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• “IPM is a sustainable approach to 

managing pests: by combining 

• biological, 

• cultural, 

• physical, 

• and chemical tools

• in ways that minimize economic, 

health, and environmental risks”  
(Source:  National IPM Network)

IPM Definition



2. Scout: Have to know what is out there 

before making management 

decisions

1. Identify: Know your foe and know your 

friend and know its life cycle

3. Integrate: Employ different sustainable 

strategies to manage pests 

instead of relying on one 

unsustainable approach

Principles of Integrated Pest Management 

Spotted cucumber beetle

(Pest)

Lady Beetle 

(Predator)
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Pest Identification

• First step in pest 

management 

• Misidentification can lead 

to unnecessary pesticide 

applications with human 

health or environmental 

consequences OR crop 

failure



Pest Biology

• Pest life cycles

• Injurious life stages

• Crop growth stages

– Susceptible?

• Interaction between 

pests and cropping 

systems

Wheat Midge



Pest Scouting / Monitoring

• Need to know what pests 

are present and when 

they will become an 

economic problem

• MANY different 

monitoring methods

– Some general (sweep net)

– Some specific 

(pheromone traps)



Field Sampling Patterns

1 2
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3

• Sample all areas of 

the field

• Select plants at 

random



Using Insect Degree Days

• Time scouting activities

• Predict biological events

. . . Eliminate unnecessary 
scouting, avoid missing 
injurious pest populations, 
improve management 
decisions.



Chemical Control - Insecticides

• Know your pests and use 

appropriate products and rates

• USE ECONOMIC THRESHOLDS!

• If more than one application is 

necessary, rotate modes of 

action

• Insecticides are not a “Silver 

Bullet”
Pyrethroids

Insecticide Resistance



Chemical Control Costs Money

• Insecticide product costs

– What pest am I managing?

– What rate should I use?

• Application costs

– Ground or air?

– Equipment costs

– Fuel costs

– Labor wages

– Wear and tear, repair, 

depreciation, unforeseen costs

• Total costs in $/acre
Photos by Howard F. Schwartz, Colorado State University, 

Bugwood.org



Why Use Economic Thresholds?

• $ Cost savings – economic justification

– Reduce insecticide resistance when E.T. is used

• Human health – reduce worker exposure

– Handling, loading, mixing, application and cleanup 

are all inherently dangerous

• Reduce environmental impact

– Reduce or eliminate off-target movement

– Conserve beneficial insects including pollinators

• Sustainability and stewardship 

– Helps prevent development of insecticide 

resistance in target and non-target pests



Should I 
Spray?



Nominal Threshold

• A nominal threshold is an estimated value from 

entomologist best experiences

– Used when the relationship between an insect pest and an 
crop yield has not been measured experimentally

• Alfalfa weevil – 30% defoliation



Insect Injury & Damage

(Courtesy of Dr. Ian MacRae, Crookston campus, UMN)

Green cloverworm

Leaf injury
- Affects host physiology

Damage
- Loss of host utility

- Yield quantity / 

quality



Damage Boundary & Gain Threshold

• Damage Boundary is the lowest point of 

injury where damage can be measured

–No injury level below the damage boundary 

merits control

(Courtesy of Dr. Ian MacRae, Crookston campus, UMN)



Damage Boundary & Gain Threshold

• Gain Threshold is the beginning point of economic damage 

• Expressed in bushels/acre 

–Management costs = $10/acre

–Crop market value = $2/bushel

• 𝐵𝑢𝑠ℎ𝑒𝑙𝑠/𝑎𝑐𝑟𝑒 =
𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠 ($/𝑎𝑐𝑟𝑒)

𝑀𝑎𝑟𝑘𝑒𝑡 𝑣𝑎𝑙𝑢𝑒 ($/𝑏𝑢𝑠ℎ𝑒𝑙)

• Reached before the economic damage

– Measurable loss of host utility – yield quantity / quality

= 5 bushel/acre to cause yield loss 



Graph showing relationships between the 

damage boundary and gain threshold

(From Pedigo and Rice 2009)
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Economic Decision Levels - Research

• Economic Injury Level (EIL)

– the minimum pest population density that will cause 

economic loss (break even point)

– Expressed as # insects per plant, # insects per square foot 

(or square yard, etc.)

• Economic Threshold (ET)

– A level of pest populations that triggers a management 

action

– Implies a certain level of pests CAN BE tolerated

– Integrates plant value and management costs



Economic Injury Level

𝑬𝑰𝑳 =
𝑪

𝑽 ∙ 𝑰 ∙ 𝑫 ∙ 𝑲

C = cost of management

V = value of crop

I = injury

D = damage

K = percent control



Damage Boundary and EIL
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• Area below Damage Boundary 

represents no noticeable yield 

loss and control measures are 

not necessary

• Area between EIL and 

Damage Boundary highlights 

importance of monitoring pest 

levels to intervene before 

significant damage occurs

• EIL helps farmers when to 

implement control measures 

based on economic viability



Economic Threshold

• ET set below EIL

• Gives producers 

time to respond ET

EIL

Management 

activity
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Increasing numbers of alfalfa weevil ND and MN!



Economic Injury Level

Alfalfa 

Weevil

Joseph Berger, 

bugwood.org
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Economic Injury Level

Alfalfa 

Weevil

Joseph Berger, 

bugwood.org



Alfalfa Weevil

30-Stem Sampling Method

• Using Bucket
• Select 30 stems from 5 locations
• Count total number of stems 

sampled
• Count total number of larvae counted
• Measure height of alfalfa at the 

sampling site
• Determine average # of larvae/stem 

and average plant height in field





Factors Affecting Economic Thresholds
Red Sunflower Seed Weevil on Oil Sunflowers

• Cost of the insecticide 
treatment per acre

• Market price of crop in 
dollars

• Plant population per 
acre

• Developed and verified 
through research



Factors Affecting Economic Thresholds
Red Sunflower Seed Weevil on Oil Sunflowers
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Factors Affecting Economic Thresholds
Red Sunflower Seed Weevil on Oil Sunflowers



Red Sunflower 

Seed Weevil 
Economic Thresholds 

Used in 2024

Early bloom stage 
sunflower. 
Photo courtesy of Hans 
Kandel, former NDSU 
Extension Broadleaf 
Agronomist.

Red sunflower seed 
weevil on R2 bud stage 
sunflower. 
Photo courtesy of Marc 
Michaelson, former IPM 
scout.



Economic Thresholds – Barley Thrips

• Based on calculated EIL for a 

single insect pest

• Developed and verified 

through research

Barley thrips/stem =
Management costs ($/acre)

Market value ($/bushel)
÷ 0.4

$8/acre

$4/bushel
÷ 0.4 = 5 Thrips/stem

$8/acre

$2/bushel
÷ 0.4 = 10 Thrips/stem

$12/acre

$2/bushel
÷ 0.4 = 15 Thrips/stem
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E.T. for Insect Trapping 

• Monitoring adult corn rootworm 

(western & northern) beetle activity

– Sticky traps:  6-12 yellow (Pherocon

AM yellow sticky traps)

– Corn pollination - August

• Record total number of beetles from 

all traps and divide by total number 

of traps, then divide by total number 

of days in field

Yellow sticky trap

Photo: P. Beauzay, 

NDSU



E.T. for Insect Trapping

Yellow sticky trap

Photo: P. Beauzay, 

NDSU

• E.T. = Two or more beetles

– Either species or any combination of 

the two species

– High corn rootworm populations is 

expected next year

– Implement corn rootworm 

management tool next year to protect 

the crop



Wheat Midge Pheromone Trap

• Scentry LP Delta with sticky trap liners

• Place traps in field during heading (wheat head height)

• Three traps per 160 acres

• Examine every 1-2 days

• Threshold = >10 captured males per trap indicate 
NEED TO SCOUT FIELDS

• Available for $7.20/ trap unit (trap + pheromone)

• Great Lake IPM (source of insect trap supplies)

http://www.greatlakesipm.com/



Wheat Midge 

Trap Bottom



Pheromone Trapping for 
Wheat Midge and 
Parasitoid in North 
Dakota 

PestWeb

Montana State University

https://pestweb.montana.edu/Owbm/Home



Insecticides and 
Mode of Actions

Crop – Dry Bean

Always Read and 

Follow Labels.



Continued 
infestations
(Koch et al. 2018)

Decreased 
infestations
(Bahlai et al. 2015)

Soybean aphid



Reproducing machines

• Parthenogenesis 
• Females cloning themselves



Reproducing machines

• Parthenogenesis 
• Females cloning themselves

• Live birth



Reproducing machines

• Parthenogenesis 
• Females cloning themselves

• Live birth

• Telescoping generations 

Grand-
mother Mother Daughter



EIL & ET for soybean aphid



Data from Ragsdale et al.  2007.  JEE 100(4): 1258-1267

Ragsdale et al. 2007

EIL & ET for soybean aphid



EIL & ET for soybean aphid

• Population doubling 
times
• 6.8 d (2.7-13.4 d)

Ragsdale et al. 2007



• Biology
• Injury: 6.88% yield loss per 10,000 CAD 
• Assumed linear

• Economics
• Control costs: $6.64 - $13.33 per acre
• Market price: $5.50 - $6.50 per bushel
• Yield Potential: 30 - 60 bushels per acre

EIL & ET for soybean aphid

Ragsdale et al. 2007



Control costs
$6.64-
13.33/ac

Market price
$5.50-
6.50/bu

Yield
30-60 bu/ac

Ragsdale et al. 2007



Control costs
$6.64-
13.33/ac

Market price
$5.50-
6.50/bu

Yield
30-60 bu/ac

EIL 
(CAD)

Average 5,563

Ragsdale et al. 2007



Control costs
$6.64-
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Market price
$5.50-
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EIL 
(aphids
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Average 5,563 674

Ragsdale et al. 2007
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Control costs
$6.64-
13.33/ac

Market price
$5.50-
6.50/bu

Yield
30-60 bu/ac

Pedigo & Rice 2009

Q) What happens to EIL if 
control cost decreases?

Q) What happens to EIL if 
market price increases?

A) EIL decreases.

A) EIL decreases.



Yield (bu/ac) 30 60 30 60
Control cost ($/ac) 13.33 13.33 6.64 6.64

Market price ($/bu) 6.50 6.50 6.50 6.50

5563 CAD 

EIL & ET for soybean aphid

Original



Yield (bu/ac) 30 60 30 60 30 60 30 60
Control cost ($/ac) 13.33 13.33 6.64 6.64 13.33 13.33 6.64 6.64

Market price ($/bu) 6.50 6.50 6.50 6.50 10.20 10.20 10.20 10.20

5563 CAD

EIL & ET for soybean aphid 
Increased 

market 
price 

Original Updated



Actual biology

Non-linear relationship
Damage boundary (DB) = pest pressure causing measurable yield loss



Ragsdale et al. 2007 & Koch et al. 2016

Damage 
boundary

Actual biology



Yield (bu/ac) 30 60 30 60 30 60 30 60
Control cost ($/ac) 13.33 13.33 6.64 6.64 13.33 13.33 6.64 6.64

Market price ($/bu) 6.50 6.50 6.50 6.50 10.20 10.20 10.20 10.20

4000 CAD

5563 CAD

EIL, ET & DB for soybean aphid

Damage 
boundary



EIL, ET & DB for soybean aphid

EIL 
(CAD)

EIL   
(aphids/plant)

ET
(aphids/plant)

5,563 674 273 (250)

DB 
(CAD)

DB 
(aphids/plant)

Lowest ET 
(aphids/plant)

4,000 484 196



Koch et al. 2016

EIL, ET & DB for soybean aphid

Lowest ET based on DB
196 aphids / plant



Aphid advisor app

• Example of potential 
advancements

• ET modified to account for 
natural enemies

• Developed in Canada

• Not validated in US 

• Not recommended in ND 
or MN



“Speed scouting” for soybean aphid

• Binomial sequential 
sampling

• Tally threshold 
• Infested: >40 aphids
• Uninfested: <40 aphids

• 11-31 plants to make 
decision

Hodgson et al. 2004

Field 1

Field 2





“Speed scouting” for soybean aphid

• Quick: ~10 minutes per field

• Accurate: 79% of fields had 
same decision as 250/plant 
threshold

• Conservative: 21% of fields 
treated early

• Simple: Less detailed 
information for decision 
making

Hodgson et al. 2007



Summary: soybean aphid

• Make decisions based on 
some estimate of pest 
population

• Aphids/plant threshold
• EIL & ET can change 

• DB sets floor (lowest value)

• 250/plant still conservative

• Speed scouting
• Quick, accurate, conservative



Defoliation



J. Obermeyer

Purdue.edu

illinois.edu
M. Rice



Estimating defoliation

Hodgson 2022

• Select plants from multiple 
locations throughout field 

• Select top, mid & bottom 
leaf from each plant

• Estimate defoliation per leaf

• Calculate average canopy-
level defoliation



DefoliationPro software

Estimating defoliation



Estimating defoliation

• Train your eye

• Crop Protection 
Network
• “Soybean insect 

defoliation training”
• “Corn insect 

defoliation training”



Quiz

29%



Quiz

18%



Quiz

58%



Quiz

7%



Quiz

7%27%



• Consider all defoliators

• Estimate % defoliation over 
entire canopy

• Threshold
• 30% pre-bloom
• 20% bloom to pod fill
• Pest/s still present

Defoliation thresholds – U of MN



Economic Threshold
Foliage-feeding Caterpillars

• Defoliation

– 30% vegetative 

stages

– 20% bloom R1 to 

early seed R5

– 10% full seed R6

• 30% equivalent to: 

10-15 larvae per foot 

of row



Would you spray this field?

Photo: Ray Bisek
Source: 

Bruce Potter, UMN

Photo by: V. Calles Torrez



Lower threshold?

• Not recommended by 
UMN or NDSU 
Extension

• Change based on data 
from Mississippi with 
MG IV soybean          
(Owen et al. 2013)

• Not validated in 
northern states

Excerpt from NCSRP handout



Summary

• Soybean aphid (250 aphids / plant)
• Objective (calculated) ET, but used as subjective (nominal) 

ET…still conservative
• EIL & ET can be adjusted, but damage boundary sets 

minimum
• Lowest reasonable threshold (196 aphids / plant)

• Speed scouting is an alternative

• Defoliation (30% & 20%)
• Nominal threshold
• Whole canopy estimates of defoliation


