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OBJECTIVESAND EXPERIMENTSCONDUCTEDBY LOCATION TO ACCOMPLISH
OBJECTIVES:

Objective I. To characteriz¢he naturalabiotic processegoverningenvironmentafate of
pesticidesn Californiarice fields. Emphasidor 2005will be on photodgradationof Granite
(penoxsulamDE-638) underCaliforniarice field conditions.

Objective Il. To characterizehe naturalbiological processegoverningenvironmentafate of
pesticidesn Californiarice fields. Emphasidor 2005will be ontheanaerobianicrobial
degradatia of Granite(penoxsulampPE-638) underCaliforniarice field conditions.

Objective lll. To completestudies of the metabolismof Cerandb MEG (clomazone)y rice and
watergrassTo completelaboratorystudiesof comparativeCeranaoxicity andits interaction
with possiblesafenerssuchaspiperonylbutoxide,DiSyston(disulfoton)andor demetonSor its
anabg oxydemetoramethyl) To integratedatafrom greenhousstudiesof Cerancandpotential
safenergby Albert Fischer)with laboratoryresearcldata.

SUMMARY OF 2005RESEARCH(MAJOR ACCOMPLISHMENTS)BY OBJECTIVE:
OBJECTIVE |
Introduction

Granite(penoxsilam DE-638) is anewherbicidedesignedor postemergenceontrol of annual
grassessedgesandbroadleafveedgRobertset al., 2003 Robinson2003. Granite a
triazolopyrimidne sulfonamidepelongsto the ALS (acetolactatesynthase)nhibiting groupof
herbicidesnvhich arethoughtto havelow toxicity to mamnmals, birds, fish, amphibiansand
invertebratesyhile atthe sametime possesghe ability to stuntweedsat extremelylow doses.
However,someALS inhibitors havelongresidualfield activitiesandcandamagenontarget
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plantsat concentrationsolow theycannotbe detectedy standarcanalyticalprocedures
(Whitcomb,1999) Dueto its novelty, little informationhasbeenavailableon the environmenth
fateandeffectsof Granite

To predictthedissipationof any pesticidein rice field conditions,informationis needecdn both
partitioning(volatilizationandsoil sorption)anddegradatior{microbial andphotochemical
breakdown)processesTherefore,this projectutilized controlledlaboratoryexperiments
simulatingCaliforniarice field conditionsto estimatefield dissipationandthe completed
experimentshaveyieldedthe parametersequiredfor ageneraklssessmemf thefate and
persistencef Granite

In 2004,the soil-waterpartitioningof Granitewasstudiedby the batchequilibrium method
whichis the standargorocedurdo characterizeéhe soil sorptionof chemical§fOECD,2000y;
Wauchopeetal., 2002) This methodinvolvessoil-waterslurriesto yield sorptionvaluesthatcan
be usedto predictsoil-waterpartitioningundera variety of relevantenvironmentatonditions.
To this end,soil sorptionvaluesfor Graniteweredeterminedasa functionof soil characteristics
(organiccarboncontentandpH; Tablel); thevaluesallow generabpredictionsaboutsoil
sorptionof achemicalin thefield, andthusits lossfrom field water. Fourrepresentative
Californiarice field soilswereused:Sacrament&lay, SanJoaquinLoam, StocktonClay Adobe,
andWillows Clay.

As agenerakule, rice pesticidedhavea greatertendencyto volatilize in the CentralValley, with
its hotdry summersthanin othergrowingregionswith cooler climates.Thereforejn 2004we
alsoassessethe potentialfor volatilization of Graniteby determiningits Henry’slaw constant
(Kn). Ky is theair-water partitioning ratio at equilibrium, wherec, is the concentraton of the
pesticidein air asmolesperliter of air andc, is the concentratiorof the pesticidein wateras
molesperliter of water.

s_a (dimensionless) (1)

w

K

H

Table 1. Soil sorption parametersf Graniteandpropertiesof testsoils. Low Freundlich
constantsndicateaninability to sorbto soils(JabuscltandTjeerdema2005)

Freundlich
coefficients

soil collectionsite Ke n 2 K& pH %0C Koo %OM Koc
Sacramento SchiedeRanch 0.33 090 1.00 039 6.5 133 30 2.25 17
Clay 39°18'41N,122°10'41W
SanJoaquin MatthewsRanch 1.10 093 100 121 53 050 242 0.86 141
Loam 39°13'09N,121°32'46W
Stockton  ThompsorRanch 500 099 098 505 46 0.74 682 1.28 395

ClayAdobe 39°31'22N,121°55’46W
Willows Maxwell-DennisRanch  0.13 0.98 1.00 0.14 6.8 1.12 12 1.95 7
Clay 39°18'41N,122°10'41W

¥ gvalueswerecalculatedoy usingequationd with the datasetsisedfor the Freundlichisotherms.
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Figure 1. Air-waterpartitioningof Granite:dissolvedconcentrationss. timein thegaspurging
experimeni{JabuscltandTjeerdema2005).

Ky caneitherbe estimatedbasecbn achemical’svaporpressuréP®, Pa)andwatersolubility (S;
mol - L™, or it canbe experimentallydetermined:

PO
K, = Pal mol* (2)

We usedthe gaspurgemethod(Mackayetal., 1979) whichis the methodof choicefor
experimentatietermination®f Ky (e.g.,TenHulscheretal., 1998;Dunnivantetal., 1988).

In essenceasreportedn our 2004report bothsoil sorptionandvolatilizationof Granitein rice
field conditionsareminimal, indicatingthatthe herbicidewill remaindissolvedn waterand
neitherdissipateby soil sorptionor volatilization (Table1 andFig. 1; JabusclandTjeerdema,
2005).Thereforejts dissipationby either photolysis(Obejctivel) or microbial degradation
(Objectivell) wascharacterizedastheywould representhe otherpotentialroutesof significant
dissipationfrom rice fields.

Methods

Thepotentialof Graniteto photodegrade simulatedCaliforniarice field conditionswas
evaluatedusingbothfield waterandthefour soilsmostcommonlyusedfor rice cultivationin the
Sacrament¥alley: Sacrament&lay, SanJoaquinLoam, StocktonClay Adobe,andWillows
Clay. Soil samplesverecollectedfrom thetop 20 cm layerof representativéocationson April
27,2004 (SanJoaquinLoam)andon May 7, 2004 (Sacrament&lay, StocktonClay Adobe,
Willows Clay). SamplingsiteswereG1S-loggedon August6, 2004.Soilswereovendried
(100°C),disaggregatedith ahammerandhomogenizedisinga mortarandpestle Larger
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Figure 2. The photochemicatlegradatiorpathwaydor Graniteundersimulatedsummer
Californiarice field conditions.

piecesof plantmaterialwereremovedwith forcepsandthe soilsweresievedto a particlesize<
1.4mm. Theprocessedoil samplesverekeptat 5°Cin acold storagaoom. The soilswere
characterizedby the DANR Analytical Laboratoryat UCD.

Soil andwaterwerepreparecdonsistingof Granitesolutionsat knownconcentrationg 0.01M
CaCl andsoil samplesof knowndry weightin 50-mL NalgeneOakRidgeTeflon FEPtubes
wrappedn aluminumfoil . All experimentabkolutionscontained?00mg L™ Hg(Il)Cl, asa
biocideto inhibit biologicaldegradatn. Tubeswereexposedo full -spectrunnaural sunlight
conditions,subjectedo solid-phaseextraction(SPE) Controlsconsistedf identically prepared
tubesmaintainedn completedarknessTherewasno evidenceof Granitedegradatiornn the
controls.

Chemicalanalysisvasperformedwith anAgilent Model 1100LC system(PaloAlto, CA) and
anAPI 2000™MS/MS (MDS Sciex,SouthSanFranciscoCA). ThecolumnwasaLuna3 PC-8
(PhenomenexTorrence CA). Themobile phasevas50:50:0.01acetonitrile:methanol:acetic
acid (phaseA) and100:0.01water:aceti@acid (phaseB). For elution of Granite,thefollowing
elutiongradientwasusedata flow rateof 150 R. min™ with atotal run time of 20 min: start(0
min, 30:70phaseA:B); stepl (1 min, 100:0);step2 (8 min, 100:0);step3 (8.1 min, 30:70);step
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Table 2. Photochemicatlegradatiorratesfor Grarite in four rice field soils

Soil Type Half Life (days) DegradatiorRate RSD (%) Correlation
Constan{perhour) Coefficient
ControlWater 8.3 0.0167 5.3 0.9958
Sacrament&lay 7.9 0.0178 4.9 0.9959
SanJoaquin_oam 7.4 0.0189 4.7 0.9967
StocktonClay Adobe | 5.0 0.0277 15.1 0.9822
Willows Clay 7.8 0.0180 7.3 0.9951

4 (20 min, 30:70).Analysisfor Granitewasperformedn positiveionizationmodewith an
electrosprayinterface Theinjectiontemperaturevas450°C. The Q1/Q3ionsfor Granite,**C-
Granite, andcloransulammethylwere484/193,485/195,and430/230 respectivelyln essence,
aseparatioranddetectionmethodfor nine degradatiorproductsof Granite(providedby Dow)
wasdeveloped.

Resultsand Discussion

Theresultingdegradatiorparanetersfor thefour rice field soil typesarepresentedn Table2.
Thedegradatiomatesin all soilswereof the pseuddirst-ordertype,andwerecharacterizedy
shorthalf lives. Sincethe processs exponentialasarule of thumbafterthreehalf livesnearly
90% of the startingherbicidewould be degradedandit would be completelygone(100%)

within 10 half lives. Thus,undertypical summerrice field conditionsin the CentralValley, some
90% of the herbicidewould be expectedo degradevia photdysis betweernl5 and25 days,
makingGranitequite a photalabile herbicide.

Figure2 showsthe degradatiorpathwaydor Graniteundertypical summerCaliforniarice field
conditions. The herbicideis effectivelydegradednto numerougproducts somevia reactionwith
hydroxylradical,whichis first producedn waterby UV light. While most if notall, of the
productsareprobablylesstoxic thanthe parent,it is notknownif anymight possesgnhanced
toxicity.

OBJECTIVE I
Microbial Degradation of Granite in Anaerobic Rice Field Conditions
Introduction

In generalthe biodegradatiorstudydesignfollowed OECD guidelineS(OECD, 2002b) someof
themethodsarediscussedbove Briefly, the experimentakystemconsistedf microcosmsn
60-mL wide-mouthamberflaskswith a2.5-cm layerof field soil floodedwith awaterlayerof 1-
5 cmfield water.The soilsusedwerethe sameasfor the photodegradatiostudy,above.The
bottleswere closedwith afoamplugthatallowedgasexchangebetweerthe microcosmand
ambientair.

Themicrocosmsygem simulatedan oxygenatedvatercolumnoveranoxygenatedgediment
layerthatis underlainwith a gradientfrom aerobic(oxygenatedjo anoxic(oxygenfree)
conditions providingfor arealisticsimulationof mostrice field soil conditions(OECD,
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Table 3. Anaerobicbiodegradatiomatesfor Granitein four rice field soils.

Soil Type Half Life (days) DegradatiorRate RSD (%) Correlation
Constan{perhour) Coefficient
Sacrament&lay 7.2 0.0040 20.0 0.8957
SanJoaquin_oam 13.1 0.0022 13.6 0.9313
StocktonClay Adobe | 9.6 0.0030 36.6 0.7182
Willows Clay 16.0 0.0018 33.3 0.7392

2002a;b) Thus,theresultsallowed estimationof the microbial rateof transformatiorof Granite
aswell astheformationanddeclineof transformatiorproductsn thefield.

Methods

Transformatiorratesandpatwaysof microbial degradatiorwere evaluatedisingthe samefour
soilsasdescribedabove Fromeachlocation,soil samplesverecollectedfrom thetop 20-cm
layerof floodedrice fields by two methodghatallowedfor oxygenfree collectionof submerged
soils: 1) aboutl kg of waterloggedsoil wascollectedin 1-gal Ziplock bagsfrom which theair
wascompletelyreleasedy submergingandopeningthemin rice field waterabovethe soil, and
2) ateachlocation10 oxygenfreesoil samplesverecollectedin 50-mL Nalgenetubes(Corning
Inc., Corning,NY). To avoidexposuref the anaerobicsoilsto oxygen the tubeswerefilled
completelywith waterandthenpushedupsidedowninto the sedimentt a verticalangleof ca.
45°. To releasevaterfrom the bottomof the samplingtube,a Teflon tubeof approximatey 1 m
in lengthwasinserted(for easeof usagethe Teflon tubehasa nick ca.15 cm off theendthatis
insertedinto the Nalgenesamplingtube). The soil samplesverekeptwaterlogged(5°C), under
oxygenexclusionandin completedarkness.

As mentionel above experimentsvereconductedusingaerobicwater/soilsystemmicrocosms
in PUFRplugged60 mL Qorpak™amberwide-mouthbottles(All -Pakinc., Bridgeville, PA). The
microcosmsaredesignedo simulatefloodedfield conditionswith anaerobicwatercolumnover
anaerobiclayerof field soil thatis underlainwith ananaerobigradient(OECD,2002a) Before
addingXDE-638,aperiodof acclimationwasallowedfor the experimentakoil/watersystemso
reachreasonablestability, asreflectedby pH, dissolvedoxygenconcentréion, andredox
potential( OECD,2002a) In a preliminarytrial, thelengh of the periodwasdeterminecasone
week.

Dow AgroSciencesaspreviouslydevelopedh methodfor extractionandanalysigo deternine
concentrationef Graniteandits metabolitesn bothwaterandsoil sampledy LC/MS/MS
(Robertsetal., 2003) Dow grantedpermissiorto usether existingproprietarymethodandto
adaptit for usein this study Theextractionprocedurein brief: soil samplesveretransferredo
50-mL NalgeneOakRidgeTeflon FEPtubesandcloransularmethylwas addedasa surrogate
standardo monitor extractionprocedureecoverie®f theanalytesSubsequentlyanextraction
solutionof 90:10acetonitrile/1.0N HCI was addedandthe centrifugetubeswere cappedand
shakerfor 2 h onareciprocatingshakerat 180rpm. An aliquotof the extractwas evaporated,
reconstitutedn 0.1 N HCI, andpurified by solid phaseextracton (SPE).OnemL watersamples
were directly appliedto HLB extractioncartridgedor SPE afteraddingsurrogatestandardFor
the SPE the extractwas drawnthrough30-mg hydrophiliclipophilic balancedHLB) extraction
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cartridgegWatersCorporationMilford, MA), mountedon avacuummanifold. The eluatewas
evaporated@ndreconstitutedn HPLC mobile phasecontainings ng mL™ stableisotopeinternal
standard[C'*-Ph-UL]-DE-638).Initial recoveriedor Granitewere81 + 18 % (n = 2) for water
samplesaand114+ 14 % (n = 4) for soil samples.

Chemicalanalysisvasperformel via LC/MS/MS, asdescribedabovefor the photochemical
degradatiorstudy.

Resultsand Discussion

Granitewasrapidly degradedy anaerobicsoil microbesin simulatedCaliforniarice field
conditions producingnumerougproductsthatweresimilar to thaseproducedoy the herbicide’s
photodegradatio(Fig. 2). Granitewasaso degradediia a pseuddirst-orderprocessalso
producingrelativelyshorthalf lives of degradatior{Table3). Again, sincethe processs
exponentialafterthreehalf lives nearly 90% of the startingherbicidewould be degradediia
microbialaction,andit would be completelygone(100%)within 10 half lives. Thus,under
typical summerrice field conditionsin the CentralValley, some90% of the herbicidewould be
expectedo degrdevia photolysisbetweer?1 and48 days,againmakingGranitequite non
persistent.

In conclusionwhile field dissipationof Graniteundersummerrice field conditionstypical of the
CentralValley would not be significantlyinfluencedby eithersoil sorption or volatilization,
dissipationwould still occurrapidly — drivenby both photochemicaandmicrobialdegradation.

OBJECTIVE 1l
Introduction

Studiesof metabolismcomparativeoxicity, andpotentialsafener®f Cerano(clomazone)n
rice andwatergrassearenearlycompleted Thesetwo plantsshowedhelargestdifferencein
sensitivityto Ceranan a prior study(TenBrookandTjeerdema2004).Sensitivitydifferences
arelikely dueto differentialactivation of Ceranato thetoxic 5-ketoclomabnneandsubsequent
detoxification.A studyby Culpeppertal. (2001)showedhatthe cytochromeP450inhibitors
DiSyston(disulfotor) andphorateprotectedcottonfrom Ceranaoxicity asmeasuredy growth.

In collaborationwith Albert Fischerour studesweredesignedo determinedifferencesn
uptakeanddetoxificationof Ceranan rice andwatergrassesndto explorethe effectsof
cytochromeP450inhibiting pesticideon thetoxic actionof Cerano Differential uptakeand
detoxificationwerestudiel by exposingplantsto “C-Cerano Metaboliteswereextractedand
identifiedusinghigh-pressurdiquid chromatographyHPLC) in combinationwith liquid
scintillation counting(LSC). To studythe effectsof herbicide/pesticideombinaions plants
wereexposedo Cerancaloneandin combinationwith the cytochromeP450inhibiting
pesticideDiSystonor MSR (oxydemetormethyl) Toxic effectsweremeasuredby reductions
in freshweightand Ecarotendevels.
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Table 4. **C masshalancefor rice andEWG exposires.Portionboundor lostin extractionwas
determinedy subtractionall othervaluesweremeasuredqse= standarcerror; n = numberof
replicates)For bothspeciesmore Ceranowvastakenup thanwasvolatilized or mineralized.

Rice FCi se n % of total

Remainingn Solution 2.19 0.03 3 86.1

Volatilized 0.01 0.00 4 0.2

CO2 0.04 001 4 15

Plant(total) 0.31 004 4 122
Extracted 0.14 0.01 4 (5.4)
Bound/Lostin extraction 0.17 0.04 3 (6.8)

Total applied 2.54 0.03 100

Watergrass

Remainingn Solution 2.41 0.04 4 925

Volatilized 0.01 000 4 0.2

CO2 0.05 000 4 19

Plant(total) 0.14 0.05 4 54
Extracted 0.09 0.01 4 (3.3)
Bound/Lostin extraction 0.05 0.05 4 (2.1)

Total applied 2.61 0.01 100

Methods

Studyl. Riceandearlywatergras$EWG) werehydroponicallyexposedin closedsystemsto
%C-labelledCerancat0.05mg/L for 7 d. Radioactiveresiduesn solutionaswell asvolatile
residuegincluding CO;,) werecollectedandquartified to provide a massbalancegor Ceranan
the systemNon-polarmetabolitesvereextractedwvith hexanewhile polarmetabolitesvere
extractedwith 90:10acetone:watelExtractswereanalyzedoy HPLC in combinationwith LSC.
Two differentHPLC columnkolventsystemsvereusedto confirm theidentity of eluted
compoundsaseddn retentiontimesof analyticalstandards.

Oneof the mostcommondetoxificationpathwaysn plantsis glucoseconjugation.To determine
the extentof this reaction polarextrads werefurthertreatedwith ED-glucosidas¢o remove
glucosemoietiesandthenHPLC analysesvererepeated.

Study2. In collaborationwith Albert Fischeraresistan{R) biotypeof late watergras (LWG)
wasexposedo Cerancaloneandin combinationwith the P450inhibitors DiSystonor MSR.
Effectsweremeasuredyy analysisof reducedreshweightand Ecarotendevels.
Resultsand Discussion

Studyl

Table4 showsthat, on atotal massbass, rice absorbednoreCeranathanEWG (p < 0.05),but
onanmol g* basis therewasno significantdifferencebetweerthe two speciegp > 0.05).Rice
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Figure 3. Chromatogranof Cerano(clomazonepndmetabolitesin rice andEWG asresolved
by C1s HPLC: (1) 4’,5-dihydroxyclomazone;(Il) 2-chlorobenzoiacid; (Ill) ring-openreductive
product;(IV) 3’-hydroxyclomazone;(V) 5-hydroxyclomazone;(VI) 5’ -hydroxyclomazone;
(VIl) Cerang (VIII) 5-ketoclomazone.

containednoreextractableé*C residueq7.7+ 0.5vs.4.8+ 0.5nmolin ricevs. EWG,
respectivelyp < 0.5), butthe concentrationn EWG wassignificantlyhigher(4.2+ 0.5vs.1.8+
0.1nmolg™in EWGvs.rice, respectivelyp < 0.01). Theseresuls canprovidesome
explanatiorfor the greatersensitivityof EWG to Ceranocompaedto rice. Thisis in contrasto
studieswhich foundno differential uptakebetweercorn, soybeansmoothpigweed,and
velvetleaf(Leibl andNorman,1991),soybearandvelvetleaf(Weimerat al., 1992),andtomato
andbell pepperWestonandBarrett,1989.

Figure3 comparesnetabolismof Ceranan rice andwatergrassegia Cis reversegphaseHPLC.
More metabolizedesiduewasmeasuredn EWG comparedo rice (84.1%vs.67.9%;p < 0.01).
Both specieproducedhydroxylatedorms, ED-glucosideconjugatesandseverabther
unidentifiedpolar metabolitesbut EWG generallyproducedchighermetaboliteconcentrations.
Theconcentratiorof the suspectedctivemetabolite 5-ketoclomazoneyassignificantlyhigher
in EWGvs.rice (21+ 2vs.5.7+ 0.5pmol g-1, respectivelyp < 0.01; Table5). Thislevel of
metabolisncanalsohelp explaindifferential sensitivitysinceCeranchasto be activatedio the
toxic 5-ketoclomazone.

Differencesin sensitivityto Cerandbetweerrice andEWG appearto be dueto differential
metabolismputin this casethe moresusceptibldEEWG qualitativelyandquantitaively
metabolizednoreCeranahanthe moretolerantrice. This is consistentvith the actionof a
metabolicallyactivatedherbicide.This metabdic differencecouldbeexploitedto develop
herbicidesafenergor usewith Cerano



PROJECTNO. RP-5
Table 5. Metaboliteprofilesfor rice andEWG,; polar metabolitesareshownbeforeandafter
treatmentvith ED-glucosidase*p < 0.05;**p < 0.01for changeswith treatnent; resultsare
from C;3 HPLC method(meant se;l = notdetected).

Polar Non-Polar

Retention Elutes Rice(pmol/g) EWG (pmol/g)
Time (min) with Before After Before After Rice (pmol/g) EWG (pmol/g)
3.1 29+2 49 + 3** 24+ 15 300+ 31** ?? ??
15.6 ?? 41i 7 ?? ?? ?2? ?2?
19.1:19.6 34+13 ?? 180+ 39 ?? ?? ??
21.1 ?? ?2? ?? ?2? 22 12i3
216 ?? BZi 4 ?? ?? ?? ??
22.1:22.6 42+7 ?? ?? 233+ 22 ?? 10+1
23.624.1 ?? ?? 424+ 98 94 + 5* ?? 10+1
24.625.6 264+ 66 ?? 376+ 92 ?? ?? 22+ 3
27.628.1 29+5 80+ 12** ?? ?? ?? ??
29.1:30.6 ?? 2? 609+ 162 2? ?? 2?
31.1:31.6 1] ?? 33+1 241+ 17 ?? 12+1 59+9
32.1 ?2? 3212 ?? ?? ?2? ?2?
32.633.1 v ?? 51+8 ?? 105+ 9 ?? ??
33.6 ?? 61+ 20 ?? 118+ 2 ?? 2?
34.1:35.1 \ 53+5 200+ 32** 195+ 39 550+ 47** ?? ??
35.6 Vi 29+ 2 31+5 103+ 18 210+ 51 ?? 2?
36.1-36.6 VI 26+ 3 42+ 7 125+ 12 348+ 60* 3.9+04 13 +1
37.1:37.6 61+4 88+ 8* 88+ 10 2? 8.4+1.6 32+4
38.1 24+2 2? 66+5 ?? ?? ??
38.6 29+ 5 42+ 9 62+3 2? ?? 2?
39.1:40.6 I 121+ 10 80+ 8* 399+ 17 267+ 36* 241+ 23 126+ 7
41.1-41.6 VIl ?? ?? 27 27 57+0.5 21+2
42.646.6 91+7 2? ?? ?? 58+ 2 105+ 4
Total 832+70 862+45 2892+ 221 2225+ 106 329+ 23 410+ 14

Study?2

As reflectedby the LWG growthdata(but the Ecartoenedata,whichwasnot significant—thus
not showr), both DiSystonandMSR showedsignificart antagonistieffectsfor seveal

combinatonsof inhibitor plus Cerancasmeasuredby 20-d growth(Tables6 and7). While

Ceranaalonetypically reducedwvatergrasgrowth,useof a cytochromea?450inhibitor reversed
theeffect,asgrowthgenerallyrecoveredThis indicatesthat Ceranais oxidizedto its activeform
by the cytochrome&”450enzymessuggestinghatcytochrome?450inhibitors couldbe usedas
safenersvith the herbicide However the safeneralsoappeato reducethe actionsof Ceranoon

LWG, which mayseriousiylimit its effectivenesn safeningCerandfor usewith rice. This
effect,desirablefor rice, could signify areductionin the benefitsof usingsafenersn rice
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