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Introduction 
 With any crop production system, be it an 
agronomic crop in a field or a crop growing 
in a greenhouse, pests are a major 
nuisance to the grower. They impede plant 
health, cost the grower money, and are 
difficult to eradicate or keep under control. 
There are numerous ways to control pest 
populations.   
 
Options to control the pests vary based on: 
• cost involved 
• stage of the crop 
• equipment available 
• methods used to grow the crop (organic, 
conventional, etc.) 
• safety 

Two Spotted Spider Mite.  Photo by J. Obermeyer .  
Photograph courtesy of: 
http://extension.entm.purdue.edu/fieldcropsipm/insects/
corn-spidermite.php 
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Biological controls agents (BCAs) can be 
an important part of a integrated pest 
management (IPM) program.  Biological 
controls use natural enemies, such as 
predators or parasitoids to control the 
pest population.   
 
It is important to understand with a BCA 
program, pests will not be eradicated.  
However, with a good IPM BCA program, 
there should be very low levels of pest 
pressure during the crop ‘s growing 
season. 
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Introduction 

Aphidius  ervi - Aphid parasite laying an egg into the aphid.  
The larvae of the ervi will eventually eat the aphid's insides, 
killing the aphid.  
 
Photograph courtesy of: 
http://www.arbico-organics.com/product/Aphidius-ervi-
mummies/pest-solver-guide-aphids 
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The key to a successful BCA program is having thorough understanding of both the pest’s 
and biological control agent’s life cycles. Meticulous scouting and a good relationship with 
the BCA supplier are also important for the success of the program.  
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Introduction 

Two-spotted spider mite life cycle in Indiana  showing the pest’s stage during the corn crop. 
From: http://extension.entm.purdue.edu/fieldcropsipm/insects/corn-spidermite.php  
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Using data generated from scouting 
reports and information from your 
supplier, you will be able to determine 
which beneficials should be released 
based on the particular stage of your 
pest and the pest population.  
 
There are numerous applications 
methods including sachets, hydraulic 
sprays, and loose breeding piles.   
 
Working with your supplier you will learn 
the best release methods for your 
particular program and the timing for 
these applications (preventative, 
inundative, etc.). 
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Introduction 

Thrip 
Photograph courtesy of: 
http://thailand.ipm-info.org/pests/
Thrips_on_Durian.htm 

Corn Leaf Aphid nymphs and adults 
Photograph courtesy of: 
http://extension.entm.purdue.edu/
fieldcropsipm/insects/corn-leaf-aphid.php 

Two Spotted Spider Mite 
Photograph courtesy of: 
http://www.biobest.be/
plagen/8/3/0/0/ 



ModuleMaker Tool Kit 
  page 7 

Introduction 
 . 

Objectives 
 ü Understand the details of implementing a BCA 

IPM program in the greenhouse 

ü Compare the benefits and risks of a BCA program 

ü  Learn several of the biological control agents for 
three major crop pests 

It is important to understand the commitment 
involved and to have realistic expectations 
when implementing a new BCA program. It will 
take time to establish the best BCA program 
that will work for the grower.   
 

Parasitized aphid mummy 
Photograph courtesy of: 
http://extension.entm.purdue.edu/fieldcropsipm/
images/insects/ipmtip/cornleafaphid.gif 
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Factors in Using Biological Control 
 Benefits 

Biological Control Agent IPM programs are becoming 
increasing popular as the number of biocontrol 
businesses grows.  
 
Key benefits for using a BCA program include: 
 

•  No threat of pest resistance 

•  No REIs (restricted re-entry interval) means more 
production hours 

•  Minimizes chemical residues 

•  Lessens employee exposure to chemicals 

•  Prolongs chemistry options available to the 
grower  

•  Pest knock-down (kill rate) when chemicals are 
sprayed tends to increase 

 



ModuleMaker Tool Kit 
  page 9 

Factors in Using Biological Control 
 Risks 

BCA Suppliers 
 
There is tremendous reliance on the supplier of the 
BCAs.  Timely delivery on orders as well as making 
sure the order is fulfilled with the correct insects are 
both critical to the success of the BCA program.   
 
It is important the supplier of the BCAs is 
knowledgeable and should be available as a 
resource to the grower.  
 
It is essential the BCAs are shipped properly and 
sent to arrive in good condition.  BCA packages 
should arrive within a day or two of shipment and at 
the proper temperature to ensure good insect activity 
when released. If BCAs are dead or in poor condition 
upon arrival, it is important to call and work with your 
supplier to avoid a reoccurrence.   



ModuleMaker Tool Kit 
  page 10 

Factors in Using Biological Control 
 Costs 

BCA programs are assumed to be more expensive than conventional pest management 
programs. This is not always true.    
 
Increase costs associated with a BCA program could include: 
 

•  Time necessary for increased scouting 

•  Expense of the beneficials bought from the supplier 
 
You could compare the cost of the chemicals applied versus the cost of the biological 
being shipped, however there are other factors that are difficult to put a price on, but are 
important benefits of using a BCA program.  These include: 
 

•   No down time in the application area and limited chemical exposure to employees 

•   Limited wear on the spraying equipment  

•   Elimination of drift  

•   Prevention of resistance 



ModuleMaker Tool Kit 
  page 11   page 11 

Factors in Using Biological Control 
 Costs 

There are now more suppliers than before for biological controls.  As the market 
becomes larger and more competitive, the price for some beneficials is actually 
decreasing.  
 
The grower has to take into account all these factors when determining if a BCA program 
is right for them.   
 
The grower needs to: 
 

•  Know their pests 

•  Know what BCAs, if any, are available 

• Take into account all the benefits of a BCA program 

• Try to get the most accurate cost information to make an informed decision 
 

When first implementing a BCA program there is a lot of learning as your program 
matures.  A good working relationship with a knowledgably BCA supplier is the key to the 
success of the program.  
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Implementation of Biological Control System  
 Scouting/Record Keeping/Thresholds 

With any IPM program, scouting is a necessary 
component.  Scouting is one of the most 
important, if not the most important factor to a 
successful BCA program.  
 
Scouting on regular basis (preferably weekly, or 
even twice a week) allows for early indication of 
pest activity and gives a heightened awareness 
of the pest situation.  Also with a good scouting 
program, you are able to determine the 
successfulness of the control methods.  
 
There are numerous ways to scout, however 
the best methods are thorough, consistent, and 
done by trained employees.   
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Key factors to a successful scouting program include: 
 

•  Money and time to truly commit to an integrated 
pest program 

•  Agreement of the threshold limit 
•  A key contact for decision making in the program  
•  Proper equipment for scouting including, but not 

limited to a magnification glass, pheromone and/or 
sticky traps, and/or indicator plants, flags and or 
markers, books or literature for proper identification 
of pests and their life cycles 

•  Proper training for all personnel involved in the 
scouting 

•  Good record keeping  
•  Consistent scouting methods in the growing 

areas (often times the area is broken up into 
gridded sections to aid in communication and 
record keeping) 
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Scouting/Record Keeping/Thresholds 
 

Implementation of Biological Control System  
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There are three different scouting patterns that are used to scout in a 
greenhouse. The methods include: 
 

 A - Rigid block. The most thorough and timely method starting and 
ending in the same location every time.  With this method you scan 
every plant and stop along the path to randomly inspect as many 
plants as possible.  

 

 B - Random walk.  This method is less time consuming since you 
are not scanning every plant, but still gives you the ability to look 
over the entire growing area without as much confidence in insect 
pressure as the rigid block method.  
  

 C - Hot spot. Repeat visits to the areas with the most pest activity 
during the crop life cycle.  

 
Ideally with a BCA program, the rigid block method should be used. 
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Scouting/Record Keeping/Thresholds 

Implementation of Biological Control System  

Diagram courtesy of : 
nurserymanagementonline.com 
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Scouting/Record Keeping/Thresholds 

The purpose of the scouting is to locate the pest pressure, 
to understand the severity, and to determine the method 
of control if any are to be used. This is accomplished with the 
inspection of random plants, the use of indicator plants, and 
the count on the sticky traps.  
 

Questions that should be answered during scouting include: 
 

•  Is there more/less pest activity since the previous week? 

•  Is the location of the pests still generalized to certain areas 
or have they  moved into other surrounding areas? 

•  Is there significant damage to the plant to warrant different 
control methods? Have pest thresholds been met?  

•  What is the rate the life cycle the pest is progressing at? 

•  How effective was the previous treatment? 
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Implementation of Biological Control System  
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Scouting/Record Keeping/Thresholds 

When scouting for a BCA program, you are also 
looking at the activity of the beneficial insects.  
 

•  How many are found on the sticky traps 

•  What percentage of beneficial to pests are on 
the plants during inspection 

•  What stage life stage are the beneficial insects  
 
This information helps you to determine if the BCA 
population is adequate for the current pest situation/
life cycle, or if more or different BCAs need to be 
applied to gain further control over the pests. 
 

Implementation of Biological Control System  

Lady beetle eating aphids 
on a leaf.  Courtesy of 
University of Florida. 

Green lacewing larva eating aphids on a leaf.  
Courtesy of University of Florida. 
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Implementation of Biological Control System  
Scouting/Record Keeping/Thresholds 

 
 

Indicator Plants used in Scouting 
 

An indicator plant (also known as a trap plant) in an IPM 
program can be: 

•  An alternative species of plant grown in the crop area that 
attracts the pest or 

•  It can also be the first noticed plant with a pest population 
or symptoms of pest presence.  This plant is marked (with 
a flag, ribbon, etc.).  

The purpose of the indicator plant is to: 
•  Indicate if the pest is present 
•  Aid in the monitoring of advancement of the pest and  

determine the specific life stages.  
•  Assess the successfulness of the application (BCA, 

chemical, etc.). 
•  Also can be used as a banker plant (discussed later on) 
 

 
 
 

 
 

Bean plants are used as an indicator plant for two 
spotted spider mite. Courtesy of Greenhouse 
Management Online.  
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Implementation of Biological Control System  
Scouting/Record Keeping/Thresholds 

 
 

Species pest counts from 
•  Sticky cards 
•  Traps 
•  Indicator plants and/or    

random plant inspections 
 

 

 
 

 

 
 

Detailed record keeping is a critical element for a successful IPM program. 
Detailed data should be recorded on the following: 

Beneficials applied 
• Numbers and species 
• Location 
• Any “watch outs” (inactivity of 
beneficial, etc.) 
• Application method 
• Stage of the crop when applied 

Information from these records help establish trends in pest activity and the effectiveness 
of the biological insects and their application during the pest’s life cycle. 
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Detailed records also need to be kept of all chemical 
applications.  
 

Details of chemical applications should include : 
•  Chemistry, active ingredients, name, and registration 

number of the pesticide applied 
•  Amount of chemical used, rate, and square footage of 

treated areas 
•  Date of application and who did the application 
•  Pest kill rate after application 
•  Hours spent on the application for cost comparison 
•  Specifics of where the pesticide was applied 

With this information the grower is able to compare the 
amount of chemicals used and determine if less toxic 
chemistry is effective in the IPM program. 
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Implementation of Biological Control System  
Scouting/Record Keeping/Thresholds 
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Scouting/Record Keeping/Thresholds 

Implementation of Biological Control System  

Two different views of the damage boundary and economic injury level (EIL) concept .  
(Adapted from figures 7.2 and 7.3 in Pedigo and Rice, 2009) 

Understanding pest thresholds is especially important when using a BCA program. With a BCA 
program, a low level of pest activity is always present. BCA programs should not be used if 
total pest eradication is a necessary component for your crop.   
 

If using the economic injury level (EIL) to make decisions with a BCA program, keep in mind 
the cost of both the beneficial insects and the increase in hours needed to scout with a BCA 
program. 
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Scouting/Record Keeping/Thresholds 

Implementation of Biological Control System  

If your predetermined action threshold 
has reached the chemical application 
level based on pest activity, it is critical 
to be informed about the specific 
chemicals you plan on applying when 
using a BCA program.  
 
Chemicals labeled to kill the specific 
pest often times also kill the beneficials 
in the application area. This is 
important if you were trying to maintain 
a population of beneficial insects.  
 
Killing beneficial insects comes with a 
cost, since it takes a significant amount 
of time and money to establish a 
population.   
 
 
 

As pest activity increases, the action threshold shifts from biological control 
to chemical application due to the severity of the pest situation. 
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Chemical Controls While Using BCAs 
 
Careful attention and knowledge of the 
effects of the chemical to the biological 
insects must be known prior to any 
necessary applications.  
 
There is a lot of information about what 
types of chemicals are safe to use and 
lists of softer chemicals that can be 
applied with a BCA program on the web. 
 
Often times with a good scouting 
program, spot spraying or target 
spraying is an available option. Using  
this specific application method limits 
the beneficials exposure to chemicals. 
 
Your BCA supplier is another helpful 
resource about using chemicals with a 
BCA program.  

Implementation of Biological Control System  

Side effects manual of  chemical usage on BCAs from Bio-best website   
 http://www.biobest.be/neveneffecten/3/search-itmq/  
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Implementation of Biological Control System  
 Understanding Your Pests and Timing 

When scouting and taking records it is key to correctly identify 
your specific pest genus and species.  Correct identification is 
necessary since the beneficial you chose must be a known 
natural predator of the particular species.  
 
An example of this is aphids and their predators.  Knowing the 
particular aphid species pest will help you determine the correct 
beneficial to release.   
 
Correct identification of the pest’s life cycle is also necessary 
for decisions in which beneficials to release and when.   
 
For example, some beneficials will only kill pests during the 
larval stages.  Incorrectly identify the  pest’s life stage might 
lead you to choosing a beneficial that is ineffective against the 
pest at that particular life stage.  

Diagram courtesy of: 
http://en.wikipedia.org/wiki/
File:Biological_classification_L_
Pengo_vflip.svg 
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Implementation of Biological Control System  
 Choosing Beneficial Insects 

When establishing a BCA program 
the beneficial’s tolerance to the 
environment they are to be released 
in, needs to be considered.  
 
Certain beneficials will not flourish in 
hot and dry conditions and tactics 
such as shading or misting may have 
to be implemented to maintain the 
beneficial populations.  
 
For example, some predatory mite 
species need a minimum relative 
humidity of 60% to be most active, 
while others are more active at lower 
humilities such as 45%.  

If your growing relative humidity is lower than 60% Mesoseiulus longipes 
would be the predatory mite to release since it can tolerate humidity as low 
as 45%.  Courtesy of naturescontrol.com  
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Implementation of Biological Control System  
 Maintaining Populations 

Banker Plants 
 
Banker plants are used in a 
BCA program to help support 
the growth and development of 
beneficial insect populations in 
crop area.   
 
Essentially they are a natural 
breeding system for the 
beneficial introduced into your 
growing area.   

Ornamental “Black Pearl” pepper 
plant used as banker plant for Orius 
insidious. Above photograph courtesy 
of Greenhouse Management Online.  
 
Right hand photograph  courtesy of 
http://www.finegardening.com/plants/
articles/capsicum-annuum-black-
pearl.aspx 
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Implementation of Biological Control System  
 Maintaining Populations 

Banker Plants  
 
How it works: The banker plant maintains a 
small population of a pest (not a pest of 
nuisance to the crop) and the beneficials are 
released onto the banker plant.  
 
Once the beneficial population is established 
and is no longer supported by the non-nuisance 
pest, the beneficial will start to spread out into 
the crop area looking for an alternate food 
source.  
 
To be successful banker plants have to be 
continuously grown to have fresh plant material 
to attract the parasites.  

Barley plant used as a banker plant for growing the parasite  
Aphidius colemani.  A cereal aphid is used to maintain the 
beneficial population on the banker plant.  Photograph 
courtesy of : 
http://www.uvm.edu/~entlab/Greenhouse%20IPM/
Pests&Beneficials/IncreasingBiocontrolSuccess/
AphidBankerPlantSystemFeb2011.pdf 
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Implementation of Biological Control System  
 Application and Release Methods 

There are different application methods for beneficial 
insects. The four methods are: 
 

•  Inoculative release: A few small releases in the 
early stages of pest activity to control the pest 
gradually. 

•  Regular/Dribble release: Preventative method 
released regularly during the crop cycle and 
specifically when pest problems tend to emerge in 
the crop. 

•  Inundated release: Large amounts of beneficials 
are applied repeatedly during periods of high 
pressure for knock down.  

•  Combination release: Regular releases are done 
after inundated releases for initial knock down of 
the pest population, and then control. 

 

Photo by: Kendra Hauser 
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Implementation of Biological Control System  
 Application and Release Methods 

Blowers 
 
Some beneficials such as 
predatory mites can be released 
using a blower system.  This 
allows for uniform coverage in a 
short period of time.  It is also an 
advantage when it is difficult to 
walk throughout the greenhouse 
to apply by hand.  
 

http://www.allaboutswirskii.com/introduction-methods/ 
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Implementation of Biological Control System  
 Application and Release Methods 

Shakers 
 
Tubes (plastic or cardboard) with a 
screened cap on the top that 
release the beneficial insects along 
with the packing agent (bran, 
buckwheat, etc.). 
 
It is important that during release, 
the tube is often turned upright and 
shaken to allow for a more 
consistent application of the 
beneficial insects.  
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Implementation of Biological Control System  
 Application and Release Methods 

Sachets 
 
Sachets house predators such as 
Amblyseius californicus . Inside the 
sachet is food for the beneficial 
(feeder mites) and bran  There are a 
few small holes in the sachet that will 
release the beneficials over a period 
of time (these are considered breeding 
stations).   
 
The sachet is hung directly on the 
plant, or placed in the leaf canopy.  
The packet is made of 100% paper 
and should degrade when composted.  
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Implementation of Biological Control System  
 Application and Release Methods 

Breeder Pile 
 
Beneficials can also be released in loose piles 
right on the soil surface.  This application 
method is used for beneficials which will be 
active on the soil surface and throughout the 
vegetation.  
 
Similar to the sachet, the breeder pile includes 
bran or buckwheat, food for the predator 
(breeder mites), and the beneficial predator.  
 
 
 
 

Breeder piles applied to growing areas.  
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Case Study 
 Mystic Research Greenhouses 

Mystic Research is located in Mystic, Connecticut.  
The site’s focus is on corn production. The 
building consists of labs and about 20,000 square 
feet of greenhouse space. 
 
All corn is grown in containers with an irrigation/
fertilizer automatic greenhouse system.  Similar to 
corn production in the field, it is a struggle to 
manage pest populations and their detrimental 
effects on the corn plants.  
 
Comparable to corn production in the field, our 
major pests include the two spotted spider mite; 
green, potato and melon aphid; and thrips.  Mystic Research Greenhouses 
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Case Study 
 Previous IPM Programs in Greenhouse 

Before starting the BCA program at Mystic, the 
pest management approach was to spray low 
REI chemicals as needed.  
 
The scouting program was inconsistent and 
rushed. The consequence of not investing the 
time necessary for a good scouting program 
was to spray a lot and often.  As a result, pest 
populations were increasing due to increased 
resistance.  
 
The chart to the right is an example on how 
many gallons of pesticide were sprayed in two 
consecutive years. There was a 30% increase 
in the amount of chemical sprayed from the first 
to second year.  

Chemical 2007 2008 Difference
A 150 377 227
B 420 985 565
C 140 20 -‐120
D 0 70 70
E 468 314 -‐154
F 50 0 -‐50
G 125 190 65
H 50 0 -‐50
I 505 995 490
J 0 1110 1110
K 157 530 373
L 173 95.5 -‐77.5
M 127 22 -‐105
N 0 50 50
O 125 0 -‐125
P 2715 2192 -‐523
Q 450 770 320
R 275 75 -‐200
T 125 105 -‐20
U 85 197 112
V 100 140 40
X 775 980 205
Y 125 575 450
Z 0 5 5

Totals 7140 9797.5 2657.5
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Case Study 
 

With increased chemical resistance, large 
amounts of chemicals were sprayed in one 
crop cycle, and there were no new 
chemistry modes of action applied to 
alleviate the situation; a different approach 
had to be taken in pest control.   
 
 
 
 
It was decided to try an IPM approach with  
biological controls.  

Previous IPM Programs in Greenhouse 

Two-spotted spider mites on corn tissue.  Arrow points out web between 
ear and leaf tissue.  Notice spider mites on green tissue as small brown 
spots.  
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Case Study 
 Switching in Biological Control Agent Program 
Before switching to the BCA program, a thorough 
cleanout of all the greenhouses occurred as 
follows: 
 

• Removal of all plant material 

• Complete cleaning of all the greenhouse 
structures using a strong greenhouse cleaning 
solution 

• “Baking” the greenhouse with high temperatures 
for a period of time while still empty 

• Seal up all cracks in the floor and assure screens 
are in place 
 
These measures were used to assure new plant 
material grown in the greenhouse was clean before 
establishing the BCA program.  

Conducting a thorough greenhouse cleaning when all 
plant material is removed  helps in establishing a BCA 
program. Courtesy of American Vegetable Grower.   
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Case Study 
 Scouting Methods 

Emphasis was placed on a 
weekly systematic scouting 
program.   
 
The rigid block method of 
scouting was implemented 
and the greenhouse benches 
were used for grids to record 
the pest activity.  
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Case Study 
 Scouting Methods 

Yellow sticky cards were used to 
record weekly pest activity. 
 
Counts of the different pests and 
beneficial insects were recorded to 
determine if their populations were 
increasing or decreasing.   
 
New sticky cards were placed in the 
same greenhouse locations every 
week to make an accurate 
assessment of the pest situation.   
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Case Study 
 Record Keeping 

As part of the BCA program, detailed 
records of numbers of beneficials applied, 
type of beneficial, and location of the 
release were kept.  This data along with 
scouting data and pest knock down were 
used to determine trends of activity and if 
the biological program was gaining the 
necessary control.   
 
Details about chemical spray amounts and 
locations were also recorded to help in 
analyzing the cost involved in the program 
as well as the number of times when the 
economic threshold and pest level 
warranted chemical spray.  

Date

2 3
1N C-‐	  100
2N C-‐	  100 A3	  (1)
3N C-‐	  100
4N C-‐	  100
5N C-‐	  100
6N P-‐2
7N P-‐2
8N P-‐2
1S O	  (1)
2S
3S
4S
5S
6S
7S
8S

Beneficial	  Mites/Insect Abbreviation
Cucumeris C
Persimilis P
Aphidius(vials) A3
Orius(bottles) O
Hypoaspis(small	  pile) H

	  	  	  
	  	  	  
	  	  	  
	  	  	  
	  	  	  
	  	  	  
	  	  	  
	  	  	  
	  B
en
ch
es

Key

Greenhouse
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Case Study 
 Major Greenhouse Pests 

Two-Spotted Spider Mite 
(Tetranychus urticae ): 
 

• Identified by the two spots on the 
back side of the mite. 

• All stages (egg, nymph, larva, 
adult) were present on the plant. 

• One female can produce up to 
100 eggs that hatch in 10 days. 

• Feeds on the underside of leaves, 
sucking out the plant sap and 
collapsing the mesophyll tissue 
resulting in a chlorotic spot.  One 
mite can damage 18-22 cells per 
minute.  

• Prefers hot (80°F), dry conditions. 

A. 

C. 

B. 

A)  Picture of two-spotted 
spider mite adults, 
eggs, and nymphs. 
Courtesy of 2000. 
Ralph E. Berry, 
Department of 
Entomology, Oregon 
State University, 
Corvallis, OR 

B) Life Cycle courtesy of 
http://
www.agf.gov.bc.ca/
cropprot/mites.htm 

 
C) Webbing on underside 

of corn plant leaf 
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Case Study 
 Biological Control  Agents  

For the control of two-spotted spider mite: 
 

Persimilis (Phytoseiulus persimilis): 
 

•  Persimilis is a predatory mite that feeds 
on all stages of the two-spotted spider 
mite.  

 

•   It is most active in warm, humid 
environments.  

 

•  Generation time is half the time of the two-
spotted spider mite.  

 

•  Shipped in a tube with vermiculite.  The 
vermiculite is then spread over the plants.   

Persimilis shaker bottle (left).  Release of Persimilis on vegetative material (right).  

Predatory persimilis  feeding on the two-spotted spider mite. 
Photo courtesy of the Good Bug Book second edition. 
Photograph  courtesy of 
http://www.syngenta.com/global/Bioline/en/products/
allproducts/Pages/Phytolinep.aspx 
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Case Study 
 Biological Control Agents  
For the control of two-spotted spider mite: 
 

Californicus (Amblyseius californicus ): 

•  Is able to tolerate a range of temperatures (warm 
to hot) and humidity levels, life cycle is 4 days in 
high temperatures. 

 

•  Adult lives about 20 days and lays about 4 eggs a 
day over 14 days.  

•  Is able to eat pollen for survival and can be used 
preventively, eats about 5 adult mites a day. 

 

•  Shipped in a tube with vermiculite.  The 
vermiculite is then spread over the plants. 

 

Amblyseius californicus  release shaker bottle. 

Amblyseius californicus on right eating a two spotted 
spider mite.  Photograph courtesy of: 
http://www.hydroponics-at-home.com/beneficial-
bugs.html 
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Case Study 
 Major Greenhouse Pests 

Western flower thrip (Frankliniella 
occidentalis): 
 

• Has six life stages, two occur in the 
soil or in leaf littler, the other four occur 
on the plant leaves. 
 

• The adult female lives about 30 to 45 
days and can lay 150-300 eggs (in the 
plant tissue) during the course of her 
life.  

• Thirps have a single mandible used to 
puncture plant tissue. Thrips feed on 
plant sap and causes cells to die.  
Thrips also consume pollen and can be 
found on the tassel.  

• Prefer hot temperatures, but can also 
be found in cooler temps (below 68°F) 
but the life cycle is longer.  

Western flower thrip damage on corn leaf. 

Western flower thrip  
Frankliniella occidentalis  
Phtoograph courtesy of www.biobest.be 
 Diagram courtesy of : 

http://ag.udel.edu/enwc/faculty/dmcaron/
Apiology/Greenhouse%20IPM.htm 
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Case Study 
 Biological Control Agents  
For the control of Western Flower Thrip: 
 

Cucumeris (Amblyseius cucumeris ): 

•  Prefers warm, humid conditions and crops 
with heavy foliage. 

•  Life cycle is completed in 8-10 days and will 
live about 3 weeks. 

•  Feeds on first and second instar thrip larvae. 

•  Released in satchel of bran which contains 
the parasite and a mite the beneficial feeds 
on. The satchel contains all stages of the 
beneficial.  Eventually the beneficial 
emerges from the satchel and will continue 
to emerge for approximately six weeks.  

•   Also packaged loose with bran for direct 
release. Above –Cucumeris breeding pile 

on soil.  
 
Left-Breeding sachet of 
cucumeris.    

Life Cycle of the western flower thrip.  
Courtesy of 
http://www.goodbugs.org.au/Good%20bugs%20available/Resources/
Cucumeris.pdf 
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Case Study 
Biological Control Agents  
For the control of Western flower thrip: 
 

Swirskii (Amblyseius swirskii ): 

•  Polyphagous predatory mite, prefers hot 
temperatures and high humidity. 

•  Life cycle is 5-6 days, female lays about two eggs 
per day, populations grow fast and spread rapidly. 

 

•  Mainly feeds on young thrip larvae. Also, found to 
feed on pollen, since they are able to survive on 
alternate foods sources, they can be used for long 
term control and preventative applications.  

•  Released in bran satchels or loose with bran and 
vermiculite.  A. swirskii (left)  and a thrip nymph (right). Photo 

courtesy of the Horticultural Development Company. 
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For the control of Western flower thrip: 
 
Orius (Orius insidiosus ) also known as the 
minute pirate bug: 
 
•  Highly aggressive predator. 

•  Only predator available that attacks all thrips 
stages including adult thrips.  

•  Puncture a hole into the pest, release saliva and 
suck out the internal parts of the pest. 

•  Also known to kill other pests including spider 
mites and aphids.  

•  Also eats pollen and can maintain a population 
when no pests are present. 

•  Supplied in a bottle containing vermiculite and 
buckwheat.  The contents of the bottle are 
sprinkled on the leaves of the plants.   

Orius insidiosus  feeding on white fly 
nymphs. Photo courtesy of the USDA. 

Showing the relative size of  Orius insidiosus. 
Photograph courtesy of 
http://volantefarms.wordpress.com/2011/04/09/
beneficial-biological-controls/ 
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Case Study 
Biological Control Agents  

For the control of Western Flower Thrip: 
 

Beneficial Nematode (Steinernema feltiae): 
 

•  Feed on thrip pre-pupa and pupa life stages 
(thrip stages occurring in the soil or leaf litter).  

 

•  Enter into the thrip through an orifice, release 
into the thrip bacteria which live in symbiosis 
with the nematode which is lethal to the thrip, 
the thrip dies within a few days.  

•  Application is done with a hydraulic sprayer 
(nematode package is mix with warm water) 
and applied to moist soil surface.  It is 
important to keep the nematodes and 
nematode solution out of direct sunlight.  

Packaging of the nematode. 

Picture of an active beneficial nematode (Steinernema 
feltiae). Photograph courtesy of  Jim Cate, Ph.D 
 

Adult WFTs Surrounded by S. feltiae. 
Photograph courtesy of 
http://www.nematodenews.com/
2011/03/2010-western-flower-thrips-trial-
summary-report/ 
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Case Study 
 Major Greenhouse Pests 

Aphid: 

•  Have numerous species in the 
greenhouse including melon, potato, and 
green peach. 

 

•  Winged female aphids bear live young 
(the average female produces 60-70 
offspring). The live young mature in 7-10 
days. This generation can now produce 
live young only 7-10 days later. The next 
generation 7-10 days and so on. Because 
of this rapid life cycle, an aphid population 
can explode in a short amount of time. 

•  Eggs are only laid in the fall and do not 
hatch until in the spring.  

•  Aphids pierce and suck out plant sap and 
leave slacken tissue. The aphid also 
leaves a honeydew sap by-product on 
plant which attracts other insects to the 
plant such as ants.  

Aphids on corn leaf. 

Green peach aphid (Myzus persicae). Photograph courtesy of 
http://ipmworld.umn.edu/aphidalert/alert2001/Jul13/gpa.GIF 

Green peach aphid  life cycle. Diagram courtesy 
of http://ipmworld.umn.edu/aphidalert/alert3.htm 
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Case Study 
Biological Control Agents  

For the control of Aphids: 
 

Colemani (Aphidius colemani): 
 
•  Parasitic wasp which is drawn to the aphids from far 

by the injured plant responses, is attracted to aphid 
honeydew within shorter distances.  

•  Control green peach and other aphid species. 

•  Female colemani lay a single egg in the aphid 
nymph.  As the colemani larvae develops, it eats the 
aphid from the inside, kills the aphid, and turns it 
into a mummy. The colemani adult then exits the 
mummy.   

•  Approximate time for the mummy to form is about a 
week, the adult colemani emerges about a week 
after the mummy is formed. 

•  Packed in a plastic bottle with buckwheat as 
mummies. Applied to the leaves of the plant.  Aphid mummy with exit hole.   

Photograph courtesy of 
http://www.ces.ncsu.edu/chatham/ag/SustAg/aphid.html 
 

Aphidius colemani feeding on Aphids. Photograph courtesy of 
http://www.bio-bee.com/site/product.asp?pa_id=157&page_id=253 
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Case Study 
Biological Control Agents  
For the control of Aphids: 
Ervi (Aphidius ervi): 
 
•  Parasitic wasp which is drawn to the aphids 

from far by the injured plant responses, is 
attracted to aphid honeydew within shorter 
distances.  

•  Consumes larger aphids including potato 
aphid. Ervi is twice the size of colemani 
(another aphid predator). 

•  Similar feeding pattern as colemani (egg is 
laid inside aphid, as nymph develops it eats 
the inside of the aphid, mummifies the aphid, 
and then exits the aphid about a week after.  

•  Packed in a plastic bottle with buckwheat in 
the mummy stage. The  aphid mummies and 
buckwheat are shaken onto the leaves of the 
plant to begin pest control.  Aphidius  ervi. Photograph courtesy of 

http://www.sesilipm.co.kr/en/products/prd_view.asp?
prd_group=ne&prd_id=PRDNO116 
  

Aphidius lays an egg into an aphid. 
Photograph courtesy of
 http://www.hydro-gardens.com/aphids.htm 
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Case Study 
 Application Details 
Working with the beneficial supplier we have come up with a program which includes 
preventative applications for thrip and mite control.  This includes beneficials that have 
alternate food sources including sachets and beneficials which can survive on pollen or 
in the soil.  
 
When populations of our pests start to increase, we release large numbers of 
beneficials to address the pest as necessary.  If the population increases to warrant a 
spray application, we use spot treatments whenever possible.   
 
To date we are extremely pleased with the control we have seen since implementing 
BCAs into our IPM program.  We spray far less chemicals, the plants look healthy, and 
there are minimal REIs. 
 
Every beneficial program will be customized to the particular growing area. There was 
a period of learning and trial and error before a program was actually established.  As 
the beneficial program matures and beneficial suppliers become more abundant and 
streamline their breeding program, biological programs will advance. 
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Summary 
 Deciding on the best pest control strategy is really up to 
the owner and grower.  There are many different choices 
of how to manage pests and often times a combination 
of programs is the optimal choice.  If choosing to use an 
IPM program with beneficials, there are many gained 
benefits including reduced spray use.  Reducing the 
number of times needed to spray allows for more 
working hours in the greenhouse and helps reduce pest 
resistance to chemicals.  
 
Every beneficial program will be customized to the 
particular growing area. There is a period of learning and 
trial and error before a program is actually established.   
 
Working with a supplier, the grower will gain a vast 
knowledge of the spectrum of available beneficial 
insects.  With time, your  beneficial program will mature, 
and a system that really works well in your growing 
conditions will be established.  
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