
WeedControl–Management

Weedcontrolandmanagementarethetwotermsoftenweuseinweed

science.Weedcontrolistheprocessoflimitinginfestationcompletelysothatcropcan

begrownsuccessfullyorotheroperationscanbedoneefficiently.Theobjectiveof

weedmanagementistolimittheweedpopulationbyprovidingfavourableenvironment

tothecropplantswiththeintensionthatvigorouscropcansuppresstheweeds.

Theextenttowhichanyweedgrowthtobelimitedwilldependuponthecostof

weed managementand the benefitsanticipated from the operation.The weed

populationatwhichthecostofweed managementequalstheadditionalprofits

representstheThresholdlevelofweeds.

Theaim ofweedmanagementistomanagethevegetationonlandandwater

bodiesinsuchawayitwillencouragethegrowthofbeneficialplantsofourinterestat

aparticularplaceandtimeandwillsuppresstheremainingrelativelyunwantedplants.

Variousmethodsadoptedforweedmanagementare

a)Prevention b)Eradication c)Control/management

A.PREVENTION

Itencompasses allmeasures taken to preventthe introduction and/or

establishmentandspreadofweeds.Suchareasmaybelocal,regionalornationalin

size.Noweedcontrolprogrammeissuccessfulifadequatepreventivemeasuresare

nottakentoreduceweedinfestation.Followingpreventivecontrolmeasuresare

suggestedforadoptionwhereverpossible&practicable.

1. Cleancultivation

2.Useofweedfreecleanandcertifiedseeds

3.Keepingseedbedsfreefromweeds

4.Avoidfeedingrmaterialcontainingweedseedstothefarmanimals

5.Avoidaddingweedswhichsetseedstothemanurepits.

6.Cleanthefarmmachinerythoroughlybeforeuse

7.Keepirrigationchannels,fence-lines,andun-croppedareasclean

8.Usevigilance.Inspectthefarm frequentlyforanystrangelookingweedseedlings.

Destroysuchpatchesofanewweedbydiggingdeepandburningtheweedalong

withitsroots.

9. Quarantineregulationsdenytheentryofweedseedsandotherpropagulesfrom

onecountrytoanotheratairportsandshipyards

10.Remove/destroyweedsbeforetheyattainreproductivestageorsettingseeds

11.PreventionbyweedLaws



Weedlawsareimportantinreducingthespreadofweedspeciesandincrease

theuseofhighqualitycertifiedcropseeds.TherearenoweedlawsinIndiaexceptin

KarnatakawhichdeclaredPartheniumasanoxiousweed.

Weedlawslargelyprohibitseedsofnoxiousweedspassingthroughmislabeled

orcontaminatedseeds.

B.Eradication

Itinfersthatagivenweedspecies,itsseed&vegetativeparthasbeenkilledor

completely removed from a given area & thatweed willnotreappearunless

reintroducedtothearea.Becauseofitsdifficulty&highcost,eradicationisusually

attemptedonlyinsmallerareassuchasfewha.,afewthousandm2orless.Eradication

isoftenusedinhighvalueareassuchasgreenhouses,ornamentalplantbeds&

containers.Thismaybedesirableandeconomicalwhentheweedspeciesisextremely

noxiousandpersistentastomakecroppingdifficultandeconomical.

C.WeedControl/Management

Itencompassesthoseprocesseswherebyweedinfestationsarereducedbut

notnecessarilyeliminated.Weedcontrolaimsatonlyputtingdowntheweedspresent

bysomekindofphysicalorchemicalmeanswhileweedmanagementisasystem

approachwhereinadvanceplanningisdonetominimizetheinvasionofweedsin

aggressiveformsandgivecropplantsastronglycompetitiveadvantageoverthe

weeds.

Weed control/managementmethodsare grouped into cultural,physical,

chemicalandbiological.Everymethodofweedcontrolhasitsownadvantagesand

disadvantages.Nosinglemethodissuccessfulunderallweedsituations.Manyatime,

acombinationofthesemethodsgiveseffectiveandeconomiccontrolthanasingle

method.

PhysicalorMechanicalweedcontrol/management

Mechanicalorphysicalmethodsofweedcontrolarebeingemployedeversinceman

begantogrowcrops.Themechanicalmethodsincludetillage,hoeing,handweeding,

diggingcheeling,sickling,mowing,burning,flooding,mulchingetc.

1.Tillage:Tillageremovesweedsfrom thesoilresultingintheirdeath.Itmayweaken

plantsthroughinjuryofrootandstem pruning,reducingtheircompetitivenessor

regenerativecapacity.Tillagealsoburiesweedsandalsoexposesweedseedstothe

soilsurface forsolarscorching.Tillage operation includes ploughing,discing,

harrowingandleveling.Incaseofperennials,bothtopandundergroundgrowthis

injuredanddestroyedbytillage.



Tillageoperationsarebroadlygroupedaspreplantandpostplant/inter-

culturaloperations which are aiming fordifferentpurposes viz.,soilmoisture

conservation,aeration,incorporatingthemanureandindirectlypromotethecrop

growthforsubsequentsuppressionofweeds.

2.Summertillage:Thepracticeofsummertillageoroff-seasontillageisoneofthe

effectiveculturalmethodstocheckthegrowthofperennialweedpopulationincrop

cultivation.Initialtillagebeforecroppingshouldencourageclodformation.Theseclods,

whichhavetheweedpropagules,upondryingdesiccatethesame.Subsequenttillage

operationsshouldbreaktheclodsintosmallunitstofurtherexposetheshriveled

weedstothehotsun.

3.Hoeing:Hoehasbeenthemostappropriateandwidelyusedweedingtoolfor

centuries.Itishowever,stillaveryusefulimplementtoobtainresultseffectivelyand

cheaply.Hoeingisparticularlymoreeffectiveonannualsandbiennialsasweedgrowth

canbecompletelydestroyed.Incaseofperennials,itdestroythetopgrowthwithlittle

effectonundergroundplantpartsresultinginre-growth.

4.Handweeding:Itisdonebyphysicalremovalorpullingoutofweedsbyhandor

removalbyimplementscalledkhurpi.Itisprobablytheoldestmethodofcontrolling

weedsanditisstillapracticalandefficientmethodofeliminatingweedsincropped

andnon-croppedlands.Itisveryeffectiveagainstannuals,biennialsandcontrolsonly

upperportionsofperennials.Themajorsetbackhereisthelabouravailability,time

consumptionandidealsoilcondition.

5.Digging:Diggingisveryusefulinthecaseofperennialweedstoremovethe

undergroundpropagatingpartsofweedsfromthedeeperlayerofthesoil.Thiscanbe

doneusingpickaxeorguddaliorcrowbar.

6.Cheeling:Itisdonebyhandusingacheelhoe,similartoaspadewithalonghandle.

Itcutsandshapestheabovegroundweedgrowth.Itisusefulonannualsandbiennials

andwidelyusedinplantationcrops.

7.Sickling:Sicklingisalsodonebyhandwiththehelpofsickletoremovethetop

growthofweedstopreventseedproductionandtostarvetheundergroundparts.Itis

popularinsloppyareaswhereonlythetallweedgrowthissickledleavingtheroot

systemtoholdthesoilinplacetopreventsoilerosion.

8.Mowing:Itisthecuttingofweedsatuniform heightandusedorestrictseed

productionandcheckexcessweedgrowth.Itisamachine-operatedpracticemostly

doneonroadsidesandlawns.

9.BurningorFlaming:Burningorfiringisoftenaneconomicalandpracticalmeansof

controllingweeds.Itisusedto(a)disposeofvegetation(b)destroydrytopsofweeds

thathavematured(c)killgreenweedgrowthinsituationswherecultivationsandother

commonmethodsareimpracticable.



Flamingistheexposureofgreenweedstoaveryhightemperature(upto

100oC)usingflamesfromburningpetroleumgas.Flamesaredirectedtowardsweeds

inbetweencroprowswithahoodcover.

10.Flooding:Floodingissuccessfulagainstweedspeciessensitivetosubmergencein

water.Flooding killsplantsbyreducing oxygenavailabilityforplantgrowth.The

successoffloodingdependsuponlevelandperiodofsubmergenceofweeds.

11.DredgingandChaining:Thesemethodsareadoptedforaquaticweeds.Removing

ofweedsalongwiththeirrootsandrhizomeswiththehelpofmechanicalforceis

calleddredging.Thefloatingaquaticweedsareremovedbychaining.Highstrength

chainispulledoverthewaterbodiestocollectweeds.

MeritsofPhysicalorMechanicalMethod

1)Oldest,effectiveandeconomicalmethod

2)Largeareacanbecoveredinshortertime

3)Safemethodforenvironment

4)Doesnotinvolveanyskill

5)Weedingispossibleinbetweenplants

6)Deeprootedweedscanbecontrolledeffectively

DemeritsofMechanicalMethod

1)Labourconsuming

2)Possibilityofdamagingcrop

3)Requiresidealandoptimumsoilcondition

CULTURALMETHODSOFWEEDCONTROL/MANAGEMENT:

Severalculturalpracticesliketillage,planting,fertilizerapplication,irrigationetc.,are

employedforcreatingfavourableconditionforthecrop.Thesepracticesifused

properlyhelpincontrollingweeds.Culturalmethods,alonecannotcontrolweeds,but

helpinreducingweedpopulation.Theyshould,therefore,beusedincombinationwith

othermethods.Inculturalmethods,tillage,fertilizerapplicationandirrigationare

importantapartfromselectionofvariety,timeofsowing,croppingsystem,cleanliness

ofthefarmetc.,incontrollingtheweeds.

1.Fieldpreparation:Thefieldhastobekeptcleanandweedfree.Floweringofweeds

shouldnotbeallowed.Thishelpsinpreventionofbuildupofweedseedpopulation.

Fieldoperationsmustbeplannedinsuchawaythatfieldiskeptweedfree.

2.Varieties:Shortstature,erectleavedvarietiespermithigherlightcomparedtotall

andspreadingtypeofvarieties.Weedscontinuetogerminateforlongertimeindwarf

varietiesresultingtohigherinfestation.



3.Sowing/Plantingmethods:Sowing/plantingshouldbetakenwithinthreedaysof

rainfallorirrigation.Weedspresentinsoilstartgerminatingwithin2–3daysand

suppressthecropplantsifwedelaythesowing.

Sowingwithseeddrillfollowedbypassingbladeharrowinbetweentherowsto

coverseedswilldisturbweedswhicharealreadygerminated.Transplantingisanother

operationwhichreducestheweedgrowthasthecrophasanadvantageofage.

4.Timeofplanting:Optimum timeofplantingcropsseemsalsobestseasonfor

emergenceofweeds.Attributingtotheavailabilityofphoto-insensitivevarieties,infield

withabadhistoryofweeds,cropscanbesown/plantedeitherlittleearlierorlater

thanthenormalplanting.Thishelpstoavoidfirstflushofweeds.

5.Optimum plantpopulation:Lackofadequateplantpopulationispronetoheavy

weedinfestation,whichbecomesdifficulttocontrollater.Thereforepracticeslike

selectionofproperseed,rightmethodofsowing,adequateseedrateetc.arevery

importantto obtain properand uniform crop stand which are capable to offer

competitiontotheweeds.

6.Croprotation:Thepossibilityofacertainweedspeciesorgroupofspecies

occurringisgreaterifthesamecropisgrownyearafteryear.Inmanyinstances,crop

rotationcaneliminateoratleastreducedifficultweedproblems.Theobnoxiousweeds

likeCyperusrotunduscanbecontrolledeffectivelybyincludinglowlandriceincrop

rotation.Cotton-sorghumcroprotationtocontrolstriga.

7.Smotherorintercrops:Intercroppingsuppressesweedsbetterthansolecropping

and thusprovidesan opportunityto utilize cropsthemselvesastoolsofweed

management.Manyshortdurationpulsesviz.,greengram andsoybeaneffectively

smotherweedswithoutcausingreductionintheyieldofmaincrop.Smothercrop

germinatesquicklyanddeveloplargecanopywithdeeproots.Theysuppressweeds

byexcludinglightandutilizinglargeportionofnutrients,waterinthesoil.

8.Mulching:Mulchisaprotectivecoveringofmaterialmaintainedonsoilsurface.

Mulching has smothering effecton weed controlby excluding lightfrom the

photosyntheticportionsofaplantandthusinhibitingthetopgrowth.Itisveryeffective

againstannualweedsandsomeperennialweedslikeCynodondactylon.Mulchingis

donebydryorgreencropresidues,plasticsheetorpolythenefilm.

9.Solarization:Thisisanothermethodofutilizationofsolarenergyforthedesiccation

ofweeds.Inthismethod,thesoiltemperatureisfurtherraisedby10-12ºCbycovering

apresoakedfallowfieldwiththintransparentpolyethylenesheetduringhotsummer

months.Thepolyethylenesheetchecksthelongwavebackradiationfromthesoiland



preventslossofenergybyhinderingmoistureevaporation.Solarizationkillstheweeds

throughdesiccatingtheweedseeds,suffocationthroughceasinggasexchange,

scorchingofthesproutedseedsandmicrobialdisintegration/desiccationofweeds

seeds.

10.Staleseedbed:Astaleseedbedisonewhereinitialoneortwoflushesofweeds

aredestroyedbeforeplantingofacrop.Thisisachievedbysoakingawellprepared

fieldwitheitherirrigationorrainandallowingtheweedstogerminate.Atthisstagea

shallow tillageornon-residualherbicidelikeparaquatmaybeusedtodestroythe

denseflushofyoungweedseedlings.Thismaybefollowedimmediatelybysowing.

Thistechniqueallowsthecroptogerminateinalmostweed-freeenvironment.

11.Fertilizerandwatermanagement:Plantsdifferintheirabilityofrespondingto

appliedfertilizerandwater.Applicationoffertilizerandirrigationwateratappropriate

time,methodanddepthwillimprovethecropvigourthroughtheirefficientuseand

suppresstheweeds.

MeritsofCulturalMethod

1.Lowcostforweedcontrol 2.Easytoadopt

3.Noresidualproblem 4.Nodamagetocrops

DemeritsofCulturalMethod

1.Immediateandquickweedcontrolisnotpossible

2.Weedsarekeptundersuppressedcondition

3.Perennialandproblematicweedscannotbecontrolled

BIOLOGICALWEEDCONTROL/MANAGEMENT

Itisthe controlorsuppressionofweedsbythe action ofone ormore

organisms through naturalmeans or by manipulation ofweed,organism or

environment.

Useoflivingorganism’sviz.,insects,diseasecausingorganisms,herbivorous

fish,snailsorevencompetitiveplantsforthecontrolofweedsiscalledbiological

control.Inbiologicalcontrolmethod,itisnotpossibletoeradicateweedsbutweed

populationcanbereduced.Thismethodisnotusefultocontrolalltypesofweeds.

Introducedweedsarebesttargetsforbiologicalcontrol.

Qualitiesofbio-agent

1.Hostspecific:Thebio-agentmustfeedoraffectonlyonthetargetedhost

2.Itmustbefreeofpredatorsorparasites.



3.Itmustadaptreadilytotheenvironmentconditions.

4.Mustbecapableofseekingoutitselftothehost.

5.Itmustkillthetargetedhostoratleastpreventitsreproductionrapidly

6.Itmustreproduce/multiplyrapidly.

Modeofaction:

Insectskilltheweedsbyboringintotheplanttoweaken/collapsetheplantpartand

throughconsumption/destructionofvitalplantparts

Pathogenicorganismsdamagethehostplantthrough

a)Enzymaticdegradationofcellconstituents

b)Productionoftoxins

c)Disturbanceofhormonesystem

d)Obstructionintranslocationoffoodmaterialsandmineralnutrients

e)Malfunctioningofphysiologicalprocesses

Effectsofbiologicalagentsinweedmanagementdependson

1. ChoiceofBio-agent:Theselectedorganism mustbeabletokilltheweedor

preventits reproduction.Itmustlocate hostplantand should have high

reproductivecapacitysufficienttomaintaintherequiredpopulation.

2.Aggressiveness:Itisthecompetitiveabilityofbio-agentsonweeds.

3.Climaticconditions:Climateaffectstheadoptabilityofthebio-agentandinturnthe

weedsuppression.

Biologicalcontrolagents

Insects:

Weed Bioagent
1.Lantanacamera Larvae ofCrocidosema lantana (flowers &

fruits)
LarvaeofAgromyzalantanae(berries)
LarvaeofThecleaechionandT.barochi
Lacewingbug.:Teleonemiascrupulosa.

2.Opuntiasp. Cactoblastiscactorum Dactylopius
opuntiae
Dacylopiustomemtosus Dactylopius
indicus

3.Hypericumperforatium
(Europe, USA,
Newzealand)

Chrysalishyperici Agrilushyperici
Chrysalisgameliata

4.Cuscutasp. Melanogromyzacuscutae
Smicronyxcuscutae

5.Cyperusrotunudus Bactravermosana



6.Imperatacylindrica Orseoliellajavanicaorseoliellajavanica
7.Eichorniacrassipes Neochetinabruchi Neochetina

eichhorni
8.Parthenium
hysterophorus

Zygogrammabiocolorata

Plantpathogens:Diseasecausingpathogensviz.,Fungi,Bacteria,Virusoffergreater

promiseforuseasbio-herbicides.Bio-herbicidesarethebiologicalagentsapplied

similartothechemicalherbicidesincontrollingweeds.Theactiveingredientinbio-

herbicideisalivingorganismoritsmetabolitesandisappliedinmoderatedoses.Fungi

arethemostcommonlyusedagentsandhence,bio-herbicidesaresometimecalled

asmyco-herbicides.

Sl.

No
Product Content Targetweed

1 Devine Aliquidsuspensionoffungalsporesof

Phytophthorapalmivoracausesrootrot.
Stranglevine(Morrenia

odorata)incitrus

2 Collego Wettablepowdercontainingfungal

sporesofColletotrichumgloeosporoides
causesstemandleafblight

Jointvetch

(Aeschyomone

virginica)inrice,
soybean

3 Bipolaris Asuspensionoffungalsporesof

Bipolarissorghicola
Jhonsongrass

(Sorghum

halepense)

4 Biolopho
s

Amicrobialtoxinproducedas

fermentationproductofSteptomyces

hygroscopicus

Non-specific,general
vegetation

Fish:Common/grasscarp(Cyprimuscarpio)feedongrassesintheaquaticeco-

system.

Mites:Aspidermite(tetranychussp)isfoundtobeusefulincontrollingpricklypear.

Plants:Cowpeasowninbetweensorghum/pigeonpearowseffectivelyreducesthe

growth.

Mammels/animals:Manyanimalswhichfeedweedasafodder.

MeritsofBiologicalagents

1)Leastharmtotheenvironment

2)Noresidualeffect

3)Relativelycheaperandcomparativelylonglastingeffect

4)Willnotaffectnon-targetedplantsandsaferinusage

DemeritsofBiologicalagents



1)Multiplicationiscostlier

2)Controlisveryslow

3)Veryfewhostspecificbio-agentsareavailableatpresent

4)Noabsoluteguaranteeofsafety

CHEMICALWEEDCONTROL

Theuseofchemicalsgenerallyreferredasherbicides,forthecontrolofweeds

iscalledchemicalweedcontroloffersgreaterpotentialinmodernagriculture.

Thewordherbicideisderivedfrom latinword‘Herba’meaning‘Plant’and

‘caedere’meaning‘kill’.

Theselectivityexhibitedbycertainchemicalstocultivatedcropsincontrolling

itsassociatedweedswithoutaffectingthecropsformsbasisforthechemicalweed

control.Suchselectivitymaybeduetodifferencesinthemorphology,differential

absorption,differentialtranslocation,differentialdeactivationetc.

Historyofherbicides

Commonsalts,ashetchavebeenusedforcenturiestocontrolweedsonroad

side,fencerowsandpathways.

Selective controlofweedsin agriculture wasobserved in 1896 with the

inventionofbordeuxmixtureinFrancewhichissprayedforcontrolofdownymildewin

grapes.Ithasdamagedcertainbroadleavedweedsbecauseofthepresenceof

CuSO4.

Between1896and1908,severalinorganicsaltsandacidsweretriedinsmall

grains.Thecompoundtestedaresulphuricacid,carbonbisulphide,sodium arsenate,

kaolinite,calciumcyanamideetc.

Between 1930 and 1940,some boron compounds,thiocyanates,dinitro

phenols,ammoniumsulphateandothermineralsaltsweretriedforweedmanagement.

Arealbreakthroughinselectivechemicalweedcontrolwasobservedin1941-

45withthediscoveryof2,4-D(2,4-DiChloroPhenoxyAceticAcid)andMCPA(4-

Chloro,2-MethylPhenoxyAceticAcid)inUSAandEnglandrespectively.Thesewere

foundhighlyselectivetocerealsandphytotoxictothebroadleavedweeds.Also,they

arenon-corrosive,non-flammableandnon-explosive.

Consequently,TCA,Dalapon,Chloro-Prophamwerediscoveredin1945.

Todaymorethan300herbicidesintheworldwhichwereproducedbyabout



100companies.

ObjectiveandScopeofherbicideusage

Commercialization,industrializationandsubsequenturbanizationforcedlabour

scarcityto agriculturesector.Indiscriminateuseofinputsinthenameofgreen

revolutionfavouredthemultiplicationofweedsrapidly.Further,swellingcostofhired

labour,limitedfuel&investmentformechanization,non-adoptabilityunderextremesoil

&climaticconditionsforcultural&mechanicalmeansarethereasonsforintroduction

ofherbicidesinlargescale.Hence,herbicidesofferwiderscopeinweedmanagement.

However,herbicidesarenotaimedtosubstitutethephysical,culturalorbiological

methods.Practicalweedcontrolisacombinedeffectofgoodculturalpractices,

herbicidesandothertechniques.

Merits

1)Herbicidecanberecommendedforadversesoilandclimaticconditions,asmanual
weedingishighlyimpossibleduringmonsoonseason.

2)Herbicidecancontrolweedsevenbeforetheyemergefrom thesoilsothatcrops
cangerminateandgrowincompletelyweed-freeenvironmentatearlystages.

3)Weedwhichresemblelikecropinvegetativephasemayescapeinmanualweeding.
However,theseweedsarecontrolledbyherbicides.

4)Herbicide ishighlysuitable forbroadcasting in closelyspaced cropswhere
intercultureisimpractical.

5)Controlstheweedswithoutanyinjurytotherootsystemoftheassociatedstanding
cropespeciallyinplantationcropslikeTeaandCoffee.

6)Reducestheneedforpreplantingtillage

7)Controlsmanyperennialweedspecies

8)Itisprofitablewherelabourisscarceandexpensive

9)Suitedbestunderminimum&zerotillagecondition

10)Highlyeconomical

Demerits

1)Pollutestheenvironmentandaffectsthesoilmicrofloraandfauna

2)Itrequirestechnicalknowledgeforcalibration

3)Someherbicideishighlycostlier

4)Suitableherbicidesarenotavailableformixedandinter-croppingsystem.

CLASSIFICATIONOFHERBICIDES

1)BasedonPlacement

i)Soilappliedherbicides:Thoseherbicideswhichareappliedonsoil.Theyaremostly
pre-emergenceorpre-plantingherbicidesEg.Butachlor,Fluchloralin

ii)Foliageappliedherbicides:Thoseherbicides,whichareappliedonthefoliageof



weeds.They are mostly post-emergence herbicides.Eg.2,4-D,Glyphosate,
Paraquat

2)BasedonSelectivity

i)Selectiveherbicide:Aherbicideisconsideredasselectivewheninamixedgrowthof
plantspecies,itkillssomespecies(weeds)withoutinjuringtheothers(Crop).
ThesearealsocalledasNarrowspectrumherbicides.Eg.Atrazine

ii)Non-selectiveherbicide:Itdestroysmajorityoftreatedvegetationirrespectiveof
cropandweed.ThesearealsocalledasBroadspectrumherbicidesEg.Paraquat

3BasedonModeofaction/translocation

i)Contactherbicide:Acontactherbicidekillsthoseplantpartswithwhichitcomesin
directcontactEg.Paraquat

ii)Translocative/systemicherbicide:Herbicidewhichtendstomovefrom treated
parttountreatedareasthroughxylem /phloem dependingonthenatureofits
molecule.Theentireplantispoisonedandkilled.Eg.Glyphosate

4)BasedonTimeofapplication

i)Pre-plantincorporation(PPI):Applicationofherbicidesbeforethecropisplantedor

sown.Soilapplication as wellas foliarapplication is done here.Forexample,

fluchloralincanbeappliedtosoilandincorporatedbeforesowingrainfedgroundnut

whileglyphosatecanbeappliedonthefoliageofperennialweedslikeCyperus

rotundusbeforeplantingofanycrop.

ii)Pre-emergence:Applicationofherbicidessoonaftersowingbeforeacroporweed

hasemerged.Incaseofannualcropsapplicationisdoneafterthesowingofthecrop

butbeforetheemergenceofweedsandthisisreferredaspre-emergencetothecrop

whileinthecaseperennialcropsitcanbesaidaspre-emergencetoweeds.For

examplesoilapplicationbysprayingofatrazineon3
rd

DAT tosugarcanecanbe

termedaspre-emergencetocanecropwhilesoilapplicationbysprayingthesame

immediatelyafteraraintocontrolanewflushofweedsinainter-cultivatedorchard

canbespecifiedaspre-emergencetoweed.

Weed Wee

CropWeed WeedCrop



iii)Post-emergence:Herbicideapplicationaftertheemergenceofcroporweedis

referredaspost-emergenceapplication.Whentheweedsgrowbeforethecropplants

haveemergedthroughthesoilandarekilledwithaherbicidethenitiscalledasearly

post-emergence.Forexamplespraying2,4-DNasalttocontrolparasiticweedstriga

insugarcaneiscalled aspost-emergencewhilespraying ofparaquatto control

emergedweedsafter10-15daysafterplantingpotatocanbecalledasearlypost-

emergence.

5.Basedonthepersistence/residualtoxicity

i)Residualherbicide:Aresidualherbicidemaintainsitsphytotoxiceffectinsoilfor

morethan3-4weeks.Ex.2,4-D

ii)Non-Residualherbicide:Theseareinactivatedinthesoilwithin3-4weeks.Ex.

Paraquot

Basedonchemicalstructure

a)Inorganicherbicides:These herbicidesdo notcontaincarbonatomsintheir

molecules.Theyarefurtherclassifiedintodifferentgroupsbasedontheirchemical

nature

b)Organicherbicides:Theseherbicidescontaincarbonatomsintheirmolecules.

They may be oils or non-oils.Dieseloil,xylene type of aromatic oils,

polycyclicaromaticoilsareoiltypeoforganicherbicides.Organicacidsandsaltsas

wellasoiltypeofherbicidesarenotinusenow.Majorityofthepresentday

herbicidesareorganiccompounds,whicharenon-oils.

HERBICIDEFORMULATIONS

Herbicidesintheirnaturalstatemaybesolid,liquid,volatile,non-volatile,soluble

orinsoluble.Hencethesehavetobemadeinformssuitableandsafefortheirfielduse.

SuchformsarecalledasHerbicideformulations.

Anherbicideformulationispreparedbythemanufacturerbyblendingtheactive
ingredientwithsubstanceslikesolvents,inertcarriers,surfactants,stickers,stabilizers
etc.herbicidesareformulatedforeasyhandlingandcontrolledactivityonthetarget
plants

Weedseed Crop Wee



Needforpreparingherbicideformulation

i)Tohaveaproductwithphysicalpropertiessuitableforuseinavarietyoftypesof
applicationequipmentandconditions.

ii)Toprepareaproductwhichiseffectiveandeconomicallyfeasibletouse

iii)Toprepareaproductwhichissuitableforstorageunderlocalconditions

Typesofformulation

I.Emulsifiableconcentrates(EC):A concentratedherbicideformulationcontaining

organicsolventandadjuvantstofacilitateemulsificationwithwater.emulsifierhelpsin

uniformdistributionofthechemicalinwaterandnostirringisnecessarywhilespraying.

Eg.2,4-Dester,Nitrofen,Diallete

Adjuvants:Adjuvantsareanysubstanceeitheraddedinaherbicideformulation

or added to the spray tank that modifies herbicidalactivity or application

characteristics,suchasbettermixingandhandling,increasingdropletcoverage,spray

retentionanddropletdrying,increasingherbicidecuticlepenetration.

ii.Wettablepowders(WP):Whentheherbicidesmaterialsareoflowsolubilityinwater,

theycanbegroundintofinepowderforsuspensioninwater.Thistypeofformulations

iscalledwettablepowders.Theyrequirecontinuousagitationtopreventtheirsettling

andtogiveuniform concentrationoftheherbicidesintheentirespraysolution.Eg,

Atrazine80%WP,Simzine50%WP,Diuron80%WP,lsorproturon70%WP.

iii.Granules(G):Theinertmaterial(carrier)isgivenagranularshapeandtheherbicide

(activeingredient)ismixed withsand,clay,vermiculite,finelyground plantparts

(groundcorncobs)ascarriermaterial.eg.,Alachlorgranules.

iv.Watersolubleconcentrates(WSC)Herbicideformulationsthatareintheform of

solubleliquidsarecalled water-solubleconcentrates.E.g.2,4-D amine,Dicamba,

Diquat,Paraquat

v.Solublepowders(SP):Thesearewater-solublepowders.Theyformahomogenous

solutionwhendissolvedinwater,whichcanbeappliedbyspraying.Saltsofmost

herbicidesaresolubleinwater.Eg.Sodiumsaltsof2,4-D,TCA,Endothal,Dalapon.

vi.Liquidsuspension(LS):Iftheactiveingredientisnotsolubleinwater,itissolubilised

inorganicsolvents.Whentheproductofactiveingredientandsolventisaddedto

waterforspraying,itformsaliquidsuspensions.Thesechemicalsarecomparatively

cheaperthanemulsifiableconcentratesbutrequireconstantagitationduringspraying

toavoidsetting.Eg:Atrazine,Cyprazine,Nitraline.

METHODSOFAPPLICATION

Factorsinfluencingthemethodsofapplicationare

a.Weed-cropsituation b.Typeofherbicides



c.Modeofactionandselectivity d.Environmentalfactors

e.Costandconvenienceofapplication

SoilApplicationofHerbicides

a.Surfaceapplication:Soilactiveherbicidesareapplieduniformlyonthesurfaceof

thesoileitherbysprayingorbybroadcasting.Theappliedherbicidesareeitherleft

undisturbed orincorporated into the soil.Incorporationisdone to preventthe

volatilization and photo-decomposition ofthe herbicides.Eg.Fluchoralin – Left

undisturbedunderirrigatedcondition andIncorporatedunderrainfedcondition

b.Subsurfaceapplication:Itistheapplicationofherbicidesinaconcentratedband,

about7-10cm belowthesoilsurfaceforcontrollingperennialweeds.Forthisspecial

typeofnozzleisintroducedbelow thesoilunderthecoverofasweephood.Eg.

CarbamateherbicidestocontrolCyperusrotundus.Nitralinherbicidesto control

Convolvulusarvensis

c.Bandapplication:Applicationtoarestrictedbandalongthecroprowsleavingan

untreatedbandintheinter-rows.Laterinter-rowsarecultivatedtoremovetheweeds.

Savingincostispossiblehere.Forexamplewhena30cm widebandofaherbicide

appliedoveracroprowsthatwerespaced90cmapart,thentwo-thirdofthecostis

saved.Thismethodisusefulwherelabourisexpensiveandinter-cultivationispossible.

d.Fumigation:Applicationofvolatilechemicalsintoconfinedspacesorintothesoilto

producegasthatwilldestroyweedseedsiscalledfumigation.Herbicidesusedfor

fumigationarecalledasfumigants.Thesearegoodforkillingperennialweedsandas

wellforeliminatingweedseeds.Eg.Methylbromide,Metham

f.Herbigation:Applicationofherbicideswithirigationwaterbothbysurfaceand

sprinklersystems.InwesterncountriesapplicationofEPTC withsprinklerirrigation

waterisverycommoninLucerne.

FoliarApplication

i.Blanketspray:Uniform application ofherbicides to standing crops without

consideringthelocationofthecrop.Highlyselectiveherbicidesareappliedinthis

method.Eg.Spraying2,4-EthylEstertoricethreeweeksaftertransplanting

ii.Directedspray:Applicationofherbicidesonweedsinbetweenrowsofcropsby

directingthesprayonlyonweedsavoidingthecrop.Thiscouldbepossiblebyuseof

protectiveshieldorhood.Forexample,sprayingglyphosateinbetweenrowsof

tapiocausinghoodtocontrolCyperusrotundus.

iii.Protectedspray:Applyingnon-selectiveherbicidesonweedsbycoveringthecrops

whicharewidespacedwithpolyethyleneormetalliccoversetc.Thisisexpensiveand

laborious.However,farmersare using thistechnique forspraying glyphosate to

controlweedsinjasmine,cassava,banana.



iv.Spottreatment:Itisusuallydoneonsmallareashavingseriousweedinfestationto

killitandtopreventitsspreadleavingtheweedfreegapsuntreated.Thiscanavoid

possiblewastageandreducesthecost.RopewickapplicatorandHerbicidegloveare

usefulhere.

Methodsoftreatingbrushandtrees

Brushweedsandunwantedtreesaretreatedwithherbicideswithdifferentmethods

dependingonthesituation.

1.Foliagetreatment:isthemostcommonmethodoftreatingthebrushwherethe

foliageisdrenchedwithsuitableherbicide.Thetreatmentisbestdonewhenthebrush

leavesarefullyexpandedandgrowingactively.

2.Barktreatment:herethechemicalisappliedtothestemneartheground.Itmaybe

a)Broadcastbarktreatment:Applicationofherbicidetotheentirestem areaofthe

plant.Thisisadoptedwhensmallwoodyplantshavingthickstem.Oilmixedphenoxy

herbicidesareappliedinthismethod.

b)Basalbarktreatment:heretheherbicidesareappliedtothestem baseof30-40

cmaboveground,hereselectivetreescanbekilledwithoutinjuringothertrees.

3.Trunkinjection:Trunkinjectionoftenhelptheherbicidetopenetratethroughthe

bark.Thetrunkinjectionsaremadebyfrillingornotchingwithanaxeortreeinjector.

a)Frilltreatment:Heretheherbicideisbrushedorsquirtedtothecuttingedgearound

thetreethataretoolargeforbarktreatment.

b)Notching:Thetreetrunkmaybenotchedwithanaxeforevery15cmofthetrunk

circumference.

4.Stumptreatment:Stumpsofmanyspeciesmaysproutimmediatelyaftercutting.

Herethetreesarecuttothegroundsurfaceandconcentratedherbicides/pastesare

appliedtothestumpofcutsurface.

SELECTIVITYOFHERBICIDESANDPRECAUTIONSINTHEIRUSE

Thedifferentialresponseofplants(CropsandWeeds)toherbicidesiscalledas

selectivityofherbicides.Inotherwords,herbicidesharm orkillweedswhereascrop

plantsareunaffectedduetotheselectivity.Thefundamentalprincipleofherbicide

selectivityisthatmoretoxicantreachesthesiteofactioninactiveform insidethe

targeted plants.Thismaybe due to the difference in absorption,translocation,

deactivation,carbonmetabolism and resistanceofprotoplasm.Theselectivityof

herbicidemaybeduetooneorcombinationoftheseprocesses.Thedifferencein

theseprocessesisdueto

a)Morphologicaland physiologicaldifferences observed between crop and
weeds.

b)Maninducesselectivityeitherbytimeormethodofherbicideapplicationorby



othermanagementpractices.

c)Absorbents&antidotesmaybeusedtopreventherbicideabsorptionbynon-
targetplants.

d)Herbicidesandtheirformulationsmaydifferintheirabilitytocontactthenon-
targetplants.

e)

I.Differenceinabsorption:

a)Foliageactiveherbicides:Theabsorptionoffoliarappliedherbicidesprimarily

dependsonretentionofherbicidefluidonvegetation.Theretentioninturndepends

on leafproperties like orientation,waxiness,pubescence,corrugation,ridges,

depressionsetc.Incerealslikericeandwheat,haveerectorientationthanhorizontal

orientationofbroadleavedweeds.Further,theactivegrowingpointishiddeninleaf

whorlstillbootingstagewhereasdicotyledonousweedshavetheirsensitivegrowing

pointsexposedtoherbicides.

b)Soilactiveherbicides:Thedifferenceinuptakeofsoilappliedherbicidesisoften

basedondifferentialinterruptionoravailability.Whenherbicideissprayedonthesoil

surface,itspreadsintothinlayerinthetop2-3cm.mostoftheweedsgerminatefrom

shallowlayer.Thesoilappliedherbicidesaretoxicwhentheyareabsorbedbyroots.

Becauseofthebiggersizedcropseeds,theyaregenerallyplacedtoadepthof4-5

cm ormoreandrootsdevelopdeeperthan5cm wherethereisnoherbicide.As

weedsgerminatefromthetoplayertheycomeincontactwithherbicideandgetkilled.

Thistypeofselectivityisoftencalledasdepthprotection.

c)Inducedselectivity:Selectivitycanbecreatedorinducedbyusingabsorbentsand

antidotes.Absorbentsarethematerialswhichhavethecapacitytoabsorbtheactive

chemicalmoleculewhichareplacednearthecropseedstopreventtheeffectof

chemicals.Activated charcoaladsorbs herbicides like 2,4-D,2,4,5-T,Propham,

butachloretc.Germinatingcropseedsandseedlingsthataresurroundedbyalayerof

activatedcharcoalaresafeagainsttheseherbicides.Absorbentscanbeappliedby

differentmethodslikeapplyingovertheseedrow,intheseedhole,dippingtherootsin

charcoal-watermixtureorseedpelleting.

Antidotesorsafenersarethesubstancescapableofantagonizingspecific

herbicide phyto-toxicityto plant.Some ofthe antidotesare NA (1,8-Nepthalmic

anhydride)&R-25788areproveneffectiveantidotesofEPTCetc.

II.Differentialtranslocation

Thereareinstanceswhereequalamountsofherbicidesabsorbedbyplants,but

translocatedatdifferentrates.Theselectivitybetweensugarcane(Tolerant)and

beans(Susceptible)to2,4-D isduetolow translocationinsugarcaneandrapid

translocationinbeans.Thisselectivityfurtherdependsonwaterstatusandactivityof

theplants.



III.Differentialprotoplasmicresistance

Applicationofherbicidescausesdeficiencyofcertainvitamins,aminoacidsor

otherconstituents.Protoplasmofcertainplantscanresistthedeficiencyandtolerate

toherbicides.Forinstance,plantsthatshow tolerancetodalaponcanwithstand

Pentothenicaciddeficiencyintheirtissueandalsoresistprecipitationoftheircell

proteins.

IV.Differentialrateofdeactivation

Thedifferentialdeactivationofherbicideintheplantsinducesselectivity.The

deactivationmaybeduetometabolism,reversemetabolismorconjugation.

a)Metabolism:Breakdownofherbicideinsidetheplantintonon-toxicmetabolites

isknownasmetabolism ofherbicides.Selectivityofterbacilbetweentolerant

peppermintand susceptible morning gloryis due to differentialrates of

breakdown. Peppermint metabolises terbacil rapidly at the cost of

photosynthesiswhileherbicidepersistlongtimeinmorninggloryduetopoor

metabolismofterbacil.

b)Reversemetabolism:Insomeofthemetabolicreactionsofherbicides,the

intermediatechemicalsubstancesaremoretoxicthantheirparentcompound.

Theherbicides2,4-DB&MCPBarenotphytotoxicoriginallyandmetabolismof

thesecompoundsthroughenzymaticβ-oxidationformatoxiccompoundwhich

isnotfoundinleguminousplantsandareresistanttothesecompounds.

c)Conjugation:Couplingofintactherbicidemoleculeswithsomeoftheplantcell

constituentsinlivingplantisknownasconjugation.Conjugationtakesthetoxic

herbicideconcentrationoutofmainstream ofactivityinplants.Chlorambenis

rapidlyconjugatedinrootsoftolerantsoybeanwithglucosemoleculetoformN

-glucosylchloramben.Insusceptibleplants,conjugationisslowandherbicide

entertothesiteofaction.Toleranceofgrassesto 2,4-D isalsodueto

conjugation

V.Differentialcarbonmetabolism

Herbicides affectcarbon metabolism and metabolic activity differently in

differentplants.Chlorofenpropmethyldecreasethereducingsugarsgraduallyinwild

oatswhilebarleyisnotaffected.

Precautionsinstorageandhandlingofherbicides

1. Storetheherbicidesawayfrom fertilizers,seeds,food,feedandchildrenincool

andventilatedplace.Theleftoverherbicidemustberetainedinoriginallylabeled

container.Thecontainermustbeairtighttoavoidcaking,oxidation,fumingetc.

2.Transportationofherbicidesshouldbedonewithtrolleyandnotwithbarehand/

body.



3.Preparetheherbicidedilutionsinopenspacesawayfrom thesourceofirrigation

water.Wearrubbergloves,apairofeyeglassesandcoverthenosewithacloth.

4.Mixthesolutionwithastickandnotbybarehand.Burytheemptycontainersdeep

inanywasteland

5.Keepfreshwaterandsoaphandytomeetanyemergency

6.Don’tsmokeoreatduringandinbetweenthesprayintervals.Alsodon’tusemouth

toblowthecloggednozzles.

7.Takebathandwashtheclothsthoroughlyassoonasthesprayisover.

8.Incaseofaccidentaloralintake,inducequickvomitingbyanylocalmethods.

9.Avoidherbicidedriftsfromreachingthenon-targetplantandanimals.

ALLELOPATHY

Allelopathyisthedetrimentaleffectsofchemicalsorexudatesproducedbyone(living)

plantspeciesonthegermination,growthordevelopmentofanotherplantspecies(or

evenmicroorganisms)sharingthesamehabitat.

Allelopathydoesnotform anyaspectofcrop-weedcompetition,rather,it

causesCrop-Weedinterference,itincludescompetitionaswellaspossibleallelopathy.

Allelochemicalsareproducedbyplantsasendproducts,by-productsand

metabolitesliberatedfrom theplants;theybelongtophenolicacids,flavanoides,and

otheraromaticcompoundsviz.,terpenoids,steroids,alkaloidsandorganiccyanides.

ALLELOPATHICEFFECTOFWEEDSONCROPS

(1)Maize:

 Leaves&inflorescenceofParthenium sp.affectthegerminationandseedling
growth

 TubersofCyperusesculentusaffectthedrymatterproduction
(2)Sorghum:

 StemofSolanumsppaffectsgerminationandseedlinggrowth

 Leaves and inflorescence ofParthenium affectgermination and seedling
growth

ALLELOPATHICEFFECTOFCROPPLANTSONWEEDS

 RootexudationofmaizeinhibitsthegrowthofChenopodiumalbum

 The cold waterextractsofwheatstraw when applied to weedsreduce

germinationandgrowthofAbutilonsp.

ALLELOPATHICEFFECTOFWEEDSONWEEDS.

 ExtractofleafleachateofdecayingleavesofPolygonum containsflavonoides

which are toxic to germination,rootand hypocotyls growth ofweeds like

Amaranthusspinosus



 InhibitorsecretedbydecayingrhizomesofSorghum halepenseaffectthe

growthofDigitariasanguinalisandAmaranthussp.

 Exudates of Cassia spp affect germination & growth of Parthenium

hysterophorus

INTEGRATEDWEEDMANAGEMENT(IWM)

Anysinglemethodforweedmanagementmayn’tbeeffectiveincontrolling

weeds.Integrationofdifferentmethodslikesanitation,mechanical,cultural,biological

andchemicalmeanskepttheweedsundercheckataneconomiccost.IWM usesa

varietyoftechnologiesinasingleweedmanagementwiththeobjectivetoproduce

optimumcropyieldataminimumcosttakingintoconsiderationecologicalandsocio-

economicconstraintsunderagivenagro-ecosystem.

IWMisasysteminwhichtwoormoremethodsarecombinedtocontrolaweed.

NeedforIWM

a)Nosingleweedmanagementpracticeiseffectiveincontrollingwiderangeofweed
flora

b)Continuoususeofsameherbicidecreatesresistanceorcausesshiftintheflora.

c) Indiscriminateherbicideuseanditseffectsontheenvironmentandhumanhealth.

GoodIWMshouldbe

a.Flexibleenoughtoincorporateinnovationsandpracticalexperiencesoflocal
farmers.

b.Economicallyviableandpracticallyfeasible.

AdvantagesofIWM

Itshiftsthecrop-weedcompetitioninfavourofcrop

Preventsweedshifttowardsperennialnature

Preventsresistanceinweedstoherbicides

NoenvironmentalpollutionandNodangerofherbicideresidueinsoilorplant

AconceptualmodelofIWMdevelopedbyNodaisgivenbelow



IWMforDifferentCrops

RICE:initial30-35daysintransplanted&60daysindirectseededcropiscritical.

Nursery

a)Soakingseedsinsaltwatertoremoveweedseeds

b)Keepathinfilmofwaterandavoiddrainage.

c)Application of Pre-emergence herbicides viz., Butachlor, Thiobencarb,
Pendimethalin,Anilofoson8thdayaftersowingtocontrolweedsinthelowland
nursery.

TransplantedMainfield

1)Handweeding:20-25&40-45DASortransplanting.

2)Interculture:Passingrotaryweederintransplantedpaddyafter25DAT.

3)Submergence:inlowlandpaddywaterlevelismaintainedat2.5-5cm.

4)Chemicalmethod:Thereare4-5importantherbicidesavailableinmarket.

Pre-emergent:Butachlor@ 1.5kga.iperhaorPendimethalin@ 3litaiha-1or
Anilophos@ 0.5lit.ai/haat3-4-DAT

Post-emergent:2,4-DEthylEstersor2,4-Dsodium salt@ 1.5kgai/haorpropanil



@ 3litai/haat35-40DAS.

Application ofPretilachlor@ 1.25 lha-1 in fieldsinfested with Cyperusand
Pyrazosulphuron@ 250gha-1inEchinocloainfestedplot.

MAIZE–First25-30daysarecritical

1)Handweedingat25-30DAS

2)Interculture-Earthingupisthemostusedweedcontrolmethod.

3)Chemical-Atrazine/Simazineaspre-emergent@ 0.75kgai/ha.


