treatment in May and July, September.
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Figure 5. Picture of mowing of Solidago alt
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Figure 6. Comparison of mowing and unmowing treatment
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Figure 7. Type of patch of Solidago altissima (Scale bar: 25¢m)
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Figure 8. Soil sampling
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Aol AFESE 242 nano—TiO2(AEROXIDE TiO: P 25, Evonik

Industries, Germany, aerosol, 299.5%, anatase: rutile 80:20, 27 nm particle

size), AgNP (ABC Nanotech, Korea, 200,000 mg/L, citrate capped, 10-15 nm

particle size) & AFE3F3 ™ nano—TiO: + 0 mg/kg, 10 mg/kg, 100 mg/kg,
1000 mg/kg, 5000 mg/kgS A A3FH 2 (Coll et al. 2016), AgNP+= 0 mg/L,
10 mg/L, 100 mg/L, 1000 mg/L, 5000 mg/LS A&+ ¥ sz At

(Zuverza—Mena et al. 2016). 32 (n=5)¢°] o]|AE FujdF o 7z} g +4H =

B wE Ael weh FuledHsh ofwA MasREA

-l (
rO
o
=5
~
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obg o AHgEHE SbRES WEIIFe] wor o) yFHos
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o] o]Foy A JfAITo] 7S Wi AAHH (Jeong et al. 2008), ©]&3t /E S

#Qrato] GvAFHE AL He FAME AdowA @fete] HHolgoR
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12 Sk

1) F&= Az

2019 10€el duldFH7E s TRl ENd A MRS st @

T

=

ANFE A8 AR FudFH= 2 dOoF o] A 60T ol A
24N AxAIZ F, At B8 AEE wEo] ARgERlth aEla B A
2% &L (EtOH) %% o] &3t A& 15.74 goll 70% EtOH 500ml = 7}
st wREZe A 24 A17F & FESI T FEES o1 %A (Whatman No.2) &
o] g3ato] ofst & IAFFAAVIE FFHst FAAZE ] AMESIG o, B
ANz ® Al5x A AHEs7] A7k dEste] —20Ce] Raskleh. £
AWbA o m AR o] gt Hi= &g AFste] T AP WHoR FEF &

sAAzs] Gl FH ek vlaste] oW Apolrk Ql=A g]lsly] flske] AE
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(2) DPPH radical &4 &4

2,2—diphenyl—1—picrylhydrazyl (DPPH; Sigma, Missuouri, USA) A

2325 Blois®H (Blois 1958) o wel S48t WA 96 well plateol] ™

)

R
o
)

AN ABE oy /1A FEZ 100 xLA ¥F3 1 0.4 mM DPPH

ofo
2
o

100 xL A7) 3to] do] 9= AElZ 1087 WX & 517 nmolA] &

ol

Frt

=439t Ascorbic acid(Sigma, Missuouri, USA) & X702 AME

i

o

Fom, 100 pL A7Feklar vlo] Q= AE® 1083t WA 5 517 nmellA

ol

oo
o

bt

Oli

g 24 BHLS OE HoR AE

i

L
a1

Scavenging activity (%) = 100 x (M)

Acontrol

0%7]}\1 Acontrol % Eﬂ]%—%‘{_ %7]—@— ‘é‘{g_@l-]g %%E% PJU]‘S]—U%, Asample

QA]E

1

jutnl

71e g9l

1o
ol
ol
kit
i
=
Au)
=
)

=
=

(3) ABTS radical &4 &4

2,2'—Azino—bis— (3—ethyl benzothiazoline—6—sulfonic acid (ABTS:;

Sigma, Missuouri, USA) radical 2A&AHAL 7 mM ABTS$ 2.45 mM
ammonium persulphate® &% Zg3slo] 24A17F WA sto] ARESHSIYE 1 %

el ole] 7 FER 4 ARE 100 p#L $Fsn ABTSEE 53
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H7bsto] o7 X
Ascorbic acid & X0 2 Ao 100 pL H7Fetg 1 do] gle A+
B2 1023 WA 745 nmel X FHEE S8l 27 242 e He
= AbEs AT
Scavenging activity (%) = 100 x (A“’”"‘”_As“m”’e)
Acontral
0%7]}\1 Acontrol R Oﬂ%—%tﬂ: %]7]'§_ ‘g‘fg‘oll]'.q g%E% 9/]1]]?‘5]—131’ Asamplc
< Aa5E H7FsE vred e FFEE YR
3. A 4
e AY A= Hd £ 27 xE e A, dHE = FHA 36k
B8 Hu 759E7K] ARt B A484 2412 Tukey's honest significant
A Qe gow #us
=g

difference (HSD) test® A3l p < 0.05 & wf 2
Atk B4 AHg= SAS (SAS v. 9.1, SAS Institute Inc., USA) S AME-
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1.1 ZAAY 718A =

t}

dlo
=5}

o A =
20184 3€2E 20199 10974 ZAIA <

&9l th(Table 2). 2018\ H#71 &S 16.6C, e %

AFES 5045.31 MJ/m* & 7]1Z3k e 20199 Ht7)&

< 1841.1mm, Bt LAFZFL

S 4058.38 MJ/m? 7} 7125 9t}

Year

Table 2. Climate table of 2018 ~ 2019 based on the data of Jeju weather station
Mean Temperature
2018

Mean Precipitation
16.6 C
2019

Mean Sunlight
1769.5 mm 5045.31 MJ/m?
204 C 1842.1 mm 4058.38 MJ/m?
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1.2 &v¥93e Y ¥

Aol Hd ok w7k 94 @obq Wi AelE gew A% HAUE 2

o7 AlEETh e ToAE 20184W 3€o] A3 kmddF A FE A

o] FEFE AT WE AAStH(Table 3). I18]al Ak S5 sHR A o el A
= o B2 o) S FH L A, dete] PEE shbEa gl AT
o A5 oAl FakE= FA0)7] wiel flaidol o wolkA7] Ml et &
Lkt

Table 3. Measured Shoots of Solidago altissima, March 2018

Control Mowing 1 Mowing 2 Mowing 3 Eco 200
61.13+£9.45 63.2 + 8.55 70.13 £ 11.54 76.2 +12.33 79.0 £19.16

The data are presented as the mean + SE of fifteen replicates.

38



1.3 2018 ~ 20199 v 93 ¢4 9 H$A Y PETGFA

FuiddH S % wA AdelM tehbs PEUHGH ol E <)
317] Slstel 20189 7HelE GRS L WA AN oF A4 =
A A sglen], 20199 Tl WnleA $F Ao A4 AR AAEY
. 7 AfolE W FWE mEe RmoA AA 59 THAppendix 1-21). THe &
oA RE ZAb Aol FHFS EASATHTable 4-6). 201817 20191
P £ AdelNE AN Bl FANYT hEoRE W (FH,
A3 (R 7E A% Z@sth 55 SR EDAA Be AdFo]l 2AH T 5
3 g, AGFER 5 AUACl T e ATl W sk P
B8 AAE FHA (R 7} wel RS WMAGH, TAEH AF %
A ahod. dulelA £ AelelA 20186l 44%0] 2, 201940 37%
o] FAAAIL B1SH Aol A= 53F0] EHse] Hl$H AN T 59 F

olZ g AEurFdol =Al FHol Hol A WA Ao A=rped
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Table 4. Present vegetation of Solidago altissima dominanted site, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

SEIEE

x

H K Pt o2
oy
ot
bt

o o

mn
N

2a4=

Rosaceae

4|

u]
n
ag

L

oA
mn

7

>

FEEFD |
EEES
Leguminosae
PNl

21

|22
Gramineae

of A

ru
o
i

0= oN Tru
Ho < oN
= A o
MH M um o e

I
[
==

Polygonaceae

=2} # (Family)

Solidago altissima L.

Artemisia princeps var. orientails (Pamp.)
Hara
Erigeron annuus (L.) Pers.

Artemisia lavandulaefolia DC.

Parasenecio auriculata var. matsumurana
Nakai

Crepidiastrum sonchifolium (Bunge) Pak &
Kawano

Hypochaeris radicata L.

Erigeron canadensis L.

Lactuca indica L.

Coreopsis lanceolata L.

0| # (Family)

Duchesnea chrysantha (Zoll. & Moritzi)
Migq.

Rubus hirsutus Thunb.

Rubus crataegifolius Bunge
Rosa multiflora Thunb.

3 B (Family)

Pueraria thunbergiana Bentham
Lespedeza cuneata G.Don

H # (Family)

Miscanthus  sinensis var. purpurascens
Rendle
Bromus unioloides H.B. & K.

Festuca arundinacea Schreb.
Setaria viridis (L.) Beauv.
Briza minor L.

Phragmites communis Trin.
Oic|E # (Family)
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22| 40|

ol

0 = 2| B &
Phytolaccaceae

Ol =Xt2|S
Ranunculaceae

Abl

Commelinaceae

SolTE
Labiatae

7H =St
Aspleniaceae
AL
Umbelliferae
=]
Cyperaceae
OEALE

Urticaceae

HAIE

Amaranthaceae

AlBE
4T =

Saxifragaceae
A

3
Geraniaceae
x| A It

-r| o O| =

Rubiaceae

ARS

Z78=

Cannabaceae

8=

ot

Rumex crispus L.
Persicaria hydropiper (L.) Spach
Persicaria perfoliata Gross

Xt2|E # (Family)

Phytolacca Americana L.
ojLt2|OtX[H] & (Family)
Clematis apiifolia DC.
HOEE # (Family)
Commelina communis L.
=E # (Family)

Nepeta cataria L.

2| DAE| B (Family)

Pteridium aquilinum var. latiusculum (Desv.)
Underw.

ME B (Family)

Hydrocotyle sibthorpioides Lam.
AFE B (Family)

Carex lanceolata Boott

M71E # (Family)

Boehmeria nivea (L.) Gaudich.

HIE # (Family)

Achyranthes japonica (Miq.) Nakai
"ol # (Family)

Hydrangea macrophylla (Thunb.) Ser.
FZ0|F ® (Family)

Geranium sibiricum L.

BFMY 8 (Family)

Paederia scandens (Lour.) Merr. var.
scandens

Galium spurium L.

& # (Family)

Humulus japonicus Sieboid & Zucc.

41



Cucurbitaceae g ® (Family)

St ElZ| Trichosanthes kirilowii Maxim. P
Asclepiadaceae Bx=712] # (Family)

ELESIE] Metaplexis japonica (Thunb.) Makino P
Plantaginaceae 0| & (Family)

EZo0| Plantago asiatica L. P
Osmundaceae TH| # (Family)

TH| Osmunda japonica Thunb. P
Araliaceae SELS # (Family)

L=g=N =] Aralia elata (Miq.) Seem. P

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Table 5. Present vegetation of Solidago altissima non-dominanted site, July 2018

Korean name Scientific name Life form Exotic
Compositae 23} & (Family)
2 1S 7| Lactuca indica L. B
P Artemisia lavandulaefolia DC. P
Jfarx Erigeron annuus (L.) Pers. B O
Moo= Taraxacum officinale Weber P 0)
atx Erigeron canadensis L. B (0]
ChEZ | Ainsliaea acerifolia Sch.Bip. P
71o) | Aster tataricus L.f. P
& Artemisia princeps var. orientails (Pamp.) P

Hara
S == Hypochaeris radicata L. P 0]
oFO| o | Solidago altissima L. P O
EFooIZ Rudbeckia bicolor Nutt. P O
b 20 Artemisia feddei H.Lev. P
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sA=
x|
SH7tElE
YIHX|E
0|2 7tatAt 2|
Rosaceae

HE7

W=
527
Chenopodiaceae
%ot

Leguminosae

Bz

Polygonaceae
A2|740|

ol 1

0 = 2| B &
Phytolaccaceae

Ol =At2| &

Ranunculaceae

Coreopsis drummondii L.
Helianthus tuberosus L.
Centipeda minima L.

Sonchus oleraceus L.

Bidens frondosa L.

o] # (Family)

Rubus crataegifolius Bunge
Duchesnea indica (Andr.) Focke
Rubus phoenicolasius Maxim.

HOIE & (Family)
Chenopodium album var. centrorubrum

= # (Family)

Trifolium repens L.

Glycine soja Siebold & Zucc.
Pueraria thunbergiana Bentham

Lespedeza cuneata G.Don

Chamaecrista nomame (Siebold) H.Ohashi

H & (Family)

Miscanthus ~ sinensis var. purpurascens

Rendle
Briza minor L.

Bromus unioloides H.B. & K.

Setaria viridis (L.) Beauv.

Agropyron  tsukushiense var. transiens

(Hack.) Ohwi
OIC[E # (Family)
Rumex crispus L.

Persicaria hydropiper (L.) Delarbre
Persicaria perfoliata Gross

Xt2|S # (Family)

Phytolacca Americana L.

OjLt2|otHH] # (Family)
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NEEL
Commelinaceae
HOHE
Oxalidaceae
Holgt
Urticaceae
DAIZE
Geraniaceae
F&=0|F
Cannabaceae
sted=
Cucurbitaceae
St=ERE|
Onagraceae
90|
Asclepiadaceae
e
Plantaginaceae
ZHZE0|
Apocynaceae
OpAt=
Euphorbiaceae
MWE
Acanthaceae
Hmalyx
Solanaceae
7tobs
Violaceae
NETES
Guttiferae

nESE

Clematis apiifolia DC.

H2HE B (Family)
Commelina communis L.

WOl & (Family)
Oxalis corniculata L.

271 B (Family)
Boehmeria nivea (L.) Gaudich.

F|Z£0|E ® (Family)
Geranium sibiricum L.

& # (Family)
Humulus japonicus Sieboid & Zucc.

Ht &l (Family)
Trichosanthes kirilowii Maxim.
HIEZ # (Family)
Oenothera biennis L.

HtE=712] # (Family)
Metaplexis japonica (Thunb.) Makino

HZ0| B (Family)

Plantago asiatica L.

HEE # (Family)
Trachelospermum asiaticum Nakai

= & (Family)
Acalypha australis L.

FHme|Ux £ (Family)

Justicia procumbens L.

7tX] # (Family)

Solanum nigrum L.

HH|Z & (Family)
Viola mandshurica W.Becker

ZHLHE B (Family)
Hypericum erectum Thunb.
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Liliaceae S £ (Family)

HMojgg= Smilax china L. P
Convolvulaceae HIZE & (Family)
oo Ipomoea batatas (L.) Lam. P

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Table 6. Present vegetation of Solidago altissima dominanted site, July 2019

Korean name Scientific name Life form Exotic
Compositae 23} & (Family)
okn| o | Solidago altissima L. P o
PNES Artemisia lavandulaefolia DC. P
Jpak= Erigeron annuus (L.) Pers. B 0]
=30 Helianthus tuberosus L. P 0O
A Artemisia princeps var. orientails (Pamp.) P

Hara
AAF Cirsium japonicum var. ussuriense Kitamura P
o= Hypochaeris radicata L. P o
2 1S 7| Lactuca indica L. B
Moo= Taraxacum officinale Weber P 0)
of & Erigeron canadensis L. B O
Az Coreopsis lanceolata L. P O
Rosaceae xto| § (Family)
HH Lt 7| Duchesnea indica (Andr.) Focke P
Leguminosae 2 # (Family)
%l Pueraria thunbergiana Bentham P
H|2=2| Lespedeza cuneata G.Don P
WE=! Amphicarpaea trisperma (Miq.) Baker A
Gramineae B & (Family)
oM Miscanthus  sinensis var. purpurascens P

Rendle
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e
sfzo]

=2MZ

Commelinaceae

0L ol

HolE=E
Polygonaceae
2| 2R
227 40|
Phytolaccaceae
0| = At2ls
Ranunculaceae
ALSIE
Commelinaceae
HoEZE
Aspleniaceae
TAFE|
Umbelliferae
L

=]
Cyperaceae
dsAE
Urticaceae
BAZE
Saxifragaceae
3
Rubiaceae
ARs
Cannabaceae
shetd=

Cucurbitaceae

Agropyron  tsukushiense var. transiens

(Hack.) Ohwi
Eleusine indica (L.) Gaertn.

Briza minor L.

HOIHE # (Family)
Commelina communis L.
OIC|E # (Family)
Persicaria senticosa Nakai
Rumex crispus L.

2|3 # (Family)
Phytolacca Americana L.

ojLt2|otM[H| & (Family)
Clematis apiifolia DC.
HO|HE ® (Family)
Commelina communis L.
2| DAE| B (Family)

Pteridium aquilinum var. latiusculum (Desv.)
Underw.

ME B (Family)

Angelica dahurica Benth.
Hydrocotyle sibthorpioides Lam.
AFE B (Family)

Carex lanceolata Boott

M71E # (Family)
Boehmeria nivea (L.) Gaudich.

ol # (Family)
Hydrangea macrophylla (Thunb.) Ser.
BEFMU # (Family)

Paederia scandens (Lour.) Merr. var.
scandens

& # (Family)
Humulus japonicus Sieboid & Zucc.

4t £ (Family)
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SH=El2 Trichosanthes kirilowii Maxim. P

Actinidiaceae ClEHLtS % (Family)

Cel Actinidia arguta Planch. P
Pinaceae ALR F (Family)

ALtR Pinus densiflora Siebold & Zucc. P
Apocynaceae H=ZE ® (Family)

OpArS Trachelospermum asiaticum Nakai P

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

20184 olF AR wgoR FuledH 9 W WP Ao 3
QEQ FEAAT SHGel Wk A4 Aolrh YA oiRE HRAH] $stol

A3 094 el AolF Wl SHATKTable 7). L At FvIGAY Pt W=

o

rlr

7 A%eln 83.2, WA AdelN 5602 Bt AEgo] W AA A
o7t lov FAMOE fo% ¢ vhehdth Telw BT F £T vawsfna
£ Aol 48, MW Ade 787 weH Al WF F 47 wod #
og ghe UEhn ATk =F BFE AAEES v du

A AGAE 492 WS AdelN BF ANF 7 Bon f% g

[e]
o Ang Holm Atk 7 A WeW Ao wa) BF F, FE A4

ofN

b A3 ool wE g A S4o] Wtk oldF Auki el

Aol 3 AU Ao Q] ALWE WA Hol Wmst BA tew
O Aol ART 5 Uk /137t FoEe] S L WS AlelEg Ay A
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o7} AYst= Ao AR ¥ TH(Weber 2000, Walck et al. 2001). ©]i= w4

A7 Yt AGe YEripyel gasth Aug WAl ik

Table 7. Comparison of biodiversity of Solidago altissima and native species dominated
sites

Stie / Treatment Average coverage of  Average number of  Average number

S. altissima total species of native species
S. altissima dominated 83.2¢ 4.8° 3.1°
Native species dominated 5.6° 7.8* 4.9*

The data are presented as the mean + SE of 75 replicates. The means within a column followed
by the same letter are not significantly different at p<0.05.

1.5 2018 ~ 20193 %4v93 4 X9 IJ=x vm 27

20183 20194 o &0 AASE A FAbolA] fnjadz A4 %o
JuledF o] ¥ EE HWs th(Table 8). 2 A¥ 2018+ Hx A& 13wt

stttk At el FAAHCE Fo%t Apo|v WA o

2

=

o

A Aol e Folak zpolsh wrislA) ekl 20194 A e
Atz AT gbel W ghol BAMOR fo)g o]z} Eelo] Hirk
Mz 23 ATelA Mugkel dxrel wal foldA e e e

Hx2 Aot AEF W F FHFE7F #AAste] Su|dFH Y w7t gzl vl3
7y adtE S Rol= Ao® AR ¥UTH(Yang et al. 2012). o]elst A= u}f



Table 8. Comparison of coverage of Solidago altissima dominanted sites

Year / Treatment Control Mowing 1 Mowing 2 Mowing 3
2018 74.33 £ 8.35? 86.66 +4.13? 72.0 £ 4.89° 82.0 £ 5.40°
2019 72.33+7.18% 88.33 £2.27° 71.66 +5.82°  73.66 + 6.33%
The data are presented as the mean + SE of fifteen replicates. The means within a column

followed by the same letter are not significantly different at p<<0.05.
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1.6 2018 ~ 2019d ¢v93 ¢4 2 H$H AF T T2% vlu 2%

2018 ~ 2019 <vjeda 3 8 B3 A oF AAYLAL HlolH

£ g o ® A9gEE 438k Fol ojust ko)t l=A FRlEtr] fldte] &
3 ToEE yehlth a8 gvgH - 2 ouleR AT Al FaEE
F=of #|A3F thAppendix 22~42). 2018 ¥mF 4 X E3 FoLd

2
rir

kol 0.409% H9-F Fol 71Z0] How, F 0.141, % 0.087 &
o7 yehgth 191 gPFerE Aoz 0.022 O E Rank 70 7=

% 9 THTable 9). 2018 H]-%-H %o %

d

T EME =F 0.166, 3 0.158,
Fx 0154 =22 Yegter, ulelfE 0.104 #t2E Rank 6 7155 Utk
(Table 10). o] A= 3 2 0] A qolA G| H o] HeH F2] zpo]
7b Fds] Zeldrh A AlFEdA HIAel A AdwExrt 0.1039]
#OZA Rank 79 71%0] HEth 20199 Snd3 8 T3 ToAEAAME= &
v F 7t 0.321 #ezA H9d Foz yelWth 2Ela F 0.128, ARSI AW
0.089 «°o= 7|25 tHTable 11). BE X B3 ZFonw £9oi &

Rank 2% 7|53kt oldst A= v F el 2 AAAA oy, Jd=

§9

Azoln WA WA b old@ FQE gho] UEhd Zow ApmEt

(Frankel 1989).
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Table 9. Total 1. V. of Solidago altissima dominanted sites, July 2018

Rank  Korean name Sicentific name LV.
1 Qkn| o | Solidago altissima L. 0.409
2 e Pueraria thunbergiana Bentham 0.141
3 e Artemisia princeps var. orientails (Pamp.) Hara 0.087
4 CTESyIE] Metaplexis japonica (Thunb.) Makino 0.032
5 Aty Rubus hirsutus Thunb. 0.028
6 DAL Pteridium aquilinum var. latiusculum (Desv.) 0.024

Underw.
7 A2|HO| Rumex crispus L. 0.022
8 =T E=3"" b Lactuca indica L. 0.021
9 of Al Miscanthus sinensis var. purpurascens Rendle 0.021
10 HRES Paederia scandens (Lour.) Merr. var. scandens 0.019
Table 10. Total I.V. of Solidago altissima non-dominanted sites, July 2018

Rank  Korean name Sicentific name LV.
1 == Glycine soja Siebold & Zucc. 0.166
2 e Pueraria thunbergiana Bentham 0.158
3 atx Erigeron canadensis L. 0.154
4 A Artemisia princeps var. orientails (Pamp.) Hara 0.137
5 shAtC = Humulus japonicus Sieboid & Zucc. 0.130
6 okn| o x| Solidago altissima L. 0.104
7 == Hypochaeris radicata L. 0.103
8 = Erigeron annuus (L.) Pers. 0.099
9 H|2=2| Lespedeza cuneata G.Don 0.061
10 ZOFX| = Setaria viridis (L.) Beauv. 0.055
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Table 11. Total L. V. of Solidago altissima dominanted sites, July 2019

Rank  Korean name Sicentific name LV.
1 Qkn| o | Solidago altissima L. 0.321
2 e Pueraria thunbergiana Bentham 0.128
3 AL A vt Clematis apiifolia DC. 0.089
4 HRES Paederia scandens (Lour.) Merr. var. scandens 0.061
5 oA Al Miscanthus sinensis var. purpurascens Rendle 0.050
6 PSS Artemisia lavandulaefolia DC. 0.046
7 & Artemisia princeps var. orientails (Pamp.) Hara 0.035
8 DAZE Boehmeria nivea (L.) Gaudich. 0.026
9 shAtC 2 Humulus japonicus Sieboid & Zucc. 0.022
10 1| 9t 0| Hydrocotyle sibthorpioides Lam. 0.021
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pi
FLE go] gastgon, v E9 2ol 20109 FuGAT $HHE &
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© AlelEClA 2018Wel Hlal T2 % gho]l #adsts A3yt debstoh oy d
A= Mz AYE oA AN e dae vE A g dehd

Az A2 9t (Egli and Schmid 2000). o83t Axtz 2 HEx <13k okn| o

>
30
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39,
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(i,

Aol gai ABGPEE S A2

Table 12. Comparison of mean 1.V. of Solidago altissima domianted sites, 2018 ~ 2019

Year / Site Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
2018 0.371 0.359 0.571 0.479 0.339 0.446 0.329
2019 0.241 0.245 0.415 0.334 0.32 0.358 0.326
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1.8 FY4FY 3= €A g F&o @3 An

rJ

PN
I

oA AABA R A AEae] AAelN $91E

ok

£ a0 e, Y AFE A% FelAE oFold %Ou(Kim and Kim
2001) ASFAEC] B gl vig AAH AP v EE gejolh £t A

L=

(Hypochaeris radicata L)+ EFF =

N
kil
=2
>
o
ok
bl
o
oX,
o
N
N
=
>,
o
U U
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FrjdHe] F& FEAe Adsto] B Ago] Tokd Bl 2 ARl vA=

() PG $8529 Ae) e Fohg W FT4F 2t

dnldF F& FEANS A5 (Lactuca sativa 1)} 220] (Oenothera
biennis L)l A2st & Wol&S B A3 dxrodis 64A7A = Hot
£o] T7letthrt 9d Al A= dAsHA FAHEALH, 20% M TE 9LAIHA
T WolE SHAUTIE 1293k 8.6%9] WolsS KA, 50%w AP 71E
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Aol 129kl vt wobgo]l SAH WS T2al 50% Aol E

124atell A olgo] SAHUE 14902 v 232 FXE Hola Qv
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(Table 13). F 7] ol o F Fi22] ol %73k =u|(Table 14), Bl A
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}

rir

o Aol FAHCR

o
o
2
o
N
N
20
e

ol 53] 20% Az FolA =
o] dolzh Wi WA FHo] HUrk duo]F e Ag- dizgek A1kl
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aHA okol 09] Fhol ugith olye A F F BT FAE ddshA] ok
seed coatell Aol QlojAl B Bl ot JFS WS sheAdol ¥, v
AFH7E M B BEdo] e A Ee H4& doA ARYES A duz
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Table 13. Germination rates (%) of L. sativa and O. biennis after treatments

L. sativa O. biennis
3 days 6 days 9 days 12 days 3 days 6 days 9 days 12 days
Control 32.9+6.8 443+78 443+78 443+78 0+0 45757 543+69 65.7+9.7
20% 0+0 0+0 0+0 8.6+4.6 0+0 0+0 0+0 17.1+9.4
50% 0+0 0+0 0+0 0+0 0+0 0+0 0+0 14+14
The data are presented as the mean + SE of seven replicates.
Table 14. Effect of Solidago altissima extract solution on root elongation of L. sativa and
O. biennis
L. sativa O. biennis
3 days 6 days 9 days 12 days 3 days 6 days 9 days 12 days
Control 29+02* 8.6+0.2* 89+04 105+0.8 0£0° 1.3+£0.05* 44+05 52+0.2°
20% 0+0P 0+0P 0+0P 0.8+04% 0+0° 0+0P 0+0P 0+0°
50% 0+0° 0+0° 0+0° 0+0° 0+0? 0+0° 0+0° 0+0b

The data are presented as the mean + SE of five replicates. The means within a column
followed by the same letter are not significantly different at p<0.05.
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Table 15. Heights of plant before mowing on the respective treatment in July 2018

Site / Treatment Control Mowing Eco 200
Site 1 102.1+£3.2° 96.9 +4.8° 118.7 £5.6°
Site 2 156.9 £ 5.52 99.0 £2.2° 148.0 £5.2°
Site 3 129.1 £4.9° 70.8 £2.6° 106.3 + 6.4°
Site 4 119.5+3.1° 81.0 £ 1.4° 129.5+2.1°
Site 5 187.5+5.1° 83.5+3.2° 164.3 £5.4°
Site 6 183.3 £ 6.2? 68.5+£2.2¢ 119.8 + 4.0°
Site 7 158.5+£10.42 74.0 £1.7¢ 140.5+2.9°

The data are presented as the mean + SE of twenty replicates. The means within a column
followed by the same letter are not significantly different at p<<0.05.
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2.2 ¥Mg3 1A 71 SR 23

T HEEFE Aol7h A oFE Elsy] flske] 20199 4€ge] Fr]ef
A ] 715 s Ad A 7] S Aae g Aol o
7o FARCE fFogk ke AolE Holil QltK(Table16). 53] ®Mx 1 ~3
3] Ao FEHZ zols Reolal AR Eco 200 dixTgk 24 A
Zpol7h YAl SEAY IARAIS] 717F M xR At Buke gl Ayt ol
3 A Wz niaide AFH 22 23t viesitn B £ 9o 18x
Az 33]ollMs FEYAA 7] zfol7t @ol yEston], Wx 23| A% 339}

Hl2eh ghe] A9E Hola it} ol &

]

319 A4 Wz 339 nprAE
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Table 16. Heights of plants after death during winter season

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3 Eco 200

Site 1 162.8£6.62*  85.7+5.52° 295+274° 21.3+2.09° 77.9 +8.94°

Site 2 213.2+£12.08 87.1+733° 384+2.17¢ 29.0+£2.01¢ 144.8+957°
Site 3 163.4+731*  66.3+4.55 40.7+257¢ 334+2.11¢Y 143.4+7.13°
Site 4 191.6+3.84* 160.8+7.90" 592+1.66¢ 81.9+6.50° 166.9+12.33°
Site 5 181.7+4.76*  114.7+2.90° 89.5+10.23° 46.6+5.12¢  183.8+9.00°
Site 6 1748 £4.34*  82.9+449° 397+251¢ 31.6+247¢ 153.3+3.12°
Site 7 165.5+4.79*  91.2+6.02" 64.7+3.24° 44.0+3.67¢ 153.8+7.25°

The data are presented as the mean + SE of twenty replicates. The means within a column
followed by the same letter are not significantly different at p<0.05.

60

Unit: Cm



2.3 ¥z A wE 7] 8 2% - 2019

20183 A Mxol Slgol wE JuigHe] AFF Dt 4
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AT HE ojw A WH3letEA] &elsly] 915k, 20199 5¥€e HEx ol 23
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% 2, 337} BAAHOE Aol7t glsler, sl Hx 237 el AA W
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Table 17. Heights of plant before mowing on the respective treatment in May 2019

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3
Site 1 101.0 +£3.22 101.0 + 3.0 81.1+£2.6° 649 £3.1¢
Site 2 116.5+4.7* 111.8+4.7° 82.9+4.1° 72.5+£6.6°
Site 4 89.1+£2.2?2 74.8 £2.2° 49.5 +3.1¢ 59.8 + 1.6°
Site 5 93.5+2.5° 99.5 +2.3¢ 78.0 + 2.0 77.1£2.0°
Site 6 1253 £5.28 117.0 +£3.0? 86.5+3.0° 105.0 3.4
Site 7 123.3+3.3° 119.3£2.9® 111.3 £2.8% 110.3 +£3.1¢
Site 8 96.0 +4.0° 94.5 4.1 84.5 + 3.3 81.0 +£3.1°

The data are presented as the mean + SE of ten replicates. The means within a column followed

by the same letter are not significantly different at p<0.05.

Unit: Cm

Table 18. Heights of plant before mowing on the respective treatment in July 2019

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3
Site 1 128.8 +£17.52° 160.4 + 8.18? 65.6 + 3.64° 60.3 +4.7°
Site 2 142.4 £ 11.34° 170.7 + 5.24* 70.0 +£6.01¢ 119.0 £ 10.86°
Site 3 120.3+2.16* 111.1 £4.31° 51.7+3.41°¢ 44.0 +1.99¢
Site 4 154.9 + 8.60* 157.8 + 6.67° 74.9 £10.6° 78.1 £2.01°
Site 5 1853+ 7.21* 153.4+£9.18° 81.6 + 6.82° 72.2 £8.07°
Site 6 130.6 + 8.48* 128.9 +4.98° 80.5 +£3.24° 71.6 £1.55°
Site 7 120.1 £ 6.0° 99.6 +£10.93° 89.1 £4.62° 64.6 +2.84¢

The data are presented as the mean + SE of ten replicates. The means within a column followed

by the same letter are not significantly different at p<0.05.

Unit: Cm

Table 19. Heights of plant before mowing on the respective treatment in September 2019

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3
Site 1 168.0 +3.272 64.0 £3.32¢ 100.5 +£9.14° 67.5+£3.1¢
Site 2 192.0+11.3° 79.0 £4.07¢ 111.0 £ 6.9° 73.0+£7.61°
Site 3 159.0 + 4.99* 123.0+7.12° 84.5 + 5.89¢ 47.0+£2.71¢
Site 4 190.0 +2.98* 102.0 + 3.89° 112.5 +8.07° 62.0 £5.33¢
Site 5 217.0 £10.23° 87.5+£4.9¢ 137.0 + 4.96° 62.5+3.14
Site 6 177.5+6.76* 97.5 £5.44¢ 120.5 +4.97° 60.0 £2.58¢
Site 7 143.5+12.2* 81.0+£2.77° 138.5+£3.5* 62.0 £4.67°

The data are presented as the mean + SE of ten replicates. The means within a column followed

by the same letter are not significantly different at p<0.05.

63

Unit: Cm



2.4 Mx 3o BE d 939 AYFHA Hks

a7t AEe] AEH AV fEkEo] 54 o] ofWA ®igstEA gR1EH]
918t SPAD meters AHE3] Flsint. A54 dFF 542 2018dle &t
A kgt 1 oolfe FuAFH A MR AlFola AR AAR QT AE
A2 &7t we & 5= 9ly) wie] "MxE 2F A 20199 5€5EH 9¥
7HA S AAgE v Fol AA vk 20199 549 HEx A A54 I
& dxzTet A @ xolrt BAHeE Fogk o] Aol7k YA ok

(Table 20). 7€l hET9 Hx13= Fo3 ol zfo]E Ho|x AT HXE
2319 7% 37) AtolEoA FoFow ke 78 wo|i QITTable 21). o]
Mz 235 590 FE FoUV] Wi AEHAR Q% gz Alg®ETh 9¢
AL 279 vwste] Fo3 ghol 2o)E Kol A Pri(Table 22). ©]

U% s A 2 oo 0% 05 S 43F ga % SR A=
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Table 20. Chlorophyll contents before mowing on the respective treatment in May 2019

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3

Site 1 31.07 £ 1.08% 32.19 +1.04° 28.94 + 1.43% 26.76 + 0.84°
Site 2 28.05+1.11° 28.91 +1.05* 29.72 +1.35% 28.02 + 1.60*
Site 3 27.99 +0.81* 26.51 +1.03* 27.93 £1.69* 25.54+1.21°
Site 4 30.42 +0.90* 30.84 £ 0.62° 27.87 £ 0.83° 29.75 + 0.84%
Site 5 28.67 + 1.44* 29.35+1.07* 27.51+£0.72* 27.26 +£0.43%
Site 6 29.43 £ 1.65%® 33.31+1.122 30.56 £ 1.10% 29.3 +1.48°

Site 7 31.89 £ 1.47* 28.21 +£0.94° 30.71 £ 1.07*  31.63 +1.00®

The data are presented as the mean + SE of ten replicates. The means within a column followed
Unit: Spad unit

by the same letter are not significantly different at p<0.05.

Table 21. Chlorophyll contents before mowing on the respective treatment in July 2019

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3

Site 1 29.11 £ 1.71® 31.08 £1.10° 23.02+£1.13¢ 26.54 +1.07%
Site 2 25.83 +£0.84* 25.02 £0.84* 26.56+0.97* 25.99 +0.932
Site 3 2773+ 1.16* 26.3 £0.94* 25.79 £ 1.00* 25.03 + 1.46*
Site 4 29.54 + 0.86% 31.92+1.09° 25.58 £1.23¢ 28.06 + 0.85%
Site 5 32.78 £0.29* 28.81 +1.13° 25.87 £1.03¢ 29.7 +£0.77°

Site 6 28.78 +£0.83% 28.73 £0.67° 29.45 £+ 0.66° 27.93 +£0.49*
Site 7 30.32+£1.15% 31.73 £ 1.14° 29.8 £0.80* 28.63 +1.24*

The data are presented as the mean + SE of ten replicates. The means within a column followed
Unit: Spad unit

by the same letter are not significantly different at p<0.05.

Table 22. Chlorophyll contents before mowing on the respective treatment in September

2019
Site / Treatment Control Mowing 1 Mowing 2 Mowing 3
Site 1 3848 £ 1.27* 36.93 +1.03? 37.71+0.71° 36.2+1.19°
Site 2 35.54+0.812 34.2+0.98° 35.59 +1.042 3538+ 1.312
Site 3 35.31+1.0° 30.81 +0.83° 29.87+1.37* 35.44 +1.12°
Site 4 35.12 +0.84% 37.44 £ 1.21° 33.98 £ 1.09° 36.3 +£0.85%®
Site 5 34.88 £0.78° 38.13 +0.52? 36.71 £1.12%  37.17+0.47®
Site 6 35.72+1.212 35.13£0.59? 35.52 +£0.66 34.92 +£0.8°
Site 7 32.65+1.24* 33.88+1.61* 33.84+1.61° 34.07 £ 0.9

The data are presented as the mean + SE of ten replicates. The means within a column followed
Unit: Spad unit

by the same letter are not significantly different at p<0.05.
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e

Ak 20199 490 PR $7 Aol FE F£E JSHY o

89 th(Table 23). 7 E 4= A5 B, 279 M2 23], Eco 200 & HAAC

2 Y% zAolE HolA ¢ka glow, edly Mx 13+ dxT B 24

(e

Aol 2 FE F7F & Adghs Boln vk 29y dx 339 A 1ds

2

3l Zepglr] wZel v Aol vis) EAA R FosAl gtol A st

thooleet dyts AFRIE A 2y Wk Askd el AgE cuA = wistelrt

1t

Ude] FE $£9 AR olojA = Aor AR HETH(Stoll et al. 1998). o|d%

ZF3bel] fo 8 Apol7h MAEEE %

Table 23. Measured Shoots of Solidago altissima in April 2019

Control Mowing 1 Mowing 2 Mowing 3 Eco 200

105.13 +15.33®  135.8 +12.34° 104.33 +7.13%® 88.40 £ 9.9 103.13 £ 11.63%

The data are presented as the mean = SE of fifteen replicates. The means within a column
followed by the same letter are not significantly different at p<0.05.
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Figure 9. Harvested aboveground biomass of Solidago altissima after treatments in

September 2019

The data are presented as the mean = SE of fifteen replicates. The means within a column
followed by the same letter are not significantly different at p<0.05. Unit: g/m?
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Table 24. The number of leaf of Solidago altissima after treatments in September 2019

Site / Treatment Control Mowing 1 Mowing 2 Mowing 3
Site 1 115.7+6.61° 45.9 +£52% 60.3 +5.28° 37.4 +£5.38°
Site 2 96.7 +12.37* 36.7 +£3.35¢ 64.5+391° 36.1 £5.25¢
Site 3 78.1 £ 6.64° 67.7 +7.22% 55.5+7.83° 36.3 +£2.29¢
Site 4 81.3+7.32¢ 46.7 +3.38" 57.7 +4.79° 54.0 £3.93°
Site 5 109.8 £ 4.86* 49.7 £ 6.09% 57.4+2.62° 37.9 +£2.68°
Site 6 60.5 +3.93° 41.7 £3.23° 57.9+397° 33.7£3.54°
Site 7 71.0 £4.64° 34.9 £3.48° 69.0 +3.99° 37.7+1.81°

The data are presented as the mean + SE of ten replicates. The means within a column followed
by the same letter are not significantly different at p<0.05.

70



A2

o

Fiok 2018de) 1d

s

92 Eco 200

=

%] FE Alo)|Eo|A H

2l
=

A 4

ol
=

Oo]: U]

I8

RS

2.7 2019
(e}

5

T 9w ® T X
AR -
i No AW 2
fce) = N o N _ L o -
~ o - ou = Q = n _
,I_,/I =3 8o ,ul N 1~_/| ,ﬂl ﬂ_ol iy . ,JM
X ,W_ﬂ O# ,l ﬂ_yl — ~g HW x
X > g ook Mo o
oW om T T ¥ & % o= N oL og oy
W i M o N CRE N T mu ﬂ/uu o
I S T 5
cow "2 PR T omow MO o
EC I I ¥ o = mwm
w oM g X X ) i 5
oo 2 T ow o g8 g o5 £ 3 X
i3 Ny T E M 9 o oo ow S
S L 4 0w O oz 2 S 4 X TR
) — N B -
EEEEEEEEE R
H ,M ) =
oF [ 5 il qﬂ M M [y o i I S 0E
o ) E m_w °© " i 4 — —~ ol
M o — Gl nmw‘_ = O i m M_l o M = o
- ] A _ et :
o Mo mﬁ ﬁ N mm aa mﬁ - ﬁﬁ i mw oF
i} k<3 ~ N oo Wxi o X zMo o= U
il — - Njo ol o N 0 ~ i ol
N Mo &% T i AT ) g
o HA = 0! m N 5y 2 5 g it 4 5
w o] 0y T In oy _ N o
GO G Mo — % B o5 K
xooo M d W o i CHEIE <
s © T oW\ B 2 Hv = 5 e
s T T oq T
e ;M ™ X X < o X )
" | g N R N ~
s X = I £) o ~ 7 — Njo o
% X N T w5 N Mo v o=
mlﬂng%L%wmﬁuq@@ya
w0 R CR ~
— B 0 o = ~ ~ o
SO < A N - A ) = &
0 ) _voE ..E.: %‘W WAFL ‘.lmw_ =

71



Table 25. Present seed rate (%) of Solidago altissima dominated after treatments in
October 2019

Control Mowing 1 Mowing 2 Mowing 3 Eco 200
100 100 86.7 60 933

Table 26. Present seed rate (%) of patch type of Solidago altissima after treatment in
October 2019

Control A B C
100 0 37.5 25

A: Mowing Three times, B: Removal of shoots of 20% after Eco 200, C: Removal of shoots
of 100% after Eco 200
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Table 27. Present flowing rate (%) of dominant of Solidago altissima after treatment in
October 2019

Control Mowing 1 Mowing 2 Mowing 3

933 100 0 20

Table 28. Present flowing rate (%) of patch type of Solidago altissima after treatment in
October 2019

Control A B C
100 75 0 0

A: Mowing Three times, B: Removal of shoots of 20% after Eco 200, C: Removal of shoots
of 100% after Eco 200
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Table 29. Patch type of Solidago altissima which a percentage on change rate of area from
March 2018 to March 2019

Control Mowing 3 Eco 20% Eco 100%
205.2+107.3 24,7 +£44.0 104.5+85.2 -31.7+13.0
The data are presented as the mean & SE of six replicates. No significant difference column at
the 0.05 level. Unit: %
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2.10 7937 3 8 A, 94X IH B 24 2

Uhs ZoAMe dmedd 4 2 ved, A JE A mE B
Tus % %W C, H N &% xpo|7h A=A gRlstr] St B¢ 45 A3
£ AAsET BEeF A A3 el 3 A9 Site 1ol AEol Aol
FEFE VA= 94 Ca, Na, Mg #ho] @A vgkow, v Aol Eo M= Hls
g #= YRtk Uones Jr 1997). 283l #5374 B> (US Environmental
Protection Agency, USEPA) oA A|A|3}F= Ecological Soil Screening Level

(Zn: 160, Cd: 32, Cu: 70, Pb: 120, Unit: mg/kg) XA Cu, Zn HaelA 7]

FAE5 de= FH5 38 UEW Y (USEPA 2003a, ¢, b, d) (Table 30). 1]
FA B8 AYeAM = dF A AF, v=d @S vEH = e
H =8 A K G oA AAEHE VIEX HohE WA S o] = QltK(Table 31). %<

=
A A G A= FF 449 A5 Ca, Mg o] F Apo]EAM zpo] 7t

o, Site 104 H &&Fo] 7] WERstt(Table 33). ]3] w53 A oA

1

= Site 114 N, C &&Fo] =4 YeFwCH, Site 204 = H &=Fo] =4 e}
W TH(Table 34). vl 3 six] e #912] Site 9 oA N, C&&Fo] =4 e
1 Site 8 A= H ko] =7 YEFSLTH(Table 35). 2t Alo]Ee|A N, C, H &=

gato] S, wSH, ANGE 2AUZ GobA e ek
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Table 30. Soil characteristics of Solidago altissima dominanted site in July 2018

Site Cd Cu Pb Zn Mn Fe Ca Na Mg
1 0.15 19.2 8.2 67 502.45 2145535  860.5 159.8 34278
2 0.3 19.65 18.7 103 1207.1 352944  1944.1 281.85 6622.6
3 0.15 16.6 15.45 83.7  1151.95 42663.7 3601.1 415 7065.95
4 035 11975 15,6  233.85 993.05 4946425 31034 359.75 60394
5 0.4 60 1535 18435 10738 48760 2817.5  398.7  6946.65
6 0.15 19.7 10.3 107.6 958.5 4511545 3506.1 3943  7656.6
7 0.15 20.8 8.9 99.95 10355 52165  4326.55 410.15 91349
Unit: mg/kg

Table 31. Soil characteristics of Solidago altissima non-dominanted site in July 2018

Site Cd Cu Pb Zn Mn Fe Ca Na Mg

1-1 025 21.05 153 11555 1038.6  43689.5 21659  370.7  8238.1
2-1 0.25 223 17.55 11025 1000.8 43418.95 15264  355.6  7431.35
3-1 0.2 2595 1145 106.7 105515 55910.5 1179.5 442 7798.5
4-1 0.3 22.25 10.85 99.65 1153.5 44448.65 2166.9 299.5  7488.65
5-1 0.3 24.45 11.2 107.6 1234 53499.5 1996.8  332.55 7272.55
6-1 0.25 22 10.55 135.5 891.5 427289 58629 377.95 7745.35
7-1 0.35 23.9 12.95 106.4 1156.2 432923 2014.45 311.15 6978.95

Unit: mg/kg

Table 32. Soil characteristics of patch type of Solidago altissima in July 2018

Site Cd Cu Pb Zn Mn Fe Ca Na Mg
8 0.2 15.35 10.1 111.3 1132.2 497534 1874.15  377.7 6945.9
9 0.25  20.65 8.25 92.3 839.3 441739 52348 41645 8440.65
10 0.2 27.55 12.5 109.1  1147.6 59768.5 20203 359.65 11208.85
Unit: mg/kg
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Table 33. Soil elemental analysis of Solidago altissima dominanted site in July 2018

Site / column N C H
Site 1 0.4111 5.0255 3.3569
Site 2 0.6762 9.8265 2.3028
Site 3 0.2699 3.3923 1.1335
Site 4 0.4424 5.3962 1.5206
Site 5 0.4286 5.2903 1.7522
Site 6 0.3864 5.2668 1.5051
Site 7 0.4323 5.6481 1.6051
Unit: %

Table 34. Soil elemental analysis of Solidago altissima non-dominanted site in July 2018

Site / column N C H
Site 1 0.4456 5.6996 1.9881
Site 2 0.4064 4.8011 2.0496
Site 3 0.1591 2.0654 1.7277
Site 4 0.5147 6.0881 1.8433
Site 5 0.3021 4.0208 1.3451
Site 6 0.3291 4.5428 1.6508
Site 7 0.3189 4.0797 1.2432
Unit: %

Table 35. Soil elemental analysis of patch type of Solidago altissima dominanted site in
July 2018

Site / column N C H
8 0.2361 5.2153 1.4439
9 0.3976 5.2153 1.3171
10 0.2306 2.9019 1.5221
Unit: %
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2.11 v $7 4 0+ A9 P, &, F 4 BA B4 A%

rlr

2 go]

FrFH7E -4 e vle-Fske Al wE A dACd 39l
O3 94 949N, C H & Aol7t sle=A 55 2Qlshy] flsko] 2 A4
= Aot v Feld= Frldd A Addd = FrF <A, vy
Al ridH el B BACl e H3 FHO A ol&std N, C, H &
Fe S S8k EA 24 23E dEpt Gl H o3 A6l e &
v FH el M= N gFe] Site 12, 13914 B ARJER U= =4 570 =30 C,
He 48 AdelA= &F Zol7F 24 3hth(Table 36). S H vl¢-4 A

of e H Site 11614 N o] A wghal ywA M= Hls3h 2171

Ugtth(Table 37). #> 7 A 9fellA N, C, H 3&Fo] vl 471 54 Huok
(Table 38). -7 A9} w3 Aol ujfH, &, Ho ddM N &5 F

of ]9 A HolA =A SAHASH, d2 T3 AEol7] wiel vE A

EHT AAx 1480 2 AyE Al ¥t (Zahran 2001).

80



Table 36. Leaf elemental analysis of Solidago altissima dominanted site in July 2018

Site / column N C H
Site 1 2.0404 48.3386 6.3386
Site 2 1.8203 48.1908 6.4735
Site 3 1.7489 47.6952 6.2841
Site 4 1.9287 46.9033 6.2445
Site 5 1.4751 47.8298 6.3332
Site 6 3.0108 45.7695 6.2211
Site 7 3.8765 46.0833 6.3503
Unit: %

Table 37. A. princeps (a) leaf elemental analysis of Solidago altissima non-dominanted site
in July 2018

Site / column N C H
Site 1 -a 2.3054 46.2044 6.1312
Site2 —a 3.7003 44.6904 6.0421
Site 3 —a 2.6994 46.1343 6.0067
Site4 —a 5.1208 41.3842 5.7527
Site 5-a 4.3738 43.6339 6.1034
Site 6 —a 2.3425 47.2892 6.1825
Site 7 -a 2.3539 45.4471 5.9408
Unit: %

Table 38. P. lobata (b) leaf elemental analysis of Solidago altissima non-dominanted site
in July 2018

Site / column N C H
Site 1 —b 42718 44.0426 6.3188
Site2—b 4.9063 45.3077 6.4182
Site 3 -b 4.6936 42.4961 6.0371
Site4—b 5.2496 44.5589 6.3795
Site 5-b 4.2481 44.8217 6.3737
Site 6 —b 4.4008 42.4102 6.0337
Site 7-b 4.0124 43.1241 6.1727
Unit: %
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ZARA S ek m2Wolu) B A 7F Zokth(Ji and Kim 2014). o] &3k 2]

=g shell Fkste] mEMI o] TSl eAd AAY SvdHE AAE

o

il LA S Aslste WA AUFH TS5 L9AE F3tet

rir

B eSS

(1) Fr9H =2 FE Aol wE 71 8%

FredFe vdrsEd F5 8= &okR7] #1891 nano—TiO: ¢

AgNPE ¥E Mz Aeste] FloiAe F53F

B=)

AEF T FAsATH
nano—TiOz oA Fu|FH ] 7] G A57F Aol whe} dftel Az
A e wek zke] 7k §1dth 409 3kell nano—TiO2 5000mg/kgell Al 7] A o]
EAAoR 593 £XF QoM nano—Ti02 100mg/kgelx = o2 ghwch
oA Ze ke UEFtHFigure 10). AgNPolA = A7) Xhol] wha} 2E
A gelA BAAHCRE {98 Ao]7t HolA| ¢kSkth(Figure 11). Nano—TiO, 9}

AGNP 7] 4% Aol AAe AxEeld WFEE Auistelx iR 54
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Figure 10. Effect of nano-TiO; on the height of Solidago altissima

The data are presented as a mean & SE of five replicates. The means within a column followed
by the same letter are not significantly different at p<0.05.  Unit: Cm
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Figure 11. Effect of AgNP on the height of Solidago altissima

The data are presented as a mean + SE of five replicates. The means within a column followed
by the same letter are not significantly different at p<0.05. Unit: Cm
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(2) 4=Ed & Ao e 45& 5%

e st St ¥ AYdS WA nano-TiO: 9o AF4A 54 A

T} HE8F nano—TiO2 5000mg/kg o 37 Alolell= BAIHORE {23 Aol &
B2 kgron, 409 Aol 277t dFa Fo] 22 e dvEhiVIE o
(Table 39). AgNPolA = A7t Aol wheh diz=9F 2F A ite] SAH =
g 2ol 7h il ®3 AgNP 5000mg/kg oA tlx7Hu o8t =
2 JE4 ko]l =4 H A vK(Table 39). nano—TiO2 & AgNP oA 7] 843}

PRI R s o 540 d&e] vt At el Aol l= A
=
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Table 39. Chlorophyll content of Solidago altissima after exposure nano-TiO; and AgNP

Treatment / Day 10 20 30 40 50

Control 41.86+1.31™  33.04+0.94*  30.76 +1.10° 28.7 £ 1.54° 28.6 £1.36%

Til0 35.84+335°  35.72+2.80° 33.0+2.442 32.48£0.65*  29.04+0.95*

Ti100 38.36+£3.21"  37.02+1.72*  31.02+1.50* 3036+ 1.11** 29.28=+1.16
Ti1000 49.8 +4.36* 37.48 £ 1.46° 34.6+£0.78° 31.4+1.20% 32.0 £2.04?
Ti5000 41.18 £1.03%®  35.08 +1.232 33.8+1.07°  31.06+1.45® 31.86+1.74°
Control 41.86+1.31*  33.04+£094* 30.76+1.10° 28.7+£1.542 28.6 +1.367

Agl0 39.42+£2.89* 3586+ 1.60° 33.24+1.01° 2838+1.61* 29.08+1.55
Agl00 442+£2.19*  37.72+£145"% 3466+1.35° 31.66+1.60° 31.86=+2.65
Agl000 41.54+332°  36.34+296® 354+1.17% 33.96+3.15° 33.82+4.332
Ag5000 43.82+£1.42*  40.12+2.84*  39.46+3.05* 33.54+2.19*  28.06+ 1.88?

The data are presented as a mean + SE of five replicates. The means within a column followed

by the same letter are not significantly different at p<0.05.
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Q) UxEd & A wE dv9H A5F vln 23

v} zpo) 7} QlEA] #elEd Tt nano—TiO= EE A FolA F, =4, A3

Hox AFFE EAFORE zo]7t ¢lSS #9138 tH(Table 40). o] H% Yo

e

H oA mE el o7k §l7] wiEel G HE st AER
2 AR ET AgNP A FolAe AsE A7l AgNP 10mg/kg
= WETEY =2 @S B2lon, olgfst A= 29 Ay Mt T4 &
(Yao et al. 2008)7} 07] wiiell Aujolr 719 QA Fu] el Fgo]7}t Ay
& 7hsAol Sl oldd FES AdE dlTo] vEhd AdE Atmdrh e
i AgNP 100mg/kg FE= oFzbe] HA4do] Hol7] Alztaia] vhe ghs vhepslich
sk ATl AgNP 5000mg/kg A2 TrollA= oFzhe] A7 JlejA thzT
Buhe sl Ao HoAvh Ao A, A5 wAprt AA FANCR

2Fo] 7} 219 TH(Table 40).
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Table 40. Dry weight of Solidago altissima after exposure nano-TiO; and AgNP

Treatment / Column Total Above ground Under ground
Control 9.70 £ 1.89 8.04 £1.33 1.65 +0.60
Til0 9.26 £2.67 7.67 £2.02 1.58+0.71
Ti100 7.23 +1.25 6.18+1.03 1.04+£0.23
Ti1000 10.46 £2.51 9.38 +2.18 1.08 £0.36
Ti5000 8.17+1.84 7.13£1.32 1.03+0.52
Control 9.70 +1.89% 8.04 +1.33® 1.65 = 0.60°
Agl0 11.74 £ 5.94° 9.44 + 1.84* 2.29+£0.832
Agl00 7.77 £1.15%® 6.79 £ 0.82% 0.99 £ 0.36°
Agl1000 6.72 £1.47%® 5.81+£1.12% 0.91+£0.36?
Ag5000 6.43 +1.29° 5.59 +1.06° 0.83 £0.24°

The data are presented as a mean + SE of five replicates. No significant difference column at
the 0.05 level. The means within a column followed by the same letter are not significantly
different at p<0.05. Unit: g
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(4) Y=Ed = ¥ Ao B Mg ¥ 2%

B oAgelq AR Wmelt wads AR F sl Mgol EEEo]

T R

ot
ol

4

Ol

s

FRth Azolld Mg Bl 22

e

A7) el Mgl S-S
e w8 dEhle AdolRE A E] @] A Sch(Hladun et al.
2015). th& ®olA & nano—TiO: % ¥ Aol mE Mge &S el
oJek e

1o

:10
=N

UH(Table 41). E<F, <, oA 2+ 5= 4 A+ A4
2ol E Holx et £7]E nano—TiO2 5000mg/kg?] FEolA thz o
98t zkel Aol= ¢AITF nano—TiO2 1000mg/kgd TEANAM+= w2 ok

S5t olgfst A B Tl ZolA L JudH 9 ki 549

| ol flvhal Am e v oM AgNP AZltel Mgel g&Fs Hehd

o

SITHTable 41). &, =71, &8 Mg SF5d= AR F2A8 ao7h 3l

Tk AgNP 5000mg/kg ol thzoF o3k xpol7} glom eapo] v =

ol Ht. o= AEEolME FulgFH T F FeEol 7] wiel v A

AYTE 258 Freels 2A} s Ao AR
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Table 41. Mg content of Solidago altissima after exposure nano-TiO; and AgNP

Soil Leaf Stem Root
Control 9932.3+1229.2*  4567.6+342.9° 783.5+131.4* 2353.5+220.8*
Ti 10 10036.7 + 623.1*  3840.5+369.7*° 1133.0+123.4* 2772.5+423.2°
Ti 100 10114.1 £452.1*  3455.0+960.9° 508.2+203.0° 1916.5+ 189.0*
Ti 1000 9305.3 £837.6°  4577.9+2432* 1016.2+91.0° 2343.0+195.7*
Ti 5000 9058.0 £ 935.5*  3827.8+947.9* 953.7+192.3®  2706.0 £ 351.0°
Control 9932.3+£1229.2®>  4567.6+342.9*  783.5+131.4* 2353.5+220.8°
Agl0 10863.9 +£827.0° 5079.3+323.5* 731.7+176.9*  2183.5+300.3"
Agl00 9655.8£1091.8°> 4471.4+4944* 913.2+1342* 2759.5+530.5°
Agl1000 8291.6 £ 1698.9®®  4892.2 £ 529.92 947.0 +£93.4* 3720 + 1138.1°
Ag5000 7099.0 £ 653.6°  4799.7+322.4* 1097.8+128.2* 2411.0+206.0?

The data are presented as a mean + SE of five replicates. The means within a column followed

by the same letter are not significantly different at p<0.05.
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6G) Yx=EZ & 8 A & Ti, Ag &% 27

nano—Ti0, % ¥% Wz Aok BofelA e BE Aol ol B
How §og gkel Aoz UEIA] ShTi(Table 42). ©l¥# A= nano-
TiO, A7) Al B2 ez Ho] 97] wEe] EFw 2 4lo] Fou HE 23

o] ¥FA3}3 11 nano—TiO2 100, 1000, 5000mg/kg A& 19 A 1%

l-ﬂ
1'“1
0]}4

7} @52 @ %ol nano-TiO; £2e] FY Hol $3 Ao A%

ﬂ?‘J
OXE
‘;}L

o zpol7F yEtA b Aoz AR E ™ (Loosli et al. 2015), 7I& A& 4
2 2 =l lofM meF ek vk oA Ak dEzTel e Ti gkl ¢

A

>Pﬂ
q.

3t gtol AE Hoth ol fIEAE A& e Ao Ti &3
o Yetd A¥z Atmdnt guold] delA= Ti FFS Be AgToA &
AR S w Fo5h el ztol7F vepubA] skt e H e 271 ek A

T AL FFe AL UHA AggelM s AT FEsIY G

J

Bale 1% Aol B2 e B AFor A Hg ol n
¥ T A glo] e, olge ARE B W % A7 EA kot
T AEFo] A7) o] Yehd A¥e siHEn AFEdA Be EAE do
71 AdaExst nludls AEFo] A7) wiEel (Schoenfelder et al. 2010)
AE A3t SHelA] AEEo] & AEo] agdolgta AtRE T (Mleczek et al.
2010). AgNPE HE s EFoM = 1= AHTFoz 445 FA8902 {9
& ko] 2}o]ES W3 th(Table 42). AgNP 5000mg/kgel A 2% &4 2 HFo] 2
=31t AgNP 10mg/kg®] 74-¢, 2&9 dFrh= st Hel 2744 53 &

o7 Uehd go® Alg®n & AgNP 1000, 5000mg/kg 2ol of
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Table 42. Ti and Ag contents of Solidago altissima after exposure nano-TiO; and AgNP

Treatment Soil Leaf Stem Root
Control 442.0 £ 65.94* 14.63 £ 0.92 18.37 £2.29% 291.0 + 38.48%®
Ti 10 461.74 + 38.942 15.6 £1.032 31.93 +£9.052 312.5 +£24.96%

Ti 100 485.36 £ 32.56% 11.0 +£2.69° 10.93 + 3.81° 329.0 +30.08"
Ti 1000 389.58 +28.27¢ 13.53 +£1.56* 19.97 £ 1.17% 216.0 +11.77°
Ti 5000 569.04 £ 122.35%  12.40+3.22° 18.60 + 3.86% 341.5+£49.45°

Control ND 0.1 +0.11° ND ND
Agl0 2.8+0.36° ND ND 1.5 +1.5¢
Agl00 36.36 £ 3.69°¢ 0.6 = 0.08° ND 80.0 +30.18°

Agl000 336.12 +72.20° 11.37 +4.26 0.2+0.13° 588.5 = 54.89°
Ag5000 1552.94 +£136.69*  12.57 + 6.34* 1.37 +£0.76 1173 £349.08*
The data are presented as a mean + SE of five replicates. The means within a column followed
by the same letter are not significantly different at p<0.05. Unit: mg/kg, ND: Not Detected
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3.2 ¥ F 9 Fis 24 &8 2

Free radical> A UeA] Absd AEHAE YA A og7H4] A&

WA ST (Delanty and Dichter 1998). o] &3t A3l 4] AEwAE Adste] 24

A

A=

ftlo
i

S A= FatsAl Y] AT AP EH, 1 FoA Fhgo] A&
£33 dAkshA] sfdo] Rew] 31 Qlth(Stanely Mainzen Prince and Menon
2001). o]gst Ao =elste] FHFQl Ju|dF el AFAHO=E Az T8y

= 59 kst &4 va 24s Fall FakshAl s 33 th(Table 43~45).
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Table 43. Antioxidant activities of Solidago altissima leaf extract

Sample EtoH Ascorbic acid
DPPH radical 156.7 £ 8.7 10.1 = 0.5
Scavenging activity
ABTS radical 2463 £ 17.5 98 £ 35

scavenging activity
The data are presented as a mean + SE of three replicates. ICso values were calculated from
regression lines using five different concentrations in triplicate experiments. Unit: ICso (ug/mL)

Table 44. Antioxidant activities of Solidago altissima flower extract

Sample EtoH Ascorbic acid
DPPH radical 109.3 = 2.1 98 £ 1.5
Scavenging activity
ABTS radical 179.0 £ 8.2 96 £ 25

scavenging activity
The data are presented as a mean + SE of three replicates. ICso values were calculated from
regression lines using five different concentrations in triplicate experiments. Unit: ICso (ug/mL)

Table 45. Antioxidant activities of 4. princeps leaf extract

Sample EtoH Ascorbic acid
DPPH radical 813 £ 25 104 £ 15
Scavenging activity
ABTS radical 152.1 £ 75 102 £ 25

scavenging activity
The data are presented as a mean + SE of three replicates. ICso values were calculated from

regression lines using five different concentrations in triplicate experiments. Unit: ICso (ug/mL)
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Appendix 1. Present vegetation of Solidago altissima dominanted site 1, July 2018

Korean name

Scientific name

Life form Exotic

Compositae 23} & (Family)
okO| o | Solidago altissima L. P O
& Artemisia princeps var. orientails (Pamp.) P

Hara
Jfar = Erigeron annuus (L.) Pers. B 0
Rosaceae xto| §# (Family)
HH k7 | Duchesnea chrysantha (Zoll. & Moritzi) P

Migq.
Xt 7| Rubus hirsutus Thunb. P
Leguminosae 2 # (Family)
%l Pueraria thunbergiana Bentham P
Gramineae B & (Family)
oM Miscanthus  sinensis var. purpurascens P

Rendle
Polygonaceae oic|E ) (Family)
A2|Z0] Rumex crispus L. P O
Phytolaccaceae X2| 3 # (Family)
o|2xtz| 2 Phytolacca Americana L. A o
Ranunculaceae OjLt2|OFHIH| &} (Family)
ALS| Al bt Clematis apiifolia DC. P
Aspleniaceae 2| DA # (Family)
DAL Pteridium aquilinum var. latiusculum (Desv.) P

Underw.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 2. Present vegetation of Solidago altissima dominanted site 2, July 2018

Korean name

Scientific name

Life form Exotic

Compositae 23} # (Family)
oFQ| ol | Solidago altissima L. P O
YN Artemisia princeps var. orientails (Pamp.) P

Hara
et = Erigeron annuus (L.) Pers. B 0O
Rosaceae xto| # (Family)
= |2 Rosa multiflora Thunb. P
xtedt 7| Rubus hirsutus Thunb. P
Leguminosae 2 # (Family)
%l Pueraria thunbergiana Bentham P
Gramineae B % (Family)
of Al Miscanthus  sinensis var.  purpurascens P

Rendle
30|ALE Bromus unioloides H.B. & K. P o
Phytolaccaceae X2|2 & (Family)
0|2 Xxtz| = Phytolacca Americana L. A (0]
Umbelliferae ME & (Family)
I gto| Hydrocotyle sibthorpioides Lam. P
Aspleniaceae 2| DAE| § (Family)
DAL Pteridium aquilinum var. latiusculum (Desv.) P

Underw.
Saxifragaceae Mol % (Family)
B Hydrangea macrophylla (Thunb.) Ser. P
Cannabaceae A # (Family)
saE 2 Humulus japonicus Sieboid & Zucc. A
Araliaceae ZELR # (Family)
==Yl =] Aralia elata (Miq.) Seem. P

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 3. Present vegetation of Solidago altissima dominanted site 3, July 2018

Korean name

Scientific name

Life form Exotic

Compositae
SESE

AA

N
m]

S

f

o
un o

HHH 7 |
Rosaceae
igt|
Leguminosae

H| =2

Gramineae
A
Phytolaccaceae

Ol =At2| S
Umbelliferae
m|ato|
Saxifragaceae
3

Rubiaceae

ARS

=3t & (Family)
Solidago altissima L.

Artemisia princeps var. orientails (Pamp.)
Hara
Erigeron annuus (L.) Pers.

Crepidiastrum sonchifolium (Bunge) Pak &
Kawano

0| # (Family)
Duchesnea indica (Andr.) Focke

= # (Family)

Lespedeza cuneata G.Don

H & (Family)
Miscanthus
Rendle

X2|3 # (Family)

Phytolacca Americana L.

sinensis var.  purpurascens

M # (Family)

Hydrocotyle sibthorpioides Lam.
HolH # (Family)

Hydrangea macrophylla (Thunb.) Ser.
EEMU #& (Family)

Paederia
scandens

scandens (Lour.) Merr. var.

P o

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 4. Present vegetation of Solidago altissima dominanted site 4, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

02
a
ol 12
i

e
02

ES

H
rfot

m}

F

=
k="'

o o

Rosaceae
|
Leguminosae
P

21

Gramineae
30|ALE
270l
Polygonaceae
Ranunculaceae
AR
Asclepiadaceae
ST
Rubiaceae
A2s

Amaranthaceae

Al =2

TT=

Commelinaceae
FO|RFE

Labiatae

et

Cyperaceae

=3t & (Family)

Solidago altissima L.
Hypochaeris radicata L.

Artemisia princeps var. orientails (Pamp.)
Hara
Erigeron canadensis L.

Lactuca indica L.

0| & (Family)
Duchesnea indica (Andr.) Focke

2 B (Family)

Pueraria thunbergiana Bentham
H & (Family)

Bromus unioloides H.B. & K.
Festuca arundinacea Schreb.

OIC|Z # (Family)
Persicaria hydropiper (L.) Spach

O|Lt2|OFM|H] 7 (Family)
Clematis apiifolia DC.

272 # (Family)

Metaplexis japonica (Thunb.) Makino

EEMU #& (Family)

Paederia  scandens (Lour.) Merr. var.

scandens
HE # (Family)
Achyranthes japonica (Miq.) Nakai

12| &E # (Family)

Commelma communis L.

EE # (Family)

Nepeta cataria L.
AFE ® (Family)
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JEAE

Geraniaceae

FHE0lE

Carex lanceolata Boott

F&0|F ® (Family)
Geranium sibiricum L.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 5. Present vegetation of Solidago altissima dominanted site 5, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

Rosaceae

CLC|
B 7|
Leguminosae
P
21
Gramineae

of A

Lot E

Polygonaceae

ol 1

Asclepiadaceae
SES

Rubiaceae
ALS

Amaranthaceae

=3t & (Family)

Solidago altissima L.
Hypochaeris radicata L.

Artemisia princeps var. orientails (Pamp.)
Hara
Artemisia lavandulaefolia DC.

Parasenecio auriculata var. matsumurana
Nakai

0| # (Family)

Duchesnea indica (Andr.) Focke

2 B (Family)

Pueraria thunbergiana Bentham

H & (Family)

Miscanthus

Rendle
Setaria viridis (L.) Beauv.

sinensis var. purpurascens

OiC|E B (Family)

Persicaria hydropiper (L.) Spach
HrE=712] & (Family)

Metaplexis japonica (Thunb.) Makino

BEML # (Family)

Paederia scandens (Lour.) Merr. var.

scandens
HE # (Family)
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Alo = Achyranthes japonica (Miq.) Nakai P

rT=

Commelinaceae SHOHE B (Family)

CHO|RME Commelina communis L. A

Saxifragaceae ol # (Family)

o Hydrangea macrophylla (Thunb.) Ser. P

Aspleniaceae B2 DA B (Family)

T AR Pteridium aquilinum var. latiusculum (Desv.) P
Underw.

Geraniaceae F£=0|E # (Family)

| A0|1Z Geranium sibiricum L. p

Cucurbitaceae H & (Family)

stSEl| Trichosanthes kirilowii Maxim. P

Plantaginaceae 2 40| # (Family)

= 0| Plantago asiatica L. P

Osmundaceae IH| 8 (Family)

T Osmunda japonica Thunb. P

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 6. Present vegetation of Solidago altissima dominanted site 6, July 2018

Korean name Scientific name Life form Exotic
Compositae 23} # (Family)
ST du[[e:ES Solidago altissima L. P O
YN Artemisia princeps var. orientails (Pamp.) P

Hara
TnE=X"""bJ Lactuca indica L. B
2272 Coreopsis lanceolata L. P 0]
Leguminosae 2 # (Family)
Al Pueraria thunbergiana Bentham P
H| 22| Lespedeza cuneata G.Don P
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Gramineae
o Af

OlAI-

=

M

0L rlu
M

o
Mt

m\l
[

f

Polygonaceae
22[740]
Rubiaceae
ALS
Cannabaceae
gfd=
Cyperaceae
OASAtE

Urticaceae

DAIZE

H & (Family)

Miscanthus  sinensis var. purpurascens
Rendle

Bromus unioloides H.B. & K.

Briza minor L.

Phragmites communis Trin.
OiC|E B (Family)
Rumex crispus L.

BEXML # (Family)

Paederia scandens (Lour.)) Merr. var.
scandens

& # (Family)

Humulus japonicus Sieboid & Zucc.
A # (Family)

Carex lanceolata Boott

271 # (Family)
Boehmeria nivea (L.) Gaudich.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 7. Present vegetation of Solidago altissima dominanted site 7, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

[0}

Sk

£ o

ol

S|

b

o>t
®H K

Leguminosae
Nl
21

Rosaceae

=2t # (Family)

Solidago altissima L.

Artemisia princeps var. orientails (Pamp.)
Hara
Lactuca indica L.

Artemisia lavandulaefolia DC.

2 B (Family)
Pueraria thunbergiana Bentham

o] & (Family)
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AbEE 7| Rubus crataegifolius Bunge

Polygonaceae OIC|ZE & (Family)

A2|FO| Rumex crispus L.

L Z|Hj= Persicaria perfoliata Gross

Rubiaceae BEML # (Family)

ARs Paederia  scandens (Lour.) Merr. var.
scandens

Zta g2 Galium spurium L.

Cannabaceae Atab 8 (Family)

sag 2 Humulus japonicus Sieboid & Zucc.

Cucurbitaceae Ht & (Family)

SH=ElZ Trichosanthes kirilowii Maxim.

Urticaceae M7|1Z B (Family)

DAE Boehmeria nivea (L.) Gaudich.

Asclepiadaceae HkE718] & (Family)

ELESIE] Metaplexis japonica (Thunb.) Makino

Commelinaceae StO|ZHE & (Family)

ChO|RIE Commelina communis L.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 8. Present vegetation of Solidago altissima non-dominanted site 1-1, July 2018

Korean name Scientific name Life form Exotic
Compositae 23} & (Family)
24 1 St 7| Lactuca indica L. B
PES Artemisia lavandulaefolia DC. P
Jfar = Erigeron annuus (L.) Pers. B O
Moo= Taraxacum officinale Weber P 0)
oFx Erigeron canadensis L. B 0]
ChI | Ainsliaea acerifolia Sch.Bip. P
VIaES Aster tataricus L.f. P
Leguminosae 2 # (Family)
ENE Trifolium repens L. P o
== Glycine soja Siebold & Zucc. A
Gramineae B & (Family)
oA M Miscanthus  sinensis var. purpurascens P

Rendle
HES AN E Briza minor L. A O
SO|AHE Bromus unioloides H.B. & K. P O
CYI=E
ZOX| = Setaria viridis (L.) Beauv. A
742 Agropyron  tsukushiense var. transiens B

(Hack.) Ohwi
Cannabaceae A # (Family)
satE 2 Humulus japonicus Sieboid & Zucc. A
Apocynaceae ZEL ) (Family)
OpALS Trachelospermum asiaticum Nakai P
Polygonaceae olc| = (Family)
A 2|0 Rumex crispus L. P o
oy Persicaria hydropiper (L.) Delarbre A
Oxalidaceae ol & (Family)
404} Oxalis corniculata L. P
o =]
Commelinaceae SIO|EHE £ (Family)
CHO|ALE Commelina communis L. A
gl—l o=
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Plantaginaceae
3ol
Euphorbiaceae

WE

Acanthaceae

Hme|yE

HZ0| # (Family)

Plantago asiatica L.

= & (Family)
Acalypha australis L.

Fua|dx B (Family)

Justicia procumbens L.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 9. Present vegetation of Solidago altissima non-dominanted site 2-1, July 2018

Korean name Scientific name Life form Exotic
Compositae =23} & (Family)
PNES Artemisia lavandulaefolia DC. P
Jjar=x Erigeron annuus (L.) Pers. B 0]
Mool =g Taraxacum officinale Weber P 0O
oFx Erigeron canadensis L. B (0]
& Artemisia princeps var. orientails (Pamp.) P

Hara
MYIsx Hypochaeris radicata L. P (0]
Gramineae B & (Family)
30|ALE Bromus unioloides H.B. & K. P 0]
ZOLR| = Setaria viridis (L.) Beauv.
e Agropyron  tsukushiense var. transiens B

(Hack.) Ohwi
Polygonaceae OiC|Z & (Family)
of 3y Persicaria hydropiper (L.) Delarbre A
Oxalidaceae %I OI tél- *5', (Family)
o|gt Oxalis corniculata L. P
[=] =]
Phytolaccaceae X2| 2 ® (Family)
o|2xt2| 2 Phytolacca Americana L. A o
Asclepiadaceae Btx=712] # (Family)
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47 7t2|
Solanaceae

totE

Violaceae

SIS

Metaplexis japonica (Thunb.) Makino

7tXl # (Family)
Solanum nigrum L.

HH|ZE % (Family)
Viola mandshurica W.Becker

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 10. Present vegetation of Solidago altissima non-dominanted site 3-1, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

by 7 |

02 ok

o

B 2 1
= 19 mn
o
H

ﬁ

o2

4

24
Hyzex
Leguminosae

ENNZE

]
fl

=

o

it

H| =2

A=
Gramineae

o Af
Asclepiadaceae

2712

Cucurbitaceae

=2 B (Family)

Lactuca indica L.
Solidago altissima L.
Rudbeckia bicolor Nutt.
Erigeron canadensis L.

Artemisia princeps var. orientails (Pamp.)
Hara
Artemisia feddei H.Lev.

Hypochaeris radicata L.

3 B (Family)

Trifolium repens L.

Glycine soja Siebold & Zucc.

Pueraria thunbergiana Bentham
Lespedeza cuneata G.Don

Chamaecrista nomame (Siebold) H.Ohashi
H # (Family)

Miscanthus
Rendle

4E7t2] B (Family)
Metaplexis japonica (Thunb.) Makino

sinensis var. purpurascens

4t & (Family)
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B O
P
P
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P o
A
P
P
A
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St=ELZ|
Rosaceae
AT
Onagraceae
EESYUES
Geraniaceae
F&0|F
Guttiferae
nESRES

Liliaceae

gojeig=

Trichosanthes kirilowii Maxim.

0| & (Family)

Rubus crataegifolius Bunge
Ht=3% # (Family)
Oenothera biennis L.

FZ0|F ® (Family)
Geranium sibiricum L.

=HLIE 8 (Family)
Hypericum erectum Thunb.
St & (Family)

Smilax china L.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 11. Present vegetation of Solidago altissima non-dominanted site 4-1, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

Gramineae
o Af
Rosaceae
WL
Onagraceae
EEUYES

Cannabaceae

=2t # (Family)

Solidago altissima L.

Artemisia princeps var. orientails (Pamp.)
Hara

= ® (Family)
Glycine soja Siebold & Zucc.

Pueraria thunbergiana Bentham
H & (Family)

Miscanthus  sinensis var. purpurascens
Rendle

0| # (Family)
Duchesnea indica (Andr.) Focke

HHEZ2 & (Family)

Oenothera biennis L.

& # (Family)
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shatE 2 Humulus japonicus Sieboid & Zucc. A

—_

Urticaceae H7IE B (Family)

[=DNE= Boehmeria nivea (L.) Gaudich. P
Polygonaceae OIC|ZE & (Family)

L Z|Hj= Persicaria perfoliata Gross A
Commelinaceae StO|ZZE & (Family)

Clo| X}t Commelina communis L. A

g1—loco=&

Phytolaccaceae 2|3 & (Family)

o|=2xt2| 2 Phytolacca Americana L. A o

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 12. Present vegetation of Solidago altissima non-dominanted site 5-1, July 2018

Korean name Scientific name Life form Exotic

Compositae =3} & (Family)
oFpg| ol % Solidago altissima L. P o
& Artemisia princeps var. orientails (Pamp.) P

Hara
Jjar=x Erigeron annuus (L.) Pers. B (0]
Leguminosae 2 # (Family)
== Glycine soja Siebold & Zucc. A
H| 22| Lespedeza cuneata G.Don P
Al Pueraria thunbergiana Bentham P
Gramineae B # (Family)
PAo| SN Setaria viridis (L.) Beauv. A
Onagraceae HHSZ % (Family)
chobO| Oenothera biennis L. B O
Cannabaceae A # (Family)
saE 2 Humulus japonicus Sieboid & Zucc. A
Urticaceae M71E & (Family)
QA|ZE Boehmeria nivea (L.) Gaudich. P
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Polygonaceae OIC|E # (Family)

L Z|Hj= Persicaria perfoliata Gross A

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 13. Present vegetation of Solidago altissima non-dominanted site 6-1, July2018

Korean name

Scientific name

Life form Exotic

Compositae 23} # (Family)
oFQ| o | Solidago altissima L. P o
& Artemisia princeps var. orientails (Pamp.) P

Hara
Jjar=x Erigeron annuus (L.) Pers. B 0]
oFx Erigeron canadensis L. B 0]
T E=3"" b Lactuca indica L. B
Myzs=x Hypochaeris radicata L. P 0O
2272 Coreopsis lanceolata L. P O
oo x| Helianthus tuberosus L. P O
ya[ES Aster tataricus L.1. P
= o Coreopsis drummondii L. B o
Leguminosae 2 # (Family)
== Glycine soja Siebold & Zucc. A
H| 22| Lespedeza cuneata G.Don P
Al Pueraria thunbergiana Bentham P
Gramineae B # (Family)
PAo| SN Setaria viridis (L.) Beauv. A
oA M Miscanthus  sinensis var. purpurascens P

Rendle
So|AME Bromus unioloides H.B. & K. 0]
74 Agropyron  tsukushiense var. transiens B

(Hack.) Ohwi
27l0g Festuca arundinacea Schreb. P O
Onagraceae HHSZE # (Family)
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90|
Cannabaceae
sharg@
Polygonaceae
+2/30]

O = 2| B &
Commelinaceae
HoYE
Ranunculaceae
NEEL
Cucurbitaceae
St=ELZ|

Oxalidaceae

GOl

Oenothera biennis L.

& # (Family)

Humulus japonicus Sieboid & Zucc.

OiC|E & (Family)
Rumex crispus L.

Persicaria perfoliata Gross
H2HE B (Family)
Commelina communis L.

OjLt2|OFM|H] 7 (Family)
Clematis apiifolia DC.

qt & (Family)
Trichosanthes kirilowii Maxim.

Yol & (Family)
Oxalis corniculata L.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 14. Present vegetation of Solidago altissima non-dominanted site 7-1, July 2018

Korean name

Scientific name

Life form Exotic

Compositae

02
=)
i3

)
=}
Bt 18

oz
02 Bt o

2
oj
riot
bt

of
—
N
i
F

=

OlI
d
-

N

o= 7tk Atz
Rosaceae

OR

=271

Chenopodiaceae

=2 £ (Family)

Solidago altissima L.
Erigeron annuus (L.) Pers.
Erigeron canadensis L.
Hypochaeris radicata L.
Centipeda minima L.
Sonchus oleraceus L.

Bidens frondosa L.

0| # (Family)
Rubus phoenicolasius Maxim.

HOIE # (Family)
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got=
Gramineae
20|42
N
Onagraceae
EEES
Polygonaceae
2240

ol

Commelinaceae
HOYE
Convolvulaceae
kel
Cucurbitaceae
St=ERE|

Oxalidaceae

HO[E

Chenopodium album var. centrorubrum

H & (Family)
Bromus unioloides HB. & K.

Agropyron  tsukushiense var. transiens

(Hack.) Ohwi

HHS2E & (Family)
Oenothera biennis L.

OE[E & (Family)

Rumex crispus L.

Persicaria hydropiper (L.) Delarbre
HOEE # (Family)
Commelina communis L.

H3E ® (Family)

Ipomoea batatas (L.) Lam.

4t & (Family)

Trichosanthes kirilowii Maxim.

dole & (Family)

Oxalis corniculata L.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 15. Present vegetation of Solidago altissima dominanted site 1, July 2019

Korean name

Scientific name

Life form Exotic

Compositae

JEEE

o
x
(=]

f

STX|

_,_
>
>

d
m]
-

=

0

Leguminosae

Al
21

=3t 8 (Family)

Solidago altissima L.
Artemisia lavandulaefolia DC.
Erigeron annuus (L.) Pers.
Helianthus tuberosus L.

2 # (Family)
Pueraria thunbergiana Bentham
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Gramineae

o Af
Ranunculaceae
NEEL
Rubiaceae
ALS
Cannabaceae
gt =
Aspleniaceae
TAFE|
Urticaceae

DAIZE

Apocynaceae

OpALE

Umbelliferae

T3

H & (Family)
Miscanthus  sinensis var.  purpurascens
Rendle

OjLt2|OFH[H] # (Family)
Clematis apiifolia DC.
HEML # (Family)

Paederia scandens (Lour.)) Merr. var.
scandens

& # (Family)
Humulus japonicus Sieboid & Zucc.
B2 DA B (Family)

Pteridium aquilinum var. latiusculum (Desv.)
Underw.

H71Z B (Family)

Boehmeria nivea (L.) Gaudich.
HEE & (Family)
Trachelospermum asiaticum Nakai
M B (Family)

Angelica dahurica Benth.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E

Appendix 16. Present vegetation of Solidago altissima dominanted site 2, July 2019

Korean name Scientific name Life form Exotic

Compositae 23} & (Family)
oFO| o | Solidago altissima L. P (0]
PSS Artemisia lavandulaefolia DC. P
Jjar = Erigeron annuus (L.) Pers. B (0]
& Artemisia princeps var. orientails (Pamp.) P

Hara
AAF Cirsium japonicum var. ussuriense Kitamura P
Leguminosae 2 # (Family)
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P

21

Rosaceae
CLC|

B 7|

Gramineae
AM
Phytolaccaceae
Ol = At S
Ranunculaceae
NEEL
Rubiaceae
ARS
Aspleniaceae
A2
Urticaceae
DAIZE
Umbelliferae
Y
Saxifragaceae
3
Polygonaceae
HL2| 2

Pinaceae

ALtE

Pueraria thunbergiana Bentham

0| # (Family)
Duchesnea indica (Andr.) Focke

H & (Family)

Miscanthus  sinensis var. purpurascens
Rendle

Xt2|E3 # (Family)
Phytolacca Americana L.
OjLt2|OFM|H] # (Family)
Clematis apiifolia DC.
BEXML # (Family)

Paederia scandens (Lour.) Merr. var.
scandens

B2| DA B (Family)

Pteridium aquilinum var. latiusculum (Desv.)
Underw.

H7IZF # (Family)

Boehmeria nivea (L.) Gaudich.

M # (Family)

Angelica dahurica Benth.

HolH # (Family)

Hydrangea macrophylla (Thunb.) Ser.
OIC[E # (Family)

Persicaria senticosa Nakai

ALEE & (Family)

Pinus densiflora Siebold & Zucc.

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 17. Present vegetation of Solidago altissima dominanted site 3, July 2019

Korean name

Scientific name

Life form Exotic

Compositae

Hygex
Leguminosae
Hl==2]

Gramineae

of A

Y
212 0|
Ranunculaceae
AR
Rubiaceae
ALs
Cucurbitaceae

Sh=EtE]

Umbelliferae

]

=3t & (Family)
Solidago altissima L.

Artemisia lavandulaefolia DC.
Erigeron annuus (L.) Pers.

Artemisia princeps var. orientails (Pamp.)
Hara
Hypochaeris radicata L.

2 B (Family)
Lespedeza cuneata G.Don

B # (Family)

Miscanthus  sinensis  var. purpurascens
Rendle

Agropyron  tsukushiense  var.
(Hack.) Ohwi

Eleusine indica (L.) Gaertn.

transiens

O|Lt2|OFM|H] 7 (Family)
Clematis apiifolia DC.
EEMU #& (Family)

Paederia  scandens (Lour.) Merr. var.
scandens

qt & (Family)

Trichosanthes kirilowii Maxim.
M # (Family)
Hydrocotyle sibthorpioides Lam.

= W v

g

0

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 18. Present vegetation of Solidago altissima dominanted site 4, July 2019

Korean name

Scientific name

Life form Exotic

Compositae

02

=E

of o
Pt

H

x

o

ko2
riot
bt

mn oy
N

>x
Q
a
In

2ol

Leguminosae
P

21

Gramineae
of A
LH2ME
Ranunculaceae
AL R
Rubiaceae
ARS
Urticaceae
DAIE
Umbelliferae
=]
Aspleniaceae
PN
Actinidiaceae

Chel

=3t & (Family)
Solidago altissima L.

Artemisia lavandulaefolia DC.
Erigeron canadensis L.

Artemisia princeps var. orientails (Pamp.)
Hara
Hypochaeris radicata L.

Lactuca indica L.

Taraxacum officinale Weber

2 B (Family)

Pueraria thunbergiana Bentham

H & (Family)

Miscanthus  sinensis  var. purpurascens
Rendle

Briza minor L.

O|Lt2|OFHIH] % (Family)
Clematis apiifolia DC.
EEMU #& (Family)

Paederia  scandens (Lour.) Merr. var.
scandens

27IE B (Family)
Boehmeria nivea (L.) Gaudich.
M # (Family)
Hydrocotyle sibthorpioides Lam.
n2| DA B (Family)

Pteridium aquilinum var. latiusculum (Desv.)
Underw.

CI2fLEF & (Family)
Actinidia arguta Planch.

= W v

0

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 19. Present vegetation of Solidago altissima dominanted site 5, July 2019

Korean name Scientific name Life form Exotic

Compositae 23} & (Family)

oFQ| ol | Solidago altissima L. P O

& Artemisia princeps var. orientails (Pamp.) P
Hara

2 1S 7| Lactuca indica L. B

Leguminosae 2 # (Family)

Al Pueraria thunbergiana Bentham P

Rosaceae xto| # (Family)

HH Lk 7| Duchesnea indica (Andr.) Focke P

[ =}

Gramineae B # (Family)

oA Al Miscanthus  sinensis var. purpurascens P
Rendle

HESANE Briza minor L. A O

Ranunculaceae O|Lt2|OFF|H| & (Family)

ALS| Zl bt Clematis apiifolia DC. P

Rubiaceae REML # (Family)

ARE Paederia scandens (Lour.) Merr. var. P
scandens

Urticaceae M71Z § (Family)

QAZE Boehmeria nivea (L.) Gaudich. P

Aspleniaceae RE|DAE| B (Family)

DA Pteridium aquilinum var. latiusculum (Desv.) P
Underw.

Actinidiaceae ClHLEE § (Family)

Cel Actinidia arguta Planch. P

Cucurbitaceae 8t & (Family)

St ElZ Trichosanthes kirilowii Maxim. P

Cannabaceae IL=I- *5', (Family)

ShatE = Humulus japonicus Sieboid & Zucc. A

Umbelliferae ME & (Family)

I oto| Hydrocotyle sibthorpioides Lam. P

*Life form A: annual, Life form B: biannual, Life form P: perennial *Exotic: E
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Appendix 20. Present vegetation of Solidago altissima dominanted site 6, July 2019

Korean name

Scientific name

Life form Exotic

Compositae 23} # (Family)
okO| o | Solidago altissima L. P O
YN Artemisia princeps var. orientails (Pamp.) P
Hara
PES Artemisia lavandulaefolia DC. P
e = Erigeron annuus (L.) Pers. B O
2372 Coreopsis lanceolata L. P o
=30 Helianthus tuberosus L. P 0O
Leguminosae 2 # (Family)
%l Pueraria thunbergiana Bentham P
H|Z2| Lespedeza cuneata G.Don P
WE-! Amphicarpaea trisperma (Miq.) Baker A
Rosaceae 0| & (Family)
HH Lk 7| Duchesnea indica (Andr.) Focke P
[ =}
Gramineae B # (Family)
oAl Miscanthus  sinensis var. purpurascens P
Rendle
Cucurbitaceae Bt % (Family)
SH=El2 Trichosanthes kirilowii Maxim. P
Cannabaceae A % (Family)
ShatE 2 Humulus japonicus Sieboid & Zucc. A
Polygonaceae OLC|E & (Family)
AZ|™O| Rumex crispus L. P (0]
Commelinaceae SHO|ZE & (Family)
ClO| R} = Commelina communis L. A
gl—lo=
Cyperaceae ALE # (Family)
ASAE Carex lanceolata Boott P

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 21. Present vegetation of Solidago altissima dominanted site 7, July 2019

Korean name

Scientific name

Life form Exotic

Compositae

x
SEIEE

>
>

olo [t
Kz

St 7|
Leguminosae

Xl
21

N
Gramineae

of A
Cannabaceae
S EZ
Polygonaceae
22|74 0|
HL2| 2
Urticaceae
DAIE
Ranunculaceae
AR

Apocynaceae

OpAE

=3t & (Family)
Solidago altissima L.

Artemisia princeps var. orientails (Pamp.)
Hara
Artemisia lavandulaefolia DC.

Lactuca indica L.

= # (Family)

Pueraria thunbergiana Bentham
Amphicarpaea trisperma (Miq.) Baker
H & (Family)

Miscanthus
Rendle

& # (Family)
Humulus japonicus Sieboid & Zucc.

sinensis ~ var. purpurascens

OIC|Z # (Family)
Rumex crispus L.

Persicaria senticosa Nakai

M| B (Family)
Boehmeria nivea (L.) Gaudich.

O|Lt2|OFM|H] 7 (Family)
Clematis apiifolia DC.
HEE # (Family)

Trachelospermum asiaticum Nakai

P o

*Life form A: annual, Life form B: biannual, Life form P: perennial

*Exotic: E
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Appendix 22. Important values of Solidago altissima dominanted site 1, July 2018

Rank  Korean name Sicentific name LV.
1 Qkn| o | Solidago altissima L. 0.371
2 e Pueraria thunbergiana Bentham 0.173
3 e Artemisia princeps var. orientails (Pamp.) Hara 0.138
4 xpet 7| Rubus hirsutus Thunb. 0.071

o=
5 DAL Pteridium aquilinum var. latiusculum (Desv.) 0.062
Underw.
6 = Erigeron annuus (L.) Pers. 0.048
7 of Al Miscanthus sinensis var. purpurascens Rendle 0.042
8 JNRIESTT Clematis apiifolia DC. 0.029
9 HH Lt 7| Duchesnea chrysantha (Zoll. & Moritzi) Miq. 0.021
10 o|2x}2| 2 Phytolacca Americana L. 0.015

Appendix 23. Important values of Solidago altissima dominanted site 2, July 2018

Rank  Korean name Sicentific name LV.
1 okn| o | Solidago altissima L. 0.359
2 Aty Rubus hirsutus Thunb. 0.135
3 0|2 Xxtz| = Phytolacca Americana L. 0.103
4 DA Pteridium aquilinum var. latiusculum (Desv.) Underw.  0.090
5 %l Pueraria thunbergiana Bentham. 0.085
6 Jhatx Erigeron annuus (L.) Pers. 0.062
7 S Hydrangea macrophylla (Thunb.) Ser. 0.041
8 o Al Miscanthus sinensis var. purpurascens Rendle 0.032
9 AN Artemisia princeps var. orientails (Pamp.) Hara 0.013
10 Humulus japonicus Sieboid & Zucc. 0.011

g
>
on
)
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Appendix 24. Important values of Solidago altissima dominanted site 3, July 2018

Rank  Korean name Sicentific name LV.
1 Qkn| o | Solidago altissima L. 0.571
2 A Artemisia princeps var. orientails (Pamp.) Hara 0.170
3 m| gto| Hydrocotyle sibthorpioides Lam. 0.071
4 H| 22 Lespedeza cuneata G.Don 0.060
5 HARE Paederia scandens (Lour.) Merr. var. scandens 0.035
6 of Al Miscanthus sinensis var. purpurascens Rendle 0.033
7 HH Lt 7| Duchesnea indica (Andr.) Focke 0.022
8 = Erigeron annuus (L.) Pers. 0.017
9 Ink=t"pJ Crepidiastrum sonchifolium (Bunge) Pak & Kawano 0.016

Appendix 25. Important values of Solidago altissima dominanted site 4, July 2018

Rank  Korean name Sicentific name LV.
1 okn| o | Solidago altissima L. 0.479
2 ElESY ] Metaplexis japonica (Thunb.) Makino 0.088
3 e Pueraria thunbergiana Bentham 0.076
4 2 Artemisia princeps var. orientails (Pamp.) Hara 0.058
5 CO| AL E Commelina communis L. 0.049
6 atx Erigeron canadensis L. 0.038
7 ALQ| Z bt Clematis apiifolia DC. 0.022
8 HH ek | Duchesnea indica (Andr.) Focke 0.021
9 ==t Achyranthes japonica (Miq.) Nakai 0.019
10 = 20|= Geranium sibiricum L. 0.017
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Appendix 26. Important values of Solidago altissima dominanted site 5, July 2018

Rank Korean name Sicentific name LV.
1 Qkn| o | Solidago altissima L. 0.339
2 %l Pueraria thunbergiana Bentham 0.232
3 HH Lt 7| Duchesnea indica (Andr.) Focke 0.211
4 MYIs=x Hypochaeris radicata L. 0.196
5 EIESYIE] Metaplexis japonica (Thunb.) Makino 0.104
6 2 Artemisia princeps var. orientails (Pamp.) Hara 0.038
7 B Hydrangea macrophylla (Thunb.) Ser. 0.037
8 Sl 2t Trichosanthes kirilowii Maxim. 0.030
9 HRE Paederia scandens (Lour.) Merr. var. scandens 0.026
10 X A0 = Geranium sibiricum L. 0.022

Appendix 27. Important values of Solidago altissima dominanted site 6, July 2018

Rank  Korean name Sicentific name LV.
1 orn| % Solidago altissima L. 0.446
2 e Pueraria thunbergiana Bentham 0.169
3 2 Artemisia princeps var. orientails (Pamp.) Hara 0.132
4 A2|HO| Rumex crispus L. 0.069
5 shAtC = Humulus japonicus Sieboid & Zucc. 0.036
6 o Al Miscanthus sinensis var. purpurascens Rendle 0.034
7 H|2=2| Lespedeza cuneata G.Don 0.027
8 HES A= Briza minor L. 0.024
9 DAIE Boehmeria nivea (L.) Gaudich. 0.008
10 ARE Paederia scandens (Lour.) Merr. var. scandens 0.007
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Appendix 28. Important values of Solidago altissima dominanted site 7, July 2018

Rank  Korean name Sicentific name LV.
1 Qkn| o | Solidago altissima L. 0.329
2 e Pueraria thunbergiana Bentham 0.187
3 24 1 St 7| Lactuca indica L. 0.128
4 A Artemisia princeps var. orientails (Pamp.) Hara 0.071
5 shAtE 2 Humulus japonicus Sieboid & Zucc. 0.058
6 A2|HO| Rumex crispus L. 0.049
7 HRES Paederia scandens (Lour.) Merr. var. scandens 0.043
8 Zt3a g2 Galium spurium L. 0.023
9 ClESyIE] Metaplexis japonica (Thunb.) Makino 0.021
10 L Z|Hj= Persicaria perfoliata Gross 0.020

Appendix 29. Important values of Solidago altissima non-dominanted site 1-1, July 2018

Rank Korean name Sicentific name LV
1 =2 Glycine soja S. et Z. 0.314
2 Kpap Artemisia lavanduaefolia DC. 0.117
3 atx Erigeron canadensis L. 0.074
4 ZOFX| = Setaria viridis (L.) Beauv. 0.055
5 Hatx Erigeron annuus (L.) Pers. 0.054
6 Jh 0| Aster tataricus L 1. 0.043
7 shatE 2 Humulus japonicas S. et Z. 0.036
8 AZ|ZHO| Rumex crispus L. 0.024
9 OpALE Trachelospermum asiaticum (Siebold & 0.019

Zucc.) Nakai var. asiaticum
10 CHO|AHE Commelina communis L. 0.014
gl—lo=&=
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Appendix 30. Important values of Solidago altissima non-dominanted site 2-1, July 2018

Rank  Korean name Sicentific name LV
1 oFx Erigeron canadensis L. 0.347
2 MYITs*x Hypochaeris radicata L. 0.110
3 Jhakx Erigeron annuus (L.) Pers. 0.079
4 22 0.064
5 Jh Agropyron tsukushiense var. transiens (Hack.) 0.056

Ohwi
6 o|2xtz| 2 Phytolacca Americana L. 0.055
7 40| Ht Oxalis corniculata L. 0.044
8 2 Artemisia princeps var. orientails (Pamp.) Hara 0.042
9 Mool =g Taraxacum officinale Weber 0.030
10 7iop=s Solanum nigrum L. 0.024

Appendix 31. Important values of Solidago altissima non-dominanted site 3-1, July 2018

Rank Korean name Sicentific name LV
1 %l Pueraria thunbergiana Bentham 0.232
2 H| 22| Lespedeza cuneata G.Don 0.099
3 Xo|z) Smilax china L. 0.068
4 0=x 0.067
5 K= Chamaecrista nomame (Siebold) H.Ohashi 0.059
6 PREI= Hypochaeris radicata L. 0.055
7 okm| o | Solidago altissima L. 0.052
8 == Glycine soja Siebold & Zucc. 0.047
9 24 1 St 7| Lactuca indica L. 0.040
10 Sps4Ht Trichosanthes kirilowii Maxim. 0.031
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Appendix 32. Important values of Solidago altissima non-dominanted site 4-1, July 2018

Rank Korean name Sicentific name LV
1 == Glycine soja Siebold & Zucc. 0.278
2 & Artemisia princeps var. orientails (Pamp.) 0.164

Hara
3 shatE 2 Humulus japonicus Sieboid & Zucc. 0.146
4 okn| o | Solidago altissima L. 0.078
5 chObO| 2 Oenothera biennis L. 0.067
6 %l Pueraria thunbergiana Bentham 0.058
7 CHO|AtE Commelina communis L. 0.056
8 oA Al Miscanthus sinensis var. purpurascens 0.046
Rendle
9 QA|ZE Boehmeria nivea (L.) Gaudich. 0.025
10 L 2|Hj= Persicaria perfoliata Gross 0.025

Appendix 33. Important values of Solidago altissima non-dominanted site 5-1, July 2018

Rank Korean name Sicentific name LV
1 satE 2 Humulus japonicus Sieboid & Zucc. 0.333
2 %l Pueraria thunbergiana Bentham 0.240
3 eldulfe:E~ Solidago altissima L. 0.090
4 PATINE= Setaria viridis (L.) Beauv. 0.074
5 == Glycine soja Siebold & Zucc. 0.073
6 & Artemisia princeps var. orientails (Pamp.) 0.060
Hara
7 H| 22| Lespedeza cuneata G.Don 0.0259
8 HLa|hjm Persicaria perfoliata Gross 0.0259
9 QAIZ Boehmeria nivea (L.) Gaudich. 0.0259
10 choho| 22 Oenothera biennis L. 0.024
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Appendix 34. Important values of Solidago altissima non-dominanted site 6-1, July 2018

Rank Korean name Sicentific name LV
1 %l Pueraria thunbergiana Bentham 0.157
2 & Artemisia princeps var. orientails (Pamp.) Hara 0.134
3 okn| o | Solidago altissima L. 0.075
4 T K| ZE R} Helianthus tuberosus L. 0.066
5 H| 22| Lespedeza cuneata G.Don 0.044
6 CHO|AtE Commelina communis L 0.044
7 = Coreopsis drummondii L. 0.042
8 == Glycine soja Siebold & Zucc. 0.034
9 So|ALE Bromus unioloides H.B. & K. 0.031
10 shatE 2 Humulus japonicus Sieboid & Zucc. 0.031

Appendix 35. Important values of Solidago altissima non-dominanted site 7-1, July 2018

Rank Korean name Sicentific name LV
1 obk Erigeron canadensis L. 0.204
2 JSLl= Hypochaeris radicata L 0.176
3 Jhax Erigeron annuus (L.) Pers. 0.136
4 ni=tal Ipomoea batatas (L.) Lam. 0.066
5 Ho|et Oxalis corniculata L. 0.050
6 oy Persicaria hydropiper (L.) Spach 0.050
7 A2|H0| Rumex crispus L. 0.043
8 okn| o | Solidago altissima L. 0.027
9 Zuy| Rubus phoenicolasius Maxim. 0.027
10 CHO|AtE Commelina communis L. 0.019
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Appendix 36. Important values of Solidago altissima dominanted site 1, July 2019

Rank  Korean name Sicentific name LV
1 Qkn| o | Solidago altissima L. 0.241
2 AFS| A Clematis apiifolia DC. 0.211
3 %l Pueraria thunbergiana Bentham 0.114
4 HRES Paederia scandens (Lour.) Merr. var. scandens 0.092
5 =T Angelica dahurica Benth 0.075
6 PSS Artemisia lavandulaefolia DC. 0.059
7 of Al Miscanthus sinensis var. purpurascens Rendle 0.046
8 DAL Pteridium aquilinum var. latiusculum (Desv.) Underw.  0.031
9 e Helianthus tuberosus L. 0.017
10 statE 2 Humulus japonicus Sieboid & Zucc. 0.014

Appendix 37. Important values of Solidago altissima dominanted site 2, July 2019

Rank  Korean name Sicentific name LV
1 orn| % Solidago altissima L. 0.245
2 ALQ| Z bt Clematis apiifolia DC. 0.138
3 e Pueraria thunbergiana Bentham 0.109
4 oA Al Miscanthus sinensis var. purpurascens Rendle 0.093
5 ARE Paederia scandens (Lour.) Merr. var. scandens 0.079
6 DA Pteridium aquilinum var. latiusculum (Desv.) Underw.  0.067
7 HH ok | Duchesnea indica (Andr.) Focke 0.047
8 [=PNE= Boehmeria nivea (L.) Gaudich. 0.043
9 JEly Angelica dahurica Benth. 0.035
10 e Artemisia princeps var. orientails (Pamp.) Hara 0.031

137



Appendix 38. Important values of Solidago altissima dominanted site 3, July 2019

Rank  Korean name Sicentific name LV
1 Qkn| o | Solidago altissima L. 0.415
2 1| ot | Hydrocotyle sibthorpioides Lam. 0.132
3 H| 22| Lespedeza cuneata G.Don 0.091
4 of Al Miscanthus sinensis var. purpurascens Rendle 0.077
5 e Artemisia princeps var. orientails (Pamp.) Hara 0.071
6 = Erigeron annuus (L.) Pers. 0.058
7 PSS Artemisia lavandulaefolia DC. 0.038
8 MUIsx Hypochaeris radicata L. 0.032
9 HRE Paederia scandens (Lour.) Merr. var. scandens 0.027
10 V= Agropyron tsukushiense var. transiens (Hack.) Ohwi  0.015

Appendix 39. Important values of Solidago altissima dominanted site 4, July 2019

Rank Korean name Sicentific name LV
1 okO| o | Solidago altissima L. 0.334
2 e Pueraria thunbergiana Bentham 0.145
3 ARs Paederia scandens (Lour.) Merr. var. scandens 0.079
4 Cay Actinidia arguta Planch. 0.049
5 ALS| Z! et Clematis apiifolia DC. 0.038
6 e Artemisia princeps var. orientails (Pamp.) Hara 0.031
7 PSS Artemisia lavandulaefolia DC. 0.025
8 S == Hypochaeris radicata L. 0.023
9 I ato| Hydrocotyle sibthorpioides Lam. 0.022
10 oAl Miscanthus sinensis var. purpurascens Rendle 0.018

138



Appendix 40. Important values of Solidago altissima dominanted site 5, July 2019

Rank  Korean name Sicentific name LV
1 Qkn| o | Solidago altissima L. 0.320
2 e Pueraria thunbergiana Bentham 0.157
3 HARE Paederia scandens (Lour.) Merr. var. scandens 0.150
4 DAZE Boehmeria nivea (L.) Gaudich. 0.075
5 Sttt Trichosanthes kirilowii Maxim. 0.053
6 CHel Actinidia arguta Planch. 0.043
7 of Al Miscanthus sinensis var. purpurascens Rendle 0.039
8 2 Artemisia princeps var. orientails (Pamp.) Hara 0.037
9 HH Lk 7| Duchesnea indica (Andr.) Focke 0.036
10 Clematis apiifolia DC. 0.033

Appendix 41. Important values of Solidago altissima dominanted site 6, July 2019

Rank  Korean name Sicentific name LV
1 orn| & Solidago altissima L. 0.358
2 %l Pueraria thunbergiana Bentham 0.162
3 PSS Artemisia lavandulaefolia DC. 0.106
4 VE=! Amphicarpaea trisperma (Miq.) Baker 0.079
5 A2| 0| Rumex crispus L. 0.055
6 of Al Miscanthus sinensis var. purpurascens Rendle 0.0397
7 ALQ| Z bt Clematis apiifolia DC. 0.0395
8 = Artemisia princeps var. orientails (Pamp.) Hara 0.033
9 OASAE Carex lanceolata Boott 0.027
10 shAtC = Humulus japonicus Sieboid & Zucc. 0.025
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Appendix 42. Important values of Solidago altissima dominanted site 7, July 2019

Rank Korean name Sicentific name LV
1 Qkn| o | Solidago altissima L. 0.326
2 %l Pueraria thunbergiana Bentham 0.181
3 shAtE 2 Humulus japonicus Sieboid & Zucc. 0.104
4 AFS| A Clematis apiifolia DC. 0.100
5 24 1 St 7| Lactuca indica L. 0.058
6 PSS Artemisia lavandulaefolia DC. 0.047
7 A2|HO| Rumex crispus L. 0.044
8 VE=! Amphicarpaea trisperma (Miq.) Baker 0.027
9 of Al Miscanthus sinensis var. purpurascens Rendle 0.025
10 B[PNES Trachelospermum asiaticum Nakai 0.013
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