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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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A Research Review for Establishing Effective Management Practices of
the Highly Invasive Cordgrass (Spartina spp.)
Jin-Seog Kim*

Research Center for Eco-Friendly New Materials, Bio ¢ Drug Discovery Division, Korea Research Institute of
Chemical Technology, Daejeon 34114, Korea

ABSTRACT. Cordgrass (Spartina spp.) is recognized as a highly invasive plant in estuaries throughout the world because of
remarkable versatility and resiliency, significant reproduction, strong adaptability, rapid spreading, and vigorous growth. In this
review, therefore, to provide insights on the effective management practices, the previous research works were summarized and
discussed. Spartina spp. is a perennial halophyte, warm-season (C4) grass that reproduces both sexually through seeds and
asexually by rhizomes. Management strategies for cordgrass have included various physical, biological, and chemical controls.
Herbicides are usually the most cost-effective means of control. Currently, glyphosate, imazapyr, fluazifop and haloxyfop have
been practically used. To improve the control efficacy, a combination of two more than methods (example, mowing-spraying) is
needed to be applied consistently every year for at least 3 to 4 years and to be sprayed with enough dry time (>4-6 hr) at an early
growth stage (before flowering). Consistently repeated application of same herbicide have to be avoided to prevent an unexpected
emergence of herbicide-resistant lines. On the other hand, Spartina spp. have many positive functions for agricultural and eco-
engineering purposes. Thus, we have to give more intensive research for effectively managing advantages and disadvantages of
Spartina plantations.
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"‘Ol S7Heel et A AAR R el BT §A]  18F0ll4 20522 A 3H(Table 1, 27K 3LA] A|2016-

£ 9% =o] ujg s} 7tar Ql= Ad¥olth OECD  112%) FAlo) o] BUE Y, AAZSE, =Tt 9
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Table 1. The list of noxious and exotic plants designated as ecosystem disturbing species in Korea (2016).

Korean name Scientific name English name Classification Life cycle Propagators
R = Ambrosia artemisiifolia Ragweed Broadleaves Annual Seed
SZ 2| Z  Ambrosia trifida Great ragweed Broadleaves Annual Seed
u|Z&H o] Aster pilosus White heath aster ~ Broadleaves Perennial Seed, Rhizome
AeFE= 2 Eupatorium rugosum White snakeroot Broadleaves Perennial Seed, Rhizome
XoFEEz Hypochaeris radicata Spotted cats-ear Broadleaves Perennial Seed, Rhizome
AP Lactuca scariola Prickly lettuce Broadleaves Biennial Seed
B2 1] Paspalum distichum Joint grass Grasses Perennial Seed, Rhizome
g E 2] T Paspalum distichum Knotgrass Grasses Perennial Seed, Rhizome
var. indutum
N7 Rumex acetosella Sheep sorrel Broadleaves Perennial Seed, Rhizome
7} A8k Sicyos angulatus Bur cucumber Broadleaves Annual Seed
T u] 7} A Solanum carolinense Horse nettle Broadleaves Perennial Seed, Rhizome
okm| & Z| Solidago altissima Tall golden-rod Broadleaves Perennial Seed, Rhizome
NEZ Spartina alterniflora Smooth cordgrass Grasses Perennial Seed, Rhizome
LN Spartina anglica Common Grasses Perennial Seed, Rhizome
cordgrass
FEATE | AL 01550 Agom B4 B 2 AnjERRY A8 medEo] A8s B olEz W)

596 (Kim et al, 2015) AR 20124 73te 74
of|A] EelE]gictal 3 (Kim et al., 2015), A -Er 7} 130

m’ AL E SEUHEYIUE, 2016. 06. 14). H=EEZL
A AEoA WA Ee] & 5700 m* F &= H A EP Bl
H (YU, 2016. 06. 14), o] F+ e F2 F=olA s+
2 ne AAdes §98 AoR FHAHEUELA,
2016. 06. 18).

Spartina<y A]&-2 opw|g]7}, Fokze|zt 9 FH 9] thA
F Hoto] YAIAZ 175 0] dEH A o™ (Hedge et al,
2003; Peterson et al, 2007), ©]& & 9 F(S. anglica, S
alterniflora, S. densiflora 5 )2 W=7 YA HASIHA S
WO| NS Thjsh GRCIPEE A7 dAe)
et IS ol sl Ao

7 AR AER s HAda, dA vl=, 9
S, T SolAe 0]—% FASFALAL e =S 7]
£olar glrh. vt & A=o] A= Qe do] § ”Qﬂ %l
of ul=t, =, Udsts, A, S, wAUE, 3+ 5
M= FHATES 7HSALR, (HAA] A&, A ¢Hs)
l/ﬂ HP;(] E__,] EZ«] og ol 1:5] E?:}/\ly] ;(«]o] 0]
Tt Skch(Ranwell, 1967). u]=+2] 72, 1940E ] 71X =
Aol 52 WA Zotthrt 19799 Spartina®] 918/30] &
Aoz BiEo] 1990d ) ZHHLE o|o] WA o|st
et L= 235l (Hedge et al, 2003; Dethier and
Hacker, 2004). =79] 3¢, AEEY J5ALES 54
W AE sy 2HoR 27k 19799 ], 19634

i

r

2.9] 20-40E0] 0|21 33 H ot XﬁﬂOﬂ H A Qleu, 2007
UAo] shAHAL & o 9JZALE (<50 ha)H k= A%
(112,000 ha)o] ¥53| &=r}1l 3cH(An et al., 2007). L
1l AEEL2 FolA sfinpct =yt geje] FAH &
AS 7= AR gzl s A9 1650l &3
%471 wiZell(Chen et al, 2004) o] & A ATIH= =8 &
A o7 7|&0|1 9t} (An et al, 2007; Tian et al., 2009),
YEoA= o}F] F2E|A] oF2 Ao R HiEil gloyt
(NIES, 2015) E4 Jg|AE2 A 3}o](ME], 2015) Ed
9= APﬁ}o]r/]—
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AJefA| WS cordgrass (Spartina spp.)2] EIFAQ] I =912 95 1z 113

AlZaty =2

3L OFE I (Poaceae), Spartinas(Genus)ol| &5t SHE )
CAAERA 1750] L&A Qlth(Hedge et al., 2003; Peterson
et al., 2007).

4sH
ol ol = Fofskal ofFoll JHetstn 7heof 24
st o5 F AeRA thdAolth. AsAMERA A
]

R
27156 9AH A7) e AeE A% WAl
3t 2710 9% Ba GRS MBI AYARIR

Mol A o AT RS Bt
HAS A

Z2}9} 7 (thizome) 2.2 W25t} Spartinass A]E9|
ofz] Al WA SAEE FH o7} ofF AZo|
TRl oJgt /38 A1 A (tiller) W 17 (thizome)ol| <]
31 TAMA| B 2] uho]ch(Dachler and Strong,
1994; Huang et al., 2007)(Table 2). w}2tA] o] 52 EA4 o]
S Spartina 28 8 Spp) o) Zegje] Toel ol

0. FAANT W3

WAl ol 7o) 2o A vlAle 717 9
AAQ dal= T4 2 & (seed set) Ei= FAH A (seed
propagation) 52 0]t}(Dachler, 1998; Xiao et al., 2009). %
FALEN AEEE SARSFE WolE o] fH (seedling)

Table 2. Reproduction and dispersal potential of Spartina spp.

7} QAT ol F o E At Hw A= ojato] AIc,

42 (pollination):> Bfgo]| oJsf| o]Fojx|m 247} 4l &}
7l 57} 7158 Bl (cross-pollination)o| A
o 2217} W=t $tch(Dethier and Hacker, 2004). 7}
St 6-9¢o] Aoy, 1199 =2 Al7]9= 7
stk Zlo] Sledl ol TAE FAoHA] ettt st
T FasHolA A E = ATES] A 99 Soll JH
SsHtar S (Kim et al., 2015). weEkA] Spartina®] & 314
HE YA A A8t o] A7l A=zt xlegE
T Q=S sfojof & Ao|r.

TAF AR A4 912 R AR [ whet Afo] 7t
Atk vl= YAYETFONA Bk GRAEES] BAEAA
AF=(No. 025 m2)E & o, 2229 (cobble beach) 17571,
T HE A (high-salinity marshes) 2007}, A F = 5A] (low-
salinity marshes) 3207l|, 70 (mudflats) 3507 2 A] Z1HZ]
Aol A 71 wetthal stk (Dethier and Hacker, 2004). ©]
+ A 1haol A 1,4009H7] 2] FA7F Aakd 4= 5= 9
n)st FAAAES A7) o] Spartina e 2] #
Kol Slolof 3 Holt}. Be] ATH AN FHAL
Z9] o] Wl Zx} AR} Al7]= ¢ thekshedch(Marks
and Truscott, 1985; Mullins and Marks, 1987). Z7Ftje] A
St GRATEL o444 uAo] g v o] YA
82 swgloL} u] e o] AR 3 AL 8%
of QJAES BT}, ol oa] WAL Tkl A
Kol Thopabl W A UASS ofulail.

S vl AR Tt ot A Ptk g
FAHE 102 olulo] Bl Zfelero} A7 £719%E A
Blo A ALE A & o]l Wolehth 2 AlEA ¢
] ol (wrack) HojA o]Fstthrt o] &3 &= gt
TR XAV T3t 20 2 5= o4 A AT
HE 4=tH(Goodman et al, 1969; Probert and Longley,
1989). Xiao et al. (2009)°] &J3}H AAZXALR| = E2}

Species Sexual or asexual production References
S. anglica - Number of seeds per m* was 1,400 at site of mudflats in Washington. Dethier and Hacker,
2004
S. anglica - About 9,100,000 ramets were reproduced from one rhizome segment over three successive An et al., 2007

growth seasons.

S. alterniflora
China.

S. alterniflora

S. alterniflora
estuary, China.

S. alterniflora

- Number of seeds per m* was 53,581+10,033 at middle intertidal zone in the Yantze estuary,

- Number of spikeletes (seeds) per m* was 20,000~30,000 at 32°N in China.
- Number of seeds per m* was 83,638+11,852.3 at middle intertidal zone in the Yantze

- The 312 rhizome fragments per m’ within the top 10 cm were produced by roto-tilling.
- About 15,600 fragments might be distributed in the open water for every hectare.

Xiao et al., 2009

Liu et al,, 2016
Xiao etal., 2016

Morgan and Sytsma,
2004
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wotelo] 19 ol4e %] oFE Aoz muslsict. v
U el Holw ade Aol fAHrk Frk

Spartinass AlE FA}o] Fw, o, A& 9 AL EAJS
% wl A, 127 A4 Auich o2 A P,
Elsey-Quirk et al. (2009)2] E110] oJ3lH AEF FA=
2% F HER 10.29%2] Wl S UehRgla A2 e el
Folliz 2% ola} 2 7haulo] AmElE B FHo] Qi

o7 HIsHET Li et al. (2010)= ASE A7 W
o Y20l ZRAA 7V O HobaS Leyela,
pH 6.63-9.952] Z &% (<200 mM)of| A &= Brolgof & x}o]
glo] 70% o] w9 FE Skt vt I o) 4de) pHe}
o PEONE Wobk FARE AFE et o)
&t Mooring et al. (1971)9] Hilof oJs}H AEE FA}
= BE2ree dxo Ad7] ofge] SAEYE 222°C A
A4 40 ool A E L FHS T R] At
o, 6°C iAol A= FARE o] 871Ut -4 = At
= (NaCl)of] Tt Hopik-g-of QlojA] WolehA| Xile=
= 6-8%°| 3L, ARG 0.5% NaClgHoA 71 5
k. oJAte] R uEv= AMMEA X} S HAlo] A5}
Fth= A== Ut} Plyler and Proseus (1996)2] X310
i AHAHRIE S, patenst} AEE FAUOIE BE 2
At} AFA & 2&A 2] (prechilling)= S. patens A} S HE}
dtof] A UAIRE AEFE FA A= THA] et
o]} W& fusicoccin A el AESE Zx}o] FHElT] o

B0 YAITL S, patens FAF A= LHA] eFot F1ko]l

e EO]E}IL 319t} Biber and Caldwell (2008)

o] BIe| ML AEE FAVL FHo] glon] £C ¢
o A28 A (stratification) 2] 4] 17§ AR o}

7] AEske a7l A 35% Fre2A 7HE =T o] %
Zhasls ATS Bk oHol MES Y AHLese
Ao A 714 =9t} Marks and Truscott (1985)2] 5%
of o5t °§51L7Ji{r SAF o7t 5°C A& H&2719
604 Aol ofs ZHEHA 2e|al AP EH = A Y
T %79 7]14=(brackish water)oj|A] HPOV} Z =) }ic}. Wijte
and Gallagher (1996)2] E1loA NEE SA = 1P E40g
NaCl L)t A 4baohwk(2.59F 5%) 27104 Bokso] 2F
Eala b

7 (rhizome)®] ¥E 55X
57]9]' AAH Aohi &2 Lo FHOZHE thA| of
2 7] L7 o] AL Qo8 WAL, X5} 20cm o4

Aol Fol7jul, AW Gl 2% A9 Ame AR E

5
iy
o
£~
v A o
r 3
B o
8
45‘3
ACh
rr
4
ulss
=

a10] ©J3FH (An et al,, 2007) Al §19] A&7 S o

ZAEEZ0] 3t 7)) 273 (thizome) 2 25 E] 9,100,000 7]} (ramet)
Jb A HER S JUAEES eIt soich

wejo} 24 AR YA Aeh] whe] 2w YU
o7 kA3t A7IT). :LaL 717} 231 weE 27 9
8 B VEES A2 oy ol k) 33
£ VA0 vl Qg SAE S A st
£ ol7) =k, Oﬂ%ﬂ

(esenchyma)o] SHEEEIo] SlofA) A3 A A5 2
(ol 2l 12) L U e

2l X]*J—rﬂ —‘jr"*o}mﬂ “ﬁ% oA o] Fho] =
shjo] u AR RO
wo} 2 LT 2L 2 At FRAR
Fo| APUL BolFo] ME LER Tl 243 A @
h(Dethier and Hacker, 2004).

Spartinas 2=0]

3 ol§i take.
wo] =L SAof A-§-& Fsly
0|59 £ olsli= Spartina -8 9 b
o Tz Aoleh.

Liu 2016)2] 1] oJat A%E sHe A 9jmnr)
= T9mol A o Wet BT W ks ol Shto] P

72

A4 A I ol Zeloirk. 1 ol ABEY] 2
Z(plant height), A 24> (spikelet)2] 4=, 2FHE-(seed set)
WISh QA A7 210 SIETE Aol Z20-40'N) ZAH)
Hote uf 53] shAT A (spikelet)?] =&F 2Fg&0] ]
L7t #2595 S7HE e Ade B7] "ol 53] &
b=l e

Hee ?ﬂHE"ﬂHL 10% w|9to] ATl 19 ol A= 80%

ol o mA AT ZpolE HAL, HA| ZANA Y FH
U (seedling density)= L =EoA o &t}

g7 olah BAIPhE Aol vzt WA A B

ShAF =8 o] T2 A Zt} Xiao et al. (2009)2] AFtH T
o o5tw W TE(24-29m, LIT) EE =2 1% (3.5
39m, HIT)Eth= &7F 31%(2.9-3.5m, MIT)&] Z7kdjof
A Ak AEEO| A SAPYAEFo] WakaL, T4 T4
£ 9 e Ao B9k ol5e) Aol AL
Fw(4°C) 370 Aol oA 3.2%0A4 9.9%= 5713
t}(Xiao et al, 2009). £%}2] 9 A7 (flotation time)2 3-
139 A= Ao R HITS MITO] Aol &=gtx
SR 26071 Wolstit] 3ado] b4 wekow, 5

Zpo] &g 82 AI7re 138 J7)R] 33 tH(Xiao et. al.,
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2009). o5 A= T & off, AR o ®E MITS} HIT
Sale BApt B ABe] 29, Bat] uek =7 s]ojst
= Ao 7 ZAEtH(Xiao et al., 2009).

Dethier and Hacker (2004)2] Hi1o|AM &, LA E &
Ho] gz} shibol] A AA] 3 (habitat type)d} 9] 7k
(intertidal height) ]9 S Q23S Ho] Fg. & A
(mudflats)of| A FRA ] 7P £ 32 A9E 5
Z] (low-salinity marshes) A= L HE 52t A28 otof
A AR o= Ao] Aol dolupx] Hick. 2k A4
FAZOIME 2700 7L e RN ATl T
=0ttt 0|59 AHE Bl & o A, AdE 549
FZF olst 1%, LU= FA9 #RIF FAPToF 9 {1
O] T3 BHiko] o)Al 9117 E Aoletar shqict. ¢f
st o] 59] e S5 =] B, A d4%
7 FAEE, 3 gy 7]& A= AgE ol
27] zolth. o= S FHATELY AAA HEE A
A ol k=& FUsoF sh=A] AASt=T] =Rl
= A g

AEEL A

K

b
:
K

e r
)

AR T T4 (phenotypic
plasticity) 2 H-f-3tchar A Q) TH(Castillo et al., 2014;
Liu et al, 2016). = t}okst e Espsgo] 22 2
57| o] &%t BAkE 7RsAdo] k. 8|3l Spartina
& =2 AEeo] Zatol Mok Ei ol = M}
7o) ROl & AF 27450] RS B o}F, 4

S

2bsto] St = A Wrhal FoH(Wu, 1999; Mateos-
Naranjo et al., 2012). 4T A=A A9 SAF Aut=

). A
Al Hghol] AJulE W= A

= A A A8 2 A F
T Foll IATE] o Hol S AR F=oA=
o|e} Hith &= AEE2] gH4to] S-HsHUTH(An et al, 2007).

Morgan and Sytsma (2004)= AZE G2 <78 AHA
O] A S AT A 10 cm Hflofl 4] =E}
2] 2 (roto-tilling)S 2 W] Hat 3.7cm F7|9] 7 A
HAAZF oF 31070 m™ FAEGIL, o] F 87%7F Aok
1708 FFAZ (M) E7]) (vegitative shoot, culm)E H-f
et ol 27 AHA= 35 ppt (part per thousands) &
A AL 8% o]t W AEHS HAXT 15 ppt
= @A o= 242 37.3, 87.5%9] AHEHS Hlth

oy

ol Aol ol 3t A gofAe] HY Fite =21 Al
4 olee ojujgiet. Wl o|5% 05%7h shELt 2 B
5ol o8 &2 2tk 1ha 2o A <F 156007
So] kel Zolth. Azl Bololx] o gne 24
AAA = Ao ] 531X TH(Hedge et al., 2003; Morgan

and Sytsma, 2004) FFAl 27t Eolle 278 HHEC =
o dF9 A=A TA(wrack)E ©l & Uy 27 Ei= 3

Fo 98 o= 4% o]=g o9 7t5AL drift card

o]+ F7H% (interspecific hybridization)o] &slal t}
% WA (polyploidy) o] A7 Qlojubiz whkHIstx
(reticulate evolutionary) ¥4 & H{5t1 Q7] Wl Eo=
= A= Qlth(Ainouche et al., 2004). Spartina<ss A&
o W A EAEkA gron] 7|2 Balo] wig F
2 vij=A =2 (ploidy level) 484 (2n =40), 68]A] (2n
=60, 62) == 12814 (2n =10, 122, 14)2 A4 7|2 A
= x=1072k &3A 9t (Marchant 1963, 1968). 18
L ol2lgt oA oEs Al7|ste A A= Stk & ¢
A =7 Hok gal 5417 tieldo] Kt & 7o) (higher
P and H) 440 g Hrh &2 4383 UEle Zo]
otlzg} Bt} &2 FST (higher population differentiation)7}
AEE] Adsga TR0 s AAR F=olA=
120-12470 9] AMAE 7H2 I AEE Hohs 62719 9o
MRS 7H] AEEC] FAto] U53HA =THAN et al., 2004).

Spartina= 2| 22| & ¢ 1t &4¢Ho] 2|8t m| &Y
Spartinas; A& Ztf|(Phragmites communis)L E43
29| & (Zizinia latofolia) Y7 AAH A5 L3 A
o g uifo] Wy FHAIES A fA AA|sHHA
Spartinas; T+ FOo = ZA|3tE|o] AH A theFdol
27t kS FTHAn et al, 2007). FHH 2|5}e] Hle|of
+74E AEHAE S50 dAEo] Aekal 1 Aol
- sl BEoke ©ebs] G = vl 183 A= 8l
O }(Christiansen et al., 2000) A 4] Y& A4]o= HA3}H
%t 37 0 2 vl o (Normile, 2004), B oj3t He]e} Wt
7= 155 23714 JAES 7Rl A 1 E
=] Ao 2 7|5 AAA gth(Daehler and Strong,
1994; He et al,, 2011). o] Z¥}= ZHH o] G4 A E2] A
A (Triglochin maritimum) 2 ZH % (Suaeda japonica) -2
1 5A (Uca arcuata)et 22 a7 3 Eohff A 1L
9] A& thFdol Eol=HA =8 A (Scolopacidae) 5}
22 Ao oEsh= 2R/ Aol Bt F3Fe v|A]
a1, QI7Ee] Y o] ol FAIE dorH, AHY 9l
715 ASHAIZ]A EtHKim et al., 2015). 18] 11 S&50
AE FEE (infauna)®] HoARS HStof| WhE W AEs
o] W = FHHIIE dojidtial ght(Dethier and
Hacker, 2004; An et al., 2007).
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Spartina= A& &2| Y

Spartinass &2 A&
Z/M)7), 7, 2ebe] 4L, 8§
Ae]), aFehA kA A A 2), o% 4 —’Fﬂ—(bmlogmal
control) 50| FEE|T JTH(Table 3). o] WHE FollA]
v Agxo] 712 of % (mowing), I+ (crushing), A=
A #2] Soln] k7o) THEA Rk Walsto] A1gs}
= Aol Ao, g By kARl Spartinasy A&
Be)7le s EESY TR Bl Wke FAeE A

o] uhg|stct.

N il
o
_lZi

( _l>.
i
rw
E
£

=o|F 2y

o. =A|A

Spartinads A2o] Thejo] 48T 4 oz PHF| SR}
|9 &34 0]7]+= 3} (Norman and Patten, 1997a), 13
ste] fmet 2d HgA) mrf GHHolck 24 o)A
Kl AR A5t o] 2 FAE T Yu (et 1m
o] Zlo] Wol7t= AUt W) Bt A= AUV
w2 £o2 AASHs 4AS Be o] 2adn
(Hedge et al,, 2003).

[e]

o

Table 3. The various methods tried for Spartina management.

o. 91FM7] (Mowing/Clipping)
Spartinass A&9] o) 7HAF uLo] gL yhHog

A SRR A8SIEA) i HE e T 2o,
TS FaAIe W} 2020 FHEAS o
Astol A1%E otehAL B Alek HEFA n ke

AEz7)0 2rgst= o] Kok anpAolrt. kst =
= A7l AAJeHE AJSH] FEFA 0] ol Ak A
Eof Sl AHel7] el dFE A e Aol
olFdlloll 7ol =t 1 il K570 ol FshH
A gazo] A=A tln)(wrack)E THEAL o} 7o FAE0]
o] FHOomO HMuprlsido] wobd 4= ot A4
gk A1719] A3 ol F= FAF AR Aol AT Ql7)= st
L, Hop auE AFHE s A3 E 3497 X540
=2 —’Fﬁ”ﬂ@]o]ﬁ gt 1R Spartina<y A1E9] FHold A
S8 &l Spartinass A& E&F 0 14 YA

o BEoL BEsm AEA Helsl Wy ool
Stclal s} (Dethier and Hacker, 2004).

Nstz7]e) 1ol g = =319 H7] 2F (clipping)
Sk o] AEEL Alojol 7P axpAolqitt. 7|E thE
AlZ1ol o g’ H|7] & stol® Alojarl F7tE Al %
o, AgSlrrh= A A7 H S8 e

rlr o;:

Category Methods (Tools)

References

Physical control Hand removal

Mowing, Clipping
Crushing
Roto-tilling, Disking

Burning, Steaming, Digging
Flooding (waterlogging)
Herbicides

Acetic acid

Chemical control

Biological control Insect (Prokelisia spp.)

Insects (Orphulella pelidna,
Orchelimum fidicinum)

Plant disease (Claviceps purpurea)

Plant disease (Fusarium

subglutinans)

Snail (Littoraria irrorata)
Integrated control Mowing/glyphosate
Crushing/glyphosate
Cutting/Smother

Cutting/Waterlogging

Hedge and Patten, 2003; Norman and Patten, 1997a
Gao et al.,, 2009; Roberts and Pullin, 2006
Patten, 2004; Roberts and Pullin, 2006

Hedge and Patten, 2003; Morgan and Sytsma,
2004; Patten, 2004

Dethier and Hacker, 2004

Smith and Lee, 2015; Yuan et al., 2011
Confer Table 4 in this review
Anderson, 2007

Daehler and Strong, 1997; Hedge et al., 2003;
Grevstad et al., 2003; Wu et al., 1999

Goranson, 2004

Grevstad et al., 2003
Gong et al., 2012

Grevstad et al., 2004; Silliman and Zieman, 2001
Norman and Patten, 1997a

Dethier and Hacker, 2004; Patten, 2004

Roberts and Pullin, 2006

Yuan et al., 2011
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Z=9itt. W|7] (clipping) A 2l 7o) AR = A%
o] AolA a7t #A YERATH(Gao et al, 2009).

o. 33 (Crushing)

A7 (Z7HE) B AR (018 w0l 7H B
o 2po] lo QU A8 uas) Wel] 9Js) AT o2
=oll 2Hde A5 AzA Ay anks A 4= =t
= Mg 2R A7) A2 WSl wek gk
Bolch. gl B S MIF Ao 42 Cu|S
B0l IR sl Holdle AlEA S oHA
= Fek. g 2] olshn shaael Rafol Ao
7} 2 R QAR 238 sl AR W A
SpRe] ik wE dofbAul AJske] T4t A
o2 o AH3kS W Qth(Dethier and Hacker, 2004). 0]=
A g] o] Fo] HallEo] EallEHA A[ehtel FFES
AlFshs Ax 7HA] o] H 4= SlZlch o FH A el ot
AR 2 &5 Mrks Y870 sk Aol wr}
aitAoltt. Spartinass 4529 8% 24 A=
oy BEORL sl 24 Helsh FREolor @
t}al 3tch(Dethier and Hacker, 2004).

]

0. 2E}2]7 &(Roto-tilling)/disking

71 AR E o] 838te] 3cm ZE1} 8~12cm Zo|2 B
WHHA 7| = 2ol o R A=d o Ahjlo] Hut
A& o]t}(Patten and Stenvall, 2002). 1Y o]AA| &+
5Fo] o 9F Al % (vegitative shoot, culm)7} £o]%l+= A|35}
dHS wol AAksHA =W 25]2] ZA Ak SUA]

olq.

Y oM 2
N

4>

o. B]-¥-7](Burning), 2% 2] (Steaming), =3 (Digging)

7 (thizome)& =F|sh= WHE e = dov i
A Agstrlols vlagdolty. 28l 3ty Ee E4
AE & o Aoy Az 9 Bert 4 Ads] 2
o1Ql= Aol 7] wizoll B2 ol A7F Q)

0. Z<=# 2] (Flooding,Waterlogging)

TN Y AEES o2 5 A Ak, o A7)
of] ZF<4=(waterlogging) ThH5A] 2]= Hfo] Quf A A4k} F2}
AR @A ] A7 AT o] ZraA 2lof tfal Al
8] A-gohs P Holok 1y 749 Aol w7
(cutting)s HA] AAIgE o oF 37§ 53 FrpA 2l & ©
H Ag 9 A5k BHETE ZOHA b LA EE A
£ HojEth(Yuan et al, 2011). F]=o|A 9] AEES
Ao gt At Aok, shH el A7t AlLA

o2 g wole W AsEEs TEAVIEH T

3t G392 Ve TH(Smith and Lee, 2015). whaha] &&=
2= Spartinass A129] Fejol| §-83H HEAIL = 9L
= 71 39 st 2 A A

ety dY®EEA X2)

SpartinaZ; 2}=2] BelE fJ8f of27IA] AlzA| A 27t
A=) 2]0.5 (Table 4) A 5714 g2 22 2GE U o}
e AE-2 glyphosate, imazapyr, haloxyfop, fluazifop 5 ©|
&1t} (Pritchard, 1995; Palmer et al, 1995 Hedge and
Kriwoken, 1997; Shaw and Gosling, 1997; Norman and
Patten, 1997b; Hammond and Cooper, 2002; Patten, 2002;
Hedge et al., 2003; Shimeta et al., 2016). 1= W H=Fof| Al
= glyphosate?} imazapyr, T A= fluazifop, FEAHE
4= haloxyfopE F2 ARESt= A £t

o. Glyphosate

Glyphosate= B3RS obn| Al A4 9] 5-enolpyruvyl
shikimate-3-phosphate synthase (EPSPS)E- #|&f|5}+= H| X ElA]
AAX T AZAo|tHKim et al., 2001).

u]=tof| A= glyphosate A34-2 -39t Aquamaster”™, Rodeo®™
2t AJE e AlZAIE cordgrass WA H24 o= X253
o B2 A=l it FaFol W Hel HohaL, Aea
T Ay 9 g o) et s e AaE Hols
A=t A= A8 A oh=(Et 30% WA aT) i
85 A7 (Rodeo” 1-5% &N o] S A& A7)
Al Hop w2 WA RS e AT 2] A4zl whet 50-
97%2] WA &), Fotw| 2|7} A Ho| A glyphosate 7.2 kg
ai ha'A 8= S. densoflorao] Wt A A2} 334 A
715 A mA7F 4519 01 glyphosate?] thAME QL
AMPA (aminomethylphosphonic acid)T= E¥ O 2 HE &
=2 Fot=tl ol B HE3} aluminium oxide T
2] Fo} o|Fol oJs) AgElel Uy WO B
(Mateos-Naranjo et al., 2009). WJAFE EOFAL7} Qlof
o] RatE|o] Q& -9, glyphosate 22 &7} A= =
ol ol= AxAZE mAM B S2FE o] Ylomo) g4
ojgjo] Hropx7| W om HolHTh e I 9
2o Blal 50-60%2] WA A= A LA 02 UE =
ZAeFolqlet. 7 Aeanrt 294 W o2& i
AA|FIL A1 27} 30-45 cm A1A5EYS w] Rodeo™S |2
3l= A o]tH(Norman and Patten, 1997b). 18| o %2}
A|ZA| A 2]E (mowing/spraying) <52 0= 4A7F 43P
= 4 Alzart 88% 2 FootA Yehhet T
A 187t 29k 735 49% H==2 a3 At Yokt

3HH glyphosate A 2]A] 1-5%2] 5-2-A (wetter)/ A HE-A
Al(surfactant) & AHE-sHH A a7t S E= kol
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CH(Roberts and Pullin, 2006). o]u] AHEAA= AYEA|
o] yrotok gt Aojt}, Hae] oJstH SAFAlE AME
=% Roundup® AR o]0l g9 AHE/JA POEA
(polyethoxylated tallowamine)”} <= 5-&E0f tst ZA40] &
Q7] wj&of ©]& R-11 (Nonionic spray adjuvant, 90% alkyl
aryl polyethoxylates) 2 H}L 0] Spartina % A|-& glyphosate
A% (Rodeo® )y MFA Alxsto] ARgsHAl = itkaL ek
(Giesy et al., 2000). 3} glyphosateo] th3l Spartinas; 2]
Zo) Z70 MHSAoIE O EAeli A 2t Z G
TE3} AEE] gt WA BT} 242} 43%, 58%S L
WAk (Roberts and Pullin, 2006). Glyphosate:= o] &
k= @AY sE ARESto] AT A9 HAAr E
oX)&= HgFo] Qlth(Nalewaja and Matysiak, 1991).

o. Imazapyr

Imazapyr= 2X]o}u]i=Ak(leucine, valine, isoleucine) A%+
AAatAof QlojA A WA F491 acetolactate synthase (ALS)
£ A &}|5}= imidazolinone#| 3}gHE-©|tH(Kim et al, 2001).

Spartinasy A& Tejol] QlojAl glyphosate o} 931 H
744 e 7b 3 Qe gich, $41 Xjelao] glyphosate
B} gt} & AEE YR Y| imazapyr 1.68kg ai. ha™
Z2]8 79 glyphosate 8.4 kg ai. ha™ 2|04 Hrlx ¢
L3t A EIE B¢, imazapyr 0.84kg ai ha™ *]
+ glyphosate 8.4 kg ai. ha™ A2|e} U553t A& UeERT)
(Patten, 2002; Roberts and Pullin, 2006). Imazapyr *2]A] £
1] g5Fo] =& (467 L ha')7} & W HTH93 L ha™) &}
7F E=A UERA|EE, 9lo] 2|4de] k=EE o] E7)7F Y= 4
ghe] A|7bdry time)o] 12412 o] 4fo] Erp vfg vre =
523471 ha')e] A% Soqt WA IS Lieh
C}(Patten, 2002). Glyphosate@t= 22| #X| 9] d|4+5 AL
o] Helall= AlzadrF 2 U3 =) v (Pritchard, 1994), 3+
A7 Wstel WE Eh wE WEEo 4] ohu A4
© 2 Yeh= EA o] Qltt(Patten, 2004). 12|31 imazapyr
A2 Ao = 1-5%2] 5 (wetter)/ A H 2Hd 4| (surfactant)
2 A1gsr Mol At 2AEE %30l 9lthRoberts and
Pullin, 2006). Imazapyri= 550 A 2] R 3|7} w211, oF
AY] A5, Aok A so= Qs AefA o gk ¢k
A4 Zo] glyphosateX t} 3-4vff F&3tctal Skrh(Fisher,
2003). 3HH o 27t Ao A9 T AF oAl
imazamox& 20-68g ai ha' $£&Fo =2 AHIZPS o, S
densoflorac] et A AA A= A9 glolekar gk
(Mateos-Naranjo et al., 2009).

o. Fluazifop
Fluazifop= Z|"AF A4 ] acetyl-CoA carboxylase

(ACCase)E A 3l|5}+= aryloxyphenoxypropionateA] 2] 73 ¢
Ae] AzAZA SHET; 2T ASA o2 DA 7= 3
&= o]th(Kim et al., 2001).

T 5o A= fluazifop-P-butyl 452 $-5-3F Forte® =
YRS BoEll AEE VIS0 E 2112kg
ai. ha % HE|PE 1, FoAAE| AR EI 98k -
ol F7F A Y glo] 39 o= 92%2] WA A vt
(AIA| =28 A4S Ve (Palmer et al., 1995; Pritchard,
1995; Shimeta et al., 2016). Fusilade Forte®™?] -§-&48-2 %
% (sediments)of| 4] 2] 7h4=23| 7} w9~ w2 Ho|7| uji
of =% A=Al et f1Fol A9 gli= Holth(Palmer et
al, 1995). weba A2S 1-27HE7He] iy EdsE
(macrofauna) ¥ & F5FA4T} cheFdef qlolA ®HEIE ¢l
Atk A 7Y Foll= AARE ZRE AR Eei=
$71% 20| Wol#| annelids o] 159 Z7}E 231 v}
A o] F HiAE & tE EEEC] 48l o] wWakth
obgdl EPAEE S0l sk ASe] HUE o BT
(Shimeta et al.,, 2016).

Fusilade Forte

o. Haloxyfop

Haloxyfop™= A|HFAF R334 O] acetyl-CoA carboxylase
(ACCase)E A 3l|5}+= aryloxyphenoxypropionateA] 2] 7 ¢
Ae] AzA 24 sHEat A2y Ao R DA = 3t
&= o]th(Kim et al., 2001).

M=M= haloxyfop-P-methyl A5-2 -3 Gallant™
= AER Y AxAE degH o2 Aste] =
AEE WAl dhds& AFATL Harskich(Shaw and
Gosling, 1997; Patten, 2002; Miller, 2004). TFA & 2] of 2]3
95% =9 HAALTE A

o. 71e} A XA

Spartinass A& WAIE 1 AAAE 7|EF ARAER
X dalapon, paraquat, fenuron, diuron, bromacil, amitrole-
T, 2,2-DPA 5©°] R I1% ¢ th(Bascand, 1968; Taylor and
Burrows, 1968a, 1968b; Roberts and Pullin, 2006). ¢]=-2]
Ae] At v 2 et gkl Ak, HlE, P A
S ofg ARt aglof o AMEEAl= Al Qv Z1ear
clethodim (Patten, 2002)7} atrazine™= & 2|3} E3L oLt (Lytle
and Lytle, 1998) AEEo|= A v}40]A] ot

Spartinas; A& WAE fIof AREE tiFES Al2Al=
AAA - olqleh 2} o5& Aol whet AMEE7
o8& w7} ok A& W, AX UM = UEA 74
(tidal flooding) wfZof] A 2] A=A ARgo] oHiL, &
4 B3 2o A= [9f], San Francisco Tt} 22 Clapper
Rail (Rallus longirostris) H & X9 ] A|zA] A 2] 3]-&7]7to]
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Table 4. The species and site of actions of herbicides that have been tried for Spartina management.

Herbicides Site of action (HRAC group)* References
Amitrole Lycopene cyclase (F3) Bascand, 1968;

Roberts and Pullin, 2006;

Taylor and Burrows, 1968a
Atrazine Photosystem II inhibition (C1) Lytle and Lytle, 1998
Bromacil Photosystem II inhibition (C3) Bascand, 1968;

Taylor and Burrows, 1968a
Clethodim Acetyl-CoA carboxylase (A) Patten, 2002
Dalapon Inhibition of lipid synthesis (N) Roberts and Pullin, 2006;

Taylor and Burrows, 1968a
Diuron Photosystem II inhibition (C2) Bascand, 1968;

Roberts and Pullin, 2006
Fenuron Photosystem II inhibition (C2) Bascand, 1968;

Roberts and Pullin, 2006;

Taylor and Burrows, 1968a;
Fluazifop Acetyl-CoA carboxylase (A) Palmer et al., 1995;

Patten, 2002;

Pritchard, 1995
Glyphosate 5-Enolpyruvylshikimate-3- Giesy et al., 2000;

phosphate synthase (G) Nalewaja and Matysiak, 1991;

Roberts and Pullin, 2006
Haloxyfop Acetyl-CoA carboxylase (A) Miller, 2004;

Patten, 2002;

Shaw and Gosling, 1997;
Imazamox Acetolactate synthase (B) Mateos-Naranjo et al., 2009
Imazapyr Acetolactate synthase (B) Patten, 2002;

Pritchard, 1994;

Roberts and Pullin, 2006
Paraquat Photosystem I inhibition (D) Bascand, 1968;

Roberts and Pullin, 2006;
Taylor and Burrows, 1968a

"Classified by Heap (2016).

He @ g AgEol oln of ti AuAe Az
A8 I} ek webA] o] 5] 9l rhe-2A o
EoAe) A2AE Alet 4 ATk Spartina ST
IR ol v 78T Aot kst EFA 2
A zA = AL~Z55Q &7 (thizome) 7|52 S44A1A
olF3l9] A T A 5= A AY, A ¢
THOREE e FHE A A1 5= Q7] wiEolth
Anderson (2007)& E EAo g AE2E L3S A 1.0%
2 1.5%0°f 2-4X7F A MR A2 e 2A 7 Ay
o] A3 A=A SRIeHA L, 1.5% Ao A2 H
L73& EAof o|Alsto] AAFEY HeF oA Al
e 9 24o] 90% ol FaE= BYE HYlo
o171 = skl skelct

o B

WEX 4 (Biological control)

Spartinass A&-& Te|ghol SlojA &84, 3}eh4 A7
U2 o= Aol AEiAle] A FFFE 71 = 3
7] ol Hr s xISAQl e r|aE sk $is)
of e 0|83 Spartinasy AlE W7|E Y A=
ofg] UgtolA gol A= ]l

7 a7t e AL R WilH A= Spartinads A&
o] Y F NS FI8llA] Aotrk= Homopteran plant
hopper (Prokelesia marginata)S ©]-85l+= Zlo|t}(Hedge et
al,, 2003; Grevstad et al., 2003; Grevstad et al., 2004). &
T2 QEALED AEE LT vio|euAE AAE] &
27| 580] )12}, Daehler and Strong (1997)2 74
=% AE(cdone)5 FollX P marginata] A3/ Hoj
= AFel = A Zrkal ®Easkeh

b4



Grevstad et al. (2004)2 E3EA] 9 222 A ]~§_
= Aol Wi A=A A AAEel dle e

%ﬂ of Bt uf, Holk 2% 2%, 159

159 gol7t gon o5 % shgAo] & ASL

T A=E T

ok ON of
rie mo o)
Ja

e

Iﬂ

Chaetopsis aenea, Chaetopsis apicalis, Trigonotylus uhleri,
Haliaspis spartinae, Prokelisia dolas ©]1thil 3}t &3
ol 7} Gk 4 GIglt] ol polo] 3] Spartina
7b 441 wek opet AlExAe] Wl o] gold

A 4 Q7] wj&olck(Silliman and Zieman, 2001).
Goranson (2004)2  Orphulella pelidna®} Orchelimum
fidicinum7} AEE 212 JAlany} Qoka Ruskch 1

A Orphulella= AAE AAX| 2] A& © Hol &H|ske
o vtHof| Orchelimum= 1HE A AAe] A& ©] Wol
Q21319 h. Gong et al. (2012)2 Fusarium subglutinans
At o] A (conidia)7} AEE WS 28st= AEA
ZA2A S ook sholc). ofgel i o
2 AFLATE e U9l Aethes spartinanath= XL
%2 Prairie cordgrass (Spartina pectinata) 2|&2] &%
(spikelet) 4141310 7} AAHES 75% IR 2h2:A]
7171% S} th(Prasifka et al., 2012). 0|5 ©|-85}H Spartina
& A E50o] A whx|of ARR-E = QIANA| W, Spartina
pectinata’s AFAF 02 Al 3 79l ®A| = ojof & 3
Fo= AFelor 3 Aol

EIES 'é',"xﬂ ¥ (Integrated Management)

[= R |

ezl vpel o] rx o] EeEl3, slehy, &2 W
Aol = Z¥zke] ko] Q. 3ol mjzl= A4 J&F
< 2|23} oA HAAH SR Spartinady &S de|stH
5] 2‘3151‘% WAee] Byt a3k pelsial = W
U3t AYS ZAgste] 34 e ZRIAPE Yok
Aol 717 HP%”—!Q Aolt}. ojuf] 7} FashA e afjof

Sk Mol WA AAI7]Q] A Zrt. ShA A upe} Zol
Spartinay A& AR} vl&o] uf$ =7] wjiZo] YA}
o= I3} o|Hof dlx, T E= AZA A7t o] F
o Aok ghrt. TE|ar g 7HA] A E k= F7HA] o4
o] A (o, &2 A2 +3}sha] A2le] A B
Al BEo] a1 A &EH o[t} ol& ] 3}ekA A 9] 79 dry
time?} ¢ 22 9] &g wj»- FQ5HA of Aok & Aol
ol= kAol AEAIW Ft IAIZE Q7] wiZoll dry time
o] AFF(4-6A17F o), =3 xAHTh= off %
2ol A 2 YA EHNE AE = A

QHH Spartinass A= 2] Bl AR 0] ol Fojut

7] wjEo] R|EHE ] FE A 41‘41??_ gAst= ek
o }\ﬂ%o]: g Ao|t}h, Yo Rt WLz A2
& Sstofop A HFOIEUH/\E =olal 249 Al

A e 29 4 9ok I9E] AshE Hrel o A
e S B o] Fol x|y o] aztel] AHA A
&2 shet.

o2 WASTS Agsts o] Wa
[e]

zS|
At 2230 GEl Spartinas; A& WSk gl o

2 7HA] ool %E} D) " 29sA Ash] W
off A=A A Aol ofzfEel At 2) sfdke]

A5k qlol vhsrel Bk 3) Wi, ol glm wvlet
17k Ws) ] 291417 2l ofelgol gtk 4
SA7 ojsRol7] whel Al % 717]o] el ofelge]
Bch. 5) o AP el Ak 91] e of
W HelS FXekE 7 GFol Fulo] A A % 9l
oM B3| BEA YR that FEo] Lk ST B2

ml
ri

ok ek, wjebd BE Ak Lasl Se) gue 2
2E 98 A% E A=shE 7|AALe] olRolxo} I
Holtt.

Spartina% 4| & HIO| 20~ E#E S SEl

dHH 2

SpartinaZs A1&o] i o7 FjEo] ZEHog 14
A717] ARAY AQZF o2 vlo| Quj A =87} F55H
g A, A Spartinass AE vo] L AE FA|H O R

o)t 4= gl Heto] Qlkel WA elo] whe wr} mat
Hom A Bel2 A 5 AL Aol Y] oo 7}
SAE nee) 2 Bavt de A 2ok

Al B O

Spartina<; A]&-2 switchgrass (Panicum virgatum), reed

canarygrass (Phalaris arundinacea), giant reed (Arundo
donax), M| (Miscanthus spp.), Zt|(Phragmites spp.) &2
ofe] 744 BHaTh Bk )9 TiBol Ho] 9ol 7] 2HE
(bioenergy crops)Z2A4 2] 7HFsAdo] AEE T (Potter et al.,
1995; Lewandowski et al., 2003; Ho et al., 2014).

Hl<=2] % (Boe and Lee, 2007) T+ SHA|E % (marginal soil)
ol A 2] (Boe et al., 2009) cordgrass A2 switchgrassE 5
7VelAe}. wl (Imperata cylindrica)y 2ol (Phragmites australis)

Hop 58 AHdE& Uebdoar 271 = ek (Chung et al,
2006; An et al., 2007). Prairie cordgrass®] thaFAAF 73212
o)) ALgR AEA A AT 718 E 9 rHSekutowski
and Dziagwa, 2012; Anderson et al., 2014).

Z Ao A 9] Spartinas;y A& vlo] Quj A YA
9 stAof ulgl HE AEE 7]&£ 2 & 10-15ton ha'o]1l
RO A= A Y] Wgkglo] A|<&E SiTh(Potter et al,
1995; Yang et al., 2009). 121} FEo| FH3F 5= Jiangsu
Aoz o A= HEZ0] 30ton ha' AL =& AHALA
= 7|5317] %= SFtHQin and Xie, 1998). | & 2o A=
40 ton ha™ = 7[53lttal 3Fch(Yang et al., 2009).

e 7)o
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SpartinaZs A& s|oF AR, 7HHA], AFES WA,
siltation 274 5= g A5 AEEA W w2 7}
A7} Q1S ik o} A4k vlol @A A E (green
manure), F& X oJF AbE, Hfol2u|||H, Hlo| w2
A Y AREZFA 7L Qlof, =t Jiangsu A| Hol| ARE &=
A A 71 7F 1.08 x 10° ¢J¢F Axgtr 275k ot
(Chung et al., 2006; Lu and Zhang, 2013). H}o] 2. 7}A Al
ARSI @748t HEEA ARETIA7E Qlow Hih 4
SHeS =oldH Al FrdRHES B3 e Aol 28
Shekal 3l TH(Yang et al, 2009). 18|31 8ol AlG A=
(Larran et al, 2015), =21 29 A A(Li et al, 2013), =
A& (Chen et al, 2011)2% AREE 4= 9)ow, FZo= A
Z2ES SEAIRY oF 25% o2 ulig gro g A Wi
= RAREAY] o]& A o] &S HIiskItHQin et
al, 2016). webA] HAGE 7]s/tE o o5 28 =
£ =ol¥ Spartina SAEAE Hoh FAHOE Z oA

= A A &EH AR Fslorsat Aol
AN Q= o8 EAIEAFAEY 1, A2 dst
o} CO, Hi& A, B+1A 43t 5)r2 &718A a53t
7] V8liAl A2 A o] S oR neE YA
HE 7leo] Hagt Agfoln, ol fgt 7P Aget A
HF a2 AEAYS 285k doletal o AXITE Lt
st A2 BAsHEA B7]59 Co, A%, =443t 5
of ZA 71T #ut ofu 2} A7t WA= (biomass, green
feedstock) o1& 7}A] 7154 &4, vio] Lo A], vo] @ 3}
AIE 59 A dREA 8 £ = TE0] B
fFolch weka] AEE FollA ole HE|EHolo] 7]
T2 F YT 5 e AES Y5 COo, A/
AshdAl A H X A E Ak 5o teaat
g A ZFE 5 e T A7ES sk A2 b
- 9Jn] gl= Yol E Ao|th(Kim et al, 2014). L&Y
Aarz7)e0] A83) o= vto]ou A ARG Qlckar
e Fplo] of)7] wjiEe| Spartinas; AlE-S HE|EH O]
o|2A 719 & 7= S83] A& A Lk =& Spartina
& A5 2751 e & BT = e VRS

oF &85 AR sfoF & Aol

]

A BANB)ZE QA Ho] )5, B3, 5F 5 A ol
Uretell 4] ety A1=o] Hojzka 917] uiolct. $-2)
Uetol M= 20169 AElA) kAl ER A sl H% B
glol Sojzkrh oln] EAIZL Hold Uebge] Adnte
AES B u) Spartinas A2 BIE F 5] 943
A theo] AR & olashEA AR, 7144 Tl
ore Al Fusiof & Aoz webE

L Spartina%; A|E-2 Hol wolsle] oo kst 7t
2ol A o159 AZolw, 2HoR WAsH: T
A Aol Fol wet ofghy Holrt gleAlehE F4)
2] WAlE e st Jeln A Sl g 4
24 Gvl(wrack)2 B3 58 km7kA] o), WobA Y 4=
QAL AT} AR ojolis 77 AHE A4 o] e
oFEsic). webA Selubete] 49, F2 B E 3
ol oIg W) 7FsAel Kk BA Fofok & A Uk,

2. SpartinaZs A1E-2 thS ThoFet BAEANA 4, A
AsHe AZolAut AAEY X L Ao Ao Aol
Aoz sty oo gRzrE o] Aot by

AE SIS o5 Favt SAAORE HF Belslolo}
& Bt}

3. Spartina<; A1=9] W E i< E24/5eH A
S Halshs Ao viEAlsh, 3-4d A|EHF o7 o]
FolAof gt whY 19 A= WAE AeshA =W A2
B3P7} Bstol g Alo] 24 Bt 1 ol 2 4
20| A sjEso] 7] uod,

4. of| =% A 2A| A 2](mowing/herbicide spraying) 52
P2 7B 0] $9) ZojF-27HEE = 84 o]y 9] o]
27710l AAIsH= Aol Fasir). R4 Hio] Quf
=0 TAAE Folal ok ASHRERY] JFE ]
= ARt A9 &S £o7] fIgolth

5 A A E A=A AArlol= 4o 2718 AT
(dry time)o] 4-6A]7t o] A=A Shofof shaL, vigho] &4
e o Aazstojof ek Qlof Fo] @ol o oW
glyphosate 2|5 #sh= Zlo] & A &t} Folko
o AL U ARAE sinfeh Alg AMSHA] s
sfjoF stc}. Glyphosate, imazapyr, fluazifop, haloxyfop W5
oFA A-goll oJsl AP Fx Edol FolstA dojdrt
a1 e A 28 (ALS, ACCase, EPSPS)&2 7}A|al Qlth
(Deilye et al., 2013; Heap, 2016). Spartinas; A& A7} 4
e} 5g0] WElm FAIAl0] fol 5}] el Ay
As = Aol Erhar & 4= ATk AlxA A3
Fo| At s, o] % 38HA A At A9 7|
171 o1F7] wjZol Aoz o= FoJsfjof & Ao|r}. T
T AU AT IRAC)7 glyphosates 255 T
A2 BE73}0] (Guyton et al, 2015) AR&-A|gto] Wil L

T

ol

Mo K
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rﬂ s

o ot o5 tujstel Aze 7o) ohdstn
729l A2A| GAo] 7P 0 ofFoj Aok &

=

(]

Itk 53] stliolAls A8zl digh A7) oFst
7] dzell =l Ao AFARIE & HESFaL(Pyon et al,
2015) olof] gt 712 2ot 9 /A= FHA o] Foj Aok

6. AZHE AT T, o5 Ao F Kol A3}

50] opelo] | 4= 9l wfef whebii FAbds 4ot
2 AZT 5 U QR s T FEE o[ FAA

7. SpartinaZ; A2 ok clore] Aejgata 77} S8
3] 9L, A1l ol eu AR A o] AYS B3k ik 1
7] who] ejuk 2 Hw g AR 3wzl ofuls)
o a3k nlol o 29lo] B 4= 91 Zolch. webd Spartina
& 4891 &sh el Rt att 454 o
oros A4 Haywolof szt

OIEE

A

o ok
el =

N
K

|

Lol A= 2016W Spartina<;2] 2| A&E
(Spartina alterniflora, Smooth cordgrass)¥ <

FJHJFQ
r& R
44 >

g A R

(Spartina anglica, Common cordgrass)= A €l 4|
2 Aotk Mot B ATeA slTe] My
e ¥ gEsto] wrp agHel Beloj(HI A 7
Wk W S WS Rlsta o] Alslelt] 72
£ Alsstarat sk Spartinasy A=
S e MAT A AT 9
Ao A AL WA= A)Eo]Aut AFE] —X] (low-salinity
marshes) 2 ZH&H (mudflats)of| A 2] AJAro] AA|A o2 U5
Shek. Spartinass A=0] W& 84 L&t A7HAl &
24, 3}ehA], YEohA] A o] AlkeE o] et AAY
oz, k], Zr=A 2 (flooding), A=A (glyphosate, imazapyr,
fluazifop, haloxyfop) *2] 50| A8&o=2 HLL Q)
Hop g anks AR F7HA] o] A2 E (o, ol
Z/AZA A=) N5E7] oo o] A7 AAIsH=
£ 3l o] 5 3-4d%k FHglo] XEH o7 35 Zlo]
Fasieh Az2A A= 27171 gle Ao Al
ZHdry time)o] 4-6A|7F o= A| dfofof sfal, Higlto] &
] OJ—.Q_ HH /J-:\’ES]-]‘A— OToﬂ EO] UJ—O] %01 [e3} Ouz] glyphosate
A5 9ot o] Fo A Ak FolET Fo3 AL
Al zA 475“* AsY EAE sty Qe Y Alx
Ao ¢8-S Hsfjof & AHolt}. FHH Spartinad; A=
& AQke] AEjEsHA Z7FA|7F SE8] AL, AFE vl
7] wfol et &

=

o?.i

N

o] H £k Q& Ao|th wakA Spartinass A= 7]
T 7] ol gt Hop AEAQl At ko= A
Zay= ofof st

B o

FR0{: A=A, A, 93], Cordgrass, Spartina spp.
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