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Abstract

Herbicides are important weed control tools for increasing crop yields and the efficiency of
crop production. As the use of herbicides increases, the occurrrence of herbicide-resistant
weeds has been an increaing problem. In Korea, since the first occurrence of acetolactate
synthase (ALS) inhibitor resistant Monochoria korsakowii was reported in the Seosan
reclaimed paddy field in 1998, resistance has been reported in 14 weed species, including
Echinochola spp. and their populations are gradually increasing. The objective of this study
is to investigate the nationwide occurrence of ALS and Acetyl-CoA Carboylase inhibitor
resistant Echinochloa spp. in Korea. In 2013, 2014, and 2015, we collected 594 accessions
of Echinochloa spp. in Korean rice fields except for Jeonnam and Chungbuk provinces.
They were then treated with the recommended rates of penoxsulam and cyhalofop-butyl.
We harvested seeds from 45 accessions of E. oryzicola in the case of cyhalofop-butyl
treatment. Also, 44 and 46 accessions of E. oryzicola and E. crus-galli survived and their
seeds were harvested after penoxsulam treatment. Twenty accessions of E. oryzicola
survived from both herbicides inferring possible multiple resistance. Two accessions out of
20 inferred from possible multiple resistance survived after cyhalofop-butyl treatment at a
dose of 500 g a.i. ha™'. Seeds of herbicide resistant populations will be provided and utilized
for further research.
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ANAA S = A Z2A| ARGl S7hetel whet Al 24 A a3tz o] o] D= let. AR A AA A o
2 ZF 6971=12] 917 ZHEA =R oA 2518(THAE 1058, A 1465)2] AlzA| A 3/do] BalE|o] Qlth(Heap,
2017). S-2Hatoll A= 1998 of] 213 A4t 712 2] =0l A] acetolactate synthase (ALS) A 3l] A|ZA| A3 &7
(Monochoria korsakowii Regel & Maack)©] WA 5}F 11 (Park et al., 1999) 71 & =1|(& 1], Echinochloa crus-galli
(L.) P.Beauv.)2} =3(F 1, E. oryzicola Vasing.)E Z 33t 147 ZFo| A A/ do] B E| T QLo A 11 =
U A7 S E AL Qe A o|ch(Park et al., 2011; Park et al., 2013). & 5] Al 2A) A ==z A AA

7HEgs 710 2 2] =H(Park et al., 2011) 20128 o= 2F22.1%91 176,870 haof| Al ©HAYSH A 0 2 2 =] of
49 qtof 3uiA = o] Z715AIE B Hth(Lee et al., 2012; Lee et al., 2013).

71A01% AEiA] 304 2] F-9- 1= 10 m* F THA] 7R 02 W AYATEES] 50% oS TAAIA 7tol Azbet
A £&A4S FESHE 2 (Moon et al., 2004) =gAke] B 2= woj7} vl A ZFeE otk ol A= S
A2 Z](Im et al., 2008)2} A& 7 A (Im, 2009)°114 Acetyl-CoA carboxylase (ACCase) #3f) A ZA] A3 &
o} =17 A2 =0 2 FUKSE =t A HEASEAL Qlth(Lee et al., 2012; Lee et al., 2013). 2 A= Z=o]]
A 8 5H= ALS@F ACCase AJofl Al 24| A 93Hd o o] A=2] WA A& mpelstr| fiste] pa=| gl or, A= 4
Aot AaE HAlskaA) S

2013-2015A 9]l A} FEFA G- A Qlgh 2=r9] o] HA| 7} =] 7] g2 =l A AR =] 128% 7} =1
43178 201497} 2015 A of| =5 A} SHA H o204 2 3-& F4517] $151] cyhalofop-butyl (ACCase
inhibitor)2} penoxsulam F=AAETF-E o]-8-5to] EAAZ ST 30/25°C(F/°F, 16/8 h) 2714 oF 3-5U7t
2|4F81e] 508 81 EEOf| o] A5t & 4-5%7]9]] cyhalofop-butyl ¥} penoxsulam-2 212} 250 g 730 g a.i. ha” 2F5F
o2 AH H st AlxA| #2] $(days after treatment, DAT) 21 & of] 74 2] thx1e} oA A= WAE FA
shelom, AENAE FTHEE(1/5000 a)ell 0] AR & XFH 0= FAE Fol it A2 sHHEO =2 23]
T-YE| Qloh 3, FHAREE A 2] 21900 Aol e Aoz vt TS 3 oFF A2t 22 iy
o2 24, o A5t & B 2wk 2, 48, 8HH, 168, 32815 2F2F 7R o] A 2] g
STt

Cyhalofop-butyl 22| & 21 A A =1 45 (35.1%)H =1 19 (4.3%)H 0] FESHA L, o] F =3= %
7)ol ES AU F2] 56.8%<] 255 oA =, AA| A=A A Aol AHE-H AHHEFS] 19.5%014 SAHE 75
SHleh e T A UE Y APE 87, A7 e oF AW 13, Ad A QRS 33, AE FHG AT
ANHF 224134, A5 A A-F 11- 02 0]+=2009d A5 ZIA| oA cyhalofop-butyl A4 =] 7} . 1(Lim
etal., 2010)% o] T 7]|7tof] T2 &S A| 2]t A o] Z=tol| A EAYoh= A0 & == Auto|t}, 3] ZA| 9
A AR == A=A A =g WA Q] oF 79%00 A FA=Eo] 7Hs ko] =2 cyhalofop-butyl 2134 7=
A|AFSFSTH(Table 1). o] 2§t Atz A oA A Z2A] 2 3Hd =1 9] 'Y o] oF 46%0]l Btthi= B et %]
SITHIm et al., 2017). Z2fu 3=3%F9] cyhalofop-butyl A 2] F 214 EQL 51 3572 A A|5] LAFSHSC
F|EA o5 FApEo] 7FsSHA] At

T2 penoxsulam #12] 214 GHEAA =1] = 88 (68.8%)F, F1] = 105 (24.4%)F o] E5HHTE. ©]
Z =1 44743 =1 6372 A A 5] JALSH] XEH O R =1] 44 (34.4%) T =1 46 (10.7%) AN A SAF
o] 7V&5teleh. A Eo] 7Fs ol H e =1 = A dE Y AHF 164, 7HE, ofF, o] 5 A7 &= A 97,

S, 70, 8, 27 5 BRAG AT 53, e 4 AR 41T A5 AA AEE 108010t ¢t
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Table 1. Collection site, the number of accessions treated with herbicides, the number and percentage of survived
accessions after each herbicide treatment and the number and percentage of seeds harvested after the herbicide

treatment.
E. oryzicola
Penoxsulam 30 g a.i. ha! Cyhalofop-butyl 250 g a.i. ha!  No. accessions
Collection site  No. accessions  No. survived No. survived showing
treated individuals hmse:f:ds » individuals Seeds | multiple

21 DAT (%) O ipAT@) PAvestedOregitance
Seosan, CN 19 16 (84.2) 0(0.0) 15 (78.9) 0(0.0) 0
Cheolwon, GW 18 18 (100) 16 (88.9) 8 (44.4) 8 (44.8) 6
Icheon etc, GG 41 22(53.7) 9(22.0) 3(7.3) 1(2.4) 0
Goseong, GN 8 7(87.5) 5(62.5) 5(62.5) 4 (50.0) 4
Sangjoo etc, GB 28 12 (42.9) 4(14.3) 2(7.1) 1(3.6) 0
Gimije etc, JB 14 13 (92.9) 10 (71.4) 12 (85.7) 11 (78.6) 10
Total 128 88 (68.8) 44 (34.4) 45(35.2) 25(19.5) 20

E. crus-galli
Penoxsulam 30 g a.i. ha’! Cyhalofop-butyl 250 g a.i. ha!  No. accessions
Collection site No. accessions  No. survived No. survived showing
treated individuals hawi:f:; o individuals Seeds multiple

21 DAT (%) 9 oipaT Pavested () redistance
Seosan, CN 346 40 (11.6) 0(0.0) 17 (4.9) 0 0
Cheolwon, GW 1 1(100) 1(100) 0(0.0) 0 0
Icheon ete, GG 38 32(84.2) 20 (52.6) 9(23.9) 0 0
Goseong, GN 9 8 (88.9) 5(55.6) 2(22.2) 0 0
Sangjoo etc, GB 24 24 (100) 20 (83.3) 5(20.1) 0 0
Gimje etc, JB 13 0(0.0) 0(0.0) 2(15.4) 0 0
Total 431 105 (23.4) 46 (10.7) 35(7.4) 0 0

N

)
>,
)
ro
o3l
1o
l-ﬂ
mZi‘
1o
R
18
)
;%
i

H
N
2
ﬁ
18
é
_Lz
:l:‘

S =1]= O] penoxsulam A 2] 5 88.9%<t
71.4% %% > AEEg ot 19} g Aneyd 2H9e penoxsulam #2014 014tz 21Ao] A At
= ~°r %%% 717t Well S8 =A G2 ARt 79 A=of A
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= 143 29 5301 9lek. Penoxsulam A2 F 4wl Eu] e} tew] o] WA o= 2 Zfo] 7} ¢l
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butyl (500 g a.i. ha™') A 2]of| &= AES}o] ZA}3ho] 7155k Tot A E A 9 A7) 71 Sof| A A5t
E1] 1582 penoxsulam FFA 2|50 T 12 60 g a.i. ha' ol FESHAATE 55|, AdEE AFoA Ax e =1
(C492)*= penoxsulam 960 g a.i. ha' (32X)E #] 2|3t Tof| &= AE5}o] 55-84 Ato]of] A A|5] TAFSFH O, 120 g
ai. ha'! (4X)E A =g A= TAETA] 7Hse vl et S Zhe A o2 AL T 22 =0
A AR WA 5 F Rl B AR 3 9 6] aAbehe] 2 =ol A & AR NA o T3 A7 = A
S QS-S & 4= QUG o] =Rt /2 A o = A E= ANA|7F U 227119 1= 5 12709 =l A YrElE T
g0l &2 oAl EHGH o2 WH-3-& Hol AU 2 % ol A A A o 2 FAE = WA 7 EA ok

e A BARAA] copy 7t EE 739 A F-AR#2] 514 B dk(dilution effect) U A1 d-AH/d

ZA2F2}2] heterocomplex”t A=A Aol FFS 571 Uﬂfoﬂ ofutIe =} =1 0] ACCase®t ALS 212}
copy=r-2] ztolef| oJet 7l © 2 A7t th(Iwakami et al., 2012; Iwakami et al., 2015; Yu et al., 2013). 12} -2 =
of| A Tho] A g7 NA o T AN A o] EAfjof] Qg AY & QLo B = oo} o] A a4 ZHAI7F = A
She =9 A JiAlE e T I 2o d A o g A7 o] 2Rk =l A whE Al diell 23N
A7} it = AL WA 6] flaliA = 2H8 71%to] 3] T2 A xAE ARSSHEAY EE A, 71AA HAE o
7 Z-goh= 5 T&AR AZRAA G T2 7t 2475] o] FojHof T Aot

= ALS A ZAA A =1 v 34 Agdolate B} Ioh(Kim and Kim 2016). 12{4 8] B2 234
2 oot 28 712 e TR AlzA ol A3 7HE 4= q7] Wil A= AlEsh] oAl T

O

Zof
A7t o] FekDelye, 2013). LB AZA A FHx0] LA TelS SAadE AGAS el 913
7122 woksls Ho] B9 F2F A0 AT EG, AZA A F AL AANA S T choret
A B AIARE FED 5 QS AT BARES B sk AFARA A7 A A2 Aol
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