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ABSTRACT. This study was conducted to evaluate the efficacy of weed control and phytotoxicity of oxyfluorfen using a
transgenic rice line (CPPO06 event) resistant to protoporphyrinogen oxidase (Protox) inhibiting herbicides in the direct-seeding
flooded rice. Five annual weeds including Echinochloa oryzoides and two perennial weeds were occurred in the test field.
Oxyfluorfen at 120 g a.i. ha in the application timing of two days before sowing and 0 and five days after sowing showed more
than 90% weed control value except for Juglans mandshurica. Total weed control value was more than 95% in any application
timing indicating a highly effective herbicide in the direct-seeding flooded rice. When compared with untreated control, no visual
injuries were detected at single and double dosage of oxyfluorfen. The agronomic characteristics and yield components of CPPO06
event was reasonable in any time of application in this study. Based on these data, oxyfluorfen application before and after sowing
can be applied to provide effective weed management in the direct-seeding flooded field.

Key words: Direct-seeding flooded rice, Oxyfluorfen, Transgenic rice, Weed control

Received on December 1, 2014; Revised on February 16, 2015; Accepted on February 27, 2015
*Corresponding author: 'Phone) +82-42-821-5726, Fax) +82-42-822-2631 ; E-mail) parkkw@cnu.ac kr
*Phone) +82-43-240-6543, Fax) +82-43-240-6549 ; E-mail) cgkim@kribb.re.kr
© 2015 The Korean Society of Weed Science and The Turfgrass Society of Korea
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://cre-

ativecommons.org/licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

M = SheAeld E e SRS} 0 i Fsd

PRssHA Gk B3 At FR /A0l 1)

T 9eubel FTAY Qa0 BAZL APgElel e FEQAIZIO] 36% Aibun, AAkulvL 133% A &
7129 9] pARRo] TR 9 Ho] S4HE 71 ) Bt glo] 1 74 A4 2haE 7Ksak] Fek(Cho, 2002).
3k AR o] AX T YEHKCS, 2014). EZ FHAT]  FjolA HukAul 19930 S e BAHO B B
e 1019 Aol Skl et ol Aeistel ARtk WA AskAe WAL 7573 haz A 2 A
W2 ulgAg @ =B U] WU BRF wolth.  wfrAle] 07%e] BufsHp oL, 29 F2 19958 el A

o =2

44



Aol s

CPPOOGIHIE Blo] Qke @ %hz

A aa 45
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Fig. 1. The effect of oxyfluorfen on the shoot dry weight of
Dongjin and CPPO06 event.
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Table 1. Number of annual and perennial weed species 30 days after sowing.

Application

Annual weeds (no. of plants m™)

Perennial weeds (no. of plants m™)

- Total
timing AK” BT CA EO LP MV ™M SJ
2 DBY 0.0 0.0 0.0 0.0 26.7 5.3 10.7 0.0 4.7
0DAS 0.0 0.0 0.0 0.0 0.0 0.0 16.0 5.3 21.3
5DAS 0.0 0.0 0.0 0.0 0.0 0.0 10.7 0.0 10.7
HW 0.0 0.0 10.7 5.3 58.7 21.3 0.0 0.0 96.0
ucC 5.3 10.7 48.0 21.3 218.7 26.7 53.3 32.0 416.0

*AK: Aneilema keisak; BT: Bidens tripartite; CA: Cyperus amuricus; EO: Echinochloa oryzoides; LP: Ludwigia prostrate; MV: Monochoria vaginalis;
IM: Juglans mandshurica; SJ: Scirpus juncoides.
YDBS: Days before sowing; DAS: Days after sowing; HW: Hand weeding; UC: Untreated control.

Table 2. Effects of oxyfluorfen application timing on the annual and perennial weed species 30 days after sowing.

Application Annual weeds (Control value, %) Perennial weeds (Control value, %) Total
timing AK* BT CA EO LP MV M S

2 DBY 100 100 100 100 914 99.0 88.3 100 97.4

0DAS 100 100 100 100 100 100 66.5 96.0 95.6

5 DAS 100 100 100 100 100 100 69.1 100 96.3

HW 100 100 68.1 94.7 89.5 42.7 100 100 86.9

*AK: Aneilema keisak; BT: Bidens tripartite; CA: Cyperus amuricus; EO: Echinochloa oryzoides; LP: Ludwigia prostrate; MV: Monochoria vaginalis;
JM: Juglans mandshurica; SJ: Scirpus juncoides.
YDBS: Days before sowing; DAS: Days after sowing; HW: Hand weeding,

Table 3. Number of annual and perennial weed species 60 days after sowing.

Application Annual weeds (no. of plants m™?) Perennial weeds (no. of plants m™) Total
timing AK* BT CA EO P MV M sJ ?
2 DBSY 0.0 0.0 0.0 0.0 0.0 0.0 26.7 0.0 26.7
0 DAS 0.0 0.0 0.0 0.0 0.0 0.0 26.7 0.0 26.7
5 DAS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HW 0.0 0.0 10.7 5.3 10.7 26.7 0.0 21.3 74.7
ucC 53 53 42.7 16.0 256.0 101.3 64.0 42.7 533.3

*AK: Aneilema keisak; BT: Bidens tripartite; CA: Cyperus amuricus; EO: Echinochloa oryzoides; LP: Ludwigia prostrate; MV: Monochoria vaginalis;
JM: Juglans mandshurica; SJ: Scirpus juncoides.
YDBS: Days before sowing; DAS: Days after sowing; HW: Hand weeding; UC: Untreated control.
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Table 4. Effects of oxyfluorfen application timing on the annual and perennial weed species 60 days after sowing.

Application Annual weeds (Control value, %) Perennial weeds (Control value, %) Total
timing AK* BT CA EO P MV M s

2 DBSY 100 100 100 100 100 100 77.4 100 99.2

0 DAS 100 100 100 100 100 100 86.4 100 99.5

5DAS 100 100 100 100 100 100 100 100 100

HW 100 100 51.3 814 98.8 88.2 100 67.5 83.5

*AK: Aneilema keisak; BT: Bidens tripartite; CA: Cyperus amuricus; EO: Echinochloa oryzoides; LP: Ludwigia prostrate; MV: Monochoria vaginalis;

JM: Juglans mandshurica; SJ: Scirpus juncoides.
YDBS: Days before sowing; DAS: Days after sowing; HW: Hand weeding,

Table 5. Phytotoxicity of oxyfluorfen on the CPPO06 rice event
40 days after sowing.
Treatment Rate Plant hight Tiller
(gaiha') (cm) (no. plant™)
120 42.0£1.2 6.4+0.4
2 DBS*
240 39.6+0.6 6.9£0.5
120 41.2+0.5 7.1£0.5
0 DAS
240 39.8+0.5 7.0£0.5
120 41.240.6 6.5£0.5
5DAS
240 41.6+0.7 6.8+0.4
HW - 41.9+0.8 5.1+0.4
UC - 35.1+0.7 4.6+£0.3

"DBS: Days before sowing; DAS: Days after sowing; HW: Hand
weeding; UC: Untreated control.
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t}. < e A3 CPPO06 ©|HIE W= protox A
3l A|zA o gt Aa4dE 2t 9] om oxyflourfen 10,000 g
ai. ha'e] SEAAE A7 LA gloreh. T
spaefel Al oxyfluorfen H 2] A]7] 9 Helfel uF CPPOUS
oPME o] by 9 EAA AT B o Yo o
S ae] Stk sohat 4 ole AR Tk,
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Table 6. Phytotoxicity of oxyfluorfen on the yield and yield components of a CPPOO6 rice event.

Treatment R?te Planthight =~ Culmlength  Panicle lenght No. of panicle Yield
(gai ha') (cm) (cm) (cm) (no. m?) (kgha™)
. 120 95.1+£1.3 72.840.9 14.3+0.5 448+19 6533+240
2 DBS 240 92.9+0.9 71.5+0.7 14.5+0.5 484422 6733+240
0 DAS 120 94.1+0.9 73.4+0.7 14.1+0.5 420+28 6733+176
240 94.2+1.1 73.240.8 14.8+0.5 456124 6800+306
5 DAS 120 94.5+0.9 72.4+0.9 14.0+0.5 496+22 6600231
240 96.4+1.0 76.1£+1.0 13.1+0.5 465+37 6533+240
HW - 90.1%+1.3 71.3£1.4 12.240.3 487+25 5467+133
uC - 89.5+1.0 72.7+0.8 12.2+0.5 291+10 3533+371

’DBS: Days before sowing; DAS: Days after sowing; HW: Hand weeding.



48 RECR

: Ot - AEF - OFFF -

s

Alg-0] A E oL, CPPO06 o|HIE W= oxyfluorfen
10,000 g ai. ha'®] SEol A% BSAE Holx] o} 2
2 oxyfluorfen A/3S Hol= A0 2 YeERGTE Oxyfluorfen
= A A5e ukE AS A2 A 7 E AlQgt

£ w250 PARI) Holon], 3k 52 ol
A9 71E Eeslo] BE WA 20| 95% ol4F A
=]9ic}. Oxyfluorfens] #2] 4172} # 2]l upe 24|
HAFS 19100, SPIHQ oS Shwal 4 o). w
T2 a2 uljofl A oxyfluorfen #2]A]7] B A 2|=Fo] uh&
CPPO06 O[HIE H]9] QbA/A W 24| avts & of o
P LLECE T e

F0{: T2y}, Oxyflourfen, A A, 21|
Acknowledgement

This work was carried out with the support of "Cooperative
Research Program for Agriculture Science & Technology
Development (Project title: Safety assessment of genetically
modified herbicide resistant rice event CPPO06, Project No.
009513012014)" Rural Development Administration, Republic

of Korea.

References

Cho, C.H. 2002. Review on the mechanization for rice direct
seeding cultivation. Master Diss., Hankyong national univ,,
Korea. (In Korean)

Chon, S.U,, Guh, S.U, Han, S.U,, Lee, E.K. and Shin, C.S. 1997.

Morphological and anatomical response of rice and barnyard -
grass to oxyfluorfen under various growing conditions. Kor. J.
Weed Sci. 17(3):281-287. (In Korean)

Duke, S.0., Lydon, J., Becerril, ].M., Sherman, T.D., Lehnen, L.P, et
al. 1991. Protoporphyrinogen oxidase-inhibiting herbicide.
Weed sci. 39:465-473.

Jung, HI, Kuk, YI, Kim, H.Y,, Back, K, Lee, D.J,, et al. 2010.
Resistance levels and fitness of protoporphyrinogen oxidase
(PROTOX) inhibitor-resistant transgenic rice in paddy fields.
Field crops research. 115(2):125-131.

Kim, S.Y. and Park, S.T. 2010. Core direct seeding rice cultivation
technology. National Crop Experiment Station, Suwon, Korea.
(In Korean)

Kim, H.H. and Pyon, J.Y. 1998. Weed occurrence and yield loss due
to weeds in different driect-seeded rice paddy fields. Kor. J.
Weed Sci. 18(1):12-19.

KCPA (Korea Crop Protection Association). 2011. 2011 Guide
book of using the agrochemicals. Sam Jeong Press Co., Seoul,
Korea. (In Korean)

KCS (Korea Customs Service). 2014. http://www.customs.go.kr
(Accessed May 10, 2014).

Matringe, M. 1993. Protoporphyrinogen oxidase the molecular
target site of peroxidizing herbicides. Br. Crop protex. Conf.
Weeds 703-712.

NCES (National Crop Experiment Station). 1995. South Korea and
Japan rice direct sowing seminars. National Crop Experiment
Station, Suwon, Korea. (In Korean)

Seefeldt, S.S., Jensen, J.E. and Feurst, E.P. 1995. Log-logistic analysis
of herbicide dose-response relationships. Weed Tech. 9:218-
227.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


