/71 This publication is pro-
I . duced through the com-
UNIVERS.I I y O b CoO MM OE & [ _,-r" = bined efforts and resources
| r | of the Cooperative Exten-

o 7|+~ of the Coopera
© COOPERATIVE EXTENSION SYSTEM ;g jion grnizatons of e

New England Land-Grant
:r-"“—' Universities

GREENHOUSE
PESTI CI DE
MANAGEMENT

Private Pesticide Applicator Training Manual: Greenhouse

ki
-
AL ==l




GREENHOUSE
PESTICIDE
MANAGEMENT

Pesticide Applicator Training Manual: Private Greenhouse

Edited by D. W. Barry

University of Maine Cooperative Extension




CONTRIBUTORS

University of Connecticut

Connecticut Department of

Candace Bartholomew
Leanne Pundt

Environmental Protection Linda Schmidt
University of Maine Jim Dill
Lois Stack
Maine Department of Agriculture Richard Folsom
Anne Gibbs
Grace O'Keefe
Maine Board of Pesticides Control Gary Fish
Tammy Gould
University of Massachusetts Natalia Clifton
Pat Vittum
Tina Smith
University of New Hampshire Cheryl Smith
Stan Swier
New Hampshire Department
of Agriculture Wendy Chapley
University of Rhode Island Steve Alm
Peggy Siligato
University of Vermont Anne Hazelrig

Published and distributed in furtherance of Acts of Congress of May 8 and June 30, 1914 by Cooperative Exten-
sion; the United States Department of Agriculture, the following Extension Services and Land Grant Universities co-
operating:

Kirklyn Kerr, Director, Cooperative Extension System, University of Connecticut, Storrs, CT 06268

Lavon L. Bartel, Director, Cooperative Extension, University of Maine, Orono, ME 04469

John Gerber, Director, Cooperative Extension Service, University of Massachusetts, Amherst, MA 01003
Peter J. Horne, Director, Cooperative Extension Service, University of New Hampshire, Durham, NH 03824
Robert H. Miller, Director, Cooperative Extension Service, University of Rhode Island, Kingston, RI 02881
Lawrence K. Forcier, Director, University of Vermont Extension System, Burlington, VT 05405

Cooperative Extension provides equal opportunities in programs and employment. In complying with the letter and
spirit of applicable laws and in pursuing their own goals of pluralism, these Universities shall not discriminate on the
grounds of race, color, religion, sex, sexual orientation, national origin or citizenship status, age, disability, or veterans
status in employment, education, and all other areas of each University. These Universities provide reasonable accom-
modations to qualified individuals with disabilities upon request.

Questions and complaints about discrimination in any area of these Universities should be directed to the Director
of Equal Opportunity. Inquiries about discrimination may also be referred to your state Human Rights Commission, U. S.
Equal Employment Opportunity Commission, Office for Civil Rights of the U. S. Department of Education, or other
appropriate federal or state agencies.




ACKNOWLEDGMENTS

The following publications were valuable sources
of information and illustrations:

“1992-1993 New England Floriculture Crop Pest
Management and Growth Regulation Guide” edited by
L. P. Perry, University of Vermont Cooperative Ex-
tension and L. B. Stack, University of Maine Coopera-
tive Extension.

"Controlling Damping-off diseases in the Garden,"
S. A. Tjosvold, University of California Cooperative
Extension.

"Diseases of Ornamental Plants," Junius Forsberg,
University of Illinois.

"Floriculture Production Guide for Commercial
Growers," edited by Christine Koch, B.C. Ministry of
Agriculture, Fisheries, and Food, 1994-95 ed.

"Insect and Related Pests of Flowers and Foliage
Plants" edited by J. R. Baker, University of North Caro-
lina Cooperative Extension.

"IPM for Poinsettias in New York: A Scouting and
Pest Management Guide" Edited by G. Ferrentino, J.
Grant, M. Heinmiller, J. Sanderson, and M. Daughtrey.
Cornell Cooperative Extension, Cornell University.

"Morphological Comparisons of Three Species of
Whiteflies Found on Greenhouse-Grown Plants," Tong-
Xian Liu and R. D. Oetting, University of Georgia
Research Bulletin Number 412.

“Pesticide Applicator Training Manual for Private
Applicators in the Greenhouse and Florist Industries,”
Cornell Cooperative Extension.

"Suppliers of Beneficial Organisms," Charles D.
Hunter, California Environmental Protection Agency,
Department of Pesticide Regulation, Environmental
Monitoring and Pest Management Branch, 1994 ed.

Production of this manual was made possible
through a grant from the United States Department of
Agriculture.

PRECAUTIONS
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the use of any of the stated products. Users assume all
risk of application and/or handling, whether they fol-
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plied, nor is discrimination intended
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PREFACE

This manual has been edited by the Pesticide Appli-
cator Training Program to serve as a study guide for
private pesticide applicators whose primary production
is greenhouse crops. It explains how to apply pesticides
safely and effectively and how these applications may
affect you, your family, your neighbors and your cus-
tomers. It also describes the state and federal laws that
regulate pesticide use and provide for worker safety. This
information will help you prepare for the state certifica-
tion examination.

Use this manual with your state Core Manual. That
volume contains a glossary of pesticide related terms. It
also has a section on mathematical conversions and cal-
culations that will be useful when calibrating equipment
and determining the proper quantities of pesticides to
apply.

In order to become certified, you must pass two
tests: one based on the information in the Core Manual
and another based on this manual. Both the Core Manual
and “Greenhouse Pesticide Management” are self-study
guides. You control the pace of your learning. After read-
ing each section, try to answer the review questions.
These questions are similar to those found on the certifi-
cation exams. Correct answers are found at the end of
the manual. If you have difficulty with a certain area, go
back and review that topic. Allow yourself adequate time
to read and understand the material before you take the
exams.

After completing the exam, keep this manual as a
general reference on pest identification and management
strategies. It is impossible to include pesticide recom-
mendations in this type of manual due to new chemi-
cals, label changes, and regulatory actions. Those pesti-
cides that are mentioned are only examples and should
not be considered either endorsements or recommenda-
tions. For specific pesticide recommendations see the
latest edition of the "New England Greenhouse Floricul-
tural Recommendations, A Management Guide for In-
sects, Diseases, Weeds and Growth Regulators" avail-
able through Cooperative Extension.
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SECTION 1

GREENHOUSE OPERATION
AND PESTICIDE REGULATION

Several government agencies regulate the pesticides
used in greenhouse production in order to protect both
the environment and the health of workers and custom-
ers. This section introduces the principal laws regulat-
ing pesticides manufacture and use. Requirements for
certification and licensing of applicators are provided,
including:

Who must be certified,

Why applicators must be certified,

What knowledge is required for certification,

How to become certified and licensed, and

How to maintain certification and licensing.

GREENHOUSE PRODUCTION
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Greenhouse operation is an important part of
Connecticut's economy and way of life. Many flowers
that grace window boxes in summer or fresh vegetables
gathered from gardens started in greenhouses during cold
spring months.

There are 525 commercial greenhouses in Connecti-
cut covering 8 million square feet of production area.
Many are small, seasonal operations that provide only
supplemental income for growers but many have grow-
ing areas greater than 10,000 square feet. The produc-
tion of bedding plants is a major crop for greenhouse
operators of all sizes. The annual sales of bedding plants
from Connecticut's greenhouses is $130 million. Larger

producers may also grow potted flowering and foliage
plants, cut flowers, and vegetable crops.

The controlled greenhouse environment provides a
level of management not possible in field-grown crops.
Most factors that affect plant growth, such as soil fertil-
ity and available moisture, are easily monitored and ad-
justed to promote vigorous, healthy plants. Greenhouses
also provide ideal conditions for the spread of some
diseases and insects, making pest control an essential
part of production.

Crop production and public welfare

Although profit is the primary goal for greenhouse
crop production, there are other considerations that de-
mand attention. Greenhouse producers are increasingly
asked to ensure the safety of their production activities.
Public expectations include:

® Offering products that present no health risks to
consumers,

® Providing for worker protection, and

® Avoiding environmental contamination from
pesticide use.

Putting these goals into practice demonstrates aware-
ness and concern for public welfare. It is difficult or
impossible, however, to control the effects of manage-
ment practices that fall into the following categories:

® Distant effects - such as a consumer purchasing
plants from a retail outlet rather than the produc-
tion greenhouse;

® Delayed effects - such as a greenhouse employee
who becomes ill long after pesticide exposure;

® Invisible effects - such as pesticides leaching
through soil and contaminating groundwater.

Most state and federal pesticide regulations are
enacted to protect human health and our environment.
Knowing and complying with these laws not only mini-
mizes pesticide problems, but may actually increase prof-
itability and improve public opinion. Therefore, com-



pliance with the law is fundamentally important to green-
house production.

Developing a crop management plan

Successful marketing depends on the production of
quality plants free from signs of pests and disease. De-
veloping a crop management plan before the beginning
of a growing cycle will help meet this goal. These
plans include how to control insect infestation and plant
disease and give growers the opportunity to consider
both benefits and risks of the available practices before
actually using them. An effective management plan not
only reduces the environmental risks associated with
pesticide use but saves time and money.

Good crop management limits the need for pesti-
cides by encouraging the growth of vigorous, healthy
plants. Some of the factors that promote plant growth
and discourage pest problems are:

® Keeping the greenhouse and all systems in good
repair,

® Selecting crops suitable for the growing condi-
tions provided,

® Selecting varieties with pest resistance, when
available,

® Maintaining good environmental conditions in
the greenhouse,

® Proper timing of planting and other production
activities, and

® Using alternative pest management techniques
including cultural, mechanical and biological
control.

Although this manual provides information on the
proper use of pesticides when they are required, it can-
not provide complete information on greenhouse opera-
tion. Many references are available covering greenhouse
construction and crop production. A few are listed in
Appendix A. The current edition of New England Flo-
ricultural Crop Pest Management and Growth Regula-
tion Guide is available through the University of Con-
necticut, Communications and Information Technology,
1376 Storrs Road, Storrs, CT 06269-4035, (860) 486-
3336. This guide is updated biennially and provides in-
formation on products and application rates that are
Federally registered for greenhouse use. For informa-
tion about products registered for use in greenhouses
contact your county or university Cooperative Exten-
sion office (see Appendix A) or the Department of En-
vironmental Protection (DEP), Pesticide Management
Division (860) 424-3369.

Alternative controls

In certain crops, biological controls may substantially
reduce pesticide use. An example uses the tiny parasitic
wasp, Encarsia formosa, to attack greenhouse white-
fly. This technique may be slower but ultimately as
effective as any pesticide application. Other alterna-
tives include cultural controls, such as wider plant spac-
ing to inhibit fungal disease, and mechanical controls
like roguing (removing) diseased plants. Even for grow-
ers who use only chemical control, alternative applica-
tion equipment is available that reduces the required
amount of active ingredient. In addition, choosing spe-
cific pesticides to control specific pest growth stages
will reduce pesticide use.

Using a variety of techniques that maximize the af-
fect of pesticides and maintain crop quality is called
INTEGRATED PEST MANAGEMENT (IPM). The
general principles of IPM should be incorporated into
crop management plans. IPM promotes wise pest con-
trol using a combination of cultural, mechanical, bio-
logical and chemical methods. Federal and state agen-
cies, grower organizations and private consultants co-
operate in supporting IPM programs. Contact your
county Cooperative Extension office or the Extension
Specialists at UNH for the most recent information on
these programs. A general introduction to IPM prac-
tices is provided in Section 4.

CHEMICAL PEST CONTROLS
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Pest control has changed a good deal over the last
50 years. Early methods relied on labor-intensive cul-
tural practices. The few chemicals available were dan-
gerous to use and often ineffective. Beginning in the
1940s, development of synthetic chemical pesticides
provided hope of ending pest problems once and for all.
However, this hope was short lived. Soon after wide-
spread, intensive use of these new compounds, certain



insects and diseases developed resistance to the their
effect. Continued application of these products pro-
vided little control but substantially increased produc-
tion costs and resistance problems.

Chemical pesticides may also lead to environmental
damage although the effects may go unobserved for
years. Following widespread use of pesticides during
the 1950s, it became apparent that some of them caused
serious harm to nontarget organisms such as birds, fish
and beneficial insects. Chemicals that persisted in the
environment, like DDT, were particularly harmful. Now
products registered for pest control are regularly reviewed
in an effort to reduce undesirable effects.

Pesticides and public safety

Pesticides and public safety is an increasingly im-
portant consumer issue. In recent years, concern over
pesticide residues on consumer products and ground-
water contamination has received national attention.
Proper selection and use of pesticides will generally pre-
vent residues from exceeding federal limits. This is es-
pecially important for businesses that allow customers
into greenhouses when marketing crops. Pesticides must
be carefully chosen and applied to avoid unacceptable
residues on all crops at the time they are sold. Remem-
ber that certain types of plants may actually retain chemi-
cal residues.

Groundwater quality is a growing concern through-
out the country. As a pesticide applicator you should
know that groundwater contamination may be caused
by pesticide spills, incorrect applications or improper
disposal methods. Even correctly applied chemicals used
over long periods may leach through the soil and enter
groundwater. This can easily occur in many of the types
of soils that are found throughout Connecticut.

Pesticides are poisons designed to kill a narrow se-
lection of living organisms. In addition to controlling
these target pests, pesticides may also, unfortunately,
injure or kill nontarget plants and animals, including hu-
mans. This is true of synthetic pesticides as well as

compounds derived from natural sources. Pesticide in-
jury may result from:

® Direct contact with pesticides during handling or
application;

® Indirect contact from residues following an
application; or

® Indirect contact through contaminated natural
resources, such as treated soils or polluted
water.

The persons most likely to be harmed by exposure to
pest control chemicals are the applicators themselves
during pesticide use. However, the chemicals currently
registered should not cause adverse effects when used
according to label directions. Specific regulations have
been developed to protect the health of applicators and
farm workers. These include procedures that must be
followed when handling, mixing and applying pesticides.

Careful choice of products and timely applications
help reduce the risks associated with pesticide use. Ap-
plicators should be aware of these personal and envi-
ronmental hazards and limit risks by handling all prod-
ucts according to label directions. Information pro-
vided on labels is the primary means of regulating
pesticides.

PESTICIDE REGULATION
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The EPA has the authority to regulate the pesticide
industry under the Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA). This law permits the control
of all aspects of pesticide use, from production through
the disposal of empty containers. In Connecticut chemi-
cal use is supervised by the Connecticurt Department
of Environmental Protection.

General information on federal and state laws cov-
ering the use and storage of pesticides is found in your
State Pesticide Applicator Training (Core) Manual. Many
of these laws help greenhouse operators develop low
risk and effective application programs. For example,
record keeping requirements make it possible to com-



pare results over several seasons and provide useful evi-
dence in the event of legal action. Every pesticide ap-
plicator is responsible for knowing and complying with
all appropriate pesticide laws.

Classification of pesticide products

Toxicological studies performed by chemical compa-
nies during product development determine the classifi-
cation of each pesticide. The EPA classifies pesticides
as either GENERAL USE or RESTRICTED USE.
Anyone applying general use or restricted use pesticides,
which include certain products used in greenhouse pro-
duction, must meet the standards set by the EPA and
the DEP. Anyone applying restricted use pesticides must
be licensed, or under the direct supervision of someone
who is licensed. In Connecticut, a third class, PERMIT-
TED USE pesticides, is recognized which requires a
special permit for each use. The DEP requires certifica-
tion and licensing of persons using restricted use pesti-
cides and those making commercial applications of any
pesticide.

Applicator Certification

Pesticide applicators who become certified must
successfully demonstrate the competency requirements
specified by state law. A private applicator is an indi-
vidual who uses or supervises the use of any pesticides,
whether classified as general use or state restricted use,
for purposes of producing any agricultural commodity
on property owned or rented by them or their employer
or, if applied without compensation other than trading of
personal services between producers of agricultural com-
modities, on the property of another person. Ask your
Cooperative Extension for more information.

The DEP uses written exams to determine the quali-
fications of persons seeking certification as private ap-
plicators for greenhouse applications. The Greenhouse
Pesticide Management Manual, when used with the Core
Manual, provides the technical information needed to
prepare for the private applicator exams. Sample ques-
tions at the end of each section are similar to those on
the written exams. Be sure to know and understand the
answers to these questions before taking the written ex-
ams.

Certification for private applicators is for up to a five-
year period, during which time twelve (12) recertification
credits must be accumulated. Participating in recertifi-
cation sessions is also a means of keeping up-to-date
with the changes that affect greenhouse production. Re-

certification programs are offered by the University of
Connecticut Cooperative Extension Service (CES), the
DEP, growers’ organizations and other sources.



SECTION 1- REVIEW QUESTIONS

Greenhouse Operation and Pesticide Regulation

1. Crop management plans give growers the oppor-
tunity to consider both benefits and risks of avail-
able practices before actually using them.

True False

2. Which factors promote plant growth and discour-
age pest problems?

a. Selecting pest resistant plant varieties

b. Maintaining good environmental conditions in the
greenhouse

c. Using cultural, mechanical and biological con-
trols

d. All of these

3. The New England Floricultural Crop Pest Man-
agement and Growth Regulation Guide provides
information on crop management products and ap-
plication rates.

True False

4. List three non-chemical pest control alternatives.

C.

5. Integrated Pest Management (IPM) involves us-
ing a variety of pest control techniques that maxi-
mize the effect of pesticides and maintain crop
quality.

True False

6. Widespread, intensive use of synthetic pesticides
in the 1940’s and 50’s led to insect and disease
resistance to these controls.

True False
7. Groundwater contamination may be caused by:
a. Pesticide spills
b. Incorrect application of pesticides
c. Correct application of pesticides

d. All of these

8. Pesticide injury could result from contact with
treated potting soil.

True False



SECTION 2

WORKER AND CONSUMER
SAFETY ISSUES

APPLICATOR SAFETY

Greenhouse pesticide use requires strict attention to
safety measures. Two aspects of the greenhouse
environment directly affect the safety of pesticide
applicators:

(1) Frequent application - Greenhouses produce plants
year-round confined in a warm, sheltered area. These
ideal conditions can attract pest populations and create
the need for frequent pest control.

(2) Enclosed design - Greenhouses enclose space and
carefully regulate air flow. During typical pesticide
applications, all ventilation within the house is stopped.
This minimal air movement hinders pesticide dispersal
and harmful levels may concentrate within greenhouse
air.

Pesticide applicators should know these points and
understand how they increase risk. At this point it will
be helpful to review your Core Manual for a discussion
of pesticide exposure and personal protective clothing
and equipment.

Inhalation exposure and protection
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Pesticide application in an enclosed greenhouse is
very different from treatments in the open air. In the
greenhouse, pesticides not only dissipate slowly, but,
without wind or air turbulence, they may actually
concentrate to dangerous levels.

Because continuous pesticide exposure through
inhalation is a major risk, a respirator is required
whenever a pesticide applicator or handler is in the
greenhouse during treatment. Remember, even though
amounts are small or the pesticides are only slightly toxic,
repeated contact with pesticides increases the risk of
overexposure. Review the section on respirators in your
Core Manual.

Dermal exposure and protection
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During control treatments, applicators can accumulate
considerable skin (dermal) and eye (ocular) contact with
pesticides. Contact occurs when applicators brush against
plants and other treated surfaces, or by walking through
the pesticide mist which tends to linger in the still air, or
from falling spray droplets and dripping overhead
baskets.

Examples of clothing requirements found on pesticide
labels include:

® Personal protective equipment must be worn every
time an applicator applies pesticides inside a
greenhouse. Read the pesticide label for specific
instructions.

® The eyes must be covered either with chemical
splash goggles or a full face respirator.

® The head and neck must be protected. Use
chemical-resistant rain hats, or washable hard hats
and hooded chemical resistant spray suits.



® Cover the arms, body and legs with a chemical
resistant suit. Do not use cotton coveralls.
They do not provide adequate protection for
greenhouse applicators.

® Wear unlined, chemical-resistant boots that cover
the ankles.

® Wear chemical-resistant gloves.

® (lean all personal protective equipment after each
use and store in a clean uncontaminated area.

® [aunder garments, including undergarments at the
end of each work day. Because most materials will
accumulate pesticide residues over time, you
should replace gloves, boots and suits periodically.

In addition to personal protective equipment, there
are a few application practices that will reduce the risk
of accidental poisoning:

® Many labels require that you take down hanging
plants for treatment, do not spray over your head if
it can be avoided.

® Do not use highly toxic pesticides (like aldicarb) for
hanging baskets.
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® [fyou must apply over your head, treat plants in
the aisle next to you, rather than the plants directly
over your head. This way you are to the side of the
application.

® Apply the pesticide while backing away from the
application.

® Be informed of available pest management
alternatives, and use the least toxic method.

WORKER PROTECTION STANDARDS
FOR GREENHOUSES

The EPA Worker Protection Standard (WPS)
regulates activities of greenhouse employers, pesticide
handlers and other workers to reduce the possibility of
pesticide exposure. Requirements of the WPS have been
in place since January 1, 1995. These requirements are
summarized here. For more information, contact your
Cooperative Extension or the DEP.

GREENHOUSE is defined as any operation that
produces agricultural plants indoors in an area that is
enclosed with nonporous covering and that is large
enough to allow a person to enter. Examples include
polyhouses, mushroom houses and caves, and rhubarb
houses, as well as traditional greenhouses. Malls, atriums,
conservatories, arboretums, and office buildings that
grow or maintain plants primarily for decorative or
environmental benefits are not included.



AGRICULTURAL EMPLOYER is defined as
anyone who employs or contracts for the services of
workers (including themselves and members of their
families) for any type of compenstion to perform tasks
related to the production of agricultural plants or, who
owns or operates an agricultural establishment that uses
such workers.

PESTICIDE HANDLER is defined as anyone who:
(1) is employed (including self-employed) for any type
of compensation by an agricultural establishment or a
commercial pesticide handling establishment that uses
pesticides in the production of agricultural plants on a
farm, forest, nursery, or greenhouse, and (2) is doing
any of the following tasks:

® mixing, loading, transferring, or applying
pesticides,
® handling opened containers of pesticides,

® acting as a flagger,

® cleaning, handling, adjusting, or repairing the
parts of mixing, loading, or application
equipment that may contain pesticide residues,

® assisting with the application of pesticides,
including incorporating the pesticide into the soil
after the application has occurred,

® entering a greenhouse or other enclosed area after
application and before the inhalation exposure
level listed on the product labeling has been
reached or one of the WPS ventilation criteria
has been met to:

QO operate ventilation equipment

QO adjust or remove coverings, such as tarps,
used in fumigation, or

QO check air concentration levels,

® performing tasks as a crop advisor:
O during any pesticide application,

O before any inhalation exposure level or
ventilation criteria listed in the labeling
has been reached or one of the WPS
ventilation criteria has been met,

O during any restricted-entry interval,

® disposing of pesticides or pesticide containers

Handlers working with fumigants must be in constant
visual or voice communication with another trained
handler who monitors the application.

WORKER is defined as anyone who: (1) is employed
(including self-employed) for any type of compensation
and (2) is doing tasks, such as harvesting, weeding, or
watering, relating to the production of agricultural plants
on a farm, forest, nursery, or greenhouse. This term
does NOT include persons who are employed by a
commercial establishment to perfrom tasks such as crop
advisors.

All employers must establish an information area at
a central location that displays the EPA WPS safety
poster and complete medical emergency information.
Facts about all pesticide applications must be posted
from just before they are made until 30 days after the
restricted-entry interval (REI) ends. Greenhouse entry
restrictions for workers and handlers depend on the type
of pesticides and application methods used - see chart
on following page.

Employers must provide handlers with a
decontamination site consisting of adequate clean water
to wash the entire body, soap, disposable, single-use
towels and one clean change of clothes. At least three
gallons of clean water should be supplied for each
handler. Workers must also have access to a similar
decontamination site except that a change of clothes is
not required.

Employers must provide pesticide safety training for
handlers and workers every five years unless they are
already licensed applicators. Training may only be done
by a certified applicator, a person designated by the state
pesticide lead agency, a person who has completed a
train-the-trainer class, or, in the case of workers, a trained
handler. Training must be given in a language
understandable to the employees. These requirements
may vary from state to state.

Employers must provide handlers with, at least, the
amount of personal protective equipment (PPE) required
on the pesticide label. Employers must ensure that
protective clothing and equipment is clean and intact,
fits properly, and is in good operating condition.
Employers must also ensure protective clothing and
equipment is used correctly. No handler may wear or
take pesticide-contaminated personal protective
equipment away from the job site or employer’s facility.
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WPS Questions and Answers for Greenhouse
Operators

Q: I’m treating only a few benches in my greenhouse
with a hand sprayer. Do I need to post signs? If so,
where do I post them?

A: All pesticide applications in greenhouses must be posted
with one or more WPS warning signs. Because only a
few benches were treated with a non-powered hand
sprayer, you have a choice about sign placement. Warn-
ing signs can be placed on the entrance to the green-
house. This would prohibit workers from the entire green-
house. Warning signs can also be placed on the corners
of benches or in aisles, designating a smaller area within
the greenhouse in which workers are prohibited. In some
situations small warning signs may even be placed in
individual pots to warn workers about pesticide applica-
tions. Each employer must determine what is acceptable
for their situation based on total area treated in the green-
house and anticipated worker tasks

Q: I am treating several benches in a large green-
house with a pesticide which requires me to wear a
respirator. The restricted entry interval (REI) is 12
hours. When can workers go in and work with plants
on the other benches?

A: When a pesticide is applied which requires the appli-
cator to wear a respirator, workers, customers and mem-
bers of the public, must stay out of the entire enclosed
area of the greenhouse until ventilation criteria are met.
Suitable ventilation is accomplished in one of several
ways in a greenhouse:

- 10 air exchanges, or

- 2 hours of ventilation using fans or other
mechanical ventilating systems, or

- 4 hours of ventilation using vents, windows
or other passive ventilation, or

- 11 hours with no ventilation followed by 1
hour of mechanical ventilation, or

- 11 hours with no ventilation followed by 2
hours of passive ventilation, or

- 24 hours with no ventilation.
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If ventilation is accomplished before the expiration of
the REI, workers only are prohibited from contacting
plants on the treated benches for the duration of the
REL If ventilation takes longer than the REI, then work-
ers are free to work with all plants once criteria are met.

Q: When I applied a pesticide this morning in my
greenhouse, the weather forecast was for a cloudy,
cool day. The clouds have cleared and the sun is
out. ’m worried that I will lose my plants if I don’t
water them, but the restricted entry interval is 12
hours. What can I do?

A: Entry to a greenhouse during the REI to water plants
is normally prohibited, however, there are some excep-
tions for this type of emergency situation. First, workers
may enter after any ventilation criteria have been met to
water plants providing they have no contact with any-
thing treated with pesticide. For example, workers could
easily water seedlings in starter trays without contacting
the treated matter. Workers are also allowed to enter to
operate or move watering equipment under the limited
contact exception. This exception provides for those
unforeseen tasks which cannot be delayed without sig-
nificant economic loss. An employer is required to pro-
vide a number of protections to workers under this ex-
ception including personal protective equipment and spe-
cial training. Worker time in the area under restricted
entry is also limited.

Q: I recently purchased some pesticides without WPS
requirements on the label. Do I need to comply?

A: All agricultural pesticides now in the marketplace must
bear WPS labeling. If you have recently purchased a
product to use in your greenhouse which does not con-
tain WPS language, then check the product label and
make sure it has directions for use in a greenhouse. All
pesticides used in greenhouses must specifically men-
tion “greenhouse” on the label. Home and garden pesti-
cide products should not be used in greenhouses be-
cause they neither mention greenhouses on the label nor
contain WPS language.




Worker Protection Warning Signs

In September 1995, EPA proposed to allow grow-
ers to substitute another language for the Spanish por-
tion of the warning sign and to allow the use of a small
size sign in nurseries and greenhouses where use of the
standard (14"X16") sign interfered with operations and
the clear identification of a treated area. EPA consid-
ered the comments received from growers, farmworker
groups, state agencies, and private citizens and amended
the rule, in June 1996, to allow other languages to im-
prove the effectiveness of the signs in warning workers
whose predominant language is not Spanish and to per-
mit smaller signs in greenhouses and nurseries. The En-
glish/Spanish warning sign is pictured below.

DANGER PELIGRO
PESIICIDES PFSTICINAS

KEEP DUT
NO ENTRE

Summary of the Final Rule Amendment

® Allows substitution of the language commonly
spoken and read by workers for the Spanish por-
tion of the warning sign. The sign must be in the
format required by the WPS and be visible and
legible. Use of alternative languages is optional
and continued use of English/Spanish sign is al-
ways acceptable.

® Allows use of smaller signs provided minimum let-
ter size and posting distances are observed. In nurs-
eries and greenhouses, small signs may be used any
time. A small sign may be used on farms and for-
ests if the treated area is too small to accommodate
the standard sign.

® [anguage substitution on the sign allows agricul-
tural employers to tailor the sign to accommodate
a work force whose predominant language is nei-
ther English nor Spanish. Allowing smaller signs
in nurseries and greenhouses will facilitate posting
of treated areas. The posting and lettering require-
ments for the smaller signs will result in sign sizes
of approximately 7 inches by 8 inches and 42
inches by 5 inches.

Sign Size and Posting Minimum Requirements

Circle graphic DANGER & PELIGRO| Other lettering Posting
height lettering height height Distance
7"X8" 3 Ui g % 50 f eet
1 18X 5" 1% I 6 2 25 f eet
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OSHA Hazard Communication Standard and
the Worker's Right to Know Law

These companion federal and state laws are often
referred to as the WORKER’S RIGHT-TO-KNOW
laws. They require employers to inform employees of
any chemical hazards they may be exposed to while
performing their work. In Connecticut, the Director
CONN-OSHA oe the Connecticut Department of Labor
is responsible for administering and enforcing these
regulations. For more information call (860) 566-4550.

Businesses comply with these regulations when they
implement the following practices:

® Develop a written hazard communication
program stating how they comply with the law.

® Inventory all hazardous materials.

® Obtain Material Safety Data Sheets (MSDS) on
all hazardous materials or products used in the
workplace (MSDS sheets are available upon
request from pesticide suppliers).

® Provide employees access to all MSDSs.

® Attach warning labels for any secondary
containers that hold hazardous materials.

® Provide a written policy on how the company
will comply with the law, and allow employee
access to the policy.

® Report information concerning chemicals used,
and other information as requested, to the BLS.

® Provide annual training sessions for all
employees that include:

QO  The location and availability of the written

hazard communication program and related

documents.

An explanation of the labeling system and

the material safety data sheets.

Any operations in the work area where

hazardous chemicals are present.

The physical and health hazards of the

chemicals in the work area.

Measures employees can take to protect

themselves from these hazards, including the

purpose, proper use, and limitations of

personal protection equipment.

Methods of detecting the presence or release

of a hazardous chemical in the work area.

O  Emergency procedures.

O  Document all training including employee
name, job title, date of training, and type of
training provided.

©c O 0O 0O
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CONSUMER PROTECTION

It is important to avoid exposing your customers to
pesticides. It is equally important that the preventative
measures you take and any public statements you make
regarding consumer protection must be positive and
honest.

Customers in the greenhouse

Is your greenhouse used for retail sales? Do customers
and their children browse among your benches? Do you
apply pesticides to areas where you also allow customer
access? If so, then there are some important
considerations and precautions you should take.

Although you and your staff routinely take
precautions to avoid pesticide poisoning, your customers
cannot be expected to do this. Customers think about
purchases, not pesticide safety. They do not wear
protective clothing and they are unaware of the routine
hazards you and other trained professionals recognize.
It is your job to protect your customers by warning
them of potential hazards and keeping them out of
treated areas.



Do not allow puddles to accumulate on floors in
customer areas. Pesticide residues may run into and
concentrate in such puddles. Without the proper
protective boots, contaminated water may soak through
customers’ shoes and stockings. Beware of water
dripping on customers from structures and plants hanging
overhead. Customers may also be exposed to pesticide
residues on benches or other structural components
where they accumulate from repeated pesticide
treatments.

Children in your greenhouse require extra
precautions. Do not create an “attractive nuisance” by
leaving pesticide containers or application equipment
where children can see or reach them. In the event of
an accident, you could be held liable. Keep pesticides
and pesticide equipment under lock and key. Make sure
children and other unauthorized people can not
enter treated or contaminated areas.

It may be best to establish a totally separate display
and sales area where no pesticides are applied. This
system may require frequent inspection to avoid pest
infestations. If pests or pest symptoms are found in the
display area, affected plants should be promptly moved
to a work area for treatment.

Purchased plants

Most materials labeled for use on ornamentals and
other nonfood crops do not list a preharvest interval.
Most pesticides list an REI on the product label, but,
remember, preharvest and restricted entry intervals are
not the same thing. An REI is the waiting period required
before workers may reenter a treated crop without
protective clothing. In contrast, a preharvest interval
establishes a minimum interval between application and
harvest. Once a crop is harvested, it becomes available
for consumption by the general public. Restricted entry
intervals protect workers, while preharvest intervals
protect consumers. Preharvest intervals are set to ensure
that pesticide residues on food or feed crops do not
exceed tolerances set by the EPA when they are made
available for public consumption. No residue tolerances
have been set for ornamentals and other nonfood crops.
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An equivalent to the preharvest interval does not exist
for ornamental crops. Although your customers are not
likely to eat the product that they purchase from you,
they may place it on their dinner table, bury their nose
in the blossoms, handle and admire the foliage,
or place it at the bedside of a sick friend or relative.
You must take precautions to prevent any chance of
accidental poisoning that results from a customer's use
of your product. Factors to consider include the
persistence and the toxicity of the materials you apply
and the time interval you allow between application and
sale. Read labels and MSDS’s or consult Cooperative
Extension personnel to compare the toxicity and the
persistence of different materials.

Customer relations

What is your response when customers ask if you
use pesticides? You should consider your response
carefully. The issue of pesticide residues in our
environment is very important. Your customers’
questions may be an opportunity to inform them that
you understand their concerns and have sound policies
in place to minimize pesticide hazards. You may want
to anticipate the question by making a statement on your
sales-label or even producing an informational brochure.
Remember to always be honest and courteous in your
response.



SECTION 2 - REVIEW QUESTIONS

Worker and Consumer Safety Issues

1. Because of the lack of air movement, pesticide
concentrations within a greenhouse can reach
harmful levels.

True False

2. A respirator is required whenever a pesticide
applicator or handler is in the greenhouse during
treatment.

True False

3. Where might greenhouse workers come into con-
tact with pesticides?

. from brushing up against plants
. by walking through spray mist

. from dripping overhead baskets
. all of these

o6 o

4. For greenhouse applicators, cotton coveralls pro-
vide adequate protection from pesticide expo-
sure.

True False
5. List three of the five application practices that

reduce the risk of accidental poisoning over and
above PPE.

6. Application of fumigants in the greenhouse can
be done by a trained and unassisted handler so
long as the required protective equipment is worn.

True False
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7. For some greenhouse pesticide applications,
workers watering plants can remain in an area
being treated with pesticides.

True False

8. Why is it so important that customers be warned
of potential pesticide hazards?

9. Which situations pose potential pesticide haz-
ards to customers?

a. water dripping from overhead hanging plants

b. puddles on greenhouse floors

c. application equipment within sight or reach
of children

d. all of these

10. How can you best avoid customer exposure to
pesticides?

11. Since ornamental crops are not eaten, pesticide
residues should not be of concern on those crops.

True False



SECTION 3

ENVIRONMENTAL PROTECTION
ISSUES

Pesticide control treatments are an integral part of
greenhouse crop production. When used properly, these
chemicals promote the growth of healthy, pest-free
plants. Improper use, however, may lead to
environmental contamination. Any pesticide that drifts
or is applied off-target is a potential pollutant and
threatens the environment. The benefits of pesticide
use are meaningless if our world becomes polluted
through misuse and carelessness. It is the responsibility
of the pesticide applicator to keep pesticides on target.
This chapter discusses pesticide handling methods in
greenhouses that minimize the threat of pollution. Refer
to the Core Training Manual for a more generalized
discussion of pesticide handling and environmental
protection.

Federal, state and local authorities are greatly
concerned about the safe use of pesticides. Current
regulations control product availability, application
methods and equipment. These laws are intended to
protect our valuable resources including:

Unique natural habitats,
Rare plant and animal species,

Surface and groundwater supplies, and

Off-target plants and animals, people and sensitive
areas.

POLLUTION FROM GREENHOUSES

The enclosed nature of greenhouses allows a good
deal of control over the application and dispersal of
pesticides. Newly developed delivery systems combine
pesticides with irrigation water and fertilizers to give even
greater regulation of chemical use. However pesticide
users must still pay strict attention to environmental
protection because the threat that pesticides may escape
from the greenhouse still remains.
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Air movement\Drift

The problem of pesticide drift is relatively easy to
manage in greenhouses. Winds rarely enter to blow
pesticide mist off-site. Pesticides may, however, drift
from the target area into other parts of the greenhouse,
or they may escape through vents and doorways.

Factors within the greenhouse that affect drift include
temperature, humidity, ventilation, and heating systems.
Inside a warm greenhouse, many pesticides volatilize
because high temperatures promote the evaporation of
spray droplets. Spray droplets that evaporate quickly
are more likely to drift. On the other hand, the high
humidity inside a greenhouse can suppress evaporation
or drying of the spray solution, causing pesticide materials
to persist.

Heating, air conditioning, and ventilation systems
that move air can also move airborne spray droplets,
dust particles, or vapors. Although ventilation systems
may be left on to achieve better spray coverage, you
may consider turning off some of these systems during
pesticide applications.

Fumigants and other volatile pesticides produce
vapors that are contained by the walls and other structural
elements of the greenhouse, just as air is contained inside
a balloon. The applied material is under pressure within



the greenhouse and will escape from any openings in
the structure. Make sure that all doors, windows and
vents are securely closed before fumigating or applying
volatile pesticides. Escaped vapors will reduce control
and pose a threat to nontarget plants, workers, and
unprotected persons. Once outside the greenhouse,
pesticide vapors may cause damage leading to complaints
or even legal action against the applicator.

When applying herbicides to areas outside the
greenhouse, remember that these chemicals are often
volatile and nonselective. Herbicide vapors can move to
nontarget sites and damage valuable plants. Follow label
directions restricting the temperature range of proper
pesticide application. Never apply pesticides when
temperatures are above 85°F or when winds are blowing
more than 5 mph.

Irrigation runoff/groundwater protection

Irrigation water from the greenhouse may contain
fertilizer, pesticides and other agricultural chemicals that
will contaminate groundwater. Properties of the pesticide,
the soil and the climate all influence whether or not a
particular material actually reaches groundwater. These
properties are discussed in your Core Manual.

A pesticide can be both highly soluble and highly
volatile at the same time. Whether it leaches into the
groundwater or volatilizes into the atmosphere is
determined by method of application, the ambient
temperature during and after application, and moisture
conditions.

Conditions which favor groundwater penetration by
pesticides are sandy soils, soils low in organic matter, an
acidic pH, and a high water table. Low temperatures,
high rainfall, or applications of large
volumes of irrigation water also favor
penetration. Highly soluble or more
persistent pesticides are more likely

Water Table

Aquifer

to enter the groundwater than less soluble or less
persistent pesticides. On the other hand, pesticides that
are broken down by sunlight or microbial action in the
soil or those that volatilize from soil or plant surfaces
rarely enter groundwater. Always check the pesticide
label for specific warnings or instructions regarding
groundwater protection. Information about the properties
of specific pesticides which may influence groundwater
contamination can be obtained from your Core Manual
supplemental booklets.

A national EPA survey of drinking water wells has
shown that nitrates from fertilizers is a common pollutant
of groundwater.

Containing and recycling runoff

It is important to ensure that runoff from the
greenhouse irrigation and pest control operations does
not enter surface water, groundwater or wetlands.
Wherever possible, runoff water should be contained
with impermeable floors to prevent contaminants from
seeping into the underlying soil. Subirrigation systems,
holding tanks and artificial wetlands provide additional
runoff water management.

Subirrigation systems contain all irrigation runoff by
recycling it within the greenhouse. No water escapes
the greenhouse and there is no potential for groundwater
contamination. Subirrigation systems include ebb-and-
flood, capillary mat, trough, and nutrient film systems.
Your Cooperative Extension office can provide specific
information about each of these irrigation systems.

Holding tanks and artificial wetlands can be used to
retain irrigation runoff. These systems can slow or halt
the movement of runoff water into the environment,
allowing time for some agricultural chemicals to break
down. Artificial wetlands are usually contained by a
plastic liner filled with organic soil, flooded with water,
and planted with flood-tolerant plants. As chemicals from




irrigation runoff enter an artificial wetland they are broken
down by constant exposure to moisture and air,
biodegradation, and uptake by plants. Because some
chemicals are not broken down by ultraviolet light,
microbes or other natural forces, they may accumulate
in holding tanks or in artificial wetlands, creating a hazard
for workers or the public. These systems should be
fenced.

Environmental risk

The risk of contaminating water resources is an issue
of public concern. Once groundwater is contaminated,
it is very expensive to clean up, if decontamination is
even possible. Because pesticides are applied in
greenhouses, growers must take steps to safeguard
groundwater supplies.

The potential for pesticides to leach through soil is
influenced by their chemical nature. Chemical family
and formulation affect several features of pesticides
including:

® Solubility: pesticides that are easily dissolved in
water are more likely to be carried along by
groundwater movement.

® Environmental persistence: soil microorganisms,
sunlight, and reactions with soil chemicals break
down pesticides after application. The longer it
takes a chemical to degrade, the longer it presents
a risk.

® Adsorption properties: pesticides can become
bound to soil particles making them unavailable to
leaching. How much of the chemical is bound and
how tightly it is attached depends on the pesticide’s
chemical reactivity and the type of soil particles
present.
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How much of a pesticide actually leaches is
influenced by how and when it is used. Even chemicals
with a high potential for leaching will present a reduced
hazard when their application is carefully planned.
Application factors that influence pesticide leaching
include:

® Timing: withhold or limit applications during wet
periods of the year, such as early spring and late
fall, or when heavy precipitation is expected.
Groundwater movement is more likely to occur in
saturated soils.

® Avoid cold soils: cold soils slow down the breakup
of pesticides.

® Avoid soil-applied pesticides when possible:
preemergence pesticides have the greatest risk of
leaching. Although in some cases, the effectiveness
of this type of treatment reduces the need for post-
emergence applications, which decreases overall
pesticide use.

® Select foliar application methods: foliar-applied
pesticides may be bound to plant matter and
decompose in soil faster than soil applied
chemicals.

® Use IPM practices: monitor pest populations and
use proper alternate control methods when possible.
Apply chemicals only when the economic threshold
is reached and pests cannot be controlled by other
means. Applications made by the calendar can
result in increased environmental and health risks,
while providing limited benefit to the crop.

STORAGE AND DISPOSAL

Pesticides should be stored in an area that is
structurally separated from home, office and general
work areas and from water supplies. A separate building
or shed is the best arrangement. See your Core Manual
for specific storage regulations.

All doors and entrance ways into pesticide storage
facilities should be clearly marked with warning signs.
Storage areas should be locked and secure against
accidental access by children or other uninformed
persons and against vandalism. Entrances should be
placed where they will not attract children.



Leakage from damaged pesticide containers in the
storage area could enter and pollute the environment.
Storage facilities must be situated on impermeable
containment pads surrounded by raised berms. Both the
floor and the berm should be sealed to create a
continuous, water tight surface. All leaking or damaged
pesticide containers should be placed inside an intact
plastic drum or barrel. Always place a copy of the
appropriate pesticide labels on the outside of the drum.

Impermeable floors and berms are especially
important where pesticides are stored in bulk containers.
Fluid storage tanks should have locked inlet and outlet
controls that prevent unauthorized access. If possible,
areas where tanks are kept should be secured by fences
or located entirely inside locked facilities. A containment
system to collect precipitation surface runoff or spills is
recommended. Containment systems should be able to
handle at least 1'% times the tank’s storage capacity.
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Personal protective equipment such as gloves,
aprons and respirators, should be kept near, but not inside,
the pesticide storage area. Workers must be able to reach
protective equipment before entering the storage area.
Select protective equipment that is appropriate to the
types of pesticides being stored and the hazards they
may present during routine procedures and possible
emergencies.

A first aid kit equipped for initial response to
pesticide poisoning should be available to, but not inside
of, the storage area. A water supply of sufficient quantity
for emergency wash or eyewash and for routine wash-
up should be located conveniently to the storage area.
At least 3 gallons of water is recommended for each
handler using the site.

Inside the pesticide storage facility, pesticides should
be separated by type and hazard potential. Herbicides,
fungicides and insecticides should each be assigned
separate areas within the facility. Pesticides which are
flammable should be separated from nonflammable
pesticides. Pesticides which may present a special hazard,
such as the release of toxic fumes during a fire, should
be assigned to a separate, designated area within the
storage facility. A map should be made of the inside of
the storage facility showing the main features as well as
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the location of each type of pesticide. Copies of this
map should be posted both inside and outside of the
storage facility in areas readily available to emergency
personnel.

Spill containment materials and fire extinguishers,
appropriate for the types of pesticides being stored,
should be easily accessed from the pesticide storage area.
The local fire department should be notified annually of
the types and quantities of pesticides being stored. A
basic fire response plan should be prepared, submitted
to the fire department, and reviewed regularly.

ENVIRONMENTAL REGULATIONS

State groundwater protection management
plan

Under an EPA mandate, states must develop
groundwater protection plans that demonstrate
reasonable efforts to prevent the contamination of water
resources. By adopting a plan, your state will retain the
right to regulate highly leachable pesticides at the state
level. Without a plan, the EPA would cancel use of such
pesticides within the state.

Because some products are relied on for producing
certain crops, it is in the best interest of all applicators to
know and abide by the state plan. For a copy, contact
Judith Singer, Department of Environmental Protection,
79 Elm Street, Hartford, CT 06106, (860) 424-3369.



SECTION 3 - REVIEW QUESTIONS

Worker and Consumer Safety Issues

1. The enclosed nature of greenhouses prevents any
escape of pesticides into the environment.
True False

2. List 5 factors that affect drift of pesticide sprays
within a greenhouse.

.

3. High temperatures (over 85°F) can volatilize
herbicides used outside of the greenhouse caus-
ing damage to plants near vents or doors inside
the greenhouse.

True False

4. Which are conditions that favor groundwater pen-
etration by pesticides?

a. sandy soils

b. application of large volumes of irrigation water
c. Use of highly soluble and persistent pesticides
d. all of these

5. What is a subirrigation system and how does it
help prevent groundwater contamination?
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6. What kind of floor should a pesticide storage
have?

a. dirt

b. wooden

c. sealed concrete
d. any of these

7. Personal protective equipment should be kept

inside the pesticide storage area.
True False

8. At a minimum, how much water should be avail-

able for each pesticide handler using a storage/
mixing site.

a. 5 gallons
b. 3 gallons
c. 1 gallon

9. The local fire department should be notified an-
nually about the types and quantities of pesti-
cides stored at a greenhouse operation.

True False



SECTION 4

GREENHOUSE IPM

The goal of greenhouse operators is to produce
healthy, vigorously growing plants free from all pest
problems. Growers have often met this goal by making
repeated pesticide applications whether a problem existed
or not. However, today’s economic and environmental
pressures place increasing demands on growers to make
precise management decisions. The current challenge
facing growers is to reduce pesticide use and still maintain
satisfactory pest management. Integrated pest
management (IPM) is the method growers are turning
to for answers. IPM is a pest control strategy that
combines cultural, biological and chemical techniques
to manage pests in an environmentally responsible
manner. Growers who practice IPM achieve the same
or better pest control as those who use chemical
pesticides alone.

INTEGRATED PEST MANAGEMENT

Greenhouse operators who use IPM care about the
quality of their crop and their environment. IPM
techniques help growers determine when and where pest
control is justified. Pesticides are used efficiently by
carefully timing applications and long-term pest control
is maintained with as little effect on the surrounding
environment as possible.

Growers and managers responsible for producing
such greenhouse crops as potted plants, bedding plants,
cut flowers, hanging baskets, or vegetables, can use the
IPM techniques described in this chapter to:

® Protect crop quality,
Safeguard public health,
Protect the environment,

Reduce pest management costs, and

Use pesticides wisely.
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IPM TECHNIQUES

The IPM techniques most useful to greenhouse
production systems are scouting, pest identification,
timing treatments, and record keeping. You can learn
IPM techniques from the Cooperative Extension or from
private IPM consultants.

Monitoring and scouting

Scouting, also known as monitoring, is the basic
cornerstone of [IPM. Scouting is a visual inspection of
the crop and pest traps to determine the health of the
crop, its growth stage, what and how many pests are
present, and what trends pest populations are following.
Routine and careful scouting will detect pest populations
when they first appear; that is, when they are easiest to
control and before damage occurs. A grower who knows
whether or not pests are present in a crop can replace a
routine, preventative spray schedule with fewer, but
better timed and more effective treatments.

When a pest is found on only a few plants or in a
small area, localized control tactics are used. Spot
treatments not only decrease the chance of misapplication
or over-application, but use less material than blanket
sprays and, thus, help to preserve beneficial organisms.



Scouting guidelines

It is important to scout routinely, at least once every
week through a crop's entire production cycle. Scouting
twice a week is even better. Scout on a specific day and
time and keep the same schedule throughout the season.
This allows growers to track the development of
problems and to catch new pests when they first appear.

The common pests found in greenhouse crops do
not distribute themselves evenly through a crop.
Therefore, the entire greenhouse must be scouted in a
consistent pattern. Inspect plants grown on the ground,
benches, and hanging from the greenhouse frame. The
size of the greenhouse, the number and size of plants,
and the size and location of the benches will influence
the pattern and time needed to scout. Follow the same
pattern each week.

Start your scouting pattern in one corner and end in
the opposite corner. Walk through every aisle. Select
plants randomly, but choose plants from every bench
and from the ends and the middle of each bench. The
more plants inspected, the better, especially if the benches
are long. Always look underneath the benches for weeds.

Inspect each plant the same way. Start at the soil
surface and work your way up the plant. Most of the
insects will be on the underside of the leaves. For
example, all immature greenhouse and silverleaf
whiteflies are on the underside of the leaves. Start by
turning over the older, lower leaves. Tipping the pot
sideways may help. Then examine younger leaves further
up the stalk. Finish with the flush growth. When you
find a plant with a pest, flag it. This way you can relocate
the pot and watch pest development. The flagged plant
is your indicator plant. After you treat, go back to your
indicator plant, turn the leaf over and see if you controlled
the pest.

As you scout, record on a field data sheet the
identification, location, growth stage, and severity of all
pests present. Include how many individuals are counted
and a description of the symptoms. You may also wish
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to record physical data like day/night temperature, relative
humidity and light levels. Preparing data forms in advance
will save time and make analysis more consistent. If
you find a plant or area that is more heavily infested
than the rest of the greenhouse, take special note of the
location. Take notes on where and what kind of weeds
you find. Take notes on anything that you observe that
is not normal. Count and record the total number of
plants inspected. These notes can become valuable
records of how pest problems develop and what control
measures really work.

Insect monitoring cards

The benefits of insect monitoring cards include:

Early pest detection

Improved pest management decisions

Improved timing of treatment applications

Documentation of pests and their locations

Measurement of pest population trends

Insect monitoring cards, also known as sticky cards
or sticky traps, are used to detect the presence of insect
pests and to estimate the relative size of pest populations.
Sticky traps are made of a stiff paper card, usually colored
bright yellow, covered with a nondrying, sticky substance
which traps insects. Regular inspection and replacement
of these cards provides up-to-date information on pest
populations. If trap counts increase within an isolated
area, that location may be spot treated. If the population
is widespread, the entire greenhouse may need treatment.
This approach maximizes the effectiveness of an
insecticide and minimizes its use. After the treatment,
fresh sticky traps are a convenient tool to gauge the
success of the application.



Insects trapped on sticky cards provide excellent
samples for positive identification of pest species. Blue
sticky traps are specifically designed to attract thrips.
Yellow sticky cards attract a wider range of insects
including the following adult pests:

Greenhouse whiteflies,
Silverleaf whiteflies,
Western flower thrips,
Fungus gnats,

Shore flies,
Leafminers,

Winged aphids,
Leathoppers,

Other flying insects.

When placed horizontally at soil level monitoring
cards work very well for early detection of newly
emerged adult thrips, fungus gnats and leafminers.

How to use monitoring cards

The key to a successful monitoring program is the
placement of the cards. Always place the cards
immediately above the plant canopy. This is where most
pest flight occurs. Depending on personal preference
and growing conditions, there are a number of ways to
attach and position the cards.

Attach the card vertically to a wire or wooden stake
by stapling it or clipping it on with a clothespin. An
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especially useful method involves gluing two clothespins
back-to-back. One of the clothespins attaches to a stake,
and the other is clipped to the card. This allows you to
move the card upward as the plant grows in height. To
avoid using stakes, punch a hole in the card and tie a
string or wire to the card and suspend the card from the
greenhouse frame. Hang the card vertically at and just
above the top of the canopy.

Space monitoring cards equally throughout the entire
area in a grid pattern. For best results place one card per
1000 sq. ft. For plants located on the floor or on benches,
place the card just at the top of and over the plant canopy.
As the plants grow, move the cards upward.

Keep insect monitoring cards in the greenhouse all
the time. When installing the cards, number and date
each card. It is important to record the pest levels on
the field data sheet each week. Change the cards weekly.
Place the cards in the same locations each week. Draw
a map of the greenhouse and mark the location of each
sticky card on the map.

Sticky cards are excellent for detecting pest migration
into the greenhouse. Place cards near all entry ways
including doors, sidewall and roof vents. Group your
pest susceptible varieties together and place additional
cards in these areas of the greenhouse. If a low pest
population level is detected, immediately treat the area.

Place extra monitoring cards in areas where pests
have previously been a problem. If a low pest infestation
is detected, treat the area immediately.

Pest identification

The first step in pest management is accurate pest
identification. In order to implement IPM techniques it
is essential to know the major pests that are likely to
appear, where to look for them, and how to identify
them. It is also important to understand the biology of a
pest and its interaction with other organisms and its
environment.

Early identification and accurate diagnosis are
fundamental to a successful IPM program. Misdiagnosis
can result in improper control. Many chemicals are
effective only at certain stages of the pest’s life cycle.
For example, wet spraying for whiteflies works best
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when the majority of the whiteflies are in the early instar
phase (first and second instars).
It is very useful to collect

pest samples from your *
greenhouse and preserve them
in vials filled with rubbing
alcohol. Label them with the
pest identification, the date and
the location. They will become
an important tool for
identification and training new
scouts. For help in identifying
your pests contact the
Cooperative Extension Service; or Kenneth Welch, CT
Agricultural Experiment Station, 123 Huntigton Street,
New Haven, CT 06511, (203) 789-7239; or Richard
Cowles, CT Agricultural Experiment Station, Valley
Laboratory, 153 Cook Hill Road, Windsor, CT 06095,
(860) 688-3647.

Timing

Many pesticides are only effective against certain
pests, and often only against certain life stages of that
pest. For example, insecticides are most effective against
scales and mealybugs during their crawling stage, before
they have produced their protective waxy covering.
Pesticides applied against the wrong life stage of a pest
are not likely to be very effective. This is one reason
why it is important to know the correct identity of a
pest as well as its life cycle and biology. In general,
control treatments are most affective when they target
the life stage of the pest that was scouted as being most
numerous. For example, if more larvae are found than
adults, use a larvicide; if adults predominate, use an
adulticide. Repeated applications may be necessary to
gain control of pests with overlapping life stages.

CONTROL METHODS

When control of a pest population is necessary, there
are many control activities available. The specific method
selected should be based on the type of pest causing the
problem and the severity of the loss if the desired control
is not achieved. Control methods fall into four basic

groups:
® Cultural practices: in general, any activity that
promotes plant health and vigor

® Mechanical methods: crop management activities
often performed by hand labor in greenhouse crops



® Biological controls: utilizing predators, parasites
and pathogens to manage pest populations.

® Chemical controls: when cultural and mechanical
methods cannot provide the desired control

CULTURAL PRACTICES

Cultural controls are horticultural practices that
disrupt or reduce pest populations. Effective cultural
techniques include sanitation, resistant crop varieties,
fallow periods, and modification of watering practices.
Refer to Section 8 for further discussion of cultural
practices that relate to plant health.

Sanitation

Sanitation provides the first line of defense against
pest infestations by preventing the introduction of pests
into uninfested areas. General practices include washing
hands between crop production activities, wearing clean
clothing, and avoiding placing plants, hose ends and other
tools on the floor or any other contaminated surface.
These practices will help to prevent the spread of pests.

Other sanitation practices include the inspection of
incoming plant material before it is allowed into the
growing area and the isolation of infested plants in a
quarantine area. Bench surfaces, tools, plastic pots, and
other crop production equipment should be disinfected
between uses. Although heat is an effective sterilant,
materials such as plastics may not withstand high
temperature treatment. Chemical disinfectants labeled
for this purpose are more commonly used.

Procedures should be designed for handling growing
mixes, tools, and equipment to avoid contamination of
the growing medium. Pasteurization of the growing
medium is required if soil, sand, or other materials
exposed to pests are used.

Weeds are a constant source of pest reinfestation.
Pests such as whiteflies, aphids, thrips and plant
pathogens live on weeds around the exterior of the
greenhouse. Remove weeds for at least 10 feet around
the perimeter of the greenhouse. Black plastic mulch
covered with coarse gravel can be used to maintain this
weed-free zone. It is especially important to keep weeds
away from entrances and inlet vents.

Soil and plant debris should be removed from the
greenhouse daily and placed on the compost pile orin a
covered container away from the greenhouse. Locate
compost piles at least 500 feet from the greenhouse.
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Crop resistance

Crop varieties may have partial or complete
resistance to a pest. If the number of pests on a variety
is reduced but not eliminated, resistance is partial. Where
no pests are found on the plants, the variety is said to
have complete resistance.

Susceptible varieties should be placed together in
the greenhouse and closely monitored. This enhances
early detection of pest problems.

Sometimes better chemical pest control is achieved
using resistant varieties. In addition, biological control
organisms may be more effective when used with
resistant crop varieties. In situations where plant
resistance is not complete, partial resistance can at least
aid in reducing pesticide use.

Fallow periods

Insects and mites can be a constant problem in
greenhouses because there is often a continuous supply
of plant material for food and reproduction. If all plant
material is removed for a sufficient period of time, these
pests may die of starvation. This is particularly true in
cool, temperate areas where vents and doors can be
closed for much of the year to restrict pest movement
into and out of the greenhouse. To ensure effectiveness,
the greenhouse temperature should be sufficiently warm
during the fallow period to prevent pests from going
into diapause (hibernation). All plant material of any
sort, including weeds, must be removed. Fumigation of
an empty greenhouse may increase the effectiveness of
this tactic. Pests may also be eliminated by allowing a
greenhouse to freeze overnight during winter. Obviously
the economics of crop production may preclude fallow
periods in a greenhouse, but the idea should be kept in
mind when considering pest control options.

Watering practices

Overwatering can lead to plant disease problems,
poor soil aeration, wet soil beneath benches, standing
water and more. Algae, fungi and other organic material
will grow in these moist areas, and lead to problems
with fungus gnats and shore flies.

Conversely, plants that are under water stress are
often more susceptible to insect and mite problems.
Spider mites, in particular, favor dry environments.
Careful attention to watering practices can reduce pest
problems.

Plants are 80 to 90 percent water. The water in plant
tissues holds the leaves and stems erect and is essential



for cell division and growth. Movement of water from
the roots to the leaves circulates nutrients, removes waste
products and helps cool the plant. Excess water is just
as hazardous to plant health as lack of water.

MECHANICAL METHODS

Mechanical techniques use physical means to control
pest numbers. Screens that exclude or confine pests,
vacuuming, pruning and roguing are all examples of
mechanical pest controls.

Screens

Entry-ways, air blasts and screens can be used to
keep flying insects out of the greenhouse although screens
also hinder air movement. Screens may also be used to
separate the greenhouse into ranges to prevent pests
from spreading throughout an entire production area.
Pests physically confined to one part of the greenhouse
are more easily controlled.

Because pests can be transported on clothing,
workers should not be allowed to enter an uninfested
area once they have visited an infested area, unless they
are first disinfested.

Weed control

Weed control in the greenhouse cannot be over-
stressed! Weeds harbor insects, mites and plant diseases.
No weeds should be tolerated in the greenhouse. Remove
weeds regularly.

Remove unhealthy looking plants. Rogue out
diseased or heavily infested plants. Check plants that
have been in the greenhouse for over three months or
plants that have become “pets”. These plants can harbor
pest infestations.
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Pruning and roguing

It is sometimes more cost effective to discard infested
plant material than to attempt chemical control. This is
true for many plant diseases, such as tomato spotted
wilt virus which is vectored by western flower thrips.
Pruning infested plant parts can also be an effective
way to manage some pests on some crops. For example,
removal of the lower leaves of poinsettias, after a healthy
upper canopy develops, often reduces whitefly numbers.

BIOLOGICAL CONTROLS

Problems associated with pesticides have created
the need for alternative pest control strategies that are
economical, and effective. Biological control techniques
are now available that may fill this need. Biological
control uses living organisms (parasites, predators or
pathogens) that are natural enemies of pests to regulate
pest populations. The goal of biological control is to
keep pest populations at a level too low to damage the
crop, but just high enough to sustain the population of
the natural enemies.

Predators and parasites

Predators are organisms that capture and devour
their prey. Probably the most commonly known
greenhouse predator is the ladybird beetle. A single
ladybird (or ladybug) can eat 50 aphids per day. Other
important insect predators include:

® [acewings which feed on aphids, scales,
mealybugs, thrips, mites, and insect eggs;

® The larvae of syrphid flies (also called ‘flower
flies’) which consume aphids and small ants;

® Pedatory mites which feed on the all-too-common
two-spotted spider mite; and

® Predatory nematodes such as Steinernema
carpocapsae, sold as BioSafe or Vector, that feed
on certain soil inhabiting pests like fungus gnat
larvae.



Parasitic insects which are useful as pest controls
lay their eggs on or in the body of a pest species. When
the eggs hatch, the immature or larval stages of the
parasite develop by feeding on and killing the pest insect.

Parasitic insect species are highly specialized and
usually will attack only one species of pest. Parasites
useful in greenhouses are usually minute species of
wasps that attack aphids, scales, whiteflies, leafminers,
and other pest insects. See Appendix B for more
information on commercially available parasitic species.

Pathogens

Pathogens are disease causing organisms including
bacteria, fungi, viruses and nematodes. They play an
important role in regulating pest populations. Several
important pathogens are now marketed as pest control
agents. For example the bacterium Bacillus
thuringiensis, or "Bt", is marketed as an Gnatrol and
provides control of a variety of leaf chewing caterpillars;
and the fungus Verticillium lecanii, sold as Vetalec or
Myecotel, helps control aphids and whiteflies in humid
greenhouses.

CHEMICAL CONTROLS

Pesticides exhibit great variation in their effectiveness
against individual pests. Some insecticides will control
the immature forms of a pest but will not control the
adult. Some insecticides are effective against mites, but
most miticides (acaricides) are ineffective against insects.
It is important to use an appropriate chemical against
each pest to avoid wasted time, money, and pesticide.
Pesticide labels contain information and specific
instructions about which pests a product will control.

The shelf life of a pesticide can also affect its
efficacy. Consult the pesticide label or the manufacturer
if you have a question regarding the shelf life of a
pesticide.
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The misuse or overuse of pesticides can lead to
problems with resistant pests. Pesticide resistance means
the loss of previously effective chemicals and more costly
alternatives. Some tactics for managing resistance are
presented later (see “Managing resistance to pesticides”).

Delivery

The method of pesticide delivery greatly affects
treatment efficacy. In general, chemical control is most
successful using application equipment that creates small
pesticide droplets with uniform particle distribution, while
providing good canopy penetration. The movement of
systemic pesticides can compensate for incomplete
coverage. Pesticides with systemic properties are able
to move across leaves from the upper to the lower leaf
surface. Systemic pesticides are taken up by a plant's
vascular system and transported throughout its various
parts.

Amount

The amount of pesticide used can affect its efficacy.
The pesticide label is a legal document that is your guide
for determining how much pesticide to use. For systemic
insecticides applied to the soil, be sure irrigation water
contacts the granules to release the insecticide into the
growing media. The effectiveness of systemic insecticides
can vary with the age of a plant and the amount of
watering.

Managing resistance to pesticides

Insecticide resistance is a major concern for almost
all the important greenhouse arthropod pests. A
combination of factors has led to current resistance
problems. These include pest biology, the intensity of
past and present chemical use, aspects of the greenhouse
environment, and commercial production practices. The
following discussion suggests some useful ideas for any
chemical control program.

Minimize insecticide use. If pest control relies
exclusively on synthetic insecticides, then resistance is
likely to occur. Therefore, the use of nonchemical control
tactics (sanitation, weed elimination, soil sterilization,
screening vents, biological control) should be maximized,
and chemicals should be used sparingly.

Avoid persistent applications. Ideally, an effective
insecticide should be applied at a concentration high
enough (but not exceeding label limits) to kill all
individuals in a population; then it should quickly



disappear. Pesticides which instead degrade slowly over
time eventually are present at low concentrations that
will kill only the most susceptible individuals. When only
the weak individuals are removed from a population,
only resistant individuals are left to reproduce creating
an even more resistant population.

Aerosol formulations apply a short burst of highly
concentrated insecticide and leave little residue. This
application may select for resistance more slowly than a
full coverage spray of the same insecticide, as long as
resistance to the insecticide has not already developed.

Avoid tank mixes of more than one pesticide. A
mixture of two insecticides may provide much greater
short-term control than either insecticide used alone, but
there is a danger in the long-term use of insecticide
mixtures. The assumption behind the use of tank mixes
is that there is little chance of resistance mechanisms to
both pesticides occurring in any one individual. If this
assumption is false, then continued use of the tank mix
will select for these doubly resistant pests. Chemical
control would then become much more difficult, because
the pests would be resistant to multiple classes of
insecticides.

Use long-term insecticide rotations. Use each
effective insecticide for at least the duration of one pest
generation before rotating to a different insecticide. If
two insecticides are used within the same pest generation,
the selection effect will be essentially the same as using
a tank mix. This is because the same individuals would
come into contact with both insecticides, although at
slightly different times. To minimize the problems of
overlapping generations and persistent insecticide
residues, it might be wise to use the same insecticide for
two or even three generations prior to rotating. The
pesticides used in a rotation scheme should have different
modes of action against the pest (i.e., they should be of
different chemical classes), and resistance to the
chemicals should be at a low level. For example,
organophosphate and carbamate insecticides have similar
modes of action and they should not be alternated in an
insecticide rotation scheme.

Use pesticides with nonspecific modes of action.
Insecticidal soaps and horticultural oils both have broad
modes of action, and it is therefore unlikely that
resistance will occur with either of these.

Integrate chemical and biological control. Insecticides
applied to control insect pests can also harm or eliminate
populations of beneficial insects which have been
purposefully introduced into a greenhouse. Research has
identified many insecticides that are compatible with the
use of beneficial insects. The effective use of beneficial
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insects can add an additional mortality factor that does
not select for resistance and may conserve the
effectiveness of insecticides.



SECTION 4 - REVIEW QUESTIONS

Greenhouse IPM

1. List the 4 IPM techniques most useful to green-
house production systems.

C.
d.
2. What is the basic cornerstone of IPM?

a. pesticide application timing
b. scouting

c¢. mechanical control

d. records

3. Since most greenhouse insect pests are found on
the top sides of the leaves, plant inspection
should start from the top of the plant and work
down towards the soil.

True False

4. Using Figure 1 below, draw a line to show an
effective scouting pattern.
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5. Blue colored sticky cards are specifically de-
signed to attract white flies.

True False

6. Which are benefits of insect monitoring cards?

a. early pest detection
b. estimate size of pest populations

c. gauge success of pest control treatments
d. all of these

7. Sticky traps should be placed just above the plant
canopy.

True False

8. For best results, how many sticky cards are needed
to monitor 10,000 sq. ft. of plants?

coe
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9. How often should sticky cards be changed?

a. daily
b. weekly
c. monthly

10. You must properly identify the pest and under-
stand its life cycle and biology in order to know
the proper timing of control measures.

True False
11. provides the first line of de-

fense against pest infestations by preventing the
introduction of pests into uninfested areas.

12. Why should weeds around the exterior of green-
houses be removed?



13. During fallow periods, greenhouses should not
be heated.

True False
14. Which pest problem is an indicator of water
stress or dry environments?

a. spider mites
b. fungus gnats
c. algae

d. shore flies

15. List four examples of mechanical pest controls.

16. Biological controls are an effective way to to-
tally eradicate a pest.

True False

17. Most insecticides are effective against mites.

True False
18. Which situations are likely to lead to pest re-
sistance to pesticides?

a. exclusive reliance on synthetic pesticides
b. use of persistent pesticides

c. repeated use of tank mixes

d. all of these
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19. To reduce pest resistance development, how
long should the same insecticide be used?

a. one time only
b. for the duration of at least one pest generation
c. less than the duration of one pest generation

20. Why is it unlikely that insects will ever develop
resistance to products like insecticidal soaps and
horticultural oils?



SECTION 5

PESTICIDES FOR
GREENHOUSE PRODUCTION

SELECTING A PESTICIDE

There is a great variety of pesticides available.
Chemicals are available to control nearly every type of
greenhouse pest. There are several important factors
to consider before using any pesticide. The first and
most important step is correct identification of the
problem:

® Inspect plants to confirm that the problem is caused
by a pest

® Correctly identify the pest

® Make sure the chemical you choose will control
the pest

® Make sure the pest is in a susceptible stage of
development

Before purchasing a pesticide, consider its properties
in relation to both the pest problem and the treatment
location. The best way to learn about a product is to
READ THE LABEL. Select the lowest risk product
available based on:

Signal word

Potential health hazards

Pests controlled/mode of action
Environmental hazards
Formulation

Adjuvants
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The label is the first and best source of information
about using a pesticide. READ IT. Do not rely on color
or design of the packaging when selecting a product.
Many manufacturers offer a line of different chemicals
that all are packaged the same. They may also have
similar sounding names but they are actually very different
compounds.

® Before you buy a pesticide, READ THE LABEL.
Before you store a pesticide, READ THE LABEL.
Before you mix a pesticide, READ THE LABEL.

[ J
[ J
® Before you apply a pesticide, READ THE LABEL.
[ J

Before you dispose of pesticides or containers,

READ THE LABEL.

Federal regulations make it illegal to remove or
destroy pesticide labels, or to use pesticides in any
manner not listed on the label. THE LABEL IS THE
LAW. This includes the information on the pesticide
container and any written material supplied by the
manufacturer. For a discussion of the parts of the label
and the type of information provided, review the Core
Manual.

Pesticide activity

Pesticide products used in greenhouse production
include the following:

® Insecticides: effective against insects and related
arthropod pests

® Fungicides: for reducing the spread of plant diseases
caused by fungi

® Herbicides: to control unwanted plant growth

® Soil fumigants: used to reduce soil pests prior to
planting crops



Modes of action

The way a pesticide acts against the living systems
of pest organisms is called its mode of action. Generally,
pesticides in the same chemical family have the same
mode of action. If the desired control is not obtained
with one product, understanding chemical families and
modes of action makes it easier to select alternate
products that will provide control. For example, many
greenhouse insecticides poison the central nervous system
of pests. If bifenthrin (Talstar) fails to provide control,
switching to permethrin (Pounce) does not change the
mode of action. Both are pyrethroids that interfere with
transmission of impulses between nerve cells. Endosulfan
(Thiodan) is an organochlorine pesticide that also works
on the nervous system but with a different mode of action
and, as a result, it may provide better control in this
example.

In addition to having similar modes of action,
pesticides in the same chemical family share other features
in common. They are often available in the same
formulations and used in much the same manner. Their
persistence in the environment is usually comparable
because the natural processes that degrade them are the
same. Toxicity and risks to users also tend to be similar.
There are, however, many exceptions to these similarities.

Pesticide action may occur where the chemical
contacts the pest (contact pesticides), or within the pest
after the chemical is eaten or absorbed (systemic
pesticides). Some chemicals exhibit both types of activity.
Systemic pesticides applied to plants are also called
translocated pesticides. These chemicals move within
the plant (or translocate) and control the target pest when
the plant is attacked by disease or insects.

Where a resistant pest population is likely to develop,
different chemical families should be routinely alternated.
Don’t simply change brands; similar compounds are
produced by many companies. Read the label to make
sure the products contain different active ingredients with
different modes of action. Using products with different
modes of action slows the development of resistance.
Separating chemical treatments with mechanical or
biological controls further reduces the development of
resistance.

COMMON GREENHOUSE PESTICIDES
Common formulations

The Core Manual introduces the commonly available
pesticide formulations. Many aspects of pesticide use
are influenced by the formulation. The most important
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factors to consider when selecting a product include:
® Health risks associated with using the formulation
® Required application method and equipment

® Risk of environmental damage by leaching or drift

Mixing pesticide products

Mixtures of two or more pesticides applied at the
same time may provide added benefit for the greenhouse
grower. Although tank mixes may lead to resistance
development, by carefully selecting pesticides, both
immediate and long term control may be achieved.
Treatment for more than one pest at a time reduces the
time and labor invested in control, leading to substantial
savings. Approved combinations can be mixed by the
applicator, as needed. READ THE LABEL. Tank mixes
prepared by the applicator must be consistent with label
instructions.

Some formulations and chemicals may be
incompatible. This can result in loss of effectiveness
against the target species, increased damage to nontarget
plants, increased hazard to applicators, or the clogging
of equipment. READ THE LABEL. It may list which
formulations are compatible, and the order in which they
must be added.

If combinations are not specifically restricted and
compatibility is not stated on the labels, a jar test can be
performed to determine compatibility of two or more
products. Wear all personal protective equipment required
by the most hazardous product when performing this
test. Place one pint of water (or other carrier) to be used
for tank mixing in a clean quart jar. The equivalent of
one pound or pint per 25 gallons of finished mix is
obtained by using the following amounts. Add product
formulations in the order shown below, mixing after each
addition.



1-  'a2teaspoon of compatibility agents, activa-
tors or surfactants

2- s tablespoon of wettable powder or dry
flowable formulations

3-  Yateaspoon of water soluble concentrates or
solutions

4-  'steaspoon of emulsifiable concentrates or
flowables

5-  Yateaspoon of soluble powder formulations
6- s teaspoon of any additional adjuvants to
be used, such as spreaders or stickers

Cap the jar tightly and invert 10 times. Inspect the
mix immediately for uniform mixing. If sludge, clumps
or non-dispersing oils are not formed, wait 30 minutes
and check again. Minor separation that remixes easily is
acceptable if tank agitation is good. If the formation of
gums, sludge or clumps indicates incompatibility, do not
use this combination of products. Dispose of the test
mix according to label directions or, if unusable, follow
DEP guidelines for hazardous materials.

The jar test only indicates chemical mixing
compatibility; it does not indicate the effect it has on
pest control activity. Some mixtures have an increased
risk of phytotoxicity and they may promote the
development of resistance to several types of pesticides
at once. Compatible combinations should be tested on a
small portion of crop. Wait several days after making
test applications for injury symptoms to appear before
making large scale applications. Application rates,
schedules and precautions for using specific products
are given in the New England Greenhouse Floricultural
Crop Pest Management and Growth Regulation Guide.
This guide is produced every two years by Cooperative
Extension specialists in the New England region. To
obtain the current issue contact The University of
Connecticut, Communications and Information
Technology, 1376 Storrs Road, Storrs, CT 06269-4035,
(860) 486-3336.

ADJUVANTS
Activity of adjuvants

Adjuvants, or additive compounds, aid in the mixing,
application or effectiveness of pesticides. One class of
adjuvants, compatibility agents, allow uniform mixing
of compounds that would normally separate. Other types
of adjuvants include spreaders, stickers, and synergists.
There are nearly as many adjuvants as there are
pesticides, and they provide a choice for every need.
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Some adjuvants are added during pesticide manufacture
and are, thus, part of the formulation. Other adjuvants
are added just before application. To decide when to
use an adjuvant, READ THE LABEL. It will state when
a particular adjuvant is needed, whether or not one should
be added or when one is already present.

Adjuvants assist application or pesticide activity
without being directly toxic to pests. However, many of
these chemicals can present hazards to the applicators.
The EPA has not required manufacturers to perform the
same type of research and reporting on adjuvants that is
required for pesticide registration. However, regulations
are continually updated to protect the health of applicators
and review and registration of adjuvants may be required
in the future. Meanwhile, it is a good practice to use the
same care in handling adjuvants as is used with pesticides.

Many, but not all, adjuvants function as surfactants,
or surface active agents. Surfactants improve the
retention and absorption of herbicides. The benefit they
provide is offset, to a degree, by the increased drift hazard
they cause. Reducing the surface tension of the spray
solution permits it to break up into finer droplets, which
are more likely to drift off target.

Drift control agents are adjuvants that help reduce
the risk of drift. Pesticide drift is off-target spray deposit
and off-target damage. Spray thickeners reduce drift
by increasing droplet size and by reducing bounce or
runoff during application. Use of these adjuvants helps
to comply with drift regulations, which is especially
important in areas adjacent to residential areas. Lo-
Drift, Nalco-Trol and Drift Proof are examples of drift
control agents.

Penetrating agents dissolve the waxy layer that
protects the surface of leaves. This speeds up absorption
with foliar treatments. Lower application rates used with
these adjuvants may provide the same control as higher
rates made without them; more chemical enters the plant
before breaking down or washing off. Examples of
penetrating agents include Arborchem and kerosene.

PROPER HANDLING OF PESTICIDES

Using pesticides involves many responsibilities
beyond the immediate needs of pest control. Greenhouse
growers, like all agricultural producers, are expected to
handle hazardous materials in a manner that reduces the
exposure risk to other persons and limits contamination
of the environment. Numerous federal and state
regulations exist to help growers handle, store and apply
pesticides properly.



In addition to FIFRA, EPA has further authority over
pesticide use under the Superfund Amendment and
Reauthorization Act (SARA) and the Resource
Conservation and Recovery Act (RCRA). These federal
regulations cover all materials classified as hazardous
and, therefore, apply to pesticides. Pesticide handling
and storage are also regulated by the Transportation
Safety Act and the Occupational Safety and Health Act
(OSHA).

Moving pesticides

Interstate transport of pesticides is regulated by the
Federal Department of Transportation (DOT). Their
guidelines for safe movement are common sense rules
for any transport of chemicals. All pesticides should be
in the original DOT approved containers and correctly
labeled. All containers should be secured against
movement that could result in breaking or spilling. Never
transport pesticides in a vehicle that also carries food or
feed products. Never transport pesticides in the cab of
vehicles. Paper or cardboard containers should be
protected from moisture. Never leave an open-bed truck
containing pesticides unattended. Following these
procedures is necessary when moving concentrated
chemicals and is good practice for diluted mixtures.

Persons transporting chemicals must have proper
protective clothing available for the safe handling of the
containers. The protective gear should be in or on the
vehicle for immediate access in case a spill occurs.
Protection of the person managing or cleaning up a spill
is the primary concern.
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SPILL CLEANUP AND REPORTING

What to do when a spill occurs

When a minor spill occurs, make sure the proper
protective equipment is available, and wear it. If pesticide
has spilled on anyone, wash it off immediately, before
taking any other action. Confine the spill with a dike of
sand or soil. Use absorbent materials to soak up the
spill. Shovel all contaminated material into a leak- proof
container and dispose of it in the same manner as excess
pesticides, as described in the Core Manual. Do not hose
down the area; this spreads the chemical. Always work
carefully to avoid making mistakes.

Streams and wetlands must be protected in the event
of an accidental spill of any size. Even diluted chemicals
pose a threat to natural habitats when released in large
amounts. Extra precautions must be taken when drawing
water from streams or ponds. Antisiphoning devices must
be used and be in good working order. Tank mixes should
be prepared at least /4 mile from water resources. If this
is not possible, make sure the ground at the mixing site
does not slope toward the water, or construct an earthen
dike to prevent pesticides from flowing into bodies of
water or drains.

Major spills of concentrates or large quantities of
spray solution are difficult to handle without assistance.
Provide any first aid that is needed and confine the spill,
then notify the proper authorities. Contact the local fire
department using the 911 system, if available. Other
phone numbers for fire departments, state and local
authorities should be carried in the vehicles and by the
applicators.

Regardless of the size of the spill, keep people away
from the chemicals. Rope off the area and flag it to
warn others. Do not leave the site unless responsible
help, such as emergency or enforcement personnel, is
there to warn others.



Significant pesticide spills must be reported to:
Oil & Chemical Spill Response
Department of Environmental Protection
79 Elm Street
Hartford, CT 06106
(860) 424-3338
Applicators, or their employers, are responsible
for telephoning a spray incident report as soon
as practical after emergency health care and
efforts to contain the spill have started. The state
agencies decide if it is necessary to call
CHEMTREC (Chemical Transportation
Emergency Center), a public service of the
Manufacturing Chemicals Association located in
Washington, D. C. CHEMTREC provides
immediate advice for those at the scene of an
emergency. This service is available 24 hours a

day (1-800-424-9300) for emergencies only.

BEFORE USING
PESTICIDES

STOP

READ THE
LABEL
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SECTION 5 - REVIEW QUESTIONS

Pesticides For Greenhouse Production

1. Where a resistant pest population is likely to de-
velop, pesticides with differing modes of action
should be alternated.

True False

2. Cost of the product is the most important factor
to consider when selecting a pesticide.

True False

3. Which type of adjuvant dissolves the waxy layer
that protects the leaf surface and improves ab-
sorption of pesticides.

a. stickers

b. spreaders

c. penetrating agents

d. synergists

4. Tank mixing two pesticides together may pro-
mote the development of pest resistance to both
pesticides at once.

True False

5. If a minor spill occurs you need not wear any
protective clothing when cleaning it up.

True False
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SECTION 6

EQUIPMENT AND CALIBRATION

The scale of greenhouse production varies greatly

from one operation to another. It may range from a few
benches of mixed seedlings to an entire house dedicated
to a single crop. Appropriate pesticide application
equipment should be used at each individual site. Using
the proper equipment will make pesticide applications
easy and efficient.
Selecting application equipment is as important as
choosing the proper pesticide. Usually, a single sprayer
will not meet all the needs of a greenhouse grower. The
choice of equipment is influenced by these factors:

® Type of pesticides and/or fertilizers

® Pesticide formulations

® Capacity of equipment compared to size of crop
areas

® Operator safety features

® Ease of operation, calibration and maintenance

® Crops grown

GREENHOUSE SPRAYERS
Manual sprayers

Where several greenhouse crops are grown near each
other, manual sprayers are useful because of their limited
size and spray range. Individual plants or weed patches
can be easily spot-treated while not affecting neighboring
rows. Several types of sprayers are available that deliver
0.1 to two gallons per minute (gpm) at pressures up to
100 pounds per square inch (psi). Their small capacity
is adequate only when a few plants or rows require
treatment. These sprayers are relatively inexpensive,
simple to operate, easy to handle and easy to clean and
store.

TRIGGER PUMPSPRAYERS are
used for many types of liquid applications. Vmw
Squeezing the trigger forces spray mixture ¥
out of the nozzle as a stream. Droplet size
can be controlled on some models with 1
adjustable nozzles. Capacity of the plastic
spray bottles is very limited, usually less
than one gallon. These are generally used
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for spot spraying of weeds with ready-to-use herbicides.
Areas accessible to garden hoses or water wagons
can be treated with HOSE-END PROPORTIONERS.
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These simple mixers use the flow of water to draw
concentrated pesticide from the reservoir. Chemicals are
mixed with the water stream as it leaves the hose. Any
formulation that is diluted with water can be applied with
this equipment, but wettable powders and emulsifiable
concentrates require frequent shaking. Several
precautions must be taken with hose-end proportioners
for safe use and proper application. Handling
concentrated pesticides requires adequate protection with
personal protective equipment. Extra care is needed to
prevent spills, splashes and misapplications. The
proportioner must be checked for correct functioning
and be calibrated before each use. An antisiphoning
device must be installed between the proportioner and
the water source to prevent backflow and contamination
of water supplies.

Manually powered KNAPSACK SPRAYERS
consist of a liquid supply tank, pump, holding chamber,
hose and wand assembly with a control valve attached
to anozzle system. A support frame and harness stabilize
the unit and attach it to the operator’s back. The pump
draws liquid from the supply tank and delivers it to the
chamber where it is held under pressure until the valve
on the wand is opened. The pressure forces the liquid
through the nozzle which breaks it into small spray
droplets. Because the pressure drops as the flow
continues, periodic hand-pumping is required.

Knapsack sprayers are very popular and adapt well
to many greenhouse situations. Understanding the safety
features and functional design of your sprayer will
enhance its effectiveness.



® Knapsack sprayers should provide for safe and

efficient operation:
O  They should stand upright for easy filling,
cleaning and storing.

O  They should have a carrying handle and
durable, adjustable straps that distribute
weight comfortably on any user.

O  Even with a full tank, they should be easy to
lift and strap in place.

O  They should have well placed, easy to use
controls
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® The tank features:
O  The tank shape should conform to the
operator’s back.
O  The shape should be suitable for rapid and
complete draining.
O Itshould have an adequately sized inlet opening
with basket strainer and a tight fitting cap.
O  The cap should be easily tightened and loosened
by hand.
O  The tank should have an easy to read volume
gauge.
O  The tank should be equipped with an agitator.
O  The tank should have pressure gauges and
pressure adjustment controls.
® The pump features:
O  The pump stroke should be a comfortable
length.
O  Normal pumping rates should produce
maximum output.
O  Pumps should be removable for easy servicing.
O  Pump volume should be adequate for a multi-
nozzle boom.
O  Pumps should have minimum friction in
linkages.
® The wand and nozzle assembly features:
O  Wands should be rigid and strong.
O A positive shut-off spray control valve should
be provided to prevent drips.
O  The wand should be long enough for all
intended uses.
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O Store the wand in a safe place when not in use.

O  Wands should be equipped with a nozzle
appropriate for intended pressures.

O  Wands should have an in line strainer or filter

® Construction:

O  Only corrosion-resistant materials should be
used.

O  The sprayer should be resistant to mildew, rot,
and degradation caused by sunlight.

O  Sprayers should be constructed of strong,
lightweight material.

Knapsack sprayers provide fairly accurate delivery
if equipped with a pressure gauge or pressure regulator.
Nozzles must be designed to work within the pressure
range of the equipment and calibrated for the working
conditions present.

LEVER PRESSURIZED KNAPSACK
SPRAYERS with external pressure chambers
(Birchmeyer sprayers) can also be used in greenhouse
production. These systems are well suited to low-volume
and low-pressure foliar applications. The operator needs
to pressurize the external pressure chamber only
infrequently to produce the proper spray stream.
Overpressurizing these sprayers results in a fine, mist-
like spray that causes improper coverage and risks oft-
target drift.

The supply tanks of COMPRESSED AIR
SPRAYERS are pressurized either with a hand-operated
plunger or carbon dioxide cartridges.

Compressing air in the space above the spray mixture
forces the liquid through the nozzle. The pressure in the
tank drops as the material is applied. This decrease in
pressure can be partly overcome by filling the tank only
2/3 full with spray material, which leaves ample air space
for initial expansion. Repressurizing the tank frequently
also helps maintain uniform application. Many of these
sprayers lack pressure gauges or controls, making
operator experience an important factor in consistent



coverage. These types of sprayers should not be used
for insecticide or fungicide applications where uniform
coverage is crucial. For sprayers equipped with pressure
gauges, the tank should be repressurized when the
pressure drops 10 psi from the initial reading.

Powered hydraulic sprayers

Power-operated hydraulic sprayers distribute large
volumes of prepared pesticide by forcing the solution
through nozzles. Both the pressure and nozzles used
affect droplet size and how thoroughly the spray target
is covered.

When complete coverage is not required, as with
soil incorporated insecticides, LOW-PRESSURE
HYDRAULIC systems deliver pesticides with a low risk
of drift. They deliver low to moderate volumes of spray,
usually 10 to 60 gallons per acre, at working pressures
ranging from 10 to 50 psi.

HIGH-PRESSURE HYDRAULIC systems are
better suited for applications where plant surfaces must
be completely covered, as with protectant fungicides.
Air currents produced by the high pressure spray stream
distribute the small droplets on all surfaces of plants.
The risk of off-target drift is much greater with high
pressure systems. High-pressure hydraulic systems are
equipped to deliver large volumes of spray, 20 to 500
gallons per acre, under pressures ranging from 50 to 400
psi or more. All hoses, valves, nozzles and other
components must be designed for high-pressure
applications.

CONTROLLED DROPLET APPLICATORS
(CDA) use spinning and oscillating disks to produce
raindrop sized sprays. These types of spray applicators
were developed specifically to reduce off-target drift.
They disperse spray droplets using mechanical means,
rather than hydraulic pressure. A small volume of spray
material under low pressure is converted to a shower of
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large, uniformly sized drops as it spins off the edge of a
rotating disk. Droplet size is controlled by rotation speed.
Rotary or raindrop applicators are available for attachment
to booms or to backpack sprayers. Because these
applicators may be mounted vertically or horizontally, a
wide range of swath widths is possible. These devices
are expensive but greatly reduce the risk of drift or other
off-target damage. Their precision makes them useful
for greenhouse applications.

MISTBLOWERS use a high-velocity, large-volume
air stream to apply concentrated pesticide mixtures. The
goal of air stream applications is to replace all air within
the crop canopy with pesticide-laden air from the sprayer.
This requires adequate air volume from the equipment
and correct travel speed. Newer designs release the air
stream close to plant surfaces, allowing slower speed
which can reduce drift.

Because the pesticide is carried by air, a limited
amount of water is used to prepare treatments for
mistblowers. The small volume of water, compared to
hydraulic applications, permits greater coverage from a
single fill in less time. In addition, turbulence from the
air stream can provide better coverage of plant surfaces.
However, mistblowers greatly increase the risk of drift.
Only broadcast applications can be made with air stream
systems. Because of the risk of off-target damage,
herbicide applications should never be made with air
stream applicators.

The most recent ELECTROSTATIC SPRAYERS
are much like mistblowers in that they are low volume
applicators using air to form and propel spray droplets.
The major difference is that electrostatic sprayers also
electrically charge the droplets. Charged droplets repel
each other and thus avoid collisions which would form
larger drops. In addition, charged droplets



are electrically attracted to the target plants which carry
an opposite charge. When applied from above, charged
spray droplets moving past the upper leaf surface are
actually attracted back to the underside of the leaf.

Electrostatic sprayers atomize the treatment mixture.
This means that the droplet size is so small that they are
difficult to see at all. Because of the speed at which
material exits the nozzle and the highly concentrated
spray solution, practice and skill are required for proper
application with an electrostatic sprayer. Complete
coverage is only obtained by pointing the nozzle directly
at the target plant. Operators should rely on the air stream
to move plant leaves and propel droplets through dense
foliage for thorough coverage. Even
distribution is obtained if plants are sprayed from two
different sides. With each pass of the nozzle, the operator
should sweep past the plants to promote leaf movement.
The atomized pesticide is deposited so finely that leaves
may still appear dry after treatment. Because of this it is
difficult for the operator to see if plants have been
treated. Current manufacturer’s recommendations state
that if the mistblower operator observes plant leaves
moving during the spray operation, then the leaves have
been treated adequately.

Thermal foggers

These are low volume applicators used in the
greenhouse industry. Thermal foggers use a specially
formulated carrier that is injected with the pesticide into
an extremely hot, rapid air stream. The air stream is
then propelled into the greenhouse producing a dense
vapor of very small droplets that penetrate the
greenhouse like an aerosol fog. The rate of application
depends on the size of the metering orifice. Thermal
foggers that are designed to treat larger areas have large
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tanks and require more time to dispense the greater
volume of pesticide mixture.

Thermal foggers can be carried by an operator,
moved on a cart, or operated from a fixed location in the
greenhouse. Effective use of thermal foggers usually
requires moving them around the greenhouse. Moving
the fogger gives uniform distribution of spray material.
Operating a fogger from any fixed position below the
target area will deposit most of the material on the floor
near the fogger. It is quite easy for an operator to carry a
fogger and watch the fog’s movement through a room
to ensure good distribution. The fogger nozzle should be
aimed at an angle, slightly above the top of the crop.
Aiming the fogger nozzle directly at the plant canopy
may cause thermal or chemical burns to the plants.

Because the effectiveness of thermal foggers is
dependent on room temperature, relative humidity and
air flow in the greenhouse. These factors also affect the
length of time between application and safe reentry into
the greenhouse. High temperature and low humidity make
spray droplets fall out of the air more quickly than with
moist and cool air.

Mechanical foggers

Mechanical foggers, cold foggers and aerosol
generators are low volume applicators that atomize
treatments mechanically to generate a cloud of very small
spray droplets. They use external fans to propel the spray
cloud toward the target and to promote air circulation
within the greenhouse. Research has shown that
mechanical foggers deposit more spray material on the
upper sides of leaves than on the undersides.

The size of the fan and the capacity of the spray
tank determine the size of room that a mechanical fogger
can effectively treat. Since most mechanical sprayers



are meant to be operated from a fixed position, more
than one may be needed to treat larger greenhouses.

Aerosol bombs / smoke generators

Aerosol bombs or smoke generators contain highly
concentrated pesticide formulations. They use a
pressurized propellant to disperse pesticide. Aerosol and
smoke spray clouds are made up of very small droplets
that provide very good coverage.

Application rates for aerosols are based on the
volume of air in the greenhouse. This is an economical
method of treatment for small greenhouses. However,
as with foggers, using aerosols and smoke bombs does
not ensure good foliage penetration or good coverage of
both leaf surfaces. Using the correct number and proper
distribution of pesticide containers will help ensure
uniform distribution of the material throughout the entire
room.

Hazards of foggers/fumigants and aerosol
bombs

These types of application have a potential for
causing explosions when used improperly. Follow all rate
recommendations carefully, especially where ignition
sources exist.
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SPRAYER COMPONENTS
Nozzles

A variety of materials are used to make nozzles,
including brass, stainless steel, ceramic and nylon. There
are advantages and disadvantages with each type of
material. However, it is wisest to invest in the best qual-
ity nozzles available. Brass nozzles are relatively inex-
pensive, but they wear rapidly with abrasive materials,
such as wettable powders and liquid fertilizers. Stainless
steel and hardened stainless steel are the most resistant
to wear, but their expense discourages some users. Fre-
quent replacement of brass nozzles usually makes their
use more costly in relation to the area sprayed.

The smooth surface of nylon nozzles makes them
relatively resistant to wear, but the threads are easily
damaged in use, especially when overtightened. Modi-
fied nylon tips in metal housings avoid some of these
problems. However, some solvents react with nylon,
causing the material to swell and become unusable. Ce-
ramic spray nozzles are also abrasion resistant, but are
expensive and breakable.

There are different types of spray patterns pro-
duced by nozzles each designed for a specific application.
Choosing the proper nozzle for a particular treatment
will ensure good coverage and minimum drift. The se-
lection of a nozzle is determined by the type of treat-
ment being applied as well as certain aspects of the spray
equipment such as flow rate and operating pressure.
Herbicides are applied at low pressure to produce large
droplets that reduce drift. Higher pressures are used with
fungicides to produce small droplets for better coverage
of foliage. Insecticides are applied with pressure ranges
between these two extremes. Drift control adjuvants
work best with nozzles that reduce the number of fine
and mist-like drops. To be effective and safe, nozzles
may need to be changed for different pesticide applica-
tions.

The different types of fan nozzles are designed to
work only within certain pressure ranges. Even slight
changes in spray pressure will alter the pattern produced
by a fan nozzle. It is also important that the nozzles are
at the proper height above the target. Otherwise the spray
pattern will not provide uniform coverage. The required
height depends on the nozzle angle and spacing along
the boom. Refer to manufacturer charts for the correct
spacing, height and pressures for various fan nozzles.

The tapering-edge spray pattern produced by flat-
fan nozzles provides uniform coverage when overlap-
ping nozzles are used on boom sprayers.
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Even flat-fan nozzles deliver the same fan shape
but the droplet distribution is even across the entire
pattern. These are used for banded applications where
spray from adjacent nozzles does not overlap.
Applications made selectively over the tops of crops or
between rows use this type of nozzle.

Flooding fan nozzles used with low pressure produce
large drops in a wide spray angle. These nozzles reduce
drift and prevent clogging. Adequate coverage with
flooding nozzles requires spray patterns that fully overlap.

Twin orifice flat-fan nozzles are designed for
applications that require good penetration and coverage
of foliage. Two small openings in the nozzle direct spray
streams that form smaller droplets using the same low
pressures as conventional flat-fan nozzles. The small
openings are subject to clogging and require finer strainers
than other nozzles.

Cone nozzles are used for insecticide and fungicide
applications when thorough foliar coverage is needed.
Cone nozzles used with high pressure form small,
lightweight droplets. Because the risk of drift is greatly
increased, these nozzles should only be used when
complete coverage is required. Low volume applications
are made with hollow cone nozzles that concentrate the
spray around the edge of the pattern. Solid cone nozzles
that evenly distribute pesticide in a circular pattern are
used for high volume applications.

Other special purpose and improved nozzles are
available for use on greenhouse crops. Consult
manufacturer information for the proper selection and
use of nozzles suited to your application needs.
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Other components

Flow control devices are necessary to make the tank,
pump and nozzles work together. Depending on the
application system, these devices may include pressure
regulators, unloader valves and control valves.

Because both the spray pattern and flow rate are
determined by operating pressure, each sprayer should
be equipped with a pressure gauge. The gauge should be
placed where it may be easily seen.

Strainers are also required for effective treatments.
Strainers trap particles and debris in the spray mixture
and protect the pump, control devices and nozzles from
damage.

CHEMIGATION

Chemigation, or the practice of applying materials
through watering systems, requires constant attention to
how the material is applied and to the operation of the
watering system. The chemigation system must be kept
separate from the water supply to prevent any
contamination.

Chemigation with a nozzle watering system must be
done in a manner consistent with the pesticide label.
The nozzles must provide the correct total output and
droplet sizes. Nozzle watering systems do not provide
adequate coverage of leaf undersides or effective canopy
penetration.

The output of a chemigation system should be
frequently checked to ensure the correct rate of pesticide
is being applied. The output should be measured using
accurate collection containers.

CALIBRATION

Calibration is the process of measuring and adjusting
the amount of pesticide your equipment applies to the
target area. It is a routine part of using any application
system. This is not a once-a-year job. It is a good idea
to calibrate spray equipment on a regular basis. As a
minimum equipment should be calibrated during the first
day of the spray season or when equipment is first put
into use, and whenever nozzles are replaced. Failure to
calibrate pesticide application equipment can result in
plant injury, creation of a hazardous situation and wasted
money. Frequent calibration identifies worn nozzles and
keeps the operator aware of factors that affect application



rate, such as travel speed, pressure at the nozzle, and
type of nozzle in use. Multipurpose sprayers must be
calibrated for each different use.

Calibrating application equipment is not difficult. Be
sure that all parts are clean and operating correctly and
follow the manufacturer’s directions carefully. Spray
equipment calibration begins by determining three factors:

® Correct pump operating pressure
® Type of carrier or diluent
® Spray volume required

Operating pressure depends on the spray system
chosen. Each pump has a range of pressures in which it
operates most efficiently. Operating within these limits
provides steady pressure output and protects the spray
system from damage. The specific pressure to use is
determined by considering the drift hazard and
penetration recommendations for the pesticide used.

The type of carrier limits the selection of nozzles

that can withstand the pressure, volume and formulations
without excessive wear. Low-pressure foliar applications
often use water as the carrier. Manufacturers provide
charts to assist in selecting the proper nozzles for use
with different types of carriers.
The volume of spray needed for effective coverage is
stated on the pesticide label. Rates are often expressed
as the amount of diluted pesticide mixture to use per
area, such as “20 gallons per acre.” If the application
rate is given as weight of active ingredient per area, for
instance “do not exceed 20 pounds a.i. per acre,” the
volume of diluted mixture this produces must be
determined before proceeding.

When a range of acceptable volumes is given such
as “up to 100 gallons per acre” the size of the spray tank
and area to be treated will determine the actual spray
volume to use. Proper coverage of mature plants requires
greater spray volume per area than younger plants.
Application rates for soil-applied herbicides should be
appropriate for the soil texture. Over-application to sandy
or porous soils can lead to leaching or off-target injury
problems.

Hydraulic systems

All hydraulic sprayers, including booms and hand-
held wands, are calibrated with similar procedures.
Because the amount of spray delivered by these systems
depends on how fast the pesticide mixture flows from
the nozzle and how quickly the nozzle is moved over
the target area, calibration requires a few calculations.
The arithmetic is very straight forward when worked
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through carefully. Check the Core Manual for more
information.

The first step in calibration is to find the delivery
rate of the nozzles. This is done by pumping water
through the nozzles for a timed period, say five or 10
minutes, and collecting the spray for measurement.
Nozzle flow varies with the size of the nozzle tip and the
nozzle pressure. Flow through the nozzle is proportional
to the square root of pressure. In other words, to double
the flow rate, pressure must be increased four times.
An accurate pressure gauge is required to maintain proper
spray pressure. The delivery rate per minute (in gallons
per minute, GPM, or in ounces per minute, 0z/min) is
found by dividing the volume collected by the number
of minutes. Fill the spray tank at least half full of water
when calibrating your spray system. (Because residues
from spray mixes may remain in the tank, always wear
chemically resistant gloves, long sleeves and a face or
eye shield while performing calibration steps.)

The recent introduction of calibration tools makes it
easy to measure the flow rate of nozzles. Spray tip testers
provide direct readings of the rate as water is pumped
through the nozzles. This eliminates the need for timed
collection and the subsequent calculations.

Hand-held wand calibration

Hand-held wands with single or clustered nozzles
may be supplied from either knapsack sprayers or power
sprayers with larger tanks. Liquid applications made with
any hand-held wand can be performed accurately when
pressures, swath width and walking speed are controlled.
This means that each piece of equipment must be
calibrated for the individual using it. Operators using hand-
held wands must develop a uniform speed of application
and check frequently to assure that a consistent rate is
maintained.

Uniform applications require practice applications
with water. These can be made to asphalt or concrete
surfaces of parking lots, or to strips of wrapping paper
placed in actual field conditions. Uneven applications
can be noted as the surface dries. Adjust walking speed
and repeat the process until sprays are uniform.

To begin calibration, determine the swath width; this
is the width of the row or inter-row space to be treated.
Fit the application equipment with the proper nozzle and
adjust the pressure to produce the desired swath width.
Finally, determine a comfortable walking speed, in feet
per second, for the operator. Several passes over a
measured distance of actual field conditions should be
averaged to find the travel speed. Gallons per acre (GPA)
is determined with the following formula:



oz/min X 5.7

GPA =

ft/sec X swath width
where,

oz/min = nozzle output per minute, in ounces

ft/sec = walking speed of operator during
application

swath width = width of row, in feet, treated in

a single pass.

This calculation provides the rate of application PER
ACRE of actual treatment. It may be necessary to
determine the amount of pesticide needed for a single
fill of the applicator’s tank and how many refills will be
needed to treat an acre. The following example
demonstrates the necessary calculations for a knapsack
sprayer using the above formula.

Example: An operator wants to apply five pounds
of a pesticide per acre as a two-foot wide band of
spray using a four gallon capacity backpack sprayer.
The nozzle discharges 38 ounces of solution per
minute. The operator walks at four feet per second
while making applications. The dilution rate for the
pesticide under the given circumstances is found by
substituting the numbers into the formula:

380z /mnX5.7
GPA = =
41t [sec X2 ft

27 gal /acre.

Treating one acre would require mixing five pounds
of product with 27 gallons of water. Since the sprayer
only holds four gallons, the amount of product to
use per fill is determined as follows:

backpack capacity i n gal

a/fill = X oz product /acre
GA
4 s
= ————— X 8oz/acre
27 d /acre

119 o just about 12az/fill.

Note that for this example,

oz product/acre = 5 pounds X 16 ounces/pound= 80 oz

The length of row each fill of the sprayer treats is
determined using the following formula:
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backpack capacity X rowlength/acre
rowlengthvfill =
GPA

where, backpack capacity is expressed in gallons, and,

43,560 sq ft/acre
rowlength/acre =
swath width in feet

Continuing our example, we first determine row
length per acre,

43,560 sq ft/acre
Rowl ength/acre =

2 foot swath
= 21,780ft/acre.

Now we can complete the calculation,

4dcd srayer X 21, 70ft/acre

Fom engt Y fill
27 gal /acre

3,226 feet.

And so to make our application at the given rate per
acre, nozzle discharge, and walking speed, we will need
12 ounces of pesticide diluted in four gallons of water
for each fill of the backpack sprayer. Each fill treats
3,226 feet of row using a two foot swath width. For an
acre, the sprayer must be filled seven times (27 divided
by 4 =6.75).

Mistblowers

It is not possible to collect the nozzle output of air
stream sprayers, so calibration begins by determining
the amount of output over a short period of time. The
equipment is placed on a level area and the tank filled
with water. If the tank lacks calibrated markings, the
water must reach a level that can be duplicated on
refilling. Before beginning, check for leaks around tanks
and seals; make sure all nozzles are clean and operating
properly.

While standing upwind, operate the equipment at its
normal speed and pressure. Open all valves to the nozzles
and start a stopwatch at the same time. Run the sprayer
for several minutes before closing the valves and record
the exact time elapsed. Measure the volume of water
needed to refill the tank to the original level and calculate



the volume of water sprayed per minute. Repeat this
process at least twice and average all runs to determine
the nozzle output. If measurements are made in ounces
per minute the same equations given above may be used
for calibration.

CLEANING AND MAINTENANCE

While using any application system, be alert for
changes in the spray pattern. Gaps caused by clogged
nozzles or spreaders can result in poor control. Worn
nozzles can lead to over-application, which increases
costs and may cause excessive residue. Always protect
yourself first. Wear all the personal protective equipment
specified on the pesticide label when repairing or
maintaining spray equipment. This is a wise precaution,
even when you think the equipment has been properly
cleaned.

Cleaning the application system

Sprayers need to be cleaned to prevent corrosion of
equipment parts and to reduce the risk of crop injury
from cross contamination. Trace amounts of one pesticide
can react with another or carry over to the next spraying.
With extended contact, small amounts of some pesticides
can damage sprayer components, including stainless steel
and fiberglass tanks. Pump components must be
protected from corrosion.

No cleaning method is foolproof. However, careful
cleaning will usually remove all but insignificant amounts
of insecticides and fungicides. Herbicides carried over
into an insecticide spray mix could be very damaging to
susceptible crops, such as vegetables. Therefore, two
separate sprayers, one for herbicides only and one for
all other pesticides, are recommended for greenhouse
producers.

When cleaning, the general procedure is to first flush
with water, than add the appropriate cleaning solution to
the tank, agitate and flush again. Always flush with clean
water to remove any cleaning solution. Remove nozzle
tips and screens; clean them in strong detergent solution
or kerosene, using a soft brush.

Some pesticide combinations may produce a paste-
like coating in the sprayer. Flushing after each load can
help to remove this. If water alone does not dissolve and
remove the buildup, add Stoddard solvent, kerosene or
another low flammable solvent; allow the paste to
dissolve, then agitate and flush into a collection area or
tank for future disposal as hazardous waste. Then
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continue general cleaning procedures.

A thorough cleaning with the proper solution should
be made whenever pesticides are changed or before
storing equipment. Contaminated storage conditions can
cause more damage to the pump or other components
than actual use. The cleaning solution depends on the
pesticide to be removed. READ THE LABEL for
cleaning instructions or see your Core Manual for more
information.

Prevent pesticide contamination

Choose the area used for equipment cleanup carefully.
Ideally, the cleanup area should have a sealed, concrete
floor and curbing with a sump to catch contaminated
water and pesticides. Avoid contaminating water supplies
and prevent injury to plants or animals. Do not make
puddles that might be accessible to children, pets, farm
animals or wildlife. The rinse water and cleaning solution
may be sprayed on a site consistent with the pesticide
label directions, or disposed of as hazardous waste in an
approved landfill. Avoid discharging all of the cleaning
solution in a small area.

An operator should end the spray application with
an empty tank or a minimum amount of pesticide mix
remaining. Excess materials can be applied to additional
sites as approved on the product label. Or the tanks can
be drained, with the excess contained and disposed of in
an approved manner for hazardous waste. Remember
to completely label any containers holding pesticides or
prepared mixtures.

An alternative for handling excess spray mixtures,
rinsates from triple-rinsing containers, and waste water
from cleaning equipment is to use these materials as the
diluent for the next batch of the same chemical. All
containers holding such rinsates should be clearly and
fully labeled the same as the original container. Store
these with other pesticide products in a secure, preferably
locked, place.

Check the manufacturer’s recommendations for
your sprayer when preparing it for storage. Light oil in
the final flush leaves a protective coating on tank, pumps
and hoses. This is not recommended for sprayers with
rubber components. Rubber gaskets, diaphragms or pump
rollers swell and weaken when exposed to oil.
Automotive antifreeze with a rust inhibitor can prevent
freezing and prevent corrosion in case all the water is
not drained from the pump. Read the owner’s manual
for the proper care of your sprayer systems. Always
wear the proper personal protective equipment when
performing any cleaning or maintenance activities.



SECTION 6 - REVIEW QUESTIONS

Equipment and Calibration

1. What must be done to properly use hose-end
proportioners ?

a. wear personal protective equipment
b. install an antisiphoning device

c. take extra care to prevent spills

d. all of these

2. Backpack sprayers should be equipped with agi-
tation.
True False
3. Applicators using lever pressurized sprayers need
not worry about off-target drift.
True False
4. Which type of sprayer is better suited for appli-

cations where plant surfaces must be completely
covered?

a. low-pressure hydraulic

b. high-pressure hydraulic

c. lever pressurized knapsack
d. none of these

5. Use of mistblowers greatly increases the risk of
drift.
True False

6. Thermal foggers can be left in one spot in the
greenhouse and still get total coverage.

True False
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7. Which sprayer type gives good coverage on the
undersides of leaves?

a. thermal foggers

b. mechanical foggers
c. electrostatic sprayers
d. all of these

8. Proper nozzle choice is crucial to achieve good
coverage and minimize drift.
True False
9. Herbicides should be applied at high pressures
for optimum coverage and drift reduction.
True False
10. Chemigation systems should be combined with
the water supply system.
True False

11. Which are acceptable alternatives for handling
excess spray mixtures?

a. apply to another site consistent with the pesti-
cide label

b. dispose of as hazardous waste

c. use as a diluent for the next batch

d. all of these



SECTION 7

FUMIGATION

Fumigants are not used very often in New England
greenhouses. Most growers avoid the problems discussed
below by using artificial media. Nevertheless, fumigants
are sometimes used to treat greenhouse soil. Fumigation
can control many pests that may compete with, attack
and/or injure the crop such as:

® Plant-parasitic nematodes, including root-knot, root
lesion (meadow), and cyst

® Soilborne disease causing organisms, including the
fungi Pythium, Rhizoctonia and Phytophthora

® Weeds including lamb's-quarters, bermudagrass and
quackgrass

® Insects including wireworms, cutworms and garden
symphylans

FUMIGANTS

Hazards of using fumigants

Most fumigants are highly hazardous materials and
must be used only by individuals trained in their proper
use. Many greenhouse operations use steam sterilization

to accomplish the same ends as soil fumigation. Steam
sterilization is safer and at least as effective as fumigation.
Ifthe grower elects to use chemical fumigants, specialized
information and training are needed. The purpose of this
chapter is to outline that specialized information.

Nature and effects of fumigants

Fumigants are pesticides that reach the target in the
form of a poisonous gas. In contrast, smokes, fogs and
aerosols are dispersed as very fine particles or clumps of
molecules. Fumigants disperse in clouds of millions of
single molecules of the gas. Fumigants can penetrate
cracks, crevices and the commodity being treated.
Fumigants kill when they are absorbed or inhaled by the
pest. Fumigants must be applied in sealed enclosed
spaces, since once the gas escapes to the atmosphere its
effectiveness is lost. Fumigants are not long lasting, and
once they are gone, reinfestation can occur.

Toxicity of fumigants
Fumigants are highly hazardous materials and must

be used only by individuals trained in their proper use.
They are highly toxic to plants, animals, and humans.

( )
Methyl Bromide
Chemicalname: Bromomethane
Appearance: Clear, colorless gas or liquid when under pressure or refrigeration.
Weight:Gas: 3.3 times as heavy as air, tends to sink.
Liquid: 14.4 pounds per gallon.
Odor: Odorless. Often mixed with chloropicrin which is used as a warning
odorant.
Reactivity (relevant to liquid methyl bromide only):
Aluminum: Severe explosion hazard.
Magnesium:  Severe explosion hazard.
Zinc: Severe explosion hazard.
. J




They are often fast acting, some are odorless and cannot
be seen. As a new pesticide applicator you must become
knowledgeable about the fumigant you use before
applying it. Each fumigant acts in its own unique way,
and requires specific knowledge of its hazards and nature.
Remember, there are no old careless fumigators.

Inhalation exposure
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Acute exposure: Do not breathe vapor. Symptoms
may be delayed anywhere from 1 to 12 hours after
exposure to high concentrations; lower concentrations
result in less severe symptoms within a period of 12 to
24 hours. Reported effects: headache, visual problems,
nausea, vomiting, abdominal pain and death.

Chronic exposure: repeated exposure may result in
adverse central nervous system effects including muscular
pains, speech problems, blurred vision and mental
confusion.

Skin contact
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Acute Exposure: contact with the liquid may cause
irritation, burning or tingling sensation, redness and
swelling. Large amounts can cause blisters, numbness
and aching pain. Liquid methyl bromide can be absorbed
through the skin and cause symptoms described under
inhalation. Death can occur from absorbing liquid methyl
bromide through the skin.

Important Note: Do not wear protective gloves,
adhesive bandages, tight jewelry, contact lenses, or tight
fitting clothes while using methyl bromide. It can be
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trapped between the apparel and the skin, causing severe
symptoms.

Eye contact

Vapors and liquid may cause transient irritation and
conjunctivitis.

Ingestion
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Ingestion of liquid is unlikely, however, it can cause
throat and stomach irritation as well as the symptoms
described under inhalation.

Methyl bromide alternatives

The primary fumigant used for soil treatment in
greenhouses is methyl bromide. However, the EPA has
labelled methyl bromide as a Class I ozone-depleting
chemical and it is now being phased out of use. A total
ban on domestic production and import goes into effect
by the year 2000. Alternatives include chloropicrin,
Vorlex, Vapam (metam-sodium), Telone (dichloro-
propene), and Basamid (dazomet). All of these chemicals
are highly toxic and their future registration status is
uncertain.

There are a wide variety of less toxic alternatives
including solarization, steam sterilization, soil sterilization,
hot water, composting, resistant varieties, Trichoderma
seed treatments, microwaves, and more. These less toxic
alternatives are best used in combination.



FUMIGATION WITH METHYL BROMIDE

NOTE: THE FOLLOWING SECTION ON SOIL
FUMIGATION PERTAINS ONLY TO THE USE OF
METHYL BROMIDE PRODUCTS CONTAINING
CHLOROPICRIN AS A WARNING ODORANT

Protective clothing

Methyl bromide may be trapped inside clothing and
cause skin injury. Wear loose shirts, long trousers and
socks that are cleaned after each wearing. Do not wear
jewelry, gloves or other gas confining apparel. If full-
face respiratory protection is not required, wear full face
shield for eye protection when handling liquid. After
exposure, immediately remove clothing, shoes and socks.
Do not reuse contaminated clothing until it is thoroughly
decontaminated. Drenched shoes cannot be adequately
decontaminated.

Respiratory protection

If the concentration of methyl bromide in the work
area, as measured by a pump detector with appropriate
tubes, does not exceed 5 ppm, no respiratory protection
is required. If this concentration is exceeded at any time,
all persons in the fumigation area must wear a NIOSH/
MSHA approved self-contained breathing apparatus
(SCBA) or combination air-supplied/SCBA respirator or
evacuate the area. (Examples of approved methyl
bromide pump-type detectors are Draeger, Kitagawa,
MSA, and Sensidyne).

These requirements mean that a minimum of two
SCBA respirators and at least one approved methyl
bromide detector are required to be available before
methyl bromide is used. If the fumigation is done out of
doors the SCBA is not required, but is recommended. If
the fumigation is done inside a greenhouse, the SCBA
must be worn when the gas concentration is greater than
S ppm.

Measuring the concentration of methyl bromide is
an important part of the fumigation job. The only
detectors accurate enough to measure 5 ppm are the
pump-type detectors listed above. The fumigator must
have one of these and use it if the fumigation is done
inside. Exterior fumigation does not require the testing
equipment, but its use is still recommended. Without a
pump-type detector, there is no other way a fumigator
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can be sure the concentration of methyl bromide is safe.
Halide detectors can be used to monitor for leaks, but a
halide detector does not measure the concentration
accurately enough to be approved for entry without
respiratory protection.

Soil fumigation

Directions for Methyl Bromide; THESE
PRECAUTIONS MUST BE FOLLOWED PRIOR TO
SOIL FUMIGATION:

® Comply with all local regulations and ordinances.
Obtain an application permit from regulatory
agencies as required.

® Never fumigate alone. It is required by the WPS to
always have a trained assistant with the proper
protective equipment, present in case of accidents.

® Persons in charge of all operations must advise other
workers of all safety precautions and procedures.
In addition, they must instruct their helpers in the
mechanical operation of the equipment.

® Check the fumigant delivery system for leaks before
beginning operation. Two trained and equipped
persons must be present during introduction of the
fumigant.

® During soil fumigation, at least 10 gallons of water
must be readily accessible at the site of application.
This water must be potable and in containers
marked “Decontamination water not to be used for
drinking.”

THESE PRECAUTIONS MUST BE FOLLOWED
DURING THE SOIL FUMIGATION:

® Two trained persons must be present during
introduction of the fumigant.



® Do not make application of this fumigant when there
is little or no air movement or when there is an
atmospheric inversion.

® When changing the cylinders, be certain they are
turned off and that the fumigant system is not under
pressure.

THESE PRECAUTIONS MUST BE FOLLOWED
AFTER SOIL FUMIGATION:

® Postall treated areas with WPS warning signs until
aeration is complete and ventilation requirements
are met.

® Two trained persons must be present during removal
of the tarpaulin, if used.

® Keep all animals and unauthorized people away
from the area during removal of tarpaulin, if used.

Pretreatment soil preparation

Plow, rip or otherwise till the soil to the depth to
which effective treatment is required. The soil should be
worked until free of clods or large lumps. Residue from
previous crops should be worked into the soil to allow
for decomposition prior to fumigation. Soil moisture
should be adequate for seed germination. Coarse textured
soils can be fumigated with higher moisture content than
fine textured soils. For best results, soil should be kept
moist for at least four days prior to treatment. Do not
fumigate if the soil temperature is below 50° F. For best
results, fumigate when soil temperature is 60° F to 80° F
at the depth of 6 inches.

Raised tarp method

Raised Tarp Fumigation Method for Plant Beds and Other
Small Areas:

® Dig a trench around the perimeter of area to be
treated, throwing soil to the outside so it can be used
to bury tarpaulin edges after covering.

® To support the cover and provide a small gas dome
to facilitate fumigant distribution place items such
as inflated balloons, crumpled fertilizer bags, or
burlap bags stuffed lightly with hay or straw on the
soil surface of the area to be treated.

® FEvaporating pans or vaporizers are used for the
volatilization and uniform dispersion of fumigant.
Shallow pans or basins made of plastic or metal,
except aluminum are satisfactory. Remember,
aluminum poses an explosion hazard and is not
compatible with liquid methyl bromide. Use one
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evaporator pan for each 300 to 400 square feet of
area. Special opening devices are available for use
of 1 and 1 1/2 pound cans that combine the opener
and evaporative pan functions, and are designed to
be used with all parts under the tarp.

For delivery of methyl bromide gas from outside
the tarp, polyethylene tubing is required. Anchor
one end of each polyethylene tube into an
evaporating pan with tape or a suitable weight. This
ensures that the liquid will be directed into the
evaporating pan.

Extend the free ends of the polyethylene tubes
outside of the area to be covered.

After the supports and tubing are in place, cover
the area to be fumigated with polyethylene film or
other suitable material.

Seal by placing the outside edges of tarpaulin in the
trench and covering them with soil. Tamp soil down
so edges will not pull loose.

Attach a polyethylene tube to the can applicator or
cylinder valve outlet and release fumigant. Use a
cylinder dispenser or scale to meter small amounts
from cylinders. Fumigant may be vaporized before
introduction by means of a commercially
manufactured heat exchanger, by using a copper coil
immersed in a vessel of hot water or by immersing
a can in hot water. CAUTION: Puncture the can
with the device before immersing it in hot water;
keeping the outlet pointed up to allow only vapor to
enter the polyethylene tube.
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Special instructions for greenhouse soil
fumigation

The use of methyl bromide in confined spaces
presents a potential hazard to humans and plant life.
Special precautions must be taken in order to minimize
this hazard. It is the responsibility of the individual
supervising the fumigation operation to see that all safety
precautions are strictly observed. Before the fumigation
operation commences, the supervisor of the fumigation
job shall have conducted handler training for all personnel
involved in the fumigation (handler requirements are part
of the WPS), removed all persons from the area who
are not directly involved in the fumigation, and inspected
the equipment to ensure proper application.

Fumigation of greenhouse soils may be done by any
of the tarpaulin methods described, depending on the
greenhouse size and accessibility to equipment. Ifa wind
is blowing, all injection should be made upwind from a
previous injection site. Immediately after tarping and
injection of the fumigant, a qualified person, wearing
protective equipment, should monitor the tarped area
with a halide detector. If excessive leaks are found, the
source of the leak should be resealed immediately.

During this operation, all windows and doors should
be open and fans operating to maximize ventilation. The
greenhouse must be placarded on all entrances to the
fumigated area with approved WPS signs and any other
information required by labeling.

Reentry into treated areas

After fumigation, treated areas must be aerated until
the level of methyl bromide is below 5 ppm. Do not
enter the treated area without proper equipment before
this time. Protected workers entering the treated area
for short term tasks (not to exceed one hour in any 24
hour period) must be provided with a respiratory
protection device (NIOSH/MSHA approved self-
contained breathing apparatus (SCBA) or combination
air-supplied/SCBA respirator). Only a certified applicator
or trained handler may remove placards.

Potting soil fumigation

Potting mixes including compost, soil mixes, and
manure can be fumigated with methyl bromide.
Fumigation should take place outdoors or in a well
ventilated area away from desirable plants or occupied
buildings. The material to be treated should have a
temperature of 60° F or higher, be loose, and be moist
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enough for good seed germination. To ensure a good
seal, pile the material on a concrete floor or on wet
ground. Pile to a depth of 18 inches. Piles two to three
feet high can also be treated provided perforations are
made in the pile surface at one foot intervals to assist
penetration. Once the pile has been made, install supports
to hold the cover a few inches above the pile surface to
aid in proper fumigant diffusion. Evaporating pans are
essential for the volatilization and uniform dispersion of
fumigant except where a vaporizer is used. Shallow pans
or basins made of plastic or metal (except aluminum)
are satisfactory for this purpose. For delivery of methyl
bromide from outside the tarpaulin, polyethylene tubing
is required. Anchor one end of each polyethylene tube
into an evaporating pan with tape or a suitable weight.
This ensures that the liquid will be directed into the
evaporating pan.

Place evaporating pan(s) with anchored applicator
tubing about 30 feet apart on the pile surface. Extend
the free ends of the polyethylene tubes outside the area
to be covered. Cover with a polyethylene sheeting or
other gas confining material of 4 mil or greater thickness.
Seal the edges by burying, covering with moist sand or
soil. Attach applicator tube to the can or cylinder valve
outlet and release fumigant. Use a cylinder dispenser or
scale to meter small amounts from cylinders. Special
devices are available for use of 1 and 12 pound cans
that combine the opener and evaporating pan functions,
and are designed to be usable while entirely under the
tarpaulin. At the end of the exposure period, unseal
opposite ends of the tarpaulin and allow to aerate for at
least 30 minutes before completely removing the tarp.
To avoid phytotoxicity, aerate for 24-72 hours before
planting.

Potting mixes in flats may also be treated. Arrange
the flats in loose crisscross stacks no more than 5 feet
high, then cover and seal as described above. Introduce
the fumigant at the top and in the center of the stack.
Use one injection point for each 100 cubic feet. Aerate
for 24 hours.



SECTION 7 - REVIEW QUESTIONS

Fumigation

1. Use of sterile growing media helps growers
avoid using fumigation.

True False
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. Fumigants provide long-lasting plant protection
from reinfestation by disease and insect prob-
lems.

True False

3. List three alternatives to methyl bromide.

4. What must be available before methyl bromide
is used in a greenhouse?

a. two SCBA respirators
b. one SCBA respirator
c. one methyl bromide detector

d. none of these

5. In emergency situations fumigants may be applied
by one person.

True False

6. Soil texture, temperature and moisture greatly
effect fumigant effectiveness.

True False
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7. All personnel involved with application of fu-
migants must be trained, at a minimum, as:

a. licensed applicators
b. agricultural workers
c. pesticide handlers



SECTION 8

THE GREENHOUSE ENVIRONMENT

ABIOTIC DISORDERS

Abiotic disorders are caused by nonliving factors
such as environmental or cultural conditions. They pro-
duce a wide range of symptoms, ranging from a simple
loss of vigor to rapid death of plants. Those causing the
most severe damage are the easiest to recognize and
correct. Because some symptoms can go unnoticed, un-
favorable conditions and practices may continue for long
periods. During this time, plants are under stress, which
makes them susceptible to pathogenic diseases. For ex-
ample, if powdery mildew develops on a plant usually
resistant to this disease, an examination might reveal that
the plant was consistently over-watered, resulting in high
moisture and humidity in the planting area. In this case,
correcting the cultural practice that allowed the patho-
gen to become established may be adequate treatment.

The abiotic factors which affect optimum plant per-
formance are:

®  Light, temperature, water and air
Nutrient levels and balances
Pollution
Pesticide injury
Mechanical injury

In many cases, it is the suboptimal levels of the first
and second factors that lead a plant to disease and insect
problems. For this reason, it is important to be aware of
the specific needs and sensitivities of each crop.

TEMPERATURE

Generally, the warmer the air temperature, the faster
a plant will grow and develop, assuming all other condi-
tions are optimum. Plant leaf temperature is a function
of light level and air temperature, and is regulated by
transpiration. Sudden changes in air temperature will af-
fect humidity and transpiration rates, and can result in
temperature stress.
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The difference between day and night temperature
is as important as the actual temperature values. The
processes which produce food for plants to grow and
develop (photosynthesis) stop working at about 95°F
and above. The processes which make the plant grow
and develop (respiration) continue at night. At a certain
low temperature (specific to the crop) these processes
will also stop.

Recent research has improved our understanding of
temperature control. Researchers have found that for
certain plant species such as chrysanthemums, lilies, and
poinsettias, high night/low day temperatures will reduce
or eliminate the need for application of plant growth regu-
lators.

The technique of temperature control of plant height
is based on the concept of average temperature. The
concept is that plants grow and develop at a rate depen-
dent on the average temperature they receive over a 24
hour period.

AGTenp = (day tenp X hrs day) + (night tenp X hrs ni ght)
24

If plants growth is behind schedule the daily aver-
age temperature is raised to speed up development. If
plants growth is ahead of schedule the daily average tem-
perature is lowered to slow down development.

Plant height is influenced by the difference (DIF)
between Day and Night temperature:

DOF=Day Tenperature - N ght Tenperat ure



A positive difference (higher day than night) will
produce taller plants. A negative difference (higher night
than day) will produce shorter plants. Plant height can
be decreased by lowering the day temperature and also
by increasing the night temperature. It can also be
achieved by inducing a relatively cooler temperature for
the first two hours after sunrise. DIF affects the length
of the stem internodes rather than the number of leaves.

A table of Day/Night temperature combinations and
their effect on average Daily Temperature is included
for those growers who may wish to experiment with this
technique (see Table 1. Day and Night Temperatures
Needed to Produce Various Average Daily Temperature).
Keep in mind that the threshold temperatures necessary
for flower induction for specific crops still apply.

For optimum plant performance, it is important to
accurately maintain the desired temperatures with a mini-
mum of fluctuation around the set point. High tempera-
ture injury results in tissue collapse due to desiccation or
overheating of cellular fluids and is more prevalent on
young tissues and at leaf margins.

Unless freezing occurs, low temperature problems
are more subtle. Slow growth, chlorosis of the leaves,
defoliation, and various nutritional and pathogenic dis-
eases often occur after plants are exposed to low tem-
peratures. When propagating plants, the soil tempera-
ture must be monitored, since the rooting medium is
often cooler than the air temperature due to evaporative
cooling. Low temperatures can slow the growth of seed-
lings, or the rooting of cuttings. A sudden rise in air
temperature may result in moisture condensing on leaf
surfaces, providing conditions favorable to some plant
diseases.

LIGHT

Light intensity, quality, and duration are important
for optimum plant growth and development. Generally,
plants grow more with blue light because each unit of
blue light contains more energy than red light. Plants
need red light for timing their daily and seasonal clocks.
Many growers have successfully used supplemental light-
ing to increase the light intensity during cloudy days and
during the fall, winter and spring. (See Table II - Com-
mon Supplemental Light Intensities for Various Orna-
mental Crops for more information.)

Greenhouse plants may be divided into two broad
groups: those tolerant of full sun, and those requiring
partial shading. Insufficient light levels can result in poor
coloration, leggy growth, and slow development. Exces-
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sive light results in bleaching of foliage and, in severe
cases, high temperature injury, since light radiation raises
the leaf temperature. Proper spacing, timely watering,
and shading when necessary can correct high light prob-
lems.

The acclimatization of tropical plants to maintenance
levels is done over a 3 - 6 week period. This involves
lowering the intensity and adjusting the duration of light
to similar levels encountered in indoor plantings. When
plants do not undergo this gradual change, leaf yellow-
ing and leaf drop usually occur. Acclimatization also re-
quires adjusting the fertilizer rates to 10 - 20 percent of
original levels and adjusting soil moisture according to
the size of plant, ambient humidity, air movement and
temperature.

WATER

The moisture requirements of plants are closely tied
to light and temperature factors. Potting mediums should
be well drained. Underwatering encourages salt accu-
mulation and may lead to serious damage when plants
wilt during bright, hot weather. Overwatering is a com-
mon cause of root disease. Roots are unable to obtain
enough oxygen in a constantly saturated media. This
leads to tissue death which provides an entry site for
plant pathogens.

The initial nutrient, salt, pH, alkalinity, and sanitary
levels of water supplies must be given consideration be-
fore developing a watering and fertilizing program. Wa-
ter analysis should form the basis of any such program.



Tahle 1. Day and Night Temperatures Needed to Produce Various Average Daily Temperature

TEMPERATURE AVERAGE DAILY TEMPERATURE

DAY NIGHT 9SHRDAY 10HEDAY 11 HR DAY 12ZHR DAY 13HR DAY 14 HR DAY
12 12 12.0 120 12.0 12.00 12.0 120
14 12 128 128 12.9 13.0 13.1 13.2
16 12 13.5 13.7 13.8 14.0 14.2 14.3
18 12 14.3 14.5 148 15.0 15.3 15.5
an 12 150 153 15.7 16.0 16.3 16.7
o) 12 15.8 16.2 6.5 17.0 174 17.8
12 14 13.3 13.2 13.1 13.0 129 12.8
14 14 140 14.0 14,00 14.0 14.0 14,0
16 14 14.8 14,3 4.9 15.0 15.1 152
18 14 15.5 15.7 158 16,0 16.2 16.3
20 14 163 16.5 16.8 1°7.0 17.3 17.5
22 id 170 17.3 17.7 18,0 18.3 1E.7
12 16 145 14.3 14,2 14,0 138 13.7
14 16 153 15.2 15.1 15.0 149 14.8
16 16 160 16,0 1.0 16.0 16.0 16.0
15 16 6.8 16,8 16.9 17.0 17.1 17.2
20 16 17.5 17.7 17.8 1®.0 18.2 18.3
22 16 18.3 18.5 18.8 19.0 19.3 19.5
12 18 158 15.5 15.3 15.0 148 14.5
14 18 16.5 16.3 16.2 16.0 15.8 15.7
14 18 17.3 172 17.1 17.0 16.9 16.8
3 18 8.0 18.0 18.0 18.0 18.0 18.0
20 1% 18,8 188 18.4 19.0 19.1 19.2
22 18 19.5 19.7 19.8 200 0.2 0.3
12 20 17.0 16.7 163 16.0 15.7 15.3
14 mn 178 17.5 17.3 17.0 16.8 16.5
16 20 18.5 183 18.2 180 17.8 17.7
4 20 19.3 192 19,1 19,0 1.9 if.8
20 20 200 200 20.0 20.0 200 20.0
22 20 208 20.8 209 210 21.1 21.2
12 22 183 17.8 174 17.0 16.6 16.2
14 2 0.0 18.7 18.3 18.0 17.7 17.3
14 12 19.8 19,5 19,3 19,0 18.8 18.5
18 2 .5 0.3 0.2 200 198 19.7
20 2 213 212 21.1 210 209 208
12 ] 2.0 220 220 220 2.0 22.0

Watering practices

Overwatering can lead to plant disease problems,
poor soil aeration, wet soil beneath benches, standing
water and more. Algae and fungi growing in these moist
areas and on accumulating organic matter lead to prob-
lems with fungus gnats and shore flies.

Conversely, plants that are under water stress are
often more susceptible to insect and mite problems. Spi-
der mites, in particular, favor dry environments. Careful
attention to watering practices can reduce pest problems.

Plants are 80 to 90 percent water. The water in plant
tissues holds the leaves and stems erect and is essential
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for cell division and growth. Movement of water from
the roots to the leaves circulates nutrients, removes waste
products and helps cool the plant. Excess water is just
as hazardous to plant health as lack of water. Over- and
under-watering result in 85 percent of indoor ornamental
plant losses.

The problem of excess water

More plants are killed by excess water and poor
drainage than by any other cause. The high rate of res-
piration and growth in the roots requires a constant sup-
ply of oxygen in the growing medium. Two situations



exclude oxygen from the root area. The first is a result
of soil characteristics. Poorly drained soils retain water
in all pore spaces, directly blocking out air. The other is
the result of improper watering. When too much water
is applied, the excess drains from the container, but a
moisture layer remains on the smallest roots. This acts
as a barrier to oxygen absorption.

Evidence of over-watering may take a month or more
to appear after the soil is flooded. As roots die due to
lack of oxygen, apparently healthy leaves begin to die.
Foliage loss continues until the leaves are reduced to the
number the remaining roots can support.

Overwatering problems are avoided by watering
plants only when needed, not on a predetermined sched-
ule. Good judgment is required to determine not only
when to water, but how much. If there is any doubt, it is
better to err on the side of dryness and withhold water.

Knowing when to water plants

An experienced worker can tell when to water by
stroking a plant’s foliage. Crisp, rigid leaves indicate ad-
equate moisture is still available. Knowing the dry weight
of small movable planters and pots provides a hint to the
water content. Soil color is also a clue to the moisture it
holds. These skills are usually gained through long expe-
rience with plants.

The best watering schedule is determined by prob-
ing the soil, either by hand or with a small tool. The goal
is to determine when soil moisture is nearly depleted
and needs replacing. Test three spots in each container
by plunging the thumb and index finger, up to the sec-
ond joint, into the growing medium. Wear gloves to avoid
exposure to residual chemicals in the potting medium.
By squeezing a pinch of soil, an experienced worker can
gain a good indication of the water content.

® If the pinch of soil drips, it is too wet
® [fit holds its shape, it is properly moistened

® If it crumbles, it is too dry
How to water

It is best to apply water by hand, not with automatic
systems. Individual plant needs are met only when each
container is personally tended. A water breaker nozzle
or wand aerates the water and breaks it into rain-like
drops. A fogging nozzle maybe used when misting is
necessary. Hand application permits the use of these tools
without wetting the foliage of sensitive species. The
chance of disease increases whenever foliage is wet for
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long periods. As long as the foliage is not wetted, the
time of day plants are watered does not contribute to
disease.

Apply enough water to allow at least one-tenth to
drain from the container. This leaching of the soil carries
away excess fertilizers and soluble salts that could build
up in the growing medium. It is necessary to water the
entire surface of the growing medium each time; water
flows down through the soil with little sideways move-
ment. Frequent, shallow watering may be harmful be-
cause most of the subsurface soil is left dry. Plant health
is improved when each container is watered thoroughly,
but less often.

Quality of water

Water safe to drink is adequate for watering plants,
except it should not be softened. The sodium used to
replace calcium in hard water injures plants. High so-
dium levels also break down soil structure. Hard water
does not harm plants, but excess soluble salts need to be
leached from the soil occasionally.

Some city water systems add fluoride to drinking
water supplies. When used on foliage plants, a few sen-
sitive species show tip burn and other symptoms as fluo-
ride levels build up in the soils. Chlorine gas used to
make drinking water supplies safe does not generally
present a problem to plants. Enough chlorine escapes
into the air during watering that little threat to plants
occurs. Deionized water is also suitable for application
to plants.

PLANT NUTRIENTS

There are 17 chemical elements essential for plant
health. Carbon, oxygen and hydrogen are readily avail-
able to plants from air and water. The other 14 nutrients
are absorbed from the growing medium by the roots.
When the natural soil nutrients are depleted, fertilizers
replace the missing elements and maintain plant health.



Table Il. Common Supplemental Light Intensities for Various*

Ornamental Crops (Using High Pressure Sodium Vapour Lights)

Crop W.m." 2 Imtensity Fool Draylength Stage of Comments
{(PAR) {kchax) Candles {Hours) Crop
Alstroemeria [ 218 200 13 Flowering 13 hrs & will
promobe flowering
African Violets & 116 200 18 Stock Plants
Bedding plants
= EETE'!T.!! 12 4.40 0 16 EEEE"LHE'I Wil prevent
stretching om
cloudy days
E:Em'li.an
Fibrouas & 216 200 1B Eﬂu:ll:'inﬁs Avoad 'hia'h
Rieger & 218 200 14 Stock lght imbensithes
Bromeliads 6 216 200 18 Seedlings
Cactus 9 3 300 18 Secdlings
Calcenlaria 3 1.08 10 24 Flowrer Forcing
Carnations 12 440 400 18 Seedlings
Flowerings
Chrysanthemums 155 5.6 500 . |} Stock plants  Can use for
and cuttings  long day treatrment
Cyelamen f 2.8 200 18 Spedlings
Ceraniums 6 216 200 18 Cuttings
Cerbera (cut) B 18 200 18 Continuous
Cerbera (potted) & 2.16 200 16 Seedlings
Gloxinia g it | 300 18 To flowering
Hydrangea 18 44 A0 24 Cutting
Ealanchoe & 216 200 18 Shock Plp.nt: I.ml.ﬁ-d.i}l'l
prevent flowering
Lilies L) e 300 18 Bud blasting  Prevents bud drop
Circhids 9 i34 300 16 Flowering
Foinscttias 4.5 1.62 150 18 After pinch  During periods of
clowdy weather
Foaes 155 324 500 20 Flowering Mid- winter
Snapdragons ] kel 3040 16 Seodlings
Stephanoatis 4.5 1.62 100 18 Flowering

*Crowers with lower cost electricity may supplement with higher light intensities in some cases.

* Watts per square medre.
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Six elements are required in large amounts to build
plant cells and to form the compounds that carry out
plant processes. These are called macronutrients due to
the high demand by plants. The use of these nutrients
soon depletes the growing medium of nitrogen, phos-
phorus and potassium. These three elements are the pri-
mary macronutrients. The secondary macronutrients in-
clude calcium, magnesium and sulfur. These are required
in relatively large amounts but are not depleted as quickly
as the primary macronutrients. “Complete” fertilizers sup-
ply only the primary macronutrients (often listed as sim-
ply N-P-K) and not all nutrients as the name suggests.

Nitrogen is used in greater amounts than other nu-
trients. It has a major role in growth and reproduction.
Deficiencies are indicated by yellow leaves and general

poor health of plants. Nitrogen excesses result in poor
disease resistance and weak growth. There are two forms
for application; ammonium nitrogen and nitrate. Nitrate
is easily leached from soil, but is replaced by vitrifica-
tion of the ammonium form. Fertilizers with both forms
in equal amounts provide a continuous source of nitro-
gen to plants.

Phosphorus is essential for all plant growth. Adequate
supplies hasten maturity, influence good root develop-
ment and aid in the use of other elements. Leaching is
not a problem because it binds tightly to soil particles,
however this makes it unavailable to plants. Superphos-
phate is often used as a soil additive before planting to
provide adequate quantities. High fluoride levels in su-
perphosphate can result in tip burn of sensitive species.

Table lll. ROLE OF NUTRIENTS IN PLANT HEALTH AND DEFICIENCY SYMPTOMS

CHEMICAL ELEMENT FUNCTION IN PLANTS
MACRONUTRIENTS - Required in relatively large quantities

DEFICIENCY SYMPTOMS

Nitrogen

Phosphorus

Potassium

Calcium

Sulfur

Magnesium

Iron

Zinc

Manganese

Boron

Copper

Molybdenum

Chlorine

N)

(P)

®)

(Ca)

)

Mg)

Basic component of most compounds
from proteins to light gathering

pigments.

Important in cell division, flowering,
fruiting and root development.

Involved with stomata opening and
closing. Affects uptake and
transport of minerals.

Forms cell walls. Maintains structure
of'soil, availability of other minerals.

Important for respiration functions.
Part of aromatic oils formed by
some plants.

Component of pigments. Behaves
much like calcium in soil.

Stunting, loss of vigor. Leaves yellow
in general or between veins, older first.

Stunting, dark green leaves. Older
veins turn purple or red.

Small plant size, leaf tips and margins
lose color, turn brown. May lose old
leaves.

Death of stem tips, poor root growth.
Leaves turn brown and fall.

General loss of green; plant pale, but
not dry.

Old leaves lose color between veins.
No dead spots occur.

MICRONUTRIENTS - Needed only in small or trace amounts

(Fe)

(Zn)

(Mn)

(B)

(Cw)

(Mo)

(€D

Essential in pigment production.
Aids respiration.

Essential for formation of growth
hormones.

Assists in chemical reactions.
Aids water absorption and sugar
transport.

Assists in chemical reactions.

Aids uptake and use of nitrogen.

Activates chemical reactions.
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Yellow color between veins that remain
green, worse on new growth.

New leaves small, narrow, pale.
Generalized leaf spots.

Looks like low iron, but wider green
lines next to veins. Spots develop.

Stunting, new growth deformed. Tip
may die.

Young leaves look wilted, deform to
cup shape. Color loss between veins.

Stunting, leaves become mottled and
curl inward.

Plants prone to wilt. Dry, bronze-
colored spots on leaves.



Potassium is important to the movement of food
and nutrients within the plant. It helps maintain overall
vigor and promotes root formation. Potassium require-
ments are not as great as nitrogen; any deficiencies are
easily corrected by using any complete fertilizer.

Commercially prepared ‘complete feed’ fertilizers
contain N-P-K and trace elements. Usually the trace el-
ements in the mix will be sufficient to produce a good
crop. Iron, in some cases (especially if the media has a
pH greater than 6.5), may need to be supplemented.
NOTE: These fertilizers may not contain calcium and
magnesium in sufficient levels to satisfy plant needs. Gen-
erally, premixed fertilizers will have to be supplemented
with calcium nitrate and Epsom salts or magnesium ni-
trate. Dolomitic limestone in the media will also supple-
ment calcium and magnesium levels. Some complete feed
fertilizers have been introduced that contain higher lev-
els of secondary elements or micronutrients, for example,
magnesium and molybdenum, thereby reducing the need
for supplements.

Nutrient ratios are equally as important as the actual
values in the media. Some nutrients interfere with or
promote the uptake of other nutrients. For example, the
calcium:magnesium ratio should be maintained at 1:0.4
for optimum uptake of both nutrients. Other nutrient
ratios influence plant growth. A nitrogen:potassium ratio
of 1:1 will generally produce normal growth and height
development, whereas a nitrogen:potassium ratio of 5:8
will often produce darker, shorter plants.

Another point to consider is that vegetative growth
requires relatively more calcium and nitrogen while plants
that are actively flowering require more phosphorus and
potassium.

Micronutrients

Of the 17 essential elements for proper plant growth,
8 are required in very small amounts. These are the
micronutrients which include iron, boron, manganese,
zinc, sodium, coppet, chlorine, and molybdenum. So-
dium and chlorine are sufficiently available in root me-
dia or as fertilizer contaminants. The other six micronu-
trients must be applied in fertilizer applications. Some of
these become a small part of important biochemicals.
Iron, for example, has a central role in the structure of
chlorophyll. Other micronutrients assist chemical reac-
tions without becoming part of plant tissues. Thus, the
element copper participates in important reactions dur-
ing plant respiration but is usually not absorbed by plant
tissue.

There is a fine line between micronutrient deficiency
and levels toxic to plants. Deficiencies of most micronu-
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trients are unlikely to occur when a growing medium is
based on natural soil. Special mixtures of these nutrients
are available for the occasional need. Soilless growing
media require application of all elements before use. The
organic portion of some mixes can compete for micro-
nutrients, as well, making routine fertilization necessary.

Deficiencies and Excesses in an IPM
System

A plant’s health and performance is dependent on
the availability of the necessary macronutrients and mi-
cronutrients. So