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ÅKnow the different categories of pesticides
Å by a few different ways of classifying them

ÅUnderstand how pesticides are applied
ÅUnderstand key aspects of pesticide use and 

stewardship for reducing negative side effects
ÅUnderstand the regulation of pesticide sale and use in 

Illinois

This lecture is not a substitute for Pesticide Applicator 
Training programs.  See
http://web.extension.illinois.edu/psep/for information on 
the Illinois Pesticide Safety Education Program

http://web.extension.illinois.edu/psep/


What I will cover

ÅInsecticides, fungicides, herbicides, __icides
ïFormulations
ïModes of actions and resistance management 

codes
ïResidual activity or not
ïSystemic or not
ïSelective or broad-spectrum (non-selective)
ïReferences for recommended uses

ÅSprayers and other application equipment
ïPesticide placement
ïCoverage



ÅPesticide stewardship
ïIPM ςagricultural practices, scouting, models, and more

ïResistance management

ïEnvironmental protection ςto prevent drift, run-off, 
leaching, pollinator losses, and more

ïHuman health ςpesticide registration, protective 
equipment, label restrictions, REIs, PHIs, and tolerances

ÅUS and Illinois regulation of pesticides
ïUS EPA and IL registrations

ïRestricted-Use versus General Use pesticides

ïApplicators and Operators
ÅPrivate Pesticide Applicator licensing
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ÅInsecticides, fungicides, herbicides, bactericides, 
ǊƻŘŜƴǘƛŎƛŘŜǎΣ ŀƴǘƛƳƛŎǊƻōƛŀƭǎΣ Χ
ÅAll are regulated as pesticides under FIFRA, the 

Federal Insecticides, Fungicides, and 
Rodenticides Act of 1947 (amended in 1972 and 
1996)
ÅRemember that we categorize a chemical 

according to what we have manufactured it to 
ƪƛƭƭ Χ ŀŎǳǘŜ ŀƴŘ ŎƘǊƻƴƛŎ ǘƻȄƛŎƛǘȅ Ƴŀȅ ŜȄǘŜƴŘ ǘƻ 
other kinds of organisms. 



Formulations

ÅActive ingredients ςthe stuff that does the 
killing ςare not usually applied in pure form

Å¢ƘŜȅ ŀǊŜ ƳƛȄŜŘ ǿƛǘƘ άŎŀǊǊƛŜǊǎέ ǘƻ ǊŜŘǳŎŜ Ǌƛǎƪ 
during mixing and loading, allow uniform 
dispersal in water, and provide a formulation
that is convenient to handle



Å Dusts
ïSevin 5D 

ÅGranules
ï Lorsban 15G

ÅWettable Powders
ïBrigade 10WP

ÅWater-dispersable and water-
soluble granules

ÅWater soluble powders

Dusts and some granules are 
applied dry; the other 
formulations s are mixed with 
water.  Constant agitation is 
required for products that do not 
dissolve.  Numbers represent 
percent active ingredient by 
weight in the formulated product.

Å Emulsifiable concentrates
ïBrigade 2EC

Å Soluble concentrates
ïBelay 2.13SC

Liquid formulations that are diluted 
in water either become suspended 
or dissolve in water.  Numbers that 
are part of the label name 
represent the number of pounds of 
active ingredient per gallon of 
formulated liquid product. 

(And there are additional formulation 
types.)



Chemical names, common names, 
and trade names
ÅChemical name
ï1-naphthyl 

methylcarbamate

ÅCommon name
ïcarbaryl

ÅTrade name
ïSevin 80WP, Sevin 

4EC, etc.

ÅChemical name
ïdimethyl (2aR,3S,4S,R,S,7aS, 

8S,10R,10aS,10bR)- 10-(acetyloxy)-
3,5-dihydroxy- 4-
(1S,2S,6S,8S,9R,11S) - 2-hydroxy-
11-methyl- 5,7,10-trioxatetracyclo 
[6.3.1.02,6.09,11]dodec- 3-en- 9-yl]-
4-methyl- 8-{[(2E)- 2-methylbut- 2-
enoyl]oxy}octahydro- 1H-furo 
[3',4':4,4a]naphtho[1,8-bc]furan-
5,10a(8H)-dicarboxylate

ÅCommon name
ïazadirachtin

ÅTrade name
ïNeemix 4.5





Modes of action, insecticides
ÅMost are nerve poisons
ï Interfere with acetylcholinesterase or with sodium channel ion 

exchange to trigger tremors and death
ÅAre poisonous to humans but our exposure is less and our detoxification 

systems are different

ÅOthers are insect-specific pathogens or pathogen products, 
synthetic versions of arthropod growth or molting hormones, or 
compounds that interfere in a different way with insect 
physiology.

Å IRAC numbers
ï Insecticide Resistance Action Committee (IRAC) numbers on 
ƛƴǎŜŎǘƛŎƛŘŜ ŎƻƴǘŀƛƴŜǊ ƭŀōŜƭǎ ƛƴŘƛŎŀǘŜ ǘƘŜ άƳƻŘŜ ƻŦ ŀŎǘƛƻƴ ƎǊƻǳǇέ ŦƻǊ 
the active ingredient.  To slow development of insecticide resistance 
in insects, do not use insecticides with the same IRAC number 
repeatedly

ïSee http:// www.irac-online.org/content/uploads/MoA-
classification.pdf

http://www.irac-online.org/content/uploads/MoA-classification.pdf


Modes of action, fungicides
Å 12 mode of action groups of fungicides (with several subcategories 

in most) are recognized by the Fungicide Resistance Action 
Committee
ïSee 

http:// www.frac.info/publication/anhang/FRAC%20Code%20List%202
013-update%20April-2013.pdf

ïFungicide Resistance Action Committee (FRAC) numbers on fungicide 
ŎƻƴǘŀƛƴŜǊ ƭŀōŜƭǎ ƛƴŘƛŎŀǘŜ ǘƘŜ άƳƻŘŜ ƻŦ ŀŎǘƛƻƴ ƎǊƻǳǇέ ŦƻǊ ǘƘŜ ŀŎǘƛǾŜ 
ingredient.  To slow development of fungicide resistance in pathogenic 
fungi, do not use fungicides with the same FRAC number repeatedly

ïMany older protectant fungicides (Captan, for example) act in multiple 
ways to prevent fungal infections, and pathogenic fungi have not 
developed resistance to them 

Å PracticallyΣ ŦǳƴƎƛŎƛŘŜǎ ŀǊŜ ƻŦǘŜƴ ǾƛŜǿŜŘ ŀǎ ŜƛǘƘŜǊ άǇǊƻǘŜŎǘŀƴǘǎέ ƻǊ 
άŜǊŀŘƛŎŀƴǘǎέ

http://www.frac.info/publication/anhang/FRAC Code List 2013-update April-2013.pdf


Modes of action, herbicides

ÅOver a dozen mode of action groups of herbicides 
(with several subcategories in most) are recognized by 
the Herbicide Resistance Action Committee
ïSee http:// www.hracglobal.com/Portals/5/moaposter.pdf

ÅHRAC numbers
ïHerbicide Resistance Action Committee (HRAC) numbers 

on herbicide container ƭŀōŜƭǎ ƛƴŘƛŎŀǘŜ ǘƘŜ άƳƻŘŜ ƻŦ 
ŀŎǘƛƻƴ ƎǊƻǳǇέ ŦƻǊ ǘƘŜ ŀŎǘƛǾŜ ƛƴƎǊŜŘƛŜƴǘΦ  ¢ƻ ǎƭƻǿ 
development of herbicideresistance in weeds, do not use 
herbicides with the same HRAC number repeatedly

http://www.hracglobal.com/Portals/5/moaposter.pdf


How long and where?

ÅResidual activity
ïMay range from hours to years

ïDiffers with temperature, moisture, and light

ÅSystemic or not
ïIs the pesticide taken into the vascular system of 

the plant and transported to other plant organs 
(roots to leaves or leaves to roots)
ÅAdmire (imidacloprid)

ÅRoundup (glyphosate)



Selective versus broad-spectrum

ÅSelective within a group of target organisms
ïKills some kinds of insects but not others
ÅBacillus thuringiensis (BT) kills Lepidopteran larvae, not other 

insects
Åaŀƴȅ ƻǘƘŜǊ ŜȄŀƳǇƭŜǎΤ ǎŜǾŜǊŀƭ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άwŜŘǳŎŜŘ-wƛǎƪέ 

pesticides

ïKills some plants but not others
Å2,4-D kills broadleaf plants, not grasses

ÅSome pesticides are acutely toxic to a wide range of 
organisms
ïMethyl bromide (a fumigant) ςkills insects, fungi, weed 

seeds, and people at commonly applied doses



How do you know what to spray against what 
pest in a given crop?

ÅMidwest Tree Fruit Spray Guide 
ï http:// www2.ca.uky.edu/agcollege/plantpathology/ext_files/PPFShtml/MwTreeF

ruitSprayGuideID92.pdf

ÅCornell Production Guide for Organic Apples
ï http:// nysipm.cornell.edu/nysipm/organic_guide/fruit_org_guide.asp

http://www2.ca.uky.edu/agcollege/plantpathology/ext_files/PPFShtml/MwTreeFruitSprayGuideID92.pdf
http://nysipm.cornell.edu/nysipm/organic_guide/fruit_org_guide.asp


ÅMidwest Small Fruit and Grape 
Spray Guide:  

https:// ag.purdue.edu/hla/Hort/Documents/ID-
169.pdf

Å Cornell Organic Production Guides 
(blueberries, grapes, strawberries)

http://nysipm.cornell.edu/organic_guide/

Spray Guides for Small Fruits

https://ag.purdue.edu/hla/Hort/Documents/ID-169.pdf
http://nysipm.cornell.edu/organic_guide/
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Midwest Vegetable Production Guide

ÅMidwest Vegetable Production Guide
ïhttp://mwveguide.org/

Å/ƻǊƴŜƭƭΩǎ hǊƎŀƴƛŎ tǊƻŘǳŎǘƛƻƴ DǳƛŘŜǎ ŦƻǊ ±ŜƎŜǘŀōƭŜǎ
ïhttp:// nysipm.cornell.edu/nysipm/organic_guide/veg_org_guide.asp

http://mwveguide.org/
http://nysipm.cornell.edu/nysipm/organic_guide/veg_org_guide.asp


Production guides and spray guides are 
ÇÒÅÁÔȟ ÂÕÔ ȣ 
2ÅÁÄ ÔÈÅ ÌÁÂÅÌ ÁÎÄ ÆÏÌÌÏ× ÄÉÒÅÃÔÉÏÎÓ ȣ

ÅTarget pests ςsometimes too inclusive
ÅRates ςNever exceed maximum rates
ÅEnvironmental cautions
ïBlooming crops or weeds, pollinators, water quality, wind 
ǎǇŜŜŘ ŀƴŘ ŘǊƛŦǘ Χ ŀƴŘ ƳƻǊŜ

ÅPHI ςpreharvest interval
ÅREI ςre-entry interval
ÅWorker Protection ςtraining, signage, personal 

protective equipment



How are pesticides applied in fruit and 
vegetable production?

ÅTo soil or seed for residual or systemic action

ÅTo soil as fumigants

ÅTo stems, leaves, and fruits for knockdown, 
residual, or systemic activity

ÅTo closed spaces as fumigants to disinfest 
produce after harvest 



Soil-applied & seed-treatment insecticides 
and fungicides
ÅSoil-applied for residual control:
ïApplied to kill insects or inhibit fungi in treated soil at 

time of application and for a period up to several weeks 
later; incorporated (at least lightly) or injected to mix 
with soil
ïInsecticides sometimes applied at planting for control of 

rootworms, cutworms, wireworms, grubs, seed and root 
maggots, etc. in field crops, vegetables, small fruits, 
gardens
ÅExamples:  
ïOrganophosphates:  Lorsban/Dursban, Counter, Diazinon
ïPyrethroids:  Force, Fortress

ÅBand applications instead of broadcast applications are most 
common in crops



Soil-applied & seed-treatment 
insecticides
ÅSoil-applied residual insecticides
ïTypically have (or should have) half-lives of (very 

roughly) 30 to 90 days

ïTypically are low to very low in water solubility (so 
that they do not leach out of the treatment zone in 
spring rainfall)

ïAre not bound too tightly to soil particles as to be 
unavailable in contact with insects

ïHistoric problems have included too-great persistence 
(aldrin, dieldrin, heptachlor, chlordane, and other 
organochlorines) and too-great solubility (Temik)





Seed-applied residual insecticides and 
fungicides
ïInsecticides and fungicides applied to seed at seed company 

facility or as a planter-box mixture

ïKill insects that feed directly on seeds and below-ground 
portions of seedlings
ÅCommon seed protectants have included diazinon, Lorsban, lindane, 

and permethrin

ÅTargets:  seedcorn maggot, other seed and root maggots, wireworms, 
white grubs, seedcorn beetles

ïPrevent infection of seeds and seedlings by soil-borne fungal 
pathogens (damping off)
ÅCaptan and several newer fungicides

ïIF effective, seed treatments are appealing because they use 
a lot less pesticide than band or broadcast applications 



Treated seeds are also coated with 
ŘȅŜǎ Χ Řƻ ƴƻǘ ŦŜŜŘ ǘǊŜŀǘŜŘ ǎŜŜŘ ǘƻ 
animals.



ÅSoil-applied for systemic uptake
ïApplied at planting or transplanting or later as a drench or in irrigation 

water
ïLƴǎŜŎǘƛŎƛŘŜǎ Χ !ŘƳƛǊŜΣ tƭŀǘƛƴǳƳΣ ƻǘƘŜǊ ƴŜƻƴƛŎƻǘƛƴƻƛŘǎ
ïCǳƴƎƛŎƛŘŜǎ Χ wƛŘƻƳƛƭ DƻƭŘ
ïControl usuallybegins a few days after application and persists 2 to 4 

weeks; somewhat dependent on precipitation; neonicotinoids used 
around trees and shrubs may remain active for a year or more

ÅSeed-applied for systemic uptake
ïSystemic insecticidal seed treatments are sold under the 

trade names Cruiser, Gaucho, and Poncho ςall are 
neonicotinoids
ÅOn sweet corn and cucurbit seed (as well as corn and soybean 
ǎŜŜŘǎύ Χ ǘŀǊƎŜǘǎ ƛƴŎƭǳŘŜ ŎƻǊƴ ŦƭŜŀ ōŜŜǘƭŜΣ ŎǳŎǳƳōŜǊ ōŜŜǘƭŜǎΣ 
leafhoppers, and aphids for 1 ς3 weeks after seedling emergence
ÅPersistence and off-target movement may pose risks to 

pollinators, especially for vast acreages planted to corn and 
soybeans 

ïApron ® fungicidal seed treatment on sweet corn to 
reduce damping off 



Soil fumigants
ÅPrimary fumigant against insects, pathogens, and weeds in 

the soil has been methyl bromide
ïApplications usually made to raised beds tarped with plastic (for 

specialty crops)
ïFumigant gas kills organisms present at the time of fumigation; 

dissipates in a few days
ïCost = several hundred dollars to >$2,000 per acre
ïLƴ L[Σ ŎǊƻǇǎ ŀǊŜ άǇƭŀǎǘƛŎǳƭǘǳǊŜέ ǎǘǊŀǿōŜǊǊƛŜǎΤ ǎƻƳŜ ǇŜǇǇŜǊǎ ŀƴŘ 

tomatoes
ïSoil fumigation is rare in IL, but in FL, TX, and CA (and a few 

other areas), fumigating before planting high-value fruits and 
vegetables is common. 

ïPhase-out of methyl bromide because of its ozone-depleting 
effects presents a major challenge





Preplant burn-down (nonselective) 
herbicides

ÅGramoxone and Roundup



Preplant and pre-emergence selective 
herbicides applied to soil

ÅPreplant, incorporated

ïAtrazine in sweet corn

ÅPre-emergence, applied to the soil surface 
after the crop is planted but before it 
emerges (may also kill small, emerged weeds)

ïLexar or Lumax in sweet corn (pre-mixes that 
contain metolachlor, atrazine, and mesotrione)



Post-emergence herbicides

ÅSelective

ïCallisto, 2,4-D, and Aim in sweet corn

ÅbƻƴǎŜƭŜŎǘƛǾŜ ŜȄŎŜǇǘ ǘƻ Dah ŎǊƻǇǎ Χ 

ïRoundup on Roundup-Ready sweet corn

ÅNonselective but applied in a selective manner 

ïRoundup or paraquat (or other products) applied 
with shielded sprayers between crop rows or beds or 
in sprays to tree rows but without contact on green 
tissue



III.  Foliar-applied insecticides 
ÅCƻƭƛŀǊ άƪƴƻŎƪ-Řƻǿƴέ ƛƴǎŜŎǘƛŎƛŘŜǎ όǿƛǘƘ ƭƛǘǘƭŜ ƻǊ 

no residual control intended)
ïVery few insecticides are applied with the intent that 

they NOT last at least a few days, but insecticides that 
kill only the insects that are present at the time of 
application or persist for only a short time include:  
dormant oils, soaps, pyrethrins, and malathion.  
ïMost insecticides that break down rapidly have short 

preharvest intervals; this can be especially important 
in fruits and vegetables where control may be 
necessary right up to the time the crop is picked.
ÅPHIs are related to rate of breakdown and residues on 
ŎǊƻǇǎ Χ bh¢ ǎŀŦŜǘȅ ǘƻ ŀǇǇƭƛŎŀǘƻǊ



Foliar-applied insecticides

ÅCƻƭƛŀǊ ǊŜǎƛŘǳŀƭ ƛƴǎŜŎǘƛŎƛŘŜǎ Χ aƻǎǘ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ 
insecticides to plant foliage, by aerial or ground 
sprayers, are intended to last for a few to several 
days as residues on plant foliage
ïMost last from 3 to 10 days as effective residues

ïTreatments remain effective if sprays dry before 
rainfall of up to 1 inch (generally)

ïIn general, most foliar residual sprays are effective as 
ŎƻƴǘŀŎǘ Ǉƻƛǎƻƴǎ Χ ƛƴǎŜŎǘǎ ǘƘŀǘ ŎǊŀǿƭ ŀŎǊƻǎǎ ǘǊŜŀǘŜŘ 
surfaces are killed when insecticides are absorbed 
ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǎŜŎǘΩǎ ŎǳǘƛŎƭŜ





Pesticide sprayers

At the smallest 
scale, pump-up 
canister sprayers, 
hand-pump 
backpack sprayers, 
and gas-powered 
backpack mist 
blowers are low-
cost options.



15- to 30-gallon small tank 
sprayers powered by a 12-volt 
battery can be mounted on 4-
wheelers or utility vehicles.  Small 
pull-behind or 3-point hitch-
mounted boom sprayers may be 
appropriate for larger acreages of 
low-growing vegetable crops. 



For growers with a few acres of sweet corn, a high-boy sprayer that can pass through 
rows even when corn is 4 to 6 feet tall is usually a necessary investment.  For orchards 
and vineyards, an airblast sprayer ςeither a pull-behind or 3-point hitch-mounted 
model ςbecomes a necessity as plants become large enough that spray penetration 
ƛƴǘƻ ǘƘŜ Ǉƭŀƴǘ ŎŀƴƻǇȅ ǊŜǉǳƛǊŜǎ ŀƛǊ ŀǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŎŀǊǊƛŜǊΦ  LǘΩǎ ŘƛŦŦƛŎǳƭǘand time-
consuming to treat lots of trees effectively with a hand-sprayer, and applicator 
exposure is also a concern. 



Foliar (and fruit) applied fungicides

ÅMany!  See the tree fruit and small fruit spray 
guides and the vegetable production guide

ÅάtǊƻǘŜŎǘŀƴǘέ ǾŜǊǎǳǎ άŜǊŀŘƛŎŀƴǘǎέ

ÅCoverage is extremely important



Systemic insecticides and fungicides 
applied to foliage

ÅMovento in apples for woolly apple aphid 
control

ÅFontelis in apples for apple scab control



Aerosol space sprays
Å9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜ άōƻƳōǎέ ŦƻǊ Ŧƭȅ ŀƴŘ ŦǊǳƛǘ Ŧƭȅ 
ŎƻƴǘǊƻƭ ƛƴ ǇŀŎƪƛƴƎ ƘƻǳǎŜǎ ƻǊ ŎƛŘŜǊ ǊƻƻƳǎ Χ 
usually pyrethrins or pyrethroids with short 
residual and low toxicity

Å¢ƘŜǎŜ ŀǊŜ ƴƻǘ ŦǳƳƛƎŀƴǘǎ Χ ǘƘŜ ŀŎǘƛǾŜ ƛƴƎǊŜŘƛŜƴǘ 
is dispersed in very small droplets of liquid that 
float through the air and deposit on exposed 
ǎǳǊŦŀŎŜǎ όƛƴŎƭǳŘƛƴƎ ƛƴǎŜŎǘǎΩ ŎǳǘƛŎƭŜǎύΦ  ¢ƘŜȅ Řƻ 
not move as a gas into closed spaces such as 
cabinets, drawers, etc.





Space and commodity fumigants
ÅExamples:  methyl bromide, phosphine, 

chloropicrin, sulfuryl fluoride, and even carbon 
dioxide.

ÅIn agriculture, used to disinfest stored grains, 
flour, flour mills and other food processing 
plants, and ripe fruits and vegetables 
(Mediterranean fruit fly and similar pests).

ÅIn general, fumigants are EXTREMELY toxic and 
require special training and equipment for safe 
handling




