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Executive Summary
The need for a broad array of pesticides to support popcorn production was the

theme that recurred throughout the development of this Strategic Pest Management
Plan.  Workshop participants agreed to address this in two ways; first, by seeking to
maintain products that are currently registered and are safe and efficacious, and
second, by working to include popcorn on the labels of newly registered products.  

This need is clearly illustrated by the plight popcorn producers would face if
further limitations were imposed on atrazine. Additional constraints on rates or
application timing could result in the use of alternative products with undesirable
characteristics including: poor weed control, crop injury, reduced grain quality, and a
significant increase in production costs. The continuing availability of atrazine, which has
a high degree of crop safety, is of critical importance to popcorn which is generally more
susceptible to weeds and herbicide injury than is field corn. It is likewise important that
new product labels include popcorn to permit growers to develop practices and
procedures with newer chemistries that minimize the use of older compounds that may
have health or environmental risks.  Overall, this situation is not unlike any other where
a full complement of tools is needed to complete the job; (i.e. although an axe can be
substituted for a saw when building a house, it reduces efficiency, raises risks, and
makes it difficult to produce a top quality product.)   

Workshop participants indicated a closer relationship needs to be developed
between the popcorn industry, the EPA, Land Grant universities, pesticide registrants,
and the IR-4 program.  As a first step in this process workshop participants agreed to
meet with the EPA during the summer of 2002 to present the findings contained within
this report and open a dialogue on registration issues.  It is generally expected that an
outcome of this meeting will be an improved communication network.  The focus of that
network will be to promote the objectives of maintaining and expanding pesticide labels
for popcorn.  A summary of the findings from that meeting will be presented to the
Popcorn Board and circulated for comment.
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The Strategic Planning Process

Much of the original intent of Pest Management Strategic Plans was to communicate to the US

EPA detailed pest, pesticide, and pest management practice information.  However, the role of these

documents continues to expand, and Strategic Plans are now recognized as a means of providing an

overview of pest management for production of a crop to a much broader audience.  Not only do they

communicate to the US EPA data relating to pesticides that are essential to economically viable crop

production, but they also provide to the USD A, Land Grant Un iversities, and agri-chem industries, a

prioritized list of issues that need to be addressed by research, education, or regulatory efforts. These

Strategic Plans are also helpful to the agricultural industry as a means of evaluating progress on these

issues. This document has been prepared to convey to the reader the pest management challenges

con fron ting Midw estern p opc orn p rodu cers.  Though it is  not  all-inc lusiv e, it is  meant to  be gene rally

represe nta tive  of po pco rn production in th e 12  sta tes  of the No rth C ent ral Re gion . Fro m time to  time this

document will be updated to reflect changes in pest management.  If errors are discovered, please

forward that information to one of the individuals listed at the end of this document.

This  Pop corn St rategic P est  Manageme nt P lan was base d on  the Pop corn Commo dity P rofile

which was first completed in 2001.  Development of the Strategic Plan included modification of the

information contained within the Profile to follow the format established by USDA for strategic plans.

Once these cha nges we re made the  draft docum ent was th en further review ed by agronom ists who we re

familiar with popcorn production.  On the 11th and 12th of March, 2002, a group of popcorn growers,

agro nom ists , and Un iversity and agricultural sp ecia lists , met at the A llerton Cro wne  Plaza Ho tel in

Chicago to provide detailed comment on pests and pest control measures.  At this meeting every pest

and each pes t control practice was evaluated for its impact on pop corn production.  Those  comments

have been included within this document. Throughout this meeting attendees identified research,

education and regulatory issues that popcorn producers also confront. Toward the end of the meeting

each of these issues was presented in discussion for purposes of clarification.  The final task of the

meeting atten dees wa s to prioritize the issues  that they thoug ht were the m ost critical to popco rn

production in the Midwest.  The list of prioritized issues immediately follows this page.

The growers and agronomists who met on the 11th and 12th of March, 2002, reached a consensus

on those issues which were most important for popcorn production in general.  These issues were given

a priority of “A”.  Second level priorities were given a “B” and third level a “C”.  All other issues brought

up during the meeting were assigned a “D” level of priority without further discussion.  In general it can

be assumed that number one “A” level priority is about twice as significant to producers as the number

one “B” level priority, and so on. 

Popcorn Pest Management Top Priorities 

Regulatory priorities:

A 1 - Often, the mode st market opportunity for a new product is insufficient to induce registrants to

consider including a crop such as popcorn in their registration package.  The registrants, the EPA and

the FDA might explore mean s to streamline approval for popcorn or make it less expens ive for registrants

to include popcorn on labels.  This might include grouping popcorn with other corn types where possible.

This seems particularly applicable where similar grains have already received approval for human

con sum ption.  Unles s there is  reas on to assum e a d ifferenc e in expected res idues su ch g roup ing could

provide for labeling a number of useful, and potentially less hazardous, pesticides.  

A 2 -   Main tain ing th e cu rren t atrazine reg istra tion for popc orn w as c ons idere d a h igh p riority .  Th is

herbicide is of critical importance to popcorn production due to lack of viable alternatives.  The

importance of atrazine as a convenient, effective herbicide that is safe to both humans and the crop

should be communicated to the EPA and USDA.

A 3-  Reducin g the pe rsonal exposure level of p hos phine from 0.3 ppm down to 0.01 ppm,  is ve ry diff icult

to do on a practical level.  Means should be explored that would allow the continued use of this product

in a safe manner, without jeopardizing shipment and commerce of popcorn.

B 1-  Callisto (Syngenta) is currently registered for field, seed and sweet corn but has no specified use

for popc orn.   This  prod uct  wou ld appear to have  a good f it with  many of th e weed cont rol ne eds  in

popcorn and should be investigated for a popcorn label.  The IR-4 program may play a role in addressing

this issue. 

B 2-   Further removal of popco rn from OP insecticide labels could comprom ise popcorn production. 
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Where p otential registered uses may be lost, the lost use should be ca refully evaluated for its impact.

(i.e. Lorsban, was kept on field corn but lost on popcorn) However, since lost registrations are inevitable,

there is a critical need to evaluate and register products from other che mical families on popcorn, both

seed treatments and over the top.  These should include the neonicotinoid family; Actara, and Cruiser

(thiamethoxam ), Provado  and Gau cho (imidacloprid).

C 1-  Hybrid sensitivity to herbicides (carryover and direct injury from post application) is a critical issue. 

Where such information is known or can be determined by the registrant, hybrid sensitivity information

should be commu nicated to popcorn see dsmen. 

D1 - There is a lack of uniformity in organic popcorn production from state to state.  Som e effort needs to

be made to unify the standards of production.

D2 - There is a great deal of inconsistency in the efficacy of pheromone products.  (Esp. Western bean

cutworm pheromone) Some effort should be made to provide standards for these products.

Research priorities:

A 1 -  Research is need ed to determine hybrid sensitivities to herbicides. IR-4 can play a role and both

regis tran ts and Land -Gra nt Unive rsitie s are encou rage d to  address th is iss ue.   Though  som e of  this

information may be collected anecdotally from producers and agronomists, a more coordinated and

concerted effort is needed.

A 2 -   Research is needed to identify proper timing of fungicide applications on popcorn, especially for

gray leaf spot.  There is considerable futility in applying fungicides too late -(i.e. after seeing disease)

and there is a need for determining when a diseas e may be present and wh en it may be appropriate to

treat.

A 3-  Research is needed on the potential for use of the Insect Growth Regulators (IGRs) in stored

popcorn.  There is a significant need for a product such as Di-con II, that could be used for Indian meal

moth and other stored grain insect pests.

B 1 -  Res earc h is needed to de term ine th e dis tribu tion and  sev erity o f mycotoxins  in popco rn.  L ittle is

known regarding what mycotoxins are present, how they might be controlled, understanding mechanisms

of infection (storage molds and mycotoxins that come with them), the use of diagnostic kits for detection,

and managing moisture and  other conditions in grain bins to minimize their impact.

B 2-  The need for continuing plant breeding efforts for resistant hybrids for all diseases is a continuing

priority.  Conventional plant breeding and inbred development cannot be overlooked as a means of

minimizing pesticide use and maximizing quality traits in popcorn.

C 1 - Research on giant ragweed control in popcorn is needed.  Because the canopy in popcorn does not

close as quickly as with field corn, several flushes of giant ragweed can occur during a season and be a

serious problem for yield reductions and harvestability.  It would be helpful to know the best approach to

controlling this weed.

C 2-  Research is needed to determine if insecticide rates could be lowered and still be effective?  Many

growers are currently using less than labeled product rates with good success, but the reliability of such

low rates being broadly recommended is ques tioned. 

C3 - Rese arch is need ed to evalua te the impact o n popcorn  production from  the W estern co rn rootworm

variant and the Northern corn rootworm with extended diapause traits.  It would be helpful to have a

method for predictive modeling of its economic impact.

C4 - R ese arch is needed to evalua te th e impact  of soybean herbic ide carryover  for popc orn.   Pop corn is

more sensitive than field corn to many herbicides, but the label restrictions for planting popcorn in a

rotation following soybean seems excess ive for many herbicides. 

D1 - Research is needed on alternate methods of resistance management for weeds.  The current post

emergence grass control products have crop injury that inhibits their use as resistance management

tools.

D2 - Research is needed to deal with black nightshade, morningglory species, and other weeds after

Roundup Ready soybeans.  Weeds break through late in the soybean season and produce seed that

become s a problem for p opcorn in the fo llowing year.

D3 - Research is needed on atrazine fate and dissipation to determine the adverse impact of current

atrazine use levels.

D4 - R ese arch is needed on the needle  nematode,  to inc lude  thresho lds and econ omic  impacts  on yie ld

and  how to cont rol.
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D5 - Research is needed on the European Corn Borer (ECB) third generation, the univoltine biology and

how it is changing, and the best co ntrol methods. 

D6 - Research is needed on popcorn specific thresholds for ECB.

D7 - Research is need ed on flea beetles, as they are becoming m ore of a concern with mild winters.  We

need to know threshold information as well as more about their role in Stewart’s Wilt transmission, etc.

D8-   Res earc h is needed on the lesser  grain  bore r.  Th is ins ect  seems to be  mov ing north  and  it would

be go od to  know  if it will con tinue  to do  so and ho w qu ickly.

D9 - Research is needed on gray leaf spot. This disease is becoming more prevalent and more attention

needs to be paid to it.

D10 - Research is needed on the epidemiology and basic background of ear rots so that control can

better be effected.

Education priorities:

A 1-   A regional manua l on popc orn p rodu ction and pest managem ent  is co nsid ered  a high prio rity.  This

publication may be published in either a print version or on the web.  It should include an updated Pest

Management Manual as well as information for growers on water quality issues, atrazine stewardship,

and similar environmental concerns.

B 1-  It is important to educate registrants on the need to keep popcorn on pesticide labels whenever

possible.  It is important for the popcorn industry to regularly communicate to the registrants those uses

that are deemed important.

C 1-  Growers need to be educated on the proper timing of fungicide applications.  (See Research

priority above).  Many fungicide applications are applied too late to be effective.  

C 2- Growe rs and registran ts should be  educated  on the potential for soybean herb icide carryover injury

to popcorn .  (Although mu ch resea rch needs  to be done to  better define ap propriate intervals for po pcorn

rotation. -See R esearch  priorities above).

D1 - Growers need to be better educated on weed resistance and how it develops.

D2 - Consumers need further education on the beneficial characteristics of GMO popcorn.

D3 - It should be communicated to the EPA that growers are making a good faith effort to use Best

Manag ement P ractices tha t minimize ground wa ter conce rns with triazine herbicides .  Growers a re

concerned about the potential loss of atrazine and will continue to exercise caution in their use of these

products in an effort to keep atrazine registrations for popcorn.

D4 - Custom applicators need  to better understand the differences  between popco rn and field corn. 

Some custom applicators have not exercised sufficient care in setting the rates or in selecting non-

injurious pesticides for popcorn, or in applying a pesticide to popcorn that does not have an existing

tolerance for the crop.
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Popcorn

Strategic Pest Management Plan

Background:

Popcorn  (Zea mays  everta) is a type of corn that has a very hard endosperm. The starches in the

endosperm, when permeated with the right amount of moisture (13-14%), expands when heated and

abruptly ruptures the tough outer covering (pericarp).  Popcorn varieties, of which there are many

commercial hybrids, have many different kernel colors, sizes, and shapes.   The predominant types of

popcorn inc lude  white co rn, w hich  typically has ke rnels  with  poin ted ends (ric e type), and ye llow kerne ls

of both small and large sizes that have more rounded kernels (pearl type).  The type of popcorn grown by

producers depends on the needs of the processor.  The compact “mushroom” shape of some popped

corn varieties is favored by processors who coat their products with caramel or cheese flavorings and

pac k the  popped  corn for sh ipme nt.  T he f ine te xtured “b utte rfly” shape of  other po pped va rieties is

typically favored as a snac k for at-home popping. 

Regional Production:

Since the 1940s, popcorn production has centered in the upper Midwestern States.  As open-

pollinated varieties have given way to hybrids the number of acres of popc orn grown in the each state

has shifted over the years. Currently Indiana and Nebraska are the major producing states.  In 2000,

approximately 210,000 acres of popcorn were planted.  Of this amount, 95% was grown in the twelve

sta tes  of the No rth C ent ral Re gion .  In 1999 , the  ave rage  yield was 4 ,000 lbs  per a cre .  In the table

below are figures indicating popcorn consumption for 1998, 1999, and 2000.  In 2000, 230 million pounds

of popcorn were consumed within the United States and Canada, or approximately 0.8 pounds per

person per year.  

Table 1. Processed Popcorn Sold in the U.S. and Canada from 1998 through 2000 (Million

pound s). 

1998 1999 2000

Dom est ic 765 755 787

Export 128 142 150

Totals 893 897 937

Markets and production economics:

Producers can be  classified as either c ontract or indep endent gro wers.  Con tract growers  are

producers who grow, maintain, and harvest a crop under contract with a processor.  Many of these

growers will have contracts every year or nearly every year.  The size of the acreage grown under

contract varies annually depending on the need  of the market. 

Independent growers face considerable risk in producing a crop, particularly if they have no fixed

outlet or their product has not yet established name-brand recognition.  If the market becomes saturated

and prices fa ll the independent m ust dispos e of the crop  at whatev er price can be  obtained, or mu st store

the grain until prices recover.  Although popcorn not used for human consumption may be milled for

animal feed, it yields less than field corn and does not produce a profit when so used.  The large number

of growers who have recently begun popcorn growing enterprises has depressed spot market prices and

increased the financial risk for new growers.

Prices for popcorn grown  under contract may be fixed at the initiation of the contract or tied to

the price of other commodities. Although the retail price consumers pay for popcorn may suggest that

this crop has a high profit margin, this is not true for most producers.

(http://www.hort.purdue.edu/newcrop/afcm/popcorn.html)

The average rec ent contract price has bee n from 9 cents to 10.5 c ents per pound. 

(See  http://ohioline.ag.ohio-state.edu/~ohioline/e-budget/99popc.html)

Although only 15 to 20 percent of the total crop is exported annually, some areas target a high

proportion of their crop to foreign markets.  Typical yields range from 2500 to 50 00 pounds per ac re.  
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Table 2.  1999 - 2000 Acreage Report for Popcorn in the North Central Region 

Acreage Planted Acreage Harvested Production Purchased

STATE   2000         1999

(Thousands)

    2000**            1999 

(Thousands)

1999

 (Million pounds)

Illinois 31.4 37.8 31.4 37.8 139 0

Indiana 55.3 74.4 55.0 74.4 247 3.4

Iowa 13.5 15.3 13.5 15.2 47 0.1

Kansas 0.5 3.1 0.5 3.1 14 0

Kentucky 7.2 13.5 6.9 13.3 37 1.7

Michigan 0.6 0.7 0.6 0.7 3 0

Missouri 8.4 12.6 8.4 12.5 31 0.03

Nebraska 52.6 54.1 52.4 54.0 231 17.4

Ohio 36.2 28.2 36.1 28.2 103 0.3

*Other 5.2 8.0 5.2 8.0 26 2.8

Total 210.8 247.8 210.0 247.4 881 25.9

*  Other: Alabama, Colorado, New Jersey, Maryland, Oklahoma, Oregon, Pennsylvania, South Dakota,

Tennessee, Virginia and Wisconsin.

   ** Expected harvest for 2000

      This chart represents approximately 84% of the acres planted in the U.S.

Production Practices

Planting, tillage, and fertilization:

Popcorn production is similar to that of field corn in most ways and will thrive under similar

conditions.  The deep fertile soils, moderate rainfall and temperate weather of the Midwest are ideal for

high yields and quality.  Fields are generally fertilized at levels similar to field corn but are more likely to

have starter fertilizer applied at planting and a side-dress application of nitrogen later in the season. 

Fields may be tilled prior to planting to reduce weed competition.

Fields are planted from 15 April, in the southern area of our region, to about the 25th of May in

the northern areas.  Seeding rates range from about 26,000 to 36,000 depending on the size of the seed

and available moisture and irrigation.   Average field size for popcorn produced under contract ranges

from 30-240 acres.  The range of  acreage contracted per grower is typically 100-400 acres but may be

as high as 1500 acres for a few select growers.  Popcorn is generally planted with the same equipment

as field corn.  Popcorn is grown in rotation with many common Midwestern crops.  Crops that most

commo nly precede pop corn in the year-to-year rota tions include soybe ans (50-80 %), popc orn (10-15% ),

and other c rops (5-25% )(alfalfa, wheat, pas ture, vegeta bles).

Although tillage regimes vary across the Corn Belt, as much as 70-80% of the popcorn is planted

no-till in Indiana and Ohio. No-till popcorn is less common in states further west.   Row cultivation for

weeds in popcorn is less common in the eastern region of the Corn Belt (10-25% of fields), but may be

practiced on up the 75% of the acreage in western part of the region.  Due to the poor drainage of some

soils, tillage and/or field accessability may be greatly limited.  As a result, row cultivation may not be a

practical method of weed con trol in some fields.  

App roxim ate ly 15%  of all c omm erc ial popco rn fie lds a re irrig ated in th e eastern area.   It is

estimated that more than 75%  of the popcorn in Nebraska, K ansas, and S outh Dakota is irrigated.  

General pest control comments:

Because most of the popcorn is produced using conservation tillage practices and popcorn is not

very competitive with weeds,  pre and post-emergence herbicides are heavily relied upon for weed

control. Also, insect and disease control is considered very important because product appearance and 

cleanliness are directly related to product value.  

Crop scouting is practiced on the majority of acres (90%).  Although fields may be entered from 3

to 6 times per season for pest scouting, more intensive visits would improve proper scheduling of

pesticide treatments.
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GMO comments:

GMO plants and seeds have met great resistance world-wide.  The perception that many

consumers have is that GMO’s are harmful and hence, popcorn hybrids with GMO traits have not yet

been accep ted by consu mers.  If  consum ers  were  to ac cep t GM O po pco rn, the B t type  hybrid s co uld

reduce or eliminate spraying pesticides for control of corn borers.  It is also possible that Roundup Ready

popcorn could reduce  the risks of crop losses many growers  now face shou ld atrazine be cancelled. 

Research and education is needed to demonstrate that GMO plants and seeds can be safe to humans

and the environment.  The most important message that needs to be communicated is that unwanted

chemicals in our water, soil, air, and food systems could be significantly reduced through the adoption of

many GMO plants and seeds.

Synthetic chemical free production:

Although “org anic” brand-na me “gourme t” popcorn ha s grown c onsiderably in market s hare

within the last few years, the production of certified organic popcorn remains a small fraction of that

popcorn which is conventionally produced.  Close to 95% of the organically grown popcorn is scouted for

pests and nea rly all that is done by the grower or the grower’s family. 

Harvest practices and yields:

Popcorn is harves ted when the kernels mature an d have reached  optimal moisture content.

Harvest may take place during an extended period (mid-Sept to early Dec).  Production of popcorn on a

smaller acreage may employ manual labor for hand picking ears from the plant.  Larger production

systems will use mechanical means to harvest the ears.

Pest Resistance Issues 

Herbicides:  

Weed res istance  to he rbic ides  is now rec ogn ized as a  majo r thre at to  popcorn pro duc tion.  Pre -

eme rgen ce applications o f atrazine fo llowed by posteme rgen ce applications o f atrazine are  relat ively

common and can lead to the development of resistance.  Common weed species that now have

resistance to the triazine herbicides include common lambsquarters, giant foxtail, kochia, waterhemp,

and redroot pigweed.

Insecticides: 

Insect resistance de velopment is of concern to po pcorn producers.  Co rn borers are the pests

that are of principal co ncern. Sinc e lodging of the cro p can prod uce a grea ter econom ic loss for popc orn

than for field corn this crop is sprayed more often for this pest, increasing the likelihood of resistance

development.  

Corn rootworms adults in Nebras ka have been do cumented to be res istant to organophospha tes. 

Fungicides:

No fungal res istance  issu es o f significanc e are  pres ent  that are  not  being addres sed  by hyb rid

improvements.

Worker exposure Issues 

Applicators/loa ders: 

Approximately 90% of all herbicides applied to popcorn grown under co ntract are applied with

sophisticated equipment bearing air filtration systems. It is estimated that an applicator operating a

grou nd rig  will tak e approx imately one minute  for each  acre and for eac h pestic ide application. This

includes mixing, loading, and application, but not transit time to get to and from the fields.  Each acre of

con trac t popco rn receiv es appro xima tely tw o herbic ide applications per seas on.   App licators  generally

wear rubber gloves and go ggles, and often masks , when mixing and loading sprayers or nurse tanks. 

The greatest amount of exposure to applicators will be to their face and arms.

Approximately 60 percent of popcorn fields are treated with a soil applied granular insecticide at

planting whereas 100 percen t of the “non-organic” popcorn fields are treated with a herbicide.  Post-

emergenc e insecticide us e varies greatly from year to  year but can be  as low as 5 p ercent in the ea stern

portion of our region to as high as 100 percent in the western states in the region.   Over 90% of the

post-plant treatments are aerially applied or through irrigation where possible.  Insecticides used on

small fields of popcorn produced for roadside stands and farmer’s markets are applied with a wide range

of less sophisticated equipment. It is not known whether a small acreage, not under contract and grown

for local markets, will have less frequent insecticide applications than acreage grown for contract. 
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During planting, growers handle bags of seed that have been treated with a fungicide. Planting

operations will take approximately one day for each 100 acres of corn grown.  During this time the

planting boxes will be refilled an average of five times with approximately ten minutes of handling per

refill.   Lea ther glov es a re us ually worn d uring  refill opera tions.  Average  number o f days expos ed to ag ri-

chemicals during planting: 3 days.  

Other workers exposed to pesticides include the applicator, handlers/loaders, planter operators,

chemical delivery people, and the wives of workers who wash such clothes.  Contact with pesticides may

occur as a result of equipment maintenance and calibration, normal pesticide application, equipment

clean-up, or spills.  The risks associated with pesticide exposure to people handling popcorn is not

expected to be  grea ter than  exposu re es timated from  field c orn.   The  perio d of  exposu re to  all agri-

chemicals may be up to 45 days per year for the farmer, up to 90 days for applicators and warehouse

workers, and 15 days per year for all others. 

Crop sc outs : 

Some crop scouting takes place within 6 weeks of planting. During this period physical contact

between the crop scout and pesticide residues on the soil or emerging crop is minimal.  However, after

this initial period some insect and disease scouting in standing corn is necessary.  Good communication

between the sc out and the grower minimizes unnece ssary or prohibitive contact with pesticide residues. 

In addition, many field scouts wear vinyl rain suits while in the fields due to the heavy dew that can oc cur. 

It is e stimated that fo r every 40  acres o f popco rn ab out  three hours  of in- field  sco uting pe r seaso n is

required. The individual doing the crop scouting will be in the field an average of four to six times during

the season on contract crops and 3 times during the season for a small, non-contract acreage.

Field workers: 

The availability of herbicides has reduced the need for hand hoeing or roguing.  Hand hoeing

does take place on ve ry small production plots grown for roadside markets but this is probably also quite

limited.  For such small plots the total time spent hoeing or roguing is estimated at one hour for each

acre.

Harvesters : 

Contract fields of popcorn are harvested by machines and operators/handlers have little or no

contact with the plant or the ears.  Small plot acreage may be harvested by hand.  This operation may

involve the grower, his family, and other unskilled laborers.  For every acre of popcorn harvested by

hand approximately 8 hours of time is required in the field.  Gloves made of soft leather or heavy cotton

are usually worn when hand harves ting.  

Herbicides:  

Although applica tions of  gran ular h erbic ides  ove r the  row is  more commo n on  sma ll farms than it

is on larger farms, it is estimated that even on small farms less than 5%  of all herbicides are applied to

popcorn in the granular formulation.  Ninety-nine percent of the herbicides are applied by ground

application equipment.  

Many new herbicides are available as a dry formulation and are water-dispersable and have a

reduced dust inhalation risk. Dry formulation packaging also has fewer container disposal problems.

Exp osu re of  eithe r farm ers  or cu stom applica tors  durin g mix ing and loading has no t been well

researc hed . W e can specu late  that the  incre ase  in use of  pes ticides that  are a vailable in  high ly

concentrated dry formulations has great potential for reducing such exposure.

Insecticides: 

For small fields, growers who apply their own insecticides may be at higher risk of exposure than

growers of larger tracts who may have aerial applicators make such applications.  Up to 80% percent of

all post-plant insecticides are applied by aerial application or irrigation. These post-plant insecticides

com e in c lose d handling sys tems that result  in little  or no  exposu re to  the aeria l app licator.   S oil

insecticides are applied at planting by the grower.  The approximate length of time to handle at-plant

insecticides is roughly 10 minutes for every 10 acres of popcorn.

Fungicides: 

Fungicidal seed treatments are used on 100% of all corn planted and consists of the same

products as those used for field corn.  Foliar fungicides are rarely used.  For the small percentage of

fields that are treated, growers who apply their own fungicides may be at higher risk of exposure.

Post harvest handling: 
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Pos t harvest exposure to  laten t pestic ide re sidu es m ay be  an issue . Popco rn production on  sma ll

acreage is graded, sorted, and packed by hand.

Environmental Exposure Issues 

General: 

Approximately 20 to 30 percent of all popcorn in the Midwest is produc ed on irrigated land, with

as m uch  as 75% of the popco rn in the western region of  the Corn  Belt  under irrig ation.  S ince  irriga tion in

many parts of the Midwest is often on sandy soils, irrigated land may be at an increased risk for

contamina tion by pesticides ap plied to popcorn .  The location or edaphic con ditions of the fields whe re

non-irrigated popcorn is grown bears no distinction from other agronom ic crops grown in the Midwest.

Herbicides: 

 Atrazine, a herbicide that has been found in ground and surface water, is widely used by most

popcorn producers. The acetamide group of herbicides (alachlor, acetochlor, metolachlor, dimethenamid)

are used on up to 90%  of the popcorn in the region for preemergenc e grass control.  They are known to

con taminate wa ter re sou rces and can be  a pro blem  in are as w ith very shallow gro undwater or  high  leve ls

of soil erosion. Post emergence herbicides seldom cause an environmental concern.

Insecticides: 

The use of soil applied insecticides may pose some risk to aquatic life in areas that experience

soil erosion soon after application.  Groundwater contamination may also be a concern in areas of sandy

soils, high rainfall, or high water tables. 
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Table 3. Pesticide Use on Popcorn (1999)

Percent Avg AI Ra te

Pesticide Brand Names treated Lbs/Ac re Target Pest

2,4-D 2,4-D 17 Post .23 TO .47 Brdlvs

Atrazine Straight 25 Post .85 TO 1.35 Brdlvs/grass

In premixes 99 Pre&post Brdlvs/grass

Nicosulfuron Accent 10 Post 0.15 Grass

Dicamba Banvel + Premixes 10 Post Brdlvs

Primisulturon Beacon +Premixes 36 Post Brdlvs/grass

Metolachlor+Atraz Bicep 61 Pre 3.6 Brdlvs/grass

Cyanazine Bladex/Extrazine 17 Pre Brdlvs/grass

Bromoxynil Buc tril 17 Post 0.75 Brdlvs

Alachlor Bullet/Lasso 4 Pre 3.5 Grass

Metolachlor Dual 11 Pre 2.2 Grass

Dimethenamid +Atraz Guardsman 4 Post 2.04 Brdlvs

Acetochlor Harness + Premixes 57 Pre Brdlvs/grass

Bentazon + A traz Laddok 5 Post 1.08 Brdlvs

Simazine Princep 4 Pre 1 Brdlvs/grass

Cyfluthrin+tebupirimfos Aztec 12  Band at

Plant

0.15 Corn Rw &

Grubs

Terbufos Counter 20  Band at

Plant

1.27 Corn Rw &

Grubs

Tef luthrin Force 41  Band at

Plant

0.13 Corn Rw &

Grubs

Chlorethoxyfos Fortress 13  Band at

Plant

0.48 Corn Rw &

Grubs

Chlropyrifos Lorsban 14  Band at

Plant

1.2 Corn Rw &

Grubs

Some Post ECB

Permethrin Pounce 3 Post 0.2 ECB

Propac onazole Tilt 4 Post 0.05 Grey Leafspot &

Rust

In addition to the above nearly all seed is treated with a fungicide seed treatment applied before planting. 

Treatments include fludioxonil, “Maxim”, or mefenoxam, “Apron and sometimes Captan.
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Registration Issues 

Herbicides:  

Within the past few years actual losses of herbicide registrations, with the exception of

cyanazine, have been few .  However, restrictions have bee n placed on many herbicides in an effort to

redu ce c ontamin ation of  sur face and gro undwaters . At razin e, a lach lor, c yanazine , and paraqu at are all

restricted-use pesticides. They may be purchased and applied only by or under the direction of certified,

licensed applicators. Groundwater advisories have been added to many labels to prevent mixing,

loading, and application in areas of high risk for runoff or leaching. Many additional restrictions have

been placed on atrazine to limit its time, rate, and location of application to reduce contamination of

surface and ground water resources. It is likely that additional restrictions will be imposed on individual

products, to limit not only water contamination, but also drift, wildlife exposure, and residues in foods. 

Insecticides: 

The loss of carbofuran and the pending loss of methyl bromide are two issues of concern for

insect control in popcorn.  Methyl bromide as a stored grain fumigant is to be phased out by the end of

2004 and suitable alternatives must be in place prior to its loss.  Carbofuran (Furadan 4F) has not been

widely used as an insecticide on popcorn but its loss may be significant if other new chemistries are not

identified for use on popcorn insects as a means of deterring insect resistance.

Fungicides: 

None pending at time of writing.  

Critical Alternative issues 

It is recognized that for some commodities, non-chemical or organic methods of pest

management may be employed. However, our intent is to focus on commercial popcorn production,

which generally involves conventional pesticides.  W ith this in mind, issues regarding retention of a

specific pesticide or group of pesticides are given a rating of A, B, or C according to their level of

significance to the commodity.  Level A: product critical, alternatives are very limited in availability and

scope, loss of produc t would cause regular and drastic cha nges in production, safety, or commod ity

price.  Level B: product essential, alternatives limited in application, loss of product would cause

significant changes in production, safety or commodity price.  Level C: product fundamental, alternatives

exist, loss of product would cause few changes in production, safety, or commodity price.

Critical Herbicides: 

(Atrazine, level A,.) The most critical herbicide issue for popcorn production is the possible loss

of atrazine.  Atrazine is inexpensive, effective, has a wide window of application, and little to no crop

injury.  There is no alternative to atrazine that would provide similar utility.   Most alternatives, although

effective in providing weed control when applied properly, have a  propensity for crop injury and have a

much narrower window of application.  Atrazine is very widely used and its loss would result in significant

change s in production, m ost notab ly a reduction in popco rn acreage  planted and a  reduction in per ac re

yields, and hence a significant increase in cost of the product.  Nicosulfuron, and the primisulfuron

combination products of Spirit and Northstar, also have important uses as post applied, late-season

“rescue ” trea tments .  Good a lternatives for these  prod ucts are no t availab le. This is  especia lly true  in

areas where shattercane and Johnsongrass are abundant. (Level B)  (All other individual herbicides,

level C)

Critical Insecticides: 

All ins ect icides us ed for s tored gra in insect  con trol for po pco rn can be consid ered  a Level A

issue.  The loss of methyl bromide at the end of 2004, as well as the expected reduction in the personal

exposure level of phosphine from .3ppm to .01ppm will create a critical situation for maintaining stored

popcorn at top quality levels.  All currently registered insecticides for rootworm control could be

considered  essential (Lev el B).  This class ification is assigned be cause p esticide manu facturers are

unlikely to register new insecticides on a crop su ch as popco rn, which has a limited market opportunity

for new products.  The increased potential for resistance development for popcorn insects remains a

continuing concern.

(All other individual insecticides, level C)

Critical Fungicides: 

(Fludioxonil, “Maxim”, or Me fenoxam, “A pron”, level B, loss  of both class ed as Lev el A) are
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wide ly use d as  seed treatments fo r pop corn.  In  con tras t to f ield corn,  popcorn hyb rids  are p artic ularly

vulnerable during germination.   The protection afforded by these products can be critical in cool wet

soils where pythium and phytophthora are more preva lent.  Captan can be classified as an alternative to

fludioxonil and mefenoxam but is less efficacious.

(All other fungicides, level C)

Pipelin e produ cts

Herbicides: 

Axiom-  flufenacet+metribuzin may receive possible registration in popcorn.

Callisto - Mesotrione is a post-emerge herbicide for corn. Callisto has excellent activity on small seed

broa dlea f weeds  and  excellen t cro p sa fety.  Callis to is  a new pro duc t from Sygen ta, b ut th ere is  cur rent ly

no effort to label this product for popcorn.

Insecticides:

Nicotinoid seed treatments and fiproles would be use ful for soil insect suppres sion and control. 

They were not registered for popcorn at the time of writing. Both the nicotinoids and fiproles would add

insecticide classes to popcorn to reduce possibilities of insect resistance.

Fungicides:

Few fungicides are registered for use on popcorn and fewer still are being evaluated for use on

this crop.  Additional modes of action are needed  for resistance managem ent.

Co-occurrence of Applications 

Herbicides: 

Atrazine will be used primarily with a grass control herbicide such as metolachlor, alachlor, or

dimethenamid.  These latter products are seldom used in combination and are not often used

sequen tially on the same field (< 5%  of crop).

Insecticides: 

Very seldom is more than one product applied during a single treatment. At times, herbicides

may be mixed with insecticides where the label permits and need requires.

Fungicides: 

The application of more than one foliar fungicide during a season, either in a combination or

sequential application, is very rare (< 1% of crop). The use of a combination of products to expand the

efficacy of see d treatments  is quite commo n (>50%  of seed trea ted).

Weeds

Weeds are present in every field every year. The severity of the weed population is determined

by local field management practices such as the previous crop, fall and spring tillage, crop rotation

patterns, and herbicide use. The prevalence of specific weeds throughout the region is dependent upon

soil type, rainfall and moisture, temperatures, and day-length for the region. Although losses from weeds

in field corn can average from 3 to 7 percent annually, losses due to weeds in popcorn can be 15 percent

or more. 

Within this document w eeds are grouped in logical categories for discussion purpos es.  Like

many plant diseas es, mos t weeds in the  following categories c an be class ified as minor pests  in corn

production.  However, unlike plant diseases that are held at bay by genetic breeding, the classification of

these weeds as minor pests can only be done in light of the many registered herbicides that must

continue to be available to the producer.  

Annual species comprise a majority of the weeds found in popcorn production. Many of the

primary weed species are introduced rather than native. Native and non-native plants become weeds

because they are adapted to the crop rotation system used throughout the Midwest, germinate at or near

the same time as the crop, and are able to produce seed before the crop is removed by harvest.  Weeds

redu ce yie ld prim arily by  com pet ing fo r wat er, s unlight and nutrients , thu s dim inish ing to tal po pco rn yield

potential. Heavy weed infestations can also decrease harvest efficiency. Weeds also harbor insect and

dise ase  pes ts th at can a ffec t the  qua lity and popab ility of popc orn a s we ll.

Increases in conservation tillage practices have resulted in a greater prevalence of weeds from

three different clas ses; pere nnial weeds (i.e. co mmon milkwee d, hemp do gbane, an d morningglory
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family, etc ),  sm all seeded gra ss a nd b road leaf  weeds that  prod uce  seeds able to  germ inate near the so il

surface (i.e. fall panicum, lambsquarters, pigweeds, woolly cupgrass, etc), and winter annual weeds (i.e.

common chickweed, henbit, and numerous mustards). In addition, weed species which have developed

res istance  to he rbic ides  have in many c ase s becom e more preva lent  (i.e.  sha ttercane, g iant  foxtail,

coc klebur, koch ia, an d lambsq uarters ). Th e most s ignif ican t res istant weeds in re cen t years are the ta ll

and common  waterhemp spec ies. 

Tillage N ote.  

Primary tillage, including plowing, discing, and field cultivation, has varying degrees of efficacy

on the wee ds listed in this docu ment.  W here soil erosion an d conse rvation practice s allow, primary

tillage c an reduce the  threa t of many perennial weeds and may also help eliminate winter annual

weeds from a field prior to planting. However, the advantage once realized by primary tillage is no longer

as significant as it once was. Earlier planting (and the need to till fields much earlier) has reduced the

impact of tillage on many warm season perennials , which stay dormant until soils warm up later in the

season.

Regular primary tillage has a variable effect on most summer annual weeds.  Whe re primary

tillage is possible, some seeds are buried too deep for germination while other seeds, which were buried

in previous seasons, are brought closer to the surface.  Though weeds that have already germinated at

the time tillage is performed will be killed, tillage may accelerate the warming of soils and enhance seed

germination of many species.  For this reason most tillage practices are combined with herbicide

applications to maximize the impact on germinating weeds.  

 Sec ondary tillage,  including  row c ultivation and rotary ho eing , are  also  used less of ten  than in

the past.  Relative to herbicides, these practices g enerally control fewer weeds and are less reliable. 

Although they can and are used to augment herbicides, rain, wet soils, and fields too large to cover

efficiently with a limited amount of equipment restrict their usefulness.  

Fields with significant amounts of crop residues can interfere with cultivation and rotary hoeing

and rain may prevent timely mechanized field operations. In addition, field corn may be seeded in narrow

rows that can be diff icult  to na viga te w ith a c ultivator without  damaging the crop’s  roots.  W hen  good so il

conditions persist, 70 to 80 percent of the weeds between the crop rows may be removed by a single row

cultivation.  However, this is usually insufficient to prevent remaining weeds and later emerging weeds

from causing yield reductions at harvest.  The 20 to 30 percent of the weeds still in the field will slow

harvesting operations and ca n result in grain contaminated with dirt, pollen, and toxic weed see ds. 

Though row cultivation and rotary hoeing are helpful in suppressing summer annual weeds, herbicides

are often  recomm ended  to ‘fill-in the gaps ’.

Note on Adjusting Planting and Harvest Dates:

Generally it is not a practical matter to move planting or harvest dates enough to affect the

management of weeds, insects, or diseases.  In order to efficiently use manpower and equipment and

take  advanta ge of  optimal soil c ond itions , plan ting must b e don e when the ‘window of opportu nity’

presents itself. If it were possible, adjusting planting dates might change which insects or diseases

become significant pests, but ge nerally planting date has little effect on overall weed presence. 

Adjusting harvest dates is somewhat more practical, yet it too cannot be done without regard to the

qua lity of the g rain h arvested.   Leaving  the grain  in the  field t oo long can permit mo lds and toxins to  build

up in the unharvested ear, while harvesting too early increases the level of moisture in the grain and

complicates disease and  insect prevention in storage.  

Herbicide Resistant Weeds

A numb er of weed biotype  populations ha ve been iden tified as having res istance to on e or more

herbicide classes.  Those which most commonly have been found are waterhemp, lambsquarters, kochia,

and pigweeds.  In addition, resistant biotypes of common ragweed, cocklebur, shattercane, velvetleaf

and giant foxtail have been found in some areas.  The herbicide modes of action that have resulted in the

most rapid development of resistant populations include those which have been used with the greatest

frequency for weed control in corn and soybeans.  This would include the triazines (translocated

pho tosynthetic  inhib itors ) and  the ALS  inhib itors  (su lfonylureas and imadazilinones ).  Th ere is

considerable concern about the potential development of resistance to glyphosate as it also has become

widely used within the last 5 years.

The difficulty in dealing with herbicide resistant weeds is often that the presence of such weeds
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nec ess itate s the use of  a more robus t and more expensive  approac h to  weed contro l. Since w hole

groups of compounds are no longer effective many individual products within those groups will no longer

be efficacious.  Control often rests on a strategy of crop rotation (to permit rotation of herbicides) and

herbicide combinations.  

The development of resistant weed biotypes can be delayed or postponed indefinitely through

the proper selection of herbicides, tillage, and equipment and field sanitation.  

1.  Summer Annual Grasses

Summe r annual grass es infest app roximately 98% of a ll popcorn acres . Many of thes e are

controlled with preemergence herbicide applications and tillage. While not as competitive as

broadleaf weed species on a plant for plant basis, annual grasses can reduce crop yields when

significant populations are present. This is particularly true in dry years, where competition for

moisture early in the season can be critical for corn development.   However, due to the ease

with which grasses are usually controlled in most weed management programs, control of most

grasses is typically of secondary concern to control of broadleaf weed species.  This may not be

the case  where gras ses which  are difficult to control, suc h as woo lly cupgrass and s andbur are

present in dense stands.

1a.  Foxtails (Setaria  spp)

The re are three im portant  foxtail specie s: g iant  foxtail (Setaria faberi) , yellow foxtail (Setaria

glauca) , and gre en foxta il (Se taria  viridis ). At  leas t one of  these s pec ies c an be found  in nearly

any field in the North Central Region. While low populations cause little crop competition,

because of se ed production an unch ecked population can quickly become a s evere problem. A

primary control method for foxtail spp. is the application of preemergence grass herbicides.

These provide early season c ontrol, reducing early season competition with the crop. 

1b. Woolly cupgrass (Eriochloa villosa)

Woolly c upg rass is a  relat ively n ew and potentia lly ser ious  weed pro blem  in the  sta tes  from

Illinois  and  Wisco nsin  across  to Nebra ska  and  Sou th Dakota.  I ts sprea d has inc reas ed ra pidly in

the last 10 to 15 years. This annual grass weed demonstrates biological, biochemical, and

morpho logical charac teris tics  that make it e con omic ally damag ing and adds  to the diff icult y in

dev elop ing e ffec tive  managemen t strategies . W oolly c upg rass is a  prolif ic se ed p rodu cer . Th is

see d tends  to ge rminate  earlie r and  at hig her p opu lations than  other an nua l gras s we eds . W oolly

cupgrass has demonstrated tolerance to most herbicides commonly used for control of annual

grasses in popcorn. 

1c. Fall panicum (Panicum dichotomiflorum)

Fall panicum is a su mmer annual that grows  best in warm, w et, fertile soils. The plant tillers

profusely and in late August and September the tillers open and scatter hard-coated seeds.

These seeds may remain viable for years, and fall panicum is most often a problem in reduced or

no-till fields whose undisturbed soils are favorable for germination. Fall panicum has shown

some resistance to atrazine, and is one of the most serious grass weeds in the region.

1d. Wild proso millet (Panicum miliaceum) 

Wild pro so m illet is  a summe r ann ual th at te nds  to be  more commo n in a reas  whe re po pco rn is

grow n with  regu larity.

1e. Barnyardgrass (Echino chloa c rusgalli)

This summer annual germinates from 0 to 5 inches deep in the soil. The seeds remain viable for

several years, and plants may emerge throughout the summer. Barnyardgrass is most

troublesome in low, moist, warm areas.

1f. Field sandb ur (Cenchrus incertus and C. pauciflorus) 

Field sandbur is a summer annual weed common in sandy soils.  The bur of field sandbur can

con tamin ate popcorn and result in  a drop in gra in qua lity.

1g. Crabgrass sp p. (Digiteria  spp.)

A warm seas on grass mos t often troublesome in the southern region of the Co rn Belt. The plants

expand by rooting at the nodes. May be most severe during the late part of the growing season

after herbicides have degraded and/or holes remain in the canopy. Tillage and row cultivation

also  help  con trol.
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Pre-emergence control of annual grasses:  As  noted in  the follow ing sect ion,  annual g rass co ntro l is

generally most easily achieved with pre-emergence herbicides.  Four classes of herbicide active

ingredients are us ed pre-eme rgence; triazines (s imazine, atrazine), ace tamides (alach lor, metolachlor,

dimethenamid, and acetoc hlor), dinitroaniline (pendimethalin), and thiocarbamates (EPTC, and  butylate). 

In addit ion,  glyphosa te is  som etimes use as a burnd own  herb icide  prior  to pla nt, e spe cially on no -till

popcorn.   Although registered for use, pendimethalin is seldom used on popcorn due to the potential for

crop injury.  EPTC and Butylate have decreased in use for corn and popcorn production due to increases

in reduced tillage and other viable options.

For control ratings of each weed for each listed herbicide or non-chemical management practice see the

table at the end of this section 

Photosystem I inhibitor (Triazines)

i Inexpensive

i Excellent crop safety

i Rea dily av ailab le

i Synergistic with many other herbicides

i Low crop injury

i Reliable

i Good handling characteristics

i Can be combined with many other herbicides and some insecticides

i Good, long lasting residual control of many weeds

i Carryover concern to rotational crops

i Potential for contamination of nearby water

i High potential for weed resistance development

Atrazine (Many, in Marksman, Lad dok)

i Extremely good for post emergence weed control especially when combined with other

herbicides

i Much experience with all formulations

i Multiple formulations

Simazine (Princep)

i Cost effective

i Better grass control than atrazine

i Used as an alternate to atrazine (rotation of chemicals)

i Somewhat narrower spectrum of control than atrazine

i Cannot be tank mixed with as many products as atrazine

i More persistent than atrazine (more carryover concerns)

i Not as available as atrazine in general

Root/shoot inhibitor (Acetamides)

i Generally good crop safety (exc. Acetochlor, see below)

i Good grass control

i Like lihood of  weed res istance  exceed ingly s mall

i Good window of application prior to planting

i Weed  control is  weather dependent, 

i Wa ter contam ination from runoff/leac hing is a conc ern

Alachlor (Micro-tech)

Metolachlor (Dual II Mag)

Dimethenamid (Outlook)

Acetochlor (Harness/Surpass, in FulTime)

i Crop safety can be variable depending on weather

i FulTime, as a  post treatment, is almost un usable due  to potential crop injury

Mitosis inhibitor (Dinitroanilines)
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Pendimethalin (Prowl/Pentagon)

i Inexpensive

i Likelihood of weed resistance development is low

i Good grass and small seeded broadleaf weed control

i Crop injury can occur

i If replant is necessary popcorn cannot be replanted

Bleaching

Isoxaflutole (Balance)

i Some p ropensity for crop injury

Mesotrione (Callisto)

i New compound, relatively unknown

Shoot inhibitor (Thiocarbamates)

i Excellent grass and small seeded broadleaf weed control

i Likelihood of weed resistance development is low

i Crop injury potential (yield suppression)

i Req uires  mec han ical incorpora tion (canno t use in no-till,  som e red uce d till)

i Weed tolerance resulting from enhanced (accelerated) biodegradation in some fields

EPTC (Eradicane)

Butylate (Sutan Plus)

EPSP synthase inhibition 

Glyphosate (Roundup)

i Broad spectrum 

i Low to moderate cost

i Use is strictly for burndown of existing vegetation prior to planting and for spot application

to localized troublesome weeds after emergence

i Potential for weed resistance development (although low if properly managed)

i Drift to adjacent crops and non-crop plants

Post-emergence control of grasses: As noted above, most grass weed control in popcorn consists of

pre-emergence herbicides.  Although some nicosulfuron (Accent) is used, crop injury and application

restrictions limit the utility of this very effective herbicide.  Other post-emergence herbicides have such

limited activity on grasses  that their use is ve ry minor.

For control ratings of each weed for each listed herbicide or non-chemical management practice see the

table at the end of this section.

ALS inhibitors (Sulfonylureas)

i Easy to use

i Crop injury potential

i High potential for weed resistance development

i Possible interaction with OP insecticides

i Need to us e drop nozzles  during application to redu ce crop injury

i Cost is higher than most other herbicides

Nicosulfuron (Accent)

i Excellent post grass control (sometimes no other alternative)

i Crop  injury po tent ial (hybr id sen sitivity)

Primisulfuron (Beacon, in NorthStar, in Exceed , in Spirit)

i Primarily broadleaf weed control

i Combination products are broad er spectrum (NorthStar, E xceed, Spirit)

i Poor grass weed control

i Need to use drop nozzles during application to minimize injury potential

Halosulfuron (Permit)

i Primarily broadleaf weed control
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i Poor grass weed control

i Application timing is critical

Other Pest Management Techniques:

Tillage: (See Tillage Note in General weeds section)

Adust Planting and Harvest Dates: (See Planting and Harvest Date Note in General Weeds section)

Pipeline Products:

i None

Table 4. Control Ratings for Grass Weeds in Popcorn.

Blanks ind icate that co ntrol of the p est is

insufficient to warrant consideration for use.

Foxtails Woolly

Cupgrass

Fall

Panicum

Wild

proso

millet

Barnyard

grass

Sand-

bur

Crab

grass

Atrazine 90DF F F G F

Princep-simazine G F G F

Micro-Tech-alachlor G G E E

Dual II Mag-metolachlor G F E E E

Out look  -dimethenamid G F E F G E

Surpass/Harness-acetochlor G G E G E E

Prowl-pend imethalin G G G E G

Eradicane/Sutan -EPTC& Butylate E G E G E F E

Roundup-glyphosate (Burndown) E E E E E E E

POST

2,4-D amine

Clarity (dicamba)

Accent (nicosulfuron) G G G G E G

Beacon (primisulfuron) F

Exceed/S pirit-

(prosulfuron+primisulfuron)

NorthStar-(primisulfuron+dicamba) F

Permit (halosulfuron)

Aim (carfentrazone)

Atrazine+O il F F G F

Buc tril-Contour (brom oxyn il)

Tough 5EC (pyridate)

Marksman (dicamba+atrazine) G

Basagran (bentazon)

Laddok (atrazine+bentazon)

Callisto (mesotrione) NOT LABELED ? ? ? ? ? ? ?

Tillage F F F F F F F

2.  Shattercane, perennial grasses and nutsedges.

Shattercane an d perennial grasses were onc e a severe problem in corn produc tion prior to

herbicides and when pasture was a standard part of the crop rotation. With the introduction of

effe ctive he rbic ides  and  dec line in  pas ture  rota tions, many o f the se w eeds have declined in

importance.

2a.  Shattercane (Sorghum bicolor)

Shattercane is an ann ual grass that is found only in cultivated fields where it reseeds itself. 

Since all sorghums are members of the same species and can hybridize, shattercane is often

found in  grea ter popu lations w ere s orgh ums  are g rown widely (Nebra ska  and  Kan sas ).  It is

more prevalent in the southern portion of the Corn Belt. Shattercane outcrosses with other

sorghum types and is known for developing resistance to ALS type herbicides.  The seeds of

sha ttercan e are  about th e same s ize as popco rn an d can contamina te th e gra in, reduc ing g rain
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qua lity.

2b. Johnsongrass (Sorghum halepense)

Johnsongrass is similar to shattercane in some respects.  Johnsongrass produces large

rhizo mes  that can be  spread  throughout  the field m aking it dif ficu lt to c ontain and cont rol.

Johnsongrass is more common in the southern portions of the Corn Belt. The seeds of

Johnsongras s are about the sam e size as popcorn and c an contaminate the grain. 

2c. Quackgrass (Elytrigia repens)

Qua ckg rass is a  pere nnia l gras s that sprea ds by rhizo mes . These  rhizomes  are e ffec tive ly

spread by tillage, increasing the scope of the population in a field. Tillage is an effective control

by depleting food reserves and bringing rhizomes to the surfac e. 

2d. Yellow Nutsedge (Cyperus esculentus)

Yellow nutsedge is a cause of s ome of  the most se vere perennial weed infestations and is quite

serious across the region. It reproduces from tubers as the seed does not survive overwintering,

and tubers can ad apt to almost any soil type and conditions. Tubers germinate at depths  of up to

12 inches and may remain viable for up to three years in many soils.

Pre-emergence control of perennial grasses: Pre-emergence herbicide control of shattercane,

nutsedges, and perennial grasses is generally with the use of EPTC or butylate.  In addition, nutsedge

can be suppressed by the acetamide herbicides, especially acetochlor.  Roundup can also be used if the

grasses are present in the field and growing prior to planting or if the grasses are actively growing after

the crop is removed.  For quackgrass, nutsedge, and Johnsongrass, tillage is useful and perhaps

necessary. 

For control ratings of each weed for each listed herbicide or non-chemical management practice see the

table at the end of this section.

Shoot inhibitor (Thiocarbamates)

i Excellent grass and small seeded broadleaf weed control

i Likelihood of weed resistance development is low

i Crop injury potential (yield suppression)

i Req uires  mec han ical incorpora tion (canno t use in no-till,  som e red uce d till)

i Weed tolerance resulting from enhanced (accelerated) biodegradation in some fields

EPTC (Eradicane)

Butylate (Sutan Plus)

EPSP synthase inhibition 

Glyphosate (Roundup)

i Broad spectrum 

i Low to moderate cost

i Potential for weed resistance development (although low if properly managed)

i Drift to adjacent crops and non-crop plants

Post-emergence control of shattercane, nutsedge and perennial grasses: Post emergence

shattercane and perennial grass control is generally achieved by the use of Accent, Beacon, Exceed or

Spirit. As indicated below for the specific products the hazard for these chemicals is crop injury and an

inability to use them where certain OP insecticides have been used on the crop.   Nutsedge may be

controlled by Permit or by the use of Basagran or Ladd ok.  

For control ratings of each weed for each listed herbicide or non-chemical management practice see the

table at the end of this section.

ALS inhibitors (Sulfonylureas)

i Easy to use

i Crop injury potential

i High potential for weed resistance development

i Possible interaction with OP insecticides

i Need to us e drop nozzles  during application to redu ce crop injury

i Cost is higher than most other herbicides
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Nicosulfuron (Accent)

i Excellent post grass control (sometimes no other alternative)

i Crop  injury po tent ial (hybr id sen sitivity)

Primisulfuron (Beacon, in NorthStar, in Exceed , in Spirit)

i Primarily broadleaf weed control

i Combination products are broad er spectrum (NorthStar, E xceed, Spirit)

i Poor grass weed control

Halosulfuron (Permit)

i Primarily broadleaf weed control

i Poor grass weed control

i Application timing is critical

Photosys tem II inhibitors

i Effective on small weeds especially when used in combination with other herbicides

Pyridate (Tough)

i Almost unusable in some situations due to crop injury concerns

i Applicators must be extremely careful with sprayers using air-assist booms

Other Pest Management Techniques:

Tillage: (See Tillage Note in General weeds section)

Adust Planting and Harvest Dates: (See Planting and Harvest Date Note in General Weeds section

Pipeline Products:

i None

Table 5. Control Ratings for Shattercane, Yellow Nutsedge, Johnsongrass and Quackgrass.

Stattercane Johnsongrass Quackgrass Nutsedge

Atrazine 90DF F F

Princep-simazine

Micro-Tech-alachlor

Dual II Mag-metolachlor

Out look  -dimethenamid

Surpass/Harness-acetochlor F

Prowl-pend imethalin

Eradicane/Sutan -EPTC& Butylate G G F F

Roundup-glyphosate (Burndown) G G G G

POST

2,4-D amine

Clarity-dicamba

Accent-nicosulfuron E F G

Beacon-primisulfuron E

Exceed/S pirit-

prosulfuron+primisulfuron

E F F

NorthStar-primisulfuron+dicamba

Permit-halosulfuron G

Aim-carfentrazone ? ? ? ?

Atrazine+O il F

Buc tril-Contour-brom oxyn il

Tough 5EC -pyridate G G G F

Marksman-dicamba+atrazine

Basagran-bentazon G

Laddok (bentazon+atrazine) F

Callisto (mesotrione) NOT LABELED

Adjust Plant/harvest date

Tillage F F F

Blanks within the table indicate that control of the pest is insufficient to warrant consideration for use.
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3.  Annual broadleaf weeds

3a. Eastern Black Nightshade (Solanum ptycanthum)

This summer annual can produce thousands of berries; each berry contains up to 50 seeds.

While n ightsha de is  generally n ot cons idere d a seriou s pest in  the Corn  Belt , severe infe sta tions

in individual fields do occur. Tillage and row cultivation are effective for early, newly emerged

seedlings.  Th e juicy berries of nightshad e can sta in popcorn, red ucing quality to the point wh ere

it may be unmarketable.

3b. Comm on Cocklebur (Xanthium strumarium)

Common cocklebur is a summer annual weed. Its seeds are spread by attaching to animal fur or

by tillage or harvesting equipment. Cocklebur is a serious competitor for moisture. Cultivation,

tillage, and mowing will all help control cocklebur establishment. At harvest, the cocklebur seeds

can cause problems with grain flow in the combine and result in grain loss and damage.

3c. Common Lambsquarters (Chenopodium album)

Common lambsquarters produce numerous small seeds which germinate after an overwintering

process. Optimal temperature for germination is 70F, but can germinate between 40 to 94, which

suggests early germination capabilities. Survival is favored by rains that dilute or leach

herbicides from the soil surface.

3d. Common Ragweed (Am bros ia artemisiifo lia)

Common ragweed is a summer annual that is favored by moist soils and can be a serious

problem in individual fields. Control of common ragweed with tillage or row cultivation is effective

in controlling small seedlings.

3e. Giant Ragweed (Ambrosia trifida)

Wet weather favors giant ragweed, and this summer annual may be a severe problem in isolated

fields. The seeds of  gian t ragwee d may remain v iable  in the  soil for seve ral yea rs. S mall

seedlings can be controlled with row cultivation and tillage.  The seed of giant ragweed is about

the s ame size as popcorn and can contam inate  the g rain, re duc ing grain qu ality.

3f. Jimsonweed (Datura stramonium)

Jims onw eed  prod uce s se veral hundre d hard-coated seeds pe r plan t tha t may remain v iable  in

the soil for years. This summer annual grows best under warm temperatures and moist soils.

Jimsonweed infestations harm soybean crops via competition for water, especially in dry years.

The shade of its leaves in shorter crops increases yield loss due to decreased nutrient uptake.

Jimsonweed also contains the alkaloids, atropine, hyoscyamine, and hyoscine, which are toxic.

Even small amounts of jimsonweed can cause harvest problems.

3g. Kochia (Koc hia scop aria )

Kochia is similar to common lambsquarters in many respects. It produces numerous small seeds

and can germinate early in the season.  Kochia has also developed resistance to a number of

herbicides including triazines and ALS compounds.  Although not distributed as widely as

lambsquarters, kochia has been expanding from small infestations started along rail and road

systems where se ed has been c arried in. 

3h. Morningglories (Ipomoea spp.)

Tall morningglory and ivyleaf morningglory are the two major annual morningglory species found

in the  Corn  Belt . The seeds  of these  sum mer  annuals  may s urv ive for seve ral yea rs in s oil.

Infestations are most common in moist soils along river bottomland, but these plants can be

found most anywhere in the state. Annual morningglories adapt to crops by vining about the

crop, so shading by the canopy is not particularly successful in reducing growth. Newly emerged

seedlings can be controlled by tillage and cultivation, but this may result in conditions that favor

emergence by weeds deeper in the soil profile. After vines begin to twine about the stems of the

crop, cultivation may not be as effective. The seed of most morningglory species is about the

same size  as popcorn and can conta minate the gra in, red ucing gra in qua lity.

3i. Pennsylvania Smartweed (Polygonum pensylvanicum)

This summer annu al grows best on wet soils and is widely distributed across the Midwes t.

Smartweed emerges early in the spring and can be a severe problem if tillage is delayed on wet

soils, as seedbed preparation may result in transplanting larger plants rather than destroying
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them.

3j. Pigweeds (Amaranthus retroflexus, A. hybridus, A. palmerii, other)

Pigweeds are prolific seed producers, and one plant can produce over 100,000 seeds in one

grow ing seas on.  The  seeds o f this  plan t may remain v iable  for years . Pigwee ds a re a p roble m in

no-till systems because undisturbed soils favor germination of the minuscule seeds, and the

debris keeps the field moist and allows for extended germination. Other favorable germination

locations are where excess nitrogen is available, and where no soil applied herbicides have

been used. Localized populations of some biotypes of pigweed have shown triazine or

acetolactate synthase (ALS)-inhibitor resistance.

3k. Velvetleaf (Abutilon theophrasti)

Velvetleaf is the most significant annual broadleaf weed in most corn production and is most

dam aging in th e centra l part  of the reg ion.  Velv etleaf is  a se rious  com pet itor for moisture in

drought conditions. Cultivation can somewhat control velvetleaf when used in the early season.

The seed of velvetleaf is about the same size as popcorn and can contaminate the grain,

reducing  grain  qualit y.

3l. Waterhemp (Amaranthus tuberculatus and A. ru dis)

Common wa terhemp is a native species and  is a serious weed problem throughou t the Corn Belt.

Changes in agricultural practices that favor this weed include reductions in tillage, herbicide

selection, simplified crop rotations, and recent weather patterns. There are also many indigenous

factors that have contributed to the increase in common waterhemp populations.  These include

seedling emergence late in the growing seas on,  high seed production and an  ability to

germ inate from sh allow  soil depths.  Con trol o f commo n wa terhemp  has  become  incre asin gly

difficult due to resistance to many common herbicides. Waterhemp has demonstrated

cross-resistance to all herbicides with the ALS inhibition mode of action, as well as to triazine

compounds.

Pre-emergence control of annual broadleaf weeds:

Broadleaf weeds germinate at soil depths from 1/8th of an inch to 3 or 4 inches.  Seed size and

dormancy are the controlling factors for when and where these seeds emerge.  Large seeded broadleaf

weeds have greater seed food reserves and can emerge from greater soil depths where moisture is less

variable than near the soil surface.  Soil applied herbicides need to be in place and evenly distributed

throughout the top 1 to 2 inches of soil at the time of emergence for adequate uptake and maximum

effect. Under conditions of high rainfall many pre-emergence herbicides may be too diluted or leached

out of this soil zone and rendered ineffective for control of these weeds.  Under very dry conditions, pre-

emergence herbicides may not have been leached into the soil far enough to have the substantial

contact necessary for weed death.

Other broadleaf weeds prod uce small seeds, suc h as pigweeds, lambsq uarters, kochia, and nightshade.  

Many of these weeds germinate throughout the season in response to soil wetting provided by

occ asio nal ra infa ll.  Pre -emerge nce  herb icides that have  sho rt so il pers istence  may not adequately

control the late flushes of germinating weeds.  

For control ratings of each weed for each listed herbicide or non-chemical management practice

see the table at the end of this section.

Photosystem I inhibitor (Triazines)

i Inexpensive

i Excellent crop safety

i Rea dily av ailab le

i Synergistic with many other herbicides

i Low crop injury

i Reliable

i Good handling characteristics

i Can be combined with many other herbicides and some insecticides

i Good long lasting residual control of many weeds

i Carryover concern to rotational crops
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i Potential for contamination of nearby water

i High potential for weed resistance development

Atrazine (Many, in Marksman, Lad dok)

i Extremely good for post emergence weed control especially when combined with other

herbicides

i High level of experience with all formulations

i Multiple formulations

Simazine (Princep)

i Cost effective

i Better grass control than atrazine

i Somewhat narrower spectrum of control than atrazine

i Cannot be tank mixed with as many products as atrazine

i More persistent than atrazine (more carryover concerns)

i Not as available as atrazine in general

Root/shoot inhibitor (Acetamides)

i Generally good crop safety (exc. Acetochlor, see below)

i Good control of many small seeded broadleaf weeds and most grasses

i Like lihood of  weed res istance  exceed ingly s mall

i Good window of application prior to planting

i Weed  control is  weather dependent, 

i Wa ter contam ination from runoff/leac hing is a conc ern

Alachlor (Micro-tech)

Metolachlor (Dual II Mag)

i Lasts slightly longer than other acetamides

Dimethenamid (Outlook)

Acetochlor (Harness/Surpass, in FulTime)

i Crop safety can be variable depending on weather

i FulTime almos t unusable due to poten tial crop injury

Mitosis inhibitor (Dinitroanilines)

Pendimethalin (Prowl/Pentagon)

i Inexpensive

i Likelihood of weed resistance development is low

i Good grass and small seeded broadleaf weed control

i Crop injury can occur

i If replant is necessary popcorn can not be replanted

Bleaching

Isoxaflutole (Balance)

i Some p ropensity for crop injury

Mesotrione (Callisto)

i New compound, little known

Shoot inhibitor (Thiocarbamates)

i Excellent grass and small seeded broadleaf weed control

i Likelihood of weed resistance development is low

i Crop injury potential (yield suppression)

i Req uires  mec han ical incorpora tion (canno t use in no-till,  som e red uce d till)

i Weed tolerance resulting from enhanced (accelerated) biodegradation in some fields

EPTC (Eradicane)

Butylate (Sutan Plus)

EPSP synthase inhibition 

Glyphosate (Roundup)
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i Broad spectrum control of grass and broadleaf weeds (also perennials)

i Good application window

i Low to moderate cost

i Potential for weed resistance development (although low if properly managed)

i Drift to adjacent crops and non-crop plants

Post-emergence control of annual broadleaf weeds:

As mentioned abo ve, several flushes of broadleaf wee ds can occ ur throughout the seas on. 

Although there are no post-emergence broadleaf herbicides with true “residual” activity some herbicides

do provide a modicum of control through soil activity.  These herbicides include post applications of

Atrazine and dicamba.  Though the trend for increasing use of post applied herbicides continues,

concerns about crop injury and drift to off-target crops or plants remains a hindrance.  A new product and

new  chemist ry (fo r pop corn) is C allisto (meso trione). S ince  it is no t yet regis tered for pop corn there is

little known of the adva ntages and disadv antages other than it has pote ntial for broadleaf weed control. 

However, new chemistries are always welcome from the perspective of managing resistant weed

development.  

For control ratings of each weed for each listed herbicide or non-chemical management practice

see the table at the end of this section.

Growth Regulator

i Inexpensive

i Broad spectrum of control of broadleaf weeds and some perennial broadleaf weeds

i Potential for crop  injury

i Preharvest interval sometimes too short for effective use

i Drift to adjacent crops and non-crop plants

2,4-D  (Many)

Dicamba (Clarity, Banvel, in NorthStar, in Marksman)

i Som e res idua l act ivity in  soil

i Potential for brace root deformation under high temperature and humidity conditions

ALS inhibitors (Sulfonylureas)

i Easy to use

i Crop injury potential

i High potential for weed resistance development

i Possible interaction with OP insecticides

i Need to us e drop nozzles  during application to redu ce crop injury

i Cost is higher than most other herbicides

Nicosulfuron (Accent)

i Excellent post grass control (sometimes no other alternative)

i Has good control of some broadleaf weeds

i Crop  injury po tent ial (hybr id sen sitivity)

Primisulfuron (Beacon, in NorthStar, in Exceed , in Spirit)

i Primarily broadleaf weed control

i Combination products are broad er spectrum (NorthStar, E xceed, Spirit)

i Poor grass weed control

Halosulfuron (Permit)

i Very good control of some annual broadleaf weeds

i Poor grass weed control

i Application timing is critical

PPO inhibitor

Carfentrazone (Aim)

i New product and new chemistry, advantages and disadvantages are mostly unknown at

the time of this writing.  However, new chemistries are always welcome from the

perspective of manag ing resistant weed developmen t.
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Photosys tem II inhibitors

i Effective on small weeds especially when used in combination with other herbicides

i Primarily for broadleaf weed control

Pyridate (Tough)

i Almost unusable in some situations due to crop injury concerns

i Applicators must be extremely careful with sprayers using air-assist booms

Bromoxynil (Buctril, in Buctril-Atrazine)

i Moderate crop s afety

i Needs tank mixing with other products for acceptable activity on many weeds

Bentazon (Bas agran, in Laddok)

i Good crop safe ty

Other Pest Management Techniques:

Tillage: (See Tillage Note in General Weeds Section)

Adust Planting and Harvest Dates: (See Planting and Harvest Date Note in General Weeds section

Pipeline Products:

i None
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Table 6.  Annual Broadleaf Weed Control Ratings

Mornin gglory Bur cucumber Common

Cocklebur

Jimsonwee Common

Ragweed

Giant

ragweed

Smartweed Wild

Sunflower

Velvetleaf Pigweed

Waterhemp

Lambs

quarters

Koch ia Black

Nightshade

Atrazine 90DF G F G E E F E F F E G G G

Princep-simazine F F G G F F

Micro-Tech-alachlor F F F F F G F G

Dual II Mag-metolachlor F F F F F G F G

Out look  -dimethenamid F F F F E F F G

Surpass/Harness-acetochlor F F E G F E G E G G

Prowl-pend imethalin G F G

Eradicane/Sutan -EPTC& Butylate G G G G F F F

Roundup-glyphosate (Burndown) G E E G G G G E G E E E E

POST

2,4-D amine E E G G G F G G G E F

Clarity-dicamba G G G F G G E G

Accent-nicosulfuron E G E E E G E E G E E G G

Beacon-primisulfuron F G G G G G G F G E G

Exceed/S pirit-

prosulfuron+primisulfuron

E G E G E G E G G E E G G

NorthStar-primisulfuron+dicamba G E E E E G G E G E G E G

Permit-halosulfuron E F E E E E E G E G G G

Aim-carfentrazone ? ? ? ? ? ? ? ? ? ? ? ? ?

Atrazine+O il G F E E E G E G E G G G G

Buc tril-Contour-brom oxyn il G G F E G G F E G E

Tough 5EC -pyridate G E E E E E E G E G F G

Marksman-dicamba+atrazine G G F G E E G G

Basagran-(bentazon) E E G G G G F F G F F

Laddok (bentazon+atrazine) G E E G G G G E G G G G

Callisto (Mesotrione) not  labeled ? ? ? ? ? ? ? ? ? ? ? ? ?

Adjust Plant/harvest date/ and

Sanitation

Tillage (preplant+cultivation or

rotary hoe)

F F F F F F F F F F F F F

Blanks within the table indicate that control of the pest is insufficient to warrant consideration for use.
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4.  Perennial broadleaf weeds

The  occ urrence  of pe renn ial bro adleaf weeds is h ighly dependent on the tillag e reg ime used  in

corn produ ction. Since m ost perenn ial broadleaf weeds  do not tolerate tillage, thes e weeds  are

more of a problem in reduced tillage and no-till operations.  Once populations of perennial weeds

have become established in a field they are nearly impossible to eradicate.  Although sanitation

measures may slow the spread of these weeds it will seldom prevent their movement or eventual

establishment.

4a. Common Milkweed (Asclepias syriaca L.)

This perennial weed reproduces by seeds and adventitious buds that sprout from underground

root s. S eed lings  prod uce  vegeta tive  buds 18 -21 d ays a fter  germ inat ion,  and  seeds m ay rem ain

viable for up to three years. Seeds may germinate from as deep as 2 inches in the soil, and

undisturbed fields or fields with reduced tillage and moist soils are favored. Prob lems with

common milkweed hav e been increasing due to the dec rease in tillage and row cultivation. 

4b. Canada thistle (Cirsium arvense)

Canada thistle is a perennial weed with a vigorous, creeping root system. Propagation is by

rootstock and seeds; only female plants produce seed. Preplant tillage and row cultivation can

control small seedlings but are less effective in controlling plants arising from rootstocks.

4c. Field bindweed (Con volvulus a rvensis ) and hedge  bindweed (Ca lystegia sepium) 

These weeds are vining weeds commonly found in both cultivated and no-till fields. These weeds

can rapidly engulf popcorn rows in vines reducing corn growth and yield. The extensive mass of

vines also makes harvest very difficult.   The seed of bindweeds is about the same size as

popcorn  and c an conta minate the gra in, red ucing gra in qua lity.

4d. Hemp dogbane (Apocynum cannabinum)

This perennial weed is capable of regrowth from perennating rootstock within six weeks of

emergenc e. The und erground roo t system ma y extend laterally 20 feet per year and downw ard

as far as 14 feet. The c entral portion of the Corn Belt is usually most severely infested with

dogbane . Tillage can reduc e dogban e infestations, b ut is ineffective onc e populations a re

established.

4e. Swamp smartweed (Polygonum coccineum) 

Swamp smartweed is commonly found in low, wet areas of fields. Because of an extensive root

system it is a strong competitor with corn and difficult to eradicate. Because o f it's similarity to

Pennsylvania smartweed, an annual, many producers incorrectly identify this weed.

4f. B igroo t Morningglory ( Ipomoea pan durata)

Bigroot morningglory is becoming more common.  It produces a tuber that can reach eight inches

in diameter and several feet deep.  W hen the new vines em erge they are purplish in color. 

Control almost invariably will require many repeated treatments.  The seed of bigroot

morningglory  is about  the sam e size as  popcorn and can contamina te th e gra in, reduc ing g rain

qua lity.

Pre and Post emergence control of perennial broadleaf weeds:  As no-till and minimum till become

more popular perennial weeds become more common.  While many of the same herbicides for perennial

weed control in field corn are available for popcorn, the lower tolerance of popcorn for injury from these

herbicides or herbicide combinations make it more challenging to effectively control these weeds. 

The refo re, m uch  of the ef fort  to cont rol pe renn ial weeds  take s place before the crop is  plan ted or af ter it

has been  harveste d.  The co ntrol ratings for som e of the more  common  perennial broadleaf w eeds are

included in a table at the end of this section.  Other broadleaf weeds, such as pokeweed, hedge

bindweed, and Jerus alem artichoke may also be present in some fields, but are less preva lent.  

The control ratings given below for perennial weeds tend to be more subjective than those for

annual weeds.   For examp le, alt hough a  rating of  “Good” f or cont rol of  an annual weed typica lly

suggests 85  percent or better control of a weed, a rating of “Good” for perenn ial weeds might indicate

anywhere from  60% to 90% dieback.  The variability in rating perennial weeds arises as a result of the

fact that they are fewer studies to determine control, there are fewer products and control measures

available with which to compare, and that perennial weeds typically re-sprout from root stock soon after

dieback.  It is generally agreed that multiple treatments in a season, that include a combination of
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herbicides and mechanical means of control, are necessary to reduce perennial weed populations and

obtain what is otherwise termed  “Good” co ntrol. 

EPSP synthase inhibition 

Glyphosate (Roundup)

Fair for common milkweed control, hemp dogbane, and swamp smartweed

Good for Canada thistle and field bindweed control

i Broad spectrum 

i Low to moderate cost

i Good co ntrol of all perennials but retreatm ent is neces sary

i Potential for weed resistance development (although low if properly managed)

i Drift to adjacent crops and non-crop plants

Growth Regulator

i Inexpensive

i Broad spectrum, (controls more than perennials)

i Potential for crop injury, especially when mixed with other growth regulator

i Preharvest interval sometimes too short for effective use

i Drift injury potential to adjacent crops and non-crop  plants

2,4-D  (Many)

i The ester formulation is particularly effective on perennial weeds but can cause additional
concern with drift

i Canada thistle (Fair), Field Bindweed (Good), and morningglory family (Fair). 

i  It can also be used to accelerate the uptake of glyphosate for improved control of other
broadleaf perennial weeds.

Dicamba (Clarity, Banvel, in NorthStar, in Marksman)

i Som e res idua l act ivity in  soil for an nua ls

i Good on Canada thistle and field bindweed

i Potential for brace root injury under high temperature and humidity conditions

Photosys tem II inhibitors 

Bentazon (Bas agran, in Laddok)

i Effective on Canada thistle (Good)

i Good crop safe ty

Other Pest Management Techniques:

Adust Planting and Harvest Dates: (See Planting and Harvest Date Note in General Weeds section

Tillage

i Can  be quite  effe ctive if pla nting is delayed un til ear ly sprout ing occu rs, a lthough  mult iple
deep tillage events may be required.

i The soil erosion that results from tillage may preclude its use on many soils 

i Timing is critical, if done improperly tillage may result in the spread of rhizomes or root
stock and proliferate the problem.

i Also See Tillage Note in General Weeds Section

Pipeline Products:

i None

5.  Winter Annual Weeds and Cover Crops

A number of winter annual weeds can be present in fields throughout the Midwest with the most common
of these be ing henbit and c hickweed.  S ome winter an nuals are more prevalent ac ross the no rthern
portion of the region, while others such as bluegrass and bromegrass tend to be more of a problem
across the sou thern section of Missouri, Illinois, Indiana and Ohio. 

Winter ann ual weeds start their g rowth in t he fall and comple te th eir life  cycle  in the  spr ing,  ofte n
bearing seed in May or June.  While discing, plowing, or field cultivation tillage is effective for all winter
annuals, no-till and conservation tillage fields must rely on herbicides for control.  Heavy populations of
winter annual weeds can s ap the moisture from the soil and slow or reduce ge rmination of the crop. 
Additionally, weeds present in the field early in the season may attract damaging insects and provide an
environment for egg laying.  
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5a.  Common Chickweed  (Ste llaria  media)

A common weed which produces prolific amounts of seed and a thick mat of low vegetative
growth.  Can remove much soil moisture and, if untreated, can seriously affect crop
establishment and growth in dry years.

5b. Hors ewee d (Mares tail) (Con yza c anadensis )(previously Erigeron  canadensis )

This weed is becoming m uch more com mon throughout the M idwest due to reduced tillage.  It
produces a large amou nt of seed which is wind borne.  Res istant biotypes of this weed to
glyphosate have been identified.

5c. Henb it (Lamium  amplexicaule )

This plant is a low growing (5 to 9 inches) winter annual.  It can produce a thick mat of growth
early in the season and pull needed moisture from the soil.  

5d.  Mustards

Mustard species include field pennycress (Thlaspi arvense), wild mustard (Brassica kaber), tansy
mustard (Descurainia pinnata), shepherd’s purse (Cap sel la bu rsa-pas toris ), yellow rocket
(Barbare a vu lgar is), and the pepperweeds (Lepidium spp.)  Although a number of herbicides may
control some mustard species, the presence of mature (large) mustards in the fields early in the
season often limits which herbicides may be applied.  Though usually less aggressive than
henbit and common c hickweed in term s of population e xpansion, the y are serious com petitors
with crops.

5e. Brome grasses (Bromus spp.)

Brome grasses include downy brome, Japanese brome, and cheat.  If left uncontrolled these
grasses will continue to pose a competitive threat to the crop throughout the season.

5f. Bluegrass (Poa annua)

Bluegrass can become more of a problem under continuous no-till.  Though populations do not
grow at an explosive rate control without tillage can be difficult. 

5g. Grass Cover Crops

Grass cover crops include winter annual grains planted to protect the soil and build soil tilth and
at time more established sods from conservation plantings being converted to cropland.  The
former may include barley, rye, and wheat while the latter may include ryegrass, orchardgrass,
perennial b rome gras ses , fescue  and t imoth y.

5h. Legume cover crops

Alfalfa, clovers, and vetches are typically used as cover c rops or as part of a forage mix with
grasses  in conserva tion plantings that are  being conv erted to crop land.  Where forage m ixes are
present a broad spectrum herbicide, or a tank mix of two herbicides capable of killing both the
grass and the legume, w ill be necessary for control.  
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Table 7.  Winter Annual Weed Control Ratings

Pre-p lant Burndown Chick-

weed

Horse-

weed

Henbit Mustards Brome

grass

Blue-

grass

Grass

cover

crop

Legumes

Glypho sate G F F G G G G G

2,4-D Ester G G F-G

Paraquat G G F

Atrazine E G E E G F

Dicamba E F F F G

Isoxaflutol G F G

Tillage (Prim ary) G G G G G G F

Chemical Control

i The herbicides and tillage listed in Table 7 are the principal methods used to control winter
annual weeds.  All of the listed control practices must be app lied before the crop is planted to
effectively control these weeds.  Though some additional products are registered for such use,
the majority of current trea tments us ually consist of a com bination of tillage and herbicides  or a
mixture of two or more herbicides.  Atrazine, in particular, is combined with other herbicides and
will pro vide  a synergis tic e ffec t when applied for wee d contro l.  In addit ion,  atrazine  is su fficie ntly
persistent to control many summer annual weeds that germinate through the first few weeks after
planting the crop. 

Photosystem I inhibitor (Triazines)

Atrazine (Many, in Marksman, Lad dok)

i Inexpensive

i Excellent crop safety

i Rea dily av ailab le

i Synergistic with many other herbicides

i Low crop injury

i Reliable

i Good handling characteristics

i Can be combined with many other herbicides and some insecticides

i Good long lasting residual control of many weeds

i Carryover concern to follow crops

i Potential for contamination of nearby water

i High potential for weed resistance development

i Extremely good for post emergence weed control especially when combined with other
herbicides

i Much experience with all formulations

i Multiple formulations

EPSP synthase inhibition 

Glyphosate (Roundup)

i Broad spectrum 

i Low to moderate cost

i Good co ntrol of all perennials but retreatm ent is neces sary

i Potential for weed resistance development (although low if properly managed)

i Drift to adjacent crops and non-crop plants

Growth Regulator

i Inexpensive

i Broad spectrum, (controls more than perennials)
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i Potential for crop injury, especially when mixed with other growth regulator

i Preharvest interval sometimes too short for effective use

i Drift injury potential to adjacent crops and non-crop  plants

2,4-D  (Many)

i The ester formulation is particularly effective for perennials but can cause additional
concern with drift

i  It can also be used to accelerate the uptake of glyphosate for improved control of other
broadleaf perennial weeds.

Dicamba (Clarity, Banvel, in NorthStar, in Marksman)

i Som e res idua l act ivity in  soil for an nua ls

i Good on Canada thistle and field bindweed

i Potential for brace root injury under high temperature and humidity conditions

Photosys tem II inhibitors

Paraquat (Gramoxone)

i Effective on small weeds especially when used in combination with other herbicides

i Very toxic 

i Applicators must be extremely careful of drift with sprayers using air-assist booms

Bleaching

Isoxaflutole (Balance)

i Some p ropensity for crop injury
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Table 8.  Average Crop Loss and Percent Crop Area Infested by Weeds (Data provided  by popcorn
agronomists, 2001)

Weed Name Scientific Name

%  Acres
Infested

 at any
level

% Loss on
area

infested

 at current
level of

treatment

Avg Loss%

Barnyardgrass Echino chloa c rusgalli 15 4.5% 0.675

Eastern black nightshade Solanum ptycanthum 30 0.7% 0.21

Common cocklebur Xanthium strumarium 50 0.5% 0.25

Common lambsquarters Chenopodium album 90 1.8% 1.62

Common milkweed Asclepias syrica L. 10 11.9% 1.19

Common ragweed Am bros ia artemisifo lia 60 0.5% 0.3

Crabgrass Digiteria spp. 60 0.5% 0.3

Fall panicum Panicum dichotomiflorum 60 3.2% 1.92

Foxtails Setaria spp. 95 0.6% 0.57

Giant ragweed Ambrosia trifida 70 5.2% 3.64

Jimsonweed Datura stramonium 40 0.5% 0.2

Morningg lory Ipomoea spp. 40 0.5% 0.2

Pigweed spp. Amaranthus spp. 90 0.5% 0.45

Shattercane Sorghum bicolor 20 1.1% 0.22

Velvetleaf Abutilon theophrasti 60 5.6% 3.36

Wild Proso Millet Panicum miliaceum 30 2.5% 0.75

All Weeds 15.855
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Insect Pests
Insect pe sts throug hout the region  can be clas sified as major or minor.   T he insect s pecies are

listed ch rono logically ac cording  to s tage of  popcorn develo pme nt w ith a b rief narra tive  detailing  the ir
effects and remedies.

Whether in sec t contro l measures a re us ed,  and  whic h treatments are se lected,  depends great ly
on the economics of popcorn production.  Low popcorn prices and/or the failure to recognize that a pest
is doing significant dam age to the c rop reduce  the produc er’s inclination to treat for pes ts.  Produc ers
also select insecticides in expectation of controlling multiple pests in the same field, or a later emerging
insect that may be expected to occur soon after the original target pest has been identified.  In such
situations, insecticides may not be selected for their specificity to one insect, but more for its ability to
control two or more insects within a complex.

Most producers now have a basic understanding of how unwise use of insecticides can induce
resistance in insect populations.  The wide range of management options available to producers has
permitted them to minimize insect resistance. However, the recent appearance of corn rootworms, which
have developed methods of circumventing the cultural practices that have traditionally been used for
their control (tillage/crop rotation), is a cause for much concern.  It is evident that more needs to be done
to determine a ‘systems’ approach to these pests and then educate producers and applicators on the
proper choices and techniques for managing the development of resistance.

Though there appears to be a sufficient number of insecticide products and insecticide classes
available for most major corn pests, it is deemed esse ntial that this wide selection of products continue to
be available to producers for this very reason (i.e. to provide a backstop for resistance management
programs).  It is also important to understand that many of the following insect pests, though classified as
‘moderate’ or ‘minor’ importance to popcorn production, can be very serious pests in localized areas, and
may become more of a problem in larger areas as practices change or shift.  Without  effective
insecticides for control of insect outbreaks, farms, communities, and entire regions of some states may
suffer severe econ omic losses.  

Insects of germination, emergence

1.  Seedcorn maggot (Anthomyiidae)

• The  seedco rn maggot is  the larva  of a s mall f ly. The flies  are a ttracted to  fields  whe re re latively
fresh animal manure and other organic material is present. Seedcorn maggots seek out
germinating soybean and corn se eds and eat the germ , killing the plant. 

• Rescue treatme nts are not available for control of seedcorn magg ot, therefore most treatments
are made in anticipation of problems or replant situations. 

• Soil m oisture a nd temp eratures  are im portant  con tribu ting fac tors  to infestations,  but  ove rall,
seedcorn maggots are considered a minor pest in corn production.

Seed T reatmen ts

Organ opho sphate  + Organochlorine

Lindane+diazinon (Agrox DL) as a s eed box treatment 

i Con trol = Fair

i Inexpensive

i Can be applied by grower

i Application may no t be uniform

i Lindane  can  be phyto toxic

i Exposure is a concern, allergies to dust

Pyrethroids

Permethrin (Kernel Guard Supreme) seed treatment

i Con trol= Fair

i Inexpensive

i Can be applied to seed by grower

i Application may no t be uniform

i Exposu re during planter box fill is a conce rn

Treatments to so il.

Organ opho sphate

Terbufos  (Counter)
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i Control =Good

i Long life

i Cost effective

i Som ewh at systemic

i Reduced worker exposure with Lock N Load

i Possible reduced rate use for insect control

i Und er cool,  mois t condit ions  and  high  pH m ay bre ak down  quickly

i Use restrictions with some herbicides

i Unpleasant to work with

i Res idue  leve ls so met imes  unpredic tab le

i Concern of possible contamination of water supplies

i REI= 48 hours or up to 72 hours in areas where average rainfall is less than 25 inches per
year

i Dry conditions tend to reduce control

 i More toxic (e nvironm ental and human ) than other c ont rols

 Chlorethoxyfos (Fortress)

i Control = Good

i 5G formulation a pplied with Smartb ox, reduces  worker expos ure

i Smartbox pulsation causes erratic application of product

i REI =48  hours

Organop hosphate +  Pyrethroid

Tebupirimphos+cyfluthrin (Aztec)

i Control=Good to Excellent

i Good formulation

i Has perfo rmed well in efficacy trials on corn  rootworm

i Good longevity

i Smart B ox reduces  worker expos ure

i Has good cutworm activity (pyrethroid)

 i Possible reduced rate usage

i REI=0  hours

Carbamates

Carbofuran (Furadan)

i Control =Fair to Good

i Inconsistent performance

i Liqu id formula tion only

i Fields need to be posted for Worker Protection Standards (WPS)

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Tefluthrin (Force ST)

i Control =Good

i Mode of action permits use for resistance management

i Reduced active ingredient per acre compared to granular formulation

i REI = 0 h ours

i Reliable performance in trials and field 

 i Less toxic than some alternatives

i Skin sensitivity

Tefluthrin (Force 3G)

i Control = Good

i Mode of action permits use as resistance management tool

i Reliable performance in trials and field 

i Also has good c utworm activity

i Less toxic than some alternatives

i Skin sensitivity



37

Bifenthrin (Capture)

i Con trol = Fair

i Can be applied through irrigation

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

i Can not  be used  in no-till or reduced  till

Adjust plant/harvest dates

i Con trol = Fair

i Cannot always delay planting as it may reduce yields or prevent planting altogether if late
rains keep fields wet.

2.  True white grub [Phyllophaga sp.], wirew orm  [Melanotus sp.], Japane se beetle, a nnual w hite
grubs, grap e colaspis  

• These ins ects  attack the germinating seed, new ly emerging s hoot, or fe ed on  roots . Gen erally,
infestations are patchy in fields and, depending on species, damage may recur in succeeding
years.  

• Rescu e treatments  are not ava ilable for control of these  pests, the refore most tre atments a re
made in anticipation of problems or replant situations. 

• These p ests are of m oderate importa nce to co rn production th ough they are b ecoming m ore
prevalent as a result of reduced tillage

• White grubs tend to be more problematic in earlier planted corn.

Treatments to so il.

Organ opho sphate

Terbufos (Counter) Applied to furrow

i Control = Good

i Long life

i Cost effective

i Som ewh at systemic

i Reduced worker exposure with Lock N Load

i Possible reduced rate use for insect control

i Und er cool,  mois t condit ions  and  high  pH m ay bre ak down  quickly

i Use restrictions with some herbicides

i Unpleasant to work with

i Res idue  leve ls so met imes  unpredic tab le

i Concern of possible contamination of water supplies

i REI= 48 hours or up to 72 hours in areas where average rainfall is less than 25 inches per
year

i Dry conditions tend to reduce control

i More toxic (e nvironm ental and human ) than other c ont rols

Chlorethoxyfos (Fortress)

i Control=Good

i 5G formulation w ith Smartbox re duces w orker exposu re

i Smartbox pulsation causes erratic application of product

i REI = 48  hours

Pyrethroids

Tefluthrin (Force 3G)

i Control =Good

i Mode of action permits use for resistance management

i REI = 0 h ours

i Reliable perfo rmance  in tria ls and field

i Also has good cutworm activity (pyrethroid)
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 i Less toxic than some alternatives

i Possible reduced rate use for insect control

i Skin sensitivity

Bifenthrin (Capture)

i Control= Fair to good

i Can be applied through irrigation

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Tillage

i Not effective for these insects

Adjusting Planting/Harvesting dates

i Avoid extremely early planting to reduce insect damage

Vegetative Stages

3.  Black cutw orm  [Agrotis ipsilon (Hufnagel)]

• Black cutworm (BC W) is an insect that c auses stand  losses to young popco rn in the first month
of growth. BCW s do not overwinter in the north central states. S outherly winds carry moths north
from overwintering areas along the Gulf of Mexico, and mated females lay their eggs in fields.
The moths seem to prefer weedy areas and plant residue to lay eggs, but can lay them in any
field. Prophylactic treatments are not recommended because of the sporadic nature of the
infestation patterns and intensities. 

• In northern regions, tillage or burn down herbicides applied at least two weeks before planting
greatly reduces damage by this pest. 

• Sporadic p est with cata strophic resu lts when it occu rs, occurs  more frequen tly in the southern
growing areas of the region, and should be considered a pest of significant importance.

• Scouting is recommended and thresholds have been developed.

Treatments to so il.

Organ opho sphate

Terbufos  (Counter)

i Control= Poor

i Long life

i Cost effective

i Som ewh at systemic

i Reduced worker exposure with Lock N Load

i Possible reduced rate use for insect control

i Und er cool,  mois t condit ions  and  high  pH m ay bre ak down  quickly

i Use restrictions with some herbicides

i Unpleasant to work with

i Concern of possible contamination of water supplies

i REI= 48 hours or up to 72 hours in areas where average rainfall is less than 25 inches per
year

i Dry conditions tend to reduce control

i More toxic (e nvironm ental and human ) than other c ont rols

Organop hosphate +  Pyrethroid

Tebupirimphos+cyfluthrin (Aztec)

i Con trol= Fair

i Good formulation

i Good longevity

i Smart B ox reduces  worker expos ure

i Possible reduced rate usage

i REI=0  hours
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Carbamates

Carbaryl (Sevin XLR)

i Control=Good

i Inexpensive

i XLR formulation is long lasting

i Low toxicity to humans

i Treated fields need to be posted for Worker Protection Standards

i REI= 12  hours

i PHI= 48  days

Carbofuran (Furadan)

i Control=Good

i Inconsistent performance

i Liqu id formula tion only

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids 

Esfenvalerate (Asana)

i Control=Excellent

i Can be applied through irrigation

i Some systemic ac tivity

i REI=1 2 hours

i PHI=21  days

Tefluthrin (Force 3G)

i Con trol= Fair

i Mode of action permits use for resistance management

i REI = 0 h ours

i Reliable perfo rmance  in tria ls and field

i Less toxic than some alternatives

i Possible reduced rate use for insect control

i Skin sensitivity

Permethrin (Pounce/Ambush)

i Control=Fair to Good

i Can be tank mixed with many herbicides

i Has granular formulation

i Can be applied through irrigation

i Can cau se mite flare

i REI=1 2hours

i PHI=30days

Lambda -cyhalothrin (Wa rrior)

i Control=Excellent

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Excellent

i Can be applied through irrigation

i Has long residual control

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent



40

i REI=2 4 hours

i PHI=30  days

Treatments to crop.

Methyl Parathion (Penncap-M)

i Control=Good

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transported to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Fields need to be posted for Worker Protection Standards

i REI= 48  hours

i PHI=12days

Non-chem ical controls

Tillage (primary or cultivation)

i Tillage applied at least two weeks before planting greatly reduces damage by this pest

Adjust plant/harvest dates

i Not effective for this insect

Pheromone traps 

i Though not a control method, pheromone traps are used to indicate the presence or absence
of insects and their relative prevalence.  Pheromone traps are notoriously inconsistent and
are o ften  not re liable ind icato rs of  potential pest s everity.

Foliar feed ing inse cts

4.  Corn flea beetles [Cha etocne ma pulic aria  Melsheimer] 

• Corn flea beetles are small insects that feed on leaf surfaces where they abrade the surface
tissue and cause minor loss of leaf photosynthetic material. Flea beetles play a major role in the
transmis sion  of S tewart’s  wilt, a  bac teria l disease  of corn.  The  incidenc e of  Stewar t’s w ilt is
generally t ied to  winter cond itions that fa vor  winter surv ival o f corn flea beetles.  The average  air
tempera tures (in d egre es F ) for D ece mbe r, Ja nua ry and  Feb ruary are a dded and if the to tal is
greater than 95, Stewart’s wilt in susceptible popcorn lines is of special concern. If the 3-mo nth
sum of averages  is below 95, the risk is relatively small.  

• Scout  and  app ly rescue  trea tments  should corn f lea beet le numbe rs reach  the econom ic
thresho ld

• Treatm ent is se ldom used unles s the po pcorn h ybrid has a known s usceptibility to Stewa rt’s
disease. 

• This pest is considered of minor importance in mos t areas of the eastern Corn B elt.

Treatments to so il

Organ opho sphate

Terbufos  (Counter)

i Con trol= Fair

i Long life

i Cost effective

i Som ewh at systemic

i Reduced worker exposure with Lock N Load

i Possible reduced rate use for insect control

i Und er cool,  mois t condit ions  and  high  pH m ay bre ak down  quickly

i Use restrictions with some herbicides

i Unpleasant to work with

i Res idue  leve ls so met imes  unpredic tab le

i Concern of possible contamination of water supplies

i REI= 48 hours or up to 72 hours in areas where average rainfall is less than 25 inches per
year

i Dry conditions tend to reduce control

i More toxic (e nvironm ental and human ) than other c ont rols
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Esfenvalerate (Asana)

i Control=Good

i Can be applied through irrigation

i Some systemic ac tivity

i REI=1 2 hours

i PHI=21days

Carbamates

Carbaryl (Sevin XLR)

i Control=Good

i Inexpensive

i XLR formulation is long lasting

i Low toxicity to humans

i Treated fields need to be posted for Worker Protection Standards

i REI= 12  hours

i PHI=48  days

Carbofuran (Furadan)

i Control=Good 

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Permethrin (Pounce/Ambush) (Over the top)

i Control=Good

i Can be tank mixed with many herbicides

i Can be applied through irrigation

i Liquid formulation needs fields posted for Worker Protection Standards

i REI=1 2 hours

i PHI=30  days

Lambda -cyhalothrin (Wa rrior)

i Control=Good

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Good

i Can be applied through irrigation

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Applications to Crop

Organophosates

Methyl Parathion (Penncap-M)

i Con trol= Fair

i Long life

i Has encapsulated formulation

i Can be applied through irrigation
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i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transport to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Fields need to be posted for Worker Protection Standards

i REI= 48  hours

i PHI=12days

Non-chem ical controls

Tillage (primary or cultivation)

i Not effective for this insect.

Adjust plant/harvest dates

i Not effective for this insect.

Pheromone traps 

i Do not exist for this insect. (Not a control measure)

5. Armyw orm  [Pseudaletia unipuncta  Haworth] 

• Armyworm damage is characterized by ragged feeding and large amounts of frass (fecal pellets)
on plants. The most severe damage occurs in popcorn fields that are no-tilled into grass or
alfalfa sod. The grass is a favored oviposition site for adult moths that arrive from the gulf-coast
states on  strong sou therly winds, similar to black cutw orm. Often,  the damag e to young co rn
happens suddenly when the grass supply is consumed or when it is killed with a herbicide
treatment. No-till fields must be observed closely, and treatments should be based on the
presence of small armyworm larvae feeding on the grass.

• Very sporad ic, but when it app ears, it can be  a significant pest - c apable of des troying entire
fields.

• Armyworms often move from wheat fields to popcorn fields as the season progresses.

• Scout ing and spray ing o f field  perim eter is an  effe ctive me thod of  con trol -f or examp le a no-till
popcorn field near rye or other grassy field.

• This pest is considered of low to moderate importance to popcorn production.

Treatments to standing crop.

Organ opho sphate

Methyl Parathion (Penncap-M)

i Control=Good

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transport to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Fields need to be posted for Worker Protection Standards

i REI= 48  hours

i PHI=12  days

Carbamates

Carbofuran (Furadan)

i Control=Good

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Permethrin (Pounce/Ambush)
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i Control=Good

i Effective on lepidopterous insects

i Can be tank mixed with many herbicides

i Can be applied through irrigation

i Liquid formulation needs fields posted for Worker Protection Standards

i REI=1 2 hours

i PHI=30  days

Esfenvalerate (Asana)

i Control=Good

i Effective on lepidopterous insects

i Can be applied through irrigation

i Some systemic ac tivity

i REI=1 2 hours

i PHI=21days

Lambda -cyhalothrin (Wa rrior)

i Control=Good

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Good

i Can be applied through irrigation

i Has long residual control

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

i Not effective for this insect

Adjust Plant/harvest dates

i Not effective for this insect

Pheromone traps 

i Though not a control method, pheromone traps are used to indicate the presence or absence
of ins ects and their re lative pre vale nce .  The quality o f pherom one  traps are no toriously
inconsistent and are often not reliable indicators of potential pest severity.  

6.  Stalk borer [Pap aipema nebris Guenee] 

• Sta lk borers  are a  nat ive insec t tha t damag es popc orn b y tunneling into  plan ts and typica lly
destroying the growing points. Damage is typically confined to field areas that are adjacent to
borders of perennial grasses, including road ditches, terrace backslopes, and grassed
waterways. Perennial grasses like quackgrass and wirestem muhly and large broadleaf weeds,
especially hemp (Cannabis sativa) and giant ragweed (Ambrosia trifida) are favored oviposition
sites in the fall, and if these weeds are disseminated throughout the field, general damage can
occur. Typically, stalk borer damage is limited to border rows, and treatmen ts can be targeted to
those border areas.

• This pest has a moderate level of importance; there are few economic options, but local
outbreaks can have a significant impact on yields.

Treatments to Standing Crop

Organ opho sphate

Methyl Parathion (Penncap-M)

i Control=Good
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i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transport to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Fields need to be posted for Worker Protection Standards

i CRW and other insect resistance

i REI= 48  hours

i PHI=12  days

Carbamates

Carbaryl (Sevin XLR)

i Control=Good

i Inexpensive

i XLR formulation is long lasting

i Low toxicity to humans

i Treated fields need to be posted for Worker Protection Standards

i REI= 12  hours

i PHI=48  days

Carbofuran (Furadan)

i Con trol= Fair

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30 days 

i REI= 14  days

Pyrethroids

Permethrin (Pounce/Ambush)

i Control=Fair to Good

i Can be tank mixed with many herbicides

i Can be applied through irrigation

i Liquid formulation needs fields posted for Worker Protection Standards

i REI=1 2hrs

i PHI=30d

Esfenvalerate (Asana)

i Control=Good

i Can be applied through irrigation

i Some systemic ac tivity

i REI=1 2 hours

i PHI= 21  days

Lambda -cyhalothrin (Wa rrior)

i Control=Fair to Good

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Fair to Good

i Can be applied through irrigation

i Has good residual control

i Has residual soil activity
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i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

i Clean tillage in the spring will destroy most overwintering eggs on weed residues in the field.

Adjust plant/harvest dates

i Not effective for this insect

Pheromone traps 

i Not available for this insect.  Not a control measure.

7.  European corn borer [Ostrinia  nub ilalis  Hubner]  

• European Corn B orers (ECB) overwinter as  larva e that pupa te once  the soil warms su fficie ntly in
the spring. Moths emerge from these pupae in June, where the adults mate and females place
eggs on the underside of corn leaves and on other suitable plant species. The moths prefer the
tallest plants for oviposition, and when larvae hatch, they feed on leaf tissue. These larvae
mature and pupate, with a second emergence of moths, usually occurring in late July and
August.

• Second-generation ECB moths prefer late maturing corn for oviposition. The newly hatched
second generation larvae feed lightly on leaves, but soon bore into leaf midribs, stalks and ear
shanks. Ec onomic thresholds for seco nd generation corn borer are difficult to determine. 

• This pest is of significant importance to popcorn production.

• Comparing yield and q uality losses due to ins ect press ure, corn bore r potentially causes m ore
economic damage than corn rootworm. However, growers seldom treat infestations because the
spray window fo r each gen eration is short, the  cost of ch emicals high, and  multiple sprays are
needed.  The pest is also difficult to scout - especially second generation.

• Where  rescue  trea tments  are u tilized , the  prod uct  form ulat ion is  critic al for  effe ctive contro l.
When  rescue  trea tment tim ing is  acc urate, granu lar products  can  give  bet ter c ont rol than liquid
formulations.  For rescue treatment of 2 nd generation - liquid products provide better control than
granular formulations. 

• In the easte rn region of the Co rn Belt, Kentu cky tends to s ee more B t usage tow ards corn b orers
than other states, and most of that is directed at the southwestern corn borer (See section
below).

Treatments to Standing Crop

Organophosphates

Methyl Parathion (Penncap-M)

i Control =Excellent

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field improves contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transported to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Can cause mite flare ups

i Fields need to be posted for Worker Protection Standards

i CRW and other insect resistance

i REI= 48  hours

i PHI=12  days

Carbamates

Carbaryl (Sevin XLR)

i Con trol = Fair

i Inexpensive

i XLR formulation is long lasting

i Low toxicity to humans

i May flare mites and aphids
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i Treated fields need to be posted for Worker Protection Standards

i REI= 12  hours

i PHI=48  days

Carbofuran (Furadan)

i Control=Good to Excellent

i May cause mite flare ups

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Esfenvalerate (Asana)

i Con trol= Fair  and  var iable

i Effective on most lepidopterous insects except ECB

i Can be applied through irrigation

i Some systemic ac tivity

i May cause mite flare ups

i REI=1 2 hours

i PHI= 21  days

Permethrin (Pounce/Ambush)

i Con trol= Fair

i Can be tank mixed with many herbicides

i Has granular formulation

i Can be applied through irrigation

i Can cause mite flare ups

i Liquid formulation needs fields posted for Worker Protection Standards

i REI=1 2 hours

i PHI=30  days

Lambda -cyhalothrin (Wa rrior)

i Control=Good to excellent

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Good to excellent

i Can be applied through irrigation

i Has long residual control

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Synthetic-Organics

Spinosad  (Tracer)

i Early introduction, unknown benefits/risks

Non-chem ical controls

Tillage (primary or cultivation)

i No effect on this insect

Adjust plant/harvest dates

i Early harvest of crop may be poss ible where ECB is present to prese rve yields and quality
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i Cannot always delay planting as it may reduce yields or prevent planting altogether if late
rains keep fields wet.

Pheromone traps 

i Though not a control method, pheromone traps are used to indicate the presence or absence
of insects and their relative prevalence.  Pheromone traps are notoriously inconsistent and
are o ften  not re liable ind icato rs of  potential pest s everity.

Pipeline Pest Management Tools:

i Nicotinoids - still in research phase

8.  Southwestern Corn Borer (Diatrea gra ndiosella  Dyar)

• In the southern portion of the Corn Belt; parts of Illinois, Indiana, Kansas, Kentucky, and
Missouri, there is a complex of ECB and SouthWestern Corn Borer (SWCB).  In these areas,
economic losses attributed to SWCB  is more frequent.  In addition to the types of damage
caused by ECB, second generation SWCB larvae increases harvest losses through plant lodging
caused by girdling of the stalk 1 to 2 inches above the soil.  While the biology of SWCB  is similar
to that of EC B, peak m oth flights occu r after those of  ECB, c ausing exten ded periods o f corn
borer larval activity.  Weather-related planting delays can cause serious exposure to harvest
losses by late-season SWCB.

For treatments see European Corn Borer above.

9.  Corn rootworm (western and northern) [Diabrotica sp.] 

• The northern & western corn rootworm  can infest from 40 to 50% of the popcorn grown in the
region.  The insect destroys the root system of the plant with up to 80% yield loss in some
situations if left untreated.

• Adults lay eggs  in late summer an d early fall that hatch in early June of th e following year. Corn
RootWorm (CRW) larvae feed on a narrow range of host species. In general, a corn-soybean
rotation disrupts their life cycle and constitutes the most effective management tool available for
farmers. 

• Some populations of northern CRW have shown a life cycle adaptation called extended
diapause. Extended diapause occurs when some of the eggs rest through the next summer and
hatch the second spring after being laid. With extended diapause, control by a popcorn-soybean
rotation can fail.  This is currently occurring in parts of Minnesota, Iowa, South Dakota, Illinois,
(and to a lesser extent) Michigan and Ohio, and has resulted in a change in the dynamics of
insecticide use in those areas.

• Recently, populations of western CRW  have lost a preference to lay eggs in corn, and prefe r to
lay eggs in other non -corn crop fields, s uch as s oybean. This p henome non occ urs in northern
(nea r the  Wisco nsin  bord er) and east -centra l Illinois , northe rn Indiana, northwes tern  Ohio , and in
southern M ichigan. W ith the western  corn rootwo rm, soil-applied insecticide trea tments are
generally a standard practice in corn acreage following corn and non-corn crops that target the
larvae.  

• This pest is of significant importance to corn production.

• Because  the chemicals have a finite ‘effective’ life in the soil, early planting tends to make
chemicals less effective.

• Rootworm transgen ic hybrids may become available in the near future, but are targeted to
control only rootworms.  As a result, they may not reduce the overall perceived risk of insect
complexes and associated pesticide use.

• In the eastern portion of the Corn Belt, rootworm insecticides are applied in furrow or in bands.
Allowing part of the field to remain untreated has relieved the resistance problems.

Larval S tage So il treatments

Organ opho sphate

Terbufos (Counter) At planting application

i Control=Good

i Long life

i Cost effective

i Som ewh at systemic

i Reduced worker exposure with Lock N Load

i Possible reduced rate use for insect control
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i Und er cool,  mois t condit ions  and  high  pH m ay bre ak down  quickly

i Use restrictions with some herbicides

i Unpleasant to work with

i Concern of possible contamination of water supplies

i REI= 48 hours or up to 72 hours in areas where average rainfall is less than 25 inches per
year

i Dry conditions tend to reduce control

 i More toxic (e nvironm ental and human ) than other c ont rols

Chlorethoxyfos (Fortress)

i Control = Good

i 5G formulation a pplied with Smartb ox reduces  worker expos ure

i Smartbox pulsation causes erratic application of product

i Consistency of performance of rootworm is low

i REI=4 8 hours

Organop hosphate +  Pyrethroid

Tebupirimphos+cyfluthrin (Aztec)

i Control=Good to Excellent

i Good formulation

i Good longevity

i Smart B ox reduces  worker expos ure

i Possible reduced rate usage

i REI=0  hours

Carbamates

Carbofuran (Furadan)

i Con trol=  Fair

i Inconsistent performance

i Liqu id formula tion only

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Tefluthrin (Force 3G)

i Control = Good to Excellent

i Mode of action permits use for resistance management

i REI = 0 h ours

i Reliable perfo rmance  in tria ls and field

i Less toxic than some alternatives

i Possible reduced rate use for insect control

i Skin sensitivity

Bifenthrin (Capture)

i Control= Fair to Good

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

Pipeline Pest Management Tools:

i Nicotinoids - still in research phase

Adjusting Planting/Harvesting dates

i Not effective for this insect.

Treatments for adult beetles
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In the eastern Corn Be lt, when thresholds for adults are reached; growe rs are encouraged to
rotate crops in areas not impacted by the WCR that lays eggs in non-corn crop fields.   Treatment for
adult beetles primarily occurs in the western Corn Belt to prevent economic egg laying.

Organophosphates

Methyl Parathion (Penncap-M)

i Control=Excellent

i Long life

i Encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field to guarantee contact with most pes ts

i Many commercial applicators will not apply (Too toxic)

i Can cause mite flare ups

i Fields need to be posted for Worker Protection Standards

i Extremely toxic to honey bees, encapsulation allows for compound to be transported to bee
hives

i CRW  and  other ins ect  res istance  in weste rn Co rn Belt

i REI= 48  hours

i PHI=12  days

Carbamates

Carbaryl (Sevin XLR)

i Control=Excellent

i Inexpensive

i XLRR formulation is long lasting

i Low toxicity to humans

i May flare mites and aphids

i Treated fields need to be posted for Worker Protection Standards

i Adu lt res istance  docume nted in western C orn B elt

i REI= 12  hours

i PHI= 48  days

Carbofuran (Furadan)

i Control= Good

i May cause mite flare ups

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Esfenvalerate (Asana)

i Control=Good

i Effective on most lepidopterous insects except ECB

i Can be applied through irrigation

i Some systemic ac tivity

i May cause flare up of mites

i REI= 12  hours

i PHI= 21  days

Permethrin (Pounce/Ambush) (Over the top)

i Control=Good 

i Can be applied through irrigation

i Can cause mite flare ups

i Liquid formulation needs fields posted for Worker Protection Standards

i REI=1 2 hours

i PHI=30  days

Zeta-cypermethrin (Mustang)
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i Characteristics little known at time of writing 

Lambda -cyhalothrin (Wa rrior)

i Control=Good

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Good to Excellent

i Can be applied through irrigation

i Has good residual control

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Other non-chemical pest control measures

Tillage

i Not effective for Adult stage of this insect

Adjusting Planting/Harvesting dates

i Not effective for this insect

10.  Corn leaf aphids [Rho pha los iphum m aidis  Fitch] 

• Corn leaf aphids are colonial sucking insects that can rapidly increase population numbers to
cover the emerging tassels and youngest leaves of stage R1 popcorn plants. Although corn leaf
aphid populations approaching 400 individuals per plant are necess ary to warrant treatment,
such po pulations do oc casionally occur un der favorab le (dry) weather cond itions. The primary
damage from large populations is physiological, but secretion of honeydew can c ause tassels to
gum up and can reduce the effective dissemination of pollen. Scouting is most critical under
drought conditions.

• Except under very dry conditions, this pest is of minor importance to popcorn production in most
areas. 

• Selection of insecticides may be driven by the availability of products.

• Treatment should occur soon after need is determined.

Treatments to standing crop.

Organ opho sphate

Methyl Parathion (Penncap-M)

i Control=Good

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transported to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Can cause mite flare ups

i Fields need to be posted for Worker Protection Standards

i CRW and other insect resistance

i REI= 48  hours

i PHI= 12  days

Dimethoate (Cygon)

i Control=Good
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i Inexpensive

i Somewhat systemic in plant (allows control of sucking insects)

i Not readily available in Midwest

i Short residual

i Nau sea ting sme ll

i REI= 48  hours

i PHI= 14  days

Carbamates

Carbofuran (Furadan)

i Control=Good 

i May cause mite flare ups

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Esfenvalerate (Asana)

i Control=Good

i Effective on most lepidopterous insects except for ECB

i Can be applied through irrigation

i Some systemic ac tivity

i May cause mite flare ups

i REI= 12  hours

i PHI= 21  days

Permethrin (Pounce/Ambush)

i Control=Good

i Can be tank mixed with many herbicides

i Has granular formulation

i Can be applied through irrigation

i Can flare mites

i Liquid formulation needs fields posted for Worker Protection Standards

i REI= 12 hours

i PHI= 30days

Lambda -cyhalothrin (Wa rrior)

i Control=Fair to Good

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Good

i Can be applied through irrigation

i Has long residual control

i Has residual soil activity

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

i Not effective for this insect.
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Adjust plant/harvest dates

i Not effective for this insect.

Pheromone traps 

i Do not exist for this insect. (Not a control measure)

11. Western  bean cutw orm  (Richia albicosta Smith). 

i This insect has been a pest of corn in Nebraska, Kansas, and Colorado and recently has moved
into Iowa.  

i This insect causes severe kernel and ear damage.  The resultant damage allows molds and
mycotoxin development.  

i This pest frequently occurs  on about ha lf of all popcorn planted o n sandy soils in the w estern
region (averages about 15% acres infested overall in the west).  Although worse on sandy soils,
it also infe sts  popcorn gro wn on other s oils as we ll.

Treatments to standing crop.

Organ opho sphate

Methyl Parathion (Penncap-M)

i Control=Good

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transported to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Can cause mite flare ups

i Fields need to be posted for Worker Protection Standards

i CRW and other insect resistance

i REI= 48  hours

i PHI= 12  days

Carbamates

Carbofuran (Furadan)

i Control=Good

i May cause mite flare ups

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Esfenvalerate (Asana)

i Control=Good

i Effective on most lepidopterous insects except ECB

i Can be applied through irrigation

i Some systemic ac tivity

i May cause mite flare ups

i REI=1 2 hours

i PHI=21days

Permethrin (Pounce/Ambush)

i Control=Good

i Effective on lepidopterous insects

i Can be tank mixed with many herbicides

i Can be applied through irrigation

i Can cause mite flare ups

i Liquid formulation needs fields posted for Worker Protection Standards
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i REI=1 2 hours

i PHI=30  days

Zeta-cypermethrin (Mustang)

i Characteristics little known at time of writing

Lambda -cyhalothrin (Wa rrior)

i Control=Excellent

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Excellent

i Can be applied through irrigation

i Has long residual control

i May kill benef icials

i Not yet known whether performance is consistent

i REI= 24  hours

i PHI= 30  days

Non-chem ical controls

Tillage (primary or cultivation)

i Not effective for this insect

Adjust Pl ant/harve st date

i Not effective for this insect

Pheromone traps 

i Not available for this insect (Not a control measure)

12. Corn ear w orm  (Heliothis zea Boddie)

• Two and sometimes three generations of corn ear worm are possible in the Midwest.  The
first generation larvae may burrow their way through the whorl leaving tell-tale holes in the
leav es as they em erge  from  the who rl.

• Second generation corn ear worms emerge from eggs laid on or near the ear silk and
migrate down into the ear where they burrow through kernels.  The damage caused by CEW
may increase the susceptibility of corn ears to the development of fungal diseases and
toxins.  Holes bored through the husk of ears reflect the exit of more mature larvae.

Treatments to standing crop.

Organ opho sphate

Methyl Parathion (Penncap-M)

i Control=Good

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transport to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Can cause mite flares

i Fields need to be posted for Worker Protection Standards

i CRW and other insect resistance

i REI= 48  hours

i PHI= 12  days

Carbamates

Carbofuran (Furadan)
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i Control=Good

i May cause mite flare ups

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Pyrethroids

Esfenvalerate (Asana)

i Control=Good

i Effective on most lepidopterous insects except for ECB

i Can be applied through irrigation

i Some systemic ac tivity

i May cause mite flare ups

i REI= 12  hours

i PHI= 21  days

Permethrin (Pounce/Ambush)

i Control=Good

i Effective on lepidopterous insects

i Can be tank mixed with many herbicides

i Can be applied through irrigation

i Can flare mites

i Liquid formulation needs fields posted for Worker Protection Standards

i REI= 12  hours

i PHI= 30  days

Lambda -cyhalothrin (Wa rrior)

i Control=Excellent

i Better efficacy and broader spectrum of control than most alternatives

i Can be applied through irrigation

i Has residual control

i May kill benef icials

i REI=24 hours 

i PHI=2 4 hours

Bifenthrin (Capture)

i Control=Excellent

i Can be applied through irrigation

i Has long residual control

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

i Not effective for this insect

Adjust Pl ant/harve st date

i Not effective for this insect

Pheromone traps 

i Though not a control method, pheromone traps are used to indicate the presence or absence
of th is ins ect  and its re lative pre vale nce .  The quality o f pherom one  traps are no toriously
inconsis tent  and a re oft en no t reliab le indicators  of po tent ial pes t sev erity.

13. Grassho pper (predominantly 3 species: differential [Melanoplus  diffe rent ialis  Thomas], two-striped
[Melanoplus bivittatus Say], red-legged [Melanoplus femurrubrum DeGeer]) 
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• Grasshoppers are common mid- to late-summer pests of popcorn. These insects hatch in grassy
field edges and other grassy areas wh ere they will feed, and then gradually spread into
production fields. The presence of grasshoppers in border areas is not necessarily a cause of
alarm. Greatest yield losses are caused by the loss of leaf area during tassel and silking stages.
A 20 % loss o f leaf  area  durin g th is time will re sult  in about  7% loss  in yield . Howev er, s cou ting is
pertinent, because it is important to only treat when the population reaches economic thresholds.
Adult grasshoppers are better controlled with some of the pyrethroid and carbamate insecticides.

• Cultural practice of de layed mowing of ditch  banks, etc ., will assist in keeping the gras shoppe rs
out of production fields.

• Treating grassy or weedy borders, when grasshoppers are juveniles, will usually prevent the
infesta tion of the whole fie ld

• Grasshoppers are considered of low importance to popcorn production.

Treatments to standing crop.

Organ opho sphate

Methyl Parathion (Penncap-M)

i Control=Good

i Long life

i Has encapsulated formulation

i Can be applied through irrigation

i Sufficient mobility in field may provide contact with most foliar insects

i Extremely toxic to honey bees, encapsulation allows for compound to be transported to bee
hives

i Many commercial applicators will not apply (Too toxic)

i Can cause mite flares

i Fields need to be posted for Worker Protection Standards

i CRW and other insect resistance

i REI= 48  hours

i PHI= 12  days

Dimethoate (Cygon)

i Control=Good

i Inexpensive

i Somewhat systemic in plant (allows some control of sucking insects)

i Not readily available in Midwest

i Short residual

i Nau sea ting sme ll

i REI= 48  hours

i PHI=14  days

Carbamates

Carbofuran (Furadan)

i Good on  grasshoppers

i May cause mite flare ups

i Inconsistent performance

i Limited formulations

i Fields need to be posted for Worker Protection Standards

i Quite toxic -worke r exposure c oncern

i PHI= 30  days

i REI= 14  days

Non-chem ical controls

Tillage (primary or cultivation)

i Not effective for this insect

Adjust Plant/harvest date.

i Not effective for this insect

Sanitation

i Trimming weeds and grasses around field borders during dry weather may encourage
grasshoppers to move into the popcorn field 
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Pheromone traps 

i Not available for this insect. (Not a control measure)

14. Spider mites [Tetranychus urticae (Koch)]  (Two-spotted, Banks Grass)

• Spider mites are  not normally a serious p est of popc orn. They are c ontrolled during mos t years
by a naturally occurring disease. However, when there are prolonged periods of low humidity, the
fungus is suppressed, allowing the spider mite population to proliferate. If adverse weather
conditions continue, multiple treatments may be needed. 

• In the eastern Corn Be lt region mites are considered a minor pest of popcorn. 

Treatments to standing crop.

Organ opho sphate

Propargite (Comite)

i Control=Good (Better on two-spotted spider mite)

i Must be applied before mites become a problem

Dimethoate (Cygon)

i Control=Good (better on Banks grass spider mite)

i Inexpensive

i Somewhat systemic in plant (allows some control of sucking insects)

i Not readily available in Midwest

i Short residual

i Nau sea ting sme ll

i REI= 48  hours

i PHI=14  days

Pyrethroids

Bifenthrin (Capture)

i Control=Good to excellent

i Can be applied through irrigation

i Has long residual control

i May kill benef icials

i Not yet known whether performance is consistent

i REI=2 4 hours

i PHI=30  days

Non-chem ical controls

Tillage (primary or cultivation)

i No effect on this insect

Adjust plant/harvest dates

i Planting early may help evade worst of infestation

i Cannot always plant early as it may result in reduced yields

Pheromone traps 

i Not a control measure.

Storage pests:
The re are two basic s torage issue s.  F irst,  sinc e the popping ab ility of popc orn is  clos ely tied to  a specif ic
moisture content, post ha rvest storage of the grain is essen tial for adjusting moisture content prior to
packaging a nd sale.  As  a result, popcorn storage  is not conside red optional.  Sec ond, beca use popc orn
is for human consumption and has a higher value than field corn, it typically requires greater protection
from stored insect pests , molds, and rodents, thus the  ability to fumigate the storage bins is essen tial.  

International shipping of popcorn offers challenges. An infestation that gets containerized and “heated
up” in transit may find live infestations upon arrival. The process of solving this problem on the other side
of the globe can be frustrating. 

Major storage pests for pop corn: 

1.  Flour Beetles, “Red” Tribolium castaneum (Herbst) and “Confused” Tribolium confusum
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These beetles are s imilar to the saw-toothed grain beetle in habits and types of products
infested. It is a se rious pest in flour mills and wh erever cere al products a nd other dried foo ds are
processed or stored. These flour beetles may impart a bad odor that affects the taste of infested
products.

2.  Weevils “ R ice”, Sitophilus oryzae (Linnaeus). “Granary”, Sitophilus granarius (Linnaeus)

These weevils are similar in both appearance and habits. The name “Rice” is misleading,
howeve r, becaus e it infests other gra ins besides rice. A dult rice weevils can  fly and, in warm
climates, can cause w idespread damage to c orn, wheat, and other grains before ha rvest.
Although field infestations do not occur throughout the Midwest, post-harvest infestations do.
Such infes tations originate from s hipped-in grain or from alread y infested storag e. Adult Gran ary
weevils cannot fly.

3.  Indian meal m oth, Plodia inte rpunctella (Hübner). 

Com mon  to bo th s tored gra in and ce real p rodu cts , Ind ian meal moth  larva e cause  damage  in
corn meal, packaged foods, bagged grain, and grain in storage. Attack is confined to surface
layers of stored shelled corn and small grains. Larval feeding is characterized by a webbing of
the material infested. The mature larvae then often leave the material and crawl about in search
of a place to pupate.

Empty  bin treatm ents

Pyrethroids

Cyfluthrin (Tempo SC)

i Good residual control

i Easy to use

i Expensive

i Skin sensitivity

Organophosphates

Malathion

i Inexpensive

i Poor efficacy on most insects for which it is applied

Stored  Grain Treatments

Organophosphates

Pirimiphos-methyl (Actellic)

i Control=Fair to Good for stored grain insects

i Very open-ended label (has flexibility in applications)

i Good crop/food s afety

i Smells bad

i Expensive

i The  use  of water to apply this p rodu ct correctly is  som etime de trime nta l in tha t it ma y result
in secondary infections of fungus

i Can not  reap ply

i Not acceptable in all countries

i Skin sensitivity

i Worker exposure concerns

Fumig ants

Phosphine (Al, Mg)

i Control=Good

i Cost effective

i About 90 % of pop corn fumigate d today is with phos phine (pre-pac kaged or pe llets/tablets).

i Alternative to methyl bromide

i Can be used for import/export purposes

i Very detailed application documentation (difficult to make sense of)

i Low flash point

i Reacts with water

i Corros ive to so ft me tals
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i Requires air-tight structures

i Requires specific training

i Concern  about worke r exposure

i Requires extended period of fumigation for good efficacy

i Has residual dust and concern over disposal of packaging

Methyl bromide

i Control=Good to excellent

i Has shorter required fumigation period 

i Used for import/export purposes

i About 10% is still fumigated with methyl bromide prior to packaging

i Has residual control of pests

i Reduces germination of seeds

i Concern about worker exposure (colorless, odorless)

i Registration loss by end of 2004

Sulfuryl floride

i Control=Good

i Other characteristics=unknown

Other Pest Management Aids

Controlled atmos phere (hot/c old air)

i Control=Good

i Can be very effective

i Very safe

i Useable in organic production

i Need expensive capitalized equipment

BT (Dipel, etc)

i Control =Good for Indian meal moth, not effective for beetles.

i Safe to humans

i Doe s no t kill benef icials

i Can be used in organic production schemes

i Easy to apply in storage bins though can cause moisture migration

i Suspected  BT resistance in som e insects

i Breaks  down in environm ent  too quickly

i Timing is very critical

i Shelf life may be short if storage conditions are not ideal

i Moisture needed for activation of granules

Diatomaceous E arth

i Control=Fair to Good

i Can be used for organic production

i Rela tive ly non -tox ic

i Creates residues on grain that are hard to remove

i Deactivated by humidity

i Hard to get uniform application

i Abrasive to transfer equipment

i Decreases air flow and product flow

i Respiratory haza rd

i Dries skin and eyes

Pipelin e Prod ucts

Spinosad (Tracer)

This is a relatively new product and very little is known of its strengths and weaknesses.

i Level of control=Unknown 

Ecofume  (2% phosphine and 98% carbon dioxide)
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i A ne w pro duc t reg iste red la st year by t he E PA.  It is  a me thyl b romide a lternative and a d rop- in
replacement for the popcorn industry. This product should be evaluated for use on stored
popcorn.

Pest Resistance: 

i There is no known phosphine resistance at this time in North America. Malathion resistance by
indian meal moth and red flour beetle is fixed in many regions of the US.  Resistance can be
overcome with phosphine by raising the dosage rate and doing a better job of sealing structures.
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Table 9.  C rop Lo ss and th e Percen t of Area Infeste d by Insects (Data provided  by popcorn
agronomists, 2001.)

Common Name Scientific Name
% Acres

Infested at
any level

yrs out
of 10
pest

treated

% Loss on
infested

area with
current

treatments

Avg
loss %

Black Cutw orm Agrotis ipsilon 2.00% 2 3 0.01%

Corn Earw orm Helicoverpa zea 1.00% 1 1 0.00%

We stern bean  cutworm Richia albicosta 15.00%* 5 0.00%

Corn Rootworm,
Northern&  Wes tern

Diabrotica barbe ri
Diabrotica virgifera
virgifera

40.00% 10 6 2.40%

Grubs (White &
Japanese) Phyllophaga spp 20.00% 10 5 1.00%

European Corn Borer Ostrinia  nub ilalis 40.00% 6 18 4.32%

Japanese beetles Popillia japonica 35.00% 1 2 0.07%

Other:  Aphids,
armyworms, wireworms,
stalk borers

2.00% 1 2 0.00%

Banks mite
Oligonychus
pratens is 

1.00% 1 0.00%

Two-spotted mite       
Tetranychus
urticae 

4.00% 1 0.00%

Southwestern corn borer
Diatraea
grandios ella

3.00% 1 0.00%

Stored  Grain Inse cts
% bins
infested

0.00%

Indian Meal moth Plodia inte rpunctella 100.00% 10 1 1.00%

Red  Flou r bee tle Tribolium
castaneum 

100.00% 10 1 1.00%

Con fused F lour b eet le Tribolium
confusum

100.00% 10 1 1.00%

All insects 10.81%

* Pest is p roblem in we stern States  of Region o nly.
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Diseases:
Dise ase s are pre sen t to s ome  exte nt every year  and  are resp ons ible fo r reduct ions  in bo th grain

and  seed quality.  Loss es f rom disease s va ry from yea r to year an d their oc cur renc e is s trongly
influenced by weather conditions. While some diseases occur commonly they may not cause much
damage, yet others have  the potential to be very serious.  

Methods of c ontrolling plant diseases in popco rn characteristically fall into three categories. 
First, plant breeding efforts are the primary focus of improving plant resistance and tolerance to the
chronic effec ts of plant diseas e whereve r possible. Sec ond, tillage and crop  managem ent options a re
utilized to minimize the impact of the disease.  Third, the use of fungicides, both as seed treatments and
as foliar applications, are used where necessary to prevent crop losses where breeding and cultural
managemen t techniques fall short.  

Historically, plant breeding and crop management techniques have minimized the impact of
many existing diseases.  It is possible, however, that a new disease, new viral race, or a new biotype of
an exist ing d isea se w ill negate  muc h of  the impact o f plan t breeding and crop managem ent .  It is  for this
reas on that  new  fungicides and d isea se m anagem ent  techniques  con tinue to  be deve loped and availab le
for use. 

Although there are a number of tillage and management practices listed below that may reduce
the severity of a pest on popcorn, it should be remembered that these also may have impacts on
production.  Late planting, while minimizing some disease s, usually makes insect control more of a
challenge for popcorn growers.  On the other hand, early harvest, while reducing the frequency of some
stalk and ear diseases, may lower grain quality much more than would a similar practice for field corn. 
For example, harvesting popcorn at a moisture level of greater than 18% severely reduces kernel
popability. The utility of each practice must be weighed aga inst possible disadvantage.  

Not all diseases are economical to treat.  The use or non-use of a fungicide is highly dependent
on the economics of corn production, the perceived losses caused by the disease, and the cost of the
treatment. Many foliar diseases, once ev ident in the field, are difficult or impossible to treat effectively. 
As a result, popcorn is se ldom treated w ith foliar sprays.  Seed d ecay and se edling blights, howev er, are
almost always treated with fungicidal seed treatments.  Seed treatments are highly effective against
these diseases a nd are very economical to use.  

While it is generally accepted that the focus on high yields in breeding programs has resulted in
popcorn plants with greater overall disease tolerance, grower observations suggest that some of the
newest hybrids may have greater susceptibility to plant diseases. It’s important to note that yield is not
the most imp ortant trait in popcorn  improvemen t. Though  yield is important, popping exp ansion traits are
more critical to processors.   It is unclear at this time how plant populations, crop rotations, and other
management practices may be contributory factors to quality traits.  However, if these observations prove
to be true, there may be a greater need for foliar fungicide treatments in the foreseeable future.  

Though a number of fungicidal products and classes are available for plant diseases in popcorn,
it is deemed essential that this wide selection of products continue to be  available to producers to
provide the tools necessary for resistance management programs. As new diseases become evident and
as existing diseases adapt to current cultural and chemical controls, it is important to have on hand
effective and economical treatments.  Though most diseases are sporadic in their occurrence and level
of importance, without  effective fungicides they can cause devastating losses for individual producers.

Throughout the discussion below comments are made regarding the relative susceptibility of
sweet corn, field corn, or other corn types to popcorn diseases. This information is provided because
these corn types are prevalent throughout the Corn Belt and they may be a source of inoculum for
popcorn diseases.  Though popcorn grown for seed is not covered specifically in this document, inbred
seed corn lines also vary in susceptibility to the plant diseases listed below.  Due to its higher value we
can assum e that more seed pop corn is treated for diseases than is stand ard popcorn. 

Within the discussion of plant diseases below can be found a number of references to increased
disease severity where the soils are cool, damp, and covered with residue.  Almost without exception,
fields that are poorly drained, planted early in the season, or managed with reduced till, have a higher
incidence of plant diseases. Though each of these factors can be controlled by the grower in some
degree, it is the latter factor, reduced tillage, that presents a dilemma for many growers as they try to
reduce erosion and raise a healthy crop.  For these growers, having effective fungicides for disease
con trol rem ains  a very high  priority.

For discussion purposes, plant diseases are grouped below into broad categories.  These
categories include: Seed Decay and Seedling Blights, Root Rots, Foliar and above ground diseases, Ear
and Kernel Rots, and N ematodes.  
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Crop diseas es a re present every year  to some  degree,  howeve r, the sever ity va ries  grea tly
depending on weather and field factors such as tillage, drainage, and sources of inoculum.  The following
plant diseases are those most commonly found on popcorn in the North Central States.

1.  Seed Decay and Seedling Blight

• These diseases are generally caused by soil-inhabiting fungi such as Pythium, Fusarium,
Diplodia, Rhizoctonia, and Penicillium. These fu ngi also may be se edborne, e xcept for Pythium.
Seeds may be rotted before germination or the seed may germinate and the seedling infected
and blighted (damping-off). This can occur as either pre-emergence damping-off or
post-emergence  damping-off.

• Damping-off is favored by cool, wet soils, so it is more common in low-lying or poorly drained
areas or in fields planted too early in the spring. 

• Heavy residue on the soil surface can favor damping-off by suppressing soil temperature and
drying. 

• Other factors that delay germination and emergence such as herbicide damage, compaction,
crusting, or planting too deep, can result in more seedling blight.

• Con trolled  by seed tre atme nt on ly.

• Human exposure once the seed is in the ground is minimal and would only occur when loading
see d into  plan ter and chec king  plan ter boxes or  mov ing seed .  Seed come s alre ady t reated in
bag.

• Very little popcorn replanted due to seedling blight because of treated seed.

• Seed treatment lasts just long enough to get seed germinated.

Chemical controls:

Phenylpyroles

Fludioxonil (Maxim)

i Control=Excellent

i Seed applied

i Low dust

i Eas y to apply

i Gen erally reliab le

i REI= none

i PHI= none

Phenylthalimides

Captan (Captan)

i Control =Good

i Seed applied by company

i Olde r produc t- indust ry sta nda rd fo r years-re liable

i Is combined with Maxim and  other seed treatments

i REI=none

i PHI=none

i Dusty (worker exposure concern)

Phenylamides

Metalaxyl (Apron)

i Control =Excellent

i Seed applied

i Broad spec trum  and  generally reliab le

i More expensive than alternatives

i Espec ially good in  coo l, wet so ils

i REI=none

i PHI=none

Ethylenebisdithiocarbamates

i Concern over worker exposure to EBDCs

Mancozeb (Dithane, Mancozeb, etc) (also penncozeb)

i Control=Good

i Inexpensive

i Rea dily av ailab le
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i REI=2 4 hours

i PHI=77  days

i Timing critical

Pipeline pest management tools:

i None

Other pest management aids:

i None

Tillage and Field  Sanitatio n effects

i Not effective/available for this pest 

Adjust Plant/harvest dates

i Delaying p lant ing fo r warmer /dry s oils c an help w ith many s oil bo rne d isea ses , howev er, it  is
necessary to ‘outguess’ the weather as later plantings may encounter heavy rain as well and
may increase exposure to othe r insect and fungal pests

i For damping-off plant corn when the soil temperature is above 50/F and soil moisture is not
excessive

i Delaying p lant ing may res ult in in crease d gra in mo istu re content  at ha rvest, reducing  grain
quality

Crop ro tation effects

i Inexpensive but of marginal efficacy

i Not practical in many situations and can be expensive depending on government programs

Resistant Hybrids

i Not effective for this disease

2.  Root Ro ts

• Root rots of popcorn are very common, and can be caused by a number of fungal pathogens
including Pythium graminicola, Fusarium graminearum and other Fusarium species, and
Exserohilum pedicellatum. Losses  to root rots va ry substantially from year to year, and  are
difficult to estimate. Root rots occur to some extent in every field. But under wet conditions, root
rots cause eco nomic losses. 

• Wet soil conditions predispose plants to root rots because of oxygen deficiency, and the root rot
fungi thrive under these conditions. 

• Highly compacted or otherwise poorly drained soils are particularly prone to root rots. Many of
the stalk rot pathogens enter through  the roots and caus e a root rot in advance of the stalk rot.

• Root rots are  generally not econo mically significant under good  growing cond itions and are
considered of minor importance to popcorn production.

• Root rots are primarily controlled by resistant varieties.

Chemical controls:

i None available, however, the seed treatments used for seedling rots and seed decay have
some effect on root rots

Pipeline pest management tools:

i Non e availab le

Other pest management aids:

Tillage and Field  Sanitatio n effects

i Improved drainage reduces the risk of root rots when wet conditions occur. Soil drying can
be enhanced through a reduction in surface residue or cultivation, but the value of these
practices in reducing root rot has not been demonstrated.

Adjust Plant/harvest dates

i Delaying p lant ing fo r warmer /dry s oils c an help w ith many s oil bo rne d isea ses , howev er, it  is
necessary to ‘outguess’ the weather as later plantings may encounter heavy rain as well and
may increase exposure to other insect and fungal pests 

i Delaying p lant ing may res ult in in crease d gra in mo istu re content  at ha rvest, reducing  grain
quality

Crop ro tation effects

i Control for root rots is fair (at best)

i Inexpensive

i Not practical in many situations and can be expensive depending on government programs

Resistant Hybrids
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i Most hybrids are tolerant to some degree of root rot. Some hybrids are more resistant than
others, but high levels of root rot resistance are not available. 

Foliage and Aboveground Diseases

3.  Eyespot

• Eyespot is caused by the fungus Aureobasidium zeae, previously known as Kabatiella zeae. Th is
fungus overwinters in corn residue and in wet conditions produces conidia that are spread by
splashing water and wind. The disease is much more common when popcorn follows other corn.
Eyespot may appear early in the season on lower leaves and again near the end of the season
on upper leaves. 

• Eyespot is more prevalent in the northern part of the Corn B elt.

• Early maturing hybrids seem to be more susceptible.

• Field corn is seldom treated with foliar fungicides for this disease but popcorn can be treated on
occasion. 

Chemical controls:

Triazoles

Propiconazole (Tilt)

i Control=Good

i Easy to use

i Reliable

i REI=2 4 hours

i PHI=0 days

i Narrow application window

i Timing critical

i Expensive

i No post silking use

Azoxystrobin (Quadris)

i Control=Good

i Broad spectrum

i Longer resid ual th an p ropic onazole

i Easy to use

i REI= 4 h ours

i PHI= 7 days

i Maximum of 2 applications per season

i Expensive

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and Field  Sanitatio n effects

i Control=Good

i Expensive

i Soil erosion

Adjust Plant/harvest dates

i Not effective for this pest

Crop ro tation effects

i Control=Good

i Not practical in many situations and can be expensive depending on government programs

Resistant Hybrids

i Control=Good

4.  Common smut

• Common smut is caused by the fungus Ustilago zeae, previously known as Ust ilago  maydis ,
which overwinters in corn residue or soil. This fungus produces black teliospores that survive
well in soil. These teliospores  germinate during th e spring and s ummer, with ea ch teliospore
then pro duc ing fo ur smalle r spores , ca lled sporid ia. Thes e are  spread  by wind and wa ter.  All
above ground plant parts are susceptible, especially the actively growing meristematic tissue.
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Sporidia can infect through unwounded cells, but wounds caused by insects, detasseling,
cultivation, hail, or blowing soil are important infection sites as well. 

• Disease  is fav ored  by exc ess  nitrog en, exces s manure  or herbicide injury,  and relatively dry,
warm wea ther.

• This disease is of low importance to popcorn production.

• Smut is not a health issue to hum ans or livestock.

Chemical controls:

i None

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and Field  Sanitatio n effects

i Not effective for this disease

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Not effective for this disease

Resistant hybrids

i Control =Good

5.  Head Smut

• Aggravated by crop injury from hail, cultivators, etc.  Control can be affected by avoiding
mechan ical inju ry and  esta blishin g we ll-balan ced  soil fe rtility.

See Common Smut above for additional control information.

6.  Northern Corn Leaf Blight

• Northern leaf blight is caused by the fungus Exserohilum turcicum, previously called
Helminthosporium turcicum. The fungus overwinters as mycelium and spores in corn residue.
Spores are dispersed by wind and splashing water.  There are at least four races of the fungus.

• This has traditionally been the most consistently damaging leaf disease of field corn in the
northern Co rn Belt, but its sev erity has decreas ed due to impro vements  in resistance. It oc curs
throughout the eastern ha lf of the United States, as far west as  eastern Nebraska. 

• Disease developme nt is favored by extended periods of leaf wetness  (rain or dew) and moderate
temperatures (64-81/F).

• This disease is important to corn production but rarely treated.

Chemical controls:

Triazoles

Propiconazole (Tilt)

i Control=Good

i Easy to use

i Reliable

i REI= 24  hours

i PHI= 0 days

i Narrow application window

i Timing critical

i Expensive

i No post silking use

Azoxystrobin (Quadris)

i Control=Good to Excellent

i Broad spectrum

i Longer resid ual th an p ropic onazole

i Easy to use

i REI= 4 h ours

i PHI= 7 days
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i Expensive

Substituted Benzenes

Chlorothalonil (Bravo)

i Con trol= Fair

i Inexpensive

i Rea dily av ailab le

i Seldom has food residue above tolerance

i REI= 48  hours

i PHI= 14  days

i Marginal efficacy on most diseases

Pipeline pest management tools:

None

Other pest management aids:

Tillage and field sa nitation effe cts

i Control=Good

i Less chemical dependency

i Expensive

i Soil erosion

Adjust Plant/harvest dates

i Not effective for this disease

Resistant Hybrids

i Control=Good to Excellent

7.  Helminthosporium leaf spot

• Helminthosporium leaf spot or northern leaf spot is caused by the fungus Bipolaris ze icola,
previously known as Helminthosporium carbonum. There are five known races o f this fungus with
diffe rent  virule nce  cha rac teris tics  and  symp toms. Race  0 is nearly  aviru lent  to corn,  and  race 1 is
virulent on only a few genotypes. Races 2 and  3 are the most comm on races in the Midwest.
Rac e 2 is  not  specific  for corn g eno types, while ra ce 3  is on ly a pro blem  on certa in susce ptib le
lines. A fifth race has been reported recently. 

• B. zeicola  overwinters as mycelium and spores in corn residue, and the spores are dispersed by
wind and splashing water. It is favored by high humidity and moderate temperatures.

• This disease rarely occurs in modern hybrids and is not treated with fungicides.

Chemical controls:

Triazoles

Propiconazole, (Tilt)

i Control=Good

i Easy to use

i Reliable

i REI=2 4 hours

i PHI=0 days

i Narrow application window

i Timing critical

i Expensive

i No post silking use

Azoxystrobin (Quadris)

i Control=Good to excellent

i Broad spectrum

i Longer resid ual th an p ropic onazole

i Easy to use

i REI= 4 h ours

i PHI= 7 days

i Expensive

Substituted Benzenes

chlorothalonil (Bravo)

i Con trol= Fair



67

i Inexpensive

i Rea dily av ailab le

i Seldom has food residue above tolerance

i REI= 48  hours

i PHI= 14  days

i Marginal efficacy on most diseases

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Control=Good

i Less chemical dependency

i Expensive

i Soil erosion

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Control=Good

i Inexpensive

i Not practical in many situations and can be expensive depending on government programs

8.  Anthracnose leaf blight

• Anthracnose leaf blight is caused by the fungus Colletot richum graminico la, the same fungus that
causes anthracnose stalk rot. It overwinters as mycelium or sclerotia in corn residue or seed.
Several weed spe cies are also hosts and m ay act as inoculum sources . 

• Spores are spread  primarily by splashing water. 

• Disease development is favored by wet weather with moderately warm temperatures.
Anthracnose  is much more comm on where corn follows corn. 

• Anthracnose is usually more severe in the eastern corn states, but its importance in the
Midwestern states is increasing.

• This disease occurred in outbreak proportions in 2000, but was not much of a problem in 2001.
Problems a re usually localized but can b e severe .

• There is a not iceable trend for gre ater occu rence in recen t years.

•  Anthracnose is not economical to treat for; normally too late to treat once symptoms are seen.

Chemical controls:

Triazoles

Propiconazole (Tilt)

i Control=Good

i Easy to use

i Reliable

i REI=2 4 hours

i PHI=0 days

i Narrow application window

i Timing critical

i Expensive

i No post silking use

Azoxystrobin (Quadris)

i Control=Good to excellent

i Broad spectrum

i Longer resid ual th an p ropic onazole

i Easy to use

i REI= 4 h ours

i PHI= 7 days

i Expensive

Substituted Benzenes

Chlorothalonil (Bravo)
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i Con trol=Fair

i Inexpensive

i Rea dily av ailab le

i Seldom has food residue above tolerance

i REI= 48 hours

i PHI= 14 days

i Marginal efficacy on most diseases

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Control=Good

i Less chemical dependency

i Expensive

i Soil erosion

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Control=Good

i Inexpensive

i Not practical in many situations and can be expensive depending on government programs

i Crop rotation or reducing surface residue through tillage reduces inoculum. In reduced
tillage systems, resistance and rotation are very important control measures.

Resistant Hybrids

i Resistant hybrids are available, but resistance to anthracnose leaf blight and anthracnose
stalk rot are not necessarily found in the same hybrid.

9.  Gray leaf spot

• Gray leaf spot is caused by the fungus Cercos pora  zeae -maydis . The fungus survives as
mycelium in corn residue, and spo res are dispers ed by wind and s plashing wate r.

• This disease is a problem in the eastern United States, and it has grown in importance in the
western Corn Belt as far west as central Nebraska. Gray leaf spot is much more common in the
southern half of the North Central Region. It is particularly severe when corn follows corn. In
Michigan it is found predominantly where irrigation is used.

• Sporulation and disease d evelopment are favore d by warm, hum id weather.

• This is a widespread and economically significant problem in corn production.

• Some varieties have tolerance . 

Chemical controls:

Triazoles

Propiconazole (Tilt)

i Control=Good

i Easy to use

i Reliable

i REI=2 4 hours

i PHI=0 days

i Narrow appl window

i Timing critical

i Expensive

i No post silking use

Azoxystrobin (Quadris)

i Control=Good

i Broad spectrum

i Longer resid ual th an p ropic onazole

i Easy to use

i REI= 4 h ours

i PHI= 7 days
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i Expensive

Substituted Benzenes

Chlorothalonil, (Bravo)

i Con trol= Fair

i Inexpensive

i Rea dily av ailab le

i Seldom has food residue above tolerance

i REI= 48  hours

i PHI= 14  days

i Marginal efficacy on most diseases

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Control=Good

i Less chemical dependency

i Expensive

i Soil erosion

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Control=Good

i Inexpensive

i Not practical in many situations and can be expensive depending on government programs

i Crop rotation or reducing surface residue through tillage reduces inoculum. In reduced
tillage systems, resistance and rotation are very important control measures

Resistant Hybrids

i Some hybrids are more tolerant to gray leaf spot, but control is variable and may not be
adequate

10. Stewart's Disease

• This disease, also called Stewart's wilt or bacterial wilt, is caused by the bacterium Erw inia
stewartii, which overwinters in the gut of the corn flea beetle (Cha etocne ma pulic aria ). The
occurrence of this disease is strongly linked to the winter survival rate of the corn flea beetle,
because the beetle introduces the pathogen into the corn plants as it feeds and carries the
bacterium from  plant to plant. The  beetles surv ive in high numbers  following a mild winter,
resulting in high disease  levels. If the sum  of the mean  monthly tempera tures for Dec ember,
January and February is 90/F or  more, th e beetles will s urv ive and the threa t of S tewart's  wilt is
high. The disease can be spread by insects other than the flea beetle, but they are not as
important. Stewart's disease is also seedborne, but seed transmission is very rare.

• This disease is more comm on in the southern and eas tern parts of the Corn Belt. 

• Dent corn  is not very susc eptible except fo r a few inbreds, b ut sweet c orn can be  very
susceptible. 

• This diseas e is of increasing impo rtance in recen t years.  Perhap s becau se more flea be etles are
able to overwinter due to mild temperatures and a greater number of winter annual weeds.

• Monitoring for flea beetles is important.

• Winter annual weed control greatly reduces concerns with beetles.

• This disease is considered of low to moderate importance to popcorn production but economical
loss es a re po ssib le if seve re (insec t) pro blem  not  trea ted.  Th is dis eas e has a lower  econom ic
threshold than other diseas es. There fore, scou ting for flea beetle after co rn emergen ce is very
important.

• Stewart’s wilt can be managed to a great degree with hybrid selection.

• Agg ravated by d ry weather an d tempe ratu res  above 30F average  for Dec. , Jan., a nd Feb.  (Th is
is when beetles, which vecto r the disease, migrate). 

Chemical Controls:

i  Control of disease consists of controlling flea beetles; no cost effective treatments for
disease
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Pipeline pest management tools:

i Cruiser Insecticide  This is a systemic insecticide that may significantly help reduce problems
with leaf aphids and flea beetles, thus reducing the incidence of Stewart’s wilt.  It will be
seed app lied, and therefo re convenient  to us e and  apply.

Other pest management aids:

Resistant varieties

i Principal method of control

i Most hybrids are resistant enough  that no further manageme nt is required. 

Tillage and field sa nitation effe cts

i Control= Poor

i Less chemical dependency

i Expensive

i Soil erosion

i Most cultural pract ices  do not inf luence S tewart's  disease  becaus e the pa thogen  survive s in
the flea beetle. Weed control may have some effect because the insects prefer grassy
weeds and da mage to popco rn is highest in weedy fields. 

Adjust Plant/harvest dates

i Not effective for this disease/insect

Crop ro tation effects

i Not effective for this disease/insect

Pipeline pest management tools:

i None

11. Stalk R ots

• Stalk rots are a c onsistent pro blem in corn produ ction, caus ing yield losses through  premature
plant death and/or lodging. When plants die prematurely, the result is poor yields and low test
weight grain.  If a p lant  with  sev ere s talk rot surv ives  to maturity, yie ld may not  be g reat ly
affected. H owever, rotte d stalks will easily lodge, making harv est imposs ible. Stalk rots are
caused by several different fungi that infect plants through the roots or through wounds in the
stalk.  The major stalk rot pathogens are Gibberella zeae, Fusarium species, and Colletotrichum
graminicola (anthracnose), and mo st recently, Diplodia maydis. 

• The  occ urrence  of s talk rots  is st rong ly affe cted by s tres ses  on th e co rn pla nt during  the grain
filling stage of development. Any conditions that reduce photosynthesis and the production of
sugars can predispose the plant to severe stalk rot. Such stresses include high plant
populations, severe leaf diseases o r hail damage, drought or soil saturation, lack of sunlight,
extended cool weather, low potassium in relation to nitrogen, and insect damage. Insects such
as the European corn borer cause stress to the plant as well as providing wounds for entrance of
the stalk rot fungi. Many stalk rot infections can be traced back to stalk boring insect wounds.
Early maturing hybrids sometimes suffer more stalk rot damage than full-season hybrids.

• Sta lk rots are a spora dic and seas ona l prob lem and a re cons idere d of  mino r importance  in
popcorn production.

Chemical controls:

i None

Pipeline pest management tools:

i None

Other pest management aids:

i Severe stalk rot can be avoided by reducing the stresses that predispose plants. This means
balanced fertilization, appropriate plant population and adapted hybrids, insect and weed
control, avoidan ce of root an d stalk injury, good drainage , proper irrigation (where
applicable), and using hybrids that are resistant to foliar diseases. 

Tillage and field sa nitation effe cts

i Very little effect on disease

i Less chemical dependency

i Expensive

i Soil erosion

Adjust Plant/harvest dates
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i Control=Fair (At best)

i Delaying p lant ing fo r warmer /dry s oils c an help w ith many s oil bo rne d isea ses , howev er, it  is
necessary to ‘outguess’ the weather as later plantings may encounter heavy rain as well and
may increase exposure to other insect and fungal pests 

i Delaying p lant ing may res ult in in crease d gra in mo istu re content  at ha rvest, reducing  grain
quality

i In general, losses to stalk rots can be reduced by scouting fields 40 to 60 days after
pollination and looking for symptoms or pinching stalks. If more than 10 to 15 percent of
stalks are rotted, the field should be scheduled for the earliest possible harvest. 

Crop ro tation effects

i Control=Fair (at best)

i Inexpensive

i Not practical in many situations and can be expensive depending on government programs

Resistant Hybrids

i Res istance  is av ailab le for  som e stalk ro ts, a nd some  hybrid s are to leran t of s talk rots  (will
not lodge even if rotted)

12. Ear an d Kerne l Rots

12a. Fus arium Ro ts

Fusarium ear and kernel rot is the most common ear disease in the Midwest. It is caused by
several fungi in the genus Fusarium, but F. monil iforme is considered to be the primary species
on corn in the Midwest. Fusarium ear rot occurs under a wide range of weather conditions. The
fungus c auses a  stalk rot and ca n colonize any part of th e corn plant, ov erwintering in the corn
residue and on dead gras sy weeds. F. monil iforme also is commonly found in corn seed.
Fusarium spo res  are s prea d by w ind and splas hing  rain to the silks, which  are m ost  sus cep tible
for the first 5 days after they appear. Infections also occur through wounds made by insects or
other types of wounds in the kernels. There is some evidence that insects act as vectors of
Fusarium. F. monil iforme can grow throughout the corn plant, and some ear infections may be
the result of the fungus entering the ear through the shank. Several of the Fusarium species
causing corn ear rot can produce harmful mycotoxins, so caution should be used in feeding
molded corn. Fusarium species  usually do  the ir dam age  in the  field,  but  they can  be a  prob lem in
storage if grain moisture is 18 percent or above.

12b. Gibberella ear rot
This ear rot is common throughout the Midwest. It is caused by the fungus Gibberella zeae which
is the sexual reproductive stage of Fusarium graminearum. This fungus also caus es a stalk rot,
and overw inters in corn residue . The spo res are spread by splashing ra in and wind infecting e ars
through the silks. Silks are most susceptible 2 to 6 days after emergence. The disease is favored
by co ol, wet weather a fter  silking. This is  the mos t consis tently important mycotoxigenic  fungus  in
the northern Corn Belt, producing vom itoxin, zearalenone, and other toxins. Fusarium species
usually do their damage in the field, but they can be a problem in storage if grain moisture is 18
percent or above.

12c. Diplodia ear rot
Diplodia ear rot is caused by the fungus Diplodia  maydis  (Stenocarpella maydis), which also
causes Diplodia stalk rot. This disease is not typically as common as Fusarium or Gibberella ear
rots, but it can be destructive when it occurs. The fungus overwinters as mycelium, spores, and
pycnidia on corn residue or seed. The spores are spread primarily by splashing rain. The
infection process for this disease is poorly understood, but infections first appear at the base of
the  ear.  Corn  bore r dam age  in the  shank can p rov ide an en try wo und  for the pathogen. D iplod ia
rot is favored by cool, wet weather during grain fill. Rainfall during August, September, and
October is correlated with Diplodia ear rot incidence. D. m ayd is is not known to produce harmful
mycotoxins. Diplodia  maydis  usually does its damage in the field, but it can be a problem m
storage if grain moisture is 20 percent or above.

Control  of ear and  kernel ro ts

i Control of the various ear and kernels rots can be achieved by similar practices. Prevention
of their occurrence is difficult because of their dependence  on weather and the limited affects
of cultural pract ices . Contro l of these  disease s places  an emph asis  on harvest  and  grain
handling.

i These diseases have a high importance to corn production as the toxins produced by molds
can be a serious health issue for hum ans and livestock.
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i Diplodia is known to be more severe in some specialty corn types such as high oil corn.

i Concern over these diseases could rapidly escalate if FDA sets levels for mycotoxins at
unachievable levels.

Chemical controls:

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Control=Fair (at best)

i Less chemical dependency

i Expensive

i Soil erosion

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Crop rotation can reduce the occurrence of some ear rots, such as Diplodia. Others may not
be affected much because of the movement of spores from neighboring fields.

Resistant Hybrids

i Tolerance to the ear rots varies among hybrids, although complete resistance is not
available. Hybrids with tight husk coverag e and ears that do not rema in erect after maturity
tend to suff er less dama ge.  (Keep  moisture out o f ear) 

Other

i Control of insect and wildlife feeding may reduce ear rots to some extent.   

i Scout fields as the corn begins to dent and identify areas with mold problems. Harvest these
areas as soon  as possible to prevent further mold deve lopment.   

i Properly adjusted  combines  will reduce kernel dama ge. Dama ged kernels are  more
susce ptible to mold deve lopment. Com bine adjustme nts also ca n be used  to help discard
light weight, moldy kernels during combining.   

i Cleaning grain before drying will remove the fine particles that are often the moldiest and
most toxic compone nt of grain.   

i Moldy grain should be dried immediately and rapidly to 15 percent or less   (13-14 percent
for long-t erm sto rage ). Ho lding  this  grain  for even  a short t ime c an re sult  in substant ial mo ld
and toxin development. Grain that does not   have obvious mold problems also should be
dried immediately, but there m ay be   more eco nomical options  to rapid, high-tempe rature
drying.   

i Cool the grain after drying.   

i Clean bins before storing new grain.   

i Aerate and stir stored grain; periodically check for condensation and mold growth.   

i Control storage insects.   

i Antifungal agents such as propionic acid can retard mold growth in storage, but they do not
kill fungi already present or destroy toxins that are already formed

i Test molded grain for mycotoxins prior to feeding. 

i Dry and market corn immediately. Don’t store it.

13. Common Rust

i This disease is aggravated by: cool temps (65-75 F), light rains, heavy dews, and high
humidity.  It is spread when the urediniospores are windblown from previously infected
leaves.  Losses range from 0-50% (depending on environment and resistance) Control
includes: resistant varieties and foliar fungicides.

i Some hybrid tolerance

i Very comm on disease  but not eco nomical to treat in mo st cases. Tilt and Quad ris are
available for rust control but are usually too expensive to use.

Chemical controls:

Phenylpyroles

Triazoles

Propiconazole (Tilt)
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i Control=Fair to Good

i Easy to use

i Reliable

i REI=2 4 hours

i PHI=0 days

i Narrow application window

i Timing critical

i Expensive

i No post silking use

Azoxystrobin (Quadris)

i Control=Good to excellent

i Broad spectrum

i Longer resid ual th an p ropic onazole

i Easy to use

i REI= 4 h ours

i PHI= 7 days

i Expensive

Substituted Benzenes

Chlorothalonil (Bravo)

i Con trol= Fair

i Inexpensive

i Rea dily av ailab le

i Seldom has food residue above tolerance

i REI= 48  hours

i PHI= 14  hours

i Marginal efficacy on most diseases

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Not effective for this disease

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Not effective for this disease

Resistant Hybrids

i Som e hyb rids  have res istance  to comm on ru st but to leran ce if  var iable

14. Goss’s W ilt

Chemical Control

i None

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Not effective for this disease

Adjust Plant/harvest dates

i Not effective for this disease

Crop ro tation effects

i Control=Good

Resistant Hybrids

i Control=Good

15. Maize Dwarf Mosaic Virus 

• This disease is spread by insect vec tors. 
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• Early infections may expose popcorn to root and stalk rots causing premature death.  Symptoms
can appear in the field within 30 days after seedling emerge.  

• Control includes: resistant hybrids and control of rhizome Johnsongrass or other overwintering
weed hosts.

For control of viruses see Insect Control section above.

16. Nematodes

• Every field contains  nematode s actively feeding on  plants. Nem atodes th at attack po pcorn are
microscopic roundworms, approximately 3/10 to 3/64 inch long. The presence of nematodes
depends on  the soil type and its  prop erties, o ther so il microorg anis ms,  cropping his tory,  clima tic
factors such as temperature and rainfall, tillage practices, and the use of pesticides.  Nematodes
can feed without causing appreciable yield loss if nematode numbers are low and/or the
environmental conditions are such tha t the popcorn crop is not stress ed. 

• There are many species of nematodes that feed on popcorn. Dagger and spiral nematodes may
be the most common and widespread nematodes. Needle nematode probably is the most
damaging, but is not widespread. The most important species that is a parasite on popcorn is the
lesion nematode. 

Nematicides:  

i Many effective nematicides have been removed from the market and very few new
nematicides are being developed, but a few compounds (including some soil insecticides)
are still labeled for control of plant-parasitic nematodes on field corn. 

Pipeline pest management tools:

i None

Other pest management aids:

Tillage and field sa nitation effe cts

i Not effective for this pest

Crop rotation

i Not effective for this pest

Adjust Plant/harvest dates

i Not effective for this pest

Resistant Hybrids

i Not available for this pest
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Appendix A  New Pest Control Technologies 

The following new chemistries are being investigated for popcorn.

Chemical Name Trade Name Activity Chem istry
Registration 

Status

Spinosad Success, Spintor Insecticide Macrocyclic lactone Registered

Dimeth enam id Frontier Herbicide Chloroacetamide Registered

Prosulfuron Peak Herbicide Sulfonylu rea (ALS In hibitor) Registered

Sulfosulfuron Maverick Herbicide Sulfonylu rea (ALS In hibitor) Pending

Dimethomorph Acrobat Fungicide Cinnam ic acid de rivative Pending

Fludioxon il Maxim, Scholar Fungicide Phenylp yrrole Registered

Kresoxim-m ethyl Sovran, Cygnus Fungicide Strobilurin Pending

Mefenoxam Ridom il Gold Fungicide Active isom er of m etalaxyl. Registered

Propicon azole Tilt, Orbit Fungicide Triazole Registered

Quinoxyfen/DE795 Arius, Quintec Fungicide
Quinoline  - Disrupts early ce ll
signaling activit ies

Potential

Fenpropimorph Fungicide Morpholine Internationa l*

Picoxystrobin ZA 1963 Fungicide Second generation strobilurin. Potential

Famoxadone Fam oxate Fungicide Oxazolidinedione Pending

Iodosulfuron AE-1715 Herbicide Sulfonlyu rea (ALS In hibitor) International

Cyfluthrin Baythroid Insecticide Pyrethiod Pending

Deltam ethrin Decis Insecticide Pyrethiod Pending

Esfen valerate Asana Insecticide Pyrethroid Registered

Lambda-
Cyhalothrin

Karate, Warrior Insecticide Pyrethroid Registered

Tebupirimphos
Aztec (a  com binatio n prod uct with
cyfluthrin)

Insecticide Organ opho sphate Registered

Tefluthrin Force Insecticide Pyrethroid Registered

Zeta-cype rmethrin Fury, Mustang Insecticide Pyrethroid Pending

Cinnamaldehyde Cinna cure, C innam ite Fungicide Cinna mald ehyde  (Natura l Produ ct) Registered

Fluquinc onazole Jockey, Castellan Fungicide Triazole

Peroxyace tic Acid Fungicide Peroxyace tic Acid Registered

Glypho sate Roundup Herbicide Isopropylam ine salt Pending

*Inte rnatio nal=  being  eva luated for u se on pop corn  in ano ther c ountry.
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Appendix B Herbicides Modes of Action
 
ALS-inhibitors and amino acid derivatives 
inhib its amino  acid  synthes is (ALS a cetolac tate  synthetase ) whic h is f irst s tep in am ino acid s ynthesis
(proteins not rep lenished & gro wth ceas es):   flumetsulam , halosulfuron, imaza pyr, imazethapyr,
nicosulfuron, primisulfuron, rimsulfuron
PSII inhibitors (non-mobile) 
prevent electron transfer, excess electrons develop and results in formation of singlet oxygen O2- and
HO- whic h destro ys lipid  mem bran es:   ben tazo n, bromoxyn il
PSII inhib itors (mob ile) 
blocks electron flow in PSII (Hill) reaction, preventing electron transfer, excess electrons develop and
breakdown cells:  atrazine, cyanazine, metribuzin, simazine
Root-mitosis- inh ibitors 
disrupt  mitosis b y inhib iting tubulin-s pind le appara tus  form ation du ring c ell sp litting :  pen dime tha lin
Shoot inh ibitors 
inhibition of lipid synthesis but other processes also active:  acetochlor, alachlor, dimethenamid,  EPTC,
flufenacet, metolachlor
Growth -hormone - regulator  
stimulates irregular cell growth and may loosen connections between cell walls, other processes also
active:  2,4-D, clopyralid, dicamba
Pigment synthesis inhibitor 
affect enzymes of caroteno id synthesis which prevents chlorophyll formation (unknown target enzyme):: 
impinging light develops free radicals for further destruction :isoxaflutole, mesotrione
Protein synth esis inhibitors
inhibits amino acid synthesis EPSP s ynthase (amino acids are not replaced):  glufosinate, glyphosate
ACCase inh ibitors
inhibits acetyl CoA carboxylase with lipid synthesis in meristem primarily affected, lipids not replenished:
sethoxydim, quizalofop, fluazifop, clethodim.
PPO inh ibitors
inhibition of protoporphyrinogen oxidase (PP O) results in development of free radical and lipid:  
peroxidation (breakdown of chloroplasts ect)
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Appendix C  Fungicide Modes of Action
Information abstracted from:
http://www.ndsu.nodak.edu/instruct/gudmesta/lateblight/Modified/PDFdocuments/fungicides.PDF

Protecta nts

Sulfur Thiolux DF, Liquid Sulfur Six, Microthiol Special blocks enzymes and stops
respiration

Dithiocarbamates ferbam, thiram, ziram interfere with oxygen uptake and
inhibition of sulfur containing
enzymes

Ethylenebisdithio-
carbamates
EBDCs

mancozeb Manzate, Dithane M-45, Penncozeb,
Fore, maneb Dithane M-22, zineb Zineb

breaks down to cyanide, which
reacts with thiol compounds in the
cell an d inte rferes with  sulfhydryl
groups

Organometallics Cop per s ulfa te, c opper hyd roxid e, cupric
hydroxide, copper oxychloride (Kocide, COC,
Blue Shield, Basic Copper, TopCop

prevent spore germination

Organometallics
(other)

triphenylt in hyd roxid e (Super tine , Ag ritin,  Trip le
Tin)

destroys cell membranes, inhibits
respiration

Phenylpyroles flud ioxonil (Maxim), fenpic lonil affects m embrane tra nsport

Phenylthalimides captan (Captan 50WP, Captan 80WP, Captec
4L)

degrades to thiophosgene which
inhibits fungal enzymes

Substituted
Benzenes

Pentac hloronitrobenzene or PCNB  (Terraclor,
Turfcide, B locker)
Chlorothalonil (Bravo, Daconil, Echo, Evade,
Equus)

PCNB induces lysis of
mitrochondrial membranes
chlorothalonil inhibits sulfur-
containing enzymes

Pyridinamines fluazinam (Shirlan, Omega) non-specific respiration inhibition
(though different from
azoxystrobin)

Ben zoth iazo le acibenzolar-S-methyl (Actigard) systemic acquired resistance-no
direct toxicant properties

Curatives

Acetimides
(Cyano-oximes)

cymoxanil (Curzate) inhibition of RNA synthesis,
different f rom m etalaxyl

Aluminum tris-0-
ethyl phosphonate

fosetyl-Al (Aliette) stimulates defense reactions
within the plant and promotes
synthesis of phytoalexins, slow
acting

Anilinopyrimidines cyprodin it (Va ngard) pyrimethanil methionine biosynthesis inhibitor
and inhibits protease secretion by
fungi

Benaznilides flutolanil (Moncut, P rostar) inhibits fungal respiration at
succinated dehydrogenase
complex

Benzimidazoles benomyl (benlate), T hiabendazo le (Mertect),
thiphanate-m ethyl (Topsin-M)

inhibition of mitosis by preventing
polym erisation of  beta-tubulin
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Benzothiadiazoles CGA245704 stimulate de fense reac tions within
the plant (SAR)system acquired
resistance

Carbamates prop amo carb hudroc hlorid e (Tatto o, Bano l,
Previcun)

interferes with membrane
bios ynthesis

Cinnamic  Ac id
Derivatives

dimethomorph (Acroba t) inhib ition of cell wa ll biosynthesis

Dicarboximides iprod ione  (Rov ral, Chipc o 26019), vinclozolin
(Ronilan)

unknown

Phenylamides
(Acylalanines)

metalaxyl (Ridomil, Subdue, Apron) mefenoxam
(Ridomil G old,  Sub due  Gold , Ap ron XL) fluoron il
(Ultraflourish)

RNA synthesis inhibition

Sterol inhibitors

Triazoles triadimefon (Bayleton), triadime nol (Baytan),
propiconazo le (Tilt, Orbit, Break, Banner),
myc lobu tan il (Rally,  Nov a, Eagle ), cyp roconazole
(Sentinel, Alto), tebuconazole (Folicur, Elite,
Raxil), fenbucon azole (Indar, En albe, Gove rn),
difenconazo le (Dividend), hexac onazole (Anv il),
tetraconazole (Emminant), flusilazone,
epoxiconazole, flutriafol (Impact)

inhib ition of s tero l biosynthesis
(demethylation inhibitors DMI)

Strobilurins

Beta-
methoxyacrylates

azoxystrobin (ICIA5504, Abound, Quadris,
Heritage) trifloxystrobin (Flint)

disrupt ion o f elec tron  transpo rt in
cytochrome bc1 complex

Oximinoacetates kresoxim-methyl (Stroby DF) disrupt ion o f elec tron  transpo rt in
cytochrome bc1 complex
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Appendix D  Insecticide Modes of Action
In the curren t regulatory climate, organ ophosp hate insecticide s are com ing under more  and more

restrictions.  As a rule, they are much more toxic to mammals than the newer types of insecticides such
as the benzimidazoles and averm ectins. 

Most of the common insecticides and anthelminthics used (except the growth regulators and
benzimidazoles) are neurotoxins -- they kill by either preventing, inhibiting, or augmenting nerve impulse
transmis sion s.  The g rowth regula tors  and  benzimidazo les a re ho rmone m imics  or inh ibitors o f metabolic
enzymes.

The main synaptic neurotransmitter (a molecule which transmits signals across the synapse
between nerve cells or between nerve cells and muscle cells) is acetylcholine.  After it has carried the
 signal across a synapse, it is degraded and inactivated by an enzyme in the neuron called
“acetylcholinesterase” or simply “cholinesterase”.  A compound which either acts like acetylcholine or
binds to the cholinesterase will cause excessive transmission of impulses across the synapse and thus
paralyze the muscles involved.  Convers ely, a compound which binds to the ac etylcholine receptor site
can block and therefore prevent transmission of impulses across the synapse and also paralyze the
muscles involved.  These compounds are known as antagonistic neurotransmitters.
Growth  Regulators

These c ompoun ds are either ho rmone mimics  or enzyme inhibitors.  So me (like methopren e), are
analogs to insect juvenile hormones.  Their presence causes the larvae of target insects to remain in a
juvenile state.  Unable to molt, the larvae eventually die.  Since they act like hormones, they are effective
at very low concentrations, and can be applied at very low rates.  Since most vertebrates (all mammals)
do not have receptors for such hormones, they are unaffected by these compounds.  The low effective
rate and low mammalian toxicity make them very safe for mammalian applications.  Aquatic crustaceans
and some fish, though, seem to have analogous hormones and are quite sensitive to these compounds.

Enzyme inhibitors bind to important enzymes in metabolic pathways and prevent them from
functioning.  One of the most common types of enzyme inhibitors, bind to enzymes involved in the
synthesis of chitin, a key protein in arthropod exoskeletons.  Diflubenzuron is an example of this type of
compound.
Benzimidazoles

These pesticides are also enzyme inhibitors.  They inhibit enzymes involved in assembly of
gluc ose  transpo rt st ruc tures in the in tes tines of  target pests (roundworms a nd f latworms).  N ot being  able
to absorb glucose, the worms eventually die.  Mammals do not have these enzymes and are thus
relatively insensitive to these com pounds.  (Some , such as fenbe ndazole, also have anti-fungal activity.)
Avermectins

Avermectins are a grou p of compound s obtained from a comm on soil fungus (actinomycete). 
They act on GABA (gamma-aminobutyric acid) receptor sites.  GABA is an inhibitory neurotransmitter
and acts to limit the transmission of nerve impulses.  The avermectins act to keep open a chloride ion
channel which controls the GABA receptor.  Thus, when avermectin molecules are present, the neuron
continues  to fire at a high rate, which  paralyzes the mu scles involved.  The only place in ma mmals whe re
GABA  and GAB A receptors are found  is in the brain (where it is the major inhibitory neurotransmitter). 
Since avermectins cannot cross the blood-brain barrier except at levels much higher than normal
therapeutic levels, these compounds are relatively non-toxic to mammals.  In insects and roundworms,
GABA receptors are found distributed throughout their nervous systems, particularly in skeletal and body
muscles.
Organophosphates

Organophosphate compounds cause an irreversible modification of acetylcholinesterase.  When
this enzyme is deactivated, acetylcholine in synapses is not broken down a fter its use and continues to
cause the receiving neuron  to fire.  This leads to convulsions and paralysis of the muscle cells involved. 
Since acetylcholine is the main neurotransmitter between nerve cells in all type of mammalian tissues,
these compo unds are usually quite toxic to mammals as well as to other vertebrates  and insects.  In
some cases, mammals have enzymes that can degrade certain organophosphate compounds (such as
malathion), and these particular compounds are not quite as toxic as the others.
Pyrethroids

Pyrethrum, the original pyrethroid, was obtained from flowers of a tropical chrysanthemum
spe cies .  Howev er, m ost  pyrethroid s cu rren tly in us e are  synthet ic, th ough their ba sic s truc ture  is
patterned after natural pyrethrins.  They act on the axon of the neuron  on the transmitting side of a
syna pse .  They either c aus e a sodium ion  channe l on th at axon to s tay open  too long  or they pre ven t it
from closing.  This causes the neuron to either transmit a very weak pulse or to fire repetitively.  The
muscle cells involved thus do not receive the nerve impulse or they are overexcited.  In either case, the
muscles are paralyzed.  Mammalian sensitivity is much lower than that of insects because of fewer
binding sites and because the pyrethroids can be broken down by esterases in mammalian cells.
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Imidothiazoles
The imidothiazoles bind to acetylcholine receptors on the receiving side of a synapse.  This, of

course, causes the receiving neuron to fire just as if acetylcholine had bound to the site However, the
imido thiazole  molecule  cannot  be b roke n down and inact ivated by cho lines terase s o the ne rve cell
continues to fire.  This results in spastic paralysis of the muscle cells involved.  
Pyrimidines

These h ave the s ame mod e of action as  the imidothiazoles (acetylcholine mimic)  
Organochlorines

Work by ove rstim ulat ing th e ne rvous s ystem ca usin g convu lsions and uncon trolled muscle
movements.  These products are not cholinesterase inhibitors.  Lindane is an example of an
organochlorine.
Carbamates

The se have  ess ent ially the same m ode  of ac tion as o rgan ophosp hate insect icides. Carbo furan is
an example of a carbamate insecticide.
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Appendix E. Active ingredient and mode of action table for listed pesticides.
Active In gredia nt (ai) Trade name Class

Insecticides Bacillus thu ringiensis Dipel, MV P, Javelin Biological

Bifenthrin Brigade, C apture Pyrethroid

Carbaryl Sevin Carba mate

Carbofuran Furadan Carba mate

Chlorethoxyfos Fortress Organ opho sphate

Chlorpyrifos Lorsban Organ opho sphate

Cyfluthrin(+ Tebupirim phos) Aztec, Bayth roid Pyrethro id + Org anop hosph ate

Diazinon (+Lindane) Kernel G uard Organophosphate + Organochlorine

Dime thoate Cygon Organ opho sphate

Esfen valerate Asana Pyrethroid

Fipronil Regent Phenylp yrazole

Imidaclo prid Gaucho, Gaucho Xtra, Prescribe Chloron icotinyl

Lamb da-cyhalo thrin Warrior Pyrethroid

Lindane (+Diazinon) Kernel G uard Organ ochlo rine + O rgano phosp hate

Methyl Parathion Pennc ap-M Organ opho sphate

Metho myl Lann ate Carba mate

Perme thrin Ambush, Pounce Pyrethroid

Perme thrin Kerne l Guard  Supreme Pyrethroid

Phora te Thimet Organ opho sphate

Tebupirimphos + Cyfluthrin Aztec, Bayth roid Organophosphate + Pyrethroid 

Spinosad Tracer Biological (Naturalyte)

Tefluthrin Force, Fo rce ST, Prosh ield Pyrethroid

Terbufos Counter Organ opho sphate

Fungicides Azoxystrobin Quadris Triazole

Captan Captan Phenylthalimide 

Chlorotha lonil Bravo Substituted Benzene

Fludioxon il Maxim Phenylpyrole 

Mancozeb Dithane, Mancozeb Ethylenebisdithiocarbamates

Metala xyl Apron Phenylamide

Propicon azole Tilt Triazole

Class fb HRAC Mode of Action

Herbicides 2,4-D Many on the market Chlorinate d phen oxy   O

Acetochlor Doubleplay, Harness, Surpass, (in FulTime) Acetamide   K3

Alachlor Lasso, Micro-tech Acetamide   K3

Atrazine Atrazine, Extrazine, (in Laddok, Marksman) Triazine C1

Bentazon Basagran, (in Laddok) Other C3

Bromo xynil Buctri l, Contour, (in Buctri l+Atrazine) Other C3

Butylate Sutan Plus Thiocarbamate N

Carfentrazone Aim Aryl triazolinone E

Clethodim Select Cyclohe xanedion es   A

Clopyralid Hornet, Scorpion, Stinger Picolinic acid    O

Clomazone Command Isoxazolidinone F3

Dicamba Clarity, (in Celeb rity, Distinct, Marksm an, NorthS tar) Benzoic acid    O

Diflufen zopyr Distinct, Semicarbazone P

Dimeth enam id Frontier, Outlook Acetamide K3

EPTC Doubleplay, Eradicane Thiocarbamate N

Fluazifop Fusilade Aryloxyphen oxypropriona tes   A

Flumetsulam Accent Gold, Hornet, Python Sulfona nilides B

Flumiclorac Resource N-Pheylphthalimide   E

Flufe nace t Axiom Oxyacetamides    K3

Glufo sinate Liberty Phospinic acid H

Glypho sate Roundup Glycines    G

Halosulfuron Permit Sulfonylurea B

Imazap yr Lightning Imidazolinone B

Imazetha pyr Contou r, Lightning, R esolve Imidazolinone B

Isoxaflutole Balance Isoxazoles   F2

Mesotrione Callisto Triketones   F2

Metolachlor Dual II Magnum Acetamide K3

Metribuzin Sencor, Lexone Triazinone C1

Nicosulfuron Accent, A ccent Go ld, Basis Gold Sulfonylurea B

Paraquat Paraquat B ipyridyl ium,  Dipyr idy lium D

Pendim ethalin Pentagon,  Prowl Dinitroaniline   K1

Primisulfuron Beac on, (in E xceed, N orthSta r, Spirit) Sulfonylurea B

Prosulfuron Exceed, Sp irit Sulfonylurea B

Pyridate Tough Phenylpyridazine C3

Quizalofop Assure Aryloxyphen oxypropriona tes A

Rimsulfuron Basis, Basis Go ld Sulfonylurea B

Sethoxydim Poast Cyclohe xanedion es   A

Simazine Princep Triazine C1

Thifensulf uron m ethyl Basis Sulfonylurea B
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Appendix F.  Glossary
A.I. Abbreviation for active ingredient: the amount of
pesticidal compound in a formulated product.
Adventitious: The sec ondary root syste m of corn
which forms above the ground level. Also known as
brace roots.
Air-assist: An application method which uses
channelized air to assist the delivery of spray droplets.
Annuals : Plants which germinate, flower, and
produce seed within a one year period.
Anti-drift : Chemicals added to liquid sprays to
reduce the number of fine droplets which have a
high potential for drift.
Application: The placement of a pesticide in the
field by means of a liquid spray or granular form.
Applicator: A farmer or indep endent ag ent for hire
who applies a pesticide.
At-planting: The time the crop is planted.
Beneficials : Insects which are considered to be
generally advantageous to the crop.
Biochemical: A chem ical p rocess  that occurs within
a living organism.
Biodegradation: Breakdown of a pesticide by living
organisms.
Biotechnology: The technology which involves
insertion of genetic material into one organism from
another organism not closely related.
Biotype: Groups of individuals within a species that
bear genetic traits that vary in minute, but
identifiable ways from the larger population.
Booms: The exten sible arms of a m echanica l sprayer.
Broadleaf: Dicotyledonous  plan ts th at are typ ically
characterized by netted veins and non-linear formed
leaves.
Burn-down: Herbicides used to kill vegetation that
is present and actively growing at the time of application.
Carryover: A pesticide that when applied to one
crop, pers ists  in the  soil to negat ively a ffec t cro ps in
succeeding plantings.
Chemigation: Pesticide application directly to a
crop by injection directly into an irrigation system.
Commodity Profiles: Documents describing the
general pest/ pesticide situation fa ced by producers
of a crop.
Conidia : An asexual fungal spore.
Cross-resistance: Development of a resistance
mechanism to one pesticide that confers resistance
to another pesticide.
Diapause: A period of physiological inactivity
occurring at one stage in the life cycle of an insect.
Dormancy: A period of quiescence, enforced or
voluntary, where active development ceases.
Edaphic: Of o r rela ting to the so il.
Inbreds: Breeding stock intentionally crossed with
parent lines to amplify desirable traits.
Meristematic: Tissue in plants from which new
growth originates.
Mycelium: Thread like, ve geta tive tubes of a  fungal bod y.
Mycotoxins: Toxins developed from fungal organisms.
Oviposit : Deposition of insect eggs directly to a
surface or region.
Perennials: Plants which live for three or more years.

Pheromone: Chemical compounds which convey
behavioral signals.
PHI: Pre Harvest Interval: The required time
between a pesticide application to a commodity and
the harve st of  that  commod ity.
Post-emergence: Pesticide applied after the crop
has emerged.
Pre-emergence: Pesticides applied before the crop
has emerged.
Pupae: Pre-adult insect developmental stage.
REI: Restricted-Entry Interval: Required time
between an application and worker entry into a
treated field.
Restricted Use Pesticide: Pesticides which must
only be applied by a licenced a pplicator.
Rhizomes: Underground rooting structures of
perennial plants from which new shoots may emerge.
Silking: Corn stage where the silks are fresh and
emerging from  the corn ea r.
Smartbox: Enclosed pesticide containers attached
directly to corn planters, reducing exposure of
operators to the pesticide.
Stacked  Traits : The inclusion of more than one
genetic  trait  in one plant from o rgan isms  not  clos ely
related.
Strip till: Tilling a small strip of soil within which the
crop row is planted. This permits the greater portion
of the field to remain untilled.
Systemic : Having an action or effect transmitted
throughout the entire plant.
Systems-based: Involving the use of  mult iple
approaches to solving a single problem.
T-banded: Application of an insecticide in a narrow
band directly over the row and down into the seed furrow.
Tassel:  The corn stage w here the tassels begin to
emerge from at the top of the plant.
Teliospore: Rust spore resting stage that
germinates a t the end of w inter.
TMDL: Total Maximum Daily Load: The maximum
permissible exposure limit to environmental contaminants.
Tolerant: An organism which tolerates to some
degree, but is not totally resistant to, a non-benign agent.
Transgen ic: Insertion of genetic material into one
organism from another organism not closely related.
Whorl:  Funnel shaped leaf formation found at the
top of the corn plant and many other grasses.


