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The Pennsylvania Integrated Pest Management Program (PA 
IPM) is pleased to provide Vegetable Integrated Pest Manage-
ment with an Emphasis on Biocontrol: A Guide for Growers 
in the Mid-Atlantic. Vegetable production is an important 
commodity in Pennsylvania with more than 4,000 vegetable 
growers throughout the state planting over 55,000 acres of 
vegetables for fresh and processing use. This manual is de-
signed to help vegetable growers manage insect pests based 
on sound integrated pest management principles. PA IPM is 
a collaboration of the Pennsylvania Department of Agri-
culture (PDA) and The Pennsylvania State University. This 
partnership has resulted in excellent service to Pennsylvania 
growers as well as to growers in surrounding states. The 
institutional collaboration embodied by PA IPM allows us to 
draw from Department of Agriculture technical experts as 
well as Penn State faculty and extension educators. 

How to Use This Manual
This guide was developed to help growers identify, monitor, 
and control insect pests in vegetable production. The pests 
included are common to Pennsylvania; however, many of 
these pests can be found throughout the Mid-Atlantic and 
Northeast regions of the United States.
1. Identify the vegetable species.
2. Refer to the “Vegetable Crop Families and Their Com-

mon Pests” section, which is devoted to discussing details 
related to field selection and preparation, soil health and 
nutrient management, seed and transplant production, 
planting, pest management, recordkeeping, and major 
pests.

3. Refer to the “Photo Chart of Major Vegetable Pests” at the 
back of this manual. This chart has a series of thumbnail 
photos of the damaging life stage of the pest and corre-
sponding damage. Select the photo that best matches the 
pest and symptomatic plant or fruit damage. Refer to the 
appropriate “pest fact sheet(s)” for additional informa-
tion. Each fact sheet provides useful information, includ-
ing the preferred host crop, damage potential, signs and 
symptoms, identification, biology and life cycle, monitor-
ing and management strategies, thresholds, and control 
options. Photographs contained in the fact sheets show 
damage symptoms and life stages of the pest throughout 
the growing season. 

 An added benefit to using IPM practices is the conserva-
tion of beneficial insects that can help control insect prob-
lems. Included in this manual is an entire section devoted 
to common beneficial insects found to have an impact on 
destructive pests. Each fact sheet provides information on 
preferred hosts, identification, biology and life cycle, and 
monitoring and cultural practices that promote and encour-
age the establishment of beneficial insects on the farm. As 
always, the cornerstone of every IPM program is having a 
consistent scouting program during the growing season. A 
control timing calendar has been included to highlight the 
best window of time for controlling pests.
 We hope this manual will encourage growers to develop 
their own scouting program and become familiar with the 
IPM practices needed to preserve the beneficial insect com-
plex to help keep pest populations in check, and provide a 
safe working environment for employees and family mem-
bers. 
 Support for the development of this manual was provid-
ed by the Pennsylvania Department of Agriculture and The 
Pennsylvania State University.

Cathy E. Thomas
Integrated Pest Management Coordinator
Pennsylvania Department of Agriculture
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Property Assessment
Finding the optimum location on a property to plant vegeta-
ble crops will play a large role in the success of those crops. 
Property assessment may include soil testing to determine 
soil pH, nutrient levels, organic matter content, and cation 
exchange capacity (Figure 1.1); determining property slope, 
aspect, and topography; and assessing water drainage rates 
and sunlight exposure. Historical meteorological informa-
tion and knowledge of past crops can also be useful. Talking 
to other area growers and your local extension office about 
what pest problems (insect, mite, disease, mammal, etc.) to 
expect is also beneficial.

Vegetable Crop Selection
Selecting vegetable crops best suited to the property is the 
next step. This will involve research and may mean learning 
that the site is not appropriate for the originally intended 
species. Through the use of printed publications, online re-
sources, information from seed companies, and advice from 
other growers, the success of various crops can be predicted. 
When possible, choose pest-resistant cultivars.

Cultural Practices
Preparation of the growing site can involve making a 
number of decisions regarding cultural/best management 
practices. Most important is rotation of vegetable crops from 
one vegetable family to another to manage soil nutrients 
optimally and prevent buildup of pest problems. After 
assessing the property and selecting the crop, decide what 
soil amendments (lime, calcium carbonate, compost, etc.) 
should be added for optimum plant health, and whether a 
cover crop should be planted to suppress weeds, add organic 
matter, and/or add nutrients (Figure 1.2).

For all vegetable growers, whether commercial producers or 
home gardeners, insect pests are a major variable that can 
affect the success of vegetable crops. Insects can potentially 
damage the marketable portion of the crop or weaken the 
plant as a whole, so it is important to maintain a level of 
control. The best way to manage vegetable pests is to utilize 
integrated pest management, or IPM. IPM is a multipronged 
approach to keeping pests and pest damage to a minimal 
level with the smallest cost to health, environment, and 
budget. Prevention strategies and low-impact management 
tactics work together to make IPM a long-term solution in 
the battle against vegetable pests. Different management 
tactics utilized in an IPM program include cultural, me-
chanical or physical, biological, and chemical (using both 
biorational and conventional pesticides). This manual aims 
to help growers and gardeners use IPM to prevent or manage 
insect pest issues. Key information will allow you to help 
crops withstand pest attack and damage by optimizing crop 
growth, preventing pests from flourishing by understanding 
pest life cycles and needs, and enhancing populations of 
natural enemies. These are all principles embraced by IPM. 
This section will spell out some of the specific steps that are 
involved in an IPM program: (1) crop planning, (2) pest 
identification and knowledge, (3) monitoring, (4) setting and 
evaluating thresholds, (5) selecting management options, 
and (6) evaluating results.

Step 1. Preparing for IPM: 
Planning and Prevention
IPM practices are generally aimed at an established crop, but 
some practices can help prevent pest populations before the 
crop is even planted. Consider the following points before 
planting to give the crop the best possible start.

Figure 1.1. Soil sample collection bag and soil core sampler
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A Figure 1.2. A cover crop mixture including sunflower, winter peas, and oats. 
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also cause damage. Understanding which type of pest or 
what factor is causing damage to a crop is essential to finding 
a means of stopping or managing the problem. In this manual, 
the focus will be on insect and mite pests.

Insects and Mites
Insects and mites are arthropods, or animals with jointed 
legs and exoskeletons, and although they are closely related, 
they have some distinct differences. Insects can be identi-
fied by three characteristics: the presence of antennae, three 
body segments, and six legs. Mites and spiders are classified 
as arachnids and can be identified by three characteristics 
as well: the absence of antennae, the presence of two body 
segments, and eight legs in the adult stage.
 In this guide, we will focus mainly on insect identifica-
tion. Recognizing insects can be challenging because all 
insects progress through different life stages (Figure 1.4). The 
process of transitioning to different life stages is known as 
metamorphosis. Insects can go through two different types 
of metamorphosis. Some insects go through “complete meta-
morphosis,” which means they change through at least four 
different stages, including an egg, a larva or immature stage, 
a pupa or resting stage, and an adult.
• Egg: This first stage is generally a tiny capsule that is often 

fertilized by a male; however, some species can develop 
parthenogenetically, without being fertilized. Eggs may be 
found singly or in groups, and may be attached to plant 
material. In some insect species, eggs pass through this 
first stage of life inside the female, so the female actually 
appears to give live birth (as with many aphids).

Planting
Proper planting of seeds and transplants is critical to the suc-
cess of a vegetable crop. There are several factors to consider 
when planting.

Timing
Vegetables need to be transplanted in the field at the opti-
mum point in the season. Vegetables that thrive in the cool 
temperatures of early spring will not be nearly as successful 
when planted in summer’s peak temperatures. Consult pro-
duction guides to find preferred planting temperatures for 
specific crops and then follow those recommendations.
 For some crops, planting time can be adjusted to avoid 
peak pest populations either before or after the pests emerge. 
With this flexibility, either plants will be more mature at 
the time of pest emergence and less susceptible to serious 
damage, or pests may have moved to another area in search 
of food and will not be present when the seedlings emerge.

Spacing
It’s important to follow recommendations for plant spacing 
of vegetable types. Spacing can affect air circulation and 
therefore disease susceptibility. Although using the closest 
spacing may allow for more plants per field, using wider 
spacing may mean those plants will be healthier and thus 
more pest resistant (Figure 1.3).

Step 2. Identifying and 
Understanding Pests and 
Problems
The next focus of an IPM approach is preventing losses due 
to pest damage. The term “pest” may include any organism 
that is detrimental to the health of the plant: insect, mite, 
disease-causing pathogen, nematode, mammal, or bird. 
Physical environmental factors, such as weather events, may 

Figure 1.4. Life cycle of a Colorado potato beetle.
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AFigure 1.3. Field of properly spaced onion transplants.
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• Larva: This juvenile stage is wingless, often multisegment-
ed, and wormlike (e.g., a caterpillar). A larva matures 
through several stages, or instars, each of which ends with 
a molt (the casting of skin that allows an insect to grow).

• Pupa: This is a resting stage that occurs after the final 
larval instar. The insect forms a hardened protective shell 
or spins a silken cocoon and undergoes a transformation 
inside the pupal case, often growing wings.

• Adult: The final stage in an insect life cycle (also referred 
to as an “imago”) emerges from the pupal casing. The 
adult insect has reached reproductive maturity and, in 
many instances, also formed wings.

 Other insects progress through simple or “incomplete” 
metamorphosis, which means they move through at least 
three stages: egg, at least one nymphal stage, and adult. With 
incomplete metamorphosis, the immature stages look and 
function similarly to the adults.
• Nymph: This immature stage resembles the adult but is 

wingless and reproductively immature. An insect may go 
through several nymphal stages before maturing into an adult.

 By having access to information on insect life cycles and 
habits, you should be able to determine the best method and 
timing for both scouting and, if necessary, control. Memo-
rizing all the possible insect and mite pests that could cause 
damage on vegetable crops may not be practical, but by 
utilizing helpful resources such as this IPM guide and a good 
local diagnostic lab, you should be able to identify pests and 
find appropriate solutions.
 Not all insects are pests. In fact, most are neutral or very 
beneficial to have on a vegetable farm. There are parasitic and 
predatory insects and mites that feed on other insects and 
mites as well as many weed seeds. Recognizing these bene-
ficial insects, such as green lacewings and hover flies, can be 
very helpful. Taking steps to conserve and avoid killing these 
organisms can limit or even eliminate the need for chemical 
control measures.

Figure 1.6. rabbit damage to a vegetable field. 
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Figure 1.5. Leaf mold on tomato. 
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Diseases
Disease-causing organisms in vegetables include bacteria, 
fungi, nematodes, and viruses (Figure 1.5). While diseases 
are not addressed in this guide, it is very important to have 
an understanding of the diseases that can affect crops and 
the factors that provide the right environment for those 
diseases. Some factors that encourage the development of 
fungal disease are cool temperatures, high moisture, and low 
air circulation. In some cases, disease development can be 
prevented by taking steps to avoid providing the necessary 
environment for such diseases. Select clean, disease-free 
seed and seedlings, use clean water and appropriate levels 
of irrigation, plant in areas of good drainage, and provide 
adequate spacing to allow for good air circulation. All these 
practices can play a part in preventing disease development. 
Fungicides, or pesticides that inhibit or prohibit the growth 
of fungal diseases, may be needed in areas with high disease 
pressure, so knowing enough about the common diseases to 
recognize when to apply products is important.
 Some helpful resources are the 2014 Commercial Vegetable 
Production Recommendations for Pennsylvania (pubs.cas.psu 
.edu/PubTitle.asp?varTitle=Commercial+Vegetable+Pro-
duction+Recommen&Submit=Go) and Identifying Diseases 
of Vegetables (pubs.cas.psu.edu/PubTitle.asp?varTitle= 
Identifying+Diseases+of+VegetablesandSubmit=Go). Both 
are available for a fee through the Penn State College of Ag-
ricultural Sciences (pubs.cas.psu.edu). Organic growers can 
find information on plant disease management at eXtension 
.org (www.extension.org/pages/32637/organic-plant- 
disease-management:-thinking-like-a-system).

Wildlife
Wildlife can be some of the most damaging pests and also 
the hardest to control. Mammals, such as deer, raccoons, 
groundhogs, and other rodents, and many kinds of birds 
enjoy eating farm-fresh produce just as much as human 
consumers do (Figure 1.6). Management tactics can be 

http://pubs.cas.psu.edu/PubTitle.asp?varTitle=Commercial+Vegetable+Production+Recommen&Submit=Go
http://pubs.cas.psu.edu/PubTitle.asp?varTitle=Commercial+Vegetable+Production+Recommen&Submit=Go
http://pubs.cas.psu.edu/PubTitle.asp?varTitle=Commercial+Vegetable+Production+Recommen&Submit=Go
http://pubs.cas.psu.edu/PubTitle.asp?varTitle=Identifying+Diseases+of+VegetablesandSubmit=Go
http://pubs.cas.psu.edu/PubTitle.asp?varTitle=Identifying+Diseases+of+VegetablesandSubmit=Go
http://pubs.cas.psu.edu
http://www.extension.org/pages/32637/organic-plant-disease-management:-thinking-like-a-system
http://www.extension.org/pages/32637/organic-plant-disease-management:-thinking-like-a-system
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Other state land-grant universities have additional weed 
resources. Organic growers can find information at eXten-
sion.org (www.extension.org/pages/18532/an-organic- 
weed-control-toolbox).

Environmental Factors
Living organisms are not the sole cause of injury to vegetables. 
Environmental factors can negatively impact crops. Damage 
from severe weather can be equally as bad as or worse than a 
disease or insect problem. Frost, heavy wind, or hail can dam-
age plants (Figure 1.8). Excess water or too little water can also 
damage crops. Unnatural environmental factors also exist. Pes-
ticides and fertilizers applied at the wrong time of the growing 
cycle or in the wrong amounts will also damage crops. While 
weather damage may not be preventable, chemical damage can 
be prevented by carefully following label directions.

Step 3. Monitoring Crops  
for Pest Populations
Monitoring is the key to any successful IPM plan. On farms 
not using IPM, the process of pest control usually involves 
pesticide applications based on a calendar date. These types 
of applications are made regardless of the verified presence 
of the target pest. Another type of pesticide application on 
farms not using IPM is the “see and spray” method: spray 
only when the pest or damage is seen. At times, applications 
are made based only on damage symptoms, not on actual 
pest presence. IPM looks at pest management differently. 
Monitoring for pests and beneficial organisms to determine 
if there is a need to take action is more effective than either 
of the methods mentioned above.
 Monitoring provides an accurate picture of the insect sit-
uation in a vegetable crop. The process involves regular, close 
visual inspection of plants, looking for symptoms or signs of 
pest activity and beneficial organisms (Figure 1.9). Symptoms 

applied, such as fencing, sound cannons, repellents, traps, 
etc., but weigh the cost of the damage against the cost of 
the control. Information on wildlife nuisance and damage 
is available on the Penn State Extension Wildlife Nuisance 
and Damage website at extension.psu.edu/wildlife/wildlife- 
nuisance-and-damage.

Weeds
Weeds are undesirable plants that interfere with growing 
crops (Figure 1.7). Generally herbaceous, they reproduce 
and spread primarily through seeds and rhizomes (under- 
ground stems). Weeds compete with the crops for soil 
nutrients, water, and sunlight. They inhibit good air circu-
lation between crops, which can be a contributing factor for 
disease development. Weeds can serve as alternate hosts for 
insect and mite pests, as well as for plant-disease-causing 
organisms. Weeds also hinder the movement of people and 
equipment between rows, making good pesticide coverage 
difficult. Through good mowing, cultivation, and cultural 
practices and the assistance of herbicides, weeds can be con-
trolled to a manageable level.
 Weed control will not be covered in this guide. Infor-
mation on weeds can be found on the Penn State Extension 
Weed Management website (extension.psu.edu/weeds). 

Figure 1.7. Canadian thistle infestation of a field of corn. 
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Figure 1.8. Pepper fruit showing c-shaped hail damage. 
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Figure 1.9. Begin to monitor at seedling stage to help stop pest problems early.
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http://extension.psu.edu/wildlife/wildlife-nuisance-and-damage
http://extension.psu.edu/weeds


6 | Vegetable Integrated Pest Management with an Emphasis on Biocontrol

here.) Tracking GDD accumulation can be a valuable tool in 
a pest monitoring program.
 Growing degree days are used to determine when the insects 
or plants have been exposed to enough heat units for an event 
such as emergence from winter dormancy, egg hatch, pupation, 
etc., to occur. These events occur within a range of GDDs. For 
example, flea beetle adults emerge from their overwintering 
habitat sometime between 150 and 200 GDDs above 50°F. A 
scout can more effectively monitor for a pest by knowing the 
range of GDDs for the target stage of each pest. GDD ranges for 
many vegetable pests can be found in the Pest Degree Day Table 
on page 212 and individual pest sections in this guide.
 To calculate GDDs, record daily average temperatures 
(using low and high temperatures for a 24-hour period) 
and subtract a specific base temperature from each average 
(see formula below). Insects and plants have a minimum 
temperature below which development will not proceed. 
For most of insects, 50°F is used as the base temperature, 
but some do begin development at lower temperatures, such 
as 38°F or 43°F. Unless otherwise noted by DD38 or DD43, 
GDDs in this manual will use a base of 50°F. After calculat-
ing each day’s GDD value, numbers above zero will be added 
to an accumulated total (negative numbers are not included 
in the total). See the box for sample calculations.

GDD Formula
Low Temperature + High Temperature – 50°F = Total GDDs
                  2
      Average             Base
      Temperature           Temperature

are actual damage or evidence of activity, such as holes in 
leaves or wilted shoots; signs refer to the organism causing 
the damage, such as cast aphid skins on the underside of a 
leaf or a cluster of cutworm eggs on a corn leaf. Becoming 
familiar with the common symptoms and signs most likely 
to appear in crops makes monitoring less of a mystery. When 
monitoring, record not only the kind of pests found but also 
the number of each kind of insect (useful in evaluating the 
level of infestation) and, if possible, the stage of development 
those pests are in. Also note which beneficial insects are 
present. Then an individualized, accurate, and timely plan of 
action can be created for each field. Monitoring can be done 
by a farm employee whose time is committed to scouting 
activity or by a professional scout hired as a scouting consul-
tant. The key is to scout regularly—once or twice per week, 
not just once or twice per season.

Temperature Monitoring and 
Growing Degree Days
Having an understanding of when certain pests are likely to 
be found is helpful when inspecting fields for pest activity. 
The calendar may give a general idea of the pest activity 
window (see page 210), but there is another, more accurate 
method for predicting specific pest activity. This method, 
referred to as growing degree day (GDD) tracking, involves 
measuring daily temperatures. For insects, mites, and plants, 
development is triggered when daily average temperatures 
rise above a certain base temperature. (Disease progression 
is based on host-plant development, so it won’t be dealt with 

Sample Calculations
Daily weather Log

Date Time Air Temperature Daily
GDD

GDD Running 
TotalLow High Average

3/24 5:30 PM 45°F 73°F 59°F 9 9
3/25 5:30 PM 35°F 55°F 45°F 0 9
3/26 5:30 PM 46°F 60°F 53°F 3 12

   March 24: 45 + 73 = 118 = 59 – 50 = 9 GDD Positive number can be counted.
           2    2

   March 25: 35 + 55 = 90 = 45 – 50 = -5 GDD Negative numbers are not added.
          2    2

   March 26: 46 + 60 = 106 = 53 – 50 = 3 GDD Positive number added to total.
           2    2
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(Figure 1.10). Divide the total number of insects by the 
number of sweeps made to get an average number of insects 
per sweep.

Beating
In larger, bushy plants, such as potatoes, monitoring may 
be easier by knocking plants over a beating sheet (canvas 
stretched between two wooden dowels) and dislodging any 
insects on the plants (Figure 1.11). Do this in several loca-
tions throughout the field to get an overall picture of the pest 
situation.

Trapping
Several types of insects can be monitored using traps. Dif-
ferent types of traps are available to aid in monitoring. One 
type of trap is baited with pheromones, or chemicals insects 
produce as a means of communicating. Pheromone traps 
are used primarily to lure lepidopteran (moth) pests and 
trap the insects in either a funnel-style trap (Figure 1.12) or 
a flat sticky-bottomed trap. When these traps are monitored 
regularly, collection data can help with timing of control 
applications.

 As a general rule, begin recording GDD temperatures on 
March 1. However, during some warm springs, GDDs may 
begin accumulating in February. In some cases, GDD track-
ing will begin after a specific occurrence in an insect life cycle 
(e.g., after heavy pheromone trap catches of cutworm adults). 
Temperature should be tracked using a minimum (low)/max-
imum (high) thermometer capable of storing readings for 
several days. Minimum/maximum (min/max) thermometers 
are the least expensive method of gathering data to calculate 
GDDs. Several other types of equipment will gather GDDs in 
the field. These are commonly called biophenometers, data 
loggers, or weather monitors. Prices vary, but they are gen-
erally more expensive than a simple min/max thermometer. 
GDD calculators are available online; for example, see www 
.degreedays.net. Weather services, both paid and free, are 
also available to provide required data. Skybit (skybit.com) is 
a subscriber- based service located in Pennsylvania. The Na-
tional Oceanic and Atmospheric Administration’s (NOAA) 
National Weather Service provides daily low and high tem-
peratures from weather stations. That data will not be specific 
to your area and should not replace on-farm temperature 
collection. In Pennsylvania, GDDs can be found through PA 
PIPE, the Pennsylvania Pest Information Platform for Exten-
sion and Education (extension.psu.edu/pa-pipe).

Monitoring Techniques
Finding insects by visual inspection can be challenging when 
the insects are fast moving or hiding in lush foliage. In these 
cases, it may be necessary to employ some scouting tech-
niques that use specialized tools.

Sweeping
Quick-moving insects such as leafhoppers and flea beetles 
are best counted after being captured in a fine-gauge ma-
terial net, known as a sweep net. While walking through a 
field, a scout will sweep the net in front of him/her, moving 
it from right to left and back to the right in an arc motion 

Figure 1.10. Sweep net sampling technique. 
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Figure 1.11. Beating sheet sampling technique. 
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Figure 1.12. A pheromone trap used for trapping corn earworm. 
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• Clipboard/flat surface: This can be used as a smaller 
beating sheet to collect mites, aphids, or other insects dis-
lodged by tapping leaves over it. The back of a clipboard 
that has been painted to have a surface that is one-half 
black and one-half white is very useful when beating 
plants to detect different types of pests.

• Pocket knife: Clipping symptomatic leaves or fruit may 
be necessary to observe them more closely for signs of in-
sects, mites, or disease spores. It may also be necessary to 
collect samples for identification by a diagnostic expert.

• Bottles/plastic bags: Occasionally, it will be necessary 
to collect samples to examine at a later date or send to a 
diagnostic laboratory. Having a method of labeling the 
specimens (permanent marker, adhesive labels, etc.) is 
helpful. Any insect sample collected in 80 percent alcohol 
should be labeled with a pencil-written tag, as alcohol will 
wear away ink.

Monitoring Tips
1. During the growing season, a scout should monitor fields 

weekly to look for evidence of beneficial organisms, pests, 
diseases, and other issues.

2. If possible, scout on cloudy days. The muted sunlight makes 
observing chlorotic, or yellowed, symptoms in the field 
easier. Some insects are also more visible in subdued light.

3. When monitoring for pests and beneficials, scouts should 
walk through the field keeping an eye out for obvious 
problems and select plants in a random pattern to in-
spect more closely. Scouts should look for discoloration, 
wilting, stunted growth, feeding holes, and other obvious 
symptoms.

Diagnosis
Properly identifying the insects found through monitoring 
is an important next step in the pest management process. 
With training, experience, and the use of printed and online 
resources and guides, an accurate diagnosis can usually be 
made. For difficult samples, consult an expert or a diagnostic 
lab. County extension educators or the diagnostic labs at the 
state Department of Agriculture can be very helpful in ob-
taining necessary expert assistance. For contact information 
of select agencies, see pages 236–238.

Step 4. Setting an Action 
Threshold
The action or control threshold refers to the population level 
for a specific pest at which some control measure is justified 
in order to avoid economic loss or aesthetic damage to a crop. 

 Black light traps also may be useful. The black light trap 
uses ultraviolet light to lure insects into the center of the trap 
where they drop into a canister. The challenge with using this 
trap can be that many types of insects are attracted to it and 
the result may be a whole batch of unwanted insects to sort 
through. An electrical source is also needed. A pitfall trap is 
another option. This trap consists of a container buried so that 
the opening is flush with the ground surface. The container 
should be filled with a killing agent and preservative, such as 
low-toxicity antifreeze or soapy salt water. Ground-dwelling 
insects simply fall over the edge of this trap and get caught in 
the preservative. These are nondiscriminant traps that capture 
both pest and beneficial arthropods, so the ability to distin-
guish pests from nonpests is necessary in order to use infor-
mation from these traps in implementing an IPM program.

Monitoring Tools
When monitoring, a scout must have a few very important 
tools. Keep these tools together in a backpack or bag so you 
can conveniently carry them around the fields on each visit.
• Hand lens: This small magnifier allows a scout to see 

insects, mites, and disease fruiting bodies that would 
otherwise be too small to see (Figure 1.13). These can be 
purchased in a variety of magnification strengths: 10X, 
16X and 20X. The 16X hand lens is a good strength to use 
and still has a reasonably sized field of view. (See pages 
238–240 for supplier information.)

• Notebook and pen: Use these to record symptoms, signs, 
population stage and size, damage severity, field or weather 
conditions, and location. This information can be a refer-
ence for the current season, but it can also be a resource 
that shows pest and beneficial activity previous seasons.

• Flagging tape: Brightly colored flagging tape can mark 
symptomatic plants so they can be readily located at a 
later date. Use a permanent marker to record specific 
information on the tape.

Figure 1.13. A doublet hand lens, the most important scouting tool. 
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When the damage becomes unacceptable, the crop has passed 
what is known as the economic and/or aesthetic injury level. 
To avoid crops reaching an unacceptable level of damage, the 
point at which to take control action, or the action threshold, 
will be reached before the injury level has been reached.
 Because pests vary in the severity of damage they cause, 
action thresholds will also vary. A pest that has great poten-
tial to damage or disfigure the fruit or saleable portion of the 
crops, such as corn earworm, will have a lower threshold than 
a more minor pest, such as potato aphid on pepper, for which 
some damage may be acceptable. Action thresholds are also 
influenced by the market outlet. Commercial processors may 
set levels of insects or damage allowable in the vegetable being 
sold. Action thresholds are further discussed in the individual 
pest sections found in this guide. Threshold information can 
also be found in state commercial vegetable production guides.

Step 5. Selecting  
Management Options
In an IPM program, pest management does not rely on only 
one method of control. Often a combination of methods is 
employed to achieve a well-rounded, long-lasting manage-
ment program.

Cultural Control
This category of control involves altering a pest’s habitat—in 
this case, the vegetable production environment—so that it is 
less favorable to a pest. Pests may be thwarted by making sim-
ple changes to planting procedures, such as adjusting planting 
schedules, rotating crops, and planting trap crops that draw 
insect pests, or providing habitat for beneficial organisms. 
Some of these techniques are further explained below.

Cover Cropping
Unwanted weeds, which may serve as alternate hosts for a 
number of vegetable pests and can compete with vegetable 
crops for space, water, and nutrients, can be reduced with 
the winter planting of a cover crop (Figure 1.14). Cover 
crops that do not survive the winter (e.g., forage radish) do 
not require killing in the spring and may be especially useful 
in early spring vegetable crop planting (see the Penn State 
Extension webinar “Using Winter Killed Cover Crops to Fa-
cilitate Organic No-till Planting of Early Spring Vegetables” 
at www.extension.org/pages/31013/using-winter-killed-
cover-crops-to-facilitate-organic-no-till-planting-of-early-
spring-vegetables-web).

Figure 1.14. Buckwheat, a common cover crop planted in a field for added 
nutrient and weed control. 
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Early or Delayed Planting
By knowing when a major crop pest will typically move into 
a crop and at what stage of the crop’s growth cycle that pest 
may cause the most damage, a grower can try to prevent 
those two stages from occurring at the same time by moving 
up or delaying the planting date. For example, early plantings 
of corn may have a chance to mature to less vulnerable stages 
before cutworms have a chance to damage the seedlings.

Crop Rotation
By moving a crop from a field where it had been planted for 
a year or more, growers can thwart the pests that had the 
opportunity to increase in population. By rotating the plant-
ing to a crop from a different family or a nonhost, insects 
that specialize on a particular family (e.g., Colorado potato 
beetle) will be forced to move to a different host and may or 
may not be able to feed on the new crop.

Trap Cropping
Planting a specific trap crop can be beneficial for two reasons. 
First, the potential pest of a desired crop can be lured away 
from the main crop and into a more appealing planting of an 
alternate host. In some cases, it may even be the same crop, 
simply an earlier planting of it. For example, an early planting 
of potatoes can be a trap crop that lures Colorado potato bee-
tles away from a later planting of potatoes. The second benefit 
of trap crops is that they also often harbor beneficial natural 
predator insects, which helps in controlling pest insects. (See 
the Biological Control section on page 11.) Insect pests may 
need to be managed on the trap crop to prevent them from 
moving into the main crop as the trap crop senesces.

http://www.extension.org/pages/31013/using-winter-killed-cover-crops-to-facilitate-organic-no-till-planting-of-early-spring-vegetables-web
http://www.extension.org/pages/31013/using-winter-killed-cover-crops-to-facilitate-organic-no-till-planting-of-early-spring-vegetables-web
http://www.extension.org/pages/31013/using-winter-killed-cover-crops-to-facilitate-organic-no-till-planting-of-early-spring-vegetables-web
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Cultivation and Tillage
This is a means of turning the soil and placing weed and 
crop plant residue under the surface of the soil, effectively 
killing the living material and providing a prepared surface 
for planting (Figure 1.17). The process may use a number of 
implements, including plows, disc cultivators, rotary hoes, 
rolling cultivators, etc. Timing of this technique can greatly 
affect the success of weed control.

Mulching
The two categories of mulch are organic mulch, such as 
shredded or chipped bark, straw, compost, grass clippings, 
etc., and inorganic mulch, such as black plastic and weed 
cloth (Figure 1.18). Mulches help suppress weed growth, 
which also eliminates potential harborage for insect pests. 
Mulches can also help retain soil moisture and heat.

Trenches
Using trenches involves preparing a plastic-lined barrier 
ditch along the edge of a crop field. Trenches can be used to 
trap Colorado potato beetles or other walking pests as they 
move in and out of fields at the beginning and end of a sea-
son. The beetles, which move largely by walking, fall into one 
side of the ditch and are unable to climb out the other side.

Mechanical Controls
Mechanical control involves preventing pest establishment 
in an environment through the use of physical barriers or 
mechanical equipment. Some examples of mechanic control 
in a vegetable production setting include the following.

Row Covers
This technique involves covering rows of vegetable crops 
with spunbond polypropylene fabric manufactured for 
this purpose. The fabric can be placed either directly on 
the plants or over low arches, forming a low tunnel (Figure 
1.15). This cover serves two purposes: the crops are protect-
ed from both harsh weather conditions, such as cold, sleet, 
and wind, and insect, disease, and vertebrate pests. Some 
disadvantages include excess heat buildup and disrupted 
pollination, so row covers must be removed at or near flow-
ering for insect-pollinated crops.

Staking/Trellising
Staking heavy, leafy plants to prevent them from falling over 
and resting on the ground provides them with better air circula-
tion and access to sunlight (Figure 1.16). This makes for health-
ier plants. Staking also provides less opportunity for pathogen 
spores to be splashed from the ground to foliage surfaces.

Figure 1.17. A large mechanical cultivator. 
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Figure 1.18. Black synthetic mulch helping to suppress weed growth. 
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Figure 1.15. Synthetic row cover warming the soil. 
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Figure 1.16. tomatoes with string trellis.
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