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For glossary, see
Worksheet # 13.

Pest management isimportant in crop production. Even after spending approximeately 34
percent of variablecrop production costson pest control, farmerslose 10 to 30 percent of
potential yield becauseof insects, diseasesand weeds. While many techniquescontrol
pests, chemical pesticidesareanintegral partinthisprocess. Proper pesticideuseis
important in maintaining groundwater quality and theeffectivenessof thechemicals.

Alternative pest management techniquesa ong with careful useof pesticideswill provide
farmerswith along-term management plan that isbeneficial togroundwater quaity andtheir
profitmargin.

Thisfact sheet and compani onworksheet deal with pesticide application and handlinginthe
field. Tolearn about storage, handling and disposal of pesticidesat thefarmstead, refer to
FarmeA «Syst Fact Sheet/Worksheet #2: Pesticide Storageand Handling, availablethrough
your county Extension office.

I ntegr ated Pest M anagement

IPM hasmany definitions, but most of them arebased ontheseunderlying principles:

¢ using cultural and other non-chemical methodsto suppress pest
popul ations and prevent severe outbreaks

* avoidingthedisruption of beneficials-- thenaturally occurring enemies
of pests

* toleratingsomelevel of pest damageandtreating at theeconomic
threshold, when damage becomes significant based onthe
value of the crop and the cost of treatment

Economicthresholdsare constantly changing. If theexpected value of thecropishigh, the
economicthresholdwill below (littledamagetol erated). Whenfuel or pesticidepricesrise,
thethresholdwill behigher (moredamagetol erated) becausethehigher cost of treatment
offsetssmall gainsincropyidds.

Every cropping Situationisauniqueecosystem. Becausel PM attemptsto managetheentire
system, knowledgeof componentsspecifictoeach systemisrequired. Thispublication
addressesthegeneral principlesof IPM and how they canimpact groundwater. Informa-
tion forindividua cropsor pestsisavailablefrommany other sources.
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1. Site Condition
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Sail condition affectscrop vigor and thefate of pesticidesapplied. Soil texture, structure,
organic matter content and depth to groundwater partially determinehow vulnerablethe
groundwater isto contamination.

Contaminantsaremorelikely to break downthelonger they remaininthecultivated surface
layerswhereitiswarm, moist but well-aerated, and microorganismsare active. Contaminant

movement isaffected by soil texture, structureand organic matter.

Sandy (or light) soilshavelarge pore spacesbetween particlesand few adsorption

sites, sowater and contaminantsleach (movedown) rapidly. Clay (or heavy) soilshave
small pore spaceswhich g ow themovement of water, and many adsorption siteswhich

can hold sometypesof contaminants.

Soil structureinfluencesaeration, drainageand cropvigor. A compacted soil will have
adow infiltrationrate, butisnotidea for acrop. Soil withgood structurebreaksfairly
easly into aggregatesof smilar sizeand shape (Seefigure1). Thisallowsmoderate
infiltration, yet doesnot restrict root growth.

Organic matter functionsmuch likeclay particles, becauseit holdswater and contami-
nants. It a so contributesto good structureby acting asa*“ glue” tohold soil particles
together. M ost cultivated soilsin New Mexico arevery low in organic matter.
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Figure 1: Some common typesof soil structure. A - prismatic; B - columnar; C - angular blocky; D -
subangular blocky; E - platy; F- granular. Source: Soil Survey Manual, USDA Handbook No. 18

Certain crop pestsare moretroublesome on compacted or poorly drained soils. Learn what

soil conditionsaggravate pest problems, then modify cultural practicessuch astillageand
irrigationto makethese pestslesscompetitive.

Soil type and condition vary within fields and from one field to the next. Information on
soil variaionsin afield can be gleaned from past yields and experience, soil test results
and soil survey maps (at Natural Resources Conservation Service or Extension offices).



Beforeapplying pesticides, consider soil conditionsinthefield. A very solublepesticide
appliedtoasandy soil over ashallow water tableislikely toleachinto groundwater after
irrigationor rainfal.

For soilswiththinlayersof different textures, consider both surfaceand subsurface
textures, giving dightly moreimportancetothelayer just bel ow thecultivation depth.
For amorecompl etesite assessment, see Fact Sheet/Worksheet #11, Site Eva uation.

Adequatefertilizer hel psmakeacrop morecompetitive. Over-fertilization (especialy with
nitrogen) isadirect threat to water quality, and can cause excessivevegetativegrowth (asin
cotton) making the crop moresusceptibleto pests. Timely applicationsof theright amount of
fertilizer protect the health of the crop and groundwater.

2. Management Activities

Field scoutingand pest identification

Monitoring, or field scouting, providesthebasisfor apest control strategy. It revealswhich
pestsand beneficialsare present and their stage of development, and how much crop
damagemay occur if no actionistaken. Cutting cornersonmonitoring may leadtoill-timed
andineffectivecontrol efforts.

Many pesticidedeal ersoffer freeor |ow-cost scouting servicestotheir customers. If
you take advantage of thisservice, beaware of the scoutsqualificationsand understand
that their recommendati onsmay be biased toward pesticide use. Hiring anindependent
crop consultant who provides services, but not products, offerssomeassurancethat
recommendationsareobjective.

Likeother componentsof an|PM program, amonitoring system should betailored tothe
crop andthepestslikely to be present. Monitor the crop moreclosely at stageswhenitis
most vulnerableto pest damage, such asat germination, flowering or fruit set. If you antici-
pate problemswith aparticular pest, know itslifecycle, whenand how it will damagethe
crop, and at what stageitismost effectively controlled.

Whether youareusing chemical, biological or cultural control methods, itisabsol utely
essentid to properly identify the pestsand beneficials. Extension agentsand consultantscan
ass st thoseinexperiencedinidentification.

Recor dkeeping

Keeping field recordsisessential tofarm management planning. Completerecordsenablea
manager tolook back over several growing seasonsand assessthe benefitsof certain
practices. Inadditionto meeting federal (and state) requirements, detail ed recordsof pest
management practicesareval uablein long-term pest management planning.

Scouting reports, non-chemical control practices, weather conditionsand pest/cropre-
sponseto treatment are exampl esof recordsnecessary for effectiveplanning. Y ou may
requireadditiona information specifictoyour cropping system.
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Certified private applicatorsusing r estricted use pesticidesmust keep records of those
applicationsfor twoyears, accordingto USDA requirements. Theinformationrequired
includes

* product or brand nameand EPA registration number

» total amount of product applied

» gsizeof theareatreated

* typeof crop, commodity, stored product or sitetreated
location of theapplication

* dateof application

* applicator’ snameand certification number

Someof thesameinformationisrequiredif you areusing apesticide product withlabeling
that refersto theWorker Protection Standard (WPS). Additional information required by
WPSincludesrestricted entry and reentry times. Pesticideuserecordsand WPSrecords
can bekept separately or together, whichever ismost convenient for theoperator.

3. Cultural Practices
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Croprotation

Croprotationismost effectivefor peststhat cannot survivelong without asuitablehost.
Evenwithmorepersistent pests, rotation can makecontrol easier.

With afew exceptions, important insectsand pathogens cause damageto afew closely
related crops. A field should rotateto acrop from adifferent plant family which hasdifferent
growth habitsthanthepreviouscrop.

Sometimesacrop isnot damaged by apest, but allowsthe pest to multiply and persist.
For exampl e, thefungusthat causesFusariumwilt in cotton growsonbarley roots.
Someexperimentation may benecessary tofind the best rotation.

Obvioudy, cropsinarotation must also be profitable. Whenrotation reduces pest prob-
lems, the savingson pest control could makeacrop or rotation moreprofitable.

Resistant varieties

Plant resistancerefersto the plant ability towithstand or eliminatetheimpact of diseaseor
insectswithlittleor noeconomicloss.

V arietiesexhibiting somekind of res stanceareavailableinmany cropsincludingfibers,
forages, fruits, grains, nutsand vegetabl es. Though resistanceisonly onefactor to consider
when choosing acrop variety, it can provide economical protection against pests.

NOTE: Do not confuseresistancein cropswith resistancein pests. Crop resistanceis
usually anaidto pest control. Pest resistance (to pesticides, for instance), makes pest
control moredifficult. Resi stance management istaking stepsto prevent pestsfrom
developing resistanceto control measures.



Cultivation

Cultivation or tillageisoften thought of asaway tokill weeds, but it may al so contributeto
thesuppression of other pests. Cultivationisnot compatiblewithano-till farming system. In
that case, choose other low-impact methodsto suppress pestswhich otherwise could be
controlledwithcultivation.

Pest habitat management

Pest habitat management includesmanaging crop residues, eliminating breeding or overwin-
tering sites, and cleaning equipment to reduce the spread of pests.

Crop resduesoften harbor insectsand pathogenswhi ch affect thefollowing crop. The best
way to handleresidue depends on how the pest survivesand attacksthe crop. Methods
includeplowing, remova, burning, shredding and grazing.

Insomesituations, removing plant residue may be counterproductiveto erosion con-
trol. With |PM, other methods such asresi stant varietiesand crop rotation may com-
pensatefor thelack of sanitation.

Pestsmay breed and overwinter involunteer crop plants, weedsor rangeplantsinthe
vicinity. Thesedternate hosts should berecognized and removed if possible. Ditch banks,
fencerows, right-of-waysand turn rowsmay providehabitat for pests.

Equipment cleaning

Machinery, equipment and tool soften carry plant partsor soil between fieldswhich may
spread insects, pathogensand weeds. Cleaning seeds, plant debrisand soil from equipment,
if doneconsistently and diligently, can prevent the spread of certain pests.

Irrigation water management

Managingirrigationwater meansmaking sureboth theamount and timing of irrigationare
correct for thecrop. Obvioudy, toolittlewater will not producegoodyields. Toomuch
water inthesoil profilemay low crop growth and aggravate disease problems. Surplus
water may run off thefield astailwater, possibly carrying pesticidesoff-target.

Field preparation and irrigation techniques should allow even distribution of water and
good drainage. Laser levelling and surgeirrigation areexamplesof methodsthat help
achieveuniformwater distribution. I rrigation systemsshould bedesigned to allow
recycling of solublechemicalsintailwater.

Monitoring soil moisturein eachfieldisthebest way to determinewhen acrop needswater.
Computer model sare used to predict theneed for irrigation, which all owsbetter planning.

L ocal weather and evapotranspiration data provide agood estimate of crop water use.
Visua appraisal isnot accurate because plantsareunder stresslong beforethey show signs
of wilting.
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M ethodsand equipment for determining soil moistureincludetens ometers, gypsum
blocksand el ectronic moisture probes. Several different methodsmay beusedto
measuretheamount of water applied duringanirrigation. They vary widely in cost,
accuracy and convenience. Consult your county Extension agent or NRCStofind
themethodsthat work best withinyour cropping andirrigation systems.

Insome cases, irrigation may reduce pest numbersdirectly, evenintheabsence of acrop.
For instance, alateirrigation after cotton stubbleisplowed under may helpreducethe
number of overwintering pink bollwormlarvae.

Do You Know Who Your Friends Areg?  !dentify eachinsect and whether it isa pest
or beneficial. Answersare shown below.
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4. Biological Controls

Biologica control usesnatura enemiesof pests. Theseinclude pathogens (bacteria, fungi or
viruses), parasitesand predators. Biological controlsusualy fal into oneof thefollowing

categories.

¢ Maintaining existing, naturally occurring beneficias. Thismethod requiresonly
that you don’ t destroy beneficial swith pesticidesor by removing their habitat.

¢ Augmenting beneficia populations. Accomplishedby releasing beneficialsor
providing morefavorablehabitat (Ieaving ground cover on orchardfloors, for
example).

¢ |ntroducing natural enemiesfromthepest’ snativehabitat. Thismethodis
usualy implemented by federal agenciesor university personnel after extensive
research.

Biologica spraysddiver amicrobia agent, such asBacillusthuringiensis(Bt), with
convenience comparabletoachemical pesticide, but withlittleor no effect on beneficias.
Useof pyrethrums, pheromonesand sel ective pesticidesal so may hel pretain beneficia
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5. Field Application of Chemicals

Safeand effectiveuseof pesticidesrequiresknowledgeof chemicd behavior andinteractionwith
theecosystem. Propertiesof thechemical being used, suchasleachability, solubility, soil bonding,
andtoxicity tonontarget species, partialy determinetheriskleve. Irrigationor rainfdl, crop
residues, tillageand other culturd practicesa soaffect movement of pesticides.

Using of thesamepesticide(or activeingredient) repeatedly or exclusively may alow peststo
devel opres stance, makingthechemicd lesseffectiveor evenusel essover time. Strategiesto
avoidres stanceindude, limiting pesticideuse, choosing productsfromdifferent chemical classes
or withdifferent modesof action, goplying mixtures(prepackaged or tank mixes). Thechemica
classor modeof action may occasiondly befound onthelabd or MSDS. County Extension
agentsor pesticideded erscan hel plocatethisinformeation, ascan somepesticidededers.

Pesticide labels are the first source for information on safe and effective use. Signal words
(figure 2) indicate the acute (immediate) toxicity to humans. Information about protecting the
environment is found under the heading “Environmental Hazards,”.

Additiona consderations are necessary to protect surface water. Avoid applying pesticides
near open water if possble. Sope of the land, vegetative cover and structura control devices
may dow or prevent runoff from fields.

Signal Words
WARNING CAUTION
Indicates a highly toxic pesticide, likely Indicates product is moderately likely Indicates product is slightly toxic
to cause acute illness upon exposure. to cause acute illness, or that skin or or that skin or eye irritation would
The word "DANGER" alone indicates the eye irritation would be moderate. be slight.
potential for severe eye and skin
irritation.

Figure 2: Signal wordsfound on pesticide labels give clues asto the toxicity of aformulation.

6. Machinery, Equipment and Supplies

Applicationrates, timingand method

Specificdirectionsand recommendationsfor useof any pesticideare provided onthe
product |abel. Recommended ratesare based on several factorsasdiscussed above. The
rate of chemical used should alwaysbewithin therecommended range shown onthelabel.
Thelabd alsoincludespractical information onwhen and how the product should be used.

Selection and setup

Proper selection and setup of application equipmentiscritical to effectiveand efficient
pesticideuse. Thewidevariety of optionsallowsmatching the equipment precisely tothe
task.

Boom sprayersare probably the most common chemi cal application equipment. They are
frequently used for broadcast spraying, however the boom can be adapted or modified for
severd different operationsincluding banding, directed spray and other speciaty spraying
operations.
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Sprayer Calibration

Throughout the calibration procedure, keep tractor speed, spray pressure, nozze
type and number of nozzes constant. Use only clean water during calibration
procedures.

Step 1 - Determine Effective Spray Width (ESW)
For BROADCAST sprayers ESW = nozzle spacing x no. of nozzles
Example: ESW = 20 in. x 8 nozzles = 120" or 10 ft.
For BAND sprayers ESW = band width x no. of nozzles
Example: ESW = 6in.x 8 nozzles = 48" = 4 ft.

Step 2 - Measure a Test Area (TA) in square feet
TA = ESW x any convenient length
Example: TA = 10 ft. x 50 ft. = 500 sq.ft.

Step 3 - Determine number of Test Areas per acre
43,560 sq.ft./ac + Square Feet Per TA = Test Areas Per Acre
Example: 43,560 sg.ft./Ac + 500 sq.ft./TA = 87.1 TA/ac

Step 4 - Determine the time required to cover the Test Area
Operate sprayer with speed and pressure at field operating conditions.
Take an average of three timed trials and record the time in seconds.

Step 5 - Determine sprayer output for Test Area
Mesasure the fluid ounces each nozzle delivers during the time determined in Step 4.
Determine the average output per nozzle, then calculate total sprayer output per Test
Area. Note: Individua nozzle output should not vary more than + 5%.

Average nozzle output in fl.oz. x no. of nozzles = fluid oz. per TA
Example: 6 fl.oz. per nozzle x 8 nozzes = 48 fl.oz. per TA

Step 6 - Determine sprayer output per acre
Fluid oz. per TA x no. of TAs per ac = fluid oz. per ac
Example: 48 fl.oz. per TA x 87.1 TA per ac = 4180.8 fl.oz. per ac

Convert fluid ouncesto gallons.
Fluid oz. per ac + 128 fl.oz. per gallon = gallons per acre (GPA)
Example: 4180.8 fl.oz. per ac + 128 fl.oz. per gallon = 32.6 GPA

Application equipment and components provide many aternativesto reduce pesticideuse.
Thesetechniqueshelp confinethe pesticidesto morelocalized areasof afield or orchard.
For exampl e, spot treatment, rope wick applicationsor shielded spray will put pesticide
precisely whereit will dothemost good. Asapplication extendsbeyond the precisetarget
| ocation more pesticideisused, increasing costsand the potentia for contamination.

Regardlessof thetypeof equipment used, it isimportant to direct the pesticideto reachthe
targeted pest. Preciseapplication of pesticideallowsfor lesschemical tobeusedtotreat a

field. Itwill also helpto ensurethat re-treatment isnot needed.




Calibration and M aintenance

Mot pplicatorsrecognizetheimportanceof equipment calibration. However, re-cdibrationis
often overlooked following any changefrom theconditionsof the previouscalibration.
Equipment should be checked frequently. Manually calibrated machinery shouldALWAY S
be checked when one or acombination of thefollowing e ementschanges. operating speed,
Spray pressure, nozzletip sizeor number of nozzlesbeing used. Electronically monitored
sprayersautomatically adjust the output rate based on operating conditions.

M achinery maintenancewill help keep equipment well calibrated and operating efficiently.
Frequent checksof hoses, clamps, fittings, pumps, etc. are necessary to detect |eaksor
other problemsthat need correcting. Schedul e equipment maintenance according to the
amount of use. Many small problemscan go unnoticed if maintenanceislimitedto only once
or twiceayear. Properly fitted and maintained equipment will reducerepair costsaswell as
pesticideuse.

Chemigation

Chemigation, theapplication of pesticidesthroughirrigationwater, requiresspecia precau-
tionsto protect thewater supply, whether groundwater or surfacewater, from contamina-
tion.

Thepesticidelabd will specify if achemica cannot beapplied throughirrigation systems. If
apesticide can beapplied by chemigation, thelabel will specify thetype(s) of irrigation
system, backflow prevention equipment, pesticideinjection equipment, and saf ety precau-
tionsappropriatefor that particular chemical.

Chemigation valvesincorporate three backflow prevention devicesinto oneunit. Theseare
usualy lessexpensiveand morereliablethanindividua components.

All chemigation systemsarerequiredto havefunctional interlocking controls, or “inter-
locks.” Thissmply meansthat the pesticideinjection pumpwill stopif thewater flow stops
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Figure3 : Chemigation system with backflow prevention for acenter pivot sprinkler. E 13.9



or decreasestoacritical point. For instance, aninjection pump connected to an accessory
pulley onanirrigationenginewill stop whentheenginestops(SeeFigure3).

Spill readiness

No onewantsto think they would be carel essenough to cause apesticide spill. Unavoidable
accidentsdo occur, however, and applicatorsmust be prepared to deal with spills. Havinga
plan and equi pment to deal with spillscan prevent asmall spill from becoming abig problem.

Part of aspill responseplanisknowingwhoto call for help or toreport the spill. New
Mexico Water Quality Act (NMSA 1978), Section 74-6-4, Paragraph C and subsequent
Water Quality Standardsfor Interstateand I ntrastate Streamsin New Mexico, Section
1.100, Paragraphs B and D, requirethat spillsof any amount to streamsor lakesbere-
ported.

New Mexico Environment Department (NM ED) recommendsthat aspill bereportedif it
occursonsoil or amixing pad, isaconcentrate morethan onequart, or adilutesolution
greater thanfivegallons. It isal so advisabletoreport asmaller spill if it threatenswater
resourcesor isan especiadly toxic compound.

Report spillstothe Groundwater Bureau of NMED at (505) 827-2918. A 24-hour emer-
gency hotlineisalso availableat NMED’ sHazardous and Radioactive M ateria sBureav.
Thetelephone number is(505) 827-9329. Collect callsare accepted.

Keep a Spill Kit Handy
Havingaspill kit already assembl ed can save preci oustimewhen an acci dent happens. Takeafew minutes

and assembletheseitems.

* emergency telephone numbers » Kkitty litter, garageoil dry or other absorbent
» persona protection equipment material

» containment bordersor “snakes” » tarpor polyethylene sheet to cover dry spills

» shovel and broom, foldablefor easier storage plastic tub larger than the pesticide containers

» fireextinguisher rated for all typesof fires

Spill cleanup tips

¢ Confinethespill toassmall anareaaspossibleusngdirt dikesor containment borders.

* Stoptheflow by placingsmaller containersing degarbagebags, plastictubsor
smilar containers.

* Prevent blowingof dry spillswithalight mist of water or by coveringwithatarpor
plastic shest.

* Alwaystry to prevent thespill fromreachingawell, ditch or any body of water.

Written by R. Craig Runyan and Marsha M. Wright, Plant Sciences Department, New M exico State
Univer sity Cooper ative Extension Service.
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