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Competency Area 1: Integrated Pest Management (IPM)

1. Know the definition of IPM and the major IPM strategies.

Al ntegrat ed Pé@ ssta sudtaimble appr@achtto njahaBihg pests by combining
biological, cultural, physical and chemical tools in a way that minimizes economic, healtl
environment al ri skso. (National | PM Net wor

As defined in tiNational IPM Roadmbytegrated Pest Management, or IPM, istaridingy,
sciencéased, decisiomaking process that identifies and reduces risks from pests and pe
management related strategies. It coordinates thestibeolufgye environmental information, and
available technology to prevent unacceptable levels of pest damage by the most economical
while posing the least possible risk to people, property, resources, and the environment. IPM |
an effectiverategy for managing pests in all arenas from developed residential and public areas
lands. IPM serves as an umbrella to provide an effective, all enconiplsgpgdaiv to protect
resources and people from pests.

Anot her degréted npest managemer I(IPM) is socially acceptable, environmente
responsi ble and economically practical <c¢ro

Integratedneans that a broad interdisciplinary approach is taken using scientific principles of
protection to fuse intsirayle system a variety of management strategies and tactics. Strategies
overall plans to reduce a pest problem. Tactics are the actual methods used to implement the
including such things as chemical, biological, cultural, physical rggoktiory procedures.

Pestraditionally defined as any organism that interferes with production of the crop. We genera
of pests as insects, diseases and weeds, but there are many other types including nems
arthropods other than issecid vertebrates. We now also deal with pests incnamgihaations,

such as human health and comfort, structures, etc.

Managemers the decision making process to control pest populations in a planned, systematic v
keeping their numberdaonage at economically acceptable levels.

Key Components of IPM include:

Integrates management of all. pests

A way of dealing with pest problems while minimizingmiskeathh and the environment.
Weighs the economic or quality risks of pestst aodtrol methods used

Knowledgbkased pest management

Reduces pests to tolerable [Bdelss not emphasize pest eradication or elimination
Prevention veactive pest control

Holistic approach, ecologically based

Uses a diversity of pest cbmteasures

Pesticides are used only as a last resort

= =48 -_8_-48_-9_49_9_°_-2°


http://northeastipm.org/whatis_ipmroadmap.pdf
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What does IPM integrate?
1 Multiple pest management tactics (chemical, biological, cultural, mechanical)
1 Management of multiple pests (insects, diseases, weeds, vertebrates, etc.)

1 Pest Managementizson an areede basis (many pest control situations are better handled o

a largescale or regional basis).

General IPM Strategies

1 Donothing Is the pest economicadigthetically significant? Use sampling and knowledge of
economic/aesthetie#inolds to make a decision; if pest population is below the economic/aestt

threshold, the control is not justified.

1 Reduce Numbérsnplement on a traaheeded basis when the economic injury level is reached,
or as a preventative tactic basestony lof a pest problem. Examples of tactics pesticides, releas

of natural enemies, cultural practices such as cultivation, sanitation, etc.
1 Reducerop/host/ecosystem suscepiibiity @ changes made in the hostt @amimal) or
ecosystem thabtke it less susceptibléhe pesti.€., raise the economic injury level). Examples

of tactics host plant (@mel) resistartolerance, cultural practices such as fertilization (reduce

stress) and altering the synchrony between pest and susteptihle
1 Combined strategid3iversification is often helpful in improving consigiestynahagement
pragram

Examples of pest managememsptio

Pest Management Options are presented in the figure on the left
@oLoGica)  *  Parasites, Predators, Pest Discases Another way of looking at selecting pest

(fid__\ . Frotichlis, Pheromanes; Bl managementtigms is to view them as
PEST) ‘J'_."”_‘.l-'/ Attractants a pyramid where options are arranged
TR G S o et as a pyramid. The pyramid illusirates a

Il I Populatians, Sanitation least toxic approach to pest
(‘—'."*_""_’) (usisiaxcy) o Resistant Varieties, Transgenic Crops management. The foundation contains
~— Gronnic)) o Cultivation, Tllage, Rotary Hoe, practices such as crop rotation that
— Fly Swatter, Trags, Scresn, Fence enhance crop health and help prevent

(YSICAL)  « Rain, Freezing, Solar Radiation or avoid pestopulation build up or
e — reduce pest impacts. As one climbs the

pyramid towards the top different

options are employeas necessaryas [
interventions to pest populadideup or impac Pyramid of Pest Management Tactics

IPM Summary lnlrn:-nliun T(n:iﬂ'!_\
Integrated pest management (IPM) helps
managemerrisks and optimize the econ

efficiency of pest control decisions throu s

Conventional pesticides
Biorational pesticides, IGRs,
microbials

BIOLOGICAL predators, parasites,

early detection of pests, (2) proper identi i—

of pests, (3) accurate assessment of pote /"“"“'--“f-"f"““f" ey o i
economic impact, and (4) timely employ l,m',mu/ e \ Rotation, planting date,
appropriate,  economjcallefficient,  an e

environmentally sound management stratf -




NRCCA Pest Management i Study Guide i 10/26/2016

2. Know the relationship between the economic injury level, economic threshold, action
threshold and general equilibrium position of a pest population.

In most crops, and most seasor
peg species that feed on or other
affect the crop will be present at s
point in the plant life cycle. Howsg Evanomis loss=s
just because the pest is present
not necessarily mean that the fa
needs to take action against the [

General Equilibrium Position (GEP)

Adtion
Threshidd

oy

Pest Popalation Densny

Al n seeki npge stt ®
term average density, taneral
equilibrium positio(GEP), is low
compared with the economic thres
(problems are not particularly severe), the best strategy would be to dampen pest population pe:
action would not change the @gre@ably, yet would prevent economic damage from occurrin
du i ng out br esekeee .past p@hiems aalhfor mere drastic fopulation reductions. W
these pest problems, the GEP lies very close to or is above the economic thregjualed Wahat is
these populations is a general lowering of the GEP so that highest population peaks never re
economic threshold. o0o* (Pedigo 1989)

lime

How does the farmer know when the number of pests in his/her crop is too many? Is this nun
same eery year in all fields?help farmers decide when there are too many pests, the concept of
"Economic  Injur-
Level (EIL) 1 Use Pest Population Dynamics: GEP, ET/AT, EIL
farmer to compar
the value of the Potential w/out Management
damage the numb ¥ .
of pests in the fie
might do to the crg
with the cost of
taking action again
the pest. In othe
words, is the cost
taking action (e.
spray) more or leg
than the value ¢ ]‘ - Pest Tntervention - T
crop lost to the pesi
no action is taken Time

The point where the

cost of control equals the value of loss is called the EIL After Pedigd989.

Feonomic losses

R 3§ EIL

MNon-coomomic lsses £ % p
A G !n\ Econ/Action

Thresheld

No losses

Pest Population Density

GEP

L 4
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Economic Injury Level (EIL)
The pest population dens

Economic Injury Level
where the cost of corgmplals Jur

Cost of pest control =
the Value_ of the dama Savings from damage avoided / crop protected
prevented if a control treatme (break-even point)

appliedOr, according &tern et
all959): AThe

dengty of gpest that will caus
economic damage; or the am
of pest injury which will justify
costbcontr ol . 0O

Economic Injury Level

Pest Population Density —»

Aesthetinjury LevéAlL) Time —»
According to Stern et al. (19

AAnal ogous to~=trme ©rrc, T XCEpL T T at
aesthetic rather tlemonomic considera ons moti vate the pest man

Simplified equation for calculating an EIL (from Pedig89LEntomology and Pest Management.
MacMillan Pub., NY. 646 pp.):

The major components in a simplified equation
V = Market Value of per ahfiroduce (for example, $/acre)
I = Injury units per production unit (for example, % defoliation/insect/acre, expressed
proportion)
P = Density or intensity of pegtulation (for example insere
D = Damage per unit injury (for examplelblost/acre/percent defoliation)
C = Pest Management Costs ($/acre)

Economic Injury Level (EIL) =P

P= C
VXxIxD

In instances where some loss from a pest is unavoidable, for example, if injury can be reduced
80%, then threlationship becomes:

P= C
VXIxDxK

Where K = proportionate reduction in injury (for example, 0.8 for 80%)

There is one more concept that is important. Given that we can calculate the EIL, by the time
farmer determinedttth@ pest population is getting to unacceptable levels and finds the time, equip
and help he/she needs to take action, the pest population has had a chance to exceed the EIL
into the farmer's profit. To account for this managementr'langaswthehe Economic Threshold
sometimes calladtion Threshplths been calculated to account for the farmer's reaction time.
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Economic Threshold {ET)
The level of pest infestation at which management action is justified.

At or above this levsd, ltkely loss froi Economic Threshold

crop dlamBagle IS ghr.ea}er tTanhthe Cj Pest density at which a control action must be taken
contro " elow this level, t e. CO; to avoid economic loss

control is greater than the savings /\
crop protection. /

Economic Injury Level

Econumic Threshokl /\ /

] \/,

Need time toc ‘

These thresholds areqaieulated by
researchers, so all the farmer has
is take a propearaple of the pest
answer the question: Are we abo
below the Economic Threshold for
X?

Pest Population Density —»

Time

> * Discover there is n problem

* Take nction

To calculate Economic Threshold you must:

5. Know how to identify the pest

6. Know how to sample the crop environment to assess level of infestation

7. Know stage ofop developmemtdhow that relates to severity of damage

8. Know approximate economic threshold levels (available from your state University Extensior
9

. Consider how action threshold may vary with stage of crop development, value of crop and
contrb

For more information $#ederstanding the Economic Threshold Qarfeefd Crop Integrated
Pest Management Trainingnd Reference Manual, Penn State erbityv
http://paipm.cas.psu.éditribp/part3.htm

Know the typical steps in the integrated pest management process. These include:
A. Proper identification of problems

B. Sampling to determine the extent of the Steps of Pest Management
prOblem = Preparation +———__

C. Analysis to assess problem importance N

D. Selection of appropriate managment ’ "1“';""“"“'“ \
alternative - Sampling

E. Proper implementation of management ..w:u-s,-ru + Re-Evaluation

action ‘ .
F. Evaluation of effectiveness of i ’”tj‘”“/
management action + Implementation_
The | PM approach promotes fiproactiveo rat
principles in the order presented will maxanaideatitages of using the IPM approach. This IPM
approach can be applied to a wide variety of pest management situations. With some modificatic
IPM steps can be effectively applied to better help manage pests of crops, turf and landscapes
as pests of pets and livestock, stored pradymsts in/around structures.

The following steps can help you to detect pest problems before they become significant, to
losses, and to avoid unnecessary pest management actions:



http://paipm.cas.psu.edu/fldcrop/part3.htm
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A. Preparation aptinning

Key I ssues / Questionseé

What should you expect?

Crop agronomy, growth and development?

Pest Management Needs, Options?

Previous field histogd@mmon (annual) pest problems for the crop being produced?
When and how to look to the pest orfgigss/adamage?

Identificatiaghwhat are key characteristics to correctly identify the pest?

New probleriisAre there new, emerging, invasive pest species of potential concern?

Other factors to consider?
Field History Is there a documented fieldrpistdh information on previous crop and pest
management actions or concerns?
Farm Manageméntnderstand the farms resources, strengths, opportunities / constraints, etc.

Resources: Where can you find information?
Cornell Cooperative Extension, @&tifie Advisors, Company Representatives, other Growers
Cornell Guide for Integrated Field Crop Management (www.fieldcrops.org)
Cornell / NYS Integrated Pest Management: http://www.nysipm.cornell.edu
Trade Journalstc.

B. Proper identification of problems

Correct identification is the first and most important step in controlling a field problem. This firs
critical to future success, since an incorrect diagnosis leads to mismanagement. What is cau:
problem? A pest? An environmental stressftidnal deficiency? Or some another factor or
combination of factors. Mistaking a disease problem for an insect problem, for example, can le
unnecessary use of an insecticide or continued plantingsasdesgidse crop varieties. Cogfusi

a nutritional deficiency for herbicide injury or a disease ailment can likewise lead to incorrect
Also, darn to identify parasites and predators that help keep harmful pests in check. Although
insects and other organisms can be ohbséieldd,irelatively few actually harm crops.

Obtain as much information about the problem as possible to determine its cause. Answering
guestions will help in this process. What type of damage is observed? Check field history infori
avaiable to determine if it is a historical problem? Is the problem found only in particular location
soil types, drainage patterns, or at certain times during the growing season? What part or grow
of the plant is affected?

Dig up plants shimg symptoms. Check roots and the surrounding soil for evidence of pests.
doubt about correct identification of the problem collect representative samples and field inforn
share with other knowledgeable persons or submit to a diagnblsécechire many resources
available to provide helpful information on identification of common pest problems of crops
suggested resources are listed in the resource section.

This scouting manual discusses the most commonly found pestdNevalNaf&. A diagnostic
guide is included in Appendix A to help you to identify other less commonly observed problems.
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Key I ssues / Questionseé

Misidentification = mismanagement

Who is your enemy & who is your friend
Be familiar with common, expectdlems
Know where on/in the plant / in the field and when (growth stage of crop, time of the sea
anticipate common pests

Know how to distinguish pest damage from ot{sailicumypaction tment deficiencies, frost

Know vulnerable sta@f crop and pest, compensation and yield capabilities, potential pest impa

Know when and how pests can hurt you the most

Be proactive. What crop conditions might favor pest problems?

Wet soils = Phytophthora root rot

Continuous carrcorn root vam, foliar diseases

Poor weed confr@rmyworm, stalk borer

High crop residuiliar diseases

Know key beneficial and indicator species, signs of crop health and stress

C. Sampling to determine the extent of the problem

Once the pest is correctly fehtihe next question arises: Is there a risk of significant loss? Is t
problem occasionally seen? Locallizedmmonly found throughout the field? What is the extent o
the damage? Is the problem a growing threat? Scientific sampling hgregchrogites have

been developed for assessing the damage potential of many pests. Correct sampling helps elim
guesswork in pest control by providing a means to quantify an old problem or discover a new c
sampling knowledge and infornoatipest and crop biology to make better management decision:
For example, the alfalfa weevil, a common alfalfa pest in New York, pupates to the cocoon stac
the time of first harvest, thus alleviating a potential problem naturally. Ackwasecatimgljns
systematic and methodical. Examine and quantify all important field information needed to make
pest management decision. Information on specific sampling strategies for specific pests on
interest can be found in resosudsas the Cornell Guide to Integrated Field Crop Management:
the New York State IPM websiter.ysipm.cornell)edu

Pest Forecastimgpr some pests forecasting methods have been developedéoraidmgwlieen

a pest is likely to be a problem. Weather data and other information help predict when these
pests will most likely occur. Wemtbed pest forecast models for diseases and msegte@ips

have been developed in New YorkelEocrops, information on an alfalfa weevil prediction mode
based on accumulated heat units is available in the alfalfa insect section of the Cornell field cro
http://www.fieldcrops.ofgtual gromg degree calculations for predicting estimated alfalfa weevi
growth stage across NY during the growing season can be found
http://newa.nrcc.cornell.edu/newaDisease/alhnvetieer fecasting model is available to help
predict critical times to manage Fusarium Head Blight of Winter Wheat at the Penn
(http://www.wheatscab.psu.edu/riskThéldreohsting models are alailable for black cutworm,
armyworm, seed corn maggot, a variety of weeds, and other plant diseases.

Access to a computer network to obtain weather, regional insect, and disease forecasts, is useft
essential. The Northeast Weather Assqea@tidas automated local weather information and the
results of pest forecasts on a daily basis through computer or fax connection. The NEWA we


http://www.nysipm.cornell.edu/
http://www.fieldcrops.org/
http://newa.nrcc.cornell.edu/newaDisease/alf_weev
http://www.wheatscab.psu.edu/riskTool.html
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http://www.nysipm.cornell.edu/nBaraksubscriph information, contil&WAat 315/872206.

Simple weathercording equipment such as thermometers, hygrometers, and rain gauges plac
onion fields will assist the prediction of pest outbreakmnimfortine potential for pest outbreaks
can sometimes also be obtained from Cooperative Extension offices, newsletters, and crop a
Once such resource is the NYS IPM Weekly Field Crops Pest Report found
http://blogs.cornell.edu/ipmwpr/

Key I ssues / Questionseé
How many pests? General Crop Condition?

What is the extent of the damage in the field? Few plantaffectactadlsroughout the field?

Localized@&eneral problem throughout field? Pasbtasiated with any obvious field fagtor?

Quantifying an old problem or discovering a new one?
Are pests a fAgrowingo threat? Large cut wo
Examine and quantify all parameters necessary to make aisound deci

Refer to IPM Guidelines for sampling recommendations and monitoring techniques

D. Analysis to assess problem importance

The third step in the pest management process is analyzing the identification and sampling infc
and evaluating the need pasacontrol action. Decide how bad the problem really is. Is the poten
control measure more costly than the damage potential? Weigh economic, environmental, a
concerns. What impact will current pest control decision have on future enbjpl@tesiagsm
Compare the observed frequency of a given |
at which action must be taken so that the pest will not significantly damage the crop. Action thi
are based onresearchandgro s 6 experiences with similar

During the analysis stage, consider the relative vigor of the plants, plant populations, and valu
crop and potential yield. Depending on the crop and pest type. light pest populations may
increasgields by causing the plant to compensate. Poor stands (less than 75% alfalfa) may not
management dollars since thresholds are based on research with clear stands. For alfalfa stands
should have many lush stems, and little or no gs ofawn injury, and clear stands probably
should have a minimum of five healthy crowns per square foot to justify pesticide applicatior
seeded alfalfa is usually more economical to treat for a given pest problem than mixed stands, a
pesttides cannot legally be applied to mixed stands.

Key I ssues / Questionsé
Evaluate risk. Is there a significant problem? If so, how bad?
Consult threshold guidelines that are built on research and experience with similar problems
Weigh economic, enviemtal, & time concerns

Is damage potential more costly than the control?

What happens if you do notNifig happens if you apply control(s)?
Which would cost matamage or control?

Decision aidéSee previous Performance Objective (2) and RBestioreefor more information)
o Economic Injury Level (BHs) densities (number of pests per unit area) at which control measur
are economically justified


http://www.nysipm.cornell.edu/newa/
http://newa.nysaes.cornell.edu/
http://blogs.cornell.edu/ipmwpr/
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o Cost of pest control = Savings from damage avoided / crop pro®atedotontak

o Econom Threshald®est density at which action must be taken to prevent an impending pe
outbreak

o Action Threshokhe level of pest infestation at which management action is justified

o Ator above this level, the likely loss from crop damage isdheatesthat control

o Below this level, the cost of control is greater than the savings from crop protection

. Selection of appropriate management alternative

When an action is needed, choose a strategy that fits withriddashgenm plans, labforce,

capital, equipment, and finances of the farm. Evaluate the costs, benefits, and risks of employin
management options. Look for opportunities to integrate different pest control strategies. What
cultural, mechanical, biologicalhemdical control options? Which is the most practical, economic:
effective choice?

Management tacti{ Example

Biological Parasitegredators gst

Chemical Pesticidegheromonesaits attractants

Cultural Rotatiorplantinglate siteselectiorfertility, pHiantpopulationsanitatior,
Host Resistance | Resistant Varieties, Transgenic Crops

Mechanical Cultivation, Tillage, Rotary Hoe, Fly Swatter, Traps, Screen, Fen
Physical Rain, Freezing, Solar Radiation

Information on short and ldagarpest management strategies can be found in resources such as:
Cornell Guide to Integrated Field Crop Manadetpsnistore.cornell.e@rBpmep
guidelines.aspar the NewoYk State IPM website/v.nysipm.cornell)edu

Key I ssues / Questionsé

What can be done to control this pest problem?

Cultural, mechanical, biological, chemical control options? Economics?

Are there windowpportunity to disrupt the pests life cycle or potential impact?
Does the total management system allow for some options? Such as: Will early alfalfa har
control weevil interfere with crucial corn planting?
Given time andhahésfahmbéeptemaomrtPM wptior
Should option selected be reevaluatéid@nce of weed size, insect age, crop growth stage, etc.

F. Proper implementation of management action

Implement the control carefully and at the right time. If pestsrdesalarays follow label
recommendations. Cultivation or using herbicides on weeds must be done at the right stage of w
crop development for greatest impact. Pay close attention to the quality control of pest control
such as correct caliloaof the application equipment and label recommendations. If appropriate, |
small, untreated areas to evaluate control effectiveness. Conduct management action with preci
thoroughness

10


https://store.cornell.edu/c-875-pmep-guidelines.aspx
https://store.cornell.edu/c-875-pmep-guidelines.aspx
http://www.nysipm.cornell.edu/

NRCCA Pest Management i Study Guide i 10/26/2016

Key I ssues / Questionseé
Timely application of managéeprocedures. Such as using herbicides on weeds at the| right stac
of development

UseQuality control. Correct calibration of the sprayer
Integrated approach. Avoid the tendency to use chemicals when effective cultural controls or
enemies aregsent

Keep records of actions taken
Once you have chosen your course of action: Be precise, Be thorough, Be timely, Use quality :

G. Evaluation management action(s) effectiveness

After a pest control action is taken, review whatdvend regfatly as important, what went wrong

or could be improved. Did the control work? Scout the field again and compare pest activity be
after treatment. Was the problem identified properly? Was the field sampling unbiased? Was tl
guideline useddawas it used correctly? Was the choargrol based on soundnedgor outside
pressure? What changes to the system would make it better? Enter this information as part of an
field historyhis evaluation step is a very important pdRMfphocess since it enables you to learn
from experience and find ways to improve management skills and impact.

Key I ssues |/ Questionsé
Review what went wremdnat went right

Did you trip up the steps,ifiedaorrecty?i mb gnacef
Samplingnbiased? Threshold guideline followed?

Choice of control based on sound judgment or salesperson pressure?
Check (no treat) plots to evaluate the action

What changes to the system would make it better?

. Recognize the impotance of using appropriate sampling method to determine presence
or absence, and to estimate population density of a species. Know the components of
proper sampling including method, location, timing and sample size.

Scientific sampling techniques vargggnd pest type. Methods to assess the damage potential c
important common pests can generally be found in state crop and IPM guides. Sampling technic
protocols strive to collect information representative of the whole field conditianade which
management decisions. Correct sampling helps eliminate the guesswork in pest control by prc
means to quantify the pest problem. Use sampling knowledge and information on pest and croy
to make better management decisions. Nbtariditans may affect crop and pest biology. To most
effectively use IPM guidelines, use the sampling methods and threshold guidelines recommel
your state. (For NY field cropwRM:fieldcrops.@myvww.nysipm.cornell.edu/fieldgcrops

Common methods for sampling:

Visual Inspection for insects, diseases, weeds, vertebrate or other plant damage. Assessmen
while walking throughout the fiedchr®generally recorded as the number of individuals per plant o
plant part or percentage of plants or area affected. Weed assessments include species identi
type (annual, perennial, grass, broadleaetthg relative abundanammdrtat species the

field. Weed populations can be evaluated using the rating scheme provided in the weed asse
section.

11


http://www.fieldcrops.org/
http://www.nysipm.cornell.edu/fieldcrops
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Insects:

1 Sweep net or beat cléther mobile insects such as potato leafhopper sampling protocols call
using a 15 inch didemesweep net. Samples are taken a numerous locations within the fie
Assessments are made by counting the numb
sweeps. Beat cloths are another method of collecting information on lessimabileinpsct
such as spider mites and aphids. The beat cloth is used as a means to collect insects shak
plants in a sample area such as a square foot. The number of individuals collected per unit
compared to recommended guidelines.

1 Trapingi Several types of trapping devices are used in collection of insect information.

1 Light traps used to determine relative abundance of insects in a defined region. Informe
on the number of adults caught in the trap over time is usedlict ipelierndral pest
outbreaks.

1 Sticky trapgsUsed to collect small flying insects such as aphids, leafhoppers, flies, and bee
Relative abundance and type of insect collected is recorded.

1 Pheromone trapshemical attractant traps used to detiém@niaeticular species is in the
area. Also used to detect initial flights of insects such as European corn borer and the r
abundance of insects like western corn rootworm.

Identification, sampling and management guidelines for speanifictiresedsmage can be found

in state crop and IPM guidelines. Information on specific sampling strategies for specific pests
of interest can be found in resources such as the Cornell Guide to Integrated Field Crop Manag
the New York Stévl websiteviww.nysipm.cornell)edu

Disease Sampling

Asdifferent diseases are favored by different environmental conditions, scout for diseases thrc
the entire growing season in conjunction wiitatieg activities. Diseases may become more
obvious during certain times of crop development such as crop emergence, or during times c
(e.g., drought or flood), andopneosharvest. Look for areas of stunted, yellow, discolored, wilted
cantorted or dead plants.

Symptoms of different diseases often appear similar and can at times be confused with other :
such as nutritional deficiencies and abiotic problems. If a problem cannot be diagnosed in the
up several plants telabw typical symptoms. For many diseases it is important to include above
below ground plant parts when submitting samples for diagnosis. For example when submittin
samples include as much of the crown and taproot as possible. Sulmsitdhe diagpbstic
laboratory (follow recommendations outlin€diidelees for Packaging and Sending Plant Material
to the Diagnostic Laboratottye appendix).

Estimate the percentage of plants affected by the disease throughout thenfieithaitecord
concerning particular problem areas, noting location, size of area affected, drainage pattern, etc
Weed Sampling

Scout for weeds in the spring and fall. As always, take care to obtain a representative sample
conditions throughoutfiblel, although weed infestations may not be uniform across the entire fi
Document the weed type rather than taking detailed counts of weed species.

Observe at least five random areas of a forty acre field; divide larger fields into wro equal p
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scouting. Base these divisions on previous field history, soil type, topography, or other factors tt
affect weed populations.

Scout for weeds in conjunction with other

| ns p e c trd weaddtype (Bhaualpbiennial, perennial, grass, sedge, and broadleaf) and rel
importance from all parts of the field. Note any areas with significant weed problems. Map weed
on the scouting form.

Check special terrain features suclughtgirslopes, poorly drained areas, field borders, and fence
rows for weeds. These areas can be major sources of weed contamination and differ significar
the rest of the field.

Specific economic thresholds have not been established fdfalfeadsNeva York. Instead, use
the rating scale provided below and knowledge of the weed type (annual, biennial, perennial
sedge, or broadleaf) to design a weed management program.

Determine the presence of each weed species accordllapioghatiog scheme
None  No weeds are present.

Few Weeds are present, but there are very few plants in the field. There are enqugh plant
to produce seed but not enough to cause significant loss.

CommonPlants are dispersed throughout thehigzlaile
a) up to 5 grassy or 3 broadleaf annual weeds per square foot, or
b) 0.3 perennial or biennial weeds per square foot (3/sg. yd), or
C) scattered spots of severe infestation.

AbundantThere are fairly uniform concentrations of:
a) 6 t®0 grassy or 4 to 10 broadleaf annual weeds per square foot, or
b) 0.5 to 1.0 perennial or biennial weeds per seR@is®|fy/¢, or
c) scattered spots of severe infestation.

Extreme There are:
a) concentrations of more than 2 grassyesmiaper biennial weeds per square foot
(20 grassy or 10 perennial or biennial/sq yd), or
b) large areas of severe infestations.
After rating the weeds, rank the most prevalent weed species in each field in order of severity.

5. Outline methods for sampling plant and pest material.

Pest sampling should be based on an understanding of the pest biology. You will need to kn
identification, what to sample (specific areas of the plant, % injury, numbers of insects, an asst
of weed pagation, etc.), when to sample, how frequently to sample and what constitutes a sample
as 10 sweep net sweeps per sample site). Sampling for specific pests will often require use of
techniques. Information onsméstoncern and when to exgeem during the growing season
(scouting calendar) for common pests of NY grown alfalfa, field corn, soybisnallagiiwbeat

are presented in the Integrated Pest Management (IPM) Literature/Bulletin section. To obtain tl
information orarapling techniques for a specific field crop pest, consult your local Coopere
Extension educator, cur@arnell Field Crop Guide to Integrated Field Crop Manadkenent,
NYSIPM website.
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Correct sampling is the key for obtaining usefuhfigdidmfibis important to randomly select plants
for sampling. Do not examine only the "best" and "worst" plants. A random sample is taken by w
the general area to be sampled, and looking up to the sky, walk forward five paces. @egin the in
procedure with the plant nearest the toe of your right foot.

Selecting an appropriate subsample method will depend on the mobility of the pest being scout
subsample methods are recommended:

Consecutive plaate examined when the pesowlierdisturbed by sampling procedures on adjacent
plants. This method is appropriate for scouting pests such as cubwormgsnstdks, weeds, and
diseases.

Random plangse examined when mobile insects are being surveyed. In this xdag&nthe ne
examined should be some distance away to remove any possibility of recounting insects that rr
moved from plants sampled earlier. Random sampling is the preferred sampling method for inse
as corn rootworm adults.

Sampling Patterns el i =y

Pests can generally be found in o x/

three distribution patterns in a - \ .
Scouting efforts for particular ¢ N \ / N
should be selected accordingly. X X

Pattern .1Pests are expected to
uniformly spread over the field
scouting for a pest with thishiison
pattern, sample sites are chosen sc
be evenly distributed over the -

obvious influencing factors SUCH as fi e s i e e o et expeasdiius v dsbunon
borders being excluded. Pests fitting s

pattern would include European corn borer, corn rootworm adults, patatmitaibspfaiar
diseases.

!

Pattern lIPests are expected to
concentrated in particular areas ¢\ S vevolis
field. Pests fitting this pattern w -
include black cutworm, white gl N
Phytopthora root rot, or other dise
that may be associated withareels
within the field or with areas with dif

soil texture, drainage, pH, fertilit /‘\ /‘\
/ \
x/ ’/ \x
|

Aerial view of field

cropping history. If pests are detec
one area and not in another, ef
should be made to subsample
region to determine the extent et

severity ofhé pest infestation mc P e, Sonplgpwer i pes cxpectod e Pt e Sinplkg g
accurately. e A i

Pattern 11 example, Sampling pattern for pests expected to be
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Pattern lIPests are expected to appear at field edges first. Pests fitting this pattern would in
common stalk borer in conventionally tilled corn, spider mites, armyworm, grass sawfly, grasst
and alfalfanout beetle. Sample for these pests by walking fence rows, ditch banks, and field bor

NOTEMore than one pest may be present in fields at the same time. For this reason, combinat
the sampling procedures described may be necessanglp deteatspresence of all pests.

T

= =

Sampling for specific NY Field Crop Pests can be found in the Cornell Guide to Integrated Fie
Managemenhtfp://fieldcrops.cals.cornef).eaa the New Y@kate IPM field crop website
(http://nysipm.cornell.edu/agriculture/lreestveldcrops.

Field Crops Pest Management Manual, Purdue University, AgriculturalnCdviedianicatio
Distribution Center, 231 S University St, West Lafayette, 1RD9447907
(https://extension.entm.purdue.edu/fieldcjopSpBE X FINFO (398636), Fax: (765) 496

1540.

Cornell hiversity Integrated Crop Management Guidgdigenguidelines.org/

Penn State Field Crop Integrated Pest Management Training and Reference M:
http://p@m.cas.psu.edu/fldcrop/

Pest Sampling and Management T&tigbsPlains Integrated Pest Management Guide for
Colorado, Western Nebraska, Wyomiogfand and Western South Dakota
(http://highplainsipm org/

Radcliffe's IPM World TextAbekUniversity of Minnesota's electronic textbook of Integrated Pe
Management (IPM) featuring contributed chaptetsrnbgiomally recognized experts.
(http://ipmworld.umn.edu/

Northeast Region Integrated Pest Management Center. Links to IPM information and resourc
northeastern US states (CT, DE, MA, MD, ME, NHEEANJRNY.T, WV) and throughout the
United Statesttp://neipmc.org/index.cfm

. Outline methods for submitting plant and pest material for diagnosis and laboratory
analysis.

Entomologittp://idl.entomology.cornell.edu/

Cornell University's Insect Diagnostic Lab will help identify the pest and provide pest manageme
suggestionk addition, check Garnell University entomology factsheets pbseedto
http://idl.entomology.cornell.edu/factsheets/

Guidelines for sending specimens:

T
T

1

Collect and send 10 or more insects, if possible, and all life stages present.
HOUSEHOLD/STRUCTUREBETB: Describe the problem: where found, in what room,
approximately how many, extent and type of damage or concern, and history of past infestat
PLANT PESTS: Collect progression of symptoms and pests. Include or identify the plant mat
which th insects were fountthis is useful and sometimes necessary for pest identification.

For plant materiedllect a fresh sample, wrap it in paper towels, and then in a plastic bag wi
few holes. Place in a padded enfelopBend early in the ieelkvoid weekend delays.

For small plants, you may want to ship the entire plant. Package it so the soil-eesn't spill ous
pot with soil in a plastic bag tied about the base of the stem.
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Dead, HARBODIED INSECTS such as beetles, wasps, fiessnadihtterflies should be
placed in layers of tissue paper and packaged in a sturdy container for shipping.

SOFT BODIED INSECTS (Aphids, spiders, mites, grubs, and caterpillars) will break down
so should be prepared and mailed as quicldipées ffasould be best to choose next day delivery
if shipping these insects. To kill the insects, small insects such as aphids can be placed dire
freezer in a bag with a bit of tissue paper to absorb moisture when they defrost. lagrger ones
grubs or caterpillars require preparation to prevent discoloration. They should be dropped int
boiling water for about 30 seconds; then they may be wrapped in tissue paper and sent.
indicate original color of specimen.

Securely wrap trengpleand pckage in a container acceptable to the post office.

Provide complete collection data: When collected, where collected (town or city or neare
office), and by whom.

Send sample early in the week to avoid weekend/dilagsaples tosdiect Diagnostic
Laboratory2144 Comstock HallCornell Universitythaca, NY 1483801. Telephone
Consultations: (607)-2337.

To have the laboratory identify eDpsatioad, print, and fill ditgnostic Lab Information Sheet

)l
)l

available in Adobe Acrobat PDF fottm#tidl.entomology.cornell.edu/sdinaglions/

Collect and pae a few of the insects following the guidelines listed below.

Send the sample, information sheet, and check or money order for $25.00 payable to (
University to the address listed at the bottom of this web page. We also accept Mastercar
andDiscover credit cards. If you're paying by credit card, we need your card number, expiratic
and the name on the card.

Optionally, we also provide phone consultations on Tuesdays and Thursday®fiéh90:00
noon and 1:@0n to 4:0pm eastartime at $10.00 per call. The telephone number is: (607) 255
4777. Please have a credit card-reaslpccept Mastercard, Visa and Discover.

Insects are identified as quickly as possible. You should have a response within one to thre
by email ofax, or one to two weeks by regular mail.

For any questions about sample submission or sample results, and to let us know a sample is be
contacttDLDiagnosticLab@cornell.edu
Collectioand Subrssiorof Plant Disease Samaple

ThePlant Disease Diagnostic Gliriornell Universitydesigned to provide you with diagnostic
services. The clinic can providevigjlouhe fast, accurate, professional service that you need an
demand. Plant Patholbdty://plantclinic.cornell.atfaen submitting samples for analysis, please
keep a few things in mind:

T
il
T

Please usedhSubmission Fdrmhenever submitting samples.

Provide as much information as possible to help ensure an accurate diagnosis of the problel
Make sure you include tima f@ith your sample. You may also want to keep one copy of the fo
for your recordsor faster response, include your fax number or email address and indicate
you would prefer to receive the results.

Please include a check for the apprig@maszgle out to Cornell University. We can not process
samples until we have received full payment.

The sample to be submitted should contain all parts of the plant wiiéapdissilsiEemple
loosely ian unsealed plastic bag and package it in a stBesbk boats separate from branches,
shoots, or foliage.
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1 Mail the sample as quickly as postltevethere is no mail delivery at Cornell on weekends
or holidays. To make sure your samplepritgssed as soon as it arrives, collect and ship so
that we receive it no later than Friday morning during a regular week. During weeks with
holidag, please call ahead to find out the best time Hotlshigample cannot be mailed
immediatelye&p it refrigerated or out of direct sunlight.

1 Itis important that you try to collect the sample prior to any pesticideamdipattiogles
have been applied it may be difficult to obtain an accurate diagnos

1 Itis helpful if the samplekisntdrom an area that has early symptoms of the problem. Areas tt
are completely dead often contain a number of secondary organisms that may hinder the de
of the primary pathogen.

The procedure for collecting samples for nematode anadligistiyafisase check the appropriate
web page for detailed instructions on collecting and shipping nematdesanegldsee to call

the clinic with any questions prior to your sample submission. The clinic staff works hard to pro
with &st, accurate results. Providing answers prior to sample submission may enable us to get:
answers you need on a more timely basis. You can contact the clinic by -23&7860¢, (6Q7
(6072554471), or lymaikis13@cornell.editslj2@cornell.edu

ForFactsheetisttp://plantclinic.cornell.edu/factsheefBhigyigt useful information about a specific
plant disease and provide symgascriptions and any available control recommendations.

How to Submit a Fiéldp Sample:
Mostsamples

If yolknow you amibmitting eematodsample

- The sample to be sutedishould contain
parts of the plant when possible.

- Wrap the sample in a paper bag and pz¢
it in a sturdy box.

- Try to mail the sample as quickly as po

- If the sample can not be mailed immed
keep it refrigerated or out of direchsunl

- It is important that you try to collect the
sample prior to any pesticide applicatio
Once pesticides have been applied it i
difficult to obtain an accurate disagnos

- Itis helpful if the sample is taken from ¢
that has early symptombeproblem.
Areas that are completely dead often ¢
a number of secondary organisms that

hinder the detection of the primary path

- The best time of year for nematode analy
during the active growing season.

- A minimum of 6 soil subsamgbgsoximate
1" in diameter and 4" in depth, should be
collected from an area that is approxima;
acre in size.

- The sulsamples should be collected ranc
throughout the area.

- The subsamples should be mixed togeth
thoroughly and about a pisibtransferred
a plastic bag.

- Samples should be shipped as soon as
possible. If the sample cannot be mailed
immediately, keep it refrigerated or out o
sunlight.

When submitting samples for analysis, please keep a few thidlygaig fitlindt th&Ubmission

Form. Providing as much information on the form as possible will help in ensuring an accurate di
of the problem. Make sure you itlctuftem with your sample.

1 You may want to keep a copy of the form for your own records.

1 Please feel free to call the clinic with any questions prior to your sample submission.

1 For faster response, include your fax number or email address and/mdigatdchprefer to
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receive the results.
1 Please include a check for the apprigamasele out to Cornell University.

For more information see the Cornell University Plant Pathology Dadtostepad)at
http://plantclinic.cornell.edu/

7. List types of pest monitoring methods and the advantages and disadvantages of each.

Fromhttp://ag.udel.edu/extension/iPM/ccal/ipmoverview.html

Monitoring techniques fall into three types: absolute methods, relative methods, and population

Absolute methodstimates of pest population density are expressed as a levelqpeangaitaf cr

as a percentage of the sampling units affected. Examples are direct visual counts per plant or p

row or per unit of area.

1 Advantages broad range of applicability, less influenced by spatial patterns and changes in
pest behaviand sampling efficiency, easier to predict potential crop damage.

91 DisadvantageMore time consuming

Relative methodisstimates of pest population activity per unit of effort or time but not expressed

units of the crop area. Examples includeeastia¢s, sweep net sampling, beating or shake cloth

estimates, blacklight traps, pheromone traps, visual sticky traps, and bait traps.

1 Advantages yield more data given the same effort, less time-consuming, easier to impleme

1 Disadvantagee®fficiengis affected by pest behavior, diurnal activity, weather conditions, the
crophabitat being sampled, and variations in the way the methods are deploye
requires more information to relate relative estimates to potential crop damage

Population lioeis estimates of crop damage or the frequency of pest infestations which indirectly r

the size of the pest population. Examples are percentage of plants infested or diseased, perce

defoliation, percentage of damaged fruits, visualnatimgysfoliage injury, etc.

1 Advantages less time consumiegsy to implement, more directly relatepyteld losses.

91 Disadvantage€annot be used alone to make control decisions, may not allow enough time t
take management actions.

8. Define and distinguish between the following classes of plant response to injury:
resistance, tolerance, and susceptibility.

From Agrios, G. i P | . &SeetalsoPGhenGlossary of DechnicalcTarmhseinm i
Plant Pathology with prontimciguideaccessible dittp://www.plantpath.cornell.edu/glossary/

Resistancefhe ability of an organism to overcome, completely or in some degree, the effect
pathogen or other damagictpif(See also: Plant Resistance to Insects: A Fundamental Compone
of IPMG. L. Teete®h.D.Department of Entomqlobgxas A&M Universiipllege Station, TX
77842475http://www.plantpath.cornell.edu/glpssary/

Tolerancé&:he ability of a plant to sustain the effects of a diseabengitbrosffering serious injury
or crop loss. Also, the amount of toxic residue allowable in or on edible plant parts under the lax
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Susceptibilityhe inability of a plant to resist the effect of a pathogen or other damaging factor.

9. Recognize howvariables including the following are used to calculate the economic
injury level (EIL), and how the EIL changes with a change in any of the variables:
A. Pest density/crop damage relationship C. Cost of control
B. Crop value D. Effectiveness of controkction

A. Pest density/crop damage relationship.

Determining the Economic / Action Level

T
!

Pest s 1 ] 1 I K 1

Count

100 - T

/ i Fiwtd H-= |
5 10 15 20 25 30

% Loss of Crop Value Caused by a Hypothetical Pest

B. Crop value

Information needed:

Value ($) per bushel, ton, salable uni etc. =

Expected yield (bu., ton, salable unit, etc.) per acre =
Calculation:

Value ($) per salable unit X Exp¥itkl / Acrecrop value ($) / acre

C. Cost of control
Estimate Control Cost (Primary + Secondary Costs)

Primary cost (Pesticide cost)

Information needed:

Pesticide use rate (lb., oz, etc.) / acre,i.e. ___ (Ib., 0oz, etc.)
Pesticide price / (Ib,,aiz.

Calculation:

Pesticide use rate (lb., oz, etc.) / acre, i.€lb., 0z, etc.)
Pesticide price / (Ib., oz, ®tc.) =
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Pesticide cost / Acre, i.e. $ | Acre
Secondary cost
Information needed:
Pesticide Application cost$ _cre / A
Primary Pesticide Cost + Secondary Cost = Tats Rpgplication Costs / acre
i.e. Total Control Cost $ / Acre

Calculate Maximum Allowable Crop Loss (%)
Total Control cost $ /diiced bgrop value $ / Acre =
Maximum allable crop loss %

D. Effectiveness of control action

For more information: Performance Objgctive (2

Competency Area 2: Weed Management

Weed Biology

10. Demonstrate familiarity with life cycles and growth habits (dicotyledons and
monocotyledons)of weeds and how these characteristics affect weed management.

Life cycles
Annualscomplete life cycle in one year:

1 Summer annualgerminate from seed in spring or early summer then flower and set
seed before the end of the growing season, i.eragmeeahand large crabgrass.

1 Winter annualgerminate from seed in late summer or fall, then flower and set seed th
foll owing spring or ear | yurseanthpugple, i . e.
deadnettle.

Biennialstake two years to completeyicle:

1 They make vegetative growth the first year. Then after additional vegetative growth ir

second year, they flower and set seed, i.e. common burdock and bull thistle.
Perennialslive for more than two years

1 Perennials reproduce from seedrdndyn seed and vegetative organs.

1 Perennial plant forms include:

o Simple from seed only, i.e. dandelion and curly dock.

o0 Bulbousfrom seed, aerial and underground bulblets, i.e. wild garlic.

o0 Tuberousfrom seed and tubers at tips of rhizomespwenytsedge.

o Creepingfrom seed and either stolons (prostrate stems or runners that root at the
nodes) or rhizomes (underground creeping stems). Rhizomes may be either shall
Arootedod (quackgrass and wirestdem mu
horsenettle).

Growth habiése important because of herbicide selectivity and type/location of growing points
(meristems).
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91 Dicotyledons or broadleaf weeds have two seed leaves and apical/axial meristems sc
stem elongation is from tip(s).
1 Monocotyledehave one seed leaf and basal or intercalary meristems so stem
elongation is from the lower portion of internodes.
0 Grasses have hollow round or flattened stems. The parts of grass leaves are:
1 Blade part 6a leaf above the sheath
1 Sheath lower part of grass leaf that encloses the stem/younger leaves
1 Collar outer side of a grass leaf at the junction of the blade and sheath
1 Ligule thin membranous appendage or ring of hairs on the inside of a leaf
at thgunction of the blade and sheath
1 Auricle a small projecting lobe or appendage found where the blade meets
the sheath
0 Rushes have solid, round stems
o Sedges have solid, triangular stems

11.Understand the survival mechanisms of weeds, i.e. how they repnack, spread, and
the role seed dormancy plays in survival.
A. Reproductive capacity:
o0 Sexual weeds are prolific seed producers and average about 20,000
seeds/plant (250 from wild oat and 6 million from tumble pigweed).
0 Asexualvegetative means of repramydte. bulbs, tubers, stolons, rhizomes,
rootstocks.
B. Dissemination of propagules is by wind, water, and animal, especially humans
C. Dormancy or extended viability is the inability of propagules (seeds or vegetative
reproductive structures) to germirexigovavided with proper conditions:
o Innate inherent in mature seed, i.e. mechanically restricted seed coats,
impermeable seed coats, germination inhibitors, immature embryos, etc.
0 Inducedbecome dormant after exposure to environment
o Enforcedlimitatins of environment prevent germination

12. Demonstrate the ability toclassify each of the following weeds by life cheand growth
habit, i.e.recognize whether they are broadleaf weeds, grasses, or sedges.

Summer Annuals Summer/Winter Annual | Perennials
Vdvetleaf Horseweed Common Milkweed
Redroot/smooth pigweed Hedge bindweed
Common ragweed Canada thistle
Common lambsquarters | Biennials Field bindweed
Hairy galinsoga Common burdock Smooth bedstraw
Wild mustard Bull thistle Horsenettle
Eastern btk nightshade Dandelion

Large crabgrass Quackgrass
Barnyardgrass Wirestem muhly
Fall panicum Johnsongrass
Giant foxtail Yellow nutsedge
Yellow foxtalil

Green foxtail
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13.Recognize how weed life cycle and growth habit impact choice and timind¢) @ontrol
measures.

(See also details under No. 20, especially for postemergence applications.) Weed co
measures (methods) limit weed infestations so that crops can be grown profitably or c
operations conducted efficiently. Control efforsgloaiibeblogical differences between crops
and weeds and should increase competitiveness of crops in comparison with weeds. A succ
control program should involve two or more methods of control since relying on only one
results in failure.

Weed Control Methods

14.Mechanicali Understand the advantages and limitations of mechanical control
measures, especially those associated with tillage and cultivation.
A. Mechanical control forms:
o Mowing
o Burning
o0 Smothering
o Tillage seedbed preparation andatitin
B. Advantages
0 Reduce or eliminate herbicides
o Control weeds that escape herbicide applications, i.e. delay or prevent development of
herbicideesistant weed populations.
O Sometimes there is a fAcul ti veadulivatonney f e c
improve soil aeration, water infiltration, etc.
C.Limitations
o Timeliness is critical. Weather/soil moisture conditions may prevent timely cultivation.
o Inrow weed control is difficult with many cultivators.
0 Increased labor costs.

15. Cultural or managerial i Understand the advantages and limitations of cultural
practices that influence the competitive relationship between crops and weeds
including the role of the following in weed management:

A. Choice of crop and variety/hybrid selectionmcluding the advantages and
disadvantages of herbicideresistant crops.

Crop rotation

Soil management pH, fertility, soil water

Planting date

Seeding rate/plant populations/row spacing

Nurse crops/cover crops

nmooOw

Cultural or manageriatludes a varietfypractices that favor the crop over the e dukst
management practices

1. Choice of crop and variety or hybrid, including-tesisteidiecrops (HRCs)
1 Advantages or potential benefits of HRCs
o New control options for-t@edntrol weeds (iperennials)
0 Increase success and adoption of conservation tillage
o Encourage use of thresholds for weed management decisions
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Aid resistance management
Use of environmentally and toxicologically friendly herbicides
Minimize herbicide carryover problems

o Optias for limited acreage crops
1 Disadvantages or potential risks of HRCs

o0 Unintentional application to, and/or spray drift on susceptible crops
HRCs could become weeds in rotational crops
Increase selection pressure for herbgigtant weeds
HRC pollen n@went to organically grown crops
Invasive potential of HRCs into natural ecosystems

0 HRCs could outcross with closely related weedy relatives

2. Crop rotation
3. Soil management
1 Soil waterdrainage/irrigation
1 Soil fertility
1 Soil pH
Planting date
Seeding rategpit populations
Row spacing

o OO

o O O0OOo

o g s

16.Biological i Understand why biological control measures do not work as well with
intensively managed crops as in extensively managed production systems/natural
areas.

Biological control involves use of natural enemiessects adiseases, animals, and other

plants. Understand why biological control measures do not work as well with intensively manag
crops as with extensively managed production systems or natural areas where you are targetin
weed.

17.Chemicab Be aimiliar with the ways herbicides are classified, i.e. how they are used and by
herbicide family/site of action classification.

Chemical control, as we know i D, Thdrapd it s o
development of herbicideg s$iren has led producers to think of herbicides as a panacea for their
weed problems. They are not a panacea. They-adgedisword and should be used as part of

an integrated weed management program.

How they are usesklective vs. nonselective
1 Foliar applied herbicides
AContactact mainly by touching weeds rather than by being absorbed and moved to the si
of action.
ATrandocated moved from point of entry to site of action within the plant.
1 Soil applied herbicides

Site of action classiigrat

Mode of action refers to the sequence of e

effect at the site of action. Herbicides with similar chemical structures and herbicidal activity are
23
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grouped into families. Two or more herhidide faay have the same site of action within plants
and express similar herbicidal activity and injury symptoms. The Weed Science Society of Ame
(WSSA) has approved a numbering system to classify herbicides by their site of action. A Grou,
Number igiven to all herbicides with the same site of action.

18.Chemicali Know example herbicides (product names), types of weeds they control,
and weed/crop injury symptoms caused by each of the following herbicide site of
action groups:
A. ACCase inhibitors or lipid synthesis inhibitors (GROUP 1)
B. Amino acid or protein synthesis inhibitors
I.  ALS (acetolactate synthase) inhibitors (GROUP 2)
ii. EPSP synthase inhibitors (GROUP 9)
Microtubule assembly inhibitors or seedling root inhibitors (GROUP 3)
Growth regulators or synthetic auxins (GROUP 4)
Photosynthesis inhibitors
i.  Mobile photosynthesis inhibitors (GROUPS 5 and 7)
ii.  Non-mobile photosynthesis inhibitors (GROUP 6)
F. Glutamine synthetase inhibitor (GROUP 10)
G. Cell membrane disrupters
i.  PPO inhibitors (GROUP 14)
ii.  Photosystem | ¢éectron diversion (GROUP 22)
H. Fatty acid, lipid, protein, inhibitors or seedling shoot inhibitors (GROUP15)
|.  4-HPPD inhibitors or pigment inhibitors (GROUP 27)

moo

GROUP @& ACCasdAcetylCoA Carboxylase) inhibitors (lipid synthesis inhibitpreyent
formation of fatty acids essential for plant lipids which are vitaF welhtegititmembranes and growt
(46 resistant wdsdtypes).
Herbicidd-amilies:
1) Aryloxphenogyopionate
Fusilade DX (fluazifioppybeans, dogans
Assure |l or Targai@alofod) soybeans, dry beans, sresms
2) Cyclohexanedione
Select Max (clethodirepybeans, alfalfa, dry beans, snap beans Poast

Plus (sethoxydimgoybeans, alfalfa, many vegetajple

Usesi postemergence control of annual and perenniahgreasgsroadleedps. These

herbicides do not affect broagiecies.

Symptomology new leaf tissue becomes chlorotic and eventually necrotic. Base of leaves in w
brown and mushy, and is easily separated from plant. Older leapesptaagramge, or red before
becomingecrotic.
Absorption/Translocatigrreadilyabsorbetlyleaveutslowlyranslocatedbwnwardnd accumulate in
meristematic regions (gowing points) of shautisand

Soil persistencé short for Select Mad &oast Plus but moderate for Fusilade DX, Assure

GROUP 2ALS(acetolactate synthase) inhibitors (protein synthesis inhildforspit ALS, a
key enzyme in biosynthesis of amino acids needed for protein synthesis. (146 resistant weed
bioypes).
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Herbicidd-amilies:
1) Imidazolinone
Raptor (imazamxlfalfa, soybeans, edible legumes, Clearfield crops Pursuit

(imazethapwalfalfa, soybeans, edédgemes

2) Sulfonylurea
Permit/Sandea (halosulftirbe)d and sweet corn, pumpkins Accent

Q(nicosulfuron¥ieldcorn
Beacon (primisulfufiofi¢ld corn
Resolve Q (rimsulfuiiofigldcorn
3) Triazolopyrimidine
FirstRate (chloransulasaybeans Python
(flumetsulam¥ield corsoybeans

Usesd postemergence control of a broad spectradiedband grass weeds in a multitude of cropg
Permit is very effective against yellow nutsedyge in

Symptomology grasses stunted with interveinal chlorosis (yellowing) orgadietifigrlants stunted
and chloroticmurple.

Absorption/Traslocatiori readilyabsorbedndtranslocatead meristematissuggrowing points).

Soil persistencé varies from short to long and can be affectguHby soil

GROUP 8Microtubule assembly inhibition (seedling root inhibitats)fere with tel
division and elongation in root tips (12 resistaiotypesil.

Herbicidd=amily:
1) Dinitroaniline
Balan DF (benefin)falfa
Prowl/Pendimax (pendimethdi&iyl and sweet corn, soybeans, edible legumes, etc. Trefl
(trifluralin) several \getablerops

Usesi preplant incorporated, preemergence, or early postemergence cograsse#sabntialso cont
certain annual broadleaf weeds in numerous field andropgetable

Symptomology highly susceptible weeds do not emergeasitpsécognized symptom is root inhibit
short, thick lateral roots. This results in deformed shoots. Grass shoots may be red or purple
may have swollen/cratiyedcotyls.

Absorption/Translocatiarabsorbed by emerging sHgoass coleoptiles, broadleaf hypocotyls) ang
secondarily by roots. Translocation is not important in centesbefiiseedlings and upward
movement in emerged plalingsitisd.

Soil persistencé moderately long with-lifaliof about d&ys.

GROUP 4 Growth regulators or synthetic auxirdisrupt hormone balanceuautdirsynthesis resultin
in abnormal growth. This mechanism of action is not completely understood but the primary aq
involve cell wall plasticity and nugitkimetabolism (30 resistant vieggbes).

Herbicidd-amiliies:

1) Phenoxy or phenoxyaeeiit
2,4D7 small grains, pasture, field and cweet
Butyrac 200 (Z)B)i foragéegumes
MCPA small grainslover

2) Benzoiacid
Banvel, Clarity, Statusa(dlza) field corn, pastures and dyags

3) Carboxylacid
Garlon (triclopympastures/hayfields, coopareas
Stinger (clopyralid)eld and sweet corn, small grains, pastures,
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Usesi postemergencentrobfannualbienniagndperenniditoadleaf weedsa varietyf crops (corn,
small grains, pastures, and situations including the DBeanid?2MCPA in legume crops. Limited ag
grasses/grass crops except in sextalijng.

Symptomology broadleaf plants show epinastiingkisallus tissue, and leaf malformations (cupp
curling). Corn can show daafing, fused brace roots, bent andtatkte

Absorption/Translocatidgrreadily absorbed by shoots and roots, and readily translocated both ug
downwarth plants. Translocation is generally slower in grasses and aspecteterant

Soil persistenceé short for phenoxyacetic and benzoic acids; moderate faaadsboxylic

GROUP 8Mobile (translocated) photosynthesis inhibitbisd to site @n the photosystem II
complex in chloroplasts and stop carbohydrate gyothhictiing is different than for Group 7
herbicides(72 resistant wdsdtypes).

Herbicidd-amilies:
1) Triazine &¥triazine
AAtrex (atraziriegorn and sorghum Princep
(smazine) corn, tree fruittc.
Velpar (hexazinohe&lormant established alfalfacrogareas
2) Triazinone astriazine
Sencor (metribuzirsoybeans, dormant established alfalfa, pfotattess
3) Uracil or substituteecil
Hyvar X (bromatifjorcropareas

Usesi preemergence and postemergence control of many annual broadiseédadndessme
perennials (Velpar and HyNar

Symptomology with preemergence applications, seedlings emerge but become chlorotic withir]
Initidly, older leaf margins or tips become chlorotic with interveinal chlorosis in broadleaf plants
turn brown adie.

Absorption/Translocatidrabsorbed through roots or shoots and translocatedlypward

Soil persistencé moderate to lpmvith halives of 3900days.

GROUP 8 Nonmobile photosynthésinhibitors- bind to site B on photosystem Il complex in chlor
and stop carbohydrate production (4 resisthittyymes).

Herbicidd-amilies:
1) Nitrile doenzonitrile
Buctril (bromoxyhigmall grains, corn, seedling atalfa,
2) Benzothiadiazole
Basagran (bentazbspybeans, beans, peas, eten,

Usesi postemergence controhafial broadleaf weeds but controls topgrestdingierennials
such as yellow nutsedge and Cnisttia

Symptomology postemergence activity only with chlorosis or yellowing followed by desiccation
necrosis. Foliar bronzing may occur omso#yeaptoms like those from cell medibnapiers.

Absorption/Translocatidgrreadily absorbed by leaves with little or no movement topattier plant

Soil persistence little or no soil resicdgivity.

GROUP @Mobile (translocated) phoymshesis inhibitor® bind to site A on the photosystem Il
complex in chloroplasts and stop carbohydrate produetion bsidifferent than for Group 5
herbicideq25 resistant wd@dtypes)
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Herbicidd-amily:
1) Substitutacea
Lorox/Linex (lion) soybean, corn, vegetable crops. Spike

(tebuthiuroin)noncrop situations, indusiies.

Usesi control annual broadleaf weeds and certain annual grasses, and Suikd). brush

Symptomology with preemergence soil applications, sesdéngs but become chlorotic within a fe
days. With foliar applications, interveinal chlorosis and yellonémgias leaf

Absorption/Translocatiarabsorbed through roots or shoots and translocatedlypward

Soil persistencé moderate to longhnaverage hiife of 66ays.

GROUP 8EPSP synthase inhibitors (protein synthesis inhib@dnk)bit EPSP synthase, a key
enzyme in biosynthesis of amino acids needed for protein synthesis (31biedigian).weed

Herbiciddamily:
1) Glgine (amino adigrivative)
Roundup, Touchdown, etc. (glyphiosatagrous crops aitdations.

Usesi nonselective, postemergence (foliar applied) herbicide for control of most annual and peg
but is most toxic to annual grasses. Caul lier zpne/silage burndown and in glyphosate restgian

Symptomology foliar chlorosis and necrosis with rpddisd foliage in cedpities.

Absorption/Translocatiarmoderately absorbed by leaves and primarily translocated downward
with accumulation in underground tissues, immature lewresearsd

Soil persistence moderate persistehegstrongly adsorbed on soil so all crops can be planted
immediately aftgaplication.

GROUP 18Glutamine synthetase inhibitdéraccumutaon of ammonia destroys cells and directly in
photosystem | and photosystem |l reactions (2 resibiatypeeid

Herbicidd=amily:
1) None generally accepted (amino acid derivative) Liberty,
Rely, Ignifglufosinate)

Usesd nonselective caoitof a broad spectrum of annual and perennial gtaeseemidveeds. Can
used for burndown in zordlage and in Liberty ¢iiogs.

Symptomology chlorosis and wilting wittird8ys, followed by necrosi®uvegks.

Absorption/Traslocationd absorbed by foliage but movement in plants is limited. Littkbeprpiiooot

Soil persistencé short soil residual with typicdifealf days.

GROUP 1dPPO inhibitors (cell membrane disrup@nshibition of protoporphgenamxidase results
in lipids and proteins being attacked and oxidized. This results in loss of chlorophyll and carote
leaky membranes which allows cells and cell dogaryediad rapidly disintegrate (6 resistant weed
biotypes).

Herbicile Families:

1) Diphenylethers
Reflex (fomesaférgoybeans, beans
Cobra (lactofenyoybeans

2) N-phenylphthalimides
Resource (flumiclofiacprn, soybeans
Valor SX (flumioxazisdybeans

3) Triazolinones
Aim (carfentrazestilyl) corn

4) Pyrimidinediones
Shapen (saflufenagiljorn, soybeans, thest
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Usesi pre and/or postemergence (depending on product) control of a wide spectrum of broadlg

Sympl)tomolog'y following foliar application, leaves of susceptible plamntistretonten desiex
and necrotic withifs tlays. Sulethal rates may produce foliar bronzing. With soil applications, pla
emerge, become necrotic and die shortly after exposure to sunlight.

Absorption/Translocatidrrapidly absorbed by roots and/or foliage(rdeppnaduct and application
timing) with limited translocatisoniet

Soil persistencé ranges widely from little or none for Cobra, Valor SX, and Aim to long-({i€)0ferd
Reflex.

GROUP 15inhibit fatty acid, lipid, proteinyetbesis (seedling shoot inhibitors) (4 resistant
weediotypes).

Herbicidd=amily
1) Chloroacetamide
Harness, Surpass, etc. (acetochlor)
MicreTecHalachlor)
Outlookdimethenami®)
Dual Il Magnuy@metolachlor)

Usesi preplan or preemergenceaamftyellow nutsedge, annual grasses, and certain broadleaf
weeds such as redpigtveed.

Symptomolgy most susceptible weeds fail to emerge. Grass leaves are tightly rolled in the whg
not unroll properly resulting in malformed and esligtgd.dajured broadleaf species have cupped
crinkled leaves with a drawstring or heart shaped appearance.

Absorption/Translocatiagrabsorbed by emerging shoots, especially grass coleoptiles and broad
hypocotyls. There is some root absorgtiggwend translocation in plants beyond the seedling stag
Translocation is likely unimportant as these herbicides are phytotoxgeténgsging

Soil persistenceé moderate, providing 6 to 12 weeks aioweet

GROUP 22Photosystem | eléon diversion (cell membrane disruptét&)id oxidation destroys
integrity of cell membranes allowing cytoplasm to leak into intercellular spaces which leads to
and dessication (31 resistantbiw@gges).

Herbicidd=amily:
1) Bipyidilium
Gramoxone Inteon (paraduatjndown for broad spectrum of weetspnd

Usesi nonselective, foliar applied herbicide commonly used for burndositidgezormgpong

Syrﬁptomolog‘;'/ rapidwviltinganda watessoake@ppearandellowethydesiccatiowithin several hours of
application in full sunlight. Necrosis follows3ditim 1

Absorption/Translocatigrrapidhabsorbethtofoliagevithlimitedranslocatidromeaves under normal
conditions.

Soilpersistencé rapidiandtightlyadsorbetbsoilandbiologicallynavailablgnactive).

GROUP 234 HPPD inhibitors (pigment inhibitdrshibit 4HPPD which affects carotenoid
(photosynthetic pigments) biosynthesis (2 resistemiyperd

Herbicidd-amiles:
1) Triketones
Callisto (mesotrionpje and postemergence in field and sweet corn Laudis
(tembotriond postemergence in field and soeet
2) Pyrazole
Impact (topramezonppstemergence in field and saeet
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Usesi control of a variety of anoneeldleaf weeds gnalsses.
Symptomology bleaching followedbygrosis.
Absorption/Translocatiarabsorbed by seed and emerging root and shoot following preemerger
application (Callisto). Foliar and root absorption following postemetgencé rapgloeates up
and down throughalants.

Soil persistencé short, for Laudis and Impact, to modeCatéshar.

19.Chemicali Know time(s) of application for different types of herbicides and how soil
(texture, organic matter, pH) and weather(rainfall/soil moisture, temperature, etc.)
affect herbicide performance.
A. Preplantapplied before crop is planted
o Early preplansurface applied before crop is planted
o0 Preplant incorporated
- Some herbicides require mechanical mixing with sothiegcanesvolatile or
subject to photodecomposition.
- Used to place herbicide near germinating propagules
- Improve dependability of control
B. Preemergence applied to soil surface prior to emergence of crop and weeds; depend on rait
irrigation for imporation and activation.
o Factors affecting performance:
- Amount of rainfall or irrigation
- Herbicide solubility
- Amount of herbicide adsorbed on soil affects application rates
- Herbicide chemistry
- Soil texture
- Organic matter
- Soil pH
C. Postemergenceappliedfter emergence of crop and weeds.
o Factors affecting performance:
- Time of applicatiwhould be applied when weeds are young and/or actively growin
1 Summer annuakgoung plants in spring or early summer
1 Winter annualsosettes in fall or earlyngpri
1 Biennialsfall growth or rosettes in fall or spring
1 Perennialsbud stage in spring or summer or vigorous fall growth
- Application factors
1 Spray volume
1 Pressure
1 Spray adjuvantadditives that aid or modify the action of the active ingredient(s)
- Envionmental factors
1 Light 7 Wind
1 Temperature 1 Rain
1 Relative humidity

20.Chemicali Be familiar with problems associated with herbicide use
A. Herbicide resistant weedd Know weeds that have developed herbicide resistant
populations in the NE and practices involed in herbicide resistance management.
B. Problems of off-site movement of herbicides.

28



NRCCA Pest Management i Study Guide i 10/26/2016

C. Causes of herbicide crop injury

D. Advantages and disadvantages of herbicide persistence as it relates to weed control,
crop rotation, and water quality.

E. Pesticides are potetial sources of nonpoint pollution of surface- and groundwater.

A.Herbicide resistanceehas been defined by WSSA as dth
survive and reproduce following exposure to a dose of herbicide normally lethal to the wild t
a plant, resistance may be naturally occurring or induced by such techniques as genetic
engineering or selection of variants produced by tissue culture or mutagenesis.
http://weedscience.orgi8am/SOASummary.aspx
1 Related definitions include:
o Cross resistance is resistance to other herbicides within a similar chemical group st
as to atrazine and to other triazines.
o Multiple resistance is the evolution of populations resistant toohetaonies
related and having different sites of action.
1 Factors that increase the potential for herbicide resistant weed populations include:
0 Weed characteristics that favor resistance
- Annual weeds
- High germination rates
- Produce large numbers of seed
- Germinate over a long period of time
- Very susceptible to a herbicide
o Herbicide characteristics that favor resistance
- Single site of action in weeds
Highly effective on a species
High frequency of use
High use rate compared to amount needed
Long residual ety in soil with noted exceptions
o Cultural practices that favor resistance
- Continuous cropping with one crop or type of crop, i.e. RR crops
- No cultivation or tillage for weed control
- Using a single herbicide to control specific weeds
- Continuous or rephtise of a herbicide or group of herbicides that have the same
site of action
o Triazingesistant weeds in New York State
- Common lambsquarters (Chenopodiuni dlbuim)
- Smooth pigweed (Amaranthus hybrids5)
- Common groundsel (Senecio vulgE9B9
- Common ragweed (Ambrosia artemisiif@88)
o Herbicide resistance management
- Rotate crops or type of crop, i.e. RR or LL crops
Cultivate to control weeds that escape other measures
Use herbicides with little soil activity and/or short residual
Rotate érbicide sitegFaction, especially in continuous cropping rotations
Use tank mixtures or sequential application with diffefantisites
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B. Problems of offsite movement of herbicides.
1 Spray driftphysical movement of spray particlesangetreas.
1 Vapor driftvolatilization of herbicides from plant and soil surfaces with subsequent vapc
movement and injury oftacyet species.

C. Causes of herbicide crop injury
1 Excessive application rates
1 Improper application methods
1 Synergistic mixturesequential applications
1 Susceptible hybrids/varieties
1 Abnormal soil/climatic conditions

D. Advantages and disadvantages of herbicide persistence as it relates to weed control,
crop rotation, and water quality.
1 Carryover affecting rotational crops depends
0 Herbicide decomposition
- Microbial
- Chemical
- Photodecomposition
- Plant metabolism
o Availability for breakdown altered by
- Volatilization
- Plant uptake
- Adsorption on soil colloids
- Leaching or movement of water through a soil profile may move herbicides
o Avoidherbicide carryover
- Read and follow label
Use minimum dose
Calibration and application
Rotate herbicides
Use short residual herbicides
Integrate with other control measures

E. Pesticides are potential sources of nepoint pollution of surface- and groundwater.
1 Pesticide data bag®ovides pesticide surface runoff and leaching potential based on:

o Halflife- days for concentration to decrease-bglbne

o Soil sorption indeKoc is measure of tendency to be attached to soil particles.
- Pesticide chemistry
- Oganic matter content of soil
- Clay content of soil

0 Water solubilitppm that will dissolve in water at room temperature

0 Soils data bassoils are ranked according to their potential for pesticide loss through
leaching or surface runoff.

0 Soipesticidateractions determine leaching and/or surface loss potentials.
- Potential dhas a high probability of being lost to leaching or runoft.
- Potential 2has the possibility of being lost to leaching or runoff.
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- Potential 3has a low probability of beib¢plésaching or runoff.

Competency Area 3: Management of Infectious Plant Diseases

Biology of infectious plant diseases

21.For each of the following field crop diseases:

Classify by type of pathogen

nmoow>

Know how the pathogen is spread

Know the type of symptoms produced and plant partaffected
Know what conditions favor disease development

Know how the pathogen survives between crop seasons
Know other crop species attacked by the pathogen

Answers tperformanagbjectives 22 and 23 are containedalaweng tables.

Alfalfa

Wheat

Anthracnosd

Fusarium head blight (seBb)

Brown root rof

Leaf rustF

Leaf and stem blight complex including sp
black stem and leaf spot, lepto leaf spot, a
common leaf spét

Leaf and glume blatomplex including
Septoria tritici blotch, Stagonospora nod(
blotch, and tan spbt

Fusarium crown and rootHot

Loose smuf

Phytophthora root-rot

Powdery mildew

Pythium dampioff- O

Soilborne wheat mosaic

Verticillium vale

Stripe rustF

Wheat spindle streak mosaic

Corn

Yellow dwarf/

Anthracnose leaf blight and stalk rot

Common rusk Soybean
Common s Asian soybean rubt
EyespotF Bacterial blighB

Gibberella stalk and (red) eaFrot

Bacterial pustulB

GosséB wil't

Brown stem rdf

Gray leaf spoF

Downy mildevir

Northern leaf blight

Northern stem cankier

Northern (carbonum) leaf-gpot

Pod and stem blight

Seed decay/seedling blights), B

Sclerotiia stem ref

Stewarto6B | eaf blig

Septoria brown spbt

Soybean cyst nematoile

Oat

Soybean mosai¢

Crown rust-

Sudden death syndrerhe

Yellow dwarf (red leaf)

Pathogen typ@:= bacteriyid = fungy®l = nematope = ooycetgV = virus
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Diseases of Alfalfa

Pathogen type:= bacteriyda = fungy$l = nematop® = oomycgieé = virus

Disease, type
SymptomsHost plants

Survival &
Spread

Favored by

Control measures and
effectiveness (1=high to
3=slight)

Anthracnose F
Stem lesions, wilt;
Alflalfa, clover

Rainsplashed
spores (from
debris/plants)

Warm, moist
weather

Resistant varieties (1)
Remove debris from equipm

(2)

Brown root rot F
Root/crown raegumes,
grasses

In soil

Stresses that
weaken plants

Reducelpnt injury/stress (3)

Leaf and stem blight
complex Fungi

Leaf, stem lesions;
Smalkeeded legumes

Rainsplashed
or airborne
spores from
infected debrig

Moist condition

Harvest early to reduce leaf

(3)
Foliar fungicides (2)

or plants
Fusarium mwn and root | In soll Stressed planty Reduce plant injury/stress (3
rot-F clover root
Root/crown rot; curculio; injure
Many hosts crowns
Phytophthora root retO | In sall Wet soils Resistant varieties (1)
Root rot; Antioomycete seed furdps
Alfalfa (2)
Soil drainage (2)
Pythium dampingff- O In soll Cool, moist soi| Antioomycete seed treatmer
Root/shoot rot (1)Good seedbed preparatio
Many hosts (2)
Soil drainage (2)
Verticillium wilt F Soilborne, Cool, wet Resistant varieties (1)
Systemic wilt; contaninated | weather Rotation with cereals/grasse
Many dicot plants harvest
equipment

Diseases of Corn

Compiled by Gary C. Bergstrom, Cornell University.

Pathogen typ@:= bacteriyfa = fungy®l = nematog® = oomyce = virus

Diseae, type Survival & Favored by Control measures and

Symptoms; Host plants | Spread effectiveness (1=high to
3=slight)

Anthracnosé F Rainsplashed | Mild, wet; Resistant hybrids2(1

Leaf blight, stalk rot; spores (local)| reducedill, Crop rotation (2)

Corn

from corn deb

continuous cor
Europan corn
borer injury to
stems

Clean plowing (2)
Corn boreesistant (Bt) hybri
(1-2)

Common rusd F
Leaf rust; Corn

Airborne spor
(long distance

Humid;
thunderstorms

Resistant hybrids (1)
Timely plang (2)
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Common smud F Airborne and | Injuries; dry Resistant hybrids (1) Fertiliz
Galls on ears, tassel, lea| rainsplashed | conditions based on soil test (2)

Corn spores (in soil

EyespoB F Rainsplashed| Cool, wet; Resistant hybrids (1)

Leaf lesions; spores (local) | reducedill, Crop rotation (2)

Corn from cornatbrig continuous cor| Clean plowing (2)

Gibberella (red) ear ®E
Ear rot, mycotoxins;
Cereals, grasses

Airborne spor
(regional) fron
corn debris

Moisture at silk
emergence

Adapted, lssusceptible

hybrids (2) Timely planting +
harvest (3) Fertilize based o
soil test (3) Reduce stresses

Gibberella stalk rétF
Stalk rot
Cereals, grasses

Invasion throu
roots (soil) or
wounds

Stressed plant

Adapted, tolerant hybrids (2
Timelylanting and harvest (:
Fertilize based on soil test (3
Reduce stresses (3)

Goss OB wilt
Leaf blight, systemic
Corn, grasses

Infected corn
debris; seed;
grass weeds

Rain; reduced
tillage; continug
corn

Resistant hybrids (1)
Crop rotation (2)

Grayleaf spo F Airborne spor¢ Persistent dew| Resistant hybridg Foliar
Leaf lesions; (regional) fron| fog; reducetll, | fungicides (Eyop rotation (2)
Corn corn debris | continuous cor| Clean plowing (2)

Northern leaf bligldF Airborne spor¢ Humid, wet Resistant hybrids (1)

Leaf lesions; (long distance Foliar fungicides (2)

Corn from corn deb Timely planting (2)

Northern leaf sp@F Airborne spor¢ Humid, wet Resistant hybrids (1)

Leaf lesions; (long distance Foliar fungicides (2)

Corn Tinely planting (2)

Seed decay/ seedling bli¢
0F,O,B
Seedsseedlingdylany hosi

In soil; seed

Cool , moist so
poor quality se

Protectant seed fungicides (
Good seedbed preparation
Timely planting (2)

St ewart 08B |

Leaf blighsystemi€orn

Corn flea beet

Mild winter

preceding crop|

Resistant hybrids (1)

Diseases of Wheat

Compiled by Gary C. Bergstrom, Cornell Univer

Pathogen typ@:= bacteriyma = fungy$l = nematoge® = oom

cetd = virus

Disease, type
Symptoms; Host plants

Survival &
Spread

Favored by

Control measures and
effectiveness (1=higB=slight

Fusarium head blight
(scab) F

Head, kernel blight, myc(
contamination;

Cereals and grasses

Airborne sport
(regional) and
rainsplashed
spoes (local)
from corand
cereal debris

Moisture at cro
flowering
through early
grain filling

Follow a nerereal crop (3)
Plant less susceptible variet
(2)Stagger planting dates (3
Systemic foliar fungicides at
flowering (2)

Leaf rusbF
Leaf rust;

Wheat only

Airborne
spores (long
distance)

Warm, humid;
thunderstorms

June

Resistant varieties (1)
Timely planting (2)
Foliar fungicides (2)
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Loose smutF In seed Binrun seed | Certified seed (1)

Kernel replacement by sj| (embryo) Sysemic seed fungicides (1)
Wheat only

Powdery milded@F Airborne Humid; Systemic seed fungicides (2
Mildew on all plant surfaq spores moderate Systemic foliar fungicides (1
Wheat only (regional) temperatures | Resistant varieties (2)
Septoria tritici blotcBF | Wheat debris;| Splashing rain;| Foliar fungicides (1)

Leaf blotch windborne extended leaf

Wheat

wetness

Stagonospora nodorum
blotcho F

In seed; whea
debris;

Splashing rain;
extended leaf

Seed fungicides (3)
Foliafungicides (1)

Leaf/glume blotddheat | windborne wetness
Tan spob F Wheat debris;| Wheat after Seed fungicides (2)
Leaf spot; in seed,; wheat; humid, | Partially resistant varieties (2
Wheat windborne moderate temp Foliar fungicides (1)
spores rainfall

Soilborne wheat mosaid/
Foliar mosaistunting;

Transmitted b
protozoan; pe

Soil moisture &
seedling stage

Resistant varieties (1)

Wheat, triticale sists in soil forl cool spring

many yearsii temperatures

ted distributior
Stripe rusto F Airborne spor¢ Warnhumid;Ju| Resistant varietiesRa)iar
Leaf rusiWheat only (longdistance)| thunderstorms | fungicides (Ijmely planting

Wheat spindle streak
mosaicd V

Spindleshaped yellow
streaks on leaves in sprir
Wheat

Transmitted b
protozoan; pe
sists in soil for
years; wel
spread

Soil moisture a|
seedling stage
extended cool
spring

temperatures

Resistant varieties (1)

Yellow dwart V
Yellowing of leaves, stun
of plants;

Many cereals and grasse

Transmitted b
aphids (shott
long distance)

Early planting;
high apid pop
nearby infecteq
grasses

Plant after Hessian fly free d
(2)Systemic seed insecticide

Diseases of Soybean

Compiled by Gary C. Bergstrom, Cornell University.

Pathogen typ@:= bacteriyma = fungydl = nematog® = oomyce = virs

Disease, type Survival & Favored by Control measures and
Symptoms; Host plants | Spread effectiveness (1=higB=slight)
Asian soybean rustF Windborne Early arrival of| Application of protectant
Rust on leaves; spores (lorg | windbrne fungicides prior to infectié) (
Soybean, kudzu, perhapy distance) spores; moder| Timely application of fungicic
other legumes tems.; rain with systemic, curative activi
Bacterial blighd B Rainsplashed| Cool, wet High quality seeds (2)
Lesions on leaves and p¢ bacteria from | weather Crop rotation (2)

Soybean

soybean debri
cultivatiom
wet conditiong

Avoid highly susceptible vari
2
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Disease, type
Symptoms; Host plants

Survival &
Spread

Favored by

Control measures and
effectiveness (1=higB=slight)

Bacterial pustuld B
Lesions on leaves and p¢

Rainsplashed
bacteria from

Wet conditions

High quality seeds (2)
Crop rotation (2)

Soybean debris or soill; Avoid highly susceptible vari
cultivatioin (2)
wet conditions

Brown stem rotF Infected Cool, moist at | Resistant varieties (1)

Stem rot; premature plan soybean seedling stage| Crop rotation (2)

death debris; in soil | hot, dry during

Soybean pod fill

Downy mildew O Windborne High humidity;| Crop rotation (2)

Mildew on leaves, pods, | sporangia; sy§ moderate Antioomycete seed treatmer

seeds; temic infectior] temperatures | (2)

Soybean

from infected
seeds

Northern stem cank&iF | Infected Cool, moist at | Crop rotation (2)

Stem cankers, stem rot; | soybean seedling stage

premature plant death | debris; in soil | hot, dry during

Soybean pod fill

Pod and stem blighbtF Rainsplahed | Prolonged moi Crop rotation @®jlapted
Pods and stem lesions; | spores from | periods during| varieties (d)imely harvest (2)
Soybean infected pod maturatior Late season foliar fungicide

soybean debr

application if warranted by
disease pressure (1)

Sclerotinia stem rot (whit
moMd)-F

Rot of stems;

Many dicot plants

Windborne
spores from
sclerotia on s(
surfacgein soil

Dense canopy
moisture at
flowering;
disease in
previous crop

Tolerant/resistant varieties (!
Crop rotation (2)

Wide row spacing (2)

Foliar fungicides (2)

Septoria brown spef

Infected sey

Splashing rain

Crop rotation (2)

bean debris; | moist conditior| Foliar fungicides, if warrante
seedborne soybean after | disease pressure (1)
soybean
Soybean cyst nematode | In soil; Infested local § Avoid introduction (1)
N movement on| from which Resistant varieties (1)
Colonizes roots, stunts | equipment, | nematode may Crop rotation (2)
plantsSoyean only unclean seedg be introduced |
new fields
Soybean mosaigV Aphid High aphid Plant viruBee seed (1)
Mosaic on leaves, stunts| transmitted | populations Timely planting (2)

plants;
Soyban

(nonpersistent
from infected
live hosts; se€
transmitted

when plants ar
young

Resistant varieties (strain
specific) (2)
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F
Root rot; fali discoloratior

premature plant death

soybean debr
in soil

Disease, type Survival & Favored by Control measures and
Symptoms; Host plants | Spread effectiveness (1=higB=slight)
Sudden death syndronde | Infected Cool, moist at | Seed fungicide (1)

seedling stage
hot, dry during
pod fill

Crop rotation (2)
Control of soybean cyst
nematode (2)

Diseases of Oat

Compiled by Gary C.

Bergstrom, Cornell University.

Pathogen type:= bacteriyma = fungy$l = nematop® = oomycge = virus

Disease, type Survival & Favored by Control measures and
Symptoms; Host plants | Spread effectiveness (1=high to
3=slight)

Yellow dwadV By aphids Late planting o] Resistant/tolerant varieties (

Reddened leavesging; | (short & long | spring oat; larg| strairspecific) (2)

Many cereals and grasse distance) aphid populatig Plant early in spring (2)

Crown rusb F Airborne Warm, humid; | Resistant varieties (race

Leaf rust; spores from | thunderstorms| specific) (2)

Oat, buckthorn infected oat of June/July Plant early in spring (2)
buckthorn

Compiled by Gary C.

Control of infectious plant diseases

Bergstrom, Cornell University.

22.For the field crop diseases listed under (22) above, know the availability and relative
usefulness in disease management under Northeast conditions of:

A. Seed, foliar-, and soitapplied fungicides

. Resistant or tolerant crop varieties

B
C. Use of certified seed
D

. Other cultural pra ctices such as rotation, tillage, site selection, soil drainage, planting
time, harvest time, fertility, weed and insect control

See tablegnder 22.

Biology, detection, and prevention of mycotoxins

23.Def i ne Omycot oxinod and
deoxynivalenol, zearalenone, fumonisins, ochratoxin.

b e mycataxipsu aaflatoxins,d

Mycotoxins a general term &opoison produced by a fungus that is harmful to humans and/or
animalsOnly certain strains of certain fungi produce mycotoxins, andestainerderonmental
conditions. Corn and small grain cereals are especially prone to accumulate mycotoxins in th
tissues, althoutite stem (stover) fraction of these crops may also be invageadaygitagimolds.

Molds may continue to gmav@oduce toxins in stored commodities under aerobic, high moistt
conditions. However our most prevalent problems in the Northeast have been with mycotoxins
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in standing crops prior tedsMycotoxins are only problematic when theycoccomadities and
feeds above levels of concern established for individual animal species. Mycotoxin contamin
measured in parts per million (ppm) and parts per billion (ppb).

Aflatoxins:

Produced by the fungspergillus flavus goldenolorednold; cause liver damage and cancer;
tolerances set by U.S. Food and Drug Administration for levels of contamination allowed in milk &
food commodities. Not commonly found in commodities produced in the Northeast but are f
commodities preed in warmer growing regions and shipped to the Northeast.

Deoxynivalenol (vomitoxin):

Produced by certain species of the Fursgusim (Gibbereba)ink to recblored mold; cause feed
refusal, vomiting, and digestive disorders in swined diber apecies with simple stomachs;
chronic symptoms include loss of productivity and lowered immunity; poultry and ruminant anir
less sensitivelSDA recommends less than 1 ppm deoxynivalenol in finished food products anc
than 2 ppm in unedlgrain destined for human consun@it@mns commonly in wheat, barley, and
corn grain and silage produced in the Northeast.

Zearalenone:

Produced by certain species of the famgasum (Gibberella)pink to remblored mold; an
estrogenic compual that causes reproductive disorders in swine and othecspecasnmonly
in corn grain and silage in the Northeast.

Fumonisins:

Produced by certain species of the faigarsuma whitisholored mold, and differing from the
species that prome deoxynivalenol and zearalenone; cause a fatal brain disease in horses,
damage in swine, liver damage in several animals, and linked to human esophageal cancer
commonly in corn grain in the Northeast but at fairly low levels. Otevelatimigbwer produced

in warmer regions.

Ochratoxins:

Produced mainly by the fuRguscilliuyra blue to greenlored mold, and produced mainly under
poor storage conditiotber than in a standing crop; cause damage to the liver akdkndheys.
occasionally in stored commodities in the Northeast.

24.Know the mycotoxins found in Northeast grain and silage, the fungus genera they are
produced by, and how they are detected.

Main Mycotoxioscurring icornhrain andilageproduced in the N@dstern United States

Mycotoxin: Predominaiixigenic mol| Lowest | Common effects on animals:
levelof
concern:
Deoxynivaleng Fusarium graminearum | 1-3 ppm | Feed refusal and gastrointestinal |
(vomitoxin) (Gibberella zepe and vomiting in animals with simp
Causal fungus of Gibber stomachs; severity increases with
ear rot and stalk rot of c( Swine and dogs anest sensitivadu
and Fusariune&d blight o cattle and poultry tolerate >10 ppr|
wheat and barley <1 ppm | USDA guitiee for human food pro
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Zearalenone | Fusarium graminearum | 1-5 ppm | Hyperestrogenism and infertility. §

(Gibberella zene (gilts) are most semsitiadult cattle
Causal fungus of Gibber tolerate 50 ppm.

ear rot and stalk rot of c(
and Fusarium head bligh
wheat and barley

Fumonisins | Fusarium verticilloides; | 510 ppm| Brain deterioration, death (horses

F. proliferatum damagé¢horses, swine, cattle, pyu
Causal fungi of Fusariun
ear rot and stalk rot of c¢ >100 ppn Lung daage in swine

25.Know strategies for minimizing contamination of commaodities by mycotoxins.

Greatest mycotoxin risk factors in corn production:

D> DD

Moist weather at silk emergence (Gibberella ear rot; deoxynivalenol and zearalenone)
Drought, high temperatdteBg grain maturation (Fusarium and Gibberella stalk rots; Fusariur
ear rot; fumonisins)

Insect or other mechanical damage to ears or stalks

Delayed maturation/delayed harvest

Contaminated storage structures

Failure to adequately dry grain or pdatigerdf dried grain storage

Failure to exclude air from high moisture, anaerobic storage

Field practices that reduce the risk of mycotoxin contamination in corn:

> >

> >

Timely planting of locally adapted hybrids of appropriate maturity with padiéibbsEstiace

ear rot

Avoiding continuous planting of corn under conservation tillage, especially w

Gibberella/Fusarium stalk rot is prevalent

Fertilizing based on soil test and avoiding excessive nitrogen

Avoiding stress from insects, weeds, asgivekgdigh plant populations

Planning ahead for harvest and subsequent grain handling:

o Clean grain bins before putting in the new crop

o Harvest fields with delayed maturity or high lodging potential as silage or grain for ana
storage; or be prepawedapidly dry grain down to 13.5% moisture content

o Aerate grain bins to prevent moisture migration caused by colder temperatures

o Harvest silage at recommended plant maturity, and pack well to eliminate air pockets

Testing for mycotoxins

Onsite testrdaboratory test?

Onsite test kits are available through commercial firms. Most abaseaqtilody indicate
contamination by a color change; other tests utilize thin layer chromatography (TLC) or minic
Onsite tests are quick and relatnetpensive (depends on the number of samples run). The)
generally give accurate and reproducible results when used on dry grain samples; they are not a
for high moisture grain or silage. Specific mycotoxins can be quantified relatiteatoastandards
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supplied with the kits.-sibm tests are often used as diagnostic Gestsnercial and
government/university labs offer mycotoxin testing. Lab tests are expensive, comprehensi\
quantitative for many toxins, and are useful for wetaamoledryMethods includefriegsure

liquid chromatograHi?LC) and gas chromatogirapky spectrometry {G3§€).

Sample collection and handling

Samples must be representative of grain in a truck or bin or silo. Obtain many small samples at

intervals from a moving stream of grain or by probing all levels and areas of a stationary grain

make a composite 10 Ib sample that should be further mixed and subsampled to produce a 2 Ik

for shipping to a lab. Ship dry samples in lere&dtitabl stout paper bags. Wet samples should be

in sealed containers and be frozen or refrigerated during transit.

More information orsta tests and/or laboratory analyses is available from:

1 Cumberland Valley Analytical Services, Hagkttoutp://www.foragelab.com/

1 DairyOn€oragd.ab, Ithaca, N¥ttp://dairyone.com/anahger@ices/feeahd
forage/servicesdpricing)

1 Neogen Corporatiamvi{v.neogen.cpm

1 Romer Labs, Inkt{ps://www.romerlabs.gom/

1 Trilogy Analytical Laboratoww(trilogylab.com

Competency Area 4: Management of Arthropods

Biology of Arthropods

26.For each of the following:

A. Be able to sight identify.
B. Classify as an important economic pest or a sueconomic/occasional pest.
C. Classify by feeding habit, host range, injury mechanism, symptoms and damaging
stage(s).
D. Understand how biology influences management
E. Know how environmental conditions influence population dynamics.
F. Know how the environment influences potential for crop damage.
Corn Small Grans
Western/Northern corn rootworm Cereal leafbeetle
European Corn Borer Wireworm
True armyworm
Fall armyworm Alfalfa
Black cutworm Alfalfa snout beetle
White grub Alfalfa weeuvil
Wireworm Clover root curculio
Corn leaf aphid Pea aphid
Slug Potato leafhopper
Seedcorn maggot
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Soybeans
Seedcornaphid
Soybeanmites
Spider maggot
Class of Common
Arthropods Name Distinguishing Characteristics
Insecta Insects Three body regions (head, thorax,
and abdomen), 6 legs and usually 2
pair wings on thorax, 1 pair of antennae.
Crustacea Crayfish, Have 10 to 14 legs, 2 body regions
Sowbugs, (cephalothorax and abdomen) and 2
Fairy Shrimp pair of antennae.
Arachnida Spiders, Have 8 legs, no antennae, 2 body
Ticks, Mites, regions (cephalothorax and abdomen)
Scorpions
Diplopoda Millipedes Have long bodies composed of about 50
segments, each of which has 2 pair of
legs.
Chilopoda Centipedes Have long bodies composed of 14 to 20
segments, each of which has 1 pair of
legs.

Insects, mites and spiders are members of the group (Phylum) of organisms known as Artt
(Jointed Legs). The other members of the Plylum (grodpi dhe liatgghove

The Class of Insecta is separated from the Class of Arachnida (mites, spiders) by the number
parts, number of legs and the presence/lack of antenna. Examples are shown below of the ¢
orders of Arachnida. Agricultapariant groups of Arachnida are the mites (plant feeding an
beneficial) and spiders (beneficial).
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Pseudoscorpionidafalse scorpions

Opiliones daddylonglegs or harvestmern Araneida spiders

Acari- mites &ticks

In contrast, member€lafss Insectall have one pair of antennae, three body parts (head, thorax
abdomen), three pair of legs, adults usually have wings and breathing takes place using trache
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Insect developmen’
is divided into two li
cycle groups. In th
Incomplete lifecyc
group, the stages a
egg, nymph and adt
In this group, th
nymph looks vel
similar to the adu
however smaller ar
without wings. |
addition, the feedir
methods are ofte
identical to the adull

In the cmplete life
cycle group, th
stages are eqc
larvae, pupa an
adult. In this grou

the larva appears

Incomplete Life Cycle Example
(hairy chinch bug)

egg 1st 2nd 3rd 4th 5th shortwing normal wing
instar  instar instar instar instar adult adult
Egg Nymphal Adult
Stage Stage Stage

distinctly different than the adult life stage.

Complete Life Cycle Example

egg 1st

(northern masked chafer)

2nd 3rd pupa adult

instar instar instar
Egg Larval Pupal Adult
Stage Stage Stage Stage

Insect Feedinig also divided into two distinct types and entire groups of related insagts (Orders)
similar mouth paritie two feeding types are 1) Chewing mouth pafseacidg?and sucking

mouth parts.

Chewing moutpartsremove solid tissue from the host and the tissue is ingested and utilized. A st
of examples are shown below.
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Chewing Mouth

. .
¥ - Alfalfa Weevil

R

7.

Mosquitoes

. ma Piercing &
Piercing and suckin UCKINg
mouth partgemove fluid * ‘= : Mouth Parts

from the host in modifi®5
mouth parts which oper
like a hollow needle. O
saliva is injected prior
feeding to breakdown ¢
walls and to start t
digestion process befq
the fluid is ingestectiy
insect. The saliva Ig
behind is frequently t
cause of the feedi
symptoms from the inse€e

Insects important tield crop production in New York and the Northeastern US.
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Western/ Northern Corn Rootworm

Pest Type:Primary
pest

Feeding Hahi Host
Range, Injury Type
Symptom,

Damaging Stage:

Lifecycle:
Adults lay eggs in s
cracks in existing co
fields during Augu
and early Septembg
Eggs over winter
the soil until ritay
the following sprin
Eggs hatch ove
about a 4 weekriod

from midlay until

early June depending

on the soll
temperatures. Newly
hatched larvae muft
find a corn root within
2448 hours in order
to survive. Newl
hatched larvae are
also prone t
drowning if hea
rains waterlog the soil
during this tim
period. Larvae feed
on corn roots until
midJuly in  mos
locations. Matur
larvae pupate in the
soil and emerge
beetles in synchrony
with pollination.
Adults feed on pollen and leaf tissue durtageékep@riod required for mating and egg production.
Eggs are laid in the soil cracks around the base of corn plants during August and September
killing frost with most of the eggs laid prior to September 1.

41







































































































































