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Overview: What To Expect
• Introduction

•Sanitation

•Scouting

•Pesticide applications

•Biological control

•Questions and discussion



Tomato Production System



Plant Protection Strategies Must Be Implemented As Soon 

As The Crop Is Planted Into The Greenhouse: Be Sure To 

Correctly Identify Insect And Mite Pests



Spotted Cucumber Beetle On Young Spinach Plant



Green Peach Aphids On Pepper Plant



Western Flower Thrips Damage To Peppers



Reproductive Capacity Of Certain Insect And Mite Pests 

Necessitates The Need To Implement Plant Protection Strategies 

Early In The Crop Production Cycle: “Numbers Game”

Aphid Twospotted Spider Mites



Aphid Reproduction (Parthenogenesis): 

“Numbers Game”



“Many” Aphids Can Be Produced In A “Short” Period 

Of Time

In 5 Generations, A Single Green Peach Aphid Could Give Rise To 

13,552,028 Individual Aphids (Harrison, 1969)



Green Peach Aphid (Myzus persicae): Vector 

Of Many Viruses



Western Flower Thrips, Frankliniella occidentalis

Plant Damage

* Direct: feeding injury to leaves and flowers.

* Indirect: transmit the tospoviruses—Impatiens necrotic 

spot virus (INSV) and Tomato spotted wilt virus (TSWV).

Adult Larva



Cultural Practices And Sanitation

* Proper watering (irrigation)

* Proper fertility

* Proper spacing

* Removal of all weeds, and 

plant and growing medium 

debris



The “First Line Of 

Defense” Against Insect 

And Mite Pests, And Plant 

Diseases Involves 

Implementing Appropriate 

Sanitation Practices



Top Five Sanitation 

Tips

1. Throw Away Dead 

Plants

2. Pick-Up All Plant 

And Leaf Litter

3. Clean Filters

4. Use Filtered Water

5. Clean Bench 

Surfaces, Tools, And 

Containers



Sanitation: “First Line 

Of Defense” Against 

Insect (And Mite) Pests



Greenhouse Sanitation
* Place all debris in containers with tight-

sealing lids or dispose of into “compost piles”

* Remove or “eliminate” algae from benches 

and floors 

* Remove weeds, and plant material and 

growing medium debris

* Dispose of old stock plants or any left-over 

plant material



Weeds Growing Underneath Bench



Importance Of Weed Management

•Many broadleaf weeds are 
susceptible to and serve as a refuge 
or alternate host for insect and mite 
pests; including: aphids, whiteflies, 
spider mites, and thrips. 

•A number of weeds may also harbor 
the viruses vectored by aphids, 
whiteflies, and thrips. 



Many Weeds Serve As Reservoirs For Insect And 

Mite Pests



Spider Mite Feeding Damage On Weed Among 

Tomato Plants



Spider Mites On Weed Among Tomato Crop





“Compost” Pile Outside Of Greenhouse: 

Is There A Location Issue?







Reflective Mulches: May Reduce The Incidence Of Certain Insect Pests





Scouting Food Crops Is Important In Determining The Population 

Dynamics Of Insect And Mite Pests Throughout The Growing Season 



What Can Happen When You “Forget” To Scout: Lots Of 

Twospotted Spider Mites (Tetranychus urticae) On Tomato



Developing A Routine Scouting Schedule Will Prevent 

Insect And Mite Pest Problems From “Escalating”



Yellow Sticky Cards: Capture Adult Thrips, Whiteflies, And Moths



Yellow Sticky Tape: Capture 

Flying Insects Such As Winged 

Aphids, Adult Thrips, Adult 

Whiteflies, Beetles, And Moths



Using Pesticides To Suppress Insect And/Or Mite Pest 

Populations On Greenhouse-Grown Food Crops 



Pesticides (Insecticides And Miticides) 

For Use On Vegetable Crops

•Contact Pesticide

•Stomach Poison



Pesticide Types
* Broad-spectrum: have activity on 

many insect and mite pests with “long” 

residual activity or persistence. 

* Narrow-spectrum (selective): active 

on a select number of insect or mite 

pests and have “short” residual activity 

or persistence.



How To Effectively Use Pesticides

1. Timing: apply pesticides (insecticides and miticides) 

when the most susceptible life stage (e.g. larva, nymph, 

and adult) of a given insect or mite pest is present. 

2. Coverage: when spraying a pesticide, it is important 

to obtain thorough coverage of all plant parts 

including: leaves, stems, flowers, and fruits.

3. Frequency: apply pesticides within timely intervals, 

which is dependent on the residual activity of a given 

pesticide. Read the label for information associated 

with frequency of application.



The Life Stages (Eggs, Larvae, 

Nymphs, Pupae, And Adults) Of Insect 

And Mite Pests Are Typically Located 

On Leaf Undersides



Some Pesticides Can Directly And Indirectly Impact Insect 

And Mite Pest Populations: Kill Natural Enemies Or 

Stimulate Pest Outbreaks (Secondary Pest Outbreaks)



Carbaryl (Sevin): Broad-Spectrum Insecticide That Is Directly 

And Indirectly Harmful To Natural Enemies And Pollinators



Applications Of Certain Pesticides Such As Pyrethroids May 

Stimulate Twospotted Spider Mite Outbreaks



Even Pesticides Certified For Use In 

“Organic” Production Systems May 

Be Directly Or Indirectly Harmful 

To Natural Enemies







Ecological Impact Of Pesticide Use 

On Natural Enemies

* Secondary Pest 

Outbreaks

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=RybD56OfHBE6TM&tbnid=CxQi7xaG8uPMnM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.bergerhargis.com%2Fseasonalweedcontrol&ei=ckrVUsC7HYG82gW67IHIBw&bvm=bv.59378465,d.b2I&psig=AFQjCNEtVgbdif-BbjuoeGxVthWkHtAP7g&ust=1389796282279205


Secondary Pest Outbreak



Selective Insecticide: Bacillus thuringiensis subsp. kurstaki

(Dipel®)—Only Kills Caterpillars.



Selective 

Insecticide: 

Spinosad 

(Entrust®). 

Active On 

Certain Insect 

Pests.



Factors Responsible For Inadequate “Control” Of 

Insect And Mite Pests

• Spray timing: life stages of insect 
and mite pests present

• Spray coverage

• pH of spray solution

•Frequency of applications

•Migration of insects into 
greenhouses from other sources



Immigration Of Insect Pests Such As The 

Western Flower Thrips Into Greenhouses From 

Nearby Fields: May Be Exposed To Insecticides 

With The Same Mode Of Action

Tracer (spinosad) Entrust (spinosad)



Be Careful Using Pesticides In The Presence Of Bumble Bees: 

Direct And Indirect Effects



Insecticides Commercially-Available In USA Based On 

Entomopathogenic (Beneficial) Organisms (Fungi Or Bacteria)

• Beauveria bassiana (BotaniGard/Mycotrol)

• Isaria fumosoroseus strain FE 9901 (NoFly)

• Isaria fumosorosea Apopka Strain 97 

(Preferal)

• Metarhizium anisopliae (Met52)

• Chromobacterium subtsugae Strain PRAA4-1T 

(Grandvevo)



How 

Beneficial 

Fungi Kill 

Insect 

Hosts



Alternative Plant 

Protection Strategy: 

Biological Control 



What Is Biological Control?
• Use of biological control agents (=natural 

enemies) such as parasitoids and predators to 

regulate insect and/or mite pest populations.

• Natural enemies will not eradicate an insect 

and/or mite pest population. The success of 

natural enemies is contingent on maintaining 

insect and/or mite pest numbers at levels low 

enough to minimize plant damage.

• Key=regulation of insect and/or mite pest 

populations.



Biological Control Products Available From 

Suppliers/Distributors



Types Of Biological Control Agents 

(Natural Enemies)

1. Parasitoids

2. Predators:

* Hover flies

* Green lacewings

* Ladybird beetles

* Predatory midges

* Predatory mites



• Aphidius colemani (green peach and 
cotton/melon aphid) 

• Aphidius ervi (potato and foxglove 
aphid)

• Aphidius matricariae (tobacco aphid)

• Aphelinus abdominalis (wide-range 
of aphid species)

Parasitoids: Aphids



Female Parasitoid Getting Ready To Attack An Aphid



Parasitized “Mummified” Aphids On Plant





Methods (Formulations) 

Of Releasing Aphid 

Parasitoids



Banker Plant System



Both Alive And “Mummified” Aphids On Banker Plant



Parasitized (“Mummified”) Aphids On Leaf Underside



Banker Plants



Aphids For Banker Plants



Incorporate Plants Into Greenhouse Production Systems 

That Attract Natural Enemies Such As Sweet Alyssum 



Green Lacewing: Predator Of Aphids And Mites



Predatory Mite



Neoseiulus cucumeris

Phytoseiulus persimilis

Neoseiulus californicus



Container With 

Approximately 

250,000 Predatory 

Mites That Are 

Distributed Either 

By Hand Or Using 

A Mechanical 

Blower



Methods 

Of 

Applying 

Predatory 

Mites



Amblyseius swirskii 

Sachet Breeding 

System



Method Of Applying Neoseiulus cucumeris (Sachet)



Shipment Of Biological Control Agents 

(Natural Enemies) From Commercial 

Supplier



Container Of Phytoseiulus persimilis After Introduction



Be Sure To Make Releases Of Biological Control Agents (Natural Enemies)

Early In The Production Cycle

Also, Be Sure To Receive Shipments Every Week Or Every Two Weeks  



Tomato Crop Using Biological Control Against Twospotted

Spider Mite

Key: Release Rates And Release Timing



Cucumber Crop In Another Enclosed Structure (Hoop-House) That 

Did Not Use Biological Control Against Twospotted Spider Mite 



The Success Of Biological Control 

May Vary Depending On Plant Type: 

Plant Architecture And Leaf 

Characteristics (Hairs Or Trichomes)



Summary
* Be sure to correctly identify all insect and mite 

pests

* Start plant protection strategies early in the 

cropping cycle

* Implement sanitation practices

* Avoid over-fertilizing vegetable crops

* Establish a reliable scouting program

* Use pesticides appropriately

* Use biological control agents preventatively



Thank You For Your 

Attention!

I Hope You All 

Learned Something!






