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Mini-Review Weed & Turfgrass Science

Weed & Turfgrass Science was renamed from both formerly Korean Journal of Weed Science from Volume 32 (3), 2012, and formerly
Korean Journal of Turfgrass Science from Volume 25 (1), 2011 and Asian Journal of Turfgrass Science from Volume 26 (2), 2012 which
were launched by The Korean Society of Weed Science and The Turfgrass Society of Korea founded in 1981 and 1987, respectively.
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ABSTRACT. Many irrigated and drainage canals, reservoirs, lakes, and rivers are choked by the explosive growth of aquatic
weeds, resulting in enormous direct loss in Korea. Distribution of aquatic weeds and exotic invasive plant species in irrigation
and drainage waterways, and riparian wetlands was reviewed to provide basic information for management of aquatic weeds
and invasive plant species in wetlands. Dominant emergent weeds in canals, reservoirs and lakes were Phragmites communis,
Leersia japonica, Zizania latifolia, Conyza canadensis, C. annuus, Rumex crispus, Panicum dichotomiflorum, Bidens frondosa,
and Oenothera odorata. Dominant emergent weeds in wetlands of rivers include Digitaria sanguinalis, P. communis, R. crispus,
Artemisia princeps, Humulus japonicus, Echinochloa crusgalli, B. frondosa, and Persicaria thunbergii. In irrigation and drainage
canals and lakes, dominant submersed weeds were Hydrilla verticillata, Najas minor, Potamogeton malaianus, P. crispus,
Ceratophyllum demersum, Myriophyllum verticillatum, Salvinia natans, and Trapa natans. Dominant exotic weeds in wetlands
include Trifolium repens, O. odorata, C. annuus, B. frondosa, Avena fatua, Ambrosia artemisiifolia, X. strumarium, and P,
dichotomiflorum. Approaches to aquatic weed control were mechanical, chemical and biological control techniques. Periodic
monitoring of aquatic weeds and exotic weeds, and their integrated management studies are needed in waterways and riparian
wetlands in Korea.
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BAA olfr= 19417] ol Fal&ato] WA STE A%k
o2 Z(Florida, Alabama, Mississippi, Louisiana, Texas)ol|A]
HHgstr] Algteto] =25 F&5HA ARskA ol wet
2714 AR =itk (Rockwell, 2003).

ul= o] Jop-gE=1-> Florida®l Louisianaof| Al H-%
21} Alternanthera philoxeroideso]] 2|3t o} 52} o5& 3]
= 180l 20,0004 P2 34319 cH(Lynch et al., 1950).
ul AR 177 Zol A 1957d0] 110,000 n}elo] 22
off Sk} THAEI Lo} o] S 420] 60,000 Thlof gt
Ta] 5 2t} (Gangstad, 1982).

bl= dE ol Al A. philoxeroides7} +<5] Ao wh
2} 1959 o] AubgR 2 g2o] S| ¢l .o v (Gunkel
and Barko, 1998), ZHtjj¥l L2 A EL= 19631 0f 1872 &
o Hlgo A7t 140008 Do) oSS Wi Aoz 24
31 tH(Gangstad, 1982). 108 2-0f LouisianaTFo| A= A 9
4,000 Z gef7 852 Aol ARSE] AR Wunderlich,
1968), Bt F=ol| A AL v, o) 9 o E, Jelf, A
Eofol|l A FEl &Rt o%t 19 &4 35,0000 EelE
A3} tHUSAID, 1971). Floridao] Al €17k 6,000 &&]7}F
AR YA FH o2 AREE = HA A= 82,000
A gejolglar, A o= AmEE S 30,4677 &
&, EX|o] 85 571 49498 28, FF 1,794 H, o
F 9 op¥sE 3953 g, el 513 29 o]=o] 9l

Tkl 24 5FAcH(Huser, 1968).
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5k B0l uhrfar ofe] AR vlo]9u) sl B
Foheta7} AAtE] o] T 7)o uijEdh= 2
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AR o] et 7S e 2 2hgstn, =g ofo]ld
WA E9 u|d 7FRE 24 & 4 th(Lancer and
Krake, 2002). A2z 3], WA, 429 S0 FE2 A

ok, $4& 2IA7]0, 1% dhat HARAE ol
7171% Stk (Lancer and Krake, 2002).

Wt RS Q13 Y =8 S7h 48 A 9
F= vAE YA AR 7 T 2] AlSH
¢l F7F Al Folgab 2R G F7tE Qs
AYAEY] B A JaF2 2o 2A FEaL glor,
o AYAEL] AAA 9l A A FAgA JaFo] F
al

Q1 tH(Schmidt and Kannenberg, 1998).

g4 =2 A Aol met Ha=(WEK) 48 4] (emergent
aquatic plant), F4>(PkK) =AY 4] E(submersed aquatic
plant), - (73E) 4~*Y 4] = (floating-leaved aquatic plant)¥}
Ff (7)) 52 A= (free-floating plant)®2 73 4= Qlth
(Sculthorpe, 1967).
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B e e e e i o L i
O] A ER BERElE £ £ (genus)S Typha, Polygonum,
Phragmites, Alternanthra, Scirpus, Ipomea, Tamarix, Cephalanthus,
Populus, Juncus, Cyperus, Monocharia ‘50| 3E3¥c} 8 A
FAES 2, UEAE, oVFE, & 23080l =54,
BIAL AL, s, viuE], avk, A3, T d3te] a2k

HoXANER Berl= 29 Fichornia, Pistia, Lemna,
Salvinia, Nymphea, Brasenia 5-°|t}. FHAEL 4] 0.25-
35mol A FESHL Qo] Slo] mi A|Eo|n, v}, of
A, 7l 42, AeE Fol EETh BHAES 4
A ASHE7E 718 o] dzkEof QA o q
A7F el © vy AR E SRR Aol7H,
e, SR S, B4 Beuid RaAE



»
)
.
H
lo
i
%
i&
i
i
w

(A, &, v R)E AEE 5 o

A Ee SHETl 52 B4 24 10-1mAx) &
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@ol A ok, A4, WAlstR, Welet Gopu A |The S
obeflo] i Eore] Wolalth. ASABE BREL 42
Potamogeton, Elodea, Myriophyllum, Ceratophyllum, Utricularia,

Ranunculus, Heteranthera, Zanichellia 5©] S)THLancer and
Krake, 2002). Al EL2 Alo] Lo A E(XE
LA, LR, Al Ado] 28 SAEC

=
141
’\*ﬂul A o‘?zf, ok, 2, W, e, S

I F2FHo| Fx BX

SelA BEshs FAAMES F 162F0] FAEHL
Eﬂ, A B 455%2 71 wol %io}ML, FARSAR-]

O 25.0%, F-PAELS 19.2%, BGAEL 10.3%S 214|543
T:}(le, 2010). AAE Folle 2, v L}FA, UEAE, &
o] Wol B3I, FeAEe FAEe] 7MY S5t &
Zekal, T, %OM%, 0]&%#*11\31 EoR Z8H 2
stleH, B4 ES vhE, 7HN, 7=k SOl w2k
i, A Z7H¥Lﬂt’*ﬂr telRre] &t sk

TH(Lim, 2010).
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AP FROlAE 0k, ), $2501, wlo], AejAol,
smbe] Fetol A whel st £ Hsa

Sl S SRR AL,
EgFsto] 5ol ol g5l
st AR FENEL 2
N7 HE 77%, LFEAE 65%, Tuke] 62%0]1L, H4=A]Eo]
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Al el JAwho] zk7)k 38% EdsIRoH, BgAES =
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Table 1. Distribution of major emergent and submersed aquatic weeds in Korea (Pyon and Shim, 1982).

Emergent species Frequency (%) Submersed species Frequency (%)
Digitaria sanguinalis 30.3 Ceratophyllum demersum 37.9
Leersia japonica 13.8 Myriphyllum verticillatum 31.8
Phragmites communis 14.0 Najas graminea 18.0
Polygonum hydropiper 94 Nuphar japonicum 6.0
Zizania latifolia 21.7 Potamogeton crispus 314

Potamogeton cristatus 9.4
Potamogeton oxyphyllus 19.0
Trapa natans 38
Vallisneria asiatica 31.1




Table 2. Frequency of emergent aquatic weeds in Nakdong River (Kim et al., 1990a).

Weed species Frequency (%) Weed species Frequency (%)
Artemisia princeps 58 Imperata cylindrica 21
Bidens frondosa 47 Persicaria perfoliata 26
Chenopodium album 24 Persicaria thunbergii 45
Conyza canadensis 24 Phragmites communis 61
Cyperus amuricus 42 Polygonum hydropiper 37
Digitaria sanguinalis 61 Rorippar islandica 26
Echinochloa crusgalli 53 Rumex crispus 61
Equisetum arvense 24 Setaria viridis 45
Humulus japonicus 58 Xanthium strumarium 40

£ 58%, =1 53%, B|=Z7PAR] 47%, 110tE] 45%2] WY
HIEE Holx ©o-zt%zo]tH(Table 2). FZ ke $HAF
B, o, ke, APELE, AR -Aobx]E-ukgo], Al
e R s ¢ %l sEE EhelAE vl
ol f|7} S8kl on, o H FEolA= vk, F9, Zd,

Bl e v P o Kol U A e v R e A
e MR, &, AHEE el M 2lm7), ZokxE
27t Ak oA AotAl &Y o] ol M= &
WA, &, =anke], SgE, off, 2=7], Fo] 93
Pl A wteholl M= S7oMAE, e, viol, A,
uhe], obAE, ul 5o wWol AT

ol

K

=L ZojlAM st E
=W T8 FollA & 5 31% Arz2E AEE Y
& A= URAE, o Hirk, Boluks
ojg] AL, Aol7tel, 2=, AetE FolH( Chung and
Choi, 1985), S=7t sltoA= AAW, W=, YA, o]
AHE=A0], ¥JA}F S-0]th(Chung and Choi, 1983; Table 3).
EIALIS Hl—/kﬂb‘]— Az AR UAAY g7y,
$olu}E, Aolkel, LA, o, B070), o484
] 5-°]™(Chung and Choi, 1981; Table 3), HAF7}of A
AR, AT, iz, O, oluks, Aol 7t

AR, B0l ATE, o, AekE, 8t 5ol
WSS THKim et al., 1999; Table 3).

Table 3. Distribution of dominant submersed weeds in the wetlands of rivers, Korea.

Submersed aquatic weeds

Nakdong River water course” Nakdong River estuary* Hangang River”

Youngsan River”

Alisma cnnaliculatum
Ceratophyllum demersum
Euryale ferox

Hydrilla verticillata
Hydrocharis dubia 0
Myriophyllum spicatum
Najas graminea
Nymphoides indica
Ottelia alismoides
Potamogeton crispus
Potamogeton malaianus
Potamogeton oxyphyllus

Potamogeton trifolia var. edulis

S O O O

Salvinia natans

Vallisneria asiatica

0 0
0 0
0
0 0 0
0
0 0
0 0
0
0 0
0 0 0
0 0
0
0
0
0

¥ Chung and Choi, 1985, Chung and Choi, 1983, Chung and Choi, 1981, * Thm et al., 1994
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Table 4. Dominant exotic aquatic weeds in southern regions of

Korea.

Exotic aquatic weeds

Kyungnam Kyungbu
Province’ Province’

K Jeonnam &
Jeonbuk
Provinces”

Amaranthus lividus 0
Amaranthus retroflexus
Amaranthus viridis

Ambrosia artemisiifolia

Avena fatua

S O O O o o

Bidens frondosa
Chenododium ficifolium

Conyza annuus

S O O O O o o
o

Conyza canadensis
Euphorbia maculata
Helianthus annuus 0

Lepidium virginicum

Oenothera odorata 0

Panicum dichotomiflorum

Rumex crispus

Solanum nigrum 0 0
Solidago serotina

Trifolium repens 0 0
Veronica persica

Xanthium strumarium 0 0

o

S O O O

o O O O

2, wiAe], HAE, mavpEe]al, sejAol, Zhikg, vl
717 HelE, I, SHEdol, AvlE, dulselH,
FYots A, vlmr et IAEES Ad A5,
SHAIE Aol AYSHITHKIm et al, 1990b; Kil et al,
1989; Table 4).

H5x], S, o] AT QRS Avn u|
SNV, mSTtAE, B1E, 2Ejo), Wk, gt

£ AJejoll A WYE AT, o], mwule, HAIE, &
\:ﬂo]—Z_‘: x{f,:z] shd 2 A]-71—H:]oﬂk1 HHHQO% 01:1:1 =
A9, dE2 1], g ZolAju| s Y7k 2 oful vkl
SFATH(L, 2008; Kim et al., 1990a; Kim et al., 1999; Table 5).

olFe| F2 FUNE BE
e ol ol QAT Aol sl S2sil
Wb oIRE, 2UVE, B, 20, HOPER, 93

=
5 B33t (Lancar and Crake, 2002). 54
Bx]o} o] WAL EIE F 27104 At
A= 29718, Aol7kef &, Higeh=A7], ¥
BHE 5 AR 4 otk FREERE Aol
e, 7R SR vsuE s, B S
o] Qlth. & FAlolA Ak AR 27 WS U
A VAP Ak Zo] )tk (Lancar and Crake, 2002).

nl=o A AR Ao Teja Ao R FAEL Q=
FAF2E A2 2 Egeria densa, F-H 3, Salvinia

2= p=4
molesta, 7AW, Ludwegia peploides, ©]|AtE<Aln],

Table 5. Dominant exotic aquatic weeds in canals, lakes and
rivers in Korea.

Exotic aquatic weeds Canalsand Nakdong Youngsan

lakes ™ River’  River’
Ambrosia artemisiifolia 0 0
Bidens frondosa 0 0 0
Chenopodium ficifolium 0 0
Conyza annuus 0 0
Conyza canadensis 0 0
Galinsoga ciliata 0
Oenothera odorata 0 0
Panicum dichotomiflorum
Paspalum distichum
Paspalum distichum var.
indutum 0
Rumex crispus 0
Trifolium repens 0
Xanthium strumarium 0

¥Kim, et al., 1990b, * Kil et al., 1989

*Ji, 2008, Y Kim et al., 1990a,”Kim et al., 1999



Table 6. Currently registered herbicides used in aquatic sites in the US (Parochetti et al., 2008).

Herbicide Max rate Action Concerns on submersed uses
Carfentrazone-ethyl 0.8 pt/A Contact Emergent and floating plants
Diquat 0.37 ppm Contact Hydrilla and Eurasian watermilfoil
Endothal 5.0 ppm Contact Hydrilla and Eurasian watermilfoil
2,4-D amine (G) 2.0 ppm Systemic Eurasian watermilfoil and water hyacinth
Triclopyr amine 2.5 ppm Systemic Eurasian watermilfoil
Fluridone 0.15 ppm Systemic Submersed weed control
Glyphosate 6.0 pt/A Systemic Emergent and floating plants
Imazapyr 3-4pt/A Systemic Emergent and floating plants
Penoxsulam 0.15 ppm Systemic Hydrilla and Eurasian watermilfoil
Imazamox US EPA Experimental Use Permit
Quinclorac US EPA Experimental Use Permit

Bispyribac-sodium

Flumioxazin

US EPA Experimental Use Permit
US EPA Experimental Use Permit

Myriophyllum aquaticum, Potamogeton spp (P. nodosus, P
pectinatus, '&&, P. gramineus)©|tH(Lancar and Crake, 2002).

o U 2EH SR E Lythrum salicaria, Typha spp,
Arundo donax, Melaleuca quinquenervia, Spartina alternifolia,
Tamarix spp, 5+ Cladophora spp, Rhizoclonium spp,
Spirogyra spp, Caulerpa taxifolia 5-©]t}(Anderson, 2003).

U= 57/ (USDA, 1977)] 2J5hH =2ofA o] =8 44
2 WY FHEAL FElSRRS 405000 ha=A] 71 A8t
), TS0 2 o]AFE=Af|u]= 202,000 hao| 11, Alternanthera
philoxeroides, Egeria densa, 773, Pistia stratioles= 2~TH2] 0|
st

SHOFAoF 8750l A gho] Ay e AL el

%}, Pistia stratioles, 7474Y, Nelumbo nucifera, Scirpus grossus,

Us 2=
Panicum repens, Typha angustifolia, =27]8], Salvinia molesta,
Salvinia cucullata 5-©]tH(Soerjani et al., 1974).

Qo HAsH AR of 1605011, o] £ 713
AR AR = FaES3, Ipomoea aquatica, Typha
angustata, 5-o0}5, Salvinia molesta, Nelumbo nucifera,
Alternanthera philoxeroides, 7 *3'Y, Vallisneria spiralis, Chara
spp-» Nitelia spp., Potamogeton spp. 5-°]tH(Sushilkumar, 2011).
oliZjzlol| A 71 Azt iRt B[ Pistia stratiotes
T} ol g]7 YAEA Q1 Saivinia molesta®|THFAO, 2003).
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e WY ARA B ShoAE RERE G
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sh7] Slstel Aol @ Al Aste] 227k 4wl A
= AL vt }—,—E}(Lancer and Krake, 2002). 71 O]Q of| A

v WA B S WAl AR
S S Aol wBAA FES WAT > gk 2
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T oto] 2T "ol =2AA /Y St S
w1} Tt (Schmidt and Kannenberg, 1998).
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HEol AR 2o g W sto] AR AL &2
7] AARE GA gt ey S At Zol
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35HA WHA): A A sHA ARS-ETHE A 2Al= EaL7]9F of
AR E el e FA| gl S WAIS 4= Qi o
7 AzAlE AR er pAEE WA 4 Qlvh =3t
T ZE A2AE G5 A Fol APskal o X Yo A
2| 51A] Qb= Ao v AT uff g4l e Algof W=
4= Qlth AlzAl= olatEaAln et 22 eid2E At

o g "WA|g 4= Qlth(McCarthy, 2005).

ujstof| A A|2A= SH RS A ] S2F A ZAT AR
slofof shr, A 2A| 0] ARE- AT Aol whel A2 ojof gk
ot SRS A TEE A 2A Y FAEoR2RE S
Ho5l7] Q3 Al 57 8392 BoflA SR W2 o=
ARgBof ok, AlZxAl= EollA 28 FeH(EF WA o]
W) ASEA Fom, AzA7F A 22 89 AYx
Ao|| =& & ¢rolok sttl(Lancar and Krake, 2002).

nl=rof A 2004E o] Fell= 8709] A|ZA|To] AR A

ol FEE o] AREE] Rt AR ARARE glyphosate,
fluridone, triclopyro] 1977%-E 20024 Alolof G-ZE|31 1,
20029 ol F7FH S =2 imazapyr, carfentrazone-ethyl,
penoxsulam©] SE% 1y, &R imazamox, quinclorac,
bispyribac-sodium, flumioxazin A|ZA= AFE FHo=
S-S5 th(Parochetti et al., 2008; Table 6).

Lembi (2009)0] oJahwl 1] lrfol oAt H4ale
ol 712, YR} Elodea canadensisl|= endothal, diquat,
FeAEd SAnel gojutEole 24-D,
triclopyr, fluridone, AF--5--324] &2 S/ 2%, Wolffia
columbiana©ll+= diquat, fluridone, 2| F7
A1} 7| AZofl= glyphosate, 12|31 H4A1E
Lot 71eF thaA A=oll= glyphosates: 22}

fluridone,

LA TME x| Ha|UE

ol = Wzt vi2oA wHRl g F=
TGRS AASH] st gasolEsAlAs d=
947l AAE Esto] viid oF 1009 A o] ofitez
RO A ol ot 8= B o) 27 Bl EA
H BEAF 22 ko] el SRt Arbd AfsiE
A ARyste] welE Faskskal vk Iy ol
U] Lokt EE ol AATE o] HEA
A A S ARkl =471 H9
78175 _i.
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