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Status and Prospect of Herbicide Resistant Weeds
in Rice Field of Korea
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ABSTRACT Sulfonylurea (SU)-resistant weeds include seven annual weeds such as Monochoria
vaginalis, Scirpus juncoides and Cyperus difformis, etc., and three perennial weeds of Scirpus
planiculmis, Sagittaria pigmaea and Eleocharis acicularis as of 2010 since identification
Monochoria korsakowii in the reclaimed rice field in 1998. The Echinochloa oryzoides resistant to
acetyl CoA carboxylase (ACCase) and acetolactate synthase (ALS) inhibitors has been confirmed
in wet-direct seeding rice field of the southern province, Korea in 2009. In the beginning of
occurrence of SU-resistant weeds the M. vaginalis, S. juncoides and C. difformis were rapidly and
individually spreaded in different fields, however, theses resistant weeds have been occurring
simultaneously in the same filed as time goes by. The resistant biotype by weed species
demonstrated about 10- to 1,000-fold resistance, base on GRso (50% growth reduction) 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. In history of paddy herbicides in Korea, the introduction
of SU herbicides including besulfuron-metyl and pyrazosulfuron-ethyl that control many troublesome
weeds at low use rates and provide excellent crop safety gave farmers and many workers for
herbicide business refreshing jolt. The products and applied area of SU-included herbicides have
been rapidly increased, and have accounted for about 69% and 96%, respectively, in Korea. 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
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in direct-seeded rice led up to the resistance of E. oryzoides.

Also, SU-herbicides like

pyrazosulfuron-ethyl and imazosulfuron which are 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. 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, the early period, 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 filed. 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 2

leaf stage.
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Fig. 1. International survey of herbicide resistant weeds
(Heap 2011).
(http : //[www.weedscience.org/in.asp)

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

Herbicide Year of introduction Year resistance first report Years of 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
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Table 2. Status of herbicide resistant weeds in Rice of Korea (Park et al. 2010).

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
Faluat =M MEH MetdEz gy i Frzsl 2z Afoldl] AdElido] v ol 27t A%
S Y How Mg 71540l v$ Erh(Saari 5 1990). A
Sk AN 1070928 AZAS] AHE A Sele) oA FY AYYRES S E 2

f3lon, SUA AlzAlgo] S55 0 AHEE 7] Al of A < 7L°] 11Z2Fo|tH(Park 5 2010).
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z9o A ANA BAaT A SFe] Axelr] ulio 71(S. planiculmis), <3| A2|(B. auberti= ',

Table 3. Occurrence area of resistant weeds by year in rice of Korea (Park).

Area by year(ha)

Weed
2003 2004 2005 2006 2008
Monochoria korsakowii 10,000 10,000 10,000 10,000 10,000
Monochoria vaginalis 24,248 34,327 39,348 42,102 62,560
Lindernia dubia 30 32 33 33 33
Scirpus juncoides 452 494 832 906 12,060
Rotalia indica 5 5 5 5 5
Cyperus difformis 12,435 12,800 13,280 13,171 14,230
Scirpus planiculmis - 4,000 4,000 6,000 8,000
Scirpus pigmaea - - 17 17 17
Eleochari acicularis - - - 5 27
Blyxa aubertii - - - 2 2
Echinochloa oryzicola - - - - 17

Total 47,170 61,658 67,515 72,241 106,951
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Table 4. GRs ratio in growth reduction of SU-susceptible
and resistant biotypes.

GRso Ratio (Resistant/Susceptible)

Herbicide
MK Mv Ld Sj Sp

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

YM. 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 (Park et al. 2010).

Dosage Resistant Susceptible
Herbicide .o .
(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
o 30 100 100 62 0
60 75 68 45 0
120 30 15 7 0

1 .
)Recommended use rates are shown in boldface.
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Table 6. The GRso of Echinochloa crus-galli var. crus-
galli to several ACCase inhibitors (Im et al.

2009).
GRso (gai/ha)
Herbicides Resistant  Susceptible R/S
®R) S
Cyhalofop-butyl 179.5 23.1 7.8
Fenoxaprop-P-ethyl 453.9 31.5 14.4
Metamifop 41.9 14 3.0
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Fig. 2. History of paddy herbicides in Korea.
(BSM : bensulfuron-methyl; PSE : pyrazosulfuron-ethyl; IMZ : imazosulfuron; PYM : pyriminobac-methyl; PXL : penoxsulam)
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Table 7. Rank of preferred herbicides on farmer’s level
(KCPA 2010).

.. Area
Rank Herbicides (x1,000ha)

1 Pyazosulfuron-ethyl - molinate GR 143.0
2 Bensulfuron-methyl + molinate GR 63.7
3 Bensulfuron-methyl - butachlor GR 515
4 Pyrazosulfuron-ethyl - mefenacet GR 49.8
5 Azimsulfuron * molinate GR 439
6 Pyrazosulfuron-ethtl - esprocarb GR 375
7 Imazosulfuron * mefenacet GR 37.0
8  Pyrazosulfuron-ethtl+pyriminobac-methyl GR 24.9
9 Imazosulfuron+fentrazamide GR 22.7
10 Imazosulfuron+fentrazamide SC 20.0
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Fig. 3. Application area and rate of SU-included herbicides in paddy herbicides of Korea (KCPA 2009).



olft

126 U5 wdA AzA AR T A A

Table 8. Segregations by phenotype in back-crossed and F,B; progenies of cross between each survived plants of
sulfonylurea-resistant (R) and -susceptible (S) Monochria korsakowii (Park et al. 2003).

Parental biotype Segregated no. of phenotype Expected ratio N p
($x8) Resistant Susceptible R=S) X
—————————————————— 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) SXFi(R) 66 43 101 4.85 0.02
4) SxFi(R) 99 51 1:1 15.36 0.00
(5) SxFi(R) 98 48 1:1 17.12 0.00
(6) S¥Fi(R) 86 52 101 8.38 0.00
(7) SxFi(R) 95 61 1:1 7.41 0.00
&) SxFi(R) 111 70 1:1 9.29 0.00
(9) S¥Fi(R) 93 56 101 9.19 0.00
(10) SxFi(R) 112 54 1:1 20.27 0.00
(11) Fi(R)xFi(R) 114 36 3:1 0.08 0.77
(12) Fi(R)*Fi(R) 110 26 301 251 0.11
(13) Fi(R)*Fi(R) 101 52 3:1 6.59 0.01
(14) Fi(R)xFi(R) 72 23 3:1 0.03 0.86
(15) Fi(R)*Fi(R) 150 25 301 5.36 0.00

*Phenotype of each plant was assessed at 20 days after treatment of bensulfuron 51g a.i. ha”. Susceptible phenotype;
killed, Resistant phenotype; survived.
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Fig. 4. Occurrence procedure of herbicide resistant weed in farm land (Park et al. 2003).
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Fig. 5. Autoradiograph [14C]bensu1furon-mrthyl to sulfonylurea-resistant Monochoria korsakowii (Park et al. 2003).
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Table 9. Iso ratio in growth reduction of sulfonylurea-
susceptible and resistant Monochoria korsakowii
(Park 2004).

Iso (nM) .

.. Ratio

Herbicide Resistant ~ Susceptible ®/S)

®R) S)

Azimsulfuron 1,021 72 14
Bensulfuron-methyl 529 7 76
Cinosulfuron 152 4 38
Ethoxysulfuron 882 39 27
Imazosulfuron 528 8 66
Pyrazosulfuron-ehtyl 372 6 62
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Fig. 6. Mutation points of ALS in sulfonylurea-resistant Monochoria korsakowii (Park et al. 2003). S : S-type, R : R-type.
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Table 10. 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

A ZA AHEFF ARSI §4 5 S7hska
o 1999 % E 200909744 1537 S =w A2
%k 17% Zastg ot Al 24l A43E 76% 4 57
3191 th(Korea Crop Protection Association 2009).
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ﬂﬂb‘}"q of
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Table 11. 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, carfentrazonel), pyrazolate

Monochoria vaginalis

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

Scirpus juncoides .
mesotrione

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

Scirpus pigmaea

benzobicyclone, carfentrazone, pyrazolate

Scirpus paniculmis benzobicyclone

YBoldfaces are herbicides for control of early and middle leaf stage (2~3 leaf stage).
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Table 12. Top ten of herbicides by applied area in paddy
field of Korea (KCPA 2010).

Table 13. Number of ALS- and ACCase-inhibitors reserved
to control the barnyardgrass in paddy field of
Korea (KCPA 2010).

Application time

- Number
Herbicide of item 3rd sth
leaf stage leaf stage

Azimsulfuron 1 1 0
Cyhalofop-butyl 5 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

Rank Herbicide
1 benzobicyclon + imazosulfuron - penoxsulam SC
2 pyrazosulfuron * mefenacet
3 benzobicyclon - penoxsulam SC
4 benzobicyclon - bensulfuron - mefenacet SC
5 carfentrazone * cyclosulfamuron * pyriminobac SC
6 carfentrazone - azimsulfuron - metamifop GR
7 benzobicyclon - flucetosulfuron JB
8 imazosulfuron - mefenacet SC
9 benzobicyclon  imazosulfuron + pyriminobac SC
10 carfetrazone * imazosulfuron - flucetosulfuron GR
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