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• Pre-1930’s: insecticides created from mostly 
naturally occurring compounds (i.e. plants, 
inorganic compounds, petroleum) 

• 1930’s: synthesis of new compounds (i.e. DDT) 
• Early 1950’s and 60’s: “The Green Revolution” 

• Agricultural production increased, but at a 
cost 
• Synthetic pesticides and fertilizers 

• “Silent Spring” – Rachel Carson (1962) 
• 1970’s: USDA creates nationwide IPM program in 

Land Grant Universities

Integrated Pest Management
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•Minimize impact on the environment 

•Minimize impact on human health 

•Maintain or increase soil fertility 

•Long-term pest management 

•Prevent pesticide-resistant pests 

•Strives to maximize long-term returns/savings

Integrated Pest Management
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Monitoring

Cultural/Sanitation

Physical/Mechanical Biological

Pesticides
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Monitor
Pest Management Units



Monitor
Pest Management Units



Monitor

4/20 = 20%

1/6 = 17%

Presence-absence sampling



Monitor

Higher infestation

Indicator Plants



Monitor

Creds: Chelsea Eby & 
Mark Gardiner

Traps/Lures



Monitor

Photo Cred: Matron

Traps/Lures

http://veggies-only.blogspot.com/2010/06/brussels-sprouts.html


Monitor
Traps/Lures



Monitor

Armyworms

Grasshoppers

Photo: Kansas State University

Defoliation

Larva

http://entomology.k-state.edu/extension/insect-information/crop-pests/corn/grasshoppers.html


Monitor

Armyworms

Grasshoppers
Yard2 PVC

Larva



Monitor

Armyworms

Grasshoppers
Imaginary Sq.-foot



Monitor

Armyworms

Grasshoppers

Sweep nets

Photo: NC State University

Larva 
Adults

http://ipm.ncsu.edu/soybeans/Scouting_Soybeans/scouting_for_insects.html


Monitor

Armyworms

Grasshoppers Check leaves

Larva



Armyworms

15% 85%



Armyworms

15% 85%

Dad, caterpillars  
are in the yard!!!

How many?

ARMYWORMS!!!!

Tons…



Monitor

Airblast 101

Control Efficacy

http://sprayers101.ca/confirm-coverage/confirm-coverage-with-water-sensitive-paper/
http://sprayers101.ca/confirm-coverage/confirm-coverage-with-water-sensitive-paper/


Monitoring/Scouting

Revisit indicator plant

Control Efficacy



Monitoring Data Sheet

Date: Crop:
Scout-Name: Crop-Stage:--Vegetative--|--Budding--|--Flowering--|-Post=Flowering
Plot: Sampling-Method:

Beating((count)

Sample
Rasping
/Sucking Defol Aphid Thrips Armyworm 2SS-Mite Thrips Notes:

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Additional-Notes:

Damage(Rating((1(2(5) Infestation(Rating((125)

Mr.-Awesome's-Nursery
Awesome-Monitoring-Program

1 1 1 2 1 2 4
1 1 1 1 1 1 2
2 1 2 1 1 1 0
1 2 1 1 1 1 0

Mr. Awesome Himself
08/15/2014

Greenhouse 3

Zinnias

Transect

Predatory mites?



Monitoring Data Sheet

SixLeggedAggie.com
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Pesticides



Sanitation

Cultural/Mechanical



Cultural/Mechanical
Companion planting



Cultural/Mechanical
Trap Plants

Trap 
Plant



Bare/cover crop

Cultural/Mechanical
Crop rotation



Bare/cover crop

Cultural/Mechanical
Crop rotation



Cultural/Mechanical
Mechanical removal



Cultural/Mechanical
Exclusion

Allen Knutson and Mike Merchant
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Monitoring

Cultural/Sanitation

Physical/Mechanical Biological

Pesticides



Biological Control

US EPA - “naturally occurring substances that control pests 
(biochemical pesticides), microorganisms that control pests 
(microbial pesticides), and pesticidal substances produced 

by plants containing added genetic material (plant-
incorporated protectants) or PIPs”

Biopesticides



Biological Control

US EPA - “naturally occurring substances that control pests 
(biochemical pesticides), microorganisms that control pests 
(microbial pesticides), and pesticidal substances produced 

by plants containing added genetic material (plant-
incorporated protectants) or PIPs”

Biochemical pesticides | Horticultural Oils

Microbial pesticides | Bacillus thuringiensis (Bt) spray

Plant-incorporated protectants | Bt corn

Biopesticides



Biological Control

Good Bug Bad Bug
Reduction of pests with the use of natural enemies

 Kill 



Why Biological Control?

◉ Reproduce 
◉ Target & find the pest 
◉ Evolve with the pest 
◉ Can be economic 
◉ No environmental toxicity 
◉ Don’t harm other beneficials 
◉ No pesticide residue 
◉ No phytotoxicity 
◉ Insects are super cool!

Advantages



Why Biological Control?

◉ Not immediate 
◉ Requires more human involvement 
◉ Initially more costly; time to establish biocontrol program 
◉ Must tolerate some damage 
◉ Challenging in the face of new invasive pests 
◉ Requires effective monitoring program 
◉ Won’t magically ‘fix’ pest problems

Disadvantages



Biological Control | Types

PredatorsSprays



Biological Control | Sprays

◉ Bacteria, fungi, virus, or microparasites 

◉ Easy application: use spray equipment 

◉ Often short-term solution



Biological Control | Sprays

Photo: Scott Johnson

• Generalist: Asparagus beetle, 
Colorado Potato Beetle, 
Cucumber Beetle, Japanese 
Beetle, June Bugs, Oriental 
Beetle, Carrot Weevil, Citrus 
Weevil, European Chafer, 
Strawberry Root Weevil, etc. 

• Applied using watering can, hose 
end sprayer, backpack or pump 
sprayer, or through irrigation 
system 

• Results in 3-7 days

Predatory nematodes| Heterorhabditis & Steinernema 



Biological Control | Sprays
Nosema locustae & Beauveria bassiana

Nosema 
• Kills over 90 species of grasshoppers, locusts, 

and some species of crickets 
• Infection can build throughout a season

Ewen & Mukerji (1980)



Biological Control | Sprays
Nosema locustae & Beauveria bassiana

Nosema 
• Kills over 90 species of grasshoppers, locusts, 

and some species of crickets 
• Infection can build throughout a season

Beauveria 
• Controls termites, thrips, whiteflies, aphids, and 

different beetles. 
• Can provide >90% control with multiple 

applications (~every 4-5 days) 
• Can incorporate in above-canopy irrigation 

University of Guelph

http://www.uoguelph.ca/~gbarron/MISCELLANEOUS/nov01.htm


Biological Control | Predators

◉ Macroorganism  
◉ Eat, lay eggs in, or decrease survival of pests 
◉ Typically applied manually/by hand, in specialized release 

packets 
◉ Quality control:



Biological Control | Predators
Multicolored Asian Lady Beetle

Video Credit: Franz Simon



Biological Control | Predators
Multicolored Asian Lady Beetle



Biological Control | Predators
Multicolored Asian Lady Beetle



Biological Control | Predators
Multicolored Asian Lady Beetle

Labrie et al. (2006)



Biological Control | Predators
Multicolored Asian Lady Beetle

Soares et al. (2004)

185 aphids over 11 days 
Larva



Biological Control | Predators
Multicolored Asian Lady Beetle

185 aphids over 11 days 
Larva

35 - 45 aphids/day 
~240 viable offspring 
Can live longer than a year

Adults

Generalist 

Tend to disperse shortly after 
introduction



Biological Control | Predators
Mealybug Destroyer

Video Credits: YouTube User encyrtid

https://www.youtube.com/user/encyrtid


Biological Control | Predators
Mealybug Destroyer



Biological Control | Predators
Mealybug Destroyer

• Native to Australia 
• Introduced to California in 1891 to control citrus 

mealybugs 

• One larva can consume up to 250 young mealybugssource? 

• Sensitive to cold 
• Adult female lays her eggs in the cottony egg sack of the 

mealybug 

• Adults & young larvae prefer eggs, older larvae eat 
mealybugs of all stages



Biological Control | Predators
Vedalia beetle



Biological Control | Predators
Vedalia beetle

• Introduced to California Citrus groves to 
control cottonycushion scale in 1889 

• Established the practicality of biological 
control 

• Had cleared some orchards (150 acres+) of 
the cottony cushion scale 

• Only takes a few beetles to get a population 
started

• 8 - 12 generations per year 

• Females lay ~150 - 190 eggs in their lifetime 



Biological Control | Predators
Green Lacewings

Video Credits: YouTube User Pests and Natural Enemies

https://www.youtube.com/channel/UCP1bMuIKoBhQiGgXUP33b9Q


Biological Control | Predators
Green Lacewings



Biological Control | Predators
Green Lacewings



Biological Control | Predators
Green Lacewings

• AKA Aphidlion 

• Consumes ~200 aphids/week 

• Female lays up to 300 eggs over 3 - 4 weeks 

• Generalist: insect eggs, aphids, thrips, 
mealybugs, immature whiteflies, and small 
caterpilliars. 

• Released aphidlions can move 80 - 100 feet 
in search of prey.



Biological Control | Predators
Predatory Mites | P. persimilis & A. andersoni

Wyss U., Inst. Phytopathology, Kiel University, Germany



Biological Control | Predators
Predatory Mites | P. persimilis & A. andersoni

Wyss U., Inst. Phytopathology, Kiel University, Germany

RealIPM

http://realipm.com/?products_cat=predatory-mites


Biological Control | Predators
Predatory Mites | P. persimilis & A. andersoni

Wyss U., Inst. Phytopathology, Kiel University, Germany

RealIPM

http://realipm.com/?products_cat=predatory-mites


Biological Control | Predators
Predatory Mites | P. persimilis & A. andersoni

Wyss U., Inst. Phytopathology, Kiel University, Germany

RealIPM

P. persimilis 
• Feed on twospotted spider mite 
• Average lifespan: 47 days 
• Average offspring: 66 eggs 
• Average max predation rate: 4.8/day 

A. andersoni 
• Feed on red and twospotted spider mite 
• Average lifespan: 99 days 
• Average offspring: 46 eggs 
• Average predation rate: 7.2/day

http://realipm.com/?products_cat=predatory-mites


Biological Control | Predators
Minute pirate bugs | Orius



Biological Control | Predators
Minute pirate bugs | Orius

• Feed on virtually any small soft-bodied 
insect: thrips, mites, aphids, whiteflies, 
leafhoppers, and many insect eggs. 

• Adult lifespan: 3 - 4 weeks 

• Consume numerous prey daily (~30 
mites per day) 

• Can feed on pollen when no prey 
available



Biological Control | Predators
Big-eyed bug



Biological Control | Predators
Big-eyed bug

• Lay 150 eggs/female 

• Eat aphids, mites, insect eggs, small 
nymphs, caterpillars, and larvae 

• Reportedly can eat as many as 1600 
spider mites before reaching adulthood 
and 80 mites/day as adults 

• Adults can survive on sunflower seeds and 
water (without insect food) 

• Live ~30 days



Biological Control | Predators
Parasitic wasps



Biological Control | Predators
Aphidius ervi



Biological Control | Predators
Parasitic wasps



Biological Control | Predators
Parasitic wasps

Aphidius ervi 
• Average lifespan: 11-14 days 
• Average eggs: 250 - 400 

Encarsia fermosa 
• Average lifespan: 36.8 days 
• Average eggs: 442 
• Average death by host feeding: 101 

Eretmocerus eremicus 
• Average lifespan: 14 days 
• Average eggs: 162 

Cotesia flavipes



Biological Control | Predators
Banker plants



Biological Control | Predators
Banker plants



Biological Control | Predators
Banker plants



Biological Control | Predators
Banker plants



Biological Control | Predators
Banker plants

Cereal aphids1, bird cherry oat aphids2,3, greenbug5

Cereal plants: barley2, rye4, wheat5, barley5, maize5, sorghum5

Parasitic wasps: Aphidius ervi1,4, A. matricariae2, A. colemani2,3,4,5
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Monitoring

Cultural/Sanitation

Physical/Mechanical Biological

Pesticides

Intentionally small



Pesticides



Pesticide labels



Pesticide labels
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Timing
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Sunrise/Sunset 
August 18, 2001 
São Paulo, Brazil

Sunrise/Sunset 
July 23, 2002 
São Paulo, Brazil

5:40 pm6:46 am

6:30 am 5:51 pm



Economic Threshold & Monitoring

$ Value of crop
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Spray more expensive than the damage caused

Damage caused could be reduced by spray
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Thank you 
Erfan Vafaie 
Extension Program Specialist, IPM 

erfan.vafaie@ag.tamu.edu 
(O) 903-834-6191 
sixleggedaggie.com



Case | California Cut Roses

IPM program successful in California greenhouse cut roses

Casey et al. 2007



University of Georgia

Powdery Mildew

Twospotted spider mite

Western flower thrips

Case | California Cut Roses

http://www.ent.uga.edu/veg/solanaceous/thrips.htm


Twospotted spider mite

Scouting: 
• Sampled a leaf on 38 randomly selected plants per 10,000 sq. ft. 
• Directed sampling as walking up and down rows 
• Five mobile mites or more considered infested 
• Record co-occurrence with natural predators 

Thresholds: 

Case | California Cut Roses



Twospotted spider mite

Chemical controls: 
• Azadirachtin 
• Bifenazate 
• Insecticidal soap 

Case | California Cut Roses



University of Georgia

Western flower thrips

Scouting: 
• One sticky trap (4”x6”) per 10,000 sq. ft., collected weekly 

Thresholds: 
• 25 – 50 thrips per trap per week 

Control 
• Routine flower harvest 
• Lower-volume directed applications of spinosad and azadirachtin

Case | California Cut Roses

http://www.ent.uga.edu/veg/solanaceous/thrips.htm


Powdery Mildew

Scouting: 
• Grapevine mildew model (GMM) 
• Temperature, humidity and leaf wetness 

model to predict favorable conditions for 
powdery mildew 

• Walk-through to determine disease 
incidence. 

Thresholds: 
• 0 tolerance. 

Control 
• Myclobutanil 
• Chlorothalonil 
• Benzeneacetic acid 
• Azoxystrobin 
• Insecticidal soap 
• Potassium bicarbonate

Case | California Cut Roses



Successes

Case | California Cut Roses
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Case | California Cut Roses



Successes

Case | California Cut Roses

Western Flower Thrips



Challenges

Secondary pests (Citrus mealybug) 

Transition period 

Powdery mildew

Case | California Cut Roses
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Thank you 
Erfan Vafaie 
Extension Program Specialist, IPM 

erfan.vafaie@ag.tamu.edu 
(O) 903-834-6191 
sixleggedaggie.com



Above Threshold (development)

Lower Temperature Threshold (no development)

Monitoring
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Days
1 2
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49º

10º Days 10º Days

20 Degree-days

Egg

Larva

Adult

360 DD

220 DD

Forecasting: Degree-day models



Monitoring
Forecasting: Degree-day models
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