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Abstract : Sulfonylurea (SU)-resistant weeds of eight annual weeds, Monochoria vaginalis, Scirpus juncoides and Cyperus
difformis, etc., and four perennial weeds, Scirpus planiculmis, Sagittaria pigmaea, Eleocharis acicularis and Sagittaria
trifolia as of 2013 since identification Monochoria korsakowii in the reclaimed rice field in 1998. And the resistant Echinochloa
oryzoides to ACCase and ALS inhibitors has been confirmed in rice fields of the southern province, Korea in 2009.
In the beginning, the M. vaginalis, S. juncoides and C. difformis of these SU-resistant weeds were rapidly and individually
spreaded in different fields, however, these resistant weeds have been occurring simultaneously in the same filed recently.
The resistant biotype by weed species demonstrated about 10- to 1,000-fold resistance, based on GRsyp values of the SU
herbicides tested. And the resistant biotype of E. oryzoides to cyhalofop-butyl, pyriminobac-methyl, and penoxsulam was
about 14, 8, and 11 times more resistant than the susceptible biotype base on GRso values. The products and applied
area of SU-included herbicides have been increased rapidly, and have accounted for about 69% and 96% in Korea,
respectively. In Korea, the main cause of SU-resistant weed is extensive use of these herbicides. The top ten herbicides by
applied area were composed of all SU-included herbicides by 2003. The concentrated and successive treatment of ACCase
and ALS inhibitors for control of barnyardgrass in rice led up to the resistance of E. oryzoides. Also, SU-herbicides
like pyrazosulfuron-ethyl and imazosulfuron which effective to barnyardgrass can be bound up with the resistance of
E. oryzoides. The ALS activity isolated from the resistant biotype of M. korsakowii to SU-herbicides tested was less
sensitive than that of susceptible biotype. The concentration of herbicide required for 50% inhibition of ALS activity
(Iso) of the SU-resistant M. korsakowii was 14- to 76-fold higher as compared to the susceptible biotype. No differences
were observed in the rates of ['“C]bensulfuron uptake and translocation. Acetolactate synthase (ALS) genes from M.
vaginalis resistant and susceptible biotypes against SU-herbicides revealed a single amino acid substitution of proline (CCT),
at 197th position based on the M. korsakowii ALS sequence numbering, to serin (TCT) in conserved domain A of the
gene. Carfentrazone-ethyl and pyrazolate were used mainly to control SU-resistant M. vaginalis by 2006 in Korea. However,
the alternative herbicides such as benzobicyclone, to be possible to control simultaneously the several resistant weeds,
have been developing and using broadly, because the several resistant weeds have been occurring simultaneously in the
same fieled. The top ten herbicides by applied area in Korea have been occupied by products of 3-way mixture type
including herbicides with alternative mode of action for the herbicide resistant weeds. Mefenacet, fentrazamide and
cafenstrole had excellent controlling effects on the ACCase and ALS inhibitors resistant when they were applied within
2nd leaf stage.

Key words : Herbicide resistance, Sulfonylurea, Resistance, Resistant weed

*Corresponding author: Tel: +82-42-821-5726
E-mail address: parkkw@cnu.ac.kr

CNU Journal of Agricultural Science 41(2), 2014, 6 85



9218 / W= =0M MR MY

of Wl AY, UFIYE Y YA

L A&

A AzA APz A AAHCE 657470l A
82E2] Aol A 235% ““O](’V\}Z}(ﬁ 138, 9HQl 97) HiL
ek o5 AzA AR EES 224159 AxA 5
155 79| AzAE0l tisto] HiEglon w7PH=e
b=, 35, At S o2, AeHEs U, S5
T, H o= Hugey AxA 2871202 ALS
(acetolactate synthase), H3HA] A=) thst AskAl
ol 7ME wol HaEglon, 53] wfo] 4 =9
A T HE AR Wo] ARE-EE= ACCase(Acetyl—CoA
Carboxy lase) A/slA|Sol thet A@Ad4zE0] 1990H )
SHHE wer S7leka Qe A oltHHeap 2014),
1980 7HA|= =& triazine#] A|2A|Zol et A3
WEo] masiglon Aol F) ol go] A8
O]A| 2L Q= ALS A A E2] sulfonylurea(SU)A A|ZA
5 g APARET| 1Y WA Bk G A4
o]th(Park et al,, 1999; Park, 2004). o|& SUA| A=A
ol ot X1°Lé 252 27]0e 2 vl=olu F3-9
o 25ei SojA Wol ARE AL Q)= chlorsulfuron
o oJste] BHIEITHDurner et al,, 1991; Ohmes et al.,
1999). I8} 1980 &
pyrazosulfuron—ethyl 5-0] =0 A= P H {517 AR
o uheh 7o) oA B ME SEE AR
HpAgo] F7skaL Qlek, AR ol WA sk Al Z2A|
A5 T2 ALS AiAIQ] SUA % ACCase #|3l
AlE21 phenoxyA| AlzAe] thsto] oF 50xF0] HalE ]
th. (Heap, 2014), =9} w27 o] v FARE Yt
O] =ollA 2229 APAHEZ] WA o] HaE|glon
= 2014 HEY} o fHE7MA] 13%2F0] HalEg]
o}, YEoflx= ofn] 1995 E =0 A ALS AsA|l =]
ek AR/t x 212F ACCase AsfAlSol gt A3
72 22%F0] w4 wE &= ikl Qe (Heap,
2014, Ttoh, 2000; Koarai, 2000; Uchino and Itoh, 2000;
Yoshida et al,, 1999), = A = 1999 =0 Afet 7+
22| E=oll A AR E5to] SUA AlzAlof tigt A&
Hx2 Zold o]F A7 dad 8xF, thdd 4%
Z 122F0] YIS AL, ACCase Aaf|AIE<] thst #aH4d
17} Eolx| 9t Heap, 2014; Park et al., 2010). &<
+ B AzA A REE Yol A=A, BEQE,

BHHLE= bensulfuron—methyl,

86 SUWBINT M4a1H H23, 2014, 6

SoNE Soll tigt vido] Z7kskal thLee et al., 2013),
ol APIHEE SollAl 53] 1o WA Sk 7]E
Hlsto] T Ajzet Tlalet 24

ZHEt, v g = JARE oA
Hof| gt Zglto] 71 -S-Aiek it ofj2} 7| priminobac—
methyl 2 metamifop 52| ALS W ACCase A|A| &5
0E 3~4 54717 = WA7} 7Rssl o A3 1] v
AE A 4= Q= AlZAIE2] mefenacet W fentrazamide
= 2 1E 159779 7551 7 = R
HAo] w2 A Foluhal gl dAY] =S 1eshd T
o] sk 71 Aotk Hf oA EAE AZA
A d7z0] AT 50% GAsk= SUA AZAIES] &
T AR AEE Bl Aol vl w2 Aow
shol|ole}h <tk SUA| A|Z2A| AaAd2S0] vhysha
o] ARgSHAL Q= AxAZE WAF E7FsT
ool L“‘(ﬁoliﬂr A= A7) He =5 vlYo] 955t
? W" AR | =oll A A3
g FRHOR il Az
9}\% 1ok Alokstarat g,

ox
tlo
o
N
ek
Y,
i
o

4ol

A|2A| A dzo] AAA HAY @2 Fig, 13} Zo]
FEAd AelAIQ triazine ] AzAof gt AP
o] 1970t 25 WAl o 1990 FHHAE =
ALS AsjAl] et AgAtzrt v w24 F7keta
Utk 3] o5 ALS AaljA| FolAl SUA AzAof ofgt
Atz 19909 $RbE 543 7kl S,

O|AL AUt Yro] =olA] APIEEL wE F7He}
FsA] o, ml=iak oAl SUAl AlzAlEC] gk 4]

SFA
P ZE T, S5, Yol A chlorsulfurono]] &J3fjA|
HIA

oZ:
N
Nt
il

Aol dhet 74?%*31?553 1990\ FHE] ARG 7] AlARRE
bensulfuron—methyl, pyrazosulfuron—ethyl S=

W ol slel AT el ol w2
of| = ZAE Sl B¢l acetyl—CoA carboxylase(ACCase)
A8l A|zA|2] cyhalofop—butyl ¥ fenoxaprop—P—ethyl
o] tg SRt Rl o AR RS S 2




Kee Woong Park / Current status, Mechanism and control of herbicide resistant weeds in rice fields of Korea

180
B
140
120
" 100 C1, CE.C3
o
=
2 o
o
=
= &0
Ll
0
o
o= 40
o
G
. f
0 ? T T 1
1955 1965 1975 1985 15995 2005 2015

Year

Fig. 1. International survey of resistant weeds to herbicide sites of action as of 2014, (http://www.weedscience.org/in.asp).

Table 1. Development of resistance to weed among different herbicides (LeBaron 1991).

Herbicide . Year of Year resistance Years of
introduction first report continuous use

2,4-D 1945 1963 18

Dalapon 1953 1962 9

Atrazine 1958 1968 10

Picloram 1963 1988 25

Diclofop 1977 1983 6

Triallate 1962 1982 20

Chlorosulfuron 1982 1987 5
7¥8taL Q)tH(Caroline, 1991; Gressel et al., 1990). Ui 7tE & AR UAE AxAEC] AFEE I olF
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Table 2. Occurrence status of herbicide resistant weeds in rice field of Korea.

Identified year Weed Distributing province
1998 Monochoria korsakowii Chungnam
1999 Monochoria vaginalis All provinces
2000 Lindernia dubia Cheonnam
2000 Scirpus juncoides All provinces
2001 Rotala indica Cheonnam
2001 Cyperus difformis Cheonnam, Cheonbuk, Chungnam
2004 Scirpus planiculmis Chungnam
2004 Sagittaria pigmaea Cheonnam, Chungnam
2006 Blyxa aubertii Cheonnam
2006 Eleocharis acicularis Cheonnam, Chungnam
2008 Echinochloa oryzoides Cheonnam, Chungnam, Cheonbuk
2013 Sagittaria trifolia Kyungbuk, Cheonnam
2013 Ludwigia prostrata Cheonnam
Table 3. Occurrence area of resistant weeds by year in rice of Korea.
- Area by year (ha)
2003 2004 2005 2006 2008 2012
M. korsakowii 10,000 10,000 10,000 10,000 10,000 -
M. vaginalis 24,248 34,327 39,348 42,102 62,560 57,018
L. dubia 30 32 33 33 33 11,301
S. juncoides 452 494 832 906 12,060 33,803
R. indica 5 5 5 5 5 2,047
C. difformis 12,435 12,800 13,280 13,171 14,230 13,085
S. planiculmis - 4,000 4,000 6,000 8,000 -
S. pigmaea - - 17 17 17 701
E. acicularis - - - 5 27 589
B. aubertii - - - 2 2 -
E. oryzicola - - - - 17 13,581
Other weeds 44745
Total 47,170 61,658 67,515 72,241 106,951 176,870
1120|(S juncoides) 5°] WA THPark et al., 2003), A 9 penoxsulam ¥ priminobac—methyl 53} 72
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Table 4. GRs ratio in growth reduction of SU-susceptible and resistant biotypes.

GRsp Ratio(Resistant/Susceptible)

Herbicide

M K’ M v L d S, j S p

Azimsulfuron 12 217 560 275 720
Bensulfuron 40 123 987 318 558
Cinosulfuron 42 215 620 234 549
Ethoxysulfuron 60 177 600 340 500
Imazosulfuron 36 159 545 237 412
Pyrazosulfuron 64 138 482 412 872

"M. k : Monochoria korsakowii; M. v : Monochoria vaginalis; L. d : Lindernia dubia; S. j : Scirpus juncoides; S. p : Scirpus planiculmis.

Table 5. Survival rates of resistant and susceptible biotypes of Echinochloa oryzicola to different dosages of cyhalofop-butyl and

penoxsulam used in greenhouse study at 4~5th leaf stage.

Herbicide Do§age_1 Resistant Susceptible
(g ai/ha’) Iksan Kimje Buan Gokseong
------ % of control ------
Cyhalofop-butyl 0 100 100 100 100
50 100 100 100 100
1001) 100 100 100 30
250 100 100 60
500 92 95 32
1,000 77 83 20
Penoxsulam 0 100 100 100 100
6 100 100 100 100
12 100 100 100 10
30 100 100 62
60 75 68 45
120 30 15 7

YRecommended use rates are shown in boldface.
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Table 6. The GRsy of Echinochloa crus-galli var. crus-galli to several ACCase inhibitors.

GRs (ga.i./ha)

Herbicides

Resistant (R) Susceptible (S) R/S
Cyhalofop-butyl 179.5 23.1 7.8
Fenoxaprop-P-ethyl 453.9 315 14.4
Metamifop 41.9 14 3.0

butyl, fenoxaprop—P—ethyl, metamifop®] W2}A3H4
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I FU E0IN RER] RPRE
Y Y W A

BN

AZA) AR WA 9 B UL TA A|2A),
W= 29 %LH 4 oAMSIE PRI 47 ik
A A9 BE AZAS thsle] Fz5o] AR
& 5 0] o OME} oHL A7} Esta, %A Ale)
Ko] 943t A2AZe| thstel M7k AR ket
o A% oA ARl v L, ol 27] 4)
seke 1%%@ AxFo] AFARE Wk T
Aols7te] mash 9 Apsle) e 7 A4
AT 3749k A AR B4 2

nor
N

Fig. 2= S =ollA A7 AlzAl 553, & 65

LS ehl Rolck, F) o)A A2 19704 2
FH 57kl 2H2 0= AR AR olufE
1980t SH7HA] SEH AZAES AlEEE 9 g54
A AAS=2 ZHgAo| thefFste] ARtz dhAlal=
Aet 919l el 19904
methyl(BSM), pyrazosulfuron—ethyl(PSE), imazosulfuron(IMZ)
s SUA AlzAlE0] T5E o] Bl ARE7] A2
3}T), Valine, AEA WellA 2
> oAl S Ffjshs ALSE Aldlfshe SUA Alx
A& AEiAjo] Epelet ek ofje} 244} ofizt ¢
3t APAIR R WAl 2710 Aol Yolo] ¥1

ek, E3E =) =0l A FRSIsA AR F¢1 Sk A%
O] -8 9FAIQ1 molinate7} AY4t Sk ofl wheha] A oF
A% ALS Y ACCase A2l S pyriminobac—methyl
(PMB), penoxsulam(PXL), cyhalofop—butyl ~12]37 metamifop
FIASY 55 B4} g w2 375k g, o
= ALS 9 ACCase A3l AzAE Al SUA Alz52}
Zro] ok MEIAT} 2|44 81 gy} eFEEly] wE
of| A3FA ulo] v} Z710] ZHZ 0] #lolo] T Q)

S =olA AR 25 4 3 AR Sh JJ

F

HEEE bensulfuron—

leucine, isoleucine &

‘50 ‘60 ‘70 ‘80 ‘90 ‘00 10
< Auxins 2,4-D MCPB Clomeprop
* PROTOX NIP  CNP Oxadiazone Carfentrazone
< PSII
< Lipid: Carbam ates Sym etrin Bentazone
Amides Benthiocarb/molinate
Others )
Butachlor Pretilachlor Fentrazamide Bromobutide
Mefenacet Carfenstrole
% Pigm ents Pyrazoles Triketones  Benzobicyclone

% ALS: SU
O thers

< ACCase

BSM PSE IMZ FTS
PYM  PXL

Cyhalofop M etam ifop

Fig. 2. History of paddy herbicides used in Korea (BSM: bensulfuron-methyl, PSE: pyrazosulfuron-ethyl, IMZ: imazosulfuron, PYM:

pyriminobac-methyl, PXL: penoxsulam).

90 SYUIEIAT Ma1H FMi2E, 2014, 6



Kee Woong Park / Current status, Mechanism and control of herbicide resistant weeds in rice fields of Korea

.Tnn.lpzid_\' arealha)

120 x10.00ta
|

110

100

90

80

Area(ha)

70

60

50

. Applcation area(ha) of ALS

891

1
|
1 80
|
|
1
1
I
|
1
I
I
i 50

100 %=

(%)arey

3

1999 | 2000 2001 2002 2003 12004 2005 2006 2007 2008 2009

Year

Fig. 3. Application area and rate of SU-included herbicides in paddy herbicides of Korea (KCPA 2009).

Table 7. Rank of preferred herbicides on farmer’s level.

Herbicides

Area (x1,000ha)

Pyazosulfuron-ethyl'molinate GR
Bensulfuron-methyl'molinate GR
Bensulfuron-methyl-butachlor GR
Pyrazosulfuron-ethyl'mefenacet GR
Azimsulfuron'molinate GR
Pyrazosulfuron-ethtl-esprocarb GR
Imazosulfuron'mefenacet GR
Pyrazosulfuron-ethtl+pyriminobac-methyl GR
Imazosulfuron+fentrazamide GR
Imazosulfuron+fentrazamide SC

143.0
63.7
51.5
49.8
43.9
375
37.0
249
22.7
20.0
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Table 8. Segregations by phenotype in back-crossed and FiB; progenies of cross between each survived plants of sulfonylurea-resistant(R)
and sulfonylurea-susceptible(S) Monochria korsakowii (Park et al. 2003).

Parental biotype Segregated no. of phenotypel) Expected ratio >

(2x9) Resistant Susceptible R :S) F
--- no. of individuals ---

(1) SXFI(R) 116 71 1:1 10.82 0.00
(2) SXFI(R) 102 54 1:1 14.77 0.00
(3) SXF1(R) 66 43 1:1 4.85 0.02
(4) SXF1(R) 99 51 1:1 15.36 0.00
(5) SXF1(R) 98 48 1:1 17.12 0.00
(6) SXF1(R) 86 52 1:1 8.38 0.00
(7) SxF1(R) 95 61 1:1 7.41 0.00
(8) SXF1(R) 111 70 1:1 9.29 0.00
(9) SxF1(R) 93 56 1:1 9.19 0.00
(10) SxFI(R) 112 54 1:1 20.27 0.00
(11) F1(R)xF1(R) 114 36 3:1 0.08 0.77
(12) F1(R)xF1(R) 110 26 3:1 2.51 0.11
(13) F1(R)xF1(R) 101 52 3:1 6.59 0.01
(14) F1(R)xF1(R) 72 23 3:1 0.03 0.86
(15) F1(R)xF1(R) 150 25 3:1 5.36 0.00

1)Phenotype of each plant was assessed at 20 days after treatment of bensulfuron 51g a.i. ha-1. Susceptible phenotype; killed, Resistant

phenotype; survived.
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Fig. 4. Occurrence procedure of herbicide resistant weed in farm land.

Table 9. Numbers by age-based farmer in farmhouse for rice production.

Division 2000 2005 2009 2013 Growth rate by year(%)
95,756 48,214 34,685 25,432
under 45 age (12.2%) (7.4) (5.7) (4.5) 137
146,409 113,013 103,193 90,232
45754 age (18.6) (17.4) (16.9) (15.8) 52
268,198 180,110 160,235 142,917
54765 age (34.1) (27.8) (26.3) (25.0) 68
sver 65 aue 277,088 306,962 312,145 312,906 s
g (35.2) 47.3) (51.1) (54.8) :
Tol 787,451 648,299 610,258 571,487 is
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Table 10. Numbers by rice cultivation area-based farmhouse for rice production.

Division 2000 2005 2009 2013 Growth rate by year (%)
Average area per

M mﬁouse (hl;) 1.34 1.52 1.48 1.61 %9
under 0.5 201,233(25.6) 195,101(29.6) 212,952(33.3) 184,436(32.3) -1.5
0.5-1.0 235,300(29.9) 190,032(28.8) 185,299(29.0) 161,782(28.3) 4.1
1.0-1.5 139,681(17.7) 106,789(16.2) 90,706(14.2) 83,076(14.5) -5.0
1.5-2.0 80,730(10.3) 58,308(8.8) 49,406(7.7) 43,320(7.6) -5.6
2.0-3.0 73,253(9.3) 55,366(8.4) 45,527(7.1) 43,348(7.6) 4.2
3.0-5.0 40,612(5.2) 35,924(5.4) 33,679(5.3) 31,281(5.5) -14
5-10 14,587(1.9) 6,233(2.5) 17,510(2.7) 20,046(3.5) 5.7
5.0-7.0 10,428(1.3) 11,028(1.7) 11,333(1.8) 12,761(2.2) 2.3
7.0-10.0 4,159(0.5) 5,195(0.8) 6,177(1.0) 7,285(1.3) 6.4
over 10 2,055(0.3) 2,406(0.4) 4,06(0.6) 4,198(0.7) 12.9
Total 787,451(100.) 660,149(100.) 639,141(100.) 571,487(100.) -32

IV. SUA AIEA] A%t X0]
WY S

2 AlzAl dEoll SJsto] AlzAlef et
Rbg-o] Mok Aejetal & 7t vk SUA AlzAlE2

248790 ALSe] o5 A2A BHo] LEhHA Rohes
W EoRN AL WA Aoz HusT gt

(Caroline, 1991; Gressel et al., 1990), YEo|A] ol=]
5] SUA AlzASol thet 72 A HeES
o A R ALS B4 50% oAk AZA
%= (Tso)7F 43 e ke 100~1,000818 %= =3k

1 R EATHItoh, 2000; Heap, 1997; Koarai, 2000;
Kohara et al., 1999; Yoshida et al., 1999), u|=} G-
oA WY SUA AZAE] tigt A Aed A
29 A et Lol WA 57 LR Ao Wi
¢IcH(Heap, 1997; Hensley, 1981). Table 1194 E= d}

o} o] Park 5(2004)2 SUA AzAlEe] thet A4
£909] ALS 242 50% SATHE TnE 144 A
wlet s g ABL U9 A Rof 14T
A ehde), e AL ALS SRS Aol
4lo] oAt sl FREAE Rgkort 2409
ALS $07) 9 2 Belulolo] ol 2lelo] 713 A5
oAl BIE)T QlthPark, 2004). ZUollA] Park S(2003)
AL ZER R o A A SUA A|z2A| A9 2 A4
Aol et WALl BlgkEo] 2k “C-bensulfuron—
methyl®] o|3] 2}0]& auto—radiograph® = A3} Fig,
58} ol AE|E 7ol Afol= qlSiet, Leiut ALS F41#}
O] ANA H7|MEE 2% AiKFig, 6), A4 AeiFoll
A A Ao (point mutation) 7} HAYSHAE AS 2l
gk 271 U AH(Park et al,, 2003), &=%Fe] AlEA Y
+ olg] 7HA Fejo] ALS §APF 24 4= o, 5%

s

& A AE e ALS +44= Domain A F-5of Q=

Table 11. Isy ratio in growth reduction of sulfonylurea-susceptible and resistant Monochoria korsakowii.

Herbicide : Lo (M) : Ratio (R/S)
Resistant (R) Susceptible (S)
Azimsulfuron 1,021 72 14
Bensulfuron-methyl 529 76
Cinosulfuron 152 4 38
Ethoxysulfuron 882 39 27
Imazosulfuron 528 8 66
Pyrazosulfuron-ehtyl 372 6 62
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Fig. 5. Autoradiograph [14C]bensulﬁ1ron-mnhyl to sulfonylurea-resistant Monochoria korsakowii.
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Fig. 6. Mutation points of ALS in sulfonylurea-resistant Monochoria korsakowii. S: S-type, R: R-type.
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Table 12. Herbicides to control the resistant Echinochloa oryzicola by leaf stage to ALS- and ACCase inhibitors in paddy rice.

Leaf stage Herbicide
0~0.5 butachlor, oxadiazone, oxadiargyl, pretilachlor, thiobencarb
1~2 mefenacet, fentrazamide, carfenstrole

Table 13. Effect of herbicides having different mode of action from the sulfonylurea to the sulfonylurea-resistant weeds confirmed

in paddy rice fields, Korea.

Weed

Herbicide

Monochoria korsakowii

oxadiazone, butachlor, pretilachlor, benzobicyclone, carfentrazone”, pyrazolate

Monochoria vaginalis

oxadiazone, buromobutide, butachlor, fentrazamide, mefenacet, pretilachlor, thiobencarb,
benzobicyclone, carfentrazone, mesotrione, pyrazolate

Scirpus juncoides

butachlor, pretilachlor, pyrazolate, thiobencarb,
benzobicyclone, buromobutide, mesotrione

Scirpus pigmaea

benzobicyclone, carfentrazone, pyrazolate

Scirpus paniculmis benzobicyclone

YBoldfaces are herbicides for control of carly and middle leaf stage(2~3 leaf stage).
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Table 14. Top ten of herbicides by applied area in paddy field of Korea (KCPA 2010).

No. Herbicide

1 benzobicyclonimazosulfuronpenoxsulam SC
2 pyrazosulfuron'mefenacet

3 benzobicyclonpenoxsulam SC

4 benzobicyclon-bensulfuron'mefenacet SC

5 carfentrazone-cyclosulfamuronpyriminobac SC
6 carfentrazone-azimsulfuron'metamifop GR
7 benzobicyclonflucetosulfuron JB

8 imazosulfuron'mefenacet SC

9 benzobicyclonimazosulfuron-pyriminobac SC
10 carfetrazone-imazosulfuron-flucetosulfuron GR

Table 15. Number of ALS- and ACCase-inhibitors reserved to control the barnyardgrass in paddy field of Korea (KCPA 2010).

. Number Application time
Herbicide .
of item 3rd leaf stage Sth leaf stage
Azimsulfuron 1 1 0
Cyhalofop-butyl 2 3
Fenoxaprofop-P-ethyl 2 0 2
Flucetosulfuron 15 14 1
Halosulfamuron 1 1 0
Metamifop 7 4 3
Penoxsulam 21 19 2
Pyribenzoxim 2 0 2
Pyriminobac-methyl 34 34 0
Pyrazosulfuron-ethyl 1 1 0
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