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Response of the Resistant Biotype of
Echinochloa oryzoides to ACCase and ALS inhibitors,
and Effect of Alternative Herbicides

Tae-Seon Parkl*, Bon-Il Ku, Sin-Koo Kang, Min-Kyu Choi
Hong-Kyu Park, Kyong-Bo Lee and Jae-Kwon Ko

ABSTRACT Cyhalofop-butyl and penoxsulam, known for respective acetyl CoA carboxylase
(ACCase) and acetolactate synthase (ALS) inhibitor, have been widely using as a post-emergence
foliar application for many years in wet-seeded rice field in Korea. Since 2009, control of
Echinochloa oryzoides with cyhalofop-butyl and penoxsulam was no longer satisfactory. Greenhouse
and experiment in rice field were conducted to confirm E. oryzoides resistance to ACCase and ALS
inhibitors and to compare herbicide treatments for control of the resistant E. oryzoides to ACCase
and ALS inhibitors. Three resistant E. oryzoides to ACCase and ALS inhibitors accessions were
tested for levels of resistance to cyhalofop-butyl and penoxsulam, base on survival rate. Iksan and
Kimje accessions were not any affected to the survival by treatment with recommended doses of
two herbicides tested. Buan accession displayed an intermediate response of 62 and 72% survival
at recommended doses of cyhalofop-butyl and penoxsulam, respectively. Survival rates to herbicides
mixed with ACCase and ALS inhibitors at 3.5 leaf stage of E. oryzoides was over 80%.
Benzobicyclon+fentrazamide+bensulfuron SC, benzobicyclon+mefenacet+bensulfuron SC, benzobicyclone
+cafenstrole+pyrazosulfuron-ethyl GR controlled effectively by 2 leaf stage of resistant E. oryzoides
to ACCase and ALS inhibitors. In the field experiment, single treatment of benzobicyclon+
fentrazamide+bensulfuron SC and benzobicyclon+mefenacet+bensulfuron SC failed to control E.

oryzoides, but squential treatment of benzobicyclon+thiobencarb SE and benzobicyclon+ mefenacet+
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bensulfuron SC controlled effectively it in rice infant seedling culture with machine. Our results

suggest that resistant E. oryzoides to ACCase and ALS inhibitors had not developed multiple

resistance to herbicides with different modes of action. In particular, cafenstrole, fentrazamide,

mefenacet were effective control measures.

Key words: ACCase; ALS; cyhalofop-butyl; Echinochloa oryzoides; penoxsulam; resistant.

o, O 2 X
- = = =
£ oz, Gl K"
oo =
2N B X
i " o
o oX,
RS
Ulo ¥ E?’L
lO l‘_rll Hl‘
L LI )
=W
—10[1 _\‘L 1"’)‘1‘
= i
Ny, of T,
NI
RN B
b= T o
» g
I = o
51"14 —O|L
LB H e
o o )

)
o
=
i
2
X
rr

AL e} AR A xA A%
A AARCR 1942F 346 A A
340,000 4] 7 2A| ol A 28kt
AThHeap 2010). o5 A=A A3 F=
A fEuel m=odA Bl ARREH A1
sulfonylurea(SU)A|l A| ZA1 S0 that A3 3
ol 1990dth FHHEE 7Y wEs shteta
(Adkins ‘& 1997; Heap 2010; Itoh -5 2005; Par
2007). FEluehe] 7% 1999 A AREA 2] of &
S7bo]l Ao FQl o]F 2006 HEE7
102Z0] SUA A|ZAEdl et A 2= 2
H A tHPark 5 2007). L&} HZ thd A Fxo
Eol tigh Wldo] g5t oS Wk opyet 3
Foll theh 223 1y Fof FEo8 F7heglo
ol Aot 2y A5/ BASL e S
A AzA Sl gk A 2270, SAol=dol,
WA 2 tiA FAIES benzobicyclone,
carfentrazone, pyrazolate 522 A7} 7}53sftt.
a3y 2 =o A A St 91 Wtk oyt
7a%E o]l 71 $AIgH 9]7F ACCase 2 ALS #3) ]
Eol tate] AAst 2 4+ ¥ Aol = o
Al A7 fle B oh 2} o] FA M = Al A
AREAIZIZE 109 o= AIgHA Y Fhtel] glet,
o] thgk A=A AL FZ aryl acylamidase
Al A ZAQ propanilel] et F2 HuEo] %

ot

)
ﬁ&

1

C 22> 0 X omg oot o rr ol [

o M

2 Rk S oox of N ol B
ol
P
_13 fr do o

A0 Bk

P = Jﬂ N

—

th(Daou & 1999; Norsworthy & 2002). 131} %
ol = acetyl CoA carboxylase(ACCase) A3f A=
A E¥T o2} acetolactate synthase(ALS) #] 3l Al
=oll et A4 919 Edd Higt Buk Frtsta
9\}13}(Bjelk 1991; Valverd 1998; Fischer & 2000;
& 2009). & Valverd(1998)2 Grthx| oA
/‘ﬁ sta Sl S22} Echinochloa colona?} 32~E}e]
7}l Al ACCase A3l AIQ! fenoxaprop-P-ethylel] Tl
g A3 o2 HuE el 183 Fischer 5(2000)
< E. oryzoides®l E. phyllopogon= ACCase # 3l
AzA e A3 FxE Bustgith ¢2ivet
|+ ACCase A3l #|%A|<Q] fenoxaprop-P-ethyl
S thdzt Axg 39 AL THA] =AM e
E3]7} cyhalofop-butylel] tfdt Aoz H xSl
1‘4—(Im = 2009) gq:loﬂ_‘: xq 1] 7]Zﬂ o] 1\]. ag_:,_}_ﬂ]_
5 Aol A ACCase & ALS A&l A=A

o e Bslel el FEsn dE YL

2

=

HE

LU
oy
<
N
N

_‘O fer
>~
>
e}

I
e
o=
ol

wu i off 2 a 2w

A3l 29 gl o

95t} 10~15¢7H HH?; FHE X 10}71 wH”Oﬂ

H
A e A2E 9A57] Y5t % j bentazone+
cyhalofop-butyl PIEHA| S % - 7] FHA A S A
Ao Helsta Y& ¥ HAE S8 o

= &,
=2
=
r°*'

Al ACCase A3l A|ZA|?] cyhalofop-butyl -} ALS #
3l AFA 2] A2l penoxsulam= THA| AE = AAZ
25 WASA . Lebaron(1992)2 ACCase A3l



HWEEEE 30(3)55. 2010 293

A Z2A|Q diclofope 197730l A& T5F ] AFEH
o] 1983 A5 #3d sy} dAeivta B
ST B3k o] & A oA tHE A Hd Hlg) ¥4
v 2 gAul 7} FHASHA Aol 23 )17] wel
diA ez Fo T} &2 pyrazosulfuron-ethyl©]
U imazosulfuron?-& SUA A|ZAES FHLH
thd 7k Ao 22 ALS A3|AQ! penoxsulam®l]
Hate] AP Yebd F= itk

et 2 dATe HS AE Ak AA|, Tt A4

”’JrXHHH = B A e dER $Aeka

le =oll M AuE ATkl A A9} ol A
*é 2yl aEA] #e) S ffste] WANFE =
A3 27 AT

AENZ

B AZS &4 5 A7 thEAeta e AAAl
EAol A AAstth 28] A AR5 A8
o] thdt AEAor =g A S A
HolA =l 20099 109 Aol Ao FAE
A v FHETE fsto 2T AW 5
ALzt A v AlFARR ARSIt A3
AES 93 A9 AFE m’G 305 oY A&
e e R silen, e 24 AE Ak
AA B Fre] A7 157kl A AFsh 7
T e AxA w0l gl AR FHHE A
W 39 AFA Y FRA AfFt] 2 219

Ao Age oy AlRE ARSIt
HElgE Fake oF 3042C 279 A
2mm F =2 WopA 7l Ty AYER A3l Fepx
gl AFZE pot(20x20x15cm)l 30704 345 T A 5o

A AE=AE AAT v potdl HFAH LR 20
e AEAE AE ARE AR

19, Hof

SAZHUM RI=HS0 s 98

ACCase % ALS Al Al 24 Sl ﬂli JH
g ATE A7) YaA HHewr 27T
2] &4 of A /\1/\10}0301351 JzHL Zr.o}:z_ Z}
12417 e.2 3a ofzte] -2 oF 80,000Lux ©]4e.
2 B¢ 543899 t) A 24| & ACCase 2 ALS A
A ZA?] cyhalofop-butyl®} penoxsulam= 2t
13 28 B2 AYAY STk 3E F 159
5} 4~59719 ALekgon], A2 F 202 4
48AY JE5E 2ARGT. EG ACCase 2
ALS A3} AzAZ] EFE 37 FRADA o)
@ 39 Wes 24 ool B 29 AZAE
< 35 F 1299 3597 FHFeR AP F 20

Ay, 25 849

10

1T

-

O_I}L:{o_._,

ol

r3 Ji
o e

-

FPN
.

4>
m\m
P

Table 1. Dosages of cyhalofop-butyl and penoxsulam
used in greenhouse study.

Herbicide Dosage (g a.i. hafl)

0, 50, 100, 250", 500, 1,000
0, 6, 12, 30, 60, 120

Cyhalofop-butyl
Penoxsulam

1 .
)Recommended use rates are shown in boldface.

Table 2. Herbicides mixed with ACCase and ALS inhibitors treated at 3.5 leaf stage of Echinochloa oryzides in

greenhouse study.

Herbicide

Dosage (g a.i ha™)

Benzobicyclon+metamifop+azimsulfuron(0.7+0.3+0.05) % GR"
Benzobicyclon+pyriminobac-methyl+imazosulfuron(4+0.6+1.5)% SC”
Benzobicyclon+penoxsulam+imazosulfuron(3.5+0.42+1.5)% SC

Flucetosulfuron+imazosulfuron(0.05+0.25)% GR

210+90+15

200+30+75

175+21+75
15+75

YGR : Granule.
ISC : Suspension concentrate.
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Table 3. Herbicides with modes of action different from in greenhouse study.

.. Dosage Application timing
Herbicide (g a. i ha) (Leaf stage)
Oxadiazon 12% EC 480 0.5
Pyrazolate 36% SC 1,800 0.5
Pretilachlor 14% EC 560 0.5
Benzobicyclon+thiobencarb(2.5+30)% SE 100+1,200 0.5
Benzobicyclon+fentrazamide+bensulfuron(4+6+1.02)% SC 200+300+51 1, 2,3
Benzobicyclon+mefenacet+bensulfuron(4+20+1.02)% SC 200+1,000+51 1,2, 3
Benzobicyclone+cafenstrole+pyrazosulfuron-ethyl(0.6+0.8+0.07)% GR 180+240+21 1,2,3

YEC : Emulsifiable concentrate.
ISC : Suspension concentrate.
’SE : Suspension emulsion.
“GR : Granule.
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Table 4. Herbicides and application timings used in rice field experiment.
Application timing Cultivation
Treatment )
4 day” 10 day” style
Sinele freatment Benzobicyclon+fentrazamide+ ISCM
g bensulfuron(4+6+1.02)% SC
. Benzobicyclon+mefenacet+
Single treatment ISCM
el freatmen bensulfuron(4+20+1.02)% SC
. Benzobicyclon+thiobencarb Benzobicyclon+mefenacet+
1 ISCM
Sequential treatment (2.5+30)% SE bensulfuron(4+20+1.02)% SC SC
Benzobicyclon+thiob b
Sequential treatment Pyrazolate 36% SC crzobeyc onTiiobencar RPSDS”

(2.5+30)0% SE

Y4 day : 4days before rice seeding or transplanting.
210 day : 10days after rice seeding or transplanting.
PISCM : Infant seedling culture with machine.
PRPSDS : Rice puddled soil direct seeding.
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Table 5. Survival rates of resistant and susceptible biotypes of Echinochloa oryzides to different dosages of cyhalofop-

butyl and penoxsulam at 4~5 leaf stage.

Dosage Resistant Susceptible
Herbicide Lo
(g a. i ha) Tksan Kimje Buan Gokseong
------ % of control ------
0 100 100 100 100
50 100 100 100 100
100 100 100 100 30
Cyhalofop-butyl 250" 100 100 60 0
500 92 95 32 0
1,000 77 83 20 0
0 100 100 100 100
6 100 100 100 100
Penoxsulam 12 100 100 100 10
enoxsula 30 100 100 62 0
60 75 68 45 0
120 30 15 7 0

YRecommended use rates are shown in boldface.
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Table 6. Survival rates to herbicides mixed with ACCase and ALS inhibitors at 3.5 leaf stage of Echinochloa oryzides

in greenhouse study.

Survival
Herbicid
erbieide (% of control)
Benzobicyclon+metamifop+azimsulfuron(0.7+0.3+0.05) % GR" 87
Benzobicyclon+pyriminobac-methyl+imazosulfuron(4+0.6+1.5)% SC” 90
Benzobicyclon+penoxsulam+imazosulfuron(3.5+0.42+1.5)% SC 88

Flucetosulfuron+imazosulfuron(0.05+0.25)% GR

80

YGR : Granule.
Jsc - Suspension concentrate.
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Table 7. Survival rates by leaf stage of Echinochloa oryzicola to herbicides with modes of action different from in
greenhouse study.

Leaf stage
Herbicide

0.5 1 2 3
Oxadiazon 12% EC 0 - - -
Pyrazolate 36% SC 0 - - -
Pretilachlor 14% EC 0 - - -
Benzobicyclon+thiobencarb(2.5+30)% SE 0 - - -
Benzobicyclon+fentrazamide+bensulfuron(4+6+1.02)% SC 0 0 8 69
Benzobicyclon+mefenacet+bensulfuron(4+20+1.02)% SC 0 0 7 65
Benzobicyclone+cafenstrole+pyrazosulfuron-ethyl(0.6+0.8+0.07)% GR 0 0 9 67

YEC : Emulsifiable concentrate.
7SC : Suspension concentrate.
’SE : Suspension emulsion.
“GR : Granule.

o B WF & T 69 T 0|5l 7Alo|Yet= ol Azb= i 83 Zth ofAR7| A0 AufolA
=2 oY T 10¥€ AA 739 4717t 39718 7 benzobicyclon+fentrazamide+bensulfuron(4+6+1.02)
Z3}7) W&ol A 2A A7)0 Solstdor & A %SC<} benzobicyclon+mefenacet+bensulfuron(4+20+
o= Azdd. 1.02)% SCE °1¥ F 10¢] &l Held F9+=

&4 270 M ACCase 2 ALS AdAEel the A& 97} 242 m*d 19709} 2670 A E3}o] )
A Zdelo] AR Al A dEo] 2EE A AT ol AN 69 7L FHF
S5 A3 Tt o AR A o] GA v ol ¥ 10¥] ol EFHAS mefenaceto] L}

Table 8. Herbicides and application timings used in rice field experiment.

Application timing

Cultivation Survival
Treatment )
4 day” 10 day? style (plants/m®)
. Benzobicyclon+fentrazamide+ 3)
Single bensulfuron(4+6+1.02)% SC ISeM 26
. Benzobicyclon+mefenacet+
1 ISCM 1
Single bensulfuron(4+20+1.02)% SC SC ?
. Benzobicyclon+ Benzobicyclon+mefenacet+
Sequential thiobencarb(2.5+30)% SE  bensulfuron(4+20+1.02)% SC 1SeM 0
. Benzobicyclon+thiobencarb 8
Sequential Pyrazolate 36% SC (2.5+30)% SE RPSDS 85
Control 238

Y4 day : 4days before rice seeding or transplanting.
10 day : 10days after rice seeding or transplanting.
YISCM : Infant seedling culture with machine.
“RPSDS : Rice puddled soil direct seeding.
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