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Effects of Mowing and Uprooting on the Height and Density of the Invasive Alien Plant Solidago altissima
L.. Gu-Yeon Kim'?* (0000-0003-1071-0383) (‘Department of Science Education, Kyungnam University, Changwon
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Abstract

The spread of invasive alien plants is one of the most important causes of habitat and biodiversity

loss. This research was conducted to secure basic data for the control of the invasive alien plant Solidago
altissima. The following research objects were examined: the control; one-time mowing in June (1M6); two-
time mowing in June and July (2M6M?7); one-time mowing in Jun plus one-time Uprooting in July (2M6U7).
The length growth in October, when the growth of S. altissima was completed, was in the order of control
(199+£19.96 cm), 1M6 (152 +13.41 cm), 2M6U7 (54 £3.17 cm), and 2M6M7 (45 19.96 cm). The 2M6M7
and 2M6U7 treatment was the most effective at inhibiting S. altissima of density, of 50.8% and 26.2%
compared to the control, respectively. In contrast, one-time mowing (1M6) resulted in an increase in density
compared to the control by 119.7%. In addition, this treatment also reduced flowering rate (%) of S. altissima.
The most effective treatment among those tested was 2M6U7.

Key words: mowing, uprooting, density, invasive alien plant, Solidago altissima

M 2

A LA E Fu| G 3 (Solidago altissima)= SO 2]
7t YA = sPHHS BlRSte], 47F 9 FE 23 FA
7PgAREl o FE| Ao MAlShe =3k (Asteraceae) THAAY
Zolth. Zol7t 2m ol ZA At ASLETF E1L, A
sH9] B&27] (thizome)7} 79 L3k A=Zo|th. YALX]
ol Eu] Moo dizd, A 7Pt 2 egjE oA 2
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Al Ho] 27] A9 AufAQl AEZ &#A Utk (Semple
and Cook, 2006). ¥1|HF = Y 22 HEsto £
uetolA WHE Ee WFEoE =945t f-85H &8
Tlo] gkom 11 Bx7} 34 3= 9t (Weber and Schmid,
1993). JuldH = AL (16409)S AF22 T4 (1659
W), dAHEE(17374), 18309 2E 43 Ay Y2 =
=, &=, ARt 59 Sorror =7HA A AlAA = gt
Hol HejAE neste] vsfE F= Aoz HAuFHI gl
th(Li, 1978; Weber and Schmid, 1993; Weber, 1998; Hua
and Shuiliang, 2004; Kil et al., 2004; Szymura and Szymura,
2016). Fu|HGHE ZJ3 Solidago & 717} 231 YL
LE7h wobA AAR AN B¢ W S-S ML, &
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2isjshy wslo] ujg WEel Wsk AeAmeol %
stol HAAS) METRES BAATIE Ao g
QIt}(Jakobs et al., 2004; Scharfy et al., 2009; Jezierska-
Domaradzka and Domaradzki, 2012; Nagy et al., 2020). T
o T 20 3RS Wi Ak 25 F40t )
A Za 5L )73 gk otk (De Groot et al., 2007;
Morofi et al., 2009; Skérka et al., 2010).

Fu)gFHe SElvaolA 19698 Mg BAA Hzx=2
Rl=Egen, o] g AFoA Ex7F FRlE glomn,
=5 g A9e 240 345 B UTHKil and
Kim, 2014; Kim and Kil, 2016; Park et al., 2020). 7|9
% (Solidago)Z 4 AAHLR oF 12050] JloH, £t
ole AAAAPAE IR FH(S. alrissima)@t vl=0]HFH
(S. gigantea subsp. serotina (Aiton) McNeil), A4 & 1]
GH (S. japonica), TH D (S. dahurica), S0 FF (S.
virgaurea subsp. gigantea) % 57\ 50| E3E3I}(Jang
et al., 2012). ¥ G 3= FHA = P2 EQ F2HS W
Ao Wt T ZAIE oAl Aer B
A5 Itk (Lee et al., 2015; Kim et al., 2019; Gwak et al.,
2021; Rim et al., 2022). ©]&3t o|-§2 Jn|gF= AHH
9] 20099 AR ToRIEER R7Gsto] st Ut
do|= EFataL vt 7]1F HstE HIRE &

73 ®izlo] ofsf Fn|gF 9| Hx= N&Hor SE
2 &5 3 Qith(Park er al., 2020).

Ju|gHE EZFS Solidago &0 T ATE= AES
SAZA kAT 2£E3-2] AFS AR (Crutsinger ef al.,
2008), 3}8+A Hlo] (Bode and Kessler, 2012; Heath et al.,
2014), B3t 2] ohFA (Szymura and Szymura,
2013) & thFSHAl AtE o] gk SollAl gl HF ol o
3t A= B3R (Jang et al., 2012), AAFE o2 a3H(Rim et
al., 2022), FA| 3£ H3} of| = (Park et al., 2020) 12|11 F
v 93 B3E (Lee ef al., 2015; Lim et al., 2017; Kim et al.,
2019; Gwak et al., 2021)°] A|gtE]o] QlojA] A H f A

& AU E SrFgFHY E2E AlRtske AA T
% H A7} vl ER A4 ol

e EFAEY ofF, R, SAEF T F
-rOP“q AETddol =1L, ASM Y dEAl, 29 oF
BEZ ANEHAZA Y 77 & o g FrhEL Q)
T} (van Sluis and Lijklema, 1984; Kim et al., 2005; Kim,
2020). et B2 YERsrT Aefol ulelAe) U3t
Ex7} & (Lim er al., 2017; Ryu et al., 2017; Park et al.,
2020517 o5, HERT AehEY TekEE T A
7} ) @ato] 2o Aoz YR (Gwak er al., 2021) T A
=} 2T 4B Ao BeE, AgATRes g
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1. AL AX]|

2 AT ARG d5A 34‘3%
T Aol «1AE 571 AYeTH e
Ao 249 F
A, s -
5= AHF %Olt}(Flg 1). EH*M‘E
O] AR ZA ¢t pRR], HAA] 9 A SAAH (O,
234 5) 5 T FAHZ Aotk (Lim et al., 2017;
Gwak et al., 2021). FARFHA] B, ZHAE, AV, Absht
o 93] om, xHOo R A 128°55'58"~129°0'38",
£ 35°6'40"~35°1520"°]] dfFetct. A A TE Tt
W 2AS 9g FugH AAAE-L HAYER T HolA X
Y= Atk (Fig. 1). A3 L2 A A 15 gl ¢
A5, FAE HIE3H] 0.37 km® Wolo| FAZGA|, ok
zh_]. :T:?_XL E_o] z/di] ;(].OQAgEH x]/\-T'—7]—o]1:]-

°=HL Zl‘*‘«l 7l$—”— 47411401 ?‘a

a3l 2

ARE 20209714 30%_
1,395 mmtHAMO, 2021) 5} A71¢1 %TE{ 10%77%]
o dd Bat7| e A s St 23 20219 ¥
#7122 309 BAgEH %’v—ﬂli 1.85°C7} =34, 7Té
o 899 FH2 400 mm °)FE 7153t SHARNEH
TS R (Fig. 2).

sietet W= A - YA 353
o2 Aol vl FiHog A4 Fo] |
(Lim et al., 2017), 4 580] = o
ol AETd2 Y5 2R dEA<l
o2 N AARY K § e e dd AT A
=2 9 e WS
et al., 2021). A A EA| T
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Fig. 1. Map of the study area. The square box filled with black is the experimental site.
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Fig. 2. Monthly precipitation and temperature during the study period
in Gimhae airport.

2. 40|93 22 W AEXH HALH

gu 9 EERAR= 20219 3ERH 119714 7oAt
A 571 e Anteh 3~53]0f AR A AFRAE S35
ok @FRALE 5] 10m® o4k ZEhe ti oz Y
A2 (GPS Vista, Garmin)E ©]-&3to] 9125 7| 5384t

RRARLRF ol H ) AAZY et addL2 of

AEEA W FugF FeollA iz (Control), A/
13](6%) A= (1M6), A3 23] (683} 74) |2 (2M6M7),
AFE Az (69) 2 FUAH7] (79) 2M6UT)Z 251
5x5me WPFFE 47 Ao, ol5& 42 1 x1m
2YPTE A AlRste] BHET R AAstG A=A Al
A B3 e} 7Y I m HAE S 1) o=
(mowing): 92715 o]&sto] X EH] IAAS 3t &2
< AEAE oA AASAY, 2) FEAE7] (uprooting):
AEA| 9 AFRe} XSRS ZT A EA AAE A
7] o g FEste] APt AL Fm 9 H
22 AALF AN FHEE S2PAES A5 71554
ot e ARE Aol W 20219 345 H 10
A7HA] AR ATk 24249 A2ZolA 0.5x0.5m BFTE
oj-gsto] FAE AES FetAh AT A=Y A4
e AdAR SRt & SXF ol 83l A9 LolE &
g8, W3t 575 wEsklh

I F ) Aol AEAY o2 BBl ot
2 A% v SAEAL SPSS Z213WE 88319 one-
way ANOVAS} Scheffe’s test2 -F24& AFsIgon, &
AR Fo4FEL p<0.058 7|1E2 2 31
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Zat ¥ o

G575 el Bxstes A e A4
E ¥u9F 9] £33 Fig. 30 YT A4 A 2
e dolA FudH desddgo] e Hyo s Ex
stal Qe Ao R ERIEYH(Fig. 3). AA| A4 A9 W &
n]gF 2] 9] A4 & 109712 Uebgth gLy
2] e AU 3370, 30.3%), HAYEHSH (31
7, 28.4%), M AYE]ZH (2270, 20.2%), LS =AY - e 3
A(1570, 13.8%), SEENFTL B, 7.3%) <22 Vepgct
(Fig. 3). ¥ H= SE=3M - AHT3E2 =28 5A9
A w2 Bt TEEYL, YA AHgdS YRR
oF QJIFAEE FollA AT FadatrolZAlE &4
Ay BaAe] 29 202149 Y578 Aead W &
g3 BEPHL Z 741,355 m’ 02, AMIEE Y 193,555
m’, HABEEY 185,967 m%, WEAE T 182,872 m%, S
SEAN - AEHEY 152,983 m” , IFYAYHEZY 25978 m? &=
o7 Hx)eot BEHA I7)e2 AR Yedsht
e e 231 9 ASA o, Aol 9 el 5

|

Fig. 3. Distribution of Solidago altissima.
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Rl o

ko] E-5o] RN X Qo g gudHE ZIet A
T x| Mol w5 ACE wuEY, £
o FE WAs7] A A W A= A
A=l gt BUEF 9 #ejr e H
A e Ful g3 FEhollA AEA] AAAH] o] F
o %1 WgatollA 20219 3EFE 1097H4] 3ot T
wahe T2 F 127 31ERTo] ERIESH ASRES &
TEFT(22.6%)°] TEE oW, FALHE A5 TFA
HRZE (Ambrosia trifida)T B2 (Humulus japonicus)
o] 33}t (Table 1). Y= (Conyza canadensis), 3413
= (H. japonicus) 5~ O] Z-2 A2 9] EA4o] vigH
Aoz Bt AAAEdNA Hit(Poaceae, 102772
=313t (Asteraceae, 827h)7F 270 Iofl &3 BFtol
At ol AAE AL, THE = 242 1~ 2B R 24l
=Stk AEA AARE WE AEF thFdS FESHA
et

AT Fu g3 FEollA AEA AAZL] Al
EA] 2 2o AEA Aol AdA EAo]
Hik drg3 Zol A2 39LRE AR EAEY
WS WAst] AlEo] S Ao, sYY B4 o]
42cmO A AEA7] 2909 6¥T BHF4o] 108 cmE 7MY
7 o] HEAEITH(Fig. 4). 89T Htdo] 186
cm, 10832 F#Z0] 199 cmZ Zo]|4A2 nl2 =) 6
AT 13] A AA Gz, 1IM6) A5 & FrgFH= Al
A g E 79 FFZo] 107cm, 1082 FFZo] 152
emZ A5t 693 749 23]of] AA Az (2M6MT7)E
AEA| AA7} o] Roj7l FehollA |3 Lol 8Y
2 27cm, 10¥% 45cm=E AR5 69 o2 74 Ha
AE712 F 23] A=A AA2M6UT)7}H o]Fo % Fehof A
|3 ol g2 89T 41 cm, 1092 54 cmE A5}
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|
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Fig. 4. Change of shoot height of Solidago altissima at each plots.
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Table 1. List of plant species investigated in the Solidago altissima community of the Nakdong River Dae-jeo eco-park.

Family Scientific name

Korean name Note

Asteraceae Erigeron annuus
Ambrosia trifida

Conyza canadensis

=

o L
B off o

=
)

AR & *

Bidens tripartita 7t
Youngia japonica subsp. elstonii wajao]
Artemisia indica R
Solidago altissima ¥ 93 *
Lactuca indica G sw 7]
Commelinacea Commelina communis goGE
Polygonaceae Persicaria perfoliata w=2ulE
Rumex crispus 22| Aol *
Chenopodiaceae Chenopodium album gop
Chenopodium ficifolium EotE *
Asclepiadaceae Metaplexis japonica w7k
Poaceae Phragmites australis pdys
Phalaris arundinacea zE
Setaria viridis 7oA &
Echinochloa crus-galli =7
Alopecurus aequalis EAE
Miscanthus sacchariflorus =94
Digitaria ciliaris ui=g o]
Calamagrostis epigeios AzE
Miscanthus sinensis A
Bromus japonicus A
Amaranthace Achyranthes bidentata var. japonica HEE
Cannabaceae Humulus japonicus gz
Equisetaceae Equisetum arvense A7)
Brassicaceae Capsella bursa-pastoris Yol
Brassica napus A
Rosaceae Duchesnea indica Lk
Scrophulariaceae Veronica arvensis ANELE *

*: naturalized plant

At (Fig. 4).

¥ Aol A drd 10¥929] 2ot APF
oA HE Hat ZoldFL HET(199+19.96 cm), IM6
(1524 13.41 cm), 2M6U7 (54 +3.17 cm), 2M6M7 (45 +
19.96 cm) 2.2 Uehgton fz2e 1M6, 2M6M7,
2M6U7 1502 JTLEE T (Table 2, Fig. 5(a)). A8 A3t
o2 BAACE A ztols FAFE 5% oY
2 zpol7t e AeE BPHYE FuFH AEA ] 13]
AART 23] AANA, 23] AAT AEAE 2/ AR
712t} oz wgo] Aol RS tf AntEoR A e A
o= eyl

opu|jaizete] HBA AA B HIRHZ (n) B

Az M6 AFT T3AR 7 E3on, gz 6174
A, 2M6M7 A 3170A], 2M6U7 AFTL 1670F] &2
Ve tH(Table 2, Fig. 5(b)). A& A|Ao| w2 W= &y}
= FFE 5% A F-2sHA LR 21, Scheffe’s testo]]
of)gt vl A} 27t 13] AEA] AA (IM6), 23] A=
A AA 2M6oM7, 2M6U7) 1FC2 FEE I A=A A
AZL7t dzof FakE 7o, A=A AAYH = a2t
= FY8HA Tk

GG AEA AA e Bt H3HE (flower-
ing rate, %)< R 97+5.77 (%), IM6 AL 77+£5.77
(%), 2M6M7 A& 30+10.00 (%), 2M6U7 AEEL 0+
0.00 (%) %28 eIt (Table 2, Fig. 6). A1EA4] AA



Table 2. The effect of treatments on the growth characteristics of Solidago altissima (mean=s.e., n=23). Treatment differences were tested
with one-way ANOVA and significance levels are shown. Homogeneous groups were separated using the Scheffe’s test, and different letters
indicate significant differences (p <0.05) (1IM6: Mowed once in June, 2M6M7: Mowed twice in June and July, 2M6U7: Mowed once in

June and Uprooted once in July).

Treatments Stastics
Parameters
Control IM6 2M6M7 2M6U7 p
Shoot height (cm) 199+19.96a 152+ 13.41a 45+19.96b 54+3.17¢c <0.001
Shoot density (m_z) 61 £6.56a 73+£8.19a 31£8.54b 16+£1.53b <0.001
Flowering rate (%) 97+5.77a 77£5.77b 30£10.00c 0+0.00d <0.001
M: Mowing, U: Uprooting
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E T Fig. 6. The flowering rate (%) of Solidago altissima at each plots
a
3
-’ (October 2021).
FICE
“
o
[(a] - - -
3 b (2022)& 23] A 2RE AE9| B ZaaI}t Yehge
F 0 o, 339 gzt o anE AoR FHE 2 A 2
3 b e} FASEATE 18U 8 T 9 A7l 13]9 o x
“a 2% gudH BEE AR DI} i Ao By
0 ; . T} (Stoll et al., 1998; Meyer and Schmid, 1999). 1] ¥
Control 1M6 2M6M7  2MeU7

Fig. 5. The shoot height (October 2021) and density (August 2021)
of Solidago altissima at each plots.

w2 e Bt FoFE 5%0NA FHA UEhg e,
Scheffe’s testo]l &t Hlw A3} izt APAadd 2
F AR OE AR A=

2 dFolA 69T 13 AAFE AA(CR)= = $7t
7b T o AF9] S dAshs b artH )R] 2 A
o8 BAEglon, dRA 59 A= F % (Fujii et al.,
2005) A+ Aol dA)stat. 6 gL 7LDl AAHA F
23] AAL E2E A3t ¢ & olich Rim et al.

£ S. canadensis, S. gigantea®|A= AAAF 18] A|AE 4]
9 A4S JAIst= ol anHolx] ¢ Aoz EAH
T} (Szépligeti et al., 2015; Rajdus et al., 2020; Dorota et
al., 2021). FEZET] FuleFel T SHeE 2

(Phragmites australis)} =M (Miscanthus sacchariflorus)
T J 719 dz AUE AEAY 2xE ST B
313} tH(Bjorndahl, 1985; Kim et al., 2004). 14 oJE2]
Z (P, australis) A/3FAA= AEA Q=7 Faste A
© 2 ®Wusla §lrh(Shay er al., 1987). 0|83t A= A&
Ao BE A 95t A|A &I A A 352} vl s, 4]
A9 £Z AlRRE 913 a3l e AdE g
of o7}l Waw Aow wekE



LOIHF HMAHLHol|

HAAH A= Solidago & A= X ARFS A
Az, FAAE7], 4 JAL 22 E4 UA
Al AHE-9] 3t B, 25 B AT o83 W
5 theFsltl (Weber and Jakobs, 2005; Guo et al., 2009;
Domaradzki and Badowski, 2012; Tang et al., 2013; Shibel
and Heard, 2016; Nagy et al., 2022). A|ZA| A8 53 A
FoAle aFo|A g & g A A5 728 5 3
o] Agt=]ojof giet. 71 kst W F skl S A
Ao A A GEEE A A A= (2M6MT)9} A|stRE
A AASH= FAE7 2MeMT)oll A FrlHFof d=ot
NS JAISHe ol a2 o] ATt Fujii er al. (2005)9] 2
ol oJstH, Fu|gF AEToA A2E 23] o4 AT
Fojof AlEe JAIske dl antaolar, BE|fE 7]+ 1
3ute 2 AlF59] Zojot g Algtste] £ A et &
AbstTh E3E BEAE 7] W ol APAI7|7F AR A&
FIFE T A= BHHJ oA AFolA Solidago &
< AsHo] B&E7] (thizome) AA7 I A&9 RES
AASl= o 2t o 2 aE itk (Hartnett and Bazzaz,
1983, 1985; Schmid and Bazzaz, 1987, 1991; Meyer and
Schmid, 1999; Dorota et al., 2021). W2tA]|, Solidago 452
Ashe] GOPIAITS BT AN oAk ALl
Bo) BRBAS AAH o EYH9 0= AzH

AEA AASTe WS 2T YA nTE SrgH
9] FAAA TAFEE AAIS= ALt e 2 A+
o] Y nhre] gA oA 1092 7HS} 5= wEst AT,
11 24 (fruition)2 FAM] &) FejARTAE AAAG LS
E APA o] BT o= Z¢fo] o] RojA T 4= JIjich
AAONA oAzt BRE7] Aol AAZGef Fst
Al 3pA 9] o] & =27] Zra7) EE I o E dFoA T
Solidago 5] A=A AAL Aske} 844 do] gzt o
Z=] itk (Dorota et al., 2021). 34 9] Zo] ZHAh= EX| 4
PAZ oujshe, ATHo B FA gal AT olat
AlE9 £ & JAE 5= IS A= wetHh

Y22 O 2 Nagy er al. (2020)9] A= vj=n|H3 2
of| Al A717k(8~209) Bt 6€ell 13] A EA AFF Az2=
Fo SHEET AAX Y AEHFE ST BEEAS E
2t Solidago % 1@ o] He= F ol 342 <
Fe ), 199 PR = dfxetEet D=7t o) F7hst
€ A2 BEEAT(Nagy et al., 2022). o213 3= 3
A E el 717 AlAT Rt 7132 B
FA7F o Fagt Ao g w28y Y57te AH
8 SAFNA AEA AAZE A7 HEEEHAS B AE
A 2= W H3E 94542 A glole 4E3 Wele
A7 e} 2B e gm QA AFRAAE 3

o
N
P

2 Mol N3 3} 227

22 A7t il AP GE o), AEA ) PYuez wop
d70 wish 22| RS BEwst 5 A nAE o
of

AT FUNRW P20 68 M 18] AA (o

Lol Aske 22 wMt YA, AARE} o
o gaprc UEst 7SI ek ABAE 2
719} 13] AAE F BelE P RS RS
Y EahAolx] g Ao WekHrt 28 25 B A8
o XA AAS 13] dlzeh W 13] MBS F
N2A AAL 429 Do, UE, Aok BF fr7R
o gaste] AE0) BES AR o AR Ao
e E 23] &R AR AAT ARt 13 o
29} 3170 18] MAA B o)A Lo} AHSHEE TA) Awtst
£ A0 Uhepgeh Rl AY AL odAIS] AsIA o
22 F% ARG AASKE Wit BeHEsE B9
A3k AAuEo] W AT olok B Aste] wnAQ
Ao Bereth mebd b ARA AAPEE 2M6U7
2 18] olzo} 30 13] ReRB7] Weln & A7 Az
£ AMAREAE gridATee Huael Belg A%
N24nz 249 4 e Aoz wawt,

¥ 2

ADLHPA =9 ik AR FHE D AETFY A
o] 71 F a3t U9l F shtoln, & dAqts AHARTAE
Fu|gFH e HAE A 7| 2ARE FHS| Al
Atk 3] o] whitelE 109 Zol g2 d=+
(199+19.96 cm), 1IM6 (152+13.41 cm), 2M6U7 (54 +3.17
cm), 2M6M7 (45+19.96 cm) <02, o3 AEX9] 1
3] AART 23] AANA, 23] AA= dz/RREE
o} oz 23] AAA 7} Aol S o ARH O R AA|5h=
Ao2 Yeydth(p<0.001). A=A AA o @¢HZ
Z(m’) FFUEE IM6 AFF T3AAZ 2T 6174H=
o 52 Uyt JEFEReH, 6M7AFET 31704, 2M6U7
AP 16704 o= Yetgth 284 AA o2 B+
MEEL YRTF 97+£5.77 (%), IM6 AET 77+5.77 (%),
2M6M7 AE T 30+ 10.00 (%), 2M6U7 AE T 0+0.00 (%)
w22 UETH(p<0.001). AEA AA W& A2
AR AA 13 Ee} 23)7F anpAo]ar, 2304 oo} #
YAE71E SO AAE o] A aTT}t 22 ASE
Uesith ek 7P 2l gejgd B JAMNHES
2M6U70] 1t}



228 z

RXPYE A7 (Adiishn etag st 2ud Adet
BTN AE)
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