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NOT TO BE USED BY HOME GARDENERS

The use of any pesticide inconsistent with the label directions is a violation of Federal law.

Preface

This copy of the New Jersey Commercial Vegetable
Production Recommendations for 2014 replaces all previous
editions. Information presented in this publication is based on
research results from Rutgers, The State University of New
Jersey; University of Delaware; University of Maryland; The
Pennsylvania State University; Virginia Polytechnic Institute
and State University; West Virginia University; and the U.S.
Department of Agriculture, combined with industry and
grower knowledge and experience.

This vegetable production guide is intended for the
commercial vegetable grower who has to make numerous
managerial decisions. Although the proper choice of the
variety, application, pesticide, equipment, fertilizer, and
cultural practice is the individual vegetable grower's
responsibility, it is intended that these recommendations will
facilitate decision-making. Recommended planting dates
will vary across the six-state region. Local weather
conditions, grower experience, and variety may facilitate
successful harvest on crops planted outside the planting
dates listed in this guide. This can be evaluated in
consultation with the local agents and state specialists.
Government  agencies and  other  organizations
administrating crop insurance programs or other support
programs should contact local Extension agents and/or state
vegetable specialists for guidance.

The publication will be revised annually to include new
information that evolves in the rapidly changing vegetable
industry. Important changes and updates will be posted in
real time on the website www.njveg.rutgers.edu.

The Editors welcome constructive criticism and
suggestions from growers and industry personnel who may
wish to help improve future editions of this publication.

Days Wait between Last
Pesticide Application and Harvest
Minimum days between last application and harvest
for insecticides and fungicides are listed in tables at the
end of the Insect Control section for each crop. The
minimum number of days between last application of
herbicide and harvest is listed in Table E-4.
To avoid deleterious chemical residues from
occurring on harvested crops, heed this warning.

Trade or Brand Names
The trade or brand names given herein are supplied with
the understanding that no discrimination is intended and no
endorsement by Rutgers Cooperative Extension is implied.
Furthermore, in some instances the same compound may be

sold under different trade names, which may vary as to label
clearances. For the convenience of our users, both product
names and active ingredients are provided and any product
name omissions are unintended.

Pesticide-User Responsibility

Always follow the label and use pesticides safely. For
special Local-Needs Label [24(c)] registrations or Section
18 exemptions, do not use the material without a copy of
the special label or written instructions from your
Rutgers Cooperative Extension Agent or another
recognized authority. Remember, the user is always
responsible for the proper use of pesticides, residues on
crops, storage and disposal, as well as for damage caused
by drift.

State and federal pesticide regulations are constantly
under revision. Be sure to determine if such changes
apply to your situation. Using the material inconsistent
with label directions is illegal.
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DISCLAIMER

THE LABEL IS A
LEGALLY-BINDING CONTRACT
BETWEEN THE USER AND THE

MANUFACTURER.
THE USER MUST FOLLOW

ALL RATES AND RESTRICTIONS
AS PER LABEL DIRECTIONS.
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1A
AFR
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ALS
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BAW
BLSR
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BRT
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Btu
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BWR
BWS

CB
cc
CEC
CEW
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CRR
cu ft

cuyd
cwit
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DMMR

DS

E
EBDC
EBR

ECB
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ESLI
EVR

EW

acre(s)
per acre

anthracnose and Fusarium wilt resistant

active ingredient
acetolactate synthase
angular leaf spot resistant
ammonium sulfate

alfalfa mosaic virus
anthracnose resistant
Alternaria stem canker resistant
beet armyworm

bacterial leaf spot resistance
black light trap

black rot resistant

black rot tolerant

bacterial speck resistant
Bacillus thuringiensis
British thermal unit
bushel(s)

bean common mosaic virus
resistant or tolerant

bean yellow mosaic virus
resistant or tolerant
bacterial wilt moderately
susceptible

bacterial wilt resistant
bacterial wilt susceptible
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cucumber beetles
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cation exchange capacity
corn earworm

cabbage looper
Cercospora Leaf Spot
cucumber mosaic
susceptible
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Colorado potato beetle
corky root resistant
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cubic yard(s)
hundredweight

dust

diamondback moth

dry flowable

downy mildew resistant
downy mildew moderate resistance
dry prill

dry salt

emulsion

early blight disease control
early blight resistant
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European corn borer
Eggplant Lacebug
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FR2 -
FS -
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fall armyworm
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fluid
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wilt resistant

foot (feet)

Fusarium tolerant

gram
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gallon(s)

genetically modified organism
green peach aphid

gallons per minute

green stem

Hornworm

imported cabbageworm

inch(es)

immediately dangerous to life or health
impatiens necrotic spot virus
Insecticide Resistance Action Committee
potassium

available potash

liquid

pound(s)

leaf blight resistant

leaf blight tolerant
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liquid flowable

Leafminers

lettuce mosaic virus

leaf roll resistant

melon aphid

maize dwarf mosaic resistant
microencapsulated

minimum

mildew and mosaic resistant
miles per hour

mode of action

mosaic resistant

Manufacturers Safety Data Sheet
methylated seed oil

mosaic tested

nitrogen

National Institute for Occupational Safety &
Health

no time limitation

resistant or tolerant to NY-15
strain of bean common mosaic virus
oil formulation

other labeled formulations
Organic Materials Review Institute
optimum

ozone sensitive
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SpR

ozone tolerant

ounce(s)

percent

phosphorus

plant growth regulator
preharvest interval

potato aphid

plant(s)

powdery mildew resistant
powdery mildew tolerant
preplant incorporated
parts per million
processing

Phytophthora resistant
pink root resistant
papaya ring spot virus
pink rot tolerant

pounds per square inch
pint(s)

Phytophthora tolerant
available phosphoric acid
potato virus X

potato virus Y

premature yellow
pick-your-own

quart(s)

root-knot nematode resistant
rust resistant

red stele resistant
sprayable

sap beetle

spray concentrate, soluble
concentrate

soybean cyst nematode
soluble granules

scab and mosaic resistant
smut resistant

squash mosaic virus
soluble powder

split resistance

sq ft - square foot (feet)

SR - scab resistant
St - Stemphylium resistance
SWV- spotted wilt virus resistant
T - trial
TAW - true armyworm
TBR - tipburn resistant
tbs - tablespoon(s)
TEV - tobacco etch virus
TMV - tobacco mosaic virus
tsp - teaspoon(s)
TSSM - two-spotted spider mite
TSWV - tomato spotted wilt virus
TuMV - turnip mosaic virus
VF - Verticillium and Fusarium
wilt resistant
VFN - Verticillium, Fusarium, and
nematode resistant
VFFN - Verticillium, Fusarium race, 0, 1, nematodes
VFES - Verticillium, Fusarium, and
Stemphylium wilt resistant
VR - Verticillium wilt resistant
VS - Verticillium wilt susceptible
W - wettable
WBE - water-based emulsion
WDG - water dispersible granules
WDL - water-dispersible liquid
wk - week(s)
WMV - watermelon mosaic virus
WMV2 - watermelon mosaic virus race 2
WP - wettable powder
WRR - white rust resistant
WRT - white rust tolerant
WSB - water-soluble bag
WSP - water-soluble packet
yr - year(s)
YR - yellows resistant
ZYMV - zucchini yellow mosaic virus
ZYMVR - zucchini yellow mosaic virus

resistant



Plant Diagnostic Laboratory and Nematode Detection Service for New Jersey
Residents only*

The Plant Diagnostic Laboratory is a full-service plant health diagnostic facility of Rutgers New Jersey Agricultural
Experiment Station (NJAES). Located on the Cook Campus, the Plant Diagnostic Laboratory provides plant health
diagnostic services in cooperation with Rutgers NJAES Cooperative Extension faculty and staff. Sample submission forms
can be obtained from your local county Rutgers New Jersey Agricultural Experiment Station (NJAES) Cooperative
Extension office or directly from the laboratory via phone request (732-932-9140) or fax request (732-932-1270). The
laboratory will fax back the appropriate form. Completely fill out the submission form. Collect the appropriate sample.
Carefully follow the directions on the submission form. Whole plants work best. Properly package the sample, form, and
payment. Mail the sample to the appropriate address.

Mailing Address:

Plant Diagnostic Laboratory
Rutgers NJAES

P.O. Box 550

Milltown, NJ 08850-0550

Telephone: 732-932-9140
Fax: 732-932-1270
Email: clinic@njaes.rutgers.edu

*Delaware, Pennsylvania, Maryland, Virginia, & West Virginia’s information is posted on your covers of this publication. If
the information is not there, check with your local Extension office.
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VARIETIES

GENERAL PRODUCTION RECOMMENDATIONS

VARIETIES

New varieties and strains of vegetables are constantly
being developed throughout the world and it is impossible to
list and describe all of them, only those that are available and
are adapted to the mid-Atlantic region are listed in this
publication. While all efforts are made to have
comprehensive lists, not all varieties that are adapted will be
listed. Varieties are listed for each specific crop in Section F,
either alphabetically or in order of relative time to maturity
from early to late (see table footnotes). The variety tables in
Section F also indicate if there are demonstrated geographical
differences in varietal performance within the mid-Atlantic
Region. Those varieties that are new or that have had limited
release will have the designation “trial” and should be
evaluated in smaller plantings before being grown more
extensively. The ultimate value of a variety for a particular
purpose is determined by the grower: performance under his
or her management adaptation to specific environmental
conditions, and having desired horticultural characteristics.

Some Variety Selection Criteria:
Yield - The variety should have the potential to produce
crops at the same or better yield and quality to those already
grown. Is should be noted that harvested yield may be
much less than potential yield depending on markets and
quality factors.

Days to Harvest - Choose varieties that meet grower or
processor requirements based on days to harvest. Earliness
is a major selection factor for first spring plantings and days
to harvest is a critical selection factor for late summer and
fall maturing crops, especially in shorter season areas of the
region. Days to harvest in seed guides are based on the
most common planting date and may be considerably
longer in cooler periods or shorter in warmer periods. A
more accurate guide to maturity will be Growing Degree
Days which are calculated for a specific crop using daily
highs and lows and a base temperature.

Disease and Insect Resistance - The most economical and
effective means of pest management is through the use of
varieties that are resistant or tolerant to diseases including
those caused by fungi, bacteria, viruses, or nematodes..
When all other factors are equal, select a variety with
needed disease resistance or tolerance. In some vegetables,
such as sweet corn, insect resistant varieties are also
available and should be considered where they fit grower
requirements. The continuous or intense production of
herbicide or pest-resistant varieties can potentially lead to
herbicide-tolerant weeds and new, more virulent pest
strains. Adherence to vender or Extension
recommendations and a long-term crop rotation plan should
minimize this risk.

Resistance to Adverse Environmental Conditions -
Choose varieties that are resistant to environmental
conditions that are likely to be encountered. This includes
heat or cold tolerance; low levels of heat induced defects
such a tuber heat necrosis; drought tolerance; resistance to

Al

cracking, edema, and other wet weather disorders; low
occurrence of nutrient disorders such as blossom end rot,
leaf tip burn, or hollow stem; and low occurrence of hollow
heart.

Horticultural Quality — Choose varieties that meet grower
or processor quality requirements. Quality attributes such
as taste, texture, size, shape, color, uniformity, and amount of
defects will often dictate variety selection.  Grades,
percentage by grade, or pack-outs are key quality attributes
for some markets or processors. Variety test data such as
soluble solids (sugars or sweetness), acidity, pungency, fiber
content and consumer taste panel information can assist in
variety selection where available. Processing performance is
of major concern for frozen, canned or pickled vegetables.
Other considerations include the ability to handle
mechanical harvest or the ability to be packed and shipped
distances with minimum damage in contrast to vegetables
that are adapted only to hand harvest and local sales or
short distance shipping. Other quality characteristics to
consider include holding or storage ability, ripening
characteristics, nutritional content, and culinary qualities.

Plant Characteristics — Plant characteristics that may be
considered in variety selection include plant form such as
bush, upright, or vining; plant height; plant size; location of
harvested part on the plant; and ease of harvest.

Adaptability — Successful varieties must perform well
under the range of environmental conditions and production
practices usually encountered on the individual farm.
Seasonal adaptation is another selection consideration.

Market Acceptability — The harvested plant product must
have characteristics desired by both the grower and the
buyer. Consider the requirements or desires of the
consumer, packer, shipper, wholesaler, retailer, or
processor. Included among these qualities are flavor, pack
out, size, shape, color, culinary qualities, nutritional quality
or processing quality. Specialty markets such as ethnic
buyers, restaurants, or gourmet sales will have very specific
variety requirements. Many vegetable seed companies
offer varieties that are “transgenic” or “GMO” (genetically
modified organism). GMO varieties feature a small amount
of DNA from a source outside of the crop species gene
pool; another plant species, bacterium, virus, or even
animal. This foreign DNA is either the direct source of a
new trait such as herbicide, or disease or insect resistance or
is needed to assist the gene insertion process. GMO
products in the food chain are highly controversial, and
effects are ongoing to regulate and label them. The grower
is urged to be aware of current and pending regulations and
adverse public sentiment before growing and marketing
GMO varieties of vegetable crops.

Variety selection is a very dynamic process. Some
varieties retain favor for many years, whereas others might
be used only a few seasons if some special situation, such
as plant disease or marketing change, develops. Companies
frequently replace older varieties with new varieties.
Variety selection in the Mid-Atlantic often requires special
regional consideration due to the wide range of climatic
variations.



VARIETIES/SEED STORAGE/SPECIALTY VEGETABLES/ORGANIC PRODUCTION

There are many sources of information for growers to aid
in choosing a variety. University trials offer unbiased
comparisons of varieties from multiple sources. Commercial
trials from seed distributors also offer multiple source
comparisons. Seed company test results offer information
about that company’s varieties. Look for results from
replicated trials and multiple sites if available. Trials
conducted in similar soils and growing environments and
local trials are the most reliable indicators of what will have
potential to perform well on a grower’s farm. Visits to local
trials can provide good visual information for making
decisions. Where quality is a prime concern, look for trials
with quality data. Small trial plantings for 2 to 3 years are
suggested for any variety or strain not previously grown. For
a true comparison, always include a standard variety, one
with proven consistent performance in the same field or
planting.

Plant Resistance or Tolerance

Vegetable crops are naturally resistant to most but not all
plant pathogens. In cases where diseases are a serious threat,
genetic resistance is an effective and low cost strategy of
disease avoidance. Pathogens are highly changeable, and a
resistant variety that performs well in one year may not
necessarily continue to do so.

On rare occasions, predicted resistance to pathogens
breaks down. This may be due to different strains and races
of disease-causing organisms and environmental conditions
that favor the organism or reduce natural plant resistance. In
the Section F variety tables, letters in parentheses ( )
appearing after the listed variety names refer to the genes for
disease resistance or tolerance they contain and are decoded
in the "Abbreviations" section in the front of this book.

SEED STORAGE
AND HANDLING

Both high temperature and high relative humidity will
reduce seed germination and vigor over time. Do not store
seeds in areas that have a combined temperature and
humidity value greater than 110 (for example 50°F [12.8°C]
+ 60 percent relative humidity). Ideal storage conditions for
most seeds are at a temperature of 35°F (2°C) and less than
40 percent relative humidity. In addition, primed seeds
pretreated with salt or another osmoticum do not usually
store well after shipment to the buyer. Seed coating/pelleting
may or may not reduce germination rate. Therefore, if you
do not use all coated/pelleted seed, perform a germination
test to assess viability before using in subsequent seasons.

Corn, pea, and bean seed are especially susceptible to
mechanical damage due to rough handling. Seed containers
of these crops should not be subjected to rough handling
since the seed coats and embryos can be damaged, resulting
in nonviable seeds. If you plan to treat seeds of these crops
with a fungicide, inoculum, or other chemical application,
apply the materials gently to avoid seed damage.

A2

SPECIALTY VEGETABLES

Highly perishable specialty or "gourmet" vegetables offer
promise for increased net profits. Before planting the crop,
however, growers must determine that specific retail,
wholesale, restaurant, or processing markets exist.
Specialty vegetables often require investment in specific
types of equipment, and new field preparation or
management techniques.

Growers should also be aware that fewer pesticides are
registered for many specialty vegetables and herbs.
Successful pest control in these crops is more dependent on
sanitation, seed treatment, crop rotation, planting site,
mechanical cultivation, and the use of resistant varieties than
pesticides. Other methods include the release of biological
control agents, conservation of natural and introduced
biological control agents through strip cropping,
intercropping, and borders with habitats, physical exclusion
or repulsion of pests, trap crops, and mechanical
cultivation.

Promising perishable specialty crops are asparagus,
Belgium endive, dandelion (blanched), greens (collard, kale,
mustard, turnip, and tyfon), herbs, oriental vegetables,
specialty lettuce types, scallions, sugar snap peas, snow peas,
edamame, ethnic curcurbits, peppers, and sweet corn types
with enhanced sugar and high quality.

Less perishable types that offer promise are bok choy/ pak
choi, Chinese cabbage, endive and escarole (blanched), garlic
(pink skin), leeks, red radicchio, rhubarb, sweet onions, and
specialty potatoes (moist types with unusual color).

Miniature or “baby” vegetables that can be grown are
beets, cucumbers (harvested less mature), eggplant "little
fingers" type, pickling corn ears, snap beans (small sieve
harvested less mature), and summer and acorn squash
(immature with blossom attached).

In general, market demand for “heirloom” vegetables and
types of commodities that cater to the special needs and
preferences of ethnic groups has also expanded.

See the “Specialty Vegetables and Herbs” subsection of
Section F for more details.

ORGANIC PRODUCTION

Vegetable growers may wish to consider organic
production. The initial investment is high, due mainly to
certification costs. However, returns can be higher than for
conventionally produced products. The USDA regulates the
term ‘organic’ to protect the sector from unscrupulous
profiteers. To become certified organic, growers must follow
production and handling practices contained in the National
Organic Standards (NOS see www.usda.gov) and be certified
by a USDA accredited certifying agency such as the
Northeast Organic Farmers Association (NOFA) and the
Organic Materials Review Institute (OMRI). Growers whose
annual gross income from organic products is $5,000 or less
can be exempted from certification. In this case growers
must continue to use production and handling practices in
accordance with the NOS and some restrictions regarding
labeling and combination with other organic products apply.
Certified organic production is typically preceded by a three-



year transition phase during which the soil and farming
practices are adapted to NOS.

Growers should recognize that successful organic
production is a long-term proposition. It usually takes a
couple of years, and may take as many as four years, for a
site managed organically to reach full potential for
profitability. Organic production is management-intensive,
and requires careful attention to the maintenance of a
biological equilibrium favorable for crop production. Organic
certification gives growers increased market access, but
requires learning new production methods and documenting
production practices through careful record keeping.
However, when implemented well, organic methods can
improve soil fertility and tilth through increased soil
microorganisms and improved organic matter recycling.
Organic farming is replete with products and methods that do
not necessarily work. Growers should test new products and
methods on a small scale prior to large scale adoption.

Growers may wish to consider the following questions
before initiating organic production.

e Does a market for organic vegetables exist?

e Are adequate resources available?

e Would you be able to ride out possible reduced
yields without premium prices during 3 or more
years of the transition phase?

e Are you willing to devote more time to monitoring
pests?

e Are you willing to devote more time to managing
soil fertility?

e Are you willing to devote more time to record
keeping?

If you answered “yes” to all of the above questions, then
organic production may be for you.

Growers who are beginning the transition phase from
non-organic to organic production may wish to consider a
pre-transition phase if pest pressures are high in the
planting area. A pre-transition phase is intermediate
between organic and non-organic production. During the
pre-transition phase conventional pest management tactics
are used along with organic tactics to reduce pest pressures.
Once pest pressures are reduced, organic pest management
tactics are used exclusively.

The steps for becoming certified organic can be found in
the publication Organic Vegetable Production at
http://pubs.cas.psu.edu/FreePubs/pdfs/ua39l.pdf

TRANSPLANT GROWING

These recommendations apply only to plants grown under
controlled conditions in greenhouses or hotbeds. Field-grown
plants are covered under the specific crop in Section F.

Producing quality transplants starts with disease free
seed, a clean greenhouse and clean planting trays. Many of
our vegetable disease problems including bacterial spot,
bacterial speck, bacterial canker, gummy stem blight,
bacterial fruit blotch, tomato spotted wilt virus, impatiens
necrotic spot virus, and Alternaria blight can start in the
greenhouse and be carried to the field. Further, a number of
virus diseases are transmitted by greenhouse insects.

Buy disease-indexed seeds when they are available. To
reduce bacterial seed-borne diseases in some crops such as
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tomatoes, peppers, and cabbages, seeds can be hot water
treated. Chlorine treatment can also be useful on some
seeds as a surface treatment but will not kill pathogens
inside the seed. See Section E, Disease Management/Seed
Treatment for seed treatment recommendations.

Transplants are affected by such factors as temperature,
fertilization, water, and spacing. A good transplant is grown
under the best possible conditions. A poor transplant usually
results in poor crop performance. In certain instances,
however, the timely exposure of transplants to specific
stresses can enhance later performance by the crop in the
field.

Table A-1 presents optimum and minimum temperatures
for seed germination and plant growing, the time and
spacing (area) required to produce a desirable transplant,
and number of plants per square foot.

Table A-1. Optimum and Minimum Temperatures
and Planting Recommendations for Transplant Production

°F °F Sq In  Plants

Opt. Min.  Weeksto per per
Crop Day Night  Grow Plant SqFt
Broccoli 65-70 60 6-7 3 48
Cabbage 65 60 6-7 3 48
Cauliflower 65-70 60 6-8 3 48
Celery 65-70 60 9-12 3 48
Cucumber' 70-75 65 2-3 4 36
Eggplant 70-85 65 7-9 6-9 24
Endive, Escarole 70-75 70 5-7 2 72
Lettuce 60-65 40 5-6 1 144
Melon' 70-75 65 2-3 6 24
Onion 65-70 60 9-12 - -
Pepper 70-75 60 8-9 4-6 36
Summer squash! ~ 70-75 65 2-3 4 36
Sweet potato 75-85 4-5 inbed inbed
Tomato 65-75 60 5-6 6-9 24

!'Seed directly in container; do not transplant prior to setting in the field.

Seedless watermelon has  specific requirements:
germination at high temperatures for 48 hours (to achieve
even germination) then move immediately into a cooler
greenhouse to grow out. See the Watermelon subsection of
Section F for more details.

Making a Plant-Growing Mix. Many pre-mixed growing
media products are available commercially (see below). A
good, lightweight, disease-free, plant-growing material can
also be made from a mixture of peat and vermiculite. The
main advantage of making one’s own mix is uniform and
consistent composition, but it can also be less costly than
commercial products. Formulas for a very simple mix are
now located in the Resource Section (R) of this publication.

Commercial Plant Growing Mixes. A number of
commercial media formulations are available for growing
transplants. Most of these mixes will produce high quality
transplants when used with good management practices.
However, these mixes can vary greatly in composition,
particle size, pH, aeration, nutrient content, and water-
holding capacity. Commercial growing media will haveadded
lime and may or may not have a starter nutrient charge
(added fertilizer). Those without fertilizer will require
supplemental liquid feedings after seedling emergence.
Those with added fertilizers will require liquid feeding
starting 3-4 weeks after emergence. If growers experience
problems with transplant performance, the growing medium
(soil) should be sent to a soils laboratory for testing.
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For greenhouse growing areas, remove any weeds and
dead plant materials and clean floors and benches thoroughly
of any organic residue prior to seeding.

Treatment of Flats and Trays. Flats used in the
production of transplants should be new to avoid pathogens
that cause damping-off and other disease problems. If flats
and trays are to be reused, they should be thoroughly cleaned
after use and disinfested as described below. Permit flats to
dry completely prior to use. One of the following methods of
disinfestation should be used:

Chlorine bleach. Dip in a chlorine bleach solution (3.5 fl.
oz. Clorox™ or equivalent product per gallon of water)
several times. Cover treated flats and trays with a tarp to
keep them wet overnight. Wash flats and trays with clean
water or a Q-salts (see below) to eliminate the chlorine. It is
important that the bleach solution remains below pH 6.8 and
that new solutions be made up every 2 hours or whenever it
becomes contaminated or diluted. Organic matter will
deactivate the active ingredients quickly.

Q-salts  (Quaternary ammonium chloride  salts).
Compounds such as Greenshield, Physan and Prevent can be
applied in the final wash of flats and trays during the chlorine
treatment. Additionally, they can be used to wash exposed
surfaces (benches, frames, etc.) in greenhouses.

Chlorine Dioxide. This strategy for surface disinfestaton
has been adopted by many practitioners, but no independent
scientific evidence is available yet on comparative efficacy of
this method. Refer to the following web sites for more
information:
http://www.epa.gov/ogwdw/mdbp/pdf/alter/chapt 4.pdf
http://www.osha.gov/SLTC/healthguidelines/chlorinedioxide
/recognition.html
http://www.safeox.com/chlorine-dioxide-clo2

Transplant Trays and Containers. Most transplants are
grown in plastic trays with individual cells for each plant.
Trays vary in size from 32 cells to over 500 cells per standard
12 x 24 inch tray. Larger cell sizes (32, 50, or 72) are best
used for vine crops and for rooting strawberry tips. 72 cell
and 128 cell trays are suitable for tomatoes, peppers,
eggplant, and cole crops. Smaller cell sizes (128, 200, 288)
may be appropriate for crops such as lettuce and onions.
Larger styrofoam transplant trays are also available in similar
cell sizes. Larger cell sizes have better holding ability and
survivability in the field but use more greenhouse space and
take longer to produce the root ball in the cell. Individual
plant-growing containers may also be used for vine crops and
early market crops of tomatoes, peppers, and eggplant.
Various types of fiber or plastic pots or cubes are available
for this purpose. If plastic pots are reused, disinfest as
described for flats.

Seed Germination. Normally, one seed is planted per
cell. Seeds that are over-sown in flats to be "pricked out"
(thinned to a uniform stand) at a later date should be
germinated in 100% vermiculite (horticultural grade, coarse
sand size) or a plant growing mix. However, it is
recommended that no fertilizer be included in the mix or the
vermiculite until the seed leaves (cotyledons) are fully
expanded and the true leaves are beginning to unfold.
Fertilization should be in the liquid form and at one-half the
rate for any of the ratios listed in the Liquid Feeding
paragraph below. Seedlings can be held for 3 to 4 weeks if
fertilization is withheld until 3 to 4 days before "pricking
out." Seed that is sown in tray cells, pots or other containers
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and will not be "pricked out" later can be germinated in a mix
that contains fertilizer.

For earlier, more uniform emergence, germinate and grow
seedlings on benches with bottom heat or in a floor-heated
greenhouse. Germination rooms or chambers also insure
even germination where higher temperatures can be
maintained for the first 48 hours. Trays may be stacked in
germination rooms during this period but must be moved to
the greenhouse prior to seedling emergence.

Plant Growing Facilities. Good plant-growing facilities
(greenhouses) provide maximum light to the seedling crop.
The greenhouse cover material (glass, plastic, or fiberglass)
should be clean, clear, and in good repair. The ideal
greenhouse will also have floor-on bottom-heating
capabilities, either on the benches or on the floor, and
provide good heating and ventilation systems for effective
environmental  control.  Proper growing medium
temperature ensures uniformity of crop throughout the
greenhouse by moderating normal temperature variations
experienced with hot air heating systems. Bottom heating
provides for a significant energy savings because the
greenhouse does not have to be operated 10°F higher than
the required growing medium temperatures for good
germination and seedling growth. Internal combustion
heating units located inside the greenhouse must be vented
and have outside fresh-air intake and exhaust systems to
provide air to and from the heater. Ventilation units must be
adequate in size, providing 1.2 to 1.4 sq ft of opening for
each 1,000 cubic feet per minute (cfm) fan capacity.
Seedlings should not be grown or held in areas where
pesticides are stored.

Liquid Feeding of transplants. In most instances,
additional nutrients will be needed by growing transplants;
commercially available 100% water soluble greenhouse
fertilizer formulations are recommended for this purpose.
This is also referred to as “fertigation” (see Section C). For
most crops use a formulation with lower P levels than N and
K (for example 21-5-20, 13-2-13, 20-10-20, 17-5-17, 18-9-
18). If you plan to fertilize with every watering, begin with N
concentrations in the 30 to 50 ppm range and modify the
concentration as needed. Use higher rates for tomato, pepper
and cole crops and lower rates for cucurbits (watermelon and
squash, etc.). Use higher rates when temperatures are high
(late spring and summer) and lower rates when temperatures
are cooler. Fertilizer requirements may vary substantially
with crop and growing conditions. For example, if fertigation
is scheduled only once a week, N concentrations of 200 to
250 ppm may be required. Some growers may use a
growing medium with no starter fertilizer. If that is the case,
use 50 ppm N from emergence to first true leaf every 3
days, 200 ppm N every other day from first true leaf to
second true leaf)

If concentrations are above recommended levels, they
can cause excessive growth, reducing transplant quality.
Highly concentrated nutrient solutions are often can causesalt
injury to plants and leaf burning. Over-fertilized transplants
will often “stretch” and have impaired field survival. For less
sophisticated growers the following materials dissolved in 5
gallons of water and used over an area of 20 square feet are
recommended for general use on transplants:

20-20-20---1-2 0z/5 gal water or

20-10-15---2 0z/5 gal water
Rinse leaves after liquid feeding. Applications should be
made weekly using these rates.



When using starter solutions for field transplanting,
follow manufacturer's recommendation. Caution. High rates
of starter solution can become concentrated and burn
transplant roots when the soil becomes dry.

Watering. Keep mix moist but not continually wet.
Water less in cloudy weather. Watering in the morning
allows plant surfaces to dry before night and reduces the
possibility of disease.

Transplant Height Control: One of the most important
considerations is managing “stretch” or height of transplants.
The goal is to produce a transplant of a size that it can be
handled by mechanical transplanters without damage and that
are tolerant to wind.

Most growth regulators that are used for bedding plants
are not registered for vegetable transplants. One exception is
Sumagic® registered for use as a foliar spray on tomato,
pepper, eggplant, groundcherry, pepino and tomatillo
transplants (no other crops are registered at present). The
recommended label rate is 0.52 to 2.60 fluid oz per gallon (2
to 10 ppm) and one gallon should be sprayed so it covers 200
sq ft of transplant trays (2 quarts per 100 sq ft). The first
application can be made when transplants have 2-4 true
leaves. One additional application may be made at the low
rate, 0.52 fluid oz per gallon (2 ppm), 7-14 days later, but
you cannot exceed 2.60 fluid oz of total product (per 100 sq
ft) for a season. Growers are advised to perform small-scale
trials on a portion of their transplants under their growing
conditions before large scale adoption.

For other crops alternative methods for height control
must be used. One such method that is successful is the
use of temperature differential or DIF; the difference between
day and night temperatures in the greenhouse. In most
heating programs, a greenhouse will be much warmer during
the day than the night. The critical period during a day for
height control is the first 2 to 3 hours following sunrise. By
lowering the temperature during this 3-hour period, plant
height in many vegetables can be modulated. Drop air
temperature to 50° — 55°F for 2-3 hours starting just before
dawn, and then return to 60° — 70°F. Vegetables vary in their
response to DIF. For example, tomatoes are very responsive,
while curcurbits are is much less responsive.

Mechanical movement can also reduce transplant height.
This may be accomplished by brushing over the tops of
transplants twice daily for with a pipe or wand made of soft
or smooth material. Crops responding to mechanical height
control include tomatoes, eggplant, and cucumbers. Peppers
are damaged with this method.

Managing water can also be a tool to control stretch in
some vegetables. After plants have reached sufficient size,
expose them to stress cycles, allowing plants to approach the
wilting point before watering again. Be careful not to stress
plants so much that they are damaged.

Managing greenhouse fertilizer programs is yet another
method for controlling transplant height. Most greenhouse
growing media come with a starter nutrient charge, good for
about 2-3 weeks after seedling emergence. After that, you
need to apply fertilizers, usually with a liquid feed program.
Greenhouse fertilizers that are high in ammonium forms of
nitrogen will induce more stretch than those with high
relative proportions of nitrate nitrogen sources. Fertilizers
that are high in phosphorus may also promote stretch.

Exposing plants to outside conditions is used for the
hardening off process prior to transplanting. You can also use
this for transplant height control during the production
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period. Roll out benches that can be moved outside of the
greenhouse for a portion of the day or wagons that can be
moved into and out of the greenhouse can be used for this
purpose (see below).

Hardening. It is recommended that transplants be
subjected to a period of “hardening” prior to incorporation in
the production field. Reducing the amount of water used,
lowering temperatures, and limiting fertilizers cause a check
in growth (hardening) to prepare plants for field setting.
When hardening vine crops, tomatoes, peppers, or eggplants,
do not lower temperature more than 5°F (3°C) below the
recommended minimum growing temperatures listed in
Table A-1. Low temperature causes chilling that can injure
plants and delay regrowth after transplanting. Do not harden
rosette vegetables (e.g. endive, escarole, celery) by lowering
the temperature because low temperature exposure increases
early bolting.

Common Problems: Poor growth, yellow plants, or
stunted plants are often attributable to the greenhouse
growing medium. Greenhouse media manufacturers have
good quality control measures in place but things can go
wrong on occasion — inadequate mixing, critical components
missing or in the wrong proportions (such as wetting agents,
fertilizers, lime), or defective components (poor quality).
Media can also be affected by poor storage and handling.
This occurs most commonly when media are stored outside
and bales or bags get wet. In addition, all growing media
have a specific shelf life — old media often dry out and are
hard to rehydrate.

If the medium is over a year old or possibly
compromised, it should not be used. Contact your supplier
and have them inspect and run tests on any suspect media.
Avoid using overly dry or caked media, media that are
difficult to loosen, media with a bad odor, water logged
media or media that are resistant to wetting.

Most (but not all) media include a starter lime and
fertilizer charge. The fertilizer is designed to provide 3-4
weeks of nutrients. If the fertilizer is missing, improperly
mixed, or in the wrong proportions, seeds will germinate but
seedlings will remain stunted. In this case, liquid fertilizer
applications should start early.

Peat-based media are acidic in nature. Plants will
perform well from pH 5.4 to 6.4. Lime is added to peat-
based media and reacts over time with water to increase pH.
Above pH 6.4, iron deficiencies in transplants are common.
This also occurs if irrigation water is alkaline (has high
carbonates).

In high pH situations (over 7.5), use an acidifying
fertilizer (high ammonium content) for liquid feeds. Use of
iron products such as chelated iron as a foliar application on
transplants can accelerate plant recovery prior to the pH drop
with the acid fertilizer. In cases with very high media pH,
use of iron sulfate solutions may be needed to more rapidly
drop the pH. Addition of dilute acid solutions to greenhouse
irrigation water may also be considered in cases of excess
alkalinity (e.g. diluted muriatic acid).

If lime is missing or inadequate from the growing
medium, and pH is below 5.2, plants may exhibit magnesium
deficiencies or iron or manganese toxicities. This also occurs
in media that have been saturated for long periods of time.
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To correct this situation, apply a liquid lime solution to the
medium and irrigate liberally.

A good publication on media pH management can be
found on the web at: http://www.greenhouse.cornell.edu/
crops/factsheets/pHGreenhouseCrops.pdf

Media that are difficult to hydrate may not have
sufficient wetting agent or the wetting agent may have
deteriorated. Additional greenhouse grade wetting agent may
be needed in such cases.

If the initial medium fertilizer charge is too high, or if
excessive liquid or slow-release fertilizer feed is used, high
salt concentrations can build up and stunt or damage plants.
Leaf edge burn, “plant burn”, or plant desiccation will be the
symptoms of this condition. Test the media for electrical
conductivity (EC) to see if salt levels are too high. The
acceptable EC will depend on the type of test used (saturated
paste, pour through, 1:1, 1:2) so the interpretation from the
lab will be important. If salts are too high, then leaching the
growing media with water will be required.

Poor transplant growth or injury can also result from the
following:

e Heater exhaust in the house caused by cracked heat
exchanger, inadequate venting, use of non-vented
heaters
Phytotoxicity from applied pesticides
Use of paints, solvents, wood treatments, or other
volatiles inside the greenhouse

e Use of herbicides in the greenhouse or near
greenhouse vents

o Low temperatures due to inadequate heater capacity or
heater malfunction or excessively high temperatures
due to inadequate exhaust fan capacity or fan
malfunction.

Grafting Vegetables: Utilizing rootstocks for grafting has
resulted in increased yields, fruit quality, and tolerance to
abiotic and biotic stresses. The technique can also help
meet the challenge from new strains of soil-borne disease
pathogens. There has been limited research on annual
vegetable crops until the last decade when the grafting
movement started in Asia and Europe. Japan now utilizes
extensive grafting in the production of watermelon,
cucumber, melon, tomato and eggplant. Grafting can
overcome tissue damage and/or plant mortality caused by
the soil-bone diseases Fusarium and Verticillium wilt,
bacterial wilt and nematodes. Grafting may reduce or
eliminate the use of certain pesticides (especially soil
fumigants) because the appropriate rootstocks will provide
tolerance to many soil insect and disease pests.

Some commercial nurseries are starting to feature grafted
transplants. As a rule, they are substantially more
expensive than conventional transplants, so there should be
reasonable assurance of the economic benefit. Any grower
seeking to perform large-scale grafting should first consult
technical resources, such as the website that is cited below.
Upgraded facilities and employee training will likely be
necessary.

Two successful and easily performed grafts are the tube
graft and cleft graft. The tube graft utilizes a 45° cut in the
rootstock as well as the scion. The two pieces are
subsequently joined together with the angles complimenting
each other and held together with a grafting clip.
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The cleft graft utilizes a 90° cut in the rootstock
perpendicular to the soil surface. The rootstock stem is
then cut in half down the center; this cut should be around
one half inch depending on the size of the rootstock stem
and scion. The base of the scion is then cut to form a “V”
that will fit the notch that was cut into the rootstock. A
grafting clip is secured around the graft junction. This type
of graft often requires a larger grafting clip than the tube
graft. A schematic of the cleft graft is illustrated in the
eggplant production subsection (Section F). It is important
that both the scion and rootstock stem diameter are similar.
Several trial seedlings should also be grown prior to any
large grafting operation to insure that the rootstock and
scion seedlings grow at the same rate; if not, the stem
diameters may not coincide, which can lead to a poor graft
union.

One of the most crucial aspects of producing grafted
seedlings is healing the graft junctions. After the grafts are
clipped back together they need to be placed in a high
humidity environment known as a healing chamber. A
healing chamber can be constructed in various ways using
wooden or metal frames and a plastic covering. The goal is
to create a closed environment in which the humidity can
increase and the temperature can be controlled. Open water
pans can be placed in the chamber or commercial
humidifiers can be used to increase humidity. Propagation
heat mats can also be placed in the floor of the chamber to
control temperature and as well as warm water pans to
increase humidity. For the first several days in the healing
chamber, light should be excluded as much as possible.
The increase in humidity and decrease in light slow
transpiration to keep scions from desiccating while vascular
tissue reconnects the scion and rootstock.

After five to seven days in the healing chamber, seedlings
can be moved back into a greenhouse to harden off for
several weeks before moving to the field. Grafting
generally adds two weeks to seedling production. Grafting
can be performed at various plant growth stages ranging
from the two true leaf stage on. More information on
grafting can be found at:

www4.ncsu.edu/~clrivard/TubeGraftingTechnique.pdf

CONSERVATION TILLAGE

CROP PRODUCTION
(Also referred to as No-Till Crop Production)

Conservation tillage crop production systems are
beneficial for a variety of reasons. Soil compaction is
reduced, water infiltration is improved, soil organic matter
is increased, microbial biodiversity is increased, disease and
weed pressure may be reduced, and soil erosion from wind
and water is reduced in conservation compared to
conventional tillage systems. Contamination of waterways
with nutrients and pesticide residues is also reduced by
eliminating or curtailing nutrient and sediment loads in
runoff. Crop and cover crop residue on the soil surface can
provide mulch that may suppress weeds and reduce
herbicide needs. Improvements in soil quality from organic
matter additions assist with soil structure formation that
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increases water infiltration, microbial populations, and
reduces compaction.

Conservation tillage crop production systems can also
pose several crop management challenges. Soil
temperatures will be several degrees cooler then for
conventional tillage and it will take longer to warm soils
with surface residue. Cooler soil temperatures may impact
seed germination, nutrient cycling from crop residues, slow
fumigation volatilization, and reduce transplant vigor. Type
of crop residue, residue amount, and desiccation timing all

impact soil temperature and should be taken into
consideration.
Conservation tillage systems may eliminate the

mechanical weed control option for managing unwanted
vegetation in a field. Weeds are typically controlled using
biological, cultural, or chemical practices. Reliance on
chemical weed control options in conservation systems
increases the possibility of herbicide resistant weed
populations. Consequently, the grower should expect to
invest more time identifying local weed populations and
planning herbicide rotation programs (herbicides with
varying modes of action to reduce herbicide resistant
population development). High residue cultivators have
also been used with some success in conservation tillage
programs for weed management.

Nitrogen fertilizer must be managed properly when
utilizing a conservation tillage production system. Crop
residues contain typically an enzyme, urease, which can
increase nitrogen volatilization from urea containing
fertilizer sources such as urea, liquid urea ammonium
nitrate, or a variety of blends currently available.
Management practices such as banding or incorporation
using irrigation or rainfall should be considered to reduce
urea containing fertilizer contact with urease. Another
nitrogen management strategy in conservation tillage
systems needs to include the application rate. As soil
organic matter increases over time, more nitrogen fertilizer
is needed to bring the conservation tillage system into
equilibrium. Microbes will assimilate nitrogen when
breaking down crop residue and immobilize plant available
nitrogen pools. Research has shown that 25% or more
nitrogen fertilizer may be necessary in the initial conversion
years of a production system from conventional to
conservation tillage. Previous crop residue amount and
type, current soil nitrogen concentrations, fertilizer sources,
application timing, and application methods all need to be
considered when making necessary nitrogen rate
calculations.

Maintaining proper soil pH is one of the most important
crop production consideration in conservation tillage and
has significant impacts on nutrient availability and toxicity.
Special care needs to be directed to maintaining pH to the
optimal level prior to initiating a continuous conservation
tillage system. Lime has relatively low water solubility and
leaches slowly through the soil profile. Therefore, lime
should be applied based on soil testing recommendations
and incorporated prior to initiating a long-term conservation
tillage plan. Eventually, fertilizer, organic matter
decomposition, and rain will acidify the soil surface, but
subsoil will continue to be at optimal (pH=6.0 to 7.0)
levels. Continued liming based on soil test
recommendations will maintain the proper pH.
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MULCHES AND
ROW COVERS

A favorable environment for a plant's root system can be
achieved with the use of plastic mulches and trickle
irrigation. Early in the season, additional advantages can be
obtained by the use of row covers, which increase the
daytime air temperature and hold ground heat during the
night. This improvement in temperature early in the plant's
life cycle can speed plant growth, resulting in earlier harvest.
Mulches also discourage weeds and, depending on the type
used, insect pests.

Mulches. The most popular mulches are black and white
polyethylene film (0.75 — 1.25 mil). Another popular product
is metalized film. Metalized mulches have a very thin layer
of aluminum extruded onto one side of the mulch. Black
mulches are generally used in the spring of the year to warm
the soil and white or metalized mulches are generally used in
the fall to cool the soil. Because of the warming effect of
black mulch, it should only be used for spring crops. The use
of this mulch for fall crops will likely raise the soil
temperature above optimum for most warm season crops.
The transition from black to white or metalized mulches
should be around June 1% transplant or seeding dates,
depending on geographic location (earlier in southern and
later in northern zones). Soil fumigation may be used in
conjunction with any type of plastic for weed, disease, and
insect control, depending on the fumigant label. Clear plastic
will result in the highest soil temperatures and should be used
with caution, only in early spring plantings Different colors
and compositions impart new functional properties to mulch.
Green 'IRT' types of plastic mulch increase soil temperatures
more than black plastic and also suppress most weed growth.
Other color mulches such as red, blue, and orange are
available. Results with these mulches have been
inconsistent. Metalized or aluminized mulches repel certain
insect pests (aphids, thrips, whiteflies) early in the crop
growing cycle due to the reflectance of UV rays. This
benefit is lost once the crop canopy covers the mulch. This
can be useful in cucurbit and tomato crops to delay the onset
of certain virus diseases vectored by thrips, aphids, and
whiteflies.

Yellow mulches attract cucumber beetles and may also
attract other insect pests. Note that planting date and
environmental conditions influence crop responses to color
of mulch films.

As the cost of soil fumigation increases, growers will
likely need to reduce application rates to maintain
profitability. New mulches have been developed that have
decreased permeability to fumigants. These mulches keep
the fumigant in the ground longer which allows for reduced
application rates while maintaining efficacy of the material.
These mulches are known as “virtually impermeable film”
(VIF). There are several manufacturers of these mulches
and they come in various colors for fall and spring
plantings. Consult the fumigant label for the allowable
reduction in use rate under VIF mulch. One factor that
must be taken in to consideration is the plant-back period
when using VIF mulches. Consult the label from plant-
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back period when using VIF mulch. The cost of VIF mulch
is also higher than low density mulches but this increase is
usually offset by the saving gained from reduced fumigant
rates. Another type of mulch has been developed that is
more retentive than VIF mulch. This is known as “totally
impermeable film” or TIF. Soil fumigant use rates may be
further decreased with used in combination with TIF.
Consult fumigant labels for allowable use rate reductions
with TIF.

Fertilization. Before considering a fertilization program
for mulched crops, the grower should have the soil pH
measured. If a liming material is needed to increase the soil
pH, the material should be applied and incorporated into the
soil as far ahead of mulching as practical. For most
vegetables, the soil pH should be at or near 6.5. If the pH is
below 5.5 or above 7.5 nutrients may be present but not
available to the plants.

Calculating Fertilizer Rates Applied in Strips
Where Plastic Mulch will be Laid. When using plastic
mulch without trickle irrigation, all plant nutrients
recommended for standard cultural practices should be
incorporated in the top 5 to 6 inches of soil before laying the
mulch. If equipment is available, apply all the fertilizer
required to grow the crop to the soil area that will be covered
with mulch. This is more efficient and effective than a
broadcast application over the entire field. Non-localized
nutrients may promote weed growth.

All essential plant nutrients, including major nutrients
(N, P, K) as well as secondary and micronutrients, should
be applied according to needs from soil test results and
incorporated in the manner described above. Placing some
of the required N under the mulch and then sidedressing the
remainder of the needed N along the edge of the mulch or
in the row alleys after the crop becomes established has
been found to be ineffective. When trickle irrigation is
used, see "Drip/Trickle Fertilization" in the specific crops
sections (i.e., eggplants, muskmelons, peppers, tomatoes,
and watermelons) of Section F for crop-specific
modifications.

Soil conditions for laying mulch. Before any mulch is
applied, it is extremely important that the soil moisture level
be at or near field capacity. This moisture is critical for early
growth of the crop plants, because soil moisture cannot be
effectively supplied by rain or overhead irrigation to small
plants growing on plastic mulch without trickle irrigation.
The soil texture should be even and plastic should be laid so
that it is tight against the soil in a firm bed for effective heat
transfer. Plastic can be laid flat against the ground or on
raised beds. Raised beds offer additional drainage and early
warming. Use of a bed shaper prior to laying plastic allows
for fertilizer and herbicide incorporation and can assist in
forming a firm bed. Combination bedder-plastic layers are
also available.

Biodegradable mulches: Biodegradable plastic mulches
have many of the same properties, and provide comparable
benefits, as conventional plastic mulches. They are made
from plant starches such as corn or wheat. These mulches
are weakened by exposure to sunlight, but are designed to
degrade into carbon dioxide and water by soil
microorganisms when soil moisture and temperatures are
favorable for biological activity. Soil type, organic matter

content, and weed pressure are other factors affecting break
down of biodegradable mulches. Unlike petroleum-based
mulches biodegradable mulches will usually be retained on
the surface of the soil rather than be blown away from the
application site. In addition, all of the biodegradable mulch
will eventually degrade or fragmentize, including the
tucked edges buried in the soil. Biodegradation is often
unpredictable and incomplete. It is recommended that
biodegradable mulch be incorporated into the soil at the end
of the harvest or growing season. Cover crops can be
planted the next day after biodegradable plastic mulch has
been disked into the soil. In November, 2012, the National
Organic  Standards Board approved the use of
biodegradable plastic mulches (officially referred to as
“biobased mulch film”) for use in organic crop production.
Any biobased mulches from GMO starch sources are still
prohibited. Organic growers are urged to be alert to
improved cultural methods for insuring the rapid
decomposition of biobased mulches.

Field research has demonstrated that biodegradable
mulches produce comparable crop yields to non-degradable
plastic mulches. Two issues that growers may be
apprehensive about are the initial cost of the biodegradable
mulch compared to non-degradable mulch and the
unpredictability of degradation rate. The initial cost is
somewhat offset because disposal costs are eliminated.

Below are some tips on using biodegradable mulch
(excerpted from A. Rangarajan, Cornell University):
Storage

* Buy what you need each year. Product performance will
be best with new product. More rapid degradation may
be seen with older product.

» Store mulch rolls upright, on ends. Pressure created
from stacking may lead to the mulch binding together
or to degradation.

* Store mulch rolls in a cool, dark and dry location. These
products will start to degrade if stored warm, in
sunlight and if rolls get wet.

Application

* Do not stretch biodegradable mulch as tightly over the
bed as standard black plastic (contrary to
recommendations for black plastic that performs best
when laid tightly over the bed).

* Stretching starts the breakdown of the biodegradable
mulch.

* Stretching will increase the rate of breakdown

* The product will mold to the bed like commercial food
wrap soon after application.

* Apply immediately prior to planting

+ Sunlight and moisture will start breakdown.

« If applied too far in advance of planting, the mulch may
not last as long as needed.

Incorporation into soil

* Chisel or till the mulch into the soil as soon as possible
after harvest to maximize breakdown

* Breakdown requires warm soil temperature and
moisture. If mulch is incorporated after soil
temperatures have dropped the mulch may still be
visible in the spring. However, as the soil warms, the
product will further degrade and fragment



* Rototilling will result in smaller mulch pieces that
breakdown faster

* Rototilling will result in smaller mulch pieces that
breakdown faster

* Mulches will break down more quickly in soils with
higher organic matter

Row covers. These materials are being used for frost
protection, hail protection, to hasten the maturity of the crop
and also to effectively exclude certain insect pests.
Currently, vented clear and translucent plastic covers are
being used. Row covers are supported by wire hoops placed
at 3- to 6-foot intervals in the row. Porous floating row
covers are made of lightweight spun fibers (polyester or
polypropylene) placed loosely over the plants without wire
hoops or plastic placed loosely over the plants without wire
supports. Floating covers are more applicable to the low-
growing vine crops and strawberries than upright plants like
tomatoes and peppers. Upright plants have been injured by
abrasion when the floating row cover rubs against the plant.

The clear plastic can greatly increase air temperatures
under the cover on warm sunny days, resulting in a danger of
heat injury to crop plants. Therefore, vented materials are
recommended. Even with vents, clear plastic has produced
heat injury, especially when the plants have filled a large
portion of the air space in the tunnel. Heat injury has not been
observed with the translucent materials.

Row covers are usually put out over plastic mulch using
a combination of mechanical application and hand labor.
Research and development is under way on equipment that
will cover the rows in one operation. However, farmer-
made equipment in conjunction with hand labor is currently
the most prevalent method.

Each grower considering mulches, drip irrigation, and/or
row covers must weigh the economics involved. Does the
potential increase in return justify the additional costs? Are
the odds in the grower's favor of getting the most benefit in
terms of earliness and yield from the mulch, drip irrigation,
or row covers? Does the market usually offer price
incentives for the targeted earlier time window? Are you
competing against produce from other regions? Each
grower must obtain the costs for his situation, calculate the
potential return, and come to a decision as to whether these
strategies are beneficial.

Mulch removal. Several methods of removing the
plastic have been tried, but on small acreages it is removed
by hand by running a coulter down the center of the row
and picking it up from each side. Commercial tractor
mounted mulch removal equipment is also available.

High-quality, black plastic mulch can be used for two
successive crops during the same season when care is taken
to avoid damage to the mulch film. Thin wall (4 to 8 mil)
trickle irrigation tape cannot be removed and reused.
However, high-quality, 16-mil trickle tubing can be used a
second season provided that damage is minimal and
particles are excluded, allowing pores to be open when
carefully removed.

Crop foliage and weeds may increase the difficulty of
mulch removal. Eliminate vegetation prior to replanting or
removing mulch with herbicides (see Section E), or delay
removal until after frost.

Disposal. Dispose of used plastic in an environmentally
responsible manner. Regulations on disposal vary according

A9

MULCHES AND ROW COVERS/STAKING AND TRELLISING

to State and municipality. Contact your local solid waste
authority for recommended methods of disposal in your area.
Some states have developed specific programs for recycling
of agricultural plastics. Individual state authorities should
be consulted to learn the specifics.

STAKING AND TRELLISING

Many vegetable crops benefit from the addition of
structural supports on which they are grown in the field.
The benefits include: 1) better utilization of available space
and light; 2) improved air flow for more rapid drying of
foliage; 3) reduction in certain disease pathogens; 4)
protection against plant breakage; 5) protection of
developing fruits and other plant parts against rain, dew,
and sun; 6) ease of harvest, and 7) possible higher net
yields. The disadvantages include mainly cost of materials
and installation, and disposal. Each grower must assess
his/her broad situation on a case-by-case basis in deciding
whether a structural support system is desirable.

Vegetable crops in which structural support systems
have been used successfully include fresh market grape and
cherry tomatoes, peppers, eggplants, legumes, cucumbers,
and okra. The types of materials and how they are
assembled differ for each crop. Specifics of the design and
installation of structural support systems are included in
Section F. If materials fail during the growing phase, the
resulting damage can be catastrophic. It is advisable,
therefore, to wutilize high quality materials in the
construction of all structural support systems, and to adhere
to minimum size and spacing recommendations. For
wooden stakes, it is recommended that a clear hard wood
source be used.

It is a common practice to re-use wooden stakes over
many production seasons in the field. Since they are in
contact with the environment and plant material while being
used, there is a significant probability that surfaces will
become infested with pathogens, especially bacteria. If left
untreated, re-used infested stakes may re-introduce diseases
into the field, although the extent of this problem has not
been determined. Therefore, it is recommended that re-
used stakes be thoroughly disinfested.

The preferred (and most expensive) method of stake
disinfestation is heat treatment. Pathogens are completely
eliminated from wooden stakes with exposure to >220°F for
> 15 minutes. This can be accomplished in a large capacity
autoclave, or seed dryer. It is unlikely that most growers
will have access to such equipment.  Alternatively,
therefore, stakes may be exposed to disinfectants such as
commercial bleach (sodium hypochlorite) or Oxidate®
(hydrogen dioxide; see below). Research has shown that a
20-minute soak in a solution made of 5 — 20 parts by
volume sodium hypochlorite (commercial bleach) to 80 —
95 parts by volume water is effective in eliminating
pathogens only from the surface of wooden stakes. It is
crucial to maintain the pH of the bleach solution within the
6.0-6.5 range, as effectiveness decreases at lower and
higher pH levels.

Studies on stakes treated with bleach solutions show that
pathogens may still be present beneath the surface at depths
> 1/16™ inch. Pathogens embedded deep within the stake
may be able to migrate back to the surface and re-infest
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plants, although this possibility has not yet been
demonstrated. To improve the effectiveness of strategies to
remove microbial pathogens from the surface of re-used
stakes, consider the following: Add a non-ionic surfactant
to the disinfesting solution; increase the soaking time to >1
hour; apply a vacuum during the stake soak; use a higher
concentration or more potent source of hypochlorite (such
as “heavy duty” or swimming pool grade chlorine); or use
stakes comprised of non-absorbent stake materials (such as
plastic or metal). Many growers have successfully used the
commercial product Oxidate® or chlorine dioxide to
disinfest stakes. Oxidate® is OMRI certified and had been
demonstrated to be an effective control agent for several
important plant pathogens is available, however no research
to establish the efficacy as a stake of this disinfesting agent
as compared to heat or commercial bleach.

HIGH TUNNELS

High tunnels are designed to improve growing
conditions during the early spring and late fall growing
seasons and to accommodate workers and equipment. In the
Mid-Atlantic region. year-round production of specialty
crops is possible using a freestanding high tunnel (Table A2).
High tunnels are either freestanding or connected at the
gutters to cover larger areas. Freestanding tunnels are
between 14 and 30 feet in width and up to 100 feet in length.
High tunnels are typically tall enough so that a person can
stand straight up in at least part of the structure. While high
tunnels are not greenhouses (generally no heat or automatic
ventilation), the greenhouse principle is the basis for the
function and design of a high tunnel.

Taking the time to level the tunnel site prior to
construction will make subsequent steps much easier.
Spacing between high tunnels should be at least the width
of the tunnels to facilitate snow removal to provide for
cross ventilation, and to reduce mutual shading. For
freestanding high tunnels, metal bows approximately 1.75
to 2 inches in diameter are used as the support frame for a
single layer of polyethylene covering (typically 6 mil
greenhouse plastic that lasts 3-4 years). These bows are
spaced 4 feet apart and are connected to metal posts, which
are driven at least 2 feet into the ground. The end walls
generally have removable framing (Penn State design) to
allow the use of power tillage equipment within the tunnel
(see high tunnel component list at the following website:
http://plasticulture.cas.psu.edu).

Once the high tunnel is covered with plastic film, prepare
the soil, apply and incorporate lime and preplant fertilizer as
recommended for the intended crop or crops (See section F).
High tunnels can considerably increase yield potential,
thereby increasing nutrient requirements. Plant tissue testing
should be conducted at important growth stages during the
season to ensure adequate fertility requirements are
maintained. See section B for more details. Make beds, if
needed, and install drip irrigation to supply moisture. Using
a small bedmaker/mulch layer, cover soil or beds with black
or clear polyethylene to warm soil for spring crops. When
transplanting crops into tunnels during July and August, use
white or silver polyethylene mulch on the soil or beds rather
than black polyethylene to reduce soil temperature and
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excessive heat buildup in the tunnels.

For freestanding high tunnels, snow removal from the top
of the tunnels may be necessary after heavy, wet snowfalls.
In addition, it is recommended that heavy snowfall be
removed from the sides of the tunnels as needed to
reduce/eliminate outside water intrusion into the tunnel and
collapse of the tunnel sidewalls. Gutter-connected high
tunnels are constructed with much lighter posts and bows and
cannot be used for crop production during the winter. During
the winter season, the plastic on gutter-connected high
tunnels must be bundled and moved to the gutters for storage.
Hence, freestanding high tunnels allow for year-round
production while gutter-connected tunnels do not.

The keys to successful production of vegetable and other
horticultural crops in high tunnels are crop scheduling,
ventilation and moisture control. Table A-2 provides a
relative planting and harvest schedule for some vegetable
crops produced using freestanding high tunnels in the Mid-
Atlantic region. When planting high tunnel crops in the
spring, it is generally recommended to transplant the
vegetable crop about two to four weeks earlier compared to
the earliest planting date in the field on bare ground. If
unusually cold night temperatures are experienced several
days to weeks after planting the vegetable crop in the high
tunnel, floating row covers, low tunnels, thermal blankets
and/or portable clean burning propane heaters (11,000 to
44,000 Btu per hour) can be placed in the high tunnel until
more seasonal temperatures return to the location.

The most critical component of the system is ventilation.
In freestanding high tunnels, ventilation is accomplished by
rolling up the sides of the tunnel to the batten boards,
approximately 5 to 6 feet above the ground on each side of
the tunnel. In gutter-connected high tunnels, ventilation is
accomplished by sliding the plastic covering aside creating
ventilation openings in the roof bows, as well as by opening
the end walls. Maintaining optimum growing conditions
inside high tunnels without having extreme fluctuations in
temperature and/or high humidity conditions will guarantee
early, high yielding and high quality horticultural crops.
Checking and adjusting high tunnel internal temperature and
humidity conditions several times a day will help ensure
increased crop yields and profitability.

Depending on the crop to be grown, there are several
production systems that can be used in a high tunnel.
Conventional tillage and establishment of the crop in soil
may be efficient for cool season crops that can be direct
seeded or transplanted, Swiss chard, spinach, collards or
kale.  For warm season crops, especially cucurbits
(cucumbers, squash, cantaloupe and watermelon) and
solanaceous crops, (potato, tomato, pepper and eggplant)
use of raised beds with plastic mulch and drip irrigation is
required for optimum yield, maturity and quality. Warm
season vegetable crops dramatically benefit from higher
soil temperatures in early spring in high tunnels. In
addition, multiple cropping is possible from the initial
raised bed/plastic mulch — drip irrigation system established
in the spring. Permanent raised beds with a width of 24
inches may also be constructed in the high tunnels using
wooden boards measuring 2 by 12 inches. Use of
permanent raised beds may limit crops grown on them
depending on the distance between raised beds (center to
center) within the high tunnel. Some growers successfully
use 30-36 quart potting soil bags that are drip irrigated to
grow their high tunnel crops. These bags are placed end-to-



end in rows and on a landscape fabric. Either one or two
drip irrigation lines are inserted through each bag. High
tunnel culture minimizes some diseases by reducing splash
dispersal. In addition, appropriate adjustment of the plastic
sides also will minimize leaf wetness duration.

Some diseases are prevalent in high tunnel
environments. Leaf mold, powdery mildew, timber rot and
Fusarium wilt can become problematic. Cultural practices
such as sanitation (removal of plant refuse), grafting and
compost amendment can minimize disease. Fumigants
can be used to reduce levels of soilborne pathogens.
Conventional fungicides and several OMRI approved
fungicides are available for in-season management. When
high tunnel sides are raised, fungicides and bactericides
labeled for field use are allowed. When sides are lowered,
fungicides and bactericides labeled for greenhouse use
should be used (see Table E-15 “Selected Fungicides and
Bactericides Labeled for Greenhouse Use” for specific
disease and crop recommendations). See also Rutgers
Cooperative Extension Fact Sheet No. 358 titled:
"Important diseases of tomatoes grown in high tunnels and

HIGH TUNNELS/GREENHOUSE PRODUCTION

Table A-2. Relative planting and harvest schedule for
freestanding high tunnel vegetable crop production in

greenhouses in NJ".

This can be found at the website

njaes.rutgers.edu/pubs/ and select All Fact Sheets and
Bulletins. This information is applicable to all states in the
Mid-Atlantic U.S. region.

Table A-2. Relative planting and harvest schedule for
freestanding high tunnel vegetable crop production in

Crop Planting High Tunnel High Tunnel
Method? Planting Date Harvest
Date
Kohlrabi TRP or DS August October-
December
Leek TRP or DS February 15- Year-round-
November 1
Lettuce TRP or DS February 1- February-
October 1 December
Onion (green) | TRP or DS October- March-
December December
February-June
Pea TRP or DS February 14- May-June
April 15 October-
August- November
September 10
Pepper TRP April-July 20 June-
November
Potato (Irish) DS February 14- May-June
March 15 October-
August November
Radish DS February-April February-
October- May
December November-
January
Spinach DS January 1-May | January-May
1 October-
August- December
December
Summer TRP or DS April-May May-June
Squash
Tomato TRP March 25-July June 15-
15 December 5
Watermelon TRP April June-July

Crop Planting High Tunnel High Tunnel
Method? Planting Date Harvest
Date
Beet TRP or DS | February-April; | October-May
August-
Octoberl5
Bean (snap) DS April- June-October
September
Broccoli TRP or DS March-April; May-June;
August October-
November
Cabbage TRP or DS March 15- May-
(green) Mayl5 December
August
Cabbage TRP or DS February15- April-June;
(Chinese) April 15 October-
December 10
Carrot DS February 1- March-June
April 15 November-
August- December
October
Cauliflower TRP or DS | March 15-April May-June
15 October-
August December10
Chard TRP or DS Year-round Year-round
Cucumber TRP or DS April- May-October
September 1
Eggplant TRP April 15- July-October
August 15
Garlic DS October- June-August
November
Kale TRP or DS January-April February-
15 June
August- September-
October 15 January

(table continued next column)

GREENHOUSE PRODUCTION

Many growers have an interest in increasing
productivity as well as having a seasonal product such as
tomato and sweet pepper year round. To do this in the mid-
Atlantic U.S., a temperature controlled structure such as a
greenhouse is needed. Greenhouse production requires a
much greater level of and often entirely different strategies
of management compared to field production. Greenhouse
production generally requires different varieties, nutrient
sources, and pest management than field production. The
extensive differences between greenhouse and field
production preclude the inclusion of these techniques in this
guide. There are many complete guides for the production
of vegetables in greenhouses that have been developed and
distributed through the cooperative extension service in
various states. Links to several have been provided below.
This list is not all inclusive and does not indorse these
guides exclusively.

http://www.caes.uga.edu/publications/pubDetail.cfm?pk_id
=6281

http://msucares.com/pubs/publications/p1828.pdf

http://edis.ifas.ufl.edu/topic_book florida greenhouse veg
etable production_handbook
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WILDLIFE DAMAGE
PREVENTION

Farms provide food and shelter for a variety of wildlife
species. Although many wildlife species do not cause
damage to agricultural crops, some can inflict serious
economic losses on growers. What often makes effective
resolution more difficult is that surrounding private lands and
suburban neighborhoods provide refuge for wildlife that may
be causing damage on farms and to which a grower has no
access.

A wildlife damage management plan that proactively
prevents or reduces conflict is recommended. As a part of
your plan, you should delineate areas of your property where
zero tolerance for damage exists, while other areas most
likely can tolerate some damage. In most instances, wildlife
of damage represents another cost of doing business; it’s the
severely damaging episodes must be avoided. The plan also
should specify what management techniques you want to
utilize and when they would be employed. Wildlife damage
management practices can be divided into 3 major categories:
husbandry methods, non-lethal techniques, and lethal
techniques. This also is the order in which application should
be implemented; lethal techniques are methods of last resort.
Growers should recognize that many approaches will have
varying levels of effectiveness and acceptable risk.
Generally, an integrated wildlife damage management
approach that employs several damage abatement techniques
proactively over time will be more effective than a reactive
strategy that relies on only a single approach.

A wide variety of damage management options exists, but
not all may be suitable for use in all cases. Some options are
more effective than others; some are temporary and intended
for short-term, localized use, whereas others are more
suited to permanent, long-term needs. Each situation where
conflict between wildlife and people is occurring is likely to
be unique, so management options usually need to be tailored
to a specific site.

Capital and implementation costs associated with each
management option also vary. Before you make any
decisions regarding the management technique you may
choose to employ, estimate the direct and indirect annual
losses you actually experience from wildlife damage. An
example of a direct cost would be the yield lost by
consumption of the crop by wildlife. An indirect cost would
be the amount of time you spend, over the course of a year,
trying to reduce or eliminate wildlife damage. Calculating an
estimated total annual cost, in terms of actual economic loss
due to wildlife, will help you decide which strategies are the
most cost-effective. In some instances, it may be more
practical to simply tolerate damage than to attempt to manage
it. To determine the need for control, to select the most
appropriate control technique, and to evaluate the techniques’
effectiveness, it’s always best to conduct pre- and post-
treatment surveys.

Prior to employing any damage abatement practice, you
must assure that you have correctly identified the species
doing the damage. Do not assume that because you see an
animal on your farm that it is causing damage. Wildlife
populations are regarded a public resource and many of the
animals that may cause damage to your farm are protected by
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state and federal laws. In addition, many damage
management practices (e.g., trapping, shooting, pesticide
applications) are species specific and based on established
regulation or code. If you mistakenly assign blame for
damage to the wrong wildlife species, in addition to
employing a technique that may not be effective, you also
may find you are using an illegal approach. ~ Therefore,
before implementing any management practices, check with
your county extension agent, local conservation police
officer, or your district wildlife biologist to review
depredation permit requirements and/or legal issues related to
“take” or use,

Deer Damage

Deer damage may occur in the form of feeding, antler
rubs, and/or trampling of crops. Browsing (feeding) damage
from deer can be recognized by a torn, jagged appearance on
vegetation or a ragged break on woody material. Most
browsing damage occurs from ground level up to 6 feet
above ground level. Residual damage may occur from the
trampling or matting down of vegetation as deer travel
through crop fields or bed down to rest. Antler rub damage,
which occurs as males shed the velvet from their antlers each
autumn, can be identified as scarred saplings, broken limbs,
bruised bark, and/or exposed wood. Rubs usually are located
on the trunks of trees up to 3 feet above ground level.

An effective deer management strategy should
incorporate several alternatives, considering the full suite of
available husbandry, non-lethal, and, where warranted, lethal
options. Recognize that each method carries with it both
benefits and drawbacks; therefore, an accurate assessment of
management needs and likely outcomes is critical.

Habitat Modification is a form of husbandry that
involves changing the landscape to make an area less
attractive to deer. White-tailed deer are creatures of edges;
they prefer habitats where two or more vegetation types or
age classes meet. Habitat modification usually involves
eliminating vegetation, planting non-palatable (“deer-
resistant”) species, or creating cover or foraging areas to
attract deer away from managed areas. This strategy has been
used effectively to reduce incidences of deer-vehicle
collisions and also browsing on residential vegetation and
commercial landscaping.

Harassment or scare tactics are intended to persuade
deer to leave an area where they are not desired. Examples
of scare techniques include dogs, auditory deterrents, such as
propane cannons and sonic devices, and visual deterrents,
such as bright lights. Although audio and visual deterrents
are used more often on farms, dogs contained within invisible
fencing have been used with some success on farms,
depending on the number and aggressiveness of dogs and
size of area needing protection. Dogs tied to chains or ropes
are not effective because deer can detect that the dog’s
movement is restricted. Hazing campaigns generally are
better suited for areas where damage from deer is minor or
where other strategies may be prohibited (e.g., hunting).

Fencing can be an effective management tool for
eliminating or reducing deer damage and, in some cases, may
be the preferred damage abatement option. When attempting
to protect large areas, permanent high-tensile wire (HTW)
fences are recommended. These fences consist of a series of
electrified smooth wires spaced about 8 inches apart and
extend about 8-10 feet in height. HTW fences are durable
and long-lived, but do require periodic maintenance and



monitoring to assure maximum cost-effectiveness.
Temporary HTW electric fencing or fences that use polytape
strands are other alternatives, usually best suited to for
smaller acreages. When using any form of electrified fencing,
the unit should be charged at all times to prevent deer from
becoming habituated to it and gaining confidence by testing
it during down times. Electric fences that have been baited
with an attractant (for example peanut butter) demonstrate
noticeable enhanced success over non-baited fences, as deer
are more likely to develop an immediate association between
the fence and its negative consequence when drawn in by
baiting. The addition of cloth strips, flagging, and reflectors
certainly increase visibility, but have displayed only marginal
improvement in efficacy over fences lacking such visual
cues. Although other fencing alternatives exist, such as
double-barrier fencing (2 rows of fence placed approximately
4 feet apart), heavy plastic fencing, and strands of
monofilament line decorated with flagging tape streamers,
none provide the level of protection or cost-effectiveness of a
well designed and properly installed and maintained electric
HTW fence. It is important to note that no type of HTW
fence will eliminate all penetration by deer. If complete and
absolute protection from deer is desired, the only fence
design that can guarantee that outcome is a 10 foot tall
(minimum) woven wire fence. However, in most situations,
producers typically cannot justify the costs of procurement
and installation of such a fencing system.

Repellents produce tastes, odors, or a combination of
taste and odor that animals find offensive and thus are
encourage deer to avoid the area being protected. There are 2
types of repellents: contact repellents and area repellents.
Contact repellents are applied directly to vegetation or
objects by spraying, shakable powders, or using a brush and
repel by taste and/or odor. Area repellents are applied in the
general vicinity of the protected object and repel primarily by
odor. Repellents are can be expensive, based on initial cost of
materials, but more so by the need for frequent reapplication.
Rain can wash repellent off of protected vegetation, even if a
“sticker” is used. The attractiveness of the food resource to
deer, the density of deer in the area, and the availability of
other natural foods in the area all influence effectiveness.
Many repellents are labeled for use only on dormant
vegetation or on non-consumable products, so growers must
be sure to follow the manufacturer’s instructions. Repellents
used during the growing season must be applied as new plant
growth emerges to assure for maximum effectiveness.
Regardless of the type of repellent used, all repellents are
intended to reduce, rather than eliminate, deer damage;
repellents should be used in conjunction with other damage
abatement techniques to maximize overall success.

Reproductive Abatement

Although there is great interest in and much research
being conducted on the use of Contraceptives (chemicals
given to female deer to disrupt reproductive behaviors),
only specially trained wildlife professionals are permitted to
administer this treatment (typically through use of a dart
gun). To date, no effective reduction in population
numbers, and thus a concurrent reduction in damage, has be
achieved using contraceptives in free-roaming populations
of deer. Success has been realized only in isolated
contained populations where access to nearly all members
of the population can be attained (e.g., on islands, in
confined city parks, etc.). Thisis a labor-intensive and
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costly strategy, and because individuals consistently move
into and out of a population, is extremely difficult to treat a
sufficient number of individuals or to know which
individuals already may have been treated. Research to
improve fertility control methods is ongoing.

Trap and transfer involves trapping deer in a specific

area and physically moving them to another location. There
are several techniques for trapping deer, including box traps,
Clover traps, netted cage traps, drive nets, drop nets, rocket
nets, corral traps, net guns, and immobilization drugs
delivered through a dart. This strategy is labor-intensive,
costly, and impractical at large scales due to poor survival of
translocated individuals, a lack of suitable relocation sites,
and the risk of spreading disease. Most states now ban the
translocation of deer. This practice is not permitted in
some jurisdictions (e.g. Virginia). Consult your local
Wildlife Management Authority.
Trap and euthanasia involves trapping deer and euthanizing
the animal according to methods approved by the American
Veterinary Medical Association. Deer are baited to a trap site
and captured using box traps, Clover traps, drop nets, or
rocket nets. Once captured, deer may be chemically
immobilized prior to euthanasia. Approved methods for
inducing death are barbiturate injections delivered
intravenously or into the abdominal cavity, inhalant
anesthetics, or potassium chloride in conjunction with
general anesthesia. Use of a penetrating captive bolt gun is
also approved if the animal is restrained to allow for
accuracy. Captive bolt gun euthanasia is considered
controversial because deer euthanized in this way can
experience trauma if the process does not occur quickly. This
method also is labor intensive and more expensive than other
management strategies. Chemically or captive bolt gun
euthanized deer cannot be consumed by humans. This
practice is not permitted in some jurisdictions (e.g.
Virginia). Consult your local Wildlife Management
Authority.

The Community-Based Deer Management Program
addresses the need for deer population reduction in
environments where traditional management methods are not
an option. Under this program the state Fish and Wildlife
authority cooperates with municipal, county, and federal
agencies to provide technical assistance in developing
alternative deer management options. Some options include
sharpshooting, noise-suppressed firearms, and controlled
hunting. State authorities have issued permits for special deer
management areas where alternative control methods may be
employed. Alternative control methods may only be
employed after a series of municipal and state approvals are
granted. This practice is not permitted in some
jurisdictions (e.g. Virginia). Consult your local Wildlife
Management Authority.

Regulated hunting involves the use of hunters to harvest
deer in accordance with defined seasons, bag limits, and
population objectives. Hunting legally takes place during any
of the various deer hunting seasons (archery, muzzleloaders,
shotguns, and general firearms) established by the state Fish
and Wildlife authority. Regulated hunting is the most cost-
effective and efficient method to manage deer populations
and is the only means to manipulate deer numbers statewide.
See your state Fish and Wildlife authority for details on these
permits.
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Permits to Shoot, commonly referred to as a
“Depredation Permit” or “Kill Permit” are issued by the state
Fish and Wildlife authority to owners or lessees of land who
are experiencing crop damage. Localized or conditional
hunting permits are highly variable among jurisdictions,
consult your local authority. These permits allow growers
a mechanism to manage damage situations during times of
the year when the regulated hunting season is closed and
“take” normally would not be allowed. Depredation permits
also may help regulate local deer populations, particularly in
areas that receive only limited hunting pressure (i.e. farms
surrounded by residential properties). For more information
or to apply for a depredation permit, contact your state Fish
and Wildlife authority.

Controlled hunts combine conventional deer hunting
methods with more stringent controls and restrictions on
hunter activities. Participants in controlled hunts are chosen
by various methods, ranging from random lotteries of
licensed hunters to rigorous hunter-selection processes
designed to determine hunting proficiency and disposition as
means to reduce conflicts with the public or other hunters.
Specific restrictions and controls applied to hunting activities
will depend upon the needs and concerns of landowners,
elected officials, and other stakeholders, but they usually
involve measures similar to hunting regulations during
normal deer hunting seasons.

Because deer populations range over multiple parcels or
farms, management of deer numbers cannot be implemented
effectively on single properties. Research clearly indicates
that greater success in attaining population objectives can be
achieved by developing and implementing a comprehensive
Community-Based Deer  Management  Program,
especially in environments where traditional management
methods are not an option. Under such a program, the state
Fish and Wildlife agency works with municipal, county, and
federal agencies to develop alternative deer management
options tailored to that specific community. Some options
include sharpshooting, noise-suppressed firearms, and
controlled hunting. State authorities have issued permits for
special deer management areas where alternative control
methods may be employed. Alternative control methods may
only be employed after a series of municipal and state
approvals are granted.

Woodland and Meadow Vole Damage

It is important to determine which species of vole occurs
in your crop production sites. The two species of voles most
commonly associated with depredation issues in the Mid-
Atlantic region are the meadow vole (Microtus
pennsylvanicus) and the woodland vole (Microtus
pinetorum). Meadow voles, also called meadow mice, are
about 5 %2 to 7 Y4 inches long, with fur that ranges from gray
to yellow-brown with black-tipped hairs; they also display a
bi-colored tail. Woodland voles are about 4 to 6 inches in
length, have red-brown fur, and a tail about the same length
as the hind foot. Vole populations are cyclic, where cycle
peaks last approximately 1 year before the population
abruptly crashes. It is during these peak times where the
potential for significant crop damage is greatest.

Because voles remain active year-round, the damage they
cause to crops can occur at any time, depending upon the
crop being grown. In vegetable crops, damage usually
occurs in spring, as young plants are emerging from the
ground. Voles are generalist herbivores, so they feed on
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roots, shoots, tubers, leaves, and seeds of many different
plants. Meadow voles spend much more time above ground
than do woodland voles, but both species inflict serious
damage by feeding on the subsurface root systems of plants.
Aboveground damage frequently consists of their gnawing
on woody perennial plants, sprouts, and suckers that emerge
from the base of such plants. Meadow voles construct surface
runways (approx. 1 ' to 2 inches wide) under or within the
accumulated organic matter and duff layer that exists in
fields; these runs often terminate at a 1> diameter wide hole
that drops into an underground burrow network. In contrast,
pine voles remain underground and inflict damage in the
form of root girdling, which often goes unnoticed until severe
damage already has occurred and the plant is in rapid decline.
Both species are known for constructing burrows that follow
trickle irrigation lines or areas where the soil has been
loosened by mechanical planters.

Cultural Practices and Habitat Modification measures
are helpful in deterring vole populations. Voles avoid areas
with few food resources and little protective cover. Control
of ground vegetation with herbicides, mowers, or disking is
effective, although voles will travel under snow cover in
these areas. Herbicides are the preferred method to eliminate
sod. Cultural practices that reduce the amount of organic
litter around plants is essential. All areas should be kept clear
of debris, stored objects (such as bags, boxes, pruned
branches) because these items provide protection to voles and
can hinder mowing and proper bait placement. Plastic or
synthetic weed barriers will encourage the establishment of
vole populations, so use of these materials should be avoided.
A final close mowing of the row middles, after harvest,
should be utilized annually to further reduce habitat and
cover for rodents and to enhance the effectiveness of natural
predators (such as hawks and owls).

Exclusion methods are feasible only at small scales and
to protect high-value crops. Hardware cloth or woven wire
fences (< % inch) can be installed to a height of 1 foot above
ground and buried to completely contain the rooting system
of the plant. There are some newer products composed of
sharp-edged rock or pumice granules that can be used to line
the planting hole and will act much like a barrier against
digging. This requires significant hand installation, so an
analysis of cost-effectiveness is necessary before considering
such methods.

Repellents that contain predator urine (coyote and fox)
have demonstrated limited effectiveness in reducing vole
numbers, primarily through the effects of stress on
reproduction rates. However, repellents are expensive and
offer only short-term relief from damage. Repellents that
contain thiram and capsaicin are not approved for use on
plants grown for human consumption.

Trapping may be useful only where vole damage is
localized (<1 acre). Place snap traps perpendicular to the
runway with triggers in the runway at a frequency of 2 to 3
traps per runway. All traps should be covered by a weighted
box or pail to prevent non-target captures. Multiple-catch
mouse traps also have been used to trap voles. Because the
trap holds multiple individuals, fewer traps are necessary. In
addition, non-target animals can be released unharmed. Bait
multiple-catch trap entrance points with seed. If a trap is
unsuccessful for 2 consecutive nights, move the trap to
another location.

Toxicants are used to control large vole populations and
most are classified as Restricted Use Pesticides (RUP); these



products can be applied only by a pesticide applicator who
possesses both a general applicator certification and the
advanced certification for vertebrate application (Category
7D). The only General Use Pesticide (GUP) approved for use
in vole control is warfarin (alone or in combination with
imidacloprid). Individual voles must ingest the bait 3 times to
sustain a lethal dose. Therefore, bait stations must be
continually maintained to ensure success.

Zinc phosphide is a single-dose RUP available as a
concentrate or in pelleted or grain bait applications. Because
of its foul taste, voles may avoid bait stations. Pre-baiting
stations with untreated food for 2 to 3 days prior to applying
the pesticide may increase success. Anticoagulants may also
be effective in controlling vole damage. However,
anticoagulant baits are slow acting and may take up to 15
days to be successful. Furthermore, most anticoagulants
require more than one feeding for maximum effectiveness.

To avoid injury to non-target species, the use of bait
stations is recommended and may be required in some states.
Broadcasting bait across the area, or placing bait in piles or
on bare soils, is not allowed. Shingles and tires used as bait
stations are acceptable under state Pesticide Laws. However,
the bait may not stay dry for long and quickly becomes
ineffective when wet. In-furrow placement of zinc phosphide
pellets is approved for corn and soybeans under a no-tillage
management system. Hand placement of baits directly in
runways and burrow openings within the tree drip line is
essential for woodland vole control because of their
subterranean behavior

To ensure the legality of a particular toxicant in your
state, information can be obtained by calling your Pesticide
Control Program. As with all use of toxicant products, follow
the product’s labeling guidelines.

Rabbit Damage

Rabbits can damage vegetation by clipping branches,
stems, and buds. Damage may become especially
pronounced during the heavy snow cover on overwintering
vegetables or in the spring when plants are emerging from
the ground. Vegetation that has been clipped by rabbits is
characterized by a cleanly snipped, 45-degree angle cut
where the damage has occurred. Rabbit tracks and their
pelleted scat are easily recognizable.

Growers should adopt Cultural Practices and conduct
Habitat Modification to maintain well-groomed plots and
eliminate brush piles, heavy vegetation, and other cover in
and adjacent to crop production sites that serve as nesting
sites. However, removal of cover may be detrimental to other
desirable wildlife species that also depend on brush piles for
protection or shelter. Habitat modification techniques that
enhance the success of rabbit predators (i.e. fox, coyote, and
raptors) will help to regulate rabbit numbers. Planting
alternative crops in adjacent tracts has been suggested as a
means to deter them from high-value crops, but this approach
typically serves to attract or support higher numbers of
rabbits.

Exclusion of rabbits through use of fencing can be
effective. A 2-foot high fence consisting of 1-inch or smaller
mesh and constructed of any metal (rabbits will gnaw
through plastic) will eliminate most rabbit damage. To
prevent rabbits from accessing snow-covered fields, consider
increasing the height of the fence. The bottom of the fence
should be buried 12 inches in the ground and bent outward
away from the crops at a 90-degree angle. Larger areas can
be protected with double-strand electric fencing.
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Rabbit guards made of metal wire with Y- to %-inch
mesh may be effective in protecting individual high value
specimens. Hardware cloth can also be used. Rabbit guards
should be placed 1 to 2 inches away from the plant. Do not
allow debris to accumulate inside these screen guards as this
creates an ideal environment for borer infestation and may
attract voles. All guards should be anchored at ground level.
A good way to do this is with several shovel-fulls of pea-
sized gravel, placed inside and outside the guard. The gravel
will also prevent mice from injuring plants.

Miscellaneous Methods. Harrassment techniques, such
as dogs and water-driven scarecrows, provide only short-term
protection. Contact (e.g., thiram-based) and area (e.g.,
naphthalene) repellents have also been used for rabbit control
with variable effectiveness; however, most rabbit repellents
are not approved for use on foods grown for human
consumption, so check the active ingredients of any product
before use. Rabbits are classified as a game species and, as
such, can usually be hunted during open rabbit seasons.
Finally, trapping rabbits using either homemade or
commercial live-traps may be a viable option if damage is
not too extensive. Consult the state Wildlife agency prior to
implementing any hunting or trapping program to assure
compliance with existing regulations.

Groundhog Damage

The most obvious signs of groundhog presence, aside
from actually seeing the animal, are the entrances to a
groundhog burrow system. Groundhog burrow systems are
characterized by a large mound of excavated earth at the
main entrance. The diameter of the main entrance may
measure 10 to 12 inches. There are usually 2 or more
additional entrances to a burrow system, and the secondary
entrances usually will be well hidden. Groundhogs prefer
leafy vegetable crops, but will utilize any crop throughout the
growing season Seasonal or cyclic reproductive patterns may
influence population numbers and the extent of damage.

Habitat modification is not a feasible strategy for
minimizing groundhog damage.

Exclusion with fencing can be an effective short- or long-
term strategy, depending on the type of fence used and the
size of the area to be protected. An electric wire placed 3-4”
above the ground can deter groundhogs from entering a
desired area. However, a determined groundhog eventually
will dig under the wire and gain access to the protected area.

Woven mesh or chicken wire fencing provides a more
permanent solution. Mesh openings should be < 2.5 inches,
and the fence should extend at least 3 feet from the ground.
The top 15 inches of the fence should extend backward at a
45° angle to prevent individuals from climbing over the top.
To prevent groundhogs from digging under the fence, the
bottom edge of the fence should be buried at least 10 inches
beneath the ground, with an additional 6-8” section bent
outward at the bottom of the trench. Groundhogs are
excellent climbers, so fence posts should be placed on the
inside of the fence and greater deterrence has been achieved
where the fence material is not drawn taut or rigid, but
instead left somewhat loose.

Fumigants are effective in reducing groundhogs. Gas
cartridges (sodium nitrate) currently are registered for this
purpose. Ignited gas cartridges are placed in the burrow
system after all but the primary entrance are sealed. As the
cartridge burns, thick fumes are emitted and fill the burrow
system. Burrows can be treated with gas anytime of the year,
but this method is most effective in the spring before the
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young emerge. Gas cartridges are a GUP and can be
purchased at most farm supply stores. A note of caution
when using gas cartridges — because the gas cartridge must
be ignited for proper use, a fire hazard does exist. Therefore,
gas cartridges should not be used in burrows located under
wooden sheds, buildings, or near combustible materials.
Newly resident animals may recolonize empty burrow
systems, so continued vigilance in recommended.

Aluminum phosphide tablets, placed deep inside the main
burrow entrance, are another type of fumigant that can
provide effective groundhog control. The tablets react with
the moisture in the soil, creating hydrogen phosphide gas.
Soil moisture and tightly sealed burrow entrances are
important for the fumigant to be used effectively. The tablets
are approved for outdoor use on non-cropland and orchards.
Aluminum phosphide should not be used within 15 feet of
any occupied building or in areas where gas could escape
into areas occupied by animals or humans. Aluminum
phosphide is a RUP and can be applied only by a certified
pesticide applicator.

Trapping is effective in removing particularly
problematic individuals. However, new groundhogs from the
surrounding area quickly will reoccupy the territory. Steel
leghold traps are illegal in some states, so check with your
state wildlife agency to determine what is legal. However, a
medium-sized live trap baited with a variety of baits (e.g.,
lettuce, apples or plum tomatoes) can effectively trap
groundhogs. Traps should be placed at main entrances or
along major travel corridors and checked at least once every
24 hours. Once captured, the groundhog may be killed
humanely or released off-site. If the groundhog is released,
some states regulate where and how the live animal is
handled. No releases are allowed on federal, state, county, or
municipal land. This practice is not permitted in some
jurisdictions (e.g. Virginia). Consult your local Wildlife
Management Authority.

Shooting groundhogs that are damaging crops or
farmland is approved at any time of the year. Although
groundhogs are considered a game species in some states (it
is a “nuisance species” in VA), farmers do not need a valid
hunting license to shoot nuisance groundhogs. Growers
should verify with the state wildlife agency which weapons
that are legal for this purpose in your state.

Bird Damage

Blackbirds refer to a group of 10 species, including
common grackle (Quiscalus quiscula) and brown-headed
cowbird (Molothrus ater). The damage these birds inflict
most often consists of holes and/or surface blemishes from
the pecking of fruits, bulbs, or stems. Proper identification of
the bird species doing the damage is relatively easy since it is
common to see blackbirds in and around farming operations.
European starlings (Sturnus vulgaris) and common pigeons
(Columba livia) also are common to farms, where they
inhabit the rafters of barns, warehouses, and other structures.
Birds inside packinghouses represent a serious source of
fecal contamination, which may violate USDA food standard
guidelines. Fecal contamination of fruits and vegetables in
the field can occur if fields are located near a bird roost
where large numbers of birds congregate.

Blackbirds are considered migratory species and thus are
granted protection under the federal Migratory Bird Treaty
Act. Therefore, it is imperative to check with the state Fish
and Wildlife authority before implementing any management
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to ensure compliance with state and federal wildlife laws.

Cultural Practices and Habitat Modification may
provide some reduction of crop damage. Because the most
severe instances of blackbird damage commonly occur
within 5 miles of roosts, planting highly attractive crops
outside of this radius is recommended. Blackbirds generally
do not prefer soybeans, hay, wheat, or potatoes. By planting
crops that are more attractive to blackbirds farther from
known roost sites, damage from birds to these higher value
crops may be reduced. Planting multiple crops at the same
time in other nearby fields may to reduce damage overall as
the abundance of resources simply overwhelms the birds’
needs. Modifying or relocating roost areas may reduce the
number of birds in the area. For example, eliminating stands
of bamboo or thinning dense conifer stands have been shown
to reduce crop damage by dispersing blackbirds away from
crop fields. Removal of about of 1/3 of a tree’s crown or a
1/3 of a stand of trees has been successful in reducing or
dispersing birds from a roost. Keep in mind, however, that
you are also modifying habitat used by other non-destructive
bird species. Providing hunting perches for raptors may
reduce blackbird numbers as a result of the threat of
predation.

Exclusion typically is practical only on small acreages or
for high-value crops. Lightweight netting has been used
successfully to prevent bird damage either by draping it over
individual plants or constructing a frame stretching netting
over an entire block of plants. To prevent birds from entering
packinghouses, netting or some other type of barrier, should
be placed over openings larger than 1/2 inch. In doorways
where frequent pedestrian, vehicle, or machinery traffic
occurs, hang heavy plastic or rubber strips, or install self-
closing doors to prevent birds from accessing the building.

Repellents can be used to mitigate bird damage. Methyl
anthranilate, the primary ingredient of artificial grape
flavoring, is registered by EPA for use as a bird repellent.
However, methyl anthranilate remains viable for only
approximately 3 days, so it loses maximum efficacy quickly
when exposed to UV radiation and weathering. Sucrose
solutions may be applied to fruits to deter birds, but the
efficacy of this method is not well documented and actually
may attract other pests, such as Japanese beetles.

Scare tactics have been shown to be effective for
relatively ~ short-term  protection of vegetable crops.
Blackbirds are intelligent animals and quickly will habituate
to repetitive or predictable patterns and disturbances.
Frightening methods must be changed and/or relocated often
to maintain the desired effect. Frightening devices include
both visual and auditory deterrents. Pyrotechnics (e.g.,
propane cannons and shotguns), mylar balloons and tape,
raptor-shaped Kkites, scarecrows, flashing lights, water
sprayers, and tape-recorded bird-distress calls or predator
attack calls all represent examples of harassing techniques,
but success of these devices varies substantially. In general,
scare tactics should be activated early to mid-morning and
mid- to late afternoon, when birds are most active. For
maximum effectiveness, it is best to use two or more devices
in combination with each other, vary the times and places
they are employed, and be persistent.

Chemical frightening agents mixed into bait piles may be
applicable in specific situations. Birds that ingest the treated
bait fly in an erratic fashion, produce distress calls, and
usually die. This unusual behavior triggers an alarm response
the remaining birds in the flock, causing them to vacate the



area. Dead birds should be collected and disposed of
properly. However, use and application of such chemical
agents is restricted only to certified applicators (usually
representatives of USDA APHIS-WS). Check with your
local county extension agent about the possibility of
employing chemical frightening agents on your farm.

Miscellaneous Notes. Some states allow growers to
shoot crows that are in the act of damaging crops, but this
may not be universal in all states. Also, European starlings
are considered to be a non-native species and thus do not
have protection under migratory bird laws. Therefore,
farmers are allowed to shoot starlings without need for any
permit or further authorization, but it is recommended that
farmers alert their municipality and/or neighbors to avoid
negative consequences from the public.

Bear Damage

The damage caused by black bears to field crops often is
characterized by localized, circular patches where nearly all
stems or plants have been trampled, pulled down, or
broken. In corn fields, bears usually will consume all the
corn on a cob before moving on to another. Scat and
footprints typically are present in the area of feeding
activity. There are no guaranteed bear management
strategies that offer complete protection against crop
damage, but several strategies used in combination may
offer some relief.

Cultural practices and habitat modification can help
to deter bears from entering fields. Restricting access to
potential food resources, such as storing feed in bear-
resistant containers, disposing of animal carcasses, and
removing organic wastes, will lessen the overall
attractiveness of the property to bears. Containing livestock
in pens away from wooded areas may reduce negative
interactions, particularly during calving/lambing season.
Because bears generally avoid open areas away from
protective  cover, maintaining a mowed buffer
approximately 50 vyards wide around crop fields,
particularly where fields are adjacent to the woods, may
reduce bear activity. Alternating or strip planting row crops
may help reduce protective cover afforded to bears.

Fencing is very effective in reducing bear damage;
however, fencing can be expensive and may not be cost-
effective for all farmers. Electric fencing is the most
effective design and thus is recommended in most
instances. To be most effective, fences should utilize high
voltage ~6,000 wvolts), low-impedance (short-pulsed)
systems. When first installed, bears should be lured to the
fence with an attractant (e.g., peanut butter, sardines) so
they learn to associate the fence with a negative
consequence. Fences should be baited at approximately 3
feet along the entire perimeter to encourage shock delivery
to the muzzle.

Sensory deterrents have been used to deter black bears
from crop fields. Pyrotechnics, horns, bright lights, propane
cannons, and other such devices provide both visual and
auditory stimulation. The success of these techniques is
highly variable, and bears usually become habituated to
consistent or repetitive disturbance. Sensory deterrents
should be switched and relocated often to maximize
effectiveness. Where bears have become tolerant of human
activity, sensory deterrents often will not be effective.
Human-conditioned bears can be dangerous, and caution is
advised.
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Shooting problematic black bears should be viewed as
a last resort management practice, but may be necessary as
means to reduce persistent crop damage caused by a single
returning individual or family group. Special kill permits
are required to “take” bears, so farmers need to work
closely with their state wildlife agency. Farmers having
persistent damage should develop relationships with local
bear hunters or chase clubs to increase the level of pursuit
activities on or adjacent to the farm as a means of reducing
future losses. This practice is not permitted in some
jurisdictions. Consult your local Wildlife Management
Authority.

POLLINATION

Insect pollinators are essential or desirable for the
successful production of many vegetables and strawberries.
The most common insect pollinators are European
honeybees, wild bees, wasps and flies. Crops that require
pollination possess specific flowers that require insects
pollination. For example, cucumbers, squash, pumpkins,
and watermelons have separate male and female flowers,
while muskmelons have male and hermaphroditic (perfect
or bisexual) flowers. The sticky pollen of the male flowers
must be transferred to the female (or hermaphroditic)
flowers via insect pollinators to achieve fruit set. Multiple
bee visits of eight or more per flower are required to
produce marketable cucumber fruit. When hybrid
cucumbers are grown at high plant populations for machine
harvesting, 15 to 20 bee visits per flower are needed for
maximum fruit set.

Strawberries require multiple pollination events for
normal fruit to develop. Generally, as the number of bee
visits increases, there will be an increase in strawberry fruit
set, number of seed per fruit, fruit shape and fruit weight.
Delay in pollination affects the timing of fruit set, and lack
of adequate pollination usually results in small or
misshapen strawberry fruit in addition to low yields. The
size and shape of the mature fruit is usually related to the
number of seeds, and each seed requires pollination.

Movement of honeybees or wild bees into the crop at
the correct time will greatly enhance pollination. Individual
cucurbit and strawberry flowers are usually open and
attractive to bees for only a day or less. The opening of the
flower, release of pollen, and commencement of nectar
secretion normally precede bee activity. Pumpkin, squash,
and watermelon flowers normally open around daybreak
and close by noon, whereas, cucumbers, strawberries, and
muskmelons generally remain open the entire day.
Pollination must take place on the day the flowers open,
due to the short periods of pollen viability and stigmatic
receptivity.

Both wild bees and managed honeybees can be effective
pollinators. Populations of wild bee species vary in their
abundance from year to year. In addition, regular pesticide
applications may reduce the abundance and diversity of
these pollinators, and some agricultural practices, such as
soil tillage may destroy wild bees that nest in the soil.
Honeybees can be managed to provide consistent pollinator
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abundance from year to year. The most reliable way to
ensure adequate pollination is to own or rent strong
colonies of European honeybees from a reliable beekeeper.

Activity and behavior varies with the species of
pollinator. Squash bees are active soon after sunrise. Most
of the feeding of female squash bees is completed by mid-
morning (9 or 10 am) after which they return to their nests
in the soil. Male squash bees will continue to stay in the
flowers, often overnight. Bumblebees are active over a
wide range of weather conditions and can tolerate foraging
in cooler temperatures. Honeybee activity is determined, to
a great extent, by weather and conditions outside the hive.
Honeybees rarely leave the hive when the outside
temperature is below 55°F (12.8°C). Flights seldom
intensify until the temperature reaches 70°F (21.1°C). Wind
speed in excess of 15 mph seriously impedes bee activity.
Cool, cloudy weather and threatening storms greatly reduce
honeybee flights. Ideally, colonies should be protected from
and exposed to sunlight. An east or southeast hive entrance
encourages bee flight. The hives should be elevated and the
front entrances kept free of grass and weeds. A clean water
supply should be available within a quarter mile of the hive.
The number of honeybee colonies to ensure adequate
pollination varies with location, attractiveness of crop,
density of flowers, length of blooming period, colony
strength, and competitive plants in the area. In vine crops
and strawberries, recommendations are one to two colonies
per acre, with more hives required for higher density
plantings.

With the introduction of parasitic honeybee mites
(mainly Varroa destrector), the pollination picture has
changed. Abundant colonies of feral honeybees (wild
colonies nesting in trees or other cavities) once provided
pollination security for fruit and vegetable growers, but this
is no longer the case. Feral honeybee colonies are now
nearly nonexistent in most areas.

Despite intense efforts to protect bees, beekeepers are
losing large numbers of colonies to mites and the diseases
they transmit. In addition, the recent dramatic
disappearance of honeybee colonies has left many
beekeepers devastated and some growers without the
quantity and quality of bees needed to pollinate crops. This
phenomenon, known as CCD or Colony Collapse Disorder,
is under investigation and pesticide exposure is one of the
possible contributing factors being studied. As a result of
mites, diseases and CCD, fewer beekeepers are providing
honeybee colonies for pollination services. In addition, the
quality of honeybee colonies may be marginal for
pollination. The Mid-Atlantic Apiculture Research
andExtension Consortium (http://maarec.psu.edu) is a
regional group focused on addressing the crisis facing the
beekeeping industry.  Additional relevant websites are
www.beeccdcap.uga.edu and  ento.psu.edu/pollinators.
Also see the Resource Section Appendix A for more
information.

Honeybees are vulnerable to many of the chemicals,
used to control insects, pathogens and weeds. If
insecticides must be applied, select one that will give
effective control but pose the least danger to bees (see
Table D-6 in this publication, also Tables D1-D3 in the
Mader handbook listed above). Apply pesticides at dusk
when the bees are not actively foraging and avoid
spraying adjacent crops. Give the beekeeper 48 hours
tice, if possible, when you expect to spray so that
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precautions can be taken to protect the hives and beneficial
insects.

Commercially Available Bumblebees

Common Eastern bumblebees (Bombus impatiens) may
be purchased commercially to use as pollinators in
vegetables and small fruits. The behavior, physiology and
morphology of bumblebees make them ideal pollinators
because of the speed at which they transfer pollen, the
efficiency with which they gather pollen within various
crops, and the increased endurance to fly in adverse weather
for longer periods of time. The bumblebee also has the
ability to buzz pollinate the flower for pollen, a pollination
technique not seen in honey bees. Buzz pollination occurs
by bumblebees vibrating the flower by pumping their wings
at a certain frequency, to dislodge pollen. Bumblebee
foraging activity starts earlier and ends later in the day than
managed honeybees and they forage in lower temperatures.
Bumblebees have been shown to be effective in greenhouse
and high tunnel settings to pollinate tomatoes and
strawberries. They also have been successfully used for
field pollination in crops such as blueberries and
watermelon. Because they are more active in cold weather
than honeybees, early flowering crops may benefit from
their use as pollinators.

Place bumblebees in the field after crops have begun to
bloom. Like honeybees, bumblebees need access to forage
to sustain themselves. Bees that have found on unintended
forage in the beginning of the season are likely to continue
to forage on this unintended source, especially if it is more
favorable than the intended crop. Place bees in the middle
of the field to encourage in field foraging.

Allow time for bees to settle before opening units.
Always follow instructions provided by the bumblebee
supplier when placing bees within the field. Give the
allotted time before opening up the colonies for the first
time. Although bumblebees will need to chew out of the
hole in order to begin foraging, colonies should be given at
least 30 minutes to settle after being handled during
shipment and placement. Also, be sure to check on each
colony 2-3 hours later to make sure that the bees have
successfully chewed out of the hole and exited the nest. On
occasion, bees will not successfully chew out of the hole
and will need to be cut out of the colony. Although this has
been known to occur, it is not common and most colonies
will successfully find their way out of their colony and into
the crop, on their own.

Close bumblebee units before each pesticide
application. During the season, change each bumblebee
colony entrance to one open hole at least two hours before
all pesticide applications. This will allow time for
bumblebee foragers to return and be kept in the colony in
order to limit forager exposure to pesticides.

Place bumblebees under shade, to increase their
productivity and longevity. Bumblebee units placed in
natural shade (along forest/field edges) or fitted with a
shade structure last longer and are significantly more
productive than units in the sun. Placing bees under shade is
especially important during the warm summer months.
Bumblebees constantly and actively strive to keep their
colony temperature at around 86°F. Colonies exposed to
direct sunlight have to work harder and use more energy to
thermo-regulate. Colonies placed in full sun without shade
cannot maintain normal worker activity (pollen and nectar



foraging and duties within the colony) for as long as the
colonies with shade.

Keep bumblebees away from honeybees. Bumblebees
should be placed as far from honeybee hives as possible.
This is especially true when crops are not in bloom. When
forage is low for the commercial pollinators they should be
greater than 1 mile from each other. Honeybees are very
resourceful and a bumble bee colony is a great source of
pollen and nectar which honeybees are constantly seeking.
If surrounding forage is low or not agreeable to honeybees,
bumblebees will be susceptible to honeybee pollen theft
causing a weakened colony and overall loss in productivity
from both pollinator species.

Bumblebee units should be weighed or strapped down,
especially when placed within a shade structure. These
units may be susceptible to being flipped or carried by
strong winds. Not only does this disrupt the normal
orientation of the colony, causing helpless larvae, nectar,
and pollen to fall out of their individual waxen cells, but
can cause blockage to the unit openings, trapping bees
within the unit.

Bumblebees may be transferred to another field for
additional pollination services throughout a season. Before
moving, close the plastic opening tab to the one-hole open
position. Allow forager bees at least two hours to return to
the colony. The bumblebee colony may then be transferred
to another site.

Seal the colony enclosure prior to each pesticide spray.
Bumblebees very easily accumulate pesticides within the
wax of their brood clump and their bodies by foraging in
crops that have been treated with various chemistries.
Although bumblebees will inevitably have some exposure
to sprayed pesticides within the field, growers can limit
exposure by using the plastic opening tab within each
colony box. Growers are urged to close up the commercial
nests at least two hours before spraying to decrease the
exposure of bees to the pesticides.

Follow the commercial supplier’s recommendations for
number of hives to use in a particular crop. Commercial
bumblebee hives have a longevity of 6-12 weeks and must
be replaced each year.

Dispose of bumblebee colonies in a timely and humane
fashion. There is a risk of commercial bees breeding with
native populations. Commercial bumblebees are mass
reared, and therefore the genetic diversity of the
commercial bees does not mirror what is naturally found
and occurring in the wild bees. The integrity of this wild
genetic stock is important because it allows for the bees to
be adapted to a wide variety of environmental conditions
and exposure to various pathogens that they may encounter.
If commercial bees mate with wild bees, the commercial
bees will be diluting the genetic stock of the wild bee
population.

Using Wild Bees

Other wild bumblebee species (Bombus, sp., mainly B.
importicus) squash bees (Peponapis pruinosa), and some
other wild bees are excellent pollinators. In mid-Atlantic and
northeastern states, populations of these native pollinators
have been shown to provide sufficient pollination for small,
diversified farms located in complex landscapes that include
wood lots and unmanaged (fallow) lands in close proximity.
In diversified farmscapes with a history of growing cucurbits,
squash bees and/or bumblebees have consistently been
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shown to provide sufficient pollination to pumpkins and
squash, regardless of whether honeybees were present. Farms
utilizing conservation tillage tend to have higher populations
of squash bees. Excellent information for managing native
bees, along with the biology of relevant bee species can be
downloaded at:

e http://dda.delaware.gov/plantind/forms/publications/Farm
ManagementforNativeBees-AGuideforDelaware.pdf

e http://maarec.psu.edu/pdfs/WilliamsWinfree NativeBees
2009%201.pdf

o http://ohioline.osu.edu/cv-fact/pdf/1003.pdf

Methods have not yet been well defined for establishing
whether reliance on wild bees will be adequate for
pollination of large acreages grown for commercial
production. The Xerces Society provides guidelines for
developing landscapes and farmscapes that encourage
conservation of communities of pollinators at
www.xerces.org/pollinator-conservation/. Alternative
managed pollinators are described in “Managing Alternative
Pollinators: A Handbook for Beekeepers, Growers, and
Conservationists” (Mader et al.; see Xerces web site).

Recommendations for Growers

» Know the pesticides you are using and their toxicity to
bees (do not depend on third party to provide this
information).

* READ THE LABEL AND FOLLOW THE LABEL
DIRECTIONS

* Never use a pesticide on a flowering crop or on
flowering weeds if honeybees are present.

* The use of a pesticide pre-bloom, just before bees are
brought onto a crop is not recommended. If one of
these materials MUST be used pre-bloom, select a
material that has a lower toxicity to bees and apply
only when bees are not foraging, preferably late
evening.

* Do not apply these materials post bloom until after the
bees are no longer present.

» Flowering time varies depending on varieties. Bees
pollinating one variety or crop may be at risk while
another post-bloom crop or variety is being treated
with insecticides. Also while crops may have
completed flowering, bees may be visiting flowering
weeds in and around crops. Be aware of these
situations and avoid the application of pesticides on a
non-blooming crop if there is risk of drift onto
blooming crops and weeds if bees are present. If a
spray must be applied, use the least toxic material and
apply only when bees are not foraging.

» Honeybees need water for temperature regulation and
brood production. Provide a clean water supply near
the hives. Keep wheel ruts and areas around the
pesticide sprayer fill point drained to eliminate a
possible insecticide-laden water source.

* Many fungicides are known to interact antagonistically
with insecticides and can be highly toxic to bees.
Avoid the application of fungicides on flowering
crops when bees are present.

» Give beekeepers at least 48 hours’ notice of sprays to
allow for the movement of bees onto or off the crop.
Insecticides applied on or near the crop before or
during bloom is a serious threat to bees.
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To ensure adequate quality and numbers of colonies,
growers should:

Contact beekeepers early since colonies may be in short
supply. If you do not have a past relationship with the
beekeeper, make initial contact the previous fall.
Beekeepers usually assess the survival and strength of
their colonies from mid-February to mid-March. Any
request for hive relocation should be given 48 hours or
more in advance.

Have a written and signed contract between the grower
and the beekeeper to prevent misunderstandings. This will
ensure that enough pollinators are provided and that
beekeepers are protected from pest control practices that
may injure bees. The contract should specify the number
and strength of colonies, the rental fee, time of delivery,
and distribution of bees in the field. Obtain an adequate
number of colonies. The number of honeybee colonies
you will need will vary depending on the crop, location,
attractiveness of the crop, density of the flowers, length of
the blooming period, colony strength, and competitive
plants in the area. A good rule of thumb is to start with
one colony per acre and make adjustments from there.
Areas well populated with wild solitary bees or
bumblebees will not need as many rented honeybee hives.
Obtain bees at the appropriate time. For melons,
cucumbers, squash, strawberries, honeybees should be
moved in when the crop flowering adequately to attract
bees. Competing bloom from other flowers in the field,
such as dandelions, should be eliminated by mowing,
cultivation, or the use of herbicides.

Locate colonies for maximum effect. Place colonies in
groups of four to eight in favorable locations throughout
the farm or field to provide an even distribution of the
bees. In large fields, pollination is effective if groups of
10 to 20 hives are strategically distributed in sunny, wind-
protected spots. Bales of straw or packing boxes stacked
behind colonies can offer wind protection.

Be sure you are getting strong colonies. It is important
that the colonies you rent are healthy and contain a large
enough population to do the job. For pollination,
packaged bees (bees purchased through the mail) and
small hives are inferior to strong, overwintered colonies.
Two weak colonies are not equal to one strong colony!
See the Penn State website at MAAREC.cas.psu.edu for
more information.

Consider the use of bee attractants. Sugar-based attractant
sprays for improving pollination are generally ineffective.
The bees collect the sugar off the leaves, usually without
visiting the flowers. Although this brings more bees into
the field or orchard, more pollination does not necessarily
occur.

In addition, the sugar may serve as a medium for the
growth of sooty molds. Other attractants containing bee-
derived communication pheromones, such as geraniol,
have proven more successful, but further testing is
needed before a full recommendation can be made. One
of the newest and most promising attractants, Fruit
Boost, contains honeybee queen mandibular pheromone.
Research has shown that when it is sprayed on flowering
crops, queen mandibular pheromone can result in
dramatic increases in yields for some crops. This
product is currently being marketed mainly for use on
fruits and in vegetable seed production. See Appendix
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A in the Resource for more information on sources of
pollinator attractants.

FOOD SAFETY CONCERNS

In recent years, the importance of fruits and vegetables
in the diet has received a considerable amount of attention.
Fresh or processed products supply vitamins, fiber, and
phytochemicals that are known to decrease the risk of
several chronic diseases, including heart disease and cancer.
Consumers are purchasing more product than ever before,
and between 1970 and 2008, per capita consumption of
fresh fruits increased 19 percent, while per capita
consumption of fresh vegetables increased 67 percent.

However, reports of foodborne illness attributed to
consumption of these products have also increased. Unlike
processed foods, fresh fruits and vegetables are not heat-
treated to eliminate potentially harmful microorganisms.
Larger and more centralized farming and improved storage
methods have resulted in the distribution of product over
vast geographic areas. Raw fruits and vegetables are also
handled more frequently in the distribution chain. Cases of
foodborne illness that once were limited to localized areas
can now be spread over many states or countries. In
addition, new minimal processing technologies have
brought to the marketplace fruits and vegetables that have
been washed, peeled, and cut into convenient ready-to-eat
products. Since these products are subject to more handling
and typically are not heat-processed to eliminate harmful
bacteria, they are at a greater risk for becoming
contaminated and causing foodborne illness. The vast
majority of fresh fruits and vegetables are grown, harvested,
and packed under safe and sanitary conditions. However,
several highly publicized cases of foodborne illness have
been associated with consumption of lettuce, salad mixes,
green onions, tomatoes, sprouts, cantaloupe, cabbage, and
carrots. Implicated in most of these outbreaks have been the
human pathogens Salmonella enterica, Escherichia coli
O157:H7, Listeria monocytogenes, and Shigella bacteria;
Cryptosporidium and Cyclospora parasites; and Hepatitis A
and Norwalk viruses.

In response to increasing concerns about the safety of
fresh produce grown in the United States, in 1998 the Food
and Drug Administration (FDA) published The Guide to
Minimize Microbial Food Safety Hazards for Fresh Fruits
and Vegetables. Many internet resources on food safety are
also available that feature updated information from this
guide and other sources (e.g. www.foodsafety.gov). See the
Records and Resources section of this publication. The
1998 guide is intended to assist growers, packers, and
shippers of unprocessed or minimally processed fresh fruits
and vegetables by increasing awareness of potential food
safety hazards and providing suggestions for practices to
minimize these hazards. In 2002, the United States
Department of Agriculture (USDA) developed an
audit/certification program known as “Good Agricultural
Practices” (GAPs) to verify conformance to the 1998 guide.
This is a voluntary program, although an increasing number
of distribution networks are mandating GAPs certification
from each participating grower. More recently, in 2011, the
Food Safety Modernization Act (FSMA) was signed into
law. FSMA (http://www.fda.gov/FSMA/) establishes




mandatory practices growers must take to prevent microbial
contamination of fresh produce. Increased record-keeping
and adherence to strict procedures of human hygiene are
inevitable. All three resources (the 1998 guide, GAPs and
FSMA) identify potential hazards and discuss possible
control methods in different aspects of pre-harvest, harvest
and post-harvest production, including: 1. Water, 2. Manure
and Municipal Biosolids, 3. Worker Health and Hygiene, 4.
Field Sanitation, 5. Packing Facility Sanitation, 6.
Transportation, and 7. Product Traceback. Each section is
summarized below.

1. Water. Water is used for irrigation, pesticide
application, cooling, transporting, washing, and
processing. It also has the potential to be a source of
microbial contamination. Growers and packers,
therefore, should be aware of the source and quality of
water that contacts fresh produce and consider practices
that will protect water quality. Growers should
periodically test irrigation water for fecal indicator
organisms such as generic E. coli. If the irrigation water
exceeds the agricultural water standards, water treatment
with effective disinfectants would be necessary before
continuing to use the water source. Application of
SaniDate 12.0 MicroBiocide (at 1:50,000 dilution level)
and calcium hypochlorite tablets have been shown to be
efficient on the decontamination of bacterial foodborne
pathogens, like Salmonella, in irrigation, pond and well
water. In addition, SaniDate 12.0 is approved by the
Organic Materials Review Institute for use in irrigation
water, which would be allowable for both conventional
and organic production. Growers may also reduce
contamination from human and plant pathogens by
filtration (such as a biosand or diatomaceous earth
filter).

Growers often irrigate field crops using water
obtained from rivers, lakes, ponds, or irrigation ditches.
However, surface water can become contaminated by
upstream animal operations, sewage discharge, or runoff
from fields. Drip, furrow, underground, or low volume
spray irrigation techniques are ways to minimize
irrigation water contact with edible portions of the crop.
Groundwater is less likely to become contaminated,
although wells should be maintained in good working
condition and be constructed and protected so that
surface water or runoff from manure storage areas
cannot enter the system.

In packing operations, changing dump tank and
flume water regularly, and cleaning and sanitizing water
contact surfaces will help to prevent cross-
contamination. Antimicrobial chemicals such as
chlorine and peroxyacetic acid may be added to water,
but should be routinely monitored and recorded to
ensure they are maintained at appropriate levels.

2. Manure and Municipal Biosolids. Manure may be
contaminated with human pathogens and should be
properly treated and stored before field application.
Store manure and compost away from produce fields
and packinghouses to protect the vegetable crop from
seepage and runoff. Physical barriers such as ditches,
mounds, grass/sod waterways, diversion berms, and
vegetative buffer areas may also help to prevent runoff.
Current recommendations are to maximize the time
between application of manure to production areas and
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harvesting. For non-composted or raw manure that may
come into contact with the edible portion of fruits or
vegetables, the USDA National Organic Program (NOP)
stipulates at least 120 days (4 months) between manure
application and harvest, while FSMA proposes at least
270 days (9 months). For composted manure that may
come into contact with the edible portion of fresh
produce, the (NOP) does not require an interval between
application and harvest, while FSMA proposes a 45 day
application interval. Growers should be aware that
because FSMA’s regulations have not yet been
finalized, the interval between manure application and
harvest may change. Consequently, growers are
encouraged to consult relevant online resources (see the
Records and Resources section of this publication) or
county extension offices about up to date manure
recommendations.

Domestic animals (including livestock and pets) are
another source of contamination and should be excluded
from fields during the growing and harvesting season.
Growers who use animals (such as horses) during
vegetable production are advised to do a risk assessment
of their operation and have a written plan in place to
address possible sources of contamination. Wild
animals, though more difficult to control, should be
discouraged from entering fields where crops are
destined for fresh produce markets. Federal, state, and
local animal protection requirements must also be
considered.

Although municipal biosolids (sewage sludge) are
approved for certain agricultural uses, they are not
recommended for application to soils used for vegetable
production. This is due to the potential for human health
issues. Refer to: www.epa.gov/owm/mtb/biosolids/
index.htm for an explanation of human health risks. See
“Sewage  Sludge” in the Plant  Nutrient
Recommendations section of this manual.

. Worker Health and Hygiene. Human pathogens can be

transferred to vegetables by workers who harvest or
pack fresh produce. Growers should provide sanitary
facilities that are accessible, clean, and well equipped
(adequate supply of toilet paper; handwashing stations
including a basin, potable water, liquid soap, disposable
paper towels or other appropriate hand drying device,
and a waste container). Also train employees to use
toilet facilities and wash their hands properly. Workers
at distribution centers, farm stands, or farmers’ markets
who handle produce should also follow good hygiene
practices. Any worker who shows signs of an infectious
disease such as diarrhea, boils, sores, or infected wounds
should not be allowed to handle produce.

. Field Sanitation. Fresh produce can become

contaminated through contact with soils, pests,
equipment, and chemicals such as fertilizers and
pesticides. Growers should clean harvest equipment and
containers or bins prior to use and keep harvesting and
packing equipment as clean as practical.

. Packing Facility Sanitation. In packing facilities, clean

pallets, containers, or bins before use and discard
damaged containers. Keep equipment, packing areas,
and storage areas clean and store empty containers in a
covered location to prevent them frombecoming
contaminated. Use an antimicrobial product, such as
chlorine or peroxyacetic acid, to prevent cross-
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contamination of produce during washing or
transporting in water flumes, and change the water when
it becomes excessively soiled. Clean and sanitize food
contact surfaces at the end of each day.

Establish a pest control program that prevents
rodents, birds, and insects from entering packing and
storage facilities, and safely exterminate or remove pests
once they have entered the facility.

6. Transportation. Fresh produce can become
contaminated during loading, unloading, and shipping.
Inspect transportation vehicles for cleanliness, insects,
other pests, odors, and obvious dirt or debris before
loading. Make sure that fresh produce is not shipped in
trucks that have previously been used to transport
animals, fish, chemicals, or refuse. Refrigeration units in
trucks should be turned on before loading to insure that
proper temperatures are maintained during transit.

7. Traceback. The ability to trace the distribution history
of food items from grower to consumer will not prevent
a foodborne illness outbreak from occurring. However,
being able to quickly trace a food back to its source can
limit the public health and economic impacts of an
outbreak. Growers should be able to trace each package
with the date of harvest, farm identification, and who
handled the produce from grower to receiver.

In addition to the sections mentioned above, several
recent scientific studies have shown that, in laboratory
or greenhouse settings, foodborne pathogens could be
transmitted from seeds to seedlings of different
vegetable crops, including sprouts, leafy greens and
tomatoes, even though the contamination chance is low.
Growers who grow high-risk crops (such as sprouts and
microgreens), may consider treating the seed for
foodborne bacterial pathogens, and similar seed
treatments for plant bacterial pathogens would be
suggested. These effective ingredients for seed
sanitation include sodium hypochlorite (commercial
bleach), hydrochloric acid and trichloromelamine.

Additional information to help vegetable growers practice
GAPS on the farm and in the packinghouse can be obtained
from extension offices or the governmental agriculture
authority in your state.

POSTHARVEST HANDLING

Vegetables that are fresh and have good flavor bring repeat
sales and may bring higher prices. How you handle your
produce directly affects freshness and, with some vegetables,
how well they retain peak flavor.

For most vegetables, maintaining cool temperatures to
slow deterioration and high humidity to prevent moisture loss
are the most effective means of preserving quality. Different
vegetable commodities, however, respond differently to
temperature (Table A-4). Listed below are several ways
producers, handlers, and retailers can assure that vegetables
going to the market or into storage are of high quality.

Harvesting and handling.

1. Provide gentle harvesting and handling to avoid cuts,
abrasions, and bruising damage that allow decay-
causing microorganisms to enter the tissue.

2. Harvest produce when consumers will be provided
with the peak of quality. This assures greatest value at
the time the commodity begins a sales period or storage
period for later sale. Vegetables begin to deteriorate at
the time of harvest and the highest quality produce will
have the greatest shelf life.

3. Harvest during the cool part of the day, if possible. Since
temperature controls the rate at which produce
deteriorates, harvesting when the vegetables are coolest
(usually just after sunrise) will extend their quality as
long as possible. This will also reduce energy costs (see
“cooling” below).

4. If storage facilities are not available, harvest only as
much produce at one time as you can pack or sell while
the quality is optimal. This will also allow you to
replenish displays at roadside markets with freshly
harvested produce throughout the day, ensuring the
highest quality is available to your customers.

5. Make successive plantings and use several varieties of
varying maturity to spread the harvest season. This
allows you to have freshly harvested produce available
over an extended period.

6. Use a shade cover on harvest bins, trailers, trucks and
market areas. Perform sorting and packing operations in
a shaded location. Vegetables exposed to the sun will
absorb solar energy and become warmer than those in
the shade. This is especially true of dark-colored
vegetables, such as zucchini squash, eggplants, peppers,
watermelons, green beans, and tomatoes that are often
harvested during the middle of summer when solar
energy is at a maximum. Workers will be more
comfortable and, thus, work more efficiently in a shaded
area. Shade may be provided by an open shed, shade
cloth over a simple framework, or even by a large tree.

7. Display only good quality vegetables for sale. Those of
poor quality will never improve. Frequent sorting to
remove poor quality material will present the best
display possible to your customers. Shade the sales
display from the sun to reduce losses.

8. Remind your customers to keep produce cool (see
Table A-4) and prevent moisture loss during
transportation and storage at home.

9. For commodities that lose quality rapidly and those to
be shipped to market, special postharvest washing,
handling, and cooling are required to maintain quality
(see Table A-4).

Washing, and chlorination. Bacteria and fungi are
present on the surface of all freshly harvested vegetables.
Where wash water is used, the temperature of the water
should be warmer (ideally 10°F warmer) than the pulp
temperature of the produce to prevent decay-causing micro-
organisms from being drawn into the tissue. Addition of
chlorine to the wash water is effective in destroying decay-
causing microorganisms on the surface of vegetables and
extending shelf life. Chlorine can be added as a liquid
concentrate in the form of sodium hypochlorite
(commercial bleach) or as a dry powder in the form of
calcium hypochlorite. The optimum concentration of
available chlorine in the wash water depends on the



commodity. Chlorination is most effective at pH 6.5 to 7.5.
Buffers should be added to wash water to keep the pH in
the desired range. Monitor dump/wash tanks and spray
wash with commercially available test kits to verify that the
correct pH and concentration of available chlorine are
present. Consult the label for information on adjusting
chlorine levels. Note: pH (Acidity and alkalinity) is best
controlled using automated machinery and not
manually. Consult with a water treatment specialist
about availability, installation, and operation of this
type of equipment.

Cooling. Two types of heat are present in vegetables.
Field heat is the heat content of the vegetable that is due
primarily to heat energy absorbed from the surrounding
environment. Heat of respiration is the heat produced in the
cells of the vegetable when sugars, fats, and proteins are
oxidized to produce high-energy intermediate compounds,
carbon dioxide, water, and heat. Quality is reduced more
quickly by vegetables with high respiration rates and heat
production. High produce temperatures also increase
evaporation and transpiration of moisture for fruits and
vegetables resulting in more rapid wilting and loss of
quality. Cooling vegetables removes field heat, slows
respiration, metabolic rates, and heat production. Slowing
respiration and metabolic rates of the vegetable slows the
rate of development, senescence, ripening, and tissue
breakdown. Lowering the temperature also slows the
growth rate of microorganisms, thus decreasing and
delaying decay.

Methods for Cooling Produce (from Precooling Fruits
and Vegetables in Georgia by Changying “Charlie” Li,
Extension Agriculture Engineer, University of Georgia).

Room Cooling - Room cooling is a common and simple
precooling method that exposes produce to cold air in a
refrigerated room. Room cooling is usually used for
products that have a relatively long storage life, These
products are cooled and stored in the same room. In
general, a simple and effective arrangement is to discharge
cold air into a cooling room horizontally just below the
ceiling. The air sweeps the ceiling and returns to the
cooling coils after circulating through the produce on the
floor. There should be enough refrigerated air volume to
provide adequate cooling. The air velocity should be kept
between 200 and 400 feet per minute around and between
cooling containers. When cooling is complete, air velocity
should be reduced to the lowest level that will keep produce
cool — usually 10 to 20 feet per minute. One benefit of
room cooling is that both the cooling and storage can be
done in the same room and the produce does not need to be
re-handled. In addition, room cooling requires a lower
refrigeration load than other, faster cooling methods.

Forced-air cooling — Forced-air cooling is the most widely
used precooling method in commercial practice. It is
particularly popular among small operations because of its
ability to handle a wide variety of products. It can rapidly
aircool produce by creating an air pressure difference on
opposite faces of stacks of vented containers. This pressure
difference forces air through the stacks and carries heat
away. Forced-air cooling has several advantages over room
cooling. Forced-air cooling is much faster than room
cooling because the cold air generally cools the produce by
flowing around the individual fruits or vegetables in the
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containers. Forced-air cooling usually cools fresh produce
in one to ten hours, which is one-tenth the time needed for
room cooling. Rapid cooling can be accomplished with
adequate refrigeration and a large volume of airflow per
unit of produce. An existing room cooling system can be
converted to forced-air.

Hydrocooling - Hydrocooling is one of the fastest
precooling methods. Fruits and vegetables can be cooled
rapidly by bringing them in contact with cold moving
water. One main advantage of hydrocooling is that it does
not remove water from the produce and may even revive
slightly wilted produce. For efficient hydrocooling, water
should come in contact with as much of the surface of each
fruit or vegetable as possible. Water also must be kept as
cold as possible without endangering produce. In
commercial practices, water temperature is usually kept
around 31°F except for chilling sensitive commodities.
Conveyor hydrocoolers are the most common. Produce in
bulk or in containers is carried on a conveyor through a
shower of water. To avoid “channeling” (water pouring
through larger openings where there is less resistance), it is
necessary to either use a heavy shower over a shallow depth
of produce or proportion the shower and the drainage from
the bottom of containers so that the containers fill partly or
entirely with water. Drainage must be sufficient to keep the
water in the containers moving and to remove all water
before containers leave the hydrocooler. To achieve
optimal cooling and save energy, hydrocoolers should be
insulated.

Package-icing - Packing crushed ice in containers with
produce is one of the oldest and fastest cooling methods,
and is particularly useful for cooling field-packed
vegetables such as broccoli. It offers the advantage of fast
cooling when the product directly contacts the ice, although
the cooling rate could be significantly reduced when the ice
melts. Another advantage is that the excess ice on the top of
the product provides cooling during and after
transportation. The product must be tolerant of the wet
condition at 32°F for a prolonged time. The package-iced
container should also be able to withstand wet conditions.

Vacuum cooling - Vacuum cooling cools fresh produce
based on the principle of evaporation cooling: The moisture
evaporates and takes heat away from the fresh produce
when the atmospheric pressure is reduced below the boiling
temperature of water. Leafy vegetables with a large surface
area to mass ratio (such as iceberg lettuce) are well suited
for this cooling method and can be cooled on a large scale
by putting them in air-tight chambers and pumping out air
and water vapor using steam-jet pumps. This method can
cool packed produce quickly and uniformly in large loads
(usually in 20 minutes to two hours), but container walls or
other barriers that slow down evaporation can seriously
inhibit cooling.

Choosing your ideal method for cooling vegetable
products epends on the size of your operation and the
commodities you handle. Products that are the most
sensitive to heat damage are lettuce and greens, cole crops
and legumes. Curcurbit fruits also benefit greatly from
rapid heat removal. Root crops such as carrots, parsnips,
radish, daikon, turnip, rutabaga, etc. benefit from
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hydrocooling to maintain tissue turgidity. Solanaceous
fruits such as bell pepper and eggplant are less susceptible
to heat, and maybe cooled by room or forced air. Care must
be exercised when removing field heat from tomatoes. The
internal temperature should not be less than 50°F. Vacuum
cooling or hydro-vac is generally the most expensive,
followed by hydrocooling, forced air, and top-icing. Room
cooling is the most inexpensive method.

The length of time required to cool produce depends on
method (air-, hydro-,or vacuum-cooled) and temperature of
the medium used, initial temperature of the produce, final
desired temperature, type of vegetable (i.e., fruit, leaf, or
root), use and design of boxes or containers, and flow of
cooling medium around the produce or containers. Thus,
specific recommendations for cooling times for individual
vegetables cannot be made. Growers can determine the
cooling time required in their own operations by measuring
the initial product temperature and the temperature during
and after cooling. Temperatures of produce (head, cob, or
pulp) must be measured because the temperature of air in
cartons or cooling/storage room does not accurately
indicate the internal temperature of the produce.

The term half-cooling time is the time required to cool
produce to one-half the difference between initial and final
(or cooling medium) temperature. Half cooling time will
vary according to the crop, temperatures, and cooling
method used. For example, if muskmelons with a pulp
temperature of 80°F (26.7°C) are to be cooled to 40°F
(4.4°C), the half-cooling time (tminutes) is the time
required to cool the melons from 80°F (26.7°C) to 60°F
(15.6°C). The time required to cool the melons from 60°F
(15.6°C) to 50°F (10°C) is also equal to the half-cooling
time of t minutes. This principal is illustrated in the Table
A-3 and Figure A-1.

Table A-3 The Concept of Half Cooling Time

Produce
Temperature, °F

Relative Time to Cool
to Indicated Temperature

Proportion of
Cooling Completed

80.0 (26.7°C) -- --
60.0 (15.6°C) 12 t min
50.0 (10°C) 3/4 t min
45.0 (7.2°C) 7/8 t min
42.5(5.8°C) 15/16 tmin
4t min

It can be seen from Figure A-1 that rate of cooling is
most rapid during the early stages of cooling, and declines
as temperature of the vegetable approaches the
desiredtemperature or the temperature of the cooling
medium. Cooling for a time equal to 4 times the half-
cooling time or 15/16 of the desired cooling is sufficient
for short-term holding and transit and when additional
cooling will take place in transit or storage. For example, if
a grower wishes to use hydrocooling (chilled water) to
reduce the temperature of carrots from 80° to 34°F, the time
necessary to reach 57°F would be determined (e.g. 15
minutes), then the cooling would continue for at least 4 times
longer (e.g. 60 minutes). Some vegetative tissues and
many fruits of vegetable crops are sensitive to chilling
temperatures [between 35°F (1.7°C) and 55°F (12.8°C)].

Avoid holding chilling-sensitive crops at these temperatures.
See Table A-3 for information on chilling sensitivity of
vegetable crops. Monitor temperatures during transit and
storage to determine if optimum temperatures are being
maintained.

Starting
Temperature

Y desired

temperature

Desired
temperature

4 x Y2 time
Time of cooling

Y2 time

Figure A-1: Relationship of Half Cooling Time and
Desired Temperature

Ethylene gas effects. Many vegetable crops lose quality,
have reduced shelf life, and show specific symptoms of
injury when exposed to ethylene at concentrations of 1 to 100
ppm after harvest. Some examples of ethylene effects
include: russet spotting of lettuce along the mid-rib of the
leaves, loss of green color in snap beans, increased toughness
in turnips and asparagus spears, and development of
bitterness in carrots and parsnips. Ethylene also causes
yellowing and abscission of leaves of broccoli, cabbage,
Chinese cabbage, and cauliflower; more rapid softening and
yellowing of cucumbers, acorn and summer squash; and
softening and development of off-flavor in watermelons.
Ethylene increases browning and discoloration in eggplant
pulp and seed and discoloration and off-flavor development
in sweet potatoes. Ethylene can also cause sprouting of
potatoes and increase ripening and softening of mature green
tomatoes.

To avoid the detrimental effects of ethylene on vegetable
quality and shelf life:

1. Do not store or transport ethylene-sensitive crops
indicated above with ripening fruits such as apples,
pears, peaches, plums, melons, avocadoes, bananas, and
tomatoes that produce ethylene naturally.

2. Use electric forklifts in storage and transport areas
because internal combustion engines may emit ethylene
in the exhaust fumes.

3. Vent storage areas (one air exchange per hour) to reduce
ethylene levels, or install ethylene absorbers in storage
areas.

4. Consider the installation of equipment that selectively
removes, absorbs or inhibits ethylene from your storage
facility. This website contains information and links to
potential vendors of such equipment:
www.postharvest.ifas.ufl.edu/postharvest%20resources/
ethylene.htm
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Table A-4. Handling Produce for Higher Quality and Longer Market Life!

Recommended Cooling Methods? Important Handling Factors
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Asparagus + + N 32-36 95 1-2 weeks L
Basil 4 N 46-50 90-95 4-7 days H
Beans, lima & pod i 3 N 38-42 90-95 7-10 days M
Beans, snap + + N 40-45 90-95 7-10 days M
Beets, bunched + R 32 95 1-2 weeks I
Broccoli + E 32 90-95 1-2 weeks I
Brussels sprouts + + + + R 32 90-95 3-5 weeks I
Cabbage +* N 32 90-95 3-6 weeks I
Cabbage, Chinese s s s R 32 90-95 4-8 weeks I
Carrots, bunched + + E 32 90-95 1 month I
Cauliflower + + + R 32 90-95 2-4 weeks I
Celery + R 32 90-95 2-3 weeks I
Collards & kale + + R 32 90-95 1-2 weeks |
Cucumbers + + N 50 90-95 1-2 weeks H
Eggplant s N 50 90-95 1 week H
Endive & escarole + R 32 90-95 2-3 weeks I
Horseradish + N 30-32 90-95 1 year I
Kohlrabi + + + R 32 90-95 2-4 weeks I
Leeks + + + R 32 90-95 1-3 months I
Lettuce, crisphead + N 32-36 95 2-3 weeks |
Lettuce, leaf & bibb 4 I R 32-36 95 1 week I
Lettuce, romaine + R 32-36 95 1-2 weeks I
Muskmelon, 3/4 slip + + R 36-40 85-90 1-2 weeks M
Muskmelon, full slip + + R 32-36 85-90 4-7 days M
Okra + N 45-50 95 1 week VH
Onions, dry N 32 65-70 1-8 weeks I
Onions, green s s N 32 90-95 7-10 days I
Parsley + + E 32 95 1-2 months I
Parsnips + N 32 90-95 2-6 months I
Peas + + E 32 90-95 1-2 weeks I
Peppers + + N 45-50 90-95 2-3 weeks M
Potatoes, early 4 N 40 90 2-4 months L
Potatoes, late 4 N 40-45 90 5-8 months L
Pumpkins N 50-55 70-75 2-3 months H
Radishes, bunched + + E 32 95 1-2 weeks |
Rhubarb + + R 32 95 3-4 weeks I
Rutabagas + N 32 95 2-4 months |
Spinach + + 4 E 32 90-95 7-10 days I
Squash, summer s i3 N 50 90-95 4-7 days H
Squash, winter + N 50-55 50-75 2-6 months M
Strawberries + N 32 95 1 week L
Sweet potatoes + N 55-60 85-90 3-5 months VH
Sweet corn + + + E 32 90-95 5-7 days I
Tomatoes, green + N 60-70 85-90 1-3 weeks H
Tomatoes, pink i3 N 55-65 85-90 5-10 days M
Tomatoes, ripe + N 55-60 85-90 4-7 days M
Turnips + N 32 95 4-5 months I
Turnip & mustard tops + + + E 32 90-95 1-2 weeks I
Watermelons + N 45-50 85-90 3-4 weeks M
! Information on optimum temperatures, relative humidity, and storage life * Transit Icing: The importance of transit icing depends on time in transit,
was adopted from USDA Handbook 66 and modified by experience transit conditions, and outside temperature. N - not recommended, R =
undey eastern conditions. ‘ o recommended, and E = essential.
* Cooling Method: + = cooling method is suitable for the crop. 4 Sensitivity to Chilling Injury: I = insensitive, L = low sensitivity, M =

medium sensitivity, H = high sensitivity, and VH - very high sensitivity.
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TROUBLESHOOTING:

DIAGNOSING VEGETABLE

CROP PROBLEMS

When visiting a vegetable field, follow the steps outlined
below to help solve any potential problems.

1. Determine whether there is a pattern to the symptoms.

a. Does the pattern correlate with a certain area in the
field, such as a low spot, poor-drainage area, edge of
field or sheltered area? Does the pattern correlate with
concurrent field operations, such as time of planting,
pesticide application, method of fertilization, and rate
of fertilization?

2. Try to trace the history of the problem.

a.
b.
c.

On what date were the symptoms first noticed?
What fertilizer and liming practices have been used?
What pest-management practices have been used to
suppress or control diseases and undesirable insects
and weeds--what chemicals (if any), when applied,
and what application rates?

What were the temperatures, moisture conditions,
and level of sunlight?

3. Examine the plants affected to determine whether the
problem is related to insects, diseases, or cultural
practices.

a.

Do the symptoms point to insect problems? (A hand
lens is usually essential to determine this.)
(1) Look for the presence of insects on foliage,
stems, and roots.
(2) Look for feeding signs such as chewing,
sucking, or boring.
Do the symptoms suggest disease problems? These
symptoms are usually not uniform; rather, they are
specific for certain crops.
(1) Look for necrotic (dead) areas on the roots,
stems, leaves, and flowers.
(2) Look for discoloration of the vascular tissue
(plant veins).
(3) Look for fungal or bacterial growth.
(4) Look for virus patterns; often these are similar
to injury from 2,4-D or other hormones.
Do the symptoms point to cultural problems? Look
for the following general characteristics, may be
different on specific crops:
(1) Nutrient deficiencies.
® Nitrogen--light green or yellow foliage.
Nitrogen deficiencies are more acute on
lower leaves.
® Phosphorus--purple coloration of leaves;
plants are stunted.

® Potassium--brown leaf margins and leaf

curling

® Magnesium--interveinal chlorosis (yellowing
between veins of older/lower leaves).

® Boron--development of lateral growth;
hollow, brownish stems; cracked petioles.

® Iron--light green or yellow foliage occurs
first and is more acute on young leaves.
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® Molybdenum--whiptail leaf symptoms on
cauliflower and other crops in the cabbage
family.
(2) Nutrient toxicities. (Perform leaf tissue analysis
and soluble salt test of soil)
® Toxicity of minor elements--boron, zinc,
manganese.
¢ Soluble salt injury--wilting of the plant when
wet; death, usually from excessive fertilizer
application or salts in the irrigation water.
(3) Soil problems. (Take soil tests of good and
poor areas.)
® Poor drainage.
® Poor soil structure, compaction, etc.
(4) Pesticide injury. (Usually uniform in the area or
shows definite patterns.)
® Insecticide burning or stunting.
® Weed-killer (herbicide) burning stunting or
abnormal  growth.
(5) Climatic damage.
® High-temperature injury.
® Low-temperature (chilling) injury.
® Lack of water.
® Excessive moisture (lack of soil oxygen
excessive water and fruit cracking, edema)..
® Frost or freeze damage.
®. Low light to high light intensity damage.
®. Sunscald and leaf scorch
(6) Other Physiological damage.
® Physiological leaf curl.
¢ Air-pollution injury.
(7)Poor fruit or seed set due to inadequate
pollination

In summary, when trying to solve a vegetable crop
problem, look for a pattern in the symptoms, trace the history
of the problem, and examine the plants and soil closely.
Publications and bulletins designed to help the grower
identify vegetable problems are available from your county
Extension Agent.
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SOIL AND NUTRIENT MANAGEMENT

SOILS

The best soils for growing vegetables are well drained,
deep mineral topsoil, and relatively high (greater than
2.0%) in organic matter. The pH has been modulated
through cycles of cultivation as needed with lime and
gypsum and fertility levels (N-P-K) have been augmented
as needed. Soil textures, such as sandy loam or loamy sand,
are generally best suited for growing early market crops,
since they are more accessible to machinery and workers
during periods of high moisture. Loam and silt loam soils
are generally better suited for growing crops for later fresh-
market use or for processing. Deep, well-drained muck
soils are ideally suited for growing leafy vegetables, bulb,
and root crops. The better suited the crop is to your soil, the
greater chance you will have of producing a successful crop.
For example, if you plant crops that require well-drained soils
on poorly drained soils, you are doomed to failure regardless
of your growing skills.

A typical BMP (Plan of best management practices)
includes a good soil management program, proper liming and
fertilization, good tillage practices, crop rotation, annual
supplements of organic matter, and adequate irrigation. Using
winter cover crops and periodically resting the land with the
use of summer cover crops between vegetable plantings are
essential to prevent the deterioration of soil structure and to
retain topsoil. Note: The BMP is similar to the GAP
described in Section A, and shares many of the same
elements. The BMP is aimed at consistently high crop yields
and quality, whereas the GAP is focused on avoidance of
food safety deterrents.

Soil Tests

The most economical means of determining the lime and
fertilizer needs of your vegetable soils is to have your soil
tested. You can generally obtain soil sample kits or containers
and instructions through your local Extension office.

If you do not know the present fertility level of the soil in
a field, your application rates of lime and fertilizer materials
are likely to be inaccurate. For most efficient production,
application rates of lime and fertilizer materials should be
matched to the existing soil fertility level, past cropping and
soil management practices, and the crop to be grown. A
controlled soil fertility program of this nature also minimizes
the potential for soil damage and water pollution.
Knowledge of soil nutrient content renders it less likely that
ill-advised monetary investments will be made into
unnecessary inputs.

Lime and fertilizer recommendations from a soil testing
laboratory are based on the soil test results and past crop-
ping, liming, and fertilization practices you supply with the
soil sample questionnaire when submitting the sample. For
this reason, it is very important that you supply accurate
information about the history and future use to be made of
the field along with the soil sample.

If you have a special problem related to soil drainage,
tillage, or past history, inform your Extension Agent when
you pick up the soil sampling kit or container, so he/she can
advise you if any special tests are needed. The Agent will
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also be aware of costs of the various soil testing services
performed by the Soil Testing Laboratory.

LIMING SOILS

Most soils in the Mid-Atlantic Region are naturally acidic
or become acidic under crop production systems and rainfall.
If soils become too acidic (pH generally less than 6.0), crop
performance is hindered by many factors — including reduced
availability of plant nutrients. A regular liming program is
required to neutralize soil acidity and to supply crops with
calcium and magnesium. The first step in a liming program is
knowing the optimum or target value of the crop to be grown.
Many crops will grow over a wide range of soil pH but most
vegetable crops perform best when soils are in the pH 6.0 to
7.0 range. The grower should also plan rotations such that all
crops grown on a given field have similar pH and nutrient
requirements. The target pH values and the low pH limits
suitable for vegetable crop production are listed in Table B-1.

Table B-1. Target Soil pH Values for Vegetable
Crop Production

Target Lime when pH

Crop pH Falls Below
Asparagus 6.8 6.2
Beans, lima, snap 6.2 6.0
Beets 6.5 6.2
Broccoli 6.5 6.2
Brussels sprouts 6.5 6.2
Cabbage 6.5 6.2
Carrot 6.0 5.5
Cauliflower 6.5 6.2
Collards 6.5 6.2
Cantaloupes 6.5 6.0
Celery 6.5 6.0
Cucumber 6.5 6.0
Eggplant 6.5 6.0
Endive, escarole 6.5 6.0
Horseradish 6.5 55
Kale 6.5 6.2
Kohlrabi 6.5 6.2
Leeks 6.5 6.0
Lettuce - leaf, Iceberg 6.5 6.0
Mixed vegetables 6.5 6.0
Muskmelons 6.5 6.0
Okra 6.5 6.0
Onions - green, bulb, scallions 6.5 6.0
Parsley 6.5 6.0
Parsnips 6.5 6.0
Peas 6.5 6.0
Peppers 6.5 6.0
Potatoes, sweet 6.2 55
Potatoes - white, scab susceptible 5.2 5.0
Potatoes - white, scab resistant 6.2 55
Pumpkins 6.5 6.0
Radish 6.5 6.2
Rhubarb 6.5 55
Rutabaga 6.5 6.2
Spinach 6.5 6.0

(table continued next page)
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Table B-1. Target Soil pH Values for Vegetable
Crop Production (cont’d.)

Target Lime when pH

Crop pH Falls Below
Squash - winter, summer 6.5 6.0
Sweet corn 6.5 6.0
Strawberries 6.2 5.8
Tomatoes 6.5 6.0
Turnips 6.5 6.0
Watermelon 6.2 55

Soil pH alone cannot be used to determine the amount of
liming material to apply to correct soil acidity. Information
on soil texture and fertility is also required. Soil test results
provide all of the data needed to determine the lime
requirement and the type of lime to use when using water pH.
Alternatively, many state and private labs now use buffer
solutions to extract active and reserve acidity for pH
determination. Buffer solutions reduce interference that
commonly occurs when substantial amounts of soluble salts
are in soil solution. When using buffer pH, calibrated charts
along with the buffer pH can solely be used for lime
requirement determination.

Lime Requirement

The lime requirement of a soil depends on total acidity
that must be neutralized to raise pH to the desired level. It is
important to understand that a water soil pH measurement
only indicates the concentration of active acidity in soil
solution. Total acidity represents the active acidity in solution
plus the amount of exchangeable acid cations bound to clay
and organic matter (reserve acidity). For the purpose of lime
recommendations using water pH, total acidity is estimated
from soil texture plus soil pH or it is measured directly by
titration (which is referred to as buffer pH or lime
requirement index). Buffer pH or lime requirement index
measurements that appear on soil test reports are used to
determine lime requirement and should not be confused with
soil water pH. The interpretation of buffer pH is specific to
the buffer method employed by the laboratory and the
properties of the soils in the region.

Lime requirement is also commonly determined by soil
pH measurement and soil texture. Soil texture
classifications (i.e. loamy sand, sandy loam, loam, silt loam,
or clay loam) may be considered a fixed property of a soil
because it is not readily changed. Thus, once soil texture is
known and soil pH is measured, the lime requirement of a
soil can be determined by referring to the appropriate table
for the crop to be grown without any reevaluation of soil
texture. Once growers know the soil texture, they may find
portable pH meters or colorimetric paper strip kits to be
helpful in the planning of their liming program. A reliable
portable pH meter will cost over $100, while the paper strip
kits are much less expensive than meters, but also less
precise.

For the majority of crops that have a target pH in the
range of 6.3 to 6.5, refer to Table B-2 for lime requirement.
For scab susceptible potatoes that have a target pH of 5.2,
refer to Table B-3 for lime requirement. For snap beans
grown on sandy Coastal Plain soils, the target pH should
not exceed 6.2 (Table B-4). Excessively high pH increases
the possibility of manganese deficiency in sensitive crops.
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On soils with high organic content (greater than 6 percent)
many crops with a desired pH of 6.5 can tolerate a lower
soil pH (typically pH 5.6) than on mineral soils.

The typical soil test will include a summary of pH, and
relative availability of Magnesium (Mg) and Calcium (Ca).
While most vegetable crops grow best in soils that are
slightly acid (soil pH 6.0 to 7.0) some crops such as sweet
potato and some white potato varieties are best grown at soil
pH 5.2. The soil test report will usually report Mg and Ca
levels as “above optimum”, “optimum”, or “below optimum”
and may further specify “low/high” and “very low/very
high”. This indicates relative need to remediate the soil by
adding or withholding supplements of the indicated nutrient.

Table B-2. Pounds of Calcium Carbonate Equivalent (CCE)
Recommended per Acre for Crops with a Target pH of 6.5

Soil Texture and Fertility

Initial Loamy Sandy Silt Clay
Soil pH Sand Loam Loam Loam  Loam
41-44 4,500 5,400 9,800 11,600 23,300
45-48 3,600 4,500 8,100 9,800 18,800
49-52 2,700 3,600 6,300 8,100 15,200
5.3-5.6 1,800 2,700 4,500 6,300 12,500
5.7-6.0 900 1,800 3,600 4,500 8,100
6.1-6.4 500 900 1,800 3,600 5,400
Above 6.5 0 0 0 0 2,700

Table B-3. Pounds of Calcium Carbonate Equivalent (CCE)
Recommended per Acre for Potato Varieties with a Target pH
of 5.2

Soil Texture and Fertility

Initial Loamy Sandy Silt

Soil pH Sand Loam Loam Loam
45 630 990 1,350 1,790
4.6 540 810 1,160 1,520
47 450 630 940 1,250
48 360 540 760 990
49 270 450 540 760
5.0 180 270 400 490
5.1 90 100 180 270
5.2 0 0 0 0

Table B-4. Pounds of Calcium Carbonate Equivalent (CCE)
Recommended per Acre for Crops with a Target pH of 6.2

Soil Texture and Fertility

Initial Loamy Sandy Silt Clay
Soil pH Sand Loam Loam Loam  Loam
41-44 4,000 4,500 8,000 8,900 20,600
45-48 3,100 3,600 6,300 7,100 16,100
49-52 2,200 2,700 4,500 5400 12,500
5.3-5.6 1,300 1,800 2,700 3,600 9,800
5.7-6.0 500 900 1,200 1,800 5,400
Above 6,500 0 0 0 2,700

Calcium Carbonate Equivalent
Calcium carbonate is a popular form of liming material.
Soil test recommendations for liming should be given in
pounds of calcium carbonate equivalent per acre (Ib CCE/A).
Pure calcium carbonate (CaCQO;) has a CCE of 100 percent
and is the standard against which all liming materials are



measured. Since the CCE of liming materials may vary from
40 to 179 percent, the amount of liming material needed to
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supply a given quantity of CCE will vary considerably.

Table B-5 Conversion for Pounds of Calcium Carbonate Equivalent to Pounds of Actual Liming Material Applied

Pounds/Acre CCE Percent Calcium Carbonate Equivalent (% CCE) of Liming Material
Recommended by Soil Test 70 75 80 85 90 95 100 105
Actual Limestone Recommendation (Ib/acre)*?
1,000 1,400 1,300 1,200 1,200 1,100 1,100 1,000 1,000
2,000 2,900 2,700 2,500 2,400 2,200 2,100 2,000 1,900
3,000 4,300 4,000 3,700 3,500 3,300 3,200 3,000 2,900
4,000 5,700 5,300 5,000 4,700 4,400 4,200 4,000 3,800
5,000 7,100 6,700 6,200 5,900 5,600 5,300 5,000 4,800
6,000 8,600 8,000 7,500 7,100 6,700 6,300 6,000 5,700
7,000 10,000 9,300 8,700 8,200 7,800 7,400 7,000 6,700
8,000 11,400 10,700 10,000 9,400 8,900 8,400 8,000 7,600
9,000 12,000 12,000 11,200 10,600 10,000 9,500 9,000 8,600
10,000 14,300 13,300 12,500 11,800 11,100 10,500 10,000 9,500
11,000 15,700 14,700 13,700 12,900 12,200 11,600 11,000 10,500
12,000 17,100 16,000 15,000 14,100 13,300 12,600 12,000 11,400
13,000 18,600 17,300 16,200 15,300 14,400 13,200 13,000 12,400
14,000 20,000 18,700 17,500 16,500 15,600 14,700 14,000 13,300

1 The amount of CCE recommended in the table are for increasing the pH of an 8-inch soil layer to the desired pH value. Multiply the numbers in the table by 1.25 to adjust a 10-inch

plow layer to the desired pH.

2 It is not advisable to apply more than the following pounds of CCE per acre as a topdressing: loamy sand 2,000, sandy loam 3,000, loam 4,000, and silt loam 5,000. When fields are
to be plowed and the CCE recommendation exceeds 3,000 pounds per acre, plow under half the needed amount and apply the other half after plowing and then disk in as deeply as

possible.

By law, the CCE of a liming material must be stated on the
product label.

To determine the application rate of liming material in
CCE, refer to Table B-5 or use the following calculation:

Actual amount of liming material =

(Soil test CCE recommendation)
x 100

(% CCE of liming material)

Example: Soil test recommendation is to apply 2,000 Ib
CCE per acre

Liming material purchased as 80% CCE

Actual amount of liming material required:
(2,000 + 80) x 100 = 2,500 Ib liming material per acre

Table B-5 may be used instead of the formula to convert
soil test recommendations for pounds CCE per acre to
pounds of the actual liming materials to be applied. To use
Table B-5, find your soil test limestone recommendation in
the left hand column, then read across the table on the line
until you come to the column headed by the percent CCE
nearest to that of your liming material. Application rates may
be rounded off to the nearest 500 pounds per acre practical
for spreading equipment. Although liming recommendations
should now be given in pounds CCE per acre,
recommendations that are given as total oxides can be
converted to CCE by multiplying by 1.79.

Suppose the recommendation calls for 2,000 pounds per
acre of total oxides; then, to convert the recommendation to
CCE:

2,000 x 1.79 = 3,580 pounds CCE per acre
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Selection of Liming Material

Liming materials neutralize soil acidity, supply Ca, and
supplies or increases available Mg. Selection of the
appropriate liming material based on its Ca and Mg
concentrations is a key to furnishing crops and soils with
sufficient amounts of these nutrients. The goal of a liming
program is to establish the desired soil pH and to maintain
the soil fertility levels for Mg and Ca in the optimum range.

Fine-sized liming materials are recommended when
rapid neutralization of soil acidity is desired. Medium and
coarse-sized liming materials are best suited for
maintenance of soil pH once the desired soil pH range has
been attained through the use of fine-sized liming material.

When the soil pH is low, the soil test levels of Ca and
Mg may be below optimum, it is important to choose a
liming material that contains a significant concentration of
Mg such liming materials are commonly referred to as
dolomitic type or dolomite. If the soil Mg level is below
optimum—very low or low, use a liming material that has a
minimum concentration of 9% Mg. If the soil Mg level is
below optimum—medium, use a dolomitic liming material
that has 3.6 to 9% Mg. If the soil Mg level is optimum or
above optimum, use a calcitic or calcite liming material that
has less then 3.6% Mg.

Occasionally soils test below optimum in Mg or Ca, but
do not need lime for pH adjustment. For soils needing Mg,
apply Epsom salt (9.9% Mg) or sulfate of potash magnesia
(21.8% Mg). If soil pH is appropriate for the crop, but the
soil test Mg level is below optimum—very low, apply 30
pounds Mg per acre from a Mg fertilizer. If Mg is below
optimum—Ilow, apply 15 pounds Mg per acre.

If soil pH is satisfactory for the crop, but the Ca level is
below optimum—very low, apply 350 pounds Ca per acre
(=1500 pounds per acre of gypsum). If the pH is
satisfactory, but Ca is below optimum—Iow, apply 175
pounds Ca per acre (=750 pounds per acre of gypsum
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Timing of Application

Lime is slow to react in soil. The desired increase in soil
pH may require several months. Thus, it is important to plan
ahead and apply lime several months in advance of planting.
Lime can be applied at any time of the year. Plan ahead and
apply lime well in advance of planting crops that are
sensitive to soil acidity. Fall applications have the
advantage of allowing the lime to react in the soil prior to
the start of the next growing season.

Careful attention to liming prior to planting perennial
crops such as asparagus is important. Once the crop is
established, it is virtually impossible to correct a soil acidity
problem using surface applications of lime. Lime should be
applied at least six months to a year in advance of planting
to insure that the target pH has been achieved.

Soils naturally become more acidic over time. The
frequency of prescribed lime application varies with soil
characteristics, cropping system, and fertilizer practice.
Heavy use of ammonium and urea nitrogen fertilizers
accelerates soil acidification. Soil testing for pH
measurement should be performed every one to three years.
Relime soils before pH drops below the desired range to
avoid development of excess acidity.

Lime Placement

Lime applications are most effective at neutralizing
acidity when they are spread uniformly and thoroughly
mixed with the soil by plowing, disking, and harrowing.
When applying large amounts of lime, it is best to use split
applications. Apply half the lime and plow it under. Next
apply the other half to the plowed surface and disk it into the
soil as deeply as possible up to 24 inches.

Whenever conventional tillage is not practiced (e.g.
perennial crops, conservation tillage systems), surface
applications are recommended but the rate of pH change is
much slower than for conventionally tilled soils. Monitor
soil pH change and the need for lime to avoid higher lime
requirements. Surface lime application rates should not
exceed 3,000 pounds CCE per acre.

For crops utilizing plastic organic or mulches, lime
should be applied and incorporated prior to bedding rows.
It is ineffective to apply lime after plastic mulch has been
laid and is not recommended.

Special Considerations

Potato scab is caused by a soil-inhabiting fungus
(Streptomyces scabies). The disease is suppressed in acid
soils (pH <5.2), so increase of soil pH with lime favors
development of scab. When lime is needed, therefore, it is
best to apply the lime after potato harvest and before the
other crops grown in rotation. The optimum soil pH for
growing scab susceptible potato varieties is about 5.0 to 5.2.
Scab resistant potato varieties may be grown at pH 5.5 t0 6.2.

Cabbage, broccoli, and leafy greens are subject to
infection by the clubroot fungus Plasmodiophora
brassicae. If clubroot is known to be present, cole crops
should be grown at pH 6.5 to 7.0. The disease is also
suppressed at pH 7.2 to 7.4 but crop production and/or
quality may be decreased at the higher pH range.

Spinach requires an initial pH of 6.5 to 6.7 for good
growth and leaf quality. Calcium levels in the soil should be
medium or optimum and in balance with magnesium. Plan
ahead and adjust pH, calcium, and magnesium the season
before planting spinach.
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Lime and Fertilizer

Lime and fertilizer work together as a team to produce
high yields and better crops. Lime is not a substitute for
fertilizer, and fertilizer is not a substitute for lime. The
proper use of the two together makes for profitable
vegetable crop production. The rate and frequency of their
use depends on the crop to be grown, type of soil, soil
acidity, and past use of fertilizer materials. Remember also
that availability of nutrients is adversely affected by pH less
than 5.0 or greater than 8.0.

PLANT NUTRIENTS

Many factors influence the nutrient requirements for
optimum vyield and quality of a given vegetable crop. The
original source of soil particles, textural classification, cation
exchange capacity, organic matter content, and drainage are
important soil properties that influence the rates of nutrients
applied to vegetables. In addition, rainfall amounts and
distribution, irrigation types and management, and soil and
air temperatures during the growing season can alter the
retention, availability, and uptake of nutrients. Varieties of
the same crop species often differ significantly in their
nutrient requirements. Growers are encouraged to test soils to
determine the kinds and amounts of preplant fertilizer
nutrients required for optimum production. During the
growing season, sap and tissue testing should be used when
they have been shown to be effective to adjust nutrient
applications to current growing conditions and the nutrient
status of the crop.

Pennsylvania growers will receive soil test results
directly from the Agricultural and Analytical Services
Laboratory, College of Agriculture, The Pennsylvania
State University. Growers in Delaware, Maryland, New
Jersey, Virginia and West Virginia should use Tables B-8,
and as described below.

See important notes and discussion in the following
Plant Nutrient Recommendations section to adjust
nutrient rates and timing based on soil type, cation
exchange capacity, cropping and manure history, and soil
temperatures.

Soil Fertility Test Interpretation

A soil fertility test evaluates the nutrient-supplying power
of a soil. The results of the test are used to predict if, or how
much fertilizer is required for optimum plant growth. Soil
fertility categories include: “Deficient”, “Optimum”, and
“Exceeds crop needs”. Deficient is divided into
subcategories: very low, low, and medium. These soil fertility
categories gauge the probability of a beneficial response to the
addition of a given nutrient (assuming that other factors such
as temperature, moisture and disease are not limiting growth).
The critical factor is the soil test level; below which a crop
response to a nutrient application may be expected, and above
which no crop response is expected. Crop yields may
decrease at very high soil test nutrient levels.

Soil Test Categories
The basic soil test categories for management of soil
Calcium (Ca), Magnesium (Mg), Phosphorus (P) and
Potassium (k) are: “Deficient”, “Optimum”, and “Exceeds
Crop Needs”. For limestone recommendations, these
categories indicate the concentrations of calcium (Ca) and



magnesium (Mg) most suitable for use as a liming material.
Soil test categories, along with crop nutrient requirements,
are the basis for nutrient recommendations.

For example, when the soil test category for K is
deficient—low the recommendation will indicate how much
K to apply. The amount of K recommended however,
depends on the crop. Various crops accumulate different
amounts of nutrients. Generally, crops that produce large
yields of harvestable material will remove large amounts of
nutrients from the soil and will have a higher nutrient
recommendation. When the soil fertility category is deficient,
the nutrient recommendation for a particular crop is designed
to achieve its full crop yield potential and to build the soil
fertility level into the optimum range over time. If the soil
fertility level is already in the optimum range, the nutrient
recommendation is designed to replace the amount of nutrient
removed by the crop to maintain optimum soil fertility. No
nutrient application is generally recommended when the soil
test category is Exceeds crop needs. This allows “draw-
down” of the nutrient level to the optimum range. However,
certain crops (ex. potatoes and tomatoes) still benefit from
low fertilizer applications of root stimulating nutrients (ex.
phosphorus) and should be applied as a “starter” fertilizer.
These concepts are illustrated in Figure B-1.

Build Up
Maintenance

N

Draw Down

Nutrient Application Rate

Deficient Optimum Exceeds

Soil Test Level

Figure B-1. Nutrient application rates
vary in relation to soil test category.

Soil Test Method and Interpretation

A common misconception is that a soil fertility test is a
direct measurement of the total nutrient content of a soil that
is available to the plant. Soil test values have historically
been expressed in units of pounds per acre, but they have no
meaning in terms of actual quantity of nutrients available to
crop plants. A soil test only provides provides an index of
soil nutrient availability that is correlated with plant
response.  This correlation is determined by soil test
calibration research and is the foundation for soil test
interpretation.

Many different types of soil test extraction methods are in
use, but only a few are appropriate for our local soils. The
Mehlich-1 and Mehlich-3 soil tests are most appropriate for
soil types found in the Mid-Atlantic Region. Soil test results
and interpretations are specific for the soils of a region and
for the particular soil test method employed. The soil test
values for the Mehlich-1 and Mehlich-3 categories (Table B-
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8) were established based on research conducted on soils in
the Mid-Atlantic Region. The categories were developed
from crop yields that were observed during nutrient response
studies conducted over a range of soil test levels.

Reading and understanding the soil report from any
particular laboratory depends on knowing what soil test
method is being used and what units are used to express the
soil nutrient levels. If the soil test report does not state the
method used, call the laboratory to find out. This information
is needed before interpreting the soil test results.

Plant Nutrient Recommendations

To obtain highest yields with least negative
environmental impacts, ALWAYS base plant nutrition
decisions on a current soil test. Fertilizer is expensive and
soil tests are relatively cheap and the only indicator of
true nutrient needs. Refer to Table B-8 to interpret the
relative levels of phosphorus and potassium in the soil based
on the soil test report from the laboratory.

When a current soil test is available, use
recommendations for the specific commodity listed under
Recommended Nutrients Based on Soil Tests located in
Section F

The following adjustments to the nutrient
recommendations in section F are recommended based
on soil type and cation exchange capacity.

1. For most vegetables grown on light-textured soils,
apply the total recommended P,05 and K,0 together
with 25 to 50 percent of the recommended nitrogen
before planting. The remaining nitrogen can be
sidedressed or applied with drip irrigation using a
fertilizer containing nitrogen only. Sidedressing or
topdressing potash (K,0) is recommended only on
extremely light sandy soils with very low cation
exchange capacities.

2. It may be desirable to build up the phosphorus and
potassium levels in very low-fertility loam and silt
loam soils more rapidly than provided by these
recommendations.  In such instances, add an
additional 40 to 50 pounds of P,05 and K30,
respectively, to the recommendations listed in the
table for soils testing low in phosphorus and
potassium.  Apply the additional amounts in
broadcast and plow down or broadcast and disk-in
application.

3. For Pennsylvania growers producing vegetables
on clay loam soils: If you use the recommendations
in the tables in section F, reduce the recommended
nitrogen and potassium rates by 20 percent and
increase the phosphorus rate by 25 percent of the
rates indicated in the table.

Plant nutrient recommendations listed in tables in Section
F under Recommended Nutrients Based on Soil Tests are
expressed in terms of nitrogen (N), phosphate (P,Os), and
potash (K,0), rather than in specific grades and amounts of
fertilizer.

When soil test results are available, the phosphate (P,Os)
and potash (K,0) needs for each cropping situation can be
determined by selecting the appropriate values under the
relative soil test levels for phosphorus and potassium-low,
medium, optimum, or excessive.
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The cropping and manuring history of the field must be
known before a fertilization program can be planned. This
history is very important in planning a nitrogen fertilization
program. Certain crop residues and animal manures release
nutrients into the soil over a long period of time as they are
degraded.

Plant nutrient recommendations listed in tables in
Section F under Recommended Nutrients Based on Soil
Tests were developed for fields where no manure is being
applied and where no legume crop residue is being
incorporated prior to the planting of a new crop. If manure
and/or legume crops are being used, the plant nutrient
recommendations in the specific commodity should be
reduced by the amounts of nitrogen (N), phosphate (P,Os),
and potash (K;0) being contributed from these sources. See
Table B-11 for value credits to be allowed for manure
applications and legume crop residues.

When warm season crops, such as sweet corn, tomatoes,
peppers, eggplants, and the vine crops are seeded or
transplanted and soil temperatures are below 65°F (18.3°C),
20 pounds per acre of P,Os may be applied to replace the
phosphorus removed by the crop when soil test levels for
phosphorus are above optimum.

Once the final fertilizer-plant nutrient needs are deter-
mined, it will then be necessary to determine the grade and
rate of fertilizer needed to fulfill these requirements. For
example, if the final plant nutrient requirements that need to
be added as a commercial fertilizer are 50 pounds of nitrogen
(N), 100 pounds of phosphate (P,Os), and 150 pounds of
potash (K,0), you would need a fertilizer with a 1:2:3 ratio,
such as a 5-10-15, 6-12-18, 7-14-21, etc. Once you have
selected the grade of fertilizer you need to use, the quantity
needed to fulfill the plant nutrient requirements can be
determined by dividing the percentage of N, P,Os, or K,O
contained in the fertilizer into the quantity of the respective
plant nutrient needed per acre and multiplying the answer by
100.

In another example, if you choose a 5-10-15 fertilizer
grade to supply the 50 pounds of N, 100 pounds of P,Os, and
150 pounds of K,O needed, you can calculate the amount of
5-10-15 fertilizer needed as follows: Divide the amount of
nitrogen (N) needed per acre (50 pounds) by the percentage
of N in the 5-10-15 fertilizer (5 percent), and multiply the
answer (10) by 100, which equals 1,000 pounds.

This same system can be used for converting any plant
nutrient recommendations into grades and amounts of
fertilizer needed. When you use this system, it is possible for
you to select your fertilizer needs based on the most
economical fertilizer grades available to you. In cases where
the preferred grade is not available, it is also possible to
change from one fertilizer grade to another, providing the
plant nutrient ratio is the same. This flexibility may be
necessary because of a shortage of some fertilizer materials.

NUTRIENT MANAGEMENT

Plants remove substances from the soil and air to enable
them to grow and reproduce. The specific substances they
remove are termed nutrients. Certain of these are generally
required in larger quantities, and termed macronutrients.
Those needed in smaller quantities, micronutrients, are often
as important as macronutrients for achieving desired results.
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Most commercial fertilizers feature macronutrients nitrogen
(N), phosphorus (P), and potassium (K), expressed as a
weighted percentage (N-P-K). Micronutrients may be
supplied along with macronutrients.

Nitrogen Management

Nitrogen is one of the most difficult nutrients to manage
in vegetable production systems. Nitrogen is readily
leached in sandy textured soils that dominate vegetable
production regions or can be immobilized by soil microbes,
can volatilize if not quickly incorporated, and is lost via
denitrification under water-saturated soil conditions. Due to
the numerous nitrogen loss pathways, nitrogen is not
routinely tested by state soil testing laboratories for making
crop recommendations. Instead, nitrogen recommendations
are based on years of fertilizer trials and yield potential.
Nitrogen application timings, application methods, and
sources are also commonly tested in state fertilizer trials
and have resulted in recommendations for splitting nitrogen
fertilizer for increased fertilizer use efficiency.

Heavy rainfall, higher than normal yield, and following
non-legume cover crops are just a few examples of
situations where nitrogen fertilizer may be immobilized,
lost from the production system, or another application of
nitrogen is warranted. Tissue testing is the best option when
deciding if and how much more nitrogen is needed to meet
expected vyields. Soil testing laboratories can provide
nitrogen concentrations of plant materials with quick
turnaround times to aid in nitrogen application decisions.

Phosphorus Management

In general, crops are very likely to respond to P
fertilization if dictated necessary by soil tests. Crops grown
in a soil testing P level of deficient—very low, low, or
medium indicates a strong response to P fertilizer additions.
Crops in soils testing optimum may or may not respond to
further additions, but P may be applied to maintain the
fertility level in the optimum range (P fertilizer applied at
crop removal rates). Crops in soils that exceeds crop needs-
very high may also see a response to P fertility if conditions
are favorable for high yields or plants have slow growing
and/or shallow root systems. Tomato and potato are classic
examples of crops benefiting from P fertilizer additions on
very high soil test P concentrations.

It is often recommended that a band of P fertilizer be
placed near the seed/transplant as a starter fertilizer
regardless of the P fertility level. Banded P is especially
helpful at low soil test P levels; however, overall field rates
should not be decreased. When the soil test level is
deficient, P should generally be applied as a combination of
broadcast and banded methods. Even at P soil test levels
that are “very high-exceeds crop needs”, a small amount of
banded P may benefit crop establishment. Many test results
describe the soils as “exceeds crop needs™ category due to
previous fertilizer and manure applications. When applied
in excess of crop removal, P accumulates in the soil.
Phosphorus is strongly adsorbed to soil particles and very
little is subject to loss via leaching. In high concentrations,
soil phosphorus will also interact with ionic micronutrients,
such as zinc, to alter availability of P to the plant. Deciding
to fertilizer if the soil test report indicates that P “exceeds
crop needs” should be based on a crop and geographic
specific case. However, the general recommendation is that



soils “exceeding crop needs” for P should receive very little
or no P fertilizer.

Potassium Management

Crops are very likely to respond to K fertilizer when the
soil test indicates that K is deficient—very low or low. A soil
testing deficient—medium in K may or may not respond to K
fertilizer. Soils testing optimum or exceeds crop needs are
unlikely to respond to K fertilizer, but K may be applied to
maintain the soil fertility level in the optimum range.

In general, most of the K fertilizer should be broadcast.
When the fertility level is deficient, it may be advantageous
to apply a portion of the total K application as a band. There
is generally no benefit to applying banded K when soil
fertility levels are optimum or exceeds crop needs. In loamy
sand and sand textured soils, split applications of K may be
beneficial and may be applied using sidedress applications or
applied through trickle irrigation.

Crops remove larger amounts of K than P from the soil
during a growing season. In addition, sandy soils have low
reserves of K, and K is susceptible to leaching. Therefore,
frequent applications of K are needed to maintain K at an
optimum fertility level.

B7

NUTRIENT MANAGEMENT

Secondary and Micronutrient Management
Calcium (Ca), magnesium (Mg), and sulfur (S) are included
in the secondary element group. Calcium may be deficient
in some soils that have not been properly limed, where
excessive potash fertilizer has been used, and/or where
crops are subjected to drought stress. Magnesium is the
most likely of these elements to be deficient in vegetable
soils. Dolomitic or high-magnesium limestone should be
used for liming soils that are low in magnesium.
Magnesium should be applied as a fertilizer source on low-
magnesium soils where lime is not needed. Magnesium
may be applied as a foliar spray to supply magnesium to the
crop in emergency situations. Contact your county
Extension agent for recommendations regarding scenarios
that do not conform to these common soil nutrient ranges..

Sulfur is an important nutrient for plants, especially
those in the onion family and cole crops. Sulfur may
become deficient on light, sandy soils. Sulfur deficiencies
may develop as more air pollution controls are installed and
with the continued use of high-analysis fertilizers that are
low in sulfur content. Sulfur concentrations greater than 5
ppm associated with increased pungency in sweet Spanish
onions. Likewise, low soil sulfur will result in reduced
pungency. Sulfur can be supplied by application of sulfur-
containing nitrogen fertilizers, gypsum, or Epsom salts. See
Tables B-6, B-7, and B-10.
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Table B-6 Composition of Principal Macronutrient Fertilizer Materials

N P,Os K,O Mg Ca S CaCoO;
Material Nitroge | Phosphorus | Potassium | Magnesiu | Calcium | Sulfur Equiv.
n m
PERCENT (%) Ibs/ton
Ammonia, Anhydrous 82 -2960
Ammonium Nitrate 3310 34 -1180
Ammonium Phosphate 13 t016 20to 39 13 -1520 to -
Sulfate 2260
Ammonium Polyphosphate 10to 11 34 to 37 +1000 to
(APP) 1800
Ammonium Sulfate 21 24 -2200
(Granular)
Ammonium Sulfate 8 9
(Liquid)
Ammonium Sulfate Nitrate 26 15 -1700
Ammonium Thiosulfate 12 26 -2000
Calcium Nitrate 19 19 +400
Calcium Sulfate (Gypsum) 23 17
Diammonium Phosphate 18 46 3 -1400
(DAP)
Limestone, Calcite 11 32 +1700 to
2000
Limestone, Dolomite 11 22 24 +1900 to
2160
Magnesium Oxide 55
(Magnesia)
Magnesium Sulfate (Epsom 10 2.2 14
Salt)
Monammonium Phosphate 11 52 -1160
(MAP)
Nitric Phosphates 14 to 22 10to 22 810 10 0to4 | -300to-500
Phosphoric Acid 52 to 54 -2200
Potassium Chloride 60 to 63
(Muriate)
Potassium Magnesium 22 11 22
Sulfate
Potassium Nitrate 13 44 -460
Potassium Sulfate 50 to 53 18
Potassium Thiosulfate 25 17
Rock Phosphate 30to0 36 33 +200
Sodium Nitrate 16 +580
32to
Sulfur Elemental 100
Superphosphate, 44 10 53 14 -3200
Concentrated (Triple)
Superphosphate, Normal 16 to 22 20
Urea 45 to 46 -1680
Urea Formaldehydes 3510 40 -1360
Urea-Ammonium Nitrate 21to 49 -750 to -
Solutions 1760
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Table B7. Chemical Sources of Secondary and Micronutrients

Calcium Sources Material Chemical Formula % Ca
Calcitic lime CaCO; 31.7
Calcium nitrate Ca(NO»), 19.4
Dolomitic lime CaCO3;+MgCO;3 215
Gypsum CaS042H,0 22.5
Hydrated lime Ca(OH), 46.1
Superphosphate, normal Ca(H,POy)» 20.4
Superphosphate, triple Ca(H,P0Oy), 13.6
Sulfur Sources Material Chemical Formula % S
Ammonium sulfate (NH,),S0, 24
Gypsum CaS042H,0 16.8
K-Mg-sulfate K»S04.2MgSQ, 22.0
Sulfur, elemental S 32 t0 100
Potassium thiosulfate (NH,),S,04 17
Ammonium thiosulfate K5S,0; 26
Boron Sources Material Chemical Formula % B
Borax Na,B,0,.10H,0 11
Boric acid HsBO; 17
Sodium pentaborate Na,B19016.10H,0 18
Fert. borate-46 Na,B,0,.5H,0 14
Fert. Borate-65 Na,B,0, 20
Solubor '\ial\zlilé?&lsoli 60 20
Molybdenum Sources Material Chemical Formula % Mo
Ammonium molybdate (NH,)§M07024.2H,0 54
Molybdenum trioxide MoO; 66
Sodium molybdate Na,M00,.2H,0 39
Copper Sources Material Chemical Formula % Cu
Copper ammonium phosphate Cu(NH4)PO4H,0 32
Copper chelates I{I\I;éiﬂEEIID)TI'AA 193
Copper sulfate CuS045H,0 25
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Table B7. Chemical Sources of Plant Nutrients (continued)

Magnesium Sources Material Chemical Formula % Mg
Dolomitic lime MgCO;+CaCOy 11.4
Epsom salt MgS0,.7H,0 9.6
Magnesia MgO 55.0
Potassium-magnesium sulfate K»S04.2MgSQ, 11.2
Manganese Sources Material Chemical Formula % Mn
Manganese chelate MnEDTA 12
Manganese sulfate MnSQO,.4H,0 26 to 28
Manganese oxide MnO 41 to 68
Zinc sources Material Chemical Formula % Zn
Zinc carbonate ZnCO; 52
Zinc chelates S;éﬁaigl._& 194
Zinc Oxide ZnO 78
Zinc sulfate ZnS04H,0 35
Iron sources Material Chemical Formula % Fe
Iron sulfate FeS0,47H,0 19
Iron ammonium phosphate Fe(NH4)PO,4H,0 29
Iron ammonium polyphosphate Fe(NH,)HP,0, 22
NaFeEDTA 5t014
Iron chelates NaFeDTPA 10
NaFeEDDHA 6

Table B-8. Soil Test Categories for Nutrients Extracted by Mehlich 1 and Mehlich 3

Mehlich 3

Mehlich 1

Soil Test Category Phosphorus (P) Potassium (K) Magnesium (Mg) Calcium (Ca)*
Mehlich 3 Soil Test Value (Ibs/acre)®®
Deficient (very low) 0-24 0-40 0-45 0-615
Deficient (low) 25-45 41-81 46-83 616-1007
Deficient (medium) 46-71 82-145 84-143 1008-1400
Optimum (high) 72-137 146-277 144-295 1401-1790
Exceeds Crop Needs (very high) 138+ 278+ 296+ 1791+
Mehlich 1 Soil Test Value (lbs/acre)?
Deficient (very low) 0-3 0-15 0-24 0-240
Deficient (low) 4-11 16-75 25-72 241-720
Deficient (medium) 12-35 76-175 73-144 721-1440
Optimum (high) 36-110 176-310 145-216 1441-2160
Exceeds Crop Needs (very high) 111+ 311 217+ 2161+

! Calcium values are for sandy loam soils. Multiply the calcium values in the table above by 0.625 to use for loamy sand soils; by 1.25 for loam soils; by 1.5 for silt loam soils,

and by 1.75 for clay loam soils.
2 Values are reported in elemental forms.

3 Soil tests that are based on Bray-1 extractable P and neutral, LN ammonium acetate extractable, K, Ca, and Mg are very similar to the Mehlich-3 extractable concentrations of

these nutrients.
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Micronutrients

Boron (B) is the most widely deficient micronutrient in
vegetable crop soils. Deficiencies of this element are most
likely to occur in the following crops: asparagus, most bulb
and root crops, cole crops, and tomatoes. See Table B-12 for
boron recommendations for various crops based on soil or
plant tissue test results. Use of excessive amounts of boron
can be very toxic to plant growth. DO NOT exceed
recommendations listed in Table B-12 and in specific
commodity recommendations section for Plant Nutrient
Recommendations Based on Soil Tests for Vegetable Crop
Production.

Manganese (Mn) deficiency often occurs in plants
growing on soils that have been over-limed with a pH above
7.0. A broadcast application of 20 to 30 pounds or a band
application of 4 to 8 pounds of manganese per acre will
usually correct the deficiency. When manganese is applied
as manganese sulfate, foliar application of 0.5 to 1 pound of
manganese in 20 gallons of water per acre in one to three
applications usually will help relieve the deficiency. Use a
sulfate or chelate of manganese. Do not apply lime or
poultry manure to such soils until the pH has dropped below
6.5, and be careful not to overlime again.

Molybdenum (Mb) deficiency in cauliflower (whiptail)
may develop when this crop is grown on soils more acid than
pH 5.5. Liming acid soils to a pH of 6.0 to 6.5 will usually
prevent the development of molybdenum deficiencies in
vegetable crops.

Deficiencies of other micronutrients in vegetable crops
in the Mid-Atlantic U.S. region rare; and when present, are
usually caused by overliming or other substandard soil
management practices. Contact your county Extension agent
for advice if you suspect a deficiency of zinc, iron, copper,
or chlorine in your crops. Sources of fertilizers for the
essential plant nutrients may be found in Tables B-6 and B-
7.

Plant Tissue Testing
Plant tissue testing is an important tool in assessing
vegetable nutrient status during the growing season. Three
methods are commonly used for tissue testing and include 1.
Testing leaf tissue, 2. Testing whole petioles, and 3. Testing
petiole sap.

1. For collecting leaf tissue, for analysis:

e Sample the most recently matured leaf from the
growing tip. The sample is a whole leaf sample
and it should not contain any root or stem
material. For sweet corn or onions, the leaf is
removed just above the attachment point to the
stalk or bulb. For compound leaves (carrots,
peas, tomatoes, etc.), the whole leaf includes the
main petiole, all the leaflets and their petioles.
For heading vegetables, it is most practical to
take the outermost whole wrapper leaf. When
sampling particularly young plants, the whole
above-ground portion of the plant may be
sampled.

o A proper leaf sample should consist of about 25 to
100 individual leaves. The same leaf (i.e.,
physiological age and position) should be
removed from each sampled plant. Plants
damaged by pests, diseases, or chemicals should
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e be avoided when trying to monitor the nutrient

status of the crop.

e Sample across the field, from different rows, and
avoid problem areas (low spots, ridges, washed out
areas, etc.).

e Sample when the plants are actively growing
(typically between 9 a.m. and 4 p.m.).

¢ Do not collect samples from water stressed plants.

e Send samples to a laboratory in a paper bag. DO
NOT SEND SAMPLES IN A PLASTIC BAG.
Plastic bags will cause your samples to spoil and
will impact results.

. For collecting whole petiole samples for analysis:

e Sample the most recently matured leaf. Throw
away the leaflets. (Figure B-2)

e Sample from 30 to 50 plants.

« Sample across the field, from different rows, and
avoid problem areas (low spots, ridges, washed out
areas, etc.).

e Sample between 10 a.m. and 2 p.m.

¢ Do not collect samples from water stressed plants.

e Send samples to a laboratory in a paper bag. DO
NOT SEND SAMPLES IN A PLASTIC BAG.
Plastic bags will cause your samples to spoil and
will impact results.

. For collecting petiole sap samples:

e Sample petioles from most recently matured leaf.
Throw away the leaflets. (Figure B-4) Sample 30
to 50 plants.

e Sample across the field, from different rows, and
avoid problem areas (low spots, ridges, washed out
areas, etc.).

e Sample between 10 a.m. and 2 p.m.

¢ Do not collect samples from water stressed plants.

o After collection, squeeze collected petioles with a
garlic press to extract sap.

e Use a handheld nitrate meter, available widely
from nutrient management supply companies, to
read the sap nitrate concentration. Make sure you
record the correct units as either NO3™* or NO3*-N.

o Petiole sap sufficiency ranges are found in Table
B10.

Pepper Petiole

Figure B-2 Petiole delineation for several plant species.
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Interpreting Tissue Tests

Tissue tests will be reported as adequate or sufficient in
a range; low or deficient below that range; high or excessive
above that range; and toxic (if applicable) if in excess. Test
interpretation for most vegetable crops can be found at this
website at the University of Florida:
http://edis.ifas.ufl.edu/ep081. Tissue test interpretations for
selected crops are also found in Section F. Petiole sap
sufficiency ranges are found in Table B10. The
concentrations representing the adequate range (sufficiency
range) are those nutrient concentrations to be found in
plants that have adequate nutrients available to them. Plants
with nutrient concentrations in the high range are indicative
of

over-fertilization. Excessive values for micronutrients may
result in phytotoxicity.

Correcting Deficiencies
Recommendations for correcting specific crop deficiencies
are presented in the previous sections and in table B9 below.

Table B9. Recommendations for correction of vegetable nutrient deficiencies.

Nutrient Fertilizer Method Application
Rate (nutrient)
Ib. per acre
Nitrogen (N) Urea-ammonium nitrate T,S,D? 30to 40
solutions T,S,D
Calcium nitrate
Phosphorus Ammonium phosphates T,S,D 20
(P205) Triple superphosphate T,S
Phosphoric acid S,D
Potassium Potassium chloride T,S,D 30
(K,0) Potassium nitrate T,S,D
Calcium (Ca) Calcium nitrate T,S,D 30
Calcium chloride D
Magnesium Magnesium sulfate T,S,D 20
(Mg) Potassium magnesium T,S
sulfate
Sulfur (S) Ammonium Sulfate T,S,.D 20
Gypsum T,5,D
Boron (B) Borax, Solubor* D,F 0.1t00.2
Copper (Cu) Copper sulfate D,F 0.1t00.2
Iron (Fe) Ferrous sulfate, chelated D,F 0.2t00.5
iron
Manganese Manganous sulfate, D,F 05t01.0
(Mn) chelated manganese
Molybdenum Sodium molybdate D,F 0.01to0 0.05
(Mo)
Zinc (Zn) Zinc sulfate, chelated zinc | D,F 0.1t00.2

! Mention of a trade name does not imply a recommendation compared to similar materials.
2T 5,D,F are topdress, sidedress, drip irrigation, and foliar, respectively.
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Table B10. Sufficiency levels for petiole sap concentrations in vegetable crops.
Fresh Petiole Sap Concentration (ppm)

Crop Stage of Growth

First blossom

Fruits three inches

First harvest

Six-leaf stage

Just prior to harvest

At first harvest

First fruit (two-inches long)
First harvest

Mid harvest

First blossom

Fruits 2 inches

First harvest

First flower buds

First open flowers
Fruits half-grown

First harvest

Second harvest

Plants 8 inches tall

First open flowers

50% flowers open
100% flowers open
Tops falling over

First blossom

First harvest

First buds

First open flowers
Fruits one-inch diameter
Fruits two-inch diameter
First harvest

Second harvest

Vines 6-inches in length
Fruits 2-inches in length
Fruits one-half mature
At first harvest

Cucumber

Broccoli

Eggplant

Muskmelon (Cantaloupe)

Pepper

Potato

Squash

Tomato (Field)

Watermelon

Sustainable Nutrient Management

A major objective of nutrient management is to bring the
soil fertility level into the optimum range and to sustain that
fertility level during the crop growth phrase. Once soil
fertility has reached the optimum level, the nutrient
application rate should be only large enough to maintain the
optimum level. This can be accomplished by applying
nutrients at a rate that closely matches the rate of nutrient
removal in the harvested crop. The rate may need to be
slightly higher to account for other losses such as leaching.

Keeping records of soil test results enables growers to
track changes over time and to adjust recommendations as
needed to maintain soil fertility in the optimum range.
Meaningful records require a consistent approach to soil
testing in terms of sample collection, sampling depth, and
laboratory submission. Soil test levels can vary somewhat
from sample to sample and having records helps to spot
unusual soil test values that should be rechecked.

Although soil fertility levels naturally fluctuate from year
to year due to crop rotation and manure application, the

K NOs-N conc.
800 to 1000
N/A 600 to 800
400 to 600
800 to 1000
N/A 500 to 800
300 to 500
4500 to 5000 1200 to 1600
4000 to 5000 1000 to 1200
3500 to 4000 800 to 600
4000 to 5000 1000 to 1200
3500 to 4000 800 to 1000
3000 to 3500 700 to 800
3200 to 3500 1400 to 1600
3000 to 3200 1400 to 1600
3000 to 3200 1200 to 1400
2400 to 3000 800 to 1000
2000 to 2400 500 to 800
4500 to 5000 1200 to 1400
4500 to 5000 1000 to 1400
4000 to 4500 1000 to 1200
3500 to 4000 900 to 1200
2500 to 3000 600 to 900
900 to 1000
N/A 800 to 900
3500 to 4000 1000 to 1200
3500 to 4000 600 to 800
3000 to 3500 400 to 600
3000 to 3500 400 to 600
2500 to 3000 300 to 400
2000 to 2500 200 to 400
4000 to 5000 1200 to 1500
4000 to 5000 1000 to 1200
3500 to 4000 800 to 1000
3000 to 3500 600 to 800

average levels of nutrients over time should remain in the
optimum range, as shown in Figure B-3. If soil fertility levels
are observed to fall in the deficient category, under-
fertilization is indicated. ~ The nutrient recommendation
should be adjusted so that the nutrient application rate is
sufficient to meet the needs of the current crop and also
gradually rebuild the nutrient supply to the optimum level. If
soil fertility levels are observed to climb into the exceeds crop
needs category, good crop yields may be obtained without
adding the nutrient; however, yield and quality are likely to be
reduced by reapplying a nutrient already present in very high
amounts. Over a period of time, nutrient removal by crops
should allow the soil fertility level to fall back into the
optimum range (see Figs. B-1, B-3).

Very high soil nutrient levels can be as detrimental to
crop performance as low or deficient levels. High soil
nutrient levels may not only result in an economic loss but
they may also cause problems to animals or the
environment. Very high P levels (above about 370 Ibs
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P,Os/acre or 160 Ibs P/acre) in the soil may lead to
deficiencies of other nutrients, especially of iron and zinc.
High K levels (above about 205 Ibs K,O/acre or 170 Ibs
K/acre) can induce magnesium or calcium deficiency
through competition for plant uptake and vice versa. Use
best management practices to avoid increasing soil nutrient
levels that are already high.
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Figure B-3. Changes in soil test levels over time under
different nutrient management scenarios.

Sewage Sludge

Sewage sludge, or biosolids, is a by-product of the
purification of waste water. This type of material has
significant organic matter content and contains micro- and
macronutrients essential for plant growth. Sewage sludge can
also contain contaminants such as heavy metals, organic
contaminants, and human pathogens. Before it can be used for
land application, sewage sludge must undergo additional
treatment to stabilize and disinfest it. After appropriate
treatment, federal and some state regulations allow the use of
sewage sludge on vegetables. However, due to our lack of
knowledge and biosolids and perishable food commodities.
Cooperative Extension does not recommend the
application of sewage sludge/biosolids to soils used for
vegetable production.

If the grower elects to use biosolids despite this warning,
the material should not be applied to steeply sloping land,
soils with bedrock near the surface, highly leachable soils,
soils having a pH less than 6.0, soils with high water tables,
or fields near surface water. When considering the land
application of biosolids, carefully review the regulations
and consult USDA/NRCS.

Foliar Fertilization
Plants usually obtain nutrients from the soil through roots.
It is known that plants can also absorb a limited amount of
some nutrients through aerial organs such as leaves. Properly
managed soils are usually able to supply the essential mineral

nutrients the crop will need during its development. If one or
more soil-supplied nutrients become deficient or unavailable
during the development of the crop, foliar nutrient applications
may then be beneficial. Care should be taken to use approved
tank mixes if nutrients are combined with fungicides,
insecticides, herbicides, or any other additive. Often, chelated
nutrient sources are optimal for most tank mixes; however,
care should be taken to read the label and conduct a jar test.
Generally, it is difficult to supply ample macro and secondary
nutrients as a foliar fertilization, and focus should be directed
towards application of this strategy micronutrients only. If
deficiency occurs, efforts should be made to correct any
deficient nutrient via soil fertilization prior to the next growing
season.

Soil Improvement and
Organic Nutrient Sources

Cover Crops
Cover cropping is an important practice for sustainable
vegetable production. The following are some reasons to
consider using cover crops in vegetable rotations.

e Return organic matter to the soil. Vegetable rotations are
tillage intensive and organic matter is oxidized at a high
rate. Cover crops help to maintain organic matter levels in
the soil, a critical component of soil health and
productivity.

e Provide winter cover. By having a crop (including roots)
growing on a field in the winter you recycle plant nutrients
(especially nitrogen), reduce leaching losses of nitrogen,
reduce erosion by wind and water, and reduce surface
compaction and the effects of heavy rainfall on bare soils.
Cover crops also compete with winter annual weeds and
can help reduce weed pressure in the spring.

e Reduce certain diseases and other pests. Cover crops help
to maintain soil organic matter. Residue from cover crops
can help increase the diversity of soil organisms and
reduce soil borne disease pressure. Some cover crops may
also help to suppress certain soil borne pests, such as
nematodes, by releasing compounds that affect these pests
upon decomposition.

e Provide nitrogen for the following crop. Leguminous
cover crops, such as hairy vetch or crimson clover, can
provide significant amounts of nitrogen, especially for late
spring planted vegetables.

e Improve soil physical properties. Cover crops help to
maintain or improve soil physical properties and reduce
compaction. Roots of cover crops and incorporated cover
crop residue will help improve drainage, water holding
capacity, aeration, and tilth.

Small Grains and Ryegrasses

Seeding spring oats at 60 to 100 pounds per acre during
August or early September provides a good cover crop that
will winter-kill in the colder areas but may overwinter in
warmer areas. Rye, triticale, barley or winter wheat can be
seeded at 80 to 110 pounds per acre after early September.
These crops can also provide strips for wind protection during
the early part of the next growing season. Spring oats also
works as a spring planted cover. Annual and perennial
ryegrass or a mixture of the two seeded at 15-20 pounds per
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acre by early September are also good cover crops.

Legumes

Research has demonstrated that certain legumes are also
effective cover crops for vegetable rotations. Hairy vetch,
crimson clover, field peas, subterranean clover, and other
clovers are excellent cover crops and can provide significant
nitrogen for vegetable crops that follow. Good examples are
hairy vetch drilled at 25-60 Ibs/acre, crimson clover at a rate of
15-30 Ibs/acre, or field peas such as Austrian Winter planted at 50-
70 Ibs/acre. Subterreanean clover is an option for the southern part
of the region. Hairy vetch works very well in no-till
vegetable systems where it is allowed to go up to flowering
and then is killed by herbicides or with a roller-crimper. It is
a common system for planting pumpkins in the region but
also works well for late plantings of other vine crops,
tomatoes and peppers. Hairy vetch, crimson clover, field
peas and subterranean clover can provide from 80 to well
over 100 pounds of nitrogen equivalent. Remember to
inoculate the seeds of these crops with the proper Rhizobia
inoculants for that particular legume. All of these legume
species should be planted as early as possible — from the last
week in August through the end of September to get
adequate fall growth. Legume cover crops should be
planted a minimum of 4 weeks before a killing frost.

Red clover planted late winter or early spring can be
used ahead of early summer vegetables. Summer legume
cover crops can be used for soil improvement and provide
nitrogen prior to planting fall vegetable crops.  These
include sun hemp, cowpeas, soybeans, annual lespedeza,
and a number of medic (alfalfa) species.

Summer Annual Grasses

Summer grass cover crops such as sudangrass, forage
sorghum or sorghum x sudangrass crosses , seeded at 20 to 40
pounds per acre, are good green manure crops. Several millet
species including forage-type pearl millet, teff, German or
foxtail millet, and Japanese millet are also good cover crops.
They can be planted as early as field corn is planted and as
late as August 15 in Maryland and Virginia, and July 25 to
August 1 in cooler areas of New Jersey and Pennsylvania.
These crops should be clipped, mowed, or disked to prevent
seed development that could lead to weed problems. Summer
cover crops can be disked and planted in wheat or rye in
September or allowed to winter-kill and tilled in the spring.

Brassica Species

There has been an increase in interest in the use of certain
Brassica species as cover crops for vegetable rotations. These
include both fully hardy overwintering species and species
that will winter kill but that can be planted in the spring ahead
of crop production. They provide significant organic matter,
recycle nitrogen, can reduce compaction (larger rooted types),
and offer the potential for biofumigation (mustards and
rapeseed). Plant by September 15 in the fall or in March-April
in the spring.

Brassica types available:

Rapeseed and Canola — overwinter and are good biofumigants
Forage Radish, Oilseed Radish, and Daikon Radish — very
good for reducing compaction in soils; forage radish winter
kills, oilseed radish is hardier.

Mustards (brown and yellow mustards as well as garden
mustard) — offer good biofumigant potential; half hardy

SOIL IMPROVEMENT and ORGANIC NUTRIENT SOURCES

Turnips (forage and garden types)
production; half hardy

Kale (forage and garden types) — winter hardy; good biomass
production

Hybrid Forage Brassicas (such as ‘Typhon’) — these are
hybrid crosses of two or more species that will produce
excellent fall growth and some will overwinter Rapeseed has
been used as a winter cover when planted by early September
and has shown some promise in reducing certain nematode
levels in the soil acting as a biofumigant. Several mustard
species also have biofumigation potential to take advantage of
the biofumigation properties of rapeseed and biofumigant
mustards you plant the crop in late summer or in spring.
Allow the plant to develop until just before it goes to seed. It
is the leaves that break down to release the fumigant-like
chemical. Mow using a flail mower and plow down the
residue immediately. Never mow down more area than can be
plowed under within two hours. Mowing injures the plants
and initiates a process releasing biofumigant chemicals into
the soil. Failure to incorporate mowed plant material into the
soil quickly, allows much of these available toxicants to
escape by volatilization.

Several mustard species can be used for fall cover but not
all varieties and species will winter over into the spring. As
stated above, several mustard species have biofumigation
potential and a succession rotation of an August planting of
biofumigant mustards that are tilled under in October
followed by small grain can significantly reduce diseases for
spring planted vegetables that follow.

Make sure to mow and disk rapeseed and mustard in advance
of seed maturation, since they can become serious noxious
weeds.

— good biomass

Other Cover Crops/Special Considerations

A number of other cover crops may be useful. Buckwheat
is a quick summer cover crop noted for its ability to smother
out weeds, Marigold species have been used as nematode
controls.

Many soils that are not very productive due to poor
physical properties can be restored and made to produce good
crops through the use of a good rotation program. This
practice also helps to counteract the buildup of many diseases
and insects that attack wvegetable crops. Small grains,
sudangrass, sorghum x sudangrass, timothy, orchardgrass,
ryegrass and other grass hay species are good soil-resting
crops. Consult your state field crop or agronomy
recommendations for details on seeding rates and
management practices.

Intensive cropping, working the soil when it was too
wet, and excessive traffic from using heavy-tillage
equipment has severely damaged many soils. These
practices cause the soils to become very hard and compact,
resulting in poor seed germination, loss of transplants, and
shallow root formation. Also, such soils crust easily and
compact severely, making them very difficult to irrigate
properly. This results in poor plant stands, poor crop
growth, low yields, and loss of income. Subsoil tilling in the
row may help improve aeration and drainage of soils
damaged by several years of excessive traffic from heavy
equipment.

Alfalfa can aid in breaking up deep soil compaction. It is
useful as a soil-resting crop and in crop rotations. However, it
should not be used in rotation with other legumes such as
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soybeans; peas; and snhap, dry, and lima beans; and especially
where soil-borne diseases have been a problem.

Forage radish and oilseed radish are also very well suited
to improving compacted soils.

Proper management of living cover crops can reduce
nutrient loss during the winter and early spring. Living cover
crops should be disked or plowed to return nutrients to the
soil and before they seriously deplete soil moisture.

Compost and Manure

Application and incorporation of compost to soils will
increase soil organic matter and certain soil nutrient levels.
Since compost ingredients can include animal manures,
scrap table foods, food wastes, leaves, grass, and sawdust,
both microbial and nutrient content (phosphorus) of the
compost become extremely important considerations in field
applications. Microbial populations (E. coli 0157:H7,
Listeria, Salmonella, etc.), heavy metals such as nickel,
lead, or cadmium and excessive nutrient levels such as
nitrogen may be present in the composts containing human
or animal waste so it should not be used for edible food
production. Also, the ingredients which make up specific
compost may be highly alkaline, resulting in a high compost
pH of 7.5 to 8.5. Therefore, application rates of compost
must be determined by considerations of nutrient content,
microbial content, crop use, and pH before field
applications are made. Applications should be made at low
rates (1 to 3 tons per acre) since high rates of compost (10+
tons per acre) can result in soil pH problems, nutrient
imbalance in the soil, or microbial contamination.

A good extension web reference on the making and use of
compost for vegetable production is https://aggie-
horticulture.tamu.edu/vegetable/guides/composts-vegetable-
fruits-production/.

For more information on nutrients in organic production
see the guide Using Organic Nutrient Sources at:
http://pubs.cas.psu.edu/FreePubs/pdfs/uj256.pdf.

Herbicide Carryover in Compost

It is important to know the source and composition of any
soil amendment or compost that is used on or around
vegetable crops. Compost that contains hay, straw, grass
clippings, and cow or horse manure may potentially be a
carrier of herbicide residue. Several herbicides commonly
used in pasture and turf production may be present in straw
or hay and can pass through the digestive system of animals
and remain in manure. These herbicides are toxic in very
low concentrations to many vegetable crops. Symptoms are
often similar to growth regulating herbicides and include
twisted or cupped leaves, misshapen fruit, reduced yields, or
plant death. Additional information can be found at:
http://www.ces.ncsu.edu/fletcher/programs/ncorganic/speci
al-pubs/herbicide_carryover.pdf.

Organic Production

Nutrient sources used for certified organic production must
be included in the National List of Allowed and Prohibited
Substances, which can be found on the web,
(www.ams.usda.gov/AMSv1.0/nop). The Organic Materials
Review Institute (OMRI) reviews products submitted by
companies against the National Organic Standard (NOS) and
is a good place to identify which products are allowed in
organic production (visit omri.org for more information).
Certifying agencies also review products for compliance with
the NOS. Before using any product it is best to check with
your certifying agency to make sure the product is allowed
and thereby avoid compromising your organic certification.
See Table B-13 for a list of various products useable on
organic farms.

Table B-11. Plant Nutrient Value Credits to Be Allowed for
Manure Applications and Crop Residues

N P2Os K20

----------- Pounds per Ton ----------------

Cattle manure 5-10 3 3
Poultry manure 25-50" 40-80 30-60
Pig manure 5-10 2 2
Horse manure 6-12" 3 6
Liquid poultry manure 7-15" 5-10 5-10

(5-15% solids)

Alfalfa sod 50-100° 0 0
Hairy vetch 50-100 0 0
Ladino clover sod 60 0 0
Crimson clover sod 50 0 0
Red clover sod 40 0 0
Birdsfoot trefoil 40 0 0
Lespedeza 20 0 0
Soybeans

Tops and roots 40 0 0
Grain harvest residue 15 0 0

1 Lower values for fall- and winter-applied manure, and higher values for spring
applied manure. Use these figures only if manure being used has not been analyzed.

2 75% stand = 100-0-0, 50% stand = 75-0-0, and 25% stand = 50-0-0
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Table B-12. Boron Recommendations Based on Soil Tests for Vegetable Crops

Interpretation of Boron Soil Tests Boron (B)
Parts Pounds Relative Crops that Often Recommendations
per Million  per Acre Level Need Additional Boron' Pounds per Acre?
Beets, broccoli, brussels sprouts, cabbage, cauliflower,
____Celery, rutabaga, and turnips __ ... 3
Asparagus, carrots, eggplant, horseradish,
0.0-0.35 0.0-0.70 Low leeks, muskmelons, okra, onions, parsnips, radishes, squash
____strawberries, sweet corn, tomatoes, and white potatoes 2
Peppers and sweet potatoes 1
Beets, broccoli, brussels sprouts, cabbage, cauliflower,
....Celery, rutabaga, and turnips .. Y oo
Asparagus, carrots, eggplant, horseradish,
0.36-0.70 0.71-1.40  Medium leeks, muskmelons, okra, onions, parsnips, radishes,
squash, strawberries, sweet corn, tomatoes, and white potatoes 1
>0.70 >1.40 High All crops 0

L If boron deficiency is suspected in vegetable crops not listed above, a soil and/or plant tissue test should be made and used as a basis for treatment recommendations.
2 Approximate conversion factors to convert elemental boron (B) to different boron sources: Boron (B) x 9 = borax (11.36% B); boron (B) x 7=fertilizer borate granular (14.3% B);
boron (B) x 6.7 = fertilizer borate-48 (14.91% B); boron (B) x 5 = fertilizer borate-65 (20.2% B) or Solubor (20.5% B); boron (B) x 4.7 = fertilizer borate-68 (21.1% B).

Note. The most practical way to apply boron as a soil application is as an additive in mixed fertilizer bought specifically for the crop or field where it is needed. Do not use fertilizer

containing more than 0.5 pound of boron (B) per ton of fertilizer for crops not listed above, unless specifically recommended. To avoid possible boron toxicity damage to crops, apply
boron in broadcast fertilizer rather than in bands or as a sidedressing. Boron may be broadcast preplant as a soluble spray alone or with other compatible soluble chemicals.
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Table B-13. Mineral nutrient value, relative availability and status for organic production of various nutrient
sources. Before using any of the listed materials, it’s best to check with your certifying agency because some of the
materials may be removed from or added to the list in the future.

Materials? Status for Percent Nutrients®
Organic N P,Os K,0O Relative Availability
Production®
Animal Tankage (dry) Allowed 7 10 0.5 Medium
Bone Meal (raw) Allowed 2t0 6 15 to 27 0 Slow
Bone Meal (steamed) Allowed 0.7t0 4.0 18t0 34 0 Slow Medium
Cocoa Shell Meal Allowed 25 1.0 25 Slow
Compost (not fortified) | Allowed® 1.5t035 0.5t0 1.0 1.0t02.0 Slow
Cottonseed Meal (dry) Allowed® 6 2.5 1.7 Slow Medium
Dried Blood (dry) Allowed 12 15 0.57 Medium Rapid
Fish Emulsion Allowed 5 2 2 Rapid
Fish Meal (dry) Allowed 14 4 0 Slow
Fish Scrap (dry) Allowed 3.51t012 1to 12 0.08t0 1.6 Slow
Garbage Tankage (dry) | Allowed 2.7 3 1 Very Slow
Grain Straw Allowed 0.6 0.2 1.1 Very Slow
Guano (Bat) Restricted" 5.7 8.6 2 Medium
Kelp? Allowed 0.9 0.5 41013 Slow
Manure" (fresh) Restricted' 0.25 0.15 0.25 Medium
Cattle 0.25 0.15 0.25 Medium
Horse 0.3 0.15 0.5 Medium
Sheep 0.6 0.33 0.75 Medium
Swine 0.3 0.3 0.3 Medium
Poultry (75%) 15 1 0.5 Medium Rapid
Poultry (50%) 2 2 1.0 Medium Rapid
Poultry (30%) 3 2.5 15 Medium Rapid
Poultry (15%) 6 4 3 Medium Rapid
Marl Allowed 0 2 4.5 Very Slow
Mushroom Compost’ Allowed® 0.41t00.7 5.7t06.2 0.5t01.5 Slow
Peanut Hulls Allowed 15 0.12 0.78 Slow
Peat and Muck Allowed' 1.5t03.0 0.25t0 0.5 0.5t0 1.0 Very Slow
Pomaces™
Apple (fresh) Allowed 0.17t00.3 0.4t00.7 0.2t0 0.6 Slow
Apple (dry) 0.7t0 0.9 12t021 0.6t01.8 Slow
Castor 5.0 1.0 1.0 Slow
Winery 15 15 0.80 Slow
Sawdust Allowed" 4 2 4 Very Slow
Soybean Meal (dry) Allowed 6.7 1.6 2.3 Slow Medium
Tobacco Stems (dry) Allowed 2 0.7 6.0 Slow
Wood Ashes® Allowed” 0 1t02 3to7 Rapid

#Some materials may not be obtainable because of restricted sources.

®Must be produced in accordance with the National Organic Standard to be allowed. Organic status was determined through listing with the Organic
Materials Review Institute (OMRI; www.omri.org). Brand used may affect allowability; check with your certifier before using any product to avoid
compromising your certification.

“The percentage of plant nutrients is highly variable, mean percentages are listed.

IMust be produced in accordance with the National Organic Standards to be used in organic production.

*Brand used must not be derived from genetically modified cotton or contain prohibited substances.

"Allowed guano is decomposed and dried deposits from wild bats or birds. Must meet requirements for using raw manure.

9Contains common salt, sodium carbonates, sodium and potassium sulfates.

"Plant nutrients are available during year of application. Nutrient content varies with the amount of straw and method of storage.

iUncomposted or raw animal manure must be used on fields with crops not to be consumed by humans or incorporated into the soil a minimum of 90 days
before harvesting a product to be consumed by humans provided that the edible portion of the crop does not contact the soil or integrated into the soil a
minimum of 120 days before harvesting a product to be consumed by humans that does come into contact with the soil. Using sewage sludge is
prohibited in certified organic production.

IUse only after composting in compliance with the National Organic Standard. Fresh mushroom compost is usually too high in soluble salts.

“Must meet compost requirements.

'Not allowed if contains synthetic wetting agents.

"Plant nutrients are highly variable, depending on the efficiency and the processing techniques at the processing plant.

"Allowed only if wood is untreated and unpainted.

°Potash content depends upon tree species burned. Wood ashes are alkaline, contain about 32% CaO.

POnly from untreated and unpainted wood. Wood stove ash — only if not contaminated with colored paper, plastics, or other synthetic sources.
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IRRIGATION MANAGEMENT

BASIC PRINCIPLES

Moisture management throughout the growing season is a
critical factor for production of high quality vegetables. Even
relatively short periods of inadequate soil moisture can
adversely affect crops. Thus, supplemental irrigation is
beneficial in most years, since rainfall in the Mid-Atlantic
Region is rarely uniformly distributed, even in years with
above-average precipitation.

Moisture stress has varying effects on plants according to
developmental stage and type of stress. Moisture deficiencies
occurring early in the crop cycle may delay maturity and
reduce yields and quality. Shortages later in the season often
decrease quality, as well as yields, or even result in
irreversible crop damage. Over-irrigating, especially late in
the season, can reduce quality and postharvest life of the
crop. Table C-1 shows the periods of crop growth when an
adequate supply of water is critical for high quality vegetable
production.

Applying the proper amount of water at the correct time
and location is critical for achieving the optimum benefits
from irrigation. The crop water requirement, termed
evapotranspiration or ET, is equal to the quantity of water
lost from the plant (transpiration) plus that evaporated from
the soil surface. ET is the most important factor for effective
irrigation management. Numerous factors must be considered
when estimating ET. The amount of solar radiation, which
provides the energy to evaporate moisture from the soil and
the plant, is the major factor. Other important factors include
air temperature, wind speed, and humidity level. Different
crops also have different rates of transpiration.

Instruments that measure soil moisture content are
commonly used to measure changes in soil moisture and
adjust irrigation schedules (see the following section
“Scheduling Irrigation with Tensiometers and Resistance
Meters™).

Table C-1. Critical Periods of Water Needs by Crops

Crop Most Critical Period

Asparagus Brush (period following fern mowing)

Beans: lima Pollination and pod development

snap Pod enlargement

Broccoli Head development

Cabbage Head development

Carrots Root enlargement

Cauliflower Head development

Corn Silking and tasseling, ear development

Cucumbers Flowering and fruit development

Eggplants Flowering and fruit development

Lettuce Head development

Melons Flowering and fruit development

Onions: dry Bulb enlargement

Peas Seed enlargement and flowering

Peppers Flowering and fruit development

Potatoes: white Tuber set and tuber enlargement
sweet Root enlargement

Radishes Root enlargement

Table continued next column
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Table C-1. Critical Periods of Water Needs by Crops (cont’d)

Crop Most Critical Period

Strawberries Establishment, runner development, fruit
enlargement

Bud development and flowering

Early flowering, fruit set, and enlargement

Root enlargement

Squash: summer
Tomatoes
Turnips

Plant factors that affect the crop water requirement are
crop species and variety, canopy size and shape; leaf size,
shape, wax coating and orientation; plant population density;
rooting depth; and stage of growth and development of the
crop. The plant canopy size and shape influences
transpiration, light absorption, reflection, and the rate that
water evaporates from the soil. Crops that feature a canopy
with more surface area for transpiration (mature corn,
potatoes, snap beans) use more water than crops which do
not have an extensive canopy (immature plants, recently
transplanted crops). Leaf architecture affects the transpiration
rate from individual leaves. Rooting depths vary with crop
species and may be affected by soil compaction or hard pans.
Rooting depth determines the volume of soil from which the
crop can draw water and is important when determining to
what depth the soil must be wetted by irrigation.

Plant growth stage also influences susceptibility to
moisture stress. Irrigation is especially beneficial when
establishing newly seeded or transplanted crops. During
seedling or transplant growth, especially the first 1-2 weeks,
the root system is not yet established in surrounding soil.
Irrigation after transplanting can significantly increase plant
survival, especially when soil moisture is marginal and ET is
high. Irrigation can also increase the uniformity of emergence
and final stand of seeded crops. For seeded crops, reduce the
rate of application and the total volume of water per
application to avoid crusting (cohesion of soil particles at the
surface). If crusting is present, continue to apply low rates
and volume of irrigation water to soften the crust while
seedlings are emerging.

Cultural practices also influence ET. Cultivation,
mulching, weed growth, and method of irrigation are factors
to consider. Cultivation generally increases soil evaporation
but if crop roots are pruned or damaged by the cultivator,
water uptake and, thus, transpiration may be reduced.
Shallow cultivation may help eliminate soil crusts and,
therefore, improve water infiltration from rainfall or
irrigation. Weeds compete with the crop for water and
increase the volume lost through transpiration. Sprinkler
irrigation wets the entire crop area and, thus, has a greater
evaporation loss than does trickle irrigation that wets only the
area in the region of the plant root system.

Soil factors must also be considered. Soils having high
levels of silt, clay, and organic matter have greater available
water-holding capacities than do sandy soils or soils that are
compacted (Table C-2). Available water refers to the amount
of water that a plant is able to withdraw from the soil. Soils
with high available water-holding capacities require less
frequent irrigation than soils with low available water-
holding capacities. A greater volume of water must be
applied per application on silty soils.
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Table C-2. Available Water Holding Capacity
Based on Soil Texture

Available
Water Holding Capacity

Soil Texture (inch of water/inch depth of soil)
Coarse sand/compacted sands 0.02-0.06
Fine sand 0.04 - 0.09
Loamy sand 0.06 - 0.12
Sandy loam 0.11-0.15
Fine sandy loam/compacted loams 0.14-0.18
Loam and silt loam 0.17-0.23
Clay loam and silty clay loam 0.14-0.21
Silty clay and clay 0.13-0.18

Another soil factor that influences irrigation practices is the
soil infiltration rate. Water should not be applied to soils at a
rate greater than the rate at which soils can absorb water.
Excessive water conditions may lead to erosion from runoff
and promote disease development. Table C-3 lists the typical
infiltration rates of several soils.

Table C-3. Soil Infiltration Rates Based on Soil Texture

Soil Infiltration Rate

Soil Texture (inch/hour)
Coarse sand 0.75-1.00
Fine sand 0.50 - 0.75
Fine sandy loam 0.35-0.50
Silt loam 0.25-0.40
Clay loam 0.10-0.30

There is no simple method to accurately schedule
irrigations since all the above factors interact to determine
actual ET. In some instances, leaf canopy temperature has
been shown to be an effective tool for irrigation management.
In the absence of reliable methods to estimate ET, the
following factors should be kept in mind when deciding
when and how much to irrigate.

1. Soils vary greatly in water-holding capacity and
infiltration rate. Silt and clay soils and those high in
organic matter can hold much more water than sandy soils
low in organic matter.

2. Water loss from plants and the soil surface is much greater
on clear, hot, windy days than on cool, overcast, humid
days. During periods of hot, dry weather, ET rates may
reach 0.25 inch/day or higher. The evaporation component
of ET can be estimated by the use of a standard
evaporation pan (check with your extension office or
consult on-line resources such as
www.aecdatalog.com/irrigation/evappan for information
on using these devices).

3. Results from research show that maintaining soil moisture
levels in a narrow range, just slightly below field capacity
(75 to 90 percent soil moisture), maximizes crop response.
Therefore, frequent irrigations of smaller amounts are
better than delaying irrigations until the soil moisture
reaches a lower level (40 to 50 percent soil moisture) and
then applying a heavy irrigation.

4. Mulches reduce evaporation from the soil but also reduce
the amount of water that can reach the root zone from
rains. Thus, much of the natural precipitation should be
ignored when scheduling irrigations for crops grown
under plastic mulch.

5. In general, apply 0.25 inch or more of water in any one
irrigation, except during early season when establishing

crops. This will ensure that water reaches active areas of
the root zone.

6. If irrigation water has a high salt content (for example
wells in coastal aquifers), excess water should be applied
per irrigation to leach any salts before they are
concentrated by evaporation.

DRIP/TRICKLE IRRIGATION

Drip (or trickle) irrigation is used on a wide range of
vegetable crops. Drip (or trickle) irrigation is a method of
slowly applying small amounts of water directly to the plant
root zone. Water is applied frequently, often daily, to
maintain favorable soil moisture conditions. The primary
advantage of drip irrigation systems is that less water is used
than with sprinkler or surface irrigation systems. In many
cases, one-half or less of the water applied with sprinkler or
surface systems is required with drip systems. In addition,
substances applied through the drip irrigation system, such
as pesticides, fertilizers, and growth regulators, are
conserved along with water. Further, water applied via drip
irrigation is more available to crop plants and less available
to weeds.

Drip irrigation systems also have several other
advantages over sprinkler and surface irrigation systems.
Low flow rates and operating pressures are typical of drip
systems. These characteristics lead to lower energy and
equipment costs. Once in place, drip systems require little
labor to operate, can be automatically controlled, and can be
managed to apply precisely the amount of water needed by
the crop. These factors also reduce operating costs. With
most drip systems, disease and insect damage is reduced
because leaves are not moistened by irrigation water. The
areas between rows also remain dry, thus reducing weed
growth between rows and reducing the amount of water lost
to weeds. Consequently, fewer pests and pathogens are
encouraged in these areas of the field. In addition, field
management operations can continue during irrigation.

There are also several potential problems which are unique
to drip irrigation systems. Most of these require that a higher
level of management be used with drip systems than is used
with other irrigation systems. Moisture dispersal throughout
the soil is limited with drip systems. In most cases, a smaller
soil water reserve is available to plants. Under these
conditions, the potential to stress plants is greater than with
other types of irrigation systems. Drip systems must be
carefully managed to avoid localized moisture stress.

The equipment used in drip systems also presents
potential problems and drawbacks. Drip irrigation equipment
can be damaged by insects, rodents, and laborers, and often
has a higher initial investment cost than other system types.
Pressure regulation and filtration require equipment not
commonly found on sprinkler or surface systems. The drip
system, including pump, headers, filters, and connections
must be checked and ready to operate before planting. Failure
to have the system operational could result in costly delays,
poor plant survival or irregular stands, and reduced yield. In
addition, it is not practical to use drip systems for frost
control and the irrigation of solid-stand crops, such as forages
and cereals. Calculating the length of time required to apply a
specific depth of water with a trickle irrigation system is
more difficult than with sprinkler systems.
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Drip irrigation is especially effective when used with
plastic film or organic mulches. Unlike sprinkler systems,
trickle systems apply water to only a small portion (mulched)
of the total crop acreage. Usually, a fair assumption to make
is that the mulched width approximates the extent of the plant
root zone and should be used to calculate system run times
for medium and fine textured soils (loamy and clay soils).
Table C-4 has been prepared to calculate the length of time
required to apply one inch of water with a drip irrigation
system, based on the drip tube flow rate and the mulched
width. The use of this table requires that the drip system be
operated at the pressure recommended by the manufacturer.

Table C-4. Hours Required to Apply 1 Inch of water (use
this table for fine-textured or heavy soils)

DRIP/TRICKLE IRRIGATION

Table C-6. MAXIMUM APPLICATION TIMES FOR
DRIP IRRIGATED VEGETABLES (use this table in
combination with Table C-4 OR C-5)

Available Water Tubing Flow Rate (gpm per 100 ft)
Holding Capacity 0.2 03 04 0.5 0.6
(inch of water /

; f s oati N2
inch depth of soil)" (maximum minutes per application)

Drip Tube Flow Rate Mulched Width/ Bed Width (ft)
(gph/100 ft) (gpm/100 ft) 2.0 25 3.0 35 40

8 0.13 155 195 235 270 310
10 0.17 125 165 185 220 250
12 0.20 105 130 155 180 210
16 0.27 80 100 115 135 155
18 0.30 70 85 105 120 140
20 0.33 60 80 95 110 125
24 0.40 50 65 80 90 105
27 0.45 45 60 70 80 95
30 0.50 40 50 60 70 85
36 0.60 35 45 50 60 70
40 0.67 30 40 45 55 6.0
42 0.70 30 40 45 50 6.0
48 0.80 25 30 40 45 50
50 0.83 25 30 40 45 50
54 0.90 25 30 35 40 45
60 1.00 20 25 30 35 40

On coarse-textured sandy soils, more water volume is
required than for finer-textured soils. Table C-5 summarizes
the length of time required to apply 1-inch of water with a
drip irrigation system based on the drip tape flow rate and
the crop row spacing. The use of this table requires that the
drip system be operated at the pressure recommended by the
manufacturer. Because water is not absorbed as much by
coarse than by fine-textured soils, it moves below the plant
root zone, carrying nutrients and pesticides beyond the reach
of the plant roots. Table C-6 presents the maximum
recommended irrigation period for drip irrigation systems.
The irrigation periods listed are based on the assumption that
50 percent of the available water in the plant root zone is
depleted (see next section on the use of tensiometers for
determining when this occurs). Soil texture directly
influences the water-holding capacity of soils and, therefore,
the depth reached by irrigation water.

Table C-5. Hours Required to Apply 1 Inch Water (use this
table for course-textured or light soils)

Trickle Tube Flow Rate Row Spacing (ft)
(gph/100 ft) (gpm/100ft) 4 5 6 8 10

13.2 0.22 19 24 285 380 475
204 0.34 125 155 185 245 310
27.0 0.45 95 115 140 185 235
40.2 0.67 6.5 80 95 125 155
80.4 1.34 3.5 40 50 65 80

0.02 20 14 10 8 7
0.04 41 27 20 16 14
0.06 61 41 31 25 20
0.08 82 54 41 33 27
0.1 102 68 51 41 34
0.12 122 82 61 49 41
0.14 143 95 71 57 48
0.16 163 109 82 65 54
0.18 183 122 92 73 61
0.2 204 136 102 82 68
0.22 224 150 112 90 75

1 Refer to Table C-2 for available water holding capacity
based on soil texture.

2 Assumes 10-inch deep root zone and irrigation at 25% soil
moisture depletion.

Scheduling Irrigation With Tensiometers and

Resistance Meters
Irrigation scheduling is a management practice used to
determine how often to irrigate and how much water to apply
with each irrigation. Irrigation duration was discussed in the
previous section, and should be based on soil available water-
holding capacity, soil moisture depletion level, and drip tube
flow rate.

Tensiometers

Tensiometers are excellent tools for determining irrigation
frequency because they measure water available in the crop
root zone. Tensiometers are glass tubes with a porous tip
submerged in the soil, and pressure gauge at the other end.
These devices can be purchased at irrigation equipment
suppliers. If handled properly, they can remain in service for
many years. Tensiometers directly measure soil tension. This
is also often referred to as “soil suction” or “vacuum”. Soil
tension is a measure of how tightly water is held in the soil,
and is measured in pressure units of centibars (cb) or
kilopascals (kPa). These are different units of measurement
of the same condition: soil vacuum. To convert cb to PSI,
multiply by 0.15; to convert PSI to cb, multiply by 6.67.

Soil tension increases as moisture in the soil is depleted.
This force also draws water out of the tensiometer through its
porous tip, creating a vacuum inside the tensiometer. This
negative pressure, or tension, is registered on the tensiometer
vacuum gauge. The soil tension measured with tensiometers
is an indirect indication of soil moisture content and can be
used as an indicator of irrigation need.

Table C-7 contains guidelines for using soil tension data
to schedule irrigation events. Field capacity is the moisture
content at which a soil is holding the maximum amount of
water it can against the force of gravity. This moisture
content is reached 24 to 72 hours after a saturating rain or
irrigation. Field capacity corresponds to soil tension levels
ranging from 5 to 10 cb in coarse-textured soils and as high
as 40 cb in fine-textured soils.
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Table C-7. Irrigation Guidelines When Using Tensiometers

Soil Moisture Status

Soil Texture Soil Tension and Irrigation
(cb) Requirement
Sand, loamy sand 5-10
Sandy loam, loam, Soil at field capacity; no
silt loam 10-20 irrigation required
Clay loam, clay 20-40
Sand, loamy sand 20-40
Sandy loam, loam, 50% of available water
silt loam 40 - 60 depleted; irrigation required
Clay loam, clay 50 - 100

The soil tension range corresponding to the time when
irrigation should begin is also influenced by soil texture. In
coarse-textured soils, irrigation should begin at soil tensions
of 20 to 40 cb. In extremely coarse-textured soils, irrigation
may be necessary at even lower tensions (Table C-7).
Conversely, medium- and fine-textured soils do not need to
be irrigated until soil tensions reach higher values, as shown
in Table C-7. For all soil types, irrigate when a maximum of
50 percent of available water has been depleted. Lower
depletion allowances may be used depending upon specific
crop and management needs.

The utility of tensiometers in fine-textured soils is limited
due to range of detection. When soil dries beyond the 80 cb
tension level, the column of water in the tensiometer
"breaks,” allowing air to enter the device. After breaking
tension, the device ceases to operate correctly until it is
serviced. Thus, tensiometers are most practical in sandy or
coarse-textured soils where normal soil tension levels are
well below the point of breaking tension.

Ideally, four tensiometers per management zone should be
used to account for variability in soil texture and other factors
within the field being tested. Install at least one tensiometer
in the area of the zone that will likely require water sooner
than other areas of the field e.g. (sandier soils, higher
elevations). The remaining tensiometers should be placed to
inscribe a triangle within the area to be irrigated, but inside
field edges. Irrigation decisions are based on the average of
all the readings.

Tensiometer placement influences measured soil tension
levels. Tensiometers should be placed where plant roots are
actively growing. Therefore, it is appropriate to monitor soil
tension 6-12 inches below the soil surface and within 6-12
inches from the plant base. If using drip irrigation, place the
tensiometer axis close to the drip tape or hose and the sensor
(tip) buried 6-12 inches below the soil surface. This will
insure that tensiometer readings reflect moisture in the root
zone and decrease when an irrigation occurs. Placement near
the drip tape is even more important when growing in coarse-
textured soils and on raised, mulched beds. In these
situations, the bed shoulders often remain very dry and
placing tensiometers there will not give an accurate measure
of soil tension in the active crop root zone.

Tensiometers can also be used in other ways. Placing
tensiometers at various soil depths at the same location is
useful for determining whether or not an irrigation or rainfall
has reached a certain depth. Placing tensiometers at various
depths is also useful for determining the depth from which
plants draw the most water.

Resistance Meters,

Electrical resistance meters determine soil water by
measuring the electrical resistance between two wire grids
are embedded in a porous matrix such as gypsum, ceramics,
glass fibers, or nylon cloth. These sensors are embedded in
the soil. The electrical resistance of the sensor varies with its
water content, which in turn is dependent upon the water
content of the soil in contact with it. As the soil dries, the
sensor loses water and the electrical resistance increases.
Therefore, resistance changes within the sensor as measured
by the meter can be interpreted in terms of soil water content.
New generation “matrix” sensors are more accurate and
consistent than are older “gypsum” sensors. The sensors,
which have stainless steel electrodes imbedded in them, are
installed at desired locations and depths in the soil during the
growing season. Insulated wires from each sensor are
brought above the soil surface where they can be plugged
into a portable meter for reading.

Resistance sensors are generally calibrated in terms of soil
water tension so as to make readings applicable across soil
textures. Sensors should be calibrated for each soil type. The
way different commercial sensors respond to changes in soil
water tension varies considerably. For this reason each
manufacturer furnishes calibration curves for their own
instruments and sensors.

Prepare resistance matrix sensors according to
manufacturer’s recommendations before installation. This
normally requires soaking in water. Soaking removes air
from the sensors and insures accurate meter readings. Using a
soil probe or auger, bore a hole in the row slightly larger than
the sensor. Make a separate hole for each sensor to desired
depth. Crumble up at least 3 inches of soil removed from the
hole and put it back into the hole. Pour about ¥ cup of water
into the hole to form a slurry of mud in the bottom. Push the
sensor firmly to the bottom of the hole, forcing the slurry to
envelop the sensor. A good way to do this is to use a section
of %%-inch electrical conduit or pipe; slip the conduit over the
lead wire and against the top of the sensor. Back fill the holes
with soil 3 or 4 inches at a time, tamping firmly as the hole is
filled. Drive a stake midway between the filled holes and tie
the wire leads to the stake. Be sure to mark the wires in some
manner so that you can identify which one is for the shallow
sensor and which one is for the deeper sensor.

Install and locate resistance sensors and meters in a
similar manner as for tensiometers to give accurate
information of soil water depletion.

Maintaining Trickle/Drip Irrigations Systems

Water is carried through plastic tubing and distributed
along the tubing through orifices or devices called emitters.
The emitters dissipate the pressure from the system by
forcing the water exiting from an emitter through orifices,
tortuous flow paths, pressure reducing flow paths, or long
flow paths, thus allowing a limited flow of water to be
discharged. The pressure-reducing flow path also allows the
emitter diameter to remain relatively large, allowing particles
that could clog an emitter to be discharged.

Insect damage to thin-walled polyethylene drip tubing or
“tape” is a major problem. Ants, wireworms, earwigs, mole
crickets, field crickets, grubs and other insects typically
damage drip tape by chewing holes through the side walls.
This damage destroys the integrity of the tape, resulting in
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small to massive leaks that may result in poor moisture
distribution and soil erosion.

Other types of drip tape damage may be mistaken for
insects. For example, rats, mice, gophers and birds can
chew, gnaw or peck holes in thin walled polyethylene
tapes. Damaged tape should be inspected under
magnification to provide clues to the source prior to taking
action to remediate the responsible agent.

To protect drip tape from insect damage, either chemical
control agents or thicker walled tapes are typically used.
Ant damage to drip tape is most severe in tubing having
wall thicknesses of less than 15 mils (0.015 inches). In
some cases, 8-10 mil products are sufficient to minimize
such damage.

Although modern emitter design reduces the potential for
trapping small particles, emitter clogging remains the most
serious problem with trickle irrigation systems. Clogging can
be attributed to physical, chemical, or biological
contaminants. Filtration and occasional water treatment may
both be necessary to keep trickle systems from clogging.

Bacteria can grow inside trickle irrigation tubes and form
a slime that can clog emitters. Algae present in surface waters
can also clog emitters. Bacteria and algae can be effectively
controlled by chlorination of the trickle system. Periodic
treatment before clogging develops can keep the system
functioning efficiently. The frequency of treatment depends
on the quality of the water source. Generally, two or three
treatments per season is adequate.

Irrigation water containing high concentrations of iron
(greater than 1 ppm) can also result in clogging problems due
to types of bacteria that "feed" on dissolved (ferrous) iron.
The bacteria secrete a slime called ochre that may combine
with other solid particles in the trickle tubing and plug
emitters. The precipitated (ferric) form of iron, known
commonly as rust, can also physically clog emitters. Treating
water containing iron with chlorine will oxidize the dissolved
iron, causing the element to precipitate so that it can be
filtered and removed from the system. Chlorine treatment
should take place upstream of filters in order to remove the
precipitated iron and microorganisms from the system. Take
care when adding chlorine to trickle irrigation systems,
however, since concentration at or above 30 ppm can be toxic
to growing plants.

Chlorine is available in either gas, liquid, or solid forms.
Chlorine gas is extremely dangerous and not recommended
for agricultural purposes. Solid chlorine is available as
granules or tablets containing 65 to 70 percent calcium
hypochlorite. Liquid chlorine is available in many forms,
including laundry bleach and postharvest wash materials.
Liquid forms typically contain between 5 and 15 percent
sodium hypochlorite. Use chlorine only if the product is
labeled for use in irrigation systems.

Since chlorination is most effective at pH 6.5 to 7.5, some
commercial chlorination equipment also injects buffers to
maintain optimum pH for effective kill of microorganisms.
This type of equipment is expensive but more effective than
simply injecting sodium hypochlorite solution. The rate of
chlorine injection required is dependent on the number of
microorganisms and the amount of iron in the water source,
and the method of treatment being used. To remove iron from
irrigation water, start by injecting 1 ppm of chlorine for each
1 ppm of iron present in the water. For iron removal,
chlorine should be injected continuously. Adequate mixing
of the water with chlorine is essential. For this reason, be
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certain to install the chlorine injector 50 to 100 feet upstream
from filters. An elbow between the injector and the filter will
also promote adequate mixing.

For treatment of algae and bacteria, a chlorine injection
rate that results in the presence of 1 to 2 ppm of "free"
chlorine at the end of the lateral most distant from the point
of injection will ensure that the proper amount of chlorine is
being injected. Free, or residual, chlorine can be tested using
an inexpensive DPD (diethyl-phenylene-diamine) test kit. A
swimming pool test kit can be used but it must measure free
chlorine and not total chlorine.

For managing dissolved iron and microbes in the water
source, one of the following basic strategies is suggested as a
starting point:

For iron treatment:

Inject liquid sodium hypochlorite continuously at a rate of
1 ppm for each 1 ppm of iron in irrigation water. In most
cases, 3to 5 ppm is sufficient.

For bacteria and algae treatment:

® Inject liquid sodium hypochlorite continuously at a rate of
5 to 10 ppm where the biological load is high.

® Inject 10 to 20 ppm during the last 30 minutes of each
irrigation cycle.

® Inject 50 ppm during the last 30 minutes of irrigation
cycles one to two times each month. Super chlorinate
(inject at a rate of 200 to 500 ppm) once per month for
the length of time required to fill the entire system with
this solution and shut down the system. After 24 hours,
open the laterals and flush the lines.

Chlorine can be injected using many types of
fertilizer/pesticide injectors, including positive
displacement injection pumps. These types of pumps are
powered by gasoline or electric motors and include piston,
diaphragm, gear or lobe, and roller (or peristaltic) types.

The injection rate for positive displacement injection
pumps can be calculated from the following equation:

Injection rate of chlorine solution in gallons per hour

[(0.006) x (desired chlorine concentration in ppm) X
(irrigation gallons per minute)]

% chlorine in bleach or concentrate

As an example, assume household bleach (5.25% sodium
hypochlorite) is being used as a chlorine solution, that a
treatment level of 5 ppm of chlorine is desired, and that the
trickle system has a 200-gallon-per-minute flow rate.

Injection rate of chlorine solution in gallons per hour

[(0.006) x (5 ppm) x (200 gallons per minute)]

5.25%
=1.14 gallons chorine per hour
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Proportional injectors are also commonly used to inject
chlorine. Proportional injectors are powered by the water
pressure of the irrigation system and inject materials at a rate
which is proportional to the irrigation system flow rate or
system pressure. Injection rates are often adjustable and are
usually specified as ratios, percentages, or ppm. Table C-7
lists equivalent values of these injection rate units.

For proportional injectors, the following equation can be
used to calculate the required chlorine solution injection rate:

Injection rate of chlorine solution in ppm concentrate

[(100) x (desired chlorine concentration in ppm)]

% chlorine in bleach or concentrate

As an example, assume postharvest wash material (12.5%
sodium hypochlorite) is being used as a chlorine solution and
that a treatment level of 10 ppm of chlorine is desired.

Injection rate of chlorine solution in ppm concentrate

[(100) x (10 ppm)]

12.5%
=80 ppm

It is important to note that both liquid and solid forms of
chlorine will cause water pH to rise. This is critical because
chlorine (sodium hypochorite) is most effective in water at
pH 6.5-7.5. If water pH is above 7.5, it must be reduced to
6.5 — 7.5 for chlorine injection to be effective as a
disinfectant.

Table C-8. Equivalent Injection Proportions

Ratio ppm Percent
1:10,000 100 0.01
1:5,000 200 0.02
1:2,000 500 0.05
1:1,000 1,000 0.1
1:500 2,000 0.2
1:200 5,000 0.5
1:100 10,000 1
1:50 20,000 2
1:20 50,000 5
1:10 100,000 10

Important Notes.

1. Approved backflow control valves and interlocks must
be wused in the injection system to prevent
contamination of the water source. This is an absolute
requirement if a public water source is being used.

2. Chlorine concentrations above 30 ppm may cause
phytotoxicity.

Fertigation
Crops that are drip-irrigated are usually fertilized during
the growing phase through the irrigation system, termed
fertigation. Before considering a fertilization program for

mulched-drip irrigated crops, the grower should have the soil
pH checked. If a liming material is needed to increase the soil
pH, the material should be applied and incorporated into the
soil as far ahead of mulching as practical. For most
vegetables, adjust the soil pH to around 6.5 (see Table B-1).

When using drip irrigation in combination with mulch,
apply the recommended amount of preplant fertilizer and
incorporate 5-6 inches into the soil before laying the mulch.
If equipment is available, apply the preplant fertilizer only to
the soil area that will be covered by the mulch. This is more
efficient than a broadcast application to the entire field.

The most efficient method of fertilizing an established
mulched row crop is through a drip irrigation system that is
usually installed during the mulching operation (see below).
Due to the very small holes or orifices in the drip tubing, a
completely soluble fertilizer or liquid solution must be used
through the irrigation system. While in the past a 1-1-1 (N-
P,0s-K,0) ratio of completely soluble fertilizer, such as a 20-
20-20 has been used successfully, in most cases, lower
phosphorus concentrations are now recommended (for
example 2-1-2 or 4-1-4 ratio). Solutions often are being used
with no P,Os (1-0-1 ratio) and this is specifically
recommended where there is a high likelihood of phosphorus
precipitating out of irrigation water and clogging drip
emitters (hard irrigation water supplies). Including the
essential micronutrients with the completely soluble N-P,Os-
K,O fertilizer has resulted in positive yield responses.
Including boron with the completely soluble N-P,0s-K,0
fertilizer on sandy loam soils testing low to low-medium in
boron is highly recommended for medium and high boron
demand vegetable crops.

Nutrients to be applied to plants through the drip irrigation
system are first completely dissolved in water to produce a
concentrate. This concentrate is usually introduced into the
irrigation system following filtration using a passive injector
that is available from irrigation suppliers.  Positive
displacement pumps may also be used but be certain that
internal surfaces are able to withstand corrosive fluids. Care
should be taken when applying phosphorus through drip
irrigation. If water sources contain high levels of calcium,
calcium phosphate may precipitate which can clog drip
emitters.

Fertigation Rates for Trickle Irrigated Plasticulture
Crops

All rates of soluble fertilizers applied through the drip
irrigation system are based on crop recommendations (see
individual vegetable crops in Section F).  Suggested
fertigation programs for common drip irrigated crops are
given in Section F for the standard between row spacings..
Rates are adjusted if crops are planted in row widths different
from the standard. Fertigation can occur with each irrigation
event, weekly, or prior to important crop growth stages.

Calculating the fertilizer requirements for a fertigated acre
based on 6 foot bed centers

a. Example for a soluble dry fertilizer to be dissolved
and distributed through trickle fertigation.

If 40 pounds of nitrogen (N), 40 pounds of phosphate
(P,0s), and 40 pounds of potash (K,O) per fertilized-
mulched acre per application are recommended, select
a dry, completely soluble fertilizer with a 1-1-1 ratio,
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such as a 20-20-20. To determine the amount of 20-
20-20 needed per acre, divide the percent N, P,Os, or
K0 contained in the fertilizer into

the quantity of the respective plant nutrient needed per
acre and multiply the answer by 100:

[40 Ibs. nitrogen needed

+ 20% nitrogen in fertilizer]
x 100

= 200 Ibs.20-20-20 per acre

b. Example for a liquid fertilizer distributed through
trickle.
Assume the same 40 Ib N-P,0s-K,O and a 6-6-6
liquid is used. If a gallon of this fertilizer weighs 10
pounds, 67 gallons of 6-6-6 liquid fertilizer per acre
per application is required.

1 gal (10 Ib) of 6-6-6 contains:
10 Ib x .06 (6% N) = 0.6 Ib N in each gallon

40 Ibs. nitrogen per acre needed

0.6 Ib. nitrogen per gallon 6-6-6

67 gallons of 6-6-6 needed per acre

SHORT-TERM AND LONG-
TERM SDI SYSTEMS

many of the advantages of surface drip irrigation without
the annual expense of drip tape replacement.

Long-term SDI (LT SDI) is characterized by a life
expectancy of 10 years or greater. These systems are
primarily designed for commodity crops (for example:
corn, cotton). The LT SDI systems are designed to
efficiently deliver water to large expanses of acreage. Due
to limited water availability and high crop water demand,
Long-term SDI systems are not typically designed to
replenish peak volume needs, but rather used to manage
soil moisture profile during periods of peak water demand.
Drip tape is installed from 12” to 18” in depth depending
primarily on soil characteristics. Drip tape is typically
centered between rows of the crop along the raised bed.
The drip tape is attached on each end to permanently buried
PVC pipe; with one pipe serving as the water supply and
the other pipe providing the flushing function. LT SDI
offers many of the advantages of surface drip irrigation,
however water is applied in a manner to best economize the
application while fulfilling the needs of crops.

CHEMIGATION

Sub-surface drip irrigation, most commonly known as
SDI, is the practice of utilizing drip tape buried at depth for
multi-year irrigation applications.

SDI systems offer precise efficient delivery of water,
deliver nutrition or crop protection, and achieve uniform
plant production. These systems are easily automated, and
can significantly decrease labor requirements. It is
essential that SDI system operators be provided with
adequate education to ensure they develop the necessary
management skills. Water quality is a critical component
of the success of an SDI system. Maintaining adequate
water quality will maximize both system performance and
longevity.

SDI is best addressed in two separate categories: Short-
term SDI and Long-term SDI:

Short-term SDI (ST SDI) is defined by a life expectancy
ranging from 3 to 10 years. However system life alone
does not define Short-term SDI. These systems are
typically used on mid-valued vegetable crops (for example:
processed crops). ST SDI systems are commonly designed
to deliver peak ET water demand to crops giving the
grower greater control in meeting the crop’s water needs.
Typically, drip tape is installed between 3” and 10” in
depth, along each crop row on the raised bed. The headers
of the drip tape can be supplied with water via surface hose
or permanently buried PVC pipe; the other end of the drip
lateral is typically left exposed for flushing. ST SDI offers

Chemigation is the application of any pesticide through
any irrigation system and includes furrow, border, overhead
and drip irrigation systems. Posting of areas to be chemigated
is required when (1) any treated area is within 300 feet of
sensitive areas such as residential, labor housing, businesses,
hospitals, or any public zones such as schools, parks,
playgrounds, etc., or (2) when the chemigated area is open to
the public such as golf courses or retail greenhouses.

Prior to chemigation, first start irrigation with water to wet
the root zone, then introduce the pesticide uniformly over the
crop being irrigated. After chemigation, flush the irrigation
system with fresh water. Do not overwater during the flush
phase to retain the pesticide in the root zone.

The pesticide label must allow the use of chemigation
before any pesticide can be applied in the irrigation system.
Consult label for all rates and restrictions before use.

Chemigation \Sk;stems Connected to Public
ater Systems
These systems must contain a functional, reduced-pressure
zone, backflow preventer or the functional equivalent in the
water supply line upstream from the point of pesticide

introduction. The pesticide injection pipeline must contain a

functional, automatic, quick-closing check valve to prevent

flow of fluid back toward the injection pump.

e The pesticide injection pipeline must also contain a
functional, normally closed, solenoid-operated valve
located on the intake side of the injection pump connected
to the system interlock to prevent fluid from being
withdrawn from the supply tank when the system is either
automatically or manually shut down.

o A functional interlocking control, to automatically shut off
the pesticide injection pump when the water pump motor
stops is also required, or in any situation where the water
pressure decreases to the point where pesticide
distribution is adversely affected.
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Chemigation systems must use a metering pump, such as a
positive displacement pump capable of being fitted with a
system interlock.

Chemigation with Drip and Overhead
Irrigation Systems

A safe and effective chemigation system must include the
following components: a functional check valve, vacuum
relief valve and low pressure drain on the irrigation pipeline
to prevent water source contamination from backflow. The
pesticide pipeline must contain a functional, automatic,
quick-closing check valve to prevent the flow of fluid back to
the injection pump.

e The pesticide injection pipeline must also contain a

functional, normally closed, solenoid-operated valve
located on the intake side of the injection pump and
connected to the system interlock to prevent fluid from
being withdrawn from the supply tank when the system is
either automatically or manually shut down.

Further, the system must contain a functional interlocking
control to automatically shut off the pesticide injection
pump when the water pump motor stops.

Finally, the water pump must include a functional
pressure switch which will stop the water pump when
the water pressure decreases to the point where pesticide
distribution is adversely affected.

Insecticides with Labels for Chemigation, Using:

Note: Read and understand all chemigation instructions on label before use on any crop.

Drip/trickle Systems

azadirachtin (Aza-Direct or OLF)
chlorantraniliprole (Coragen)
clothianidin (Belay)

dimethoate (Dimate)

diazinon (Diazinon)

dinotefuran (Venom)

imidacloprid (Admire PRO or OLF)
malathion (Malathion 8 Aquamul)
oxamy! (Vydate)

rosemary oil + peppermint oil (Ecotec)
thiamethoxam (Platinum)
thiamethoxam + chlorantraniliprole (Durivo)

Overhead and Sprinkler Systems
acetamiprid (Assail)

azadirachtin (Aza-Direct or OLF)

bacillus thuringiemsis (DiPel, XenTari)
beta-cyfluthrin (Baythroid XL)

bifenthrin (Capture or OLF)

bifenthrin + imidacloprid (Brigadier)
carbaryl (Sevin or OLF)
chlorantraniliprole (Coragen)

chlorpyrifos (Lorsban)

chlorpyrifos + gamma-cyhalothrin (Cobalt)
clothianidin (Belay)

cryolite (Kryocide)

cyfluthrin (Renounce, Tombstone or OLF)
deltamethrin (Battalion)

diazinon (Diazinon)

dimethoate (Dimate or OLF)

dinotefuran (Venom)

endosulfan (potato only) (Thionex)
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Overhead and Sprinkler Systems (continued)

esfenvalerate (Asana)

flonicamid (Beleaf)

flubendiamide (Belt, Synapse)

gamma-cyhalothrin (Proaxis)

imidacloprid (Admire PRO or OLF)

imidacloprid + beta-cyfluthrin (Leverage 2.7)

indoxacarb (Avaunt)

lambda-cyhalothrin (Warrior 1)

lambda-cyhalothrin + chlorantraniliprole (potato only)
(Voliam Xpress )

lambda-cyhalothrin + thiamethoxam (Endigo ZC)

malathion (Malathion 8 Aquamul)

methomy! (green/bulb onions, potatoes only) (Lannate
LV)

methyl parathion (Penncap-M)

novaluron (potatoes only) (Rimon)

permethrin (Pounce or OLF)

propargite (sweet corn, potatoes only) (Comite)

pymetrozine (potato only) (Fulfill)

pyrethrins (PyGanic)

spinetoram (Radiant)

spinosad (Entrust, SpinTor)

spinosad + gamma-cyhalothrin (corn only) (Consero)

spiromesifen (Oberon)

spirotetramat (Movento)

thiamethoxam (Platinum, potato only) (Actara)

thiamethoxam + chlorantraniliprole (potato only)
(\VVoliam Flexi)

thiodicarb (Larvin)

zeta-cypermethrin (Mustang Maxx)

zeta-cypermethrin + bifentrin (Hero)
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PESTICIDE SAFETY

GENERAL INFORMATION

Laws and Regulations
Be sure to check current state and federal laws and
regulations regarding the proper use, storage, and disposal of
pesticides before applying these chemicals. For restricted-use
pesticides, an applicator is required to be certified or to work
under the direct supervision of a certified individual.

Certification-Pesticide Applicators

The Federal Insecticide, Fungicide, and Rodenticide Act
of 1972 (FIFRA) required each state to set up a program to
certify users of pesticides. This certification is designed to
show that users of pesticides know how to use pesticides
safely in order that they do not endanger the user, his
coworkers or the environment.

Users of pesticides are classified as either private
applicators or commercial applicators. The certification
process is somewhat different for each group. The definitions
of private and commercial applicators are as follows:

Private Applicator. Any person who uses, or supervises
the use of, pesticides for the purpose of raising some type of
agricultural commodity. The application can be done on land
owned or rented by the applicator or the applicator's
employer. However, any applications done on a "for-hire"
basis are considered commercial applications. Examples of
private applicators are dairy farmers, vegetable or fruit
growers, greenhouse growers, and ranchers that apply
pesticides only within their own confines. Private applicators
who purchase and apply restricted-use pesticides must be
certified and registered. In New Jersey, private applicators
must be certified and licensed to apply any pesticide,
including organic and general use pesticides.

Commercial Applicator. Any person who uses, or
supervises the use of, pesticides on a "for-hire" basis; any
person who applies pesticides for nonagricultural purposes;
any person who applies pesticides as a part of his job with
any governmental agency. Examples of commercial
applicators are: exterminators; landscapers; tree services;
crop dusters; weed control firms; and owners of apartments,
motels, nursing homes, restaurants, etc., who do their own
pest control work. Commercial applicators must be certified
and licensed to use any pesticide in New Jersey, including
organic and general use pesticides.

For detailed information on certification of pesticide
applicators, call your state agency or Extension agent. See the
back cover of this publication for phone numbers of pesticide
certification agencies.

Pesticide Operator Registration (New Jersey)

Anyone applying pesticides under direct supervision of a
commercial licensed pesticide applicator must be licensed as
a pesticide operator unless the certified applicator is always
physically present when the uncertified individual is handling
pesticides. Contact the Pesticide Control Program for more
information on pesticide operator training and licensing (see
back cover).
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NEW REQUIREMENTS FOR
SOIL FUMIGANTS

EPA is requiring important new safety measures for
soil fumigant pesticides to increase protections for
agricultural workers and bystanders -- people who live,
work, or otherwise spend time near fields that are
fumigated. These measures are currently for the soil
fumigants chloropicrin, dazomet, metam sodium/potassium,
and methyl bromide.

EPA has required that the pesticide manufacturers
incorporate new specific Fumigant Management Plan
(FMP). safety measures on these labels. It requires each
manufacturer to develop EPA-approved applicator training
for each of their soil fumigant products. Training must be
completed every 3 years. Currently EPA-approved soil
fumigant training is found at
www.epa.gov/pesticides/reregistration/soil_fumigants/soil-
fum-handlers.html.

Soil fumigant labels also require users to prepare a site-
specific. EPA has a robust website with many templates
and tools at www.epa.gov/oppsrrd1/reregistration/soil_
fumigants/index.htm

Some states are creating new pesticide applicator
certification categories. These states may develop separate
manuals, or they may use a national manual/certification
study guide, the “Soil Fumigation Manual”. A low-
resolution copy can be viewed/downloaded at
www.ctaginfo.org/pdf-documents/Fumigation_low.pdf.
Additionally, some states will be requiring applicators to
notify their state’s licensing agency prior to use of these
fumigants.

New Jersey: Currently, New Jersey does not have a
separate license requirement for use of soil fumigants.
Private applicators do not have to have an additional license
to apply soil fumigants in New Jersey. However. Private
applicators are still required to read and follow all elements
of the soil fumigant label, just like any other pesticide.

In New Jersey there is no requirement for notification
of soil fumigant use to the NJDEP. Rutgers has a limited
stock of the national Soil Fumigation Manual (cited above)
available to NJ applicators to use as a reference.

Please contact your state’s applicator certification
agency or your state Extension pesticide safety program for
state—specific regulations. You may contact either for
further assistance.

HANDLING PESTICIDES

Before opening a pesticide container, all applicators
should read the label carefully, and accurately follow all
directions and precautions specified by the label. Using a
pesticide for any other uses or in any other manner than what
is on the label information is against the law. Determine in
advance the proper safety equipment, protective clothing and
measuring equipment you will need for the pesticide task
that you will be performing. The protective equipment
necessary may include socks, shoes, long pants, long-sleeve
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shirt, and a hat. Additional safety equipment may also be
required by the label. Consult the Precautionary Statements
of pesticide label for the minimum Personal Protection
Equipment (PPE) required by law. See the protective
equipment paragraphs later in this section for more detail.
Your physician should be advised of the

types of pesticides you use in your work and if you will be
using a respirator. Before the start of the spray season, each
applicator should have a blood cholinesterase level
determined. Every 4 to 6 weeks during the spray season, the
level of blood cholinesterase should be reevaluated.

When applying pesticides, be sure to have a supply of
clean water and liquid detergent available for drenching and
washing in case of an accident. A single drop of certain
pesticides in the eye is extremely hazardous. If the label
requires goggles for eye protection, the handler must have
immediate access to eyewash container with a minimum of
one pint per person at all times. Be prepared to wash a
contaminated eye with clean water for as long as 15 minutes.

Only an experienced applicator wearing the protective
clothing and safety equipment prescribed by the
manufacturer should handle highly toxic pesticides, such as
concentrated organophosphates or carbamates.

Applying Pesticides

Before using a pesticide, read and obey all labeling
instructions. Always have the label readily available when
applying a pesticide.

Do not handle or apply pesticides if you have a headache
or do not feel well. Never smoke, eat or drink (or use cell
phones!) while handling pesticides. Avoid inhaling pesticide
sprays, dusts, and vapors. If the pesticide is dangerous to
your respiratory system, the label will tell you to wear a
respirator and specify which type (see Respiratory Protection
Devices for Pesticides in this Section).

Thoroughly wash exposed areas of yourself before eating,
drinking, using tobacco products, using the bathroom, or
using your cell phone. Wash your gloves with soap and water
before you take them off. Then wash your hands and face.

If hands, skin, or other body parts become contaminated
or exposed, wash the area immediately with clean water and
a liquid detergent. If clothing becomes contaminated, remove
it immediately. If you splash a concentrate of a pesticide
labeled with a “Danger *“ or “Warning” signal word, take
your contaminated clothing off immediately and dispose of it;
do not wash these items!

After each spraying or dusting, bathe and change your
clothing; always begin the day with clean clothing. Wash
contaminated clothing separately and run an extra rinse cycle
afterwards.

Always have someone with you or close by if you are
using highly toxic pesticides (those with the signal word
DANGER plus skull and crosshones).

Apply the Correct Dosage

o To avoid excessive residues on crops for feed and food

o To achieve optimum pest control and minimum danger to
non-targeted organisms

o To avoid chemical damage to the crops

¢ To obtain the most economical control of pests.

Use pesticides for only those crops specified on the label,
and use only those that have state and federal registration.
Avoid drift to non-targeted areas. Dusts drift more than
sprays; airblast sprays drift more than boom sprays. When
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cleaning or filling application equipment, do not contaminate
streams, ponds, or other water supplies. Always keep a
record of all pesticides used (dates, locations, quantities).

Pesticide Transport

When pesticides are transported in a service vehicle to an
application site outside the farm boundaries, the transport
vehicle must be clearly marked as a pest control service
vehicle in most states and for Category 7 operators in
Delaware. Containers must be well secured to prevent
breakage or spillage. If pesticide containers are glass, pad and
secure them to prevent breakage. When containers are larger
than five gallons, tightly brace them to a structural part of the
vehicle to prevent accidental spills. Carry a supply of
absorbent material to soak up or contain any liquid spills.
Keep a shovel and/or broom and pan in the transport vehicle
to help quickly contain any spills. Carry a working fire
extinguisher (10 - B: C dry chemical, or carbon dioxide) on
board as well. While under transport, pesticides must be
stored in a separate compartment from the driver such as the
bed of a pick-up truck or a van equipped with a partition. All
pesticide containers and equipment must be secured to the
vehicle so as to prevent removal by unauthorized person(s)
when the vehicle is unattended. The door or hatch of any
service vehicle tank containing a pesticide must be equipped
with a cover that will prevent spillage when the vehicle is
moving.

The above requirements do not apply if the pesticide is
being transported within the application equipment tank.

For additional information on pesticide transport, contact
your state Pesticide Control Program office or the
Cooperative Extension pesticide office in your state.

Pesticide Storage

Pesticides should always be stored in their original
containers and kept tightly closed. For the protection of
others, and especially in case of fire, the storage area should
be posted as Pesticide Storage and kept securely locked.

Herbicides, especially hormone-like weedkillers such as
2,4-D, should not be stored with other pesticides--primarily
insecticides and fungicides--to prevent the accidental
substitution of the herbicide for these chemicals.

Store pesticides in a cool, dry, well-ventilated area that is
not accessible to children and others who do not know and
understand their safe and proper use. Special precautions may
be needed in case of a fire in these storage areas.

Any restricted pesticide and empty containers
contaminated with their residues must be stored in a secure,
locked enclosure while unattended. That enclosure must bear
a warning that pesticides are stored there. If any pesticide
must be stored in other than its original container (for
example if the original container is leaking), that container
must be labeled with the name and concentration of the active
ingredient and the signal word and warning statements for the
pesticide. Keep an inventory of all pesticides held in storage
and locate the inventory list in an accessible place away from
the storage site, so it may be referred to in case of an
emergency at the storage site.

Keep your local fire department informed of the location
of all pesticide storage locations. Fighting a fire that includes
smoke from burning pesticides can be extremely hazardous.
A fire with smoke from burning pesticides may also endanger
the people of the immediate area or community. The people



of an area or community may have to be evacuated if the
smoke from a pesticide fire drifts in their direction. In New
Jersey, applicators are required to send an inventory with the
exact location of pesticides in storage to their local fire
department by May 1% each  year.  See
www.pestmanagement.rutgers.edu/pat/record_forms.htm for
templates.

Winter Storage of Pesticides

Plan pesticide purchases so that supplies are used by the
end of the growing season. When pesticides are stored for the
winter, keep them at temperatures above freezing, under dry
conditions, and away from direct sunlight.

The following points should be followed:

1. Always read the label. Special storage recommendations
or restrictions will be included.

2. Write the purchase or delivery date of the product on the
label with indelible ink. Products may lose their
effectiveness over several years. . Check for expiration
dates in case they are included on the label.

3. Adequate ventilation is important for storage of pesticides.

4. Store herbicides separately from other pesticides to avoid
contamination.

5. Signs of quality deterioration are shown in Table D-1.

Table D-1 Deterioration of Pesticides

Formulation General Signs of Deterioration

EC Evidence of separation of components, such
as sludge or sediment. Milky appearance
does not occur when water is added.

Qils Milky appearance does not occur when
water is added.

WP, SP, WDG Excessive lumping; powder does not
suspend in water.

D, G, WDG Excessive lumping or caking.

After freezing, place pesticides in warm storage (50°-80°F
[10°-26.7°C]) and shake or roll container every few hours to
mix product or eliminate layering. If layering persists or if all
crystals do not completely dissolve, do not use product. If in
doubt, call the manufacturer for guidance.

For a listing of winter storage of pesticides, see Table D-2.
Additional information can be obtained from manufacturers'
websites.

Disposal of Pesticides

Pesticides should not be disposed of in sanitary landfills or
by incineration, unless disposal sites and equipment are
especially designed and licensed for this purpose by your
state.

The best method to dispose of a pesticide is to use it in
accordance with current label registrations. The triple rinse-
and-drain procedure or the pressure-rinse procedure is the
recommended method to prepare pesticide containers for safe
disposal (see below). This method can save you money as
well as protect the environment.

Crush or puncture the container for disposal in a sanitary
landfill or deposit in landfills that accept industrial waste, or
deliver the intact container to a drum reconditioner or
recycling plant. Check with the landfill operator prior to
taking empty containers for disposal. For additional

D3

HANDLING PESTICIDES

information on the disposal of pesticides themselves or
unrinsed containers or rinsate, call the state agency
responsible for hazardous wastes.

Organic Phosphate Pesticides

The handling and disposal of waste organic phosphates is
a specialized job. Many organophosphorous compounds
break down by hydrolysis; most of these chemicals
decompose much faster in alkaline situations than in acids or
neutral solutions.

Carbamate Pesticides

Usually these chemicals decompose rapidly in soil; many
break down much faster in an alkaline situation. An example
of such carbamate chemicals is carbaryl.

Table D-2. Winter Storage of Chemicals
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acephate X

Alanap-L X

Atrazine 4L X X

Bacillus

thuringiensis X X

Banvel X X

Basagran X X

Benlate X

captan WP X

chlorothalonil X

Cythion 5E X X

Dacthal WP X

diazinon X X

dimethoate X X

Dual Magnum X X

Eptam 7E X X

Fusilade DX X X

Goal 2XL X

Gramoxone X X

Imidan WP X

Lannate X X

Lexone 4L X X

Lorox 4L X X

Lorshan X X

malathion EC X X X

Micro-Tech X X

Monitor 4E X X

Partner X X

Poast 1.5EC X X

Pounce X X

Prefar 4E X X

Prowl EC X X

Pursuit X X

Roundup Ultra

Max X X

Sencor 4F X X

Sevin X X

(table continued on next page)



HANDLING PESTICIDES

Table D-2. Winter Storage of Chemicals
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Solicam 80DF X

Surflan AS X X

Treflan EC X X

2,4-D amine X X

Vydate L X

Source: Adapted from "Vegetable Newsletter," by Chris Doll, Illinois

County Extension agent; the Cornbelt Chemical Company, McCook,
Nebraska; and the "American Cemetery" magazine.

Disposal of Containers

Triple Rinse-and-Drain Method

To empty a pesticide container for disposal, drain the
container into the spray tank by holding container in a vertical
position for 30 seconds. Add a solvent, capable of removing
the pesticide, to the pesticide container, so that it is
approximately one-fourth full. Agitate the container
thoroughly, and then drain the liquid (rinsate) into the spray
tank by holding in a vertical position for 30 seconds. Repeat
two more times.

Pressure Rinse Method

An optional method to rinse small pesticide containers is
to use a special rinsing device on the end of a standard water
hose. The rinsing device has a sharp probe to puncture the
container and several orifices to provide multiple spray jets of
water. After the container has been drained into the sprayer
tank (container is upside down), jab the pointed pressure
rinser through the bottom of the inverted container. Rinse for
at least 30 seconds. The spray jets of water rinse the inside of
the container and the pesticide residue is washed down into
the sprayer tank for proper use. Thirty seconds of rinse timeis
equivalent to triple rinsing. An added benefit is the container
is rendered unusable. In Pennsylvania, this permits the
containers to be disposed of as solid waste (not hazardous
waste) in an ordinary landfill.

FARM WORKER SAFETY

Identifying Treated Areas for Workers
Farm worker safety regulations impact how workers must
be informed about the pesticides with which they may come
in contact. The following is a brief overview of some of these
regulations.

1. Farm workers who enter treated fields within 30 days of
an application of a pesticide must be trained as specified
under the Worker Protection Standard (WPS)
requirements.
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2. No worker can enter a treated field before the end of the
label specified restricted-entry interval (REI), unless step
3 below is followed. All WPS-labeled pesticide products
are required to have a prescribed REI. These range from 4
to 48 hours or longer. Check your pesticide's label for the
reentry time in effect. Some pesticides have one REI, such
as 12 hours, for all crops and uses. Other products have
different REIs depending on the crop or method of
application. When two (or more) pesticides are applied at
the same time, and have different REIs, you must follow
the longer interval.

3. Workers who enter treated fields before the end of the
label specified reentry time must have been properly
trained under the WPS regulations, must be provided with
the protective equipment specified on the pesticide's label,
cannot perform hand labor tasks such as thinning or
harvesting, and can only spend up to 1 hour per day in the
treated field. The protective equipment necessary may
include socks, shoes, long pants, long-sleeve shirt, and a
hat. Additional safety equipment may also be required by
the label.

4. Farm workers must be verbally informed, in their native
language, of all RElIs if treated fields are not posted with
the prescribed WPS warning sign during the reentry
period. If workers are not verbally notified or the label
requires it, treated fields must be posted with the
prescribed WPS warning sign during the reentry period.

5. For all pesticides, workers must be warned by posting a
bulletin board at a point(s) where workers might
assemble. This bulletin board should have a listing of the
following information:

a. Location and name of crop treated,

b. Brand name and common chemical of pesticide
applied,

c. Date of application, and

d. Date of safe reentry into treated area.

For New Jersey. The bulletin board should also include a
map of the farm which designates the different areas of
the farm which might be treated. The required information
must also be listed using column headings as defined by
New Jersey Department of Environmental Protection (See
"Pesticide Application Record" in the back of this
publication for an example) and must be in the native
language of workers, in addition to English, if they do not
read English. This information must be posted either
before workers enter treated fields or prior to workers
entering fields at the beginning of the next workday,
whichever occurs first. Once posted, this information must
remain posted for 30 days following the date for safe
reentry.

6. Every farm must post the WPS safety poster in a central
area at the farm where farm workers are able to view it.

7. Agricultural  employers must also provide a
decontamination site that includes water, soap, and single
use towels for all farm workers who enter treated areas of
the farm.

These requirements are being implemented in different
ways in each state. For additional information on these and
other state farm worker regulations, contact your state
Department of Agriculture, Department of Environmental
Protection, or local Cooperative Extension office.



Protecting Yourself from Pesticides

Personal Protective Equipment (PPE)

Wearing PPE can greatly reduce the potential for dermal,
eye, oral, and inhalation exposure; and thereby significantly
reduce the chances of pesticide poisoning or injury. PPE
includes such items as coveralls or protective suits, aprons,
gloves, footwear, headgear, eyewear, and respirators. When
selected correctly, these all reduce the risk of dermal
exposure; but they do not eliminate it. All PPE should either
be disposable, or easy to clean and sturdy enough for
repeated use.

Coveralls

If the pesticide label only lists ‘coveralls’, it is
allowable to wear a coverall made of any fabric, including
wovens (like cotton or twill); as well as disposable non-
wovens. These do not have to be chemical resistant.

Chemical Resistant PPE

Generally speaking, labels will specify PPE that is
“chemical resistant” for protecting the body from moderately
toxic (signal word ‘Warning’) or highly toxic (label signal
word ‘Danger’) pesticides. However, that may not always be
the case for specific products; always follow the label.

It is important that all pesticide handlers understand the
limitations of PPE. Different types of PPE are not equally
resistant to all pesticides and under all conditions. Chemical
resistance of a given protective suit, for instance, can vary
between different pesticides. = Some materials restrict
pesticide entry for a long time, while others allow the
pesticide to pass through quickly.

There are several criteria for chemical resistance:
penetration, degradation, and permeation. Penetration occurs
when the chemical leaks through seams, pinholes, and other
imperfections in the material. Degradation is a reduction in
one or more physical properties of PPE due to contact with a
chemical; it essentially starts to break down. Permeation is
the process by which a chemical moves through protective
material on a molecular level; measured as a volume per area
overtime.  Breakthrough is what occurs when there is
complete passage of a pesticide to the inside of PPE,
measured in elapsed time. Once this occurs, your skin is
directly exposed to the pesticide.

In some instances, degradation of protective fabric is easy
for applicators to recognize. PPE may swell, discolor, shrink,
soften, become brittle, or change texture. Be alert for these
signs and replace compromised clothing immediately to
minimize your exposure to pesticides.

Permeation of a pesticide into a material may begin as
soon as it gets on its surface. Once a pesticide is absorbed
onto the surface of a garment, it is difficult to detect or
decontaminate. In these cases, the pesticide continues to
move into and through the PPE. How fast a given pesticide
moves through different PPE materials (its permeation rate)
can vary widely. Things that can affect the extent of
permeation are contact time, concentration, temperature and
physical state of the contaminant.

Pesticide breakthrough of PPE can occur without any
noticeable signs. If a material is not chemical resistant to a
pesticide, complete passage through it can occur very
quickly, in just minutes.

Pesticide residues that remain on PPE are likely to
continue to permeate through the material once contaminated.
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If using “reuseable” PPE, pay close attention and be ready to
change them whenever the inside surface is contaminated or
there are signs of pesticide permeation. Even if you do not
see any signs of wear, replace reusable chemical-resistant
items regularly — the ability of a chemical-resistant material
to resist the pesticide decreases each time an item is worn.

Be sure to clean all reusable PPE items between uses,
even if worn for only a brief period of exposure. If you wear
that PPE again, pesticide may already be on the inside of the
material next to your skin. In addition, PPE worn several
times between launderings may build up pesticide residues.
The residues can reach a level that can harm you, even if you
are handling pesticides that are not highly toxic.

Disposable PPE is a preferred option to reusable PPE.
They are low-cost, and their use minimizes clean-up and
spread of contamination.

Selecting chemical resistant PPE

Always follow the pesticide label directions for what is
required for you to use under the law. For pesticide handlers,
the precautionary statement on the pesticide label indicates if
chemical-resistant PPE is required. For workers performing
“early entry” tasks, the Agricultural Use Requirements box
on the label indicates PPE requirements.

For gloves, labels will often specify materials that are
chemical resistant for that product. Older pesticide labels
may add another statement that you can consult an EPA
chemical resistance category chart for more options. In these
cases, the glove type that provides highest protection is listed.
Use only those listed.

In some cases, a pesticide label may say “wear chemical-
resistant PPE” without specifying the material that protects
you. This is more typically the case for suits, aprons, boots,
and headgear. In these circumstances, you should consult the
PPE manufacturer or their literature (often available online).
They can recommend the best garments/gloves to wear with
the pesticide that you will be using. Consult the pesticide
manufacturer to find out what PPE they recommend to be
chemical resistant.  You can also contact your state
Cooperative Extension pesticide safety office for assistance.

Gloves

The area of the body receiving most exposure from
pesticides on their hands and forearms. Research has shown
that workers mixing pesticides received 85 percent of the
total exposure to the hands and 13 percent to their forearms.
The same study showed that wearing chemical-resistant
gloves reduced exposure by 99 percent (Source: The Farm
Family Study, John Acquavella).

Wear the type of chemical-resistant glove specified by the
product labeling. Select glove materials according to the
label, or by chemical resistance charts, or manufacturer
directions. Make sure not to use gloves made of any kind of
absorbent material, leather, cloth, cloth-lined, or flocked,
unless specified by the label. All of these materials can
absorb pesticides, and hold them against your skin. Cotton
gloves may be prescribed on the label in very specific uses
such as protection for certain fumigants including aluminum
phosphide. Always use label-prescribed gloves.

Gloves, non-woven (including coated non-woven)
coveralls and hoods, such as Tyvek®, usually are designed to
be disposed of after use. Most are intended to be worn for
only one work day. For example, you might use disposable
gloves, shoe covers, and an apron while pouring pesticide
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into a hopper or tank, cleaning or adjusting a nozzle, or
making minor equipment adjustments. Place disposable PPE
in a separate plastic bag or container prior to disposal.

Footwear

Pesticide handlers often get pesticides on their feet.
Sturdy shoes and socks may be sufficient to protect your feet
during many handling activities. However, some product
labels require that you wear waterproof or chemical-resistant
footwear.

If the product labeling specifies “chemical-resistant
footwear”, you can wear any chemical-resistant shoes; boots;
or shoe coverings worn over shoes or boots. Leather or
canvas footwear is not chemical resistant; they absorb
pesticides and cannot be decontaminated. Do not wear leather
boots in these cases.

Eye Protection

Eyes readily absorb pesticides. When a label simply says
to “wear protective eyewear”, you may use any of the
following: goggles; face shield; safety glasses with shields at
front, brow and temple; or a full-face respirator.

Select goggles made of impact-resistant material such as
polycarbonate. Goggles that have covered air baffles reduce
lens fogging while keeping liquids out.

Under the agricultural Worker Protection Standard, if the
label requires goggles for eye protection, then the handler
must have immediate access to eyewash container at all
times. Regulations require a minimum of a pint per person.

Respiratory Protective Devices for Pesticides

You may be subject to exposure to toxic gases, vapors,
and/or particulates when using pesticides. Although your
respiratory (breathing) system tolerates a limited exposure,
some chemicals can impair or destroy portions of the system.
For many pesticides, the respiratory system is the quickest
and most direct route into the circulatory system, allowing
rapid transport throughout the body. Thus, it is important to
follow the pesticide label and employ directions for control of
exposure, especially when respiratory protection is specified.

A respirator is a safety device covering at least the mouth
and nose that protects the wearer from contaminated air.
Respiratory protection varies in design, use, and protective
capacity. There are two major classes of respirators:

1. Air-purifying respirators that remove contaminants from
the air.

2. Atmosphere-supplying respirators that provide clean,
breathable air from an uncontaminated source.

Air-purifying respirators may be powered or non-
powered. A powered air-purifying respirator uses a blower to
pass contaminated air through purifying elements. Non-
powered air-purifying respirators may be designed for single
use or with replaceable filters, canisters, or cartridges. Air-
purifying respirators DO NOT supply oxygen and should
never be used when oxygen may be limited (<19.5 percent
oxygen by volume) or when an environment is immediately
dangerous to life or health (IDLH).

Purifying elements for air-purifying respirators contain a
filter, sorbent, or catalyst (or a combination of these items) to
remove specific contaminants from the air passing through
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the container. When pesticides are used, particulates may be
present as solids and/or liquids. When this is the case, a
particulate respirator (or filter) is prescribed for use. Pesticide
products may be present as gases or vapors. When this is the
case, a contaminant-specific chemical cartridge or canister is
prescribed. Be sure that the respirator assembly (with
component purifying element) is approved for protection
against the pesticide you intend to use (see “"Selection of
Respirator Type" below). Respirators approved only for use
against particulates must not be used for gases and vapors.
Air-supplying respirators include supplied-air respirators
and self-contained breathing apparatus. These respirators
should be used when oxygen is limited. However, the only
type of atmosphere-supplying respirators that may be used in
an IDLH environment is a pressure-demand, self-contained
breathing apparatus. The breathing air supply for these
respirators should meet or exceed the specification for Grade
D breathing air as described in the most current Compressed
Gas Association Specification G-7.1. See
https://www.osha.gov/publications/OSHA3079.pdf

Certification of Respirators
Standards, testing, and certification assure the commercial
availability of safe, personal protective devices. The National
Institute for Occupational Safety and Health (NIOSH) certify
respirators for the contaminant or situation of exposure.
When purchasing a new respirator, the certification
numbers per respirator type, are as follows:

TC-13F-XXXX:
TC-14G-XXXX:
TC-19C-XXXX:
TC-21C-XXXX:

self-contained breathing apparatus

gas masks with canisters

supplied air respirators

powered particulate respirators only (with
HE filter only)

chemical cartridge respirators
non-powered particulate respirators (with
N, P, and R series filters)

There are nine classes of particulate filters based upon
filter efficiency and oil degradation resistance. The nine new
classes and prescribed use of each are as follows:

TC-23C-XXXX:
TC-84A-XXXX:

N95: Not oil-resistant; moderate filtering efficiency

R95: Oil-resistant; moderate filtering efficiency

P95:  Oil-proof; moderate filtering efficiency

N99: Not oil-resistant; high filtering efficiency

R99: OQil-resistant; high filtering efficiency

P99:  Qil-proof; high filtering efficiency

N100: Not oil-resistant; highest filtering efficiency (99.97%)
R100: Oil-resistant; highest filtering efficiency (99.97%)

P100:Oil-proof; highest filtering efficiency (99.97%)

Although there are three distinct efficiency levels for
filters, most manufacturers are marketing only the 95% to
99.97% efficiency filters as listed above. If you previously
used a high efficiency particulate air filter (HEPA), a filtering
unit with 99.97% filtering efficiency would be comparable.
The appropriate N-, R-, or P-series for the filter will still need
to be chosen. If the pesticide label specifies N-, R-, or P-
series filtering elements, do not use the N-series when oil is
present. The class of the filter will be clearly marked on the
filter, filter package, or respirator box. In the case of chemical



cartridges that include these filter elements, similar markings
will be present.

Selection of Respirator Type

Manufacturers now provide recommendations for
appropriate respiratory protection on the pesticide label.
These label recommendations are product and task specific.
For example, manufacturers may specify organic vapor
cartridges or canisters in formulations where the solvent
carrier for the pesticide active ingredient is petroleum based.
It is extremely important to read and follow the product
label for respirator requirements since pesticides may have
different formulations and use directions.

EPA provides pesticide manufacturers’ specific pesticide
label statements for respiratory protection for five
categories of pesticide formulation and application activity.

Service Life of Filters

The service life of all filters is limited and all soiled filters
should be replaced whenever they are damaged or cause
noticeably increased breathing resistance.

The effective service life of a chemical cartridge respirator
depends on the conditions of use. Conditions include the type
and concentration of contaminant(s), user’s breathing rate,
and humidity. Cartridges should remain sealed until ready to
use. Make sure to use cartridges within the manufacturer’s
prescribed cartridge shelf life.

Chemical  cartridge  respirators, when  selected
appropriately, are essentially 100 percent efficient until the
gas or vapor “breaks through.” The service life for chemical
cartridges can be identified by: warning properties (smell,
taste, irrigation); chemical specific end-of-service-life-
indicators (ESLI); and predetermined conservative change-
out schedules. Reliance on warning properties is problematic
due to a wide variation in odor threshold in the general
population. The availability of ESLI is limited. Consult
pesticide and respirator manufacturers, as well as NIOSH,
OSHA, and EPA guidance when establishing a cartridge
change-out schedule. Cartridges should be changed
immediately whenever break-leakage or filter rupture are
detected in the mask. Always dispose of chemical cartridges
at the end of a workday. Never reuse a chemical cartridge.

Use and Care of Respirators

With the exception of hooded-powered, air-purifying
respirators, no one respirator will fit everyone. The
protection provided to a respirator wearer is a function of
how well the facepiece (mask) fits. No matter how
efficient the purifying element or how clean the supplied
air, little protection is provided when there is a leaky face-
to-facepiece seal.

The most commonly used facepiece configurations for
pesticide use are either half-masks or full-face masks. Half-
face masks are typically available as single-use or with
cartridges that are replaceable with each use. Full-face
masks provide eye protection and a better seal; most full-
face masks are sized small, medium, and large affording
enhanced fit to the face. Full-facepieces, half-masks,
quarter-masks, and even the different brands of the same type
respirator have different fit characteristics. A qualitative or
quantitative fit test of a given mask type on a user’s face
should be performed in order to select the best fitting
respirator. Kits for qualitative testing are now marketed and
easy to use.

Prior to using a respirator, read and understand the
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manufacturer’s instructions that are supplied with the
respirator and its component parts. All respirators must be
inspected for wear and deterioration of their components
before and after each use. Special attention should be given
to rubber or plastic parts that can deteriorate. Replacement
component parts are available from most manufacturers.

Wearers should perform both positive and negative seal
checks every time respirator masks are put on. This will
ensure that the respirator is properly sealed on the face and
that all inhalation and exhalation ports are functioning
properly. Facial hair (i.e., beards and mustaches) prevents the
formation of a good seal and may negate any benefit gained
by wearing a respirator.

® To perform a positive pressure seal check, cover the
exhalation port with the palm of your hand and exhale into
the mask. You will feel air escaping at any gaps in your
seal. Readjust the mask until there is no leakage.

® To perform a negative pressure seal check, cover or seal
off the surface or hose where air is inspired and suck in. A
properly sealed mask should collapse on your face with no
signs of leakage in the facepiece or hoses. Readjust the
mask until there is no leakage.

After using the respirator, remove and properly
dispose of any expendable components such as filters,
cartridges, or canisters. Wash the facepiece in a
cleaning/sanitizing solution as recommended by the
respirator manufacturer. Take care to clean under and
around gaskets and valves allowing components to air dry.
Store cleaned respirators, as well as replacement purifying
elements, in a clean dry place that is not exposed to
sunlight or extreme temperatures. Do not store any
protective equipment, including respirators, with or near
chemicals such as pesticides.

Call your state’s Extension office to refer you to pesticide
safety education coordinator if you have any questions about
pesticide safety equipment.

Pesticide Poisoning

If you have any of the following symptoms during or
shortly after using pesticides: headache, blurred vision,
pinpoint pupils, weakness, nausea, cramps, diarrhea, and
discomfort in the chest, call a physician and the Poison
Control Center Center (new national number is 800-222-
1222) or agency in your state. See back cover for emergency
telephone numbers. Prompt action and treatment may save a
life.

In Case of an Accident
« Remove the person from exposure.

o Get away from the treated or contaminated area
immediately.

¢ Remove contaminated clothing.

Wash with soap and clean water.

Call a physician and the Poison Control Center or agency

in your state. See back cover for emergency telephone

numbers.

® Be prepared to give the active ingredient name (common
generic name) to responding center/agency.
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General Guidelines

* Always read the pesticide label
environmental concerns and restrictions.

® Do not burn pesticides. The smoke from burning
pesticides is toxic and can pollute air.

®* Do not dump pesticides in sewage disposal or storm
sewers, because this will contaminate water.

® Awvoid using excess quantities of pesticides. Calibrate
your sprayer to make sure of the output.

* Adjust equipment to keep spray on target. Chemicals off-
target pollute and can do harm to fish, wildlife,
honeybees, and other desirable organisms.

* Keep pesticides out of ponds, streams, and water supplies,
except those intended for such use. A small amount of
drift can be hazardous to food crops and to wildlife.
Empty and clean sprayers away from water areas.

® Protect bees and other beneficial insects by choosing the
proper chemical and time of day for application.

® See additional precautions in section “Protecting Our
Groundwater.”

and check for

Minimize Spray Drift

Avoid spraying when there is strong wind.

Use large orifice nozzles at relatively low pressure.

Use nozzles that do not produce small droplets.

Adjust boom height as low as practical.

Do not spray at high travel speeds.

Spray when soil is coolest and relative humidity is highest.
Use nonvolatile pesticides.

Use drift control additives when permitted by the
pesticide label.

Notification of Beekeepers

To avoid conflicts and possible lawsuits, it is advisable to
always provide notification of insecticide applications to
beekeepers within three miles from your site. In New Jersey,
this is mandatory, as follows: Beekeepers registered with the
New Jersey Department of Environmental Protection (DEP)
must be notified before certain pesticides are applied
Growers using pesticides on vine crops (June through
August), strawberries (April 15 to May 15), or sweet corn
(during flowering stage), or in fields where flowering weeds
are present that have information on the label indicating the
pesticide is toxic to bees must notify beekeepers within three
miles of the target site at least 24 hours prior to application.
Notification must include approximate date and time of
application; location, brand name, and active ingredient of
the pesticide to be used; and the name and registration
number of the certified pesticide applicator(s). Notification
can be made by phone, regular or certified mail as long as it
is received 24 hours before the application. A list of
registered beekeepers can be obtained by writing to Pesticide
Control Program, PO 411, Trenton, NJ 08625. For more
detailed information and regulations, consult the Pesticide
Control Program www.nj.gov/dep/enforcement/pcp/ or the
Rutgers Cooperative Extension Pesticide Office. See inside
back cover for telephone numbers.

D8

Protecting Your Groundwater

Groundwater is the water contained below our soils. This
water is used by 90 percent of the rural population in the
United States as their sole source of drinking water.
Contamination of our water supply by pesticides and other
pollutants is becoming a serious problem. One source of
contamination is agricultural practices. Protection of our
groundwater by the agricultural community is essential.

Groundwater collects under our soils in aquifers that are
comprised of layers of sand, gravel or fractured bedrock
which, by their nature, hold water. This water comes from
rainfall, snowfall, etc., that moves down through the soil
layers to the aquifer. The depth of the aquifer below the
surface depends on many factors. Where it is shallow, we see
lakes, ponds and wetlands.

Factors That Affect Movement of Water and
Contaminants

The depth of aquifers, in conjunction with soil types,
influences how much surface water reaches the aquifer. Their
depth also affects how quickly water and contaminants reach
an aquifer. Thus, shallow water tables tend to be more
vulnerable to contamination than deeper ones.

This tendency, however, depends on the soil type. Soils
with high clay or organic matter content may hold water
longer and retard its movement to the aquifer. Conversely,
sandy soils allow water to move downward at a fast rate.
High levels of clay and/or organic content in soils also
provide a large surface area for binding contaminants that can
slow their movement into groundwater. Soil texture also
influences downward water movement. Finer textured soils
have fewer spaces between particles than coarser ones, thus
decreasing movement of water and contaminants.

Chemistry Plays a Role

The characteristics of an individual pesticide affect its
ability to reach groundwater. The most important
characteristics are solubility in water, adsorption to soils, and
persistence in the environment.

Pesticides that are highly soluble in water have a higher
potential for contaminating groundwater than those which are
less soluble. The water solubility of a chemical indicates how
much chemical will dissolve in water and is measured in
parts per million (ppm). Those chemicals with a water
solubility greater than 30 ppm may create problems.

A chemical’s ability to adhere to soil particles plays an
important role. Chemicals with a high affinity for soil
adsorption are less likely to reach the aquifer. Adsorption is
also affected by the amount of organic matter in the soil.
Soils with high organic matter content are less vulnerable
than those with low organic matter content.

Finally, how persistent a chemical is in the environment
may affect its ability to reach groundwater. Those which
persist for a long time may be more likely to cause
contamination than materials which breakdown quickly.
Persistence is measured by the time it takes half of a given
pesticide to degrade (half-life). Chemicals with an overall
estimated half-life longer than 3 weeks pose a threat to
groundwater.



How to Prevent Contamination of Your Ground

Water

1. Examine the chemical properties of the pesticides that
you use. If you are using materials which persist for long
periods of time, are very water soluble, or are not tightly
held by the soil, then you may be contaminating your
groundwater. You may wish to select another material
that has a shorter persistence, lower water solubility or
higher potential for soil adsorption. The following table
will assist you with these decisions.

Table D-3 Ky, K, Water Solubility and Persistence
Values for Selected Pesticides

Adsorption to* Water
Soil OM Solubility”  Half Life®
Pesticide Ky Koc (ppm) (Days)
alachlor 4.35 190 242.0 14
atrazine 127.00 160 33.0 60
Dacthal -- 5,000 0.0 30
disulfoton 32.30 2,000 25.0 4
fenamiphos 441 171 700.0 20
methomyl 0.03 28 57,900.0 8
metribuzin 0.11 41 1,200.0 30
oxamyl 0.16 1 280,000.0 7
S-metolachlor - 200 530.0 20
terbacil 0.78 41 710.0 90

1 OM = organic matter. Chemicals with a lower Ky or K, number have a greater
chance for groundwater contamination.
2 Chemicals with higher water solubility have a greater chance for groundwater
contamination.
3 Chemicals with longer half-life have a greater chance for groundwater
contamination.

2. Determine your local soil and geologic circumstances. If
you are in an area with a shallow water table or your soil
is low in organic matter or sandy in nature, you have a
greater risk of contaminating your groundwater. In these
cases, choose a pesticide that has a low water solubility
and is not persistent (has a short half-life).

3. Evaluate your management practices. They may be the
most important factor in determining your risk of
contaminating your groundwater. If you use the same
materials year after year, or many times a season, you
can increase the potential for contamination due to the
amount of pesticide in your soil. The timing of pesticide
applications has an effect on groundwater contamination.
If you make applications during periods of high rainfall
or heavy irrigation, it is more likely that contamination
may occur. Also, the water table in the spring may be
higher than at other times. Early season applications,
therefore, may pose a greater chance for groundwater
contamination. Finally, the method of application may
have an effect on ground water contamination. Direct
injection, incorporation, and chemigation all increase the
chance of contamination. If you use these techniques, be
sure to follow the procedures listed on the material’s
label.

4. The location of your wells can be important. If your
sprayer loading area or pesticide storage building is too
close to your well, the risk of contamination may be
greater. Wells used for drinking water or other purposes
should be at least 50 feet away from pesticide storage
buildings and loading areas. In the event of an accident,
this distance should prevent contamination. This
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minimum distance should also be followed for field
irrigation wells. If they are too close to application areas,
contamination might occur.

5. Check the condition of any wells in the vicinity of
sprayer loading areas, pesticide storage areas or field
applications. If they have cracked casings you are
inviting trouble. Cracks in a well casing provide a direct
point of entry for pesticide-contaminated water in the
soil around the well.

6. Incorporate an anti-backflow device in any system used
for chemigation or to fill your sprayer with water. In the
event of a pump shutoff or other failure, if any back-flow
into the water system occurs, these devices will prevent
pesticides from entering your well. In many states these
devices are now required for sprayers by laws.

7. Care and maintenance of your equipment is also an
important consideration. If your equipment does not
function properly, you may be applying more than is
needed and increasing the chance of groundwater
contamination. Prior to the season, inspect all of the
working parts of your sprayer or chemigation system.
Check the pump to see if it is working properly. For
both sprayers and chemigation systems, check the
water lines for clogs and leaks. For sprayers, check the
nozzles for wear and clogs. Clogged, leaking or worn
lines and nozzles can cause pesticides to be delivered
excessively or in unwanted areas. Be sure to calibrate
your equipment. Uncalibrated equipment can cause
over delivery as well. You should calibrate your
equipment at the beginning of the season, periodically
during the remainder of the season and any time you
make changes or adjustment to the equipment.

8. Apply materials only when needed. The use of
extraneous pesticides can increase the threat of
contamination. Check your irrigation practices as well.
Don’t irrigate immediately after a pesticide application,
unless required by a pesticide’s label. The increased
water content in the soil might speed up the movement
of a pesticide into ground water.

Remember, you must protect your groundwater.

Pesticide Spills

Keep a supply of an absorbent agent on hand to scatter
over liquid spills in the area that you store pesticides.
Sawdust or janitorial sweeping compound works well in
absorbing the liquids in a cleanup. Use a respirator and
chemical resistant gloves to clean up spills. Barrier laminate
gloves have a broad range of chemical resistance are a good
choice to keep in a spill kit. Rubber gloves might break down
depending on the pesticide. Let it soak a couple of hours to
absorb the spilled pesticide from the floor. This procedure is
also recommended for cleaning truck beds that are
contaminated.

Specific information concerning pesticide cleanup can be
obtained by calling the manufacturer directly or consulting
the products’ MSDS. The phone numbers for emergencies
are listed on every product label. Information can also be
obtained by calling CHEMTREC at 800/424-9300, or
visiting www.chemtrec.com.

Report pesticide spills to the proper state agency. See
back cover for telephone numbers.
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Reporting of Pesticide Spills

Pesticide spills may be reported to US EPA Region 3
(800-438-2474) for Delaware, Maryland, Pennsylvania,
Virginia, and West Virginia.

In New Jersey, any registered pesticide applicator, or any
registered pesticide applicator business, shall immediately
inform the DEP of any reportable pesticide spill (1 pound
active ingredient or 1 gallon of liquid) occurring under such
person’s direct supervision and/or direct observation and
shall provide the following information:

the name of the pesticide applicator,

the name of the applicator business, if any,

the name of the property owner or operator,

the location of the incident,

the name and EPA registration number of the pesticide,
the estimated amount of pesticide involved, and

the corrective action taken.
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The report shall be made to the DEP hotline immediately
by telephone. Call the Pesticide Control Program at 800-
WARNDEP. Submit a written follow-up within 10 days to
the Pesticide Control Program, PO Box 411, Trenton, NJ
08625.

TOXICITY OF CHEMICALS

The danger in handling pesticides does not depend
exclusively on toxicity values. Hazard is a function of both
toxicity and the amount and type of exposure. Some
chemicals are very hazardous from dermal (skin) as well as
oral (ingestion) exposure. Although inhalation values are not
given, this type of exposure is similar to ingestion. A
compound may be highly toxic but present little hazard to the
applicator if the precautions are followed carefully.

Acute toxicity values are expressed as oral LDsg in terms
of milligrams of the substance per kilogram (mg/kg) of test
animal body weight required to kill 50 percent of the
population. The acute dermal LDs, is also expressed in
mg/kg. These acute values are for a single exposure and not
for repeated exposures such as may occur in the field. Rats
are used to obtain the oral LDsy and the test animals used to
obtain the dermal values are usually rabbits.

Table D-4. Acute Categories of Toxicity*

LDs, Value (mg/kg)

Categories Signal Word Oral Dermal
| Danger-Poison 0-50 0-200
1l Warning 50-500 200-2,000
Il Caution 500-5,000 2,000-5,000
\Y Caution® > 5,000 > 5,000
L EPA accepted categories. For examples of each category, see Table D-6 (Toxicity of
Chemicals).

2 No signal word required based on acute toxicity; however, products in this category
usually display “Caution.”

Read the labels and become familiar with the
symptoms of pesticide poisoning. For help in a pesticide
emergency, call the appropriate poison information
number on the back cover of this book.
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Toxicity and LDg, Calculations
Weight Conversions
1 ounce (0z) 28 grams (gr)

1pound(lb) = 454 grams(gr) =0.45kg
lgram(gr) = 1,000 milligrams (mg)
1,000mg = 0.0350z
1mg = 0.000035 0z

Conversions: Body Weight in Pounds (Ib)
to Body Weight in Kilograms (kg)

(Ib) (ko)
25 = 1125
50 = 225
75 = 3375

100 = 45

150 = 675

200 = 9

To determine an exact weight, multiply known body weight
in pounds by 0.45. Example: 100 Ib x 0.454 = 45.4 kg

Note: All the following calculations use a body weight of
100 pounds. To calculate LDsy, first convert body weight to
kilograms; to do this multiply weight in Ib by 0.454.
Example: 100 x 0.454 = 45.4 kg

Next, multiply given LDz, by body weight in kg.
Note: LDg, numbers are given by the manufacturer.
Example: LDs, of 11mg/kg x 45.4 kg = 499.4 mg

Next, to convert milligrams (mg) to ounces (0z), multiply
mg by 0.000035. Example: 499.4 mg x 0.000035 = 0.017 oz.

Table D-5. LDs, figures converted to ounces for three commonly
used products in the agricultural industry.

Body Weight in Pounds

LDsp 30 60 100 150 200
------------------------- ounces  -------m--mm-mm-mmeoe—-
Insecticide
methomyl 17 0.008 0.016 0.026 0.039 0.053
Herbicide
Micro-Tech/
Partner 1,800 0.9 17 2.8 4.3 5.7
Fungicide
chloro-
thalonil 10,000 49 9.5 15.7 23.8 315

Pesticide Formulations

Commercial pesticides may be developed in many
different formulations. Some are emulsifiable concentrates,
flowables, wettable powders, dusts, and granules. After each
pesticide recommendation in this publication, one of these
formulations is presumed; however, unless stated to the
contrary, equivalent rates of another formulation or
concentration of that pesticide can be used.

In most cases, sprays rather than dusts are preferred for
the control pests of vegetables. This is because sprays have
produced better control and resulted in less drift than dry
particulates.

Table D-6 lists type class; use category; acute mammalian
toxicity; reentry times; and toxicity to birds, fish, and bees for
the pesticides recommended for use in this manual.



TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals

Type Use LDs, Values Mg/Kg®  Reentry® Toxicity’
Name’ Class® Category* Oral  Dermal (Hours) Bird Fish Bee
abamectin, Agri-Mek, ABBA, Epi-Mek, Temprano |I-FB R 300 >1,800 12 N M H
ABBA, abamectin I-FB R 300 >1,800 12 N M H
Abound, azoxystrobin, F G >2,000 >5,000 4 -- H N
acephate, Orthene 1-OP G tech 980 >10,250 24 M N H
acetamiprid, Assail, Tristar | G 1,064 >2,000 12 N N M
acibenzolar-S-methyl, Actigard, Blockade B,F G - - 12 N M N
Acramite, bifenazate A G >5,000 >5,000 12 N H N
Actara, thiamethoxam I-NN G >5,000 >2,000 12 N N H
Actigard, acibenzolar-S-methyl B,F G -- -- 12 N M H
Admire Pro, imidacloprid I-NN G tech 450 >5,000 12 M M H
Agree, Bacillus thuringiensis aizawai
+ kurstaki I-BT G See Footnote 8 4 N N N
Agri-Fos , phosphite salts, F G 4 -- M N
Agri-Mek, abamectin I-FB R 300 >1,800 12 - M H
Agri-Mycin-17, streptomycin B G 9,000 -- 12 -- -- --
Agri-Strep, streptomycin B G 9,000 - 12 -- -- -
Agri Tin, triphenyltin hydroxide F R 160 500 48 -- H --
Aim, carfentrazone H G 5,143 >5,000 12 N M N
alachlor, Micro-Tech, Intrro H R-12 1,800 -- 12 N N N
Alanap L, naptalam H G 8,200 -- 24 N N N
Alcide, sodium chlorite F G -- -- 12 N N N
Aliette, fosetyl Al F G tech 5,000 >2.000 12,24 N N N
Allegiance, metalaxyl F G >2,900 >2,000 24 N N N
Altacor, chlorantraniliprole | G >5,000 >5,000 4 - - -
Apron, mefenoxam, metalaxyl F G tech 669 >3,100 12 N N N
Asana XL, esfenvalerate I-PY R-12 458 >2,000 12 N H H
Assail, acetamiprid | G 1,064 >2,000 12 N N M
Assure 11, quizalofop-P-ethel H G 1,210 - 12 N N N
Atrazine, atrazine H G tech 1,780 7,500 12 S S N
Authority XL, sulfentrazone, H G 1,750 >5,000 12 L L -
Avaunt, indoxacarb I-CA G 268 -- 12 M M H
azadirachtin, Aza-Direct, Azatin, Ecozin, Neemix IGR G >5,000 >2.000 12 -- H N
Aza-Direct, azadirachtin | G >5,000 >2,000 4 -- H N
Azatin, azadirachtin IGR G >5,000 >2,000 12 -- H N
azoxystrobin, Abound, Dynasty, Quadris, F G >2,000 >5,000 4 -- H N
azoxystrobin + chlorothalonil, Quadris opti F G >2,000 >5,000 4 N H N
azoxystrobin + propiconazole, Quilt F G 1,750 >5,000 12 N H N
Aztec, cyfluthrin + tebupirimphos | -- -- -- 12 -- H N
Bacillus pumilus GB34, Yield Shield F-BT G NA NA NA NA NA
Bacillus subtilis GB03, Kodiak F-BT G NA 4 NA NA NA
Bacillus thuringiensis, Biobit I-BT G See Footnote 8 4 N N N
Banvel, dicamba H G 2,629 >2.000 12,24 - - N
Basagran, bentazon H G 2,063 >6,050 12 S N N
Basicop, fixed copper™® F G 472 - 24 - H N
Battalion, deltamethrin | R 445 >2,000 12 -- H H
Baythroid XL, beta-cyfluthrin | R 647 >2.000 12 - H H
Beleaf, flonicamid | G >2,000 >2,000 12 -- N -
Belt, flubendiamide | G >2,000 >4,000 12 - - -
bensulide, Prefar H G tech 271-1,470 -- 12 -- H H
bentazon, Basagran H G 2,063 >6,050 12 S N N
Besiege, lambda-cyhalothrin +
chlorantraniliprole | R-12 98.11 >5,000 24 -- H H
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TOXICITY OF CHEMICALS
Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg®  Reentry® Toxicity’
Name? Class® Category* Oral  Dermal (Hours) Bird Fish Bee
beta-cyfluthrin, Baythroid XL | R 647 >2,000 12 - H H
beta-cyfluthrin + imidacloprid, Leverage 360 | R >1,044 >2,000 12 L H H
bifenthrin, Bifenture, Brigade, Capture LFR
Fanfare, Sniper, Tundra I-PY R 262 >2,000 24 M H H
bifenthrin + imidacloprid, Brigadier | R 175 >5,000 12 -- H H
Bifenthrin + zeta cypermethrin, Hero I-PY R-10,11 550 - 24 S H H
Bifenture, bifenthrin I-PY R 262 >2,000 24 M H H
bifenazate, Acramite, Floramite A G >5,000 >5,000 12 N H N
Biobit, Bacillus thuringiensis kurstaki I-BT G See Footnote 8 4 N N N
Blackhawk, spinosad I-ML G >5,000 >2,000 4 H - -
Blockade, acibenzolar-S-methyl B,F G -- -- 12 N M N
Blocker, PCNB F G >5,050 >2,020 12 -- H --
boscalid, Endura F G >2,000 >2,000 12 -- -- --
Botran, dicloran F G tech >5,000 - 12 S M N
Bravo, chlorothalonil F G >10,000 >10,000 12 -- H N
*Bravo 720, chlorothalonil F G >10,000 >10,000 12 -- H N
Bravo Ultrex, chlorothalonil F G >10,000  >10,000 12 -- H N
Brigade, bifenthrin I-PY R 262 >2,000 24 M H H
Brigadier, bifenthrin + imidacloprid | R 175 >5,000 12 -- H H
Brominal, bromoxynil H G tech 260 >2,000 12 H H H
bromoxynil, Brominal, Buctril H G tech 260 >2,000 12 H H H
Buctril, bromoxynil H G tech 260 >2,000 12 H H H
buprofezin, Courier, Talus, Vetica IGR G >5,000 >2,000 12 -- -- -
butylate, Sutan + H G 4,500 >4640 2 -- H -
Cabrio, pyraclostrobin F G >500 >4,000 12 - H N
Callisto, mesotrione H G >5,000 >5,000 12 N N N
Cannonball, fludioxonil F G >5,000 >2,000 12 L H L
Caparol 4L, promethryn H G >5,000 >5,000 24 L H --
Captan 400, captan F G 9,000 -- 96 S H N
*captan, Captan 400 F G 9,000 - 96 S H N
Captevate, fenhexamid + captan F G >2,000 >5,000 24 N H N
*carbaryl, Sevin I-CA G 500 850 12 S N H
carfentrazone, Aim H G 5,143 >5,000 12 -- M N
CDAA, Randox H G 750 -- 12 -- -- --
Champ, fixed copper™ F G 1,000 - 48 - H N
Champion, fixed copper™ F G 2,000 -- 48 -- H N
Chateau/Valor, flumioxazin H G >5,000 >2,000 12 N N N
chemopodium ambrosioides, Requiem I,A G >5,000 >5,000 4 - - -
chlorantraniliprole, Altacor, Coragen, | G >5,000 >5,000 4 - - -
chlorantraniliprole + lambda cyhalothrin,

Besiege, Voliam Xpress | R-12 98 >5,000 24 -- H H
chlorantraniliprole, thiamethoxam, Durivo,

Voliam Flexi I-NN G >5,000 >5,000 12 -- - H
chlorfonapyr, Pylon A G 560 -- 12 -- H H
chlorine, Clorox (bleach) F G - -- 12 N N N
chloroneb F G >5,000 >5,000 12 N - -
chloropicrin F,N R-3,10 250 -- 72 -- H N

*chlorothalonil, Bravo, Bravo 720, Bravo
Ultrex, Echo, Equus, Ridomil Gold Bravo F G >10,000  >10,000 12 = H L
*chlorpyrifos, Lorsban I-OP R 92-276 2,000 12,24 M H H
chlorpyrifos + lambda-cyhalothrin
Cobalt Advanced | R >50 >3,000 24 M M H
clomazone, Command H G 1,369 >2,000 12 - -- --
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg® Reentry® Toxicity’
Name? Class® Category* Oral Dermal (Hours) Bird Fish Bee

clopyralid, Spur, Stinger H G >5,000 >2.000 12 -- N N
Clorox (bleach), chlorine F G - -- 12 N N N
Closer, sulfoxaflor | G >5,000 >5,000 12 N M H
clothianidin, Poncho, Belay I-NN G >5,000 >2,000 -- N M H
Cobalt Advanced, chlorpyrifos +

lambda-cyhalothrin | R >50 >3,000 24 M M H
Command, clomazone H G tech 2,077 >2,000 12 -- N N
Concur, imidacloprid I-NN G tech 450 >5,000 12 M M H
Confirm, tebufenozide | G >5,000 >5,000 4 L H M
Coniothyrium minitans, Contans F G - - 4 - N N
Conserve, spinosad I-ML G >5,000 >2,000 4 H - --
Contans, Coniothyrium minitans F G -- -- 4 -- N N
Copper-Count-N, fixed copper® F G - -- 12 -- H N
copper, fixed® F G = - 24 - H N
copper hydroxide, Ridomil Gold Copper,

ManKaocide F G tech 669 >3,100 48 -- H N
Coragen, chlorantraniliprole | G >5,000 >5,000 4 -- - --
Counter, terbufos I-OP R-1,2 tech 4.5 11 48 -- H N
Courier, buprofezin IGR G >5,000 >2,000 12 - -- --
Cruiser, thiamethoxam I-NN G 5523 >2,000 12 N N H
Crymax, Bacillus thuringiensis kurstaki I-BT G See Footnote 8 4 N N N
cryolite, Kryocide, Prokil I-10 G >5,000 - 12 N N N
Cuprofix Disperss, fixed copper F G >2,000 >4,000 24 - H N
Curbit 3E, ethalfluralin H G >10,000 >10,000 12 -- H N
Curzate, cymoxanil F G 433 >5,000 12 N H N
Cutlass, Bacillus thuringiensis kurstaki I-BT G See Footnote 8 4 N N N
cyazofamid, Ranman F G >5,000 >2,000 12 L L L

*cycloate, Ro-Neet H G 3,160-4,640 - 12 -- M N
cyfluthrin, Tombstone I-PY R 500 >5,000 12 M H H
cymoxanil, Curzate, F G 433 >5,000 12 N H N
cypermethrin, Ammo I-PY R 250 2,000 12 N H H
cyprodinil + fludioxonil, Switch F G >5,000 >2,000 12 -- H N
cyromazine, Trigard IGR R,G 3,387 >3,100 12 S H H

*Dacthal, DCPA H G >10,000 >2,000 24 S -- N

*dalapon, Dowpon M H G 9,330 - 24 S N N
Danitol, fenproparthrin I-PY R 66 >2,000 24 H H H
DCP, dichloropropene N R(NJ),G 300 333 72 - -- -

*DCPA, Dacthal H G >10,000 >2,000 24 S -- N
Deadline, metaldehyde 1-OT G 630 - 1224 H N N
deltamethrin, Battalion | R 445 >2,000 12 -- H H
Desicate Il, endothall H R 233 481 48 H -- H
Devrinol, napropamide H G >4,640 -- 12 -- N N
diazinon 1-OP R-11 tech 300-400 3,600 12,24 H H H
dicamba, Banvel H G 2,629 >2,000 12,24 -- - N
dichloropropene + chloropicrin,

Telone I, Telone C-35 F,N R-3,10 127 423 72 H N --
dicloran, Botran F G tech >5,000 -- 12 S M N
dicofol, Kelthane, Kelthane MF A G 820-960 1,000-1,230 12 M H N
difenoconazole+cyprodinil, Inspire Super F G 5,000 >5,000 12 - H -
diflubenzuron, Dimilin IGR G >10,000 >20,000 12 -- - --

*Dimate, dimethoate 1-OP R(NJ),G tech 235 >400 48 H H H
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg® Reentry® Toxicity’
Name? Class® Category* Oral Dermal (Hours) Bird Fish Bee
dimethenamid, Frontier, Outlook H H 849 >2000 12 - - --
*dimethoate, Dimate 1-OP R(NJ),G tech 235 >400 48 H H H
dimethomorph, Forum F G 3,900 >2,000 24 - H N
Dimilin, diflubenzuron IGR G >10,000 >20,000 12 - -- --
dinotefuran, Safari, Venom, Scorpion | G >5,000 >5,000 12 - - H
DiPel, Bacillus thuringiensis kurstaki I-BT G See Footnote 8 4 N N N
diquat H G 215-235 400 24 -- -- N
Discipline, bifentrin I-PY R 262 >2,000 24 M H H
Distance, pyriproxyfen IGR G >5,000 >2,000 12 -- H N
Dithane, mancozeb F G 11,200 15,000 24 -- H N
diuron, Karmex H G tech >5,000 >5,000 12 -- - N
dodine, Syllit F G 1,000 >6,000 48 -- H H
Dowpon M, dalapon H G 9,330 -- 24 S N N
Dual Magnum, S-metolachlor H G tech 2,780 >10,000 12 S M N
Durivo, chlorantraniliprole + thiamethoxam, I-NN G >5,000 >5,000 12 - - H
Dynasty, azoxystrobin F G >2,000 >5,000 4 - H N
EBDC, Potato Seed Treater F G 4,500 >5,000 24 N H N
Echo, chlorothalonil F G >10,000 >10,000 12 -- H N
Ecozin, azadirachtin IGR G >5,000 >2,000 12 -- H N
Elevate, fenhexamid F G >5,000 >5,000 4 L M N
emamectin, Proclaim I-FB R 1,516 >2,000 48 N H H
endothall, Desicate Il H R 233 481 48 H -- H
Endura, boscalid F G >2,000 >2,000 12 -- - --
Entrust, spinosad I-ML G >5,000 >2,000 4 H -- --
Epi-Mek, abamectin I-FB R 300 >1,800 12 N M H
Eptam, EPTC H G tech 1,630 - 12 -- H H
EPTC, Eptam H G tech 1,630 - 12 -- H H
Equus, chlorothalonil F G >10,000 >10,000 12 - H --
esfenvalerate, Asana XL I-PY R-12 458 >2,000 12 -- H H
ethalfluralin, Curbit 3E H G >10,000 >10,000 12 - H N
ethephon, Ethrel PGR G 4,229 -- 48 -- -- N
ethoprop, Mocap N R-2 6.2 24 48 H H H
Ethrel, ethephon PGR G 4,229 -- 48 -- -- N
etoxazole, Zeal A G >5,000 >5,000 12 N H N
Evolve, thiophanate methyl + mancozeb +
cymoxanil F G >5,000 >2,000 24 N H N
famoxodone + cymoxanil, Tanos F G 960 >2,000 12 -- H -
Fanfare, bifenthrin I-PY R 262 >2,000 24 M H H
fenamidone, Reason F G >5,000 >5,000 12 -- -- -
fenamiphos, Nemacur N R-2 tech 3 200 48 H H N
fenbutatin-oxide, Vendex A R 2,631 >2,000 48 M M N
fenhexamid, Elevate F G >5,000 >5,000 4 L M N
fenhexamid + captan, Captevate F G >2,000 >5,000 24 N H N
fenproparthrin, Danitol I-PY R 66 >2,000 24 H - H
fenproximate, Portal I,A G 810 12 - H --
fipronil, Regent | R 275 841 0 M H M
fixed copper'®, Cuprofix Disperss F G - - 12,2448  -- H N
Flint, trifloxystrobin F G >5,000 >2,000 12 M H N
flonicamid, Beleaf | G >2,000 >2,000 12 - N --
Floramite, bifenazate A G >5,000 >5,000 12 N H N
Flouronil, mefenoxam+chlorothalonil F G See Footnote 11 -- 48 - - --
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg® Reentry® Toxicity’
Name? Class®  Category’ Oral Dermal (Hours) Bird Fish Bee
*fluazifop-P-butyl, Fusilade DX H G 3,328 -- 12 - M N
fluazinam, Omega F G >5,000 >2.000 48 - H N
flubendiamide, Belt | G >2,000 >4,000 12 -- = --
flubendiamide + buprofezin, Vetica | G >5,000 >5,000 12 L L L
fludioxonil, Cannonball, Maxim, Scholar F G >5,000 >2,000 12 L H L
fludioxonil + mancozeb, Maxim MZ F G >5,000 >5,000 24 N H N
flumioxazin, Chateau/Valor H G >5,000 >2,000 12 N N N
fluopicolide, Presidio F G >2,000 >4,000 12 L H L
flutolanil + mancozeb, MonCoat MZ F G >5,000 >5,000 24 M M N
flutolanil, Moncut F G >5,000 >5,000 12 N H N
fluxapyroxad, Priaxor F G >500->2,000 >5,000 12 N N N
Folicur, tebuconazole F G 3,743 2,011 12 H H N
fomesafen, Reflex H G 6,950 >1,000 24 N N N
Fontelis. penthiopyrad F G 12 >5,000 >5,000 H L L
Force, tefluthrin I-PY R 1,213 >2,000 0 N H N
Formula 40, 2,4-D (acid) H R(NJ),G 375 - 48 M N H
Forum, dimethomorph F G 3,900 >2,000 24 - H N
fosetyl Al, Aliette F G 5,000 >2,000 12,24 N N N
Frontier, dimethenamid H G 849 >2000 12 -- -- --
Fulfill, pymetrozine 1-OT G >5,000 >2,000 12 N N N
Fusarex, TCNB GR G -- -- - -- -- -
*Fusilade DX, fluazifop-P-butyl H G 2,712 >2.420 12 -- M N
gamma-cyhalothrin, Cobalt, Consero, Proaxis, I-PY R-12 >2,500 >5,000 24 N H H
Gaucho, imidacloprid I-NN G tech 450 >5,000 12 M M H
Gavel, zoxamide + mancozeb F G - -- 48 - M --
Gem, trifloxystrobin F G 5,050 >2.000 12 - H N
gibberellic acid, GibGro, ProGibb PGR G 1,000-25,000 - 4 -- N N
GibGro, gibberellic acid PGR G 1,000-25,000 -- 4 -- N N
glufosinate ammonium, Ignite 280 H G >300-<2,000 1,400 12 -- - -
Glyphomax Plus, glyphosate H G >5,000 >5,000 24 N N N
glyphosate, Glyphomax Plus, Roundup
Touchdown H G >5,000 >5,000 24 N N N
Goal, oxyfluorfen H G tech >5,000 >10,000 24 - H N
Goal Tender, oxyfluorfen H G tech >5,000 >10,000 24 -- H N
Gramoxone Max, paraquat H R-1,8 150 - 12,48 M N N
Guthion, azinphos-methyl 1-OP R-1,2,3, tech 10 200 48 M H H
8,10,12
halosulfuron, Sandea H G 1,287 >5,000 12 - N N
harpin protein, Messenger F G >5,000 >6,000 4 -- N N
Headline, pyraclostrobin F G >500 >4,000 12 -- H N
Hero, zeta cypermethrin+bifenthrin I-PY R-10,11 550 - 24 S H H
hexythiazox, Savey A G >5,000 >5,000 12 - H N
Ignite 280, glufosinate ammonium H G >300-<2000 1,400 12 - -- --
imazamox, Raptor H G >5,000 >4,000 4 N N N
imazethapyr, Pursuit H G >5,000 >2,000 12,24 - N N
Imidan, phosmet 1-OP R(NJ),G tech 147-316 >4,640 24 S H H
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TOXICITY OF CHEMICAL

Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg®  Reentry® Toxicity’
Name’ Class®  Category* Oral Dermal (Hours) Bird Fish Bee
imidacloprid, Admire, Admire Pro, Concur,

Gaucho, Lattitude, Marathon I-NN G tech 450 >5,000 12 M M H
imidacloprid, beta-cyfluthrin, Leverage 360 | R >1,044 >2,000 12 L H H
Impact, topramezone H G >2,000 >2,000 12 N N N
Incite, piperonyl butoxide 1-OT G >7,500 - 12 N N N
indoxacarb, Avaunt | G 268 -- 12 M M H
Inspire Super, difenoconazole+cyprodinil F G 5,000 >5,000 12 -- H --
iron phosphate, Sluggo M G >5,000 >5,000 0 -- -- --
insecticidal soap, M-Pede 1-SO G 16,900 - 12 N N N
Intrepid, methoxyfenozide | G >5,000 >2,000 4 - N N
Intrro, alachlor H R-12 930-1,350 -- 12 S M N

*iprodione, Rovral F G >4,400 >2,000 12 - S N
Javelin, Bacillus thuringiensis kurstaki I-BT G See Footnote 8 4 N N N
K-Pam, metam potassium F G 630 >1,000 48 H H N
Karmex, diuron H G tech >5,000 >5,000 12 N N N
Kelthane, Kelthane MF, dicofol A G 570-595 >5,000 12 M H N
Kerb, pronamide H R-5 tech 8,350 >3,160 12 -- N N
Ketch, Bacillus thuringiensis aizawai I-BT G See Footnote 8 4 N N N
Knack, pyriproxyfen IGR G >5,000 >2,000 12 -- H N
Kocide, fixed copper® F G 1,000 - 1248 M H N
Kodiak, Bacillus subtilis GB03 F-BT G NA NA NA NA NA
Kontos, spirotetramat | G >2000 >4000 24 N N L
Kryocide, cryolite I-10 G >5,000 -- 12 N N N
Lambda cyhalothrin, Lambda-Cy,

Lambda T, Silencer, Warrior Il I-PY R tech 79 632 24 M H H
lambda-cyhalothrin, chlorpyrifos,

Cobalt Advanced, | R >50 >3,000 24 M M H
Lambda-Cy, lambda cyhalothrin I-PY R tech 79 632 24 M H H
lambda-cyhalothrin+chlorantraniliprole,

Besiege, VVoliam Xpress | R-12 98.11 >5,000 24 -- H H
Lambda T, lambda cyhalothrin I-PY R tech 79 632 24 M H H
Lannate, methomyl I-CA R-8,10 17 5880 48 H H H
Lattitude, imidacloprid I-NN G tech 450 >5,000 12 M M H
Laudis, tembotrione H G 1,750 >5,000 12 - - -
Leverage 360, imidacloprid + beta-cyfluthrin, | R >1,044 >2,000 12 L H H
Lexone, metribuzin H R-14 tech 2,000 20,000 12 -- N N
lindane I-CH R-5 88-125 1,000 12,24 M M N
Linex, linuron H G tech 4,000 -- 24 - S N
linuron, Linex, Lorox H G tech 4,000 - 24 -- S N
Lorox, linuron H G tech 4,000 - 24 -- S N

*Lorsban, chlorpyrifos I-OP R 92-276 2,000 12,24 M H H
malathion 1-OP G tech 5,500 >2,000 12 M H H

*mancozeb, Acrobat MZ, Curzate,

Dithane, Manex Il, Manex, ManKocide,

Penncozeb, Ridomil Gold MZ F G 11,200 15,000 24 - H N
mancozeb + copper hydroxide, ManKocide F G See Footnote 11 N H N
mandipropamid, Revus F G >5,000 >5,000 12 H
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg®  Reentry?® Toxicity’
Name’ Class®  Category’ Oral Dermal (Hours) Bird Fish Bee
mandipropamid + difenoconazole, Revus Top F G 2,958 >5,000 12 L H M
maneb, Manex F G tech 7,990 >5,000 24 -- H N
Manex, maneb F G tech 7,990 >5000 24 -- H N
Manex |1, mancozeb F G 11,200 >15,000 24 - H N
ManKocide, mancozeb + copper hydroxide F G See Footnote 11 48
Marathon, imidacloprid I-NN G Tech 450 >5,000 12 M M H
Matrix, rimsulfuron H G >5,000 >2,000 4 N L L
Maxim, fludioxonil F G >5,000 >2,000 12 L H L
Maxim MZ, fludioxonil + mancozeb F G >5,000 >5,000 24 N H N
*MC-2, MC-33, methyl bromide F,H,N R-8 See Footnote 9 48 - -- N
mefenoxam, Apron, Ridomil Gold,

Ultra Flourish F G -- -- -- -- H N
mefenoxam + azoxystrobin, Uniform F G 1,459 >5,000 0 -- -- --
mefenoxam + chlorothalonil, Ridomil Gold

Bravo, Flouronil F G See Footnote 11
mefenoxam + copper hydroxide, Ridomil

Gold Copper F G See Footnote 11
mefenoxam + mancozeb, Ridomil Gold MZ F G >5,000 >2,000 48 N H N
mefenoxam + PCNB, Ridomil Gold PCNB F G >5,050 >2,020 48 N H N
Mertect, thiabendazole F G >5,000 >5,050 12 N H N
mesotrione, Callisto H G >5,000 >5,000 12 N N N
Messenger, harpin protein F G >5,000 >6,000 4 -- N N
metalaxyl, Allegiance, Apron, MetaStar F G tech 669 >3,100 12 N N N
metaldehyde, Deadline I-OT 630 -- H N N
metam potassium, K-Pam F G 630 >1,000 48 H H N
metam-sodium, Vapam HL N G 1,891 >3,074 48 -- H N
MetaStar, metalaxy!| F G tech 669 >3,100 12 N N N

*Metasystox-R, oxydementon methyl 1-OP R tech 50 150 48 -- H H
methomyl, Lannate I-CA R-8,10 17 5,880 48 H H H
methoxyfenozide, Intrepid | G >5,000 >2,000 4 - N N

*methyl bromide, MC-2, MC-33,

Terr-O-Gas 67 F,H,N R-8 See Footnote 9 48 -- -- N
methyl iodide, Midas F, HI -- -- -- -- -- -- --
metiram, Polyram F G >5,000 >2,000 24 N H N
metribuzin, Sencor, Lexone H R-14 tech 1,100-2,300 >20,000 12 - M N
Micro-Tech, alachlor H R-12 930-1,350 -- 12 S M N
Midas, methyl iodide F, H,I - -- -- -- -- -- --
Mocap, ethoprop N R-2 61.5 24 48 H H H
MonCoat MZ, flutolanil+mancozeb F G >5,000 >5,000 24 M M N
Moncut, flutolanil F G >5,000 >5,000 12 N H N
Movento, spirotetramat | G >2000 >4000 24 N N L
M-Pede, insecticidal soap I-SO G 16,900 - 12 N N N
Mustang Maxx, zeta-cypermethrin I-PY R-10,11 310 >5,000 12 -- H H
myclobutanil, Nova, Rally F G 1,600 >5000 24 -- N N
napropamide, Devrinol H G >4,640 - 12 -- N N
naptalam, Alanap L H G 1,770 - 24 -- N N
Neemix, azadirachtin IGR G >5,000 >2,000 12 - H N
Nemacur, fenamiphos N R-2 tech 3 200 48 H H N
neem oil, Trilogy F,A G >5¢ - 4 -- H H
norflurazon, Solicam H G >8,000 >20,000 12 N M N
Nova, myclobutanil F G 1,600 >5,000 24 -- N N
Novodor, Bacillus thuringiensis tenebrionis I-BT G See Footnote 8 4 N N N
novoluron, Rimon I-IGR G 3,914 >2,000 12 N H N
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals' (continued)

Type Use LD, Values Mg/Kg®  Reentry® Toxicity’
Name? Class®  Category* Oral Dermal (Hours) Bird Fish Bee

Noxfire, rotenone 1-BO G 132-1,500 -- 12,48,24 S H N
NPV, Spod-X | G -- -- 4 -- - --
NutriPhyte, phosphite salts F G 4 -- M N
Oberon, spiromesifen IGR G >2,000 >4,000 12 -- H --
Omega, fluazinam F G >5,000 >2,000 48 - H N
Orthene, acephate I-OP G tech 980 >10,250 24 M N H
oryzalin, Surflan H G >10,000 - 12 - H N
Outlook, dimethenamid H G 849 >2000 12 - -- -
oxamyl, Vydate L I,N-CA R 37 2,960 48 H H H
oxyfluorfen, Goal, Goal Tender H G tech >5,000 >10,000 24 -- H N
parafinic oil A G 22 ¢ -- 4 -- - --
paraquat, Gramoxone Max H R-1,8 150 -- 12,48 M N N
PBO (piperonyl butoxide) 1-OT G >7,500 -- 12 N N N
PCNB, Terraclor, Blocker F G tech 1,700-5,000 2,000-4,000 12,24 S H H
pebulate, Tillam H G tech 921-1,900 >4,640 12 - M S
pendimethalin, Prowl H G 1,250 >5,000 12,24 - M N
Penncozeb, mancozeb F G 11,200 >15,000 24 -- H N
penthiopyrad, Fontelis F G 12 >5,000 >5,000 H L L
permethrin, Perm-Up I-PY R-12 tech >4,000 >4,000 24 N H H
Perm-Up, permethrin I-PY R-12 tech >4,000 >4,000 24 N H H

*phenmedipham, Spin-aid H G >8,000 >4,000 24 -- M N

*phorate, Thimet I-OP R-2,10,11 tech 2-4 20-30 48 H H H
phosmet, Imidan 1-OP R(NJ),G tech 147-316 >4,640 24 S H H
phosphite salts, Phostrol, ProPhyt, Agri-Fos,

NutriPhyte, Rampart F G >5,000 >5,000 4 N H N
Phostrol, phosphite salts F G >5,000 >5,000 4 N H N
Platinum, thiamethoxam I-NN G >5,000 >2,000 12 -- M N
Poast, sethoxydim H G 3,200-3,500 >5,000 12,24 S M S
Polyram, metiram F G >5,000 >2,000 24 N H N
Poncho, clothianidin I-NN G >5,000 >2,000 -- N M H
Portal, fenproximate LA G 810 12 -- H --
Potato Seed Treater, EBDC F G 4,500 >5,000 24 N H N
Prefar, bensulide H G tech 271-1,470 - 12 - H H
Presidio, fluopicolide F G >2,000 >4,000 12 L H L
Previcur Flex, propamocarb hydrochloride F G 2,900 >3,000 12 - N N
Priaxor, fluxapyroxad F G >500->2,000 >5,000 12 N H N
Pristine, pyraclostrobin + boscalid F G >2,000 >2,000 12 -- H --
Proaxis, gamma-cyhalothrin I-PY R-12 >2,500 >5,000 24 N H H
Proclaim, emamectin I-FB R 1,516 >2,000 48 N H H
Procure, triflumizole F G 2,230 >2,000 12 - H N
ProGibb, gibberellic acid PGR G 1,000-25,000 -- 4 -- N N
Pro-Gro, thiram + carboxin F G >2,000 >2,000 -- N H N
Prokil, cryolite I-10 G >5,000 - 12 N N N
Prolong, Bacillus thuringiensis kurstaki I-BT G See Footnote 8 4 N N N
pronamide, Kerb H R-5 tech 8,350 5,620 12 -- N N
propamocarb hydrochloride, Previcur Flex F G 2,900 >3,000 12 - N N
promethryn, Caparol 4L H G >5,000 >5,000 24 L H --
ProPhyt, phosphite salts F G >5,000 >5,000 4 N H N

*propiconazole, Tilt F G 1,517 >4,000 24 - H N
Prowl, pendimethalin H G 3,956 2,200 12,24 - M N
Pursuit, imazethapyr H G >5,000 >2,000 12,24 - N N
Pylon, chlorphanapyr A G 560 -- 12 -- H H
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Table D-6. Acute Toxicity of Chemicals® (continued)

TOXICITY OF CHEMICALS

Type Use LDs, Values Mg/Kg®  Reentry® Toxicity’
Name? Class®  Category* Oral Dermal (Hours)  Bird Fish Bee
pymetrozine, Fulfill I-OT G >5,000 >2,000 12 N N N
pyraclostrobin, Cabrio, Headline F G >500 >4,000 12 - H N
pyraclostrobin + boscalid, Pristine F G >2,000 >2,000 12 -- H -
Pyrellin, pyrethrins, rotenone | G 1,620 - 12 - H --
pyrethrum 1-BO G 1,500 >1,800 12 N H M
pyrimethanil, Scala F G 4,505 >5,000 12 -- M -
pyriproxyfen, Distance, Knack IGR G >5,000 >2,000 12 - H N
Quadris, azoxystrobin F G >2,000 >5,000 4 -- H N
Quadris Opti, azoxystrobin + chlorothalonil F G 1,750 >5,000 12 N H N
Quilt, azoxystrobin + propiconazole F G 1,750 >5,000 12 N H N
Quintec, quinoxyfen F G >2,000 >2,000 12 N H -
quinoxfen, Quintec F G >2,000 >2,000 12 N H -
quizalofop-P-ethel, Assure Il H G 1,210 - 12 N N N
Radiant, spinetoram | G >5,000 >5,000 4 N H H
Rally, myclobutanil F G 1,600 >5,000 24 -- N N
Randox, CDAA H G 750 - 12 - - -
Ranman, cyazofamid F G >5,000 >2,000 12 L L L
Rampart, phosphite salts F G - -- 4 -- - -
Raptor, imazamox H G >5,000 >4,000 4 N N N
Raven, Bacillus thuringiensis tenebrionis I-BT G See Footnote 8 4 N N N
Reason, fenamidone F G >5,000 >5,000 12 -- - --
Reflex, fomesafen H G 6,950 >1,000 24 N N N
Regent, fipronil | R 275 841 0 M H M
Requiem, chemopodium ambrosioides LA G >5,000 >5,000 4 - -- -
Revus, mandipropamid F G >5,000 >5,000 12 - H -
Revus Top, mandipropamid + difenoconazole F G 2,958 >5,000 12 L H M
Ridomil Gold, mefenoxam F G 1,172 2,020 48 N N N
Ridomil Gold Bravo, mefenoxam +
chlorothalonil F G See Footnote 11 12
Ridomil Gold Copper, mefenoxam +
copper hydroxide F G See Footnote 11 48
Ridomil Gold MZ, mefenoxam + mancozeb F G >5,000 >2,000 48 N H N
Ridomil Gold PCNB, mefenoxam + PCNB F G >5,050 >2.020 48 N H N
Rimon, novoluron I-IGR G 3,914 >2,000 12 N H N
rimsulfuron, Shadeout H G >5,000 >2,000 4 N L L
*Ro-Neet, cycloate H G tech 2,000-4,100 -- 12 -- M N
Rotacide, rotenone I-BO G 132-1,500 - 24 S H N
*rotenone, Rotenox, Rotacide, Noxfire I-BO G 132-1,500 -~ 12,24,48 S H N
Rotenox, rotenone 1-BO G 132-1,500 -- 48 S H N
Roundup, glyphosate H G >5,000 >5,000 24 N N N
*Rovral, iprodione F G >4,400 >2,000 12 - S N
Safari, dinotefuran | G >5,000 >5,000 12 -- - H
Sandea, halosulfuron H G 1,287 >5,000 12 - N N
Savey, hexythiazox A G >5,000 >5,000 12 -- H N
Scala, pyrimethanil F G 4,505 >5,000 12 -- M -
Scholar, fludioxonil F G >5,000 >5,050 PostHarvest L H --
Select, clethodim H G 3,610 >5,000 24 L M L
*Sencor, metribuzin H R-14 tech 2,000 >20,000 12 -- M N
sethoxydim, Poast H G 2,676-3,125 >5,000 12,24 S M S
Sevin, carbaryl I-CA G tech 283 >2,000 12 S N H
Silencer, lambda cyhalothrin I-PY R tech 79 632 24 M H H
*Sinbar, terbacil H G 5,000-7,500 - 12 -- N N
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg®  Reentry® Toxicity’
Name? Class®  Category* Oral Dermal (Hours) Bird Fish Bee

Sluggo, iron phosphate M G >5,000 >5,000 0 -- - -
S-metolachlor, Dual Magnum H G tech 2,780 10,000 12 S M N
Sniper, bifenthrin I-PY R 262 >2,000 24 M H H
sodium chlorite, Alcide F G - - 12 N N N
SoilGard, streptomycetes F G -- -- 12 N N N
Solicam, norflurazon H G >8,000 >20,000 12 N M N

*Spin-aid, phenmedipham H G >8,000 >4,000 24 - M N
spinetoram, Radiant | G >5,000 >5,000 4 N H H
spinosad, Blackhawk, Consero, Conserve,

Entrust, I-ML G >5,000 >2,000 4 H - -
spiromesifen, Oberon IGR G >2000 >4,000 12 - H -
spirotetramat, Kontos, Movento | G >2000 >4000 24 N N L
Stinger, clopyralid H G >5,000 >2,000 12 -- N N
Spod-X, NPV | G -- -- 4 -- - -
Spur, clopyralid H G >5,000 >2,000 12 -- N N
Stratego, trifloxystrobin + propiconazole F G 4,800 >5050 12 L H -
Strategy, ethalfluralin + clomazone H G >5,050 >5,050 24 -- H N
streptomycetes, SoilGard F G -- -- 12 N N N
streptomycin, Agri-Mycin-17, Agri-Strep B G 9,000 -- 12 -- - -
Sutan +, butylate H G 4,500 >4640 2 - H -
sulfentrazone, Authority XL H G 1,750 >5,000 12 L L -
sulfoxaflor, Closer, Transform | G,R >5,000 >5,000 24 S H H
sulfur AF,I1-10 G >5,000 >5,000 12,24,48 N N N
Super Cu, fixed copper® F G - - 12 - H N
Super Tin, triphenyltin hydroxide F R 160 500 48 -- H -
Surflan, oryzalin H G >10,000 -- 12 -- H N
Switch, cyprodinil + fludioxonil F G >5,000 >2,000 12 - H N
Syllit, dodine F G 1,000 >6,000 48 -- H H
TCNB, Fusarex GR G - - -- -- -- --
Talus, buprofenzin IGR G >5,000 >2,000 12 -- - -
Tanos, famoxodone + cymoxanil F G 960 >2,000 12 - H -
tebuconazole, Folicur, Tebuzol F G 3,743 2,011 12 H H N
tebufenozide, Confirm | G >5,000 >5,000 4 L H M
Tebuzol, tebuconazole F G 3,743 2,011 12 H H N
Tedion, tetradifon A G >10,000 >10,000 12 - -- -
tefluthrin, Force I-PY R 1,213 >2,000 0 N H N
Telone 11, dichloropropene + chloropicrin F.N R-3,10 127 423 12 H N -
Telone C-35, dichloropropene + chloropicrin F,N R-3,10 127 423 72 H N -
tembotrione, Laudis H G 1,750 >5,000 12 -- - -
Temprano, abamectin I-FB R 300 >1,800 12 N M H
Tenn-Cop, fixed copper® F G - -- 24 - H N

*terbacil, Sinbar H G 5,000-7,500 -- 12 -- N N
terbufos, Counter 1-OP R-1,2 tech 4.5 11 48 -- H N
Terraclor, PCNB F G tech 1,700-5,000  2,000-4,000 12,24 S H N

*Terr-O-Gas 67, methyl bromide F,H,N R-8 See Footnote 9 48 -- - N
tetradifon, Tedion A G >10,000 >10,000 12 - -- -

*thiabendazole, Mertect F G >5,000 >5,050 12 N H N
thiamethoxam, Actara, Cruiser, Durivo

Endigo, Platinum, Voliam flexi I-NN G >5,000 >2,000 12 N N H

*Thimet, phorate I-OP R-2,10,11 tech 2-4 20-30 48 H H H
thiophanate-methyl, Topsin M, OLF F G 7,500 -- 12 -- S N
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Table D-6. Acute Toxicity of Chemicals® (continued)

Type Use LDs, Values Mg/Kg®  Reentry® Toxicity’
Name? Class®  Category* Oral Dermal (Hours) Bird Fish Bee
thiophanate-methyl + mancozeb, Tops MZ F G >5,050 >2,020 24 N H N
thiophanate methyl + mancozeb + cmoxanil,

Evolve F G >5,000 >2,000 24 N H N
thiram, Thylate, 42-S Thiram F G tech 1,000 >5,000 12 S H N
thiram + carboxin, Pro-Gro F G >2,000 >2,000 N H N
Thylate, thiram F G tech 1,000 >5,000 12 S H N
Tillam, pebulate H G tech 921-1,900 >4,640 12 -- M S

*Tilt, propiconazole F G 1,517 >4,000 24 - H N
Tombstone, cyfluthrin I-PY R 500 >5,000 12 M H H
topramezone, Impact H G >2,000 >2,000 12 N N N
Tops MZ, thiophanate-methyl + mancozeb F G >5,050 >2,020 24 N H N
Topsin M, thiophanate-methyl F G 7,500 -- 12 -- S N
Touchdown, glyphosate H G >5,000 >5,000 24 N N N
Transform, sulfoxaflor | R >5,000 >5,000 24 S H H
Treflan, trifluralin H G >10,000 -- 12,24 N M N
Tri-Basic Copper Sulfate, fixed copper™® F G 472 -- 24 - H N
trifloxystrobin, Gem, Flint F G >5,000 >2,000 12 -- H N
trifloxystrobin + metalaxyl, Trilex AL F G >5,000 >5,000 24 N H N
trifloxystrobin + propiconazole, Stratego F G 4,800 >5,050 12 L H --
triflumizole, Procure F G 2,230 >2,000 12 - H N
trifluralin, Treflan, Trilin H G >10,000 -- 12,24 N M N
Trigard, cyromazine IGR R,G 3,387 3,100 12 S H H
Trilex AL, trifloxystrobin + metalaxyl F G >5,000 >5,000 24 N H N
Trilin, trifluralin H G >10,000 -- 12,24 N M N
Trilogy, neem oil FA Il G >5¢ -- 4 - H H
triphenyltin hydroxide, Super Tin, Agri Tin F R 160 500 48 -- H --
Tristar, acetamiprid | G 1,064 >2,000 12 N N M
Tundra, bifenthrin I-PY R 262 >2,000 24 M H H
Ultra Flourish, mefenoxam F G -- -- -- -- -- --
Uniform, mefenoxam + azoxystrobin F G 1,459 >5,000 0 - - --
Vapam HL, metam-sodium N G 1,891 >3,074 48 -- H N
Vendex, fenbutatin-oxide A R 2,631 >2,000 48 M M N
Venom, dinotefuran | G >5,000 >5,000 12 -- - H
Vetica, flubendiamide + buprofezin | G >5,000 >5,000 12 L L L
Voliam Flexi, chlorantraniliprole,

thiamethoxam I-NN G >5,000 >5,000 12 -- - H
Voliam Xpress, lambda-cyhalothrin +

chlorantraniliprole | R-12 98.11 >5,000 24 - H H
Vydate L, oxamyl I,N-CA R 37 2,960 48 H H H
Warrior, lambda cyhalothrin I-PY R tech 79 632 24 M H H
XenTari, Bacillus thuringiensis aizawai I-BT G See Footnote 8 4 N N N
Yield Shield, Bacillus pumilus GB34 F-BT G NA NA NA NA
Zeal, etoxazole A G >5,000 >5,000 12 N H N
zeta cypermethrin, Mustang Maxx I-PY R-10,11 310 >5,000 24 S H H
zeta cypermethrin + bifenthrin, Hero I-PY R-10,11 550 -- 24 S H H
zoxamide, Gavel F G -- -- 48 - H H
2,4-D (acid) H R(NJ),G 375 - 12,24 M N H
42-S Thiram, thiram F G tech 1,000 >5,000 12 S H N
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TOXICITY OF CHEMICALS

Table D-6. Acute Toxicity of C
5

hemicals® (continued)

-- = Data not available
* = Material

-

covered under the Superfund Amendments and

Reauthorization Act of 1986 (SARA) for storage notification.
The Occupational Safety and Health Administration (OSHA) requires
growers to keep on file Safety Data Sheets (SDS) for certain chemicals
used during normal spray programs. Safety Data Sheets are replacement
of the Material safety Data Sheets. These SDS sheets should be
obtained from either your local pesticide dealer or directly from the
chemical manufacturer. Some labels carry technical

assistance phone numbers that you can call for further information.
Call this number to request a SDS sheet from the manufacturer.

Names: Trade names begin with capital letters; common names with
small.

Type class: A = acaricide; B = bactericide; F = fungicide; H =
herbicide; IGR = insect growth regulator; | = insecticide (followed by
the following: BO = botanical, BT = bacterial, CA = carbamate, CH =
chlorinated hydrocarbon, El = insect growth regulator [ecdysone
inhibitor], FB = fermentation by-product, 10 = inorganic, ML =
macrocyclic lactone, NN = neonicotinoid, OP = organic phosphate, OT
= other, PY = pyrethroid, SO = soap); N = nematicide; and PGR = plant
growth regulator.

Use category: R = restricted use and G = general use. Chemicals
designated as general or restricted use as determined by state or federal
agencies. Restricted use may not apply to all formulations or all uses of
a formulation. Check the label to be sure. The designation (NJ) refers
to a compound that is classified as restricted use in New Jersey. The
number(s) after the R designation refer to the following reasons for
being classified as a federal restricted use product:

1. acute oral toxicity 8. accident history

2. acute dermal toxicity 9. exposure hazard to workers

3. acute inhalation toxicity 10. potential effects on wildlife

4. corrosive to eyes 11. potential effects on birds

5. potential to cause tumors 12. potential effects on fish and/or

6. potential to cause genetic other aquatic species
mutations 13. potential for groundwater

7. potential to cause adverse contamination
reproductive effects 14. lack of data
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LDs, = milligrams of substance per kilogram of body weight of the test
animal. > = higher than the figure listed. Formulations: LDs, values
given are for formulated material as you would purchase it; for
example, 50WP, 4E, etc., unless otherwise noted. Source: 2001 Farm
Chemicals Handbook; information is listed as supplied by
manufacturer.

Reentry: The EPA Worker Protection Standard now requires minimum
12-hour reentry times for all Category I11 (CAUTION) pesticides, 24-
hour minimum reentry times for all Category Il (WARNING)
pesticides, and 48-hour minimum reentry times for all Category |
(DANGER) pesticides. In New Jersey, the NJDEP Pesticide Control
Program has designated 48-hour reentry times for some pesticides
which EPA has assigned 12- or 24-hour reentry times. Chemicals with
multiple designations are based on product and/or formulation
differences.

N=nontoxic; L=minimum impact on bees; M=moderately toxic; can be
used if dosage, timing and method of application are correct but should
NOT be applied directly to crop if bees are present; H=highly toxic,
severe losses expected.

Toxicity of Bacillus thuringiensis is listed as harmless to humans,
animals, and useful insects. Please note that some formulations of BT
may require safety equipment; follow the label. Bacillus thuringiensis
materials are marketed as several different subspecies such as aizawai,
kurstaki, and tenebrionis. Different Bacillus thuringiensis subspecies
may have different insect control properties. Please check labels for
pest insects controlled before use.

Acute vapor toxicity, 200 ppm, extremely hazardous by vapor
inhalation. Liquid can cause eye and skin burns.

Fixed coppers are listed under several commercially available trade
names. Examples are: Basicop, Champ, Champion, Copper-Count-
N,Cuprofix Disperss, Kocide, Super Cu, Tenn-Cop, Top Cop with
Sulfur, Top Cop Tri-Basic, and Tri-Basic Copper Sulfate.

For toxicity information on fungicide combinations, see toxicity of
each component listed by the common chemical name in Table D-6.
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HOW TO IMPROVE PEST MANAGEMENT

PEST MANAGEMENT

HOW TO IMPROVE
PEST MANAGEMENT

Failure to control an insect, mite, disease, or weed is often

blamed on the pesticide when frequently the cause lies
elsewhere. Among the more common reasons for failure are
the following:

1.

2.

3.

Delaying applications until pests become too large or too
numerous.

Making applications with insufficient gallonage or
clogged or poorly arranged nozzles.

Selecting the wrong pesticide.

The following points are suggested for more effective pest

control:

1.

2.

Inspect field. Keep abreast of the pest situation and
buildup in your fields. Frequent examinations (at least
twice per week) help determine the proper timing of the
next application. Do not apply controls simply because
your neighbor does.

Integrated pest management (IPM). Guidelines and
information about current pest activity in vegetables are
published in weekly IPM newsletters and reports. These
publications furnish accurate information for the timing of
pesticide applications and suggestions for more effective
control. To receive these newsletters and reports, contact
your state Extension IPM specialist or Extension agent.

Ongoing programs utilize biological, physical, cultural,
and chemical methods in an integrated approach to pest
control. Programs involve pest management field scouts
visiting fields to collect pest population data. Use this
updated information to decide whether insecticide
applications or other management actions are needed to
avoid economic loss from pest damage. Action thresholds
for insect pests are generally expressed as a numerical
count of a given life stage or as a damage level based on a
recommended sampling procedure. They are intended to
reflect the population size that will cause economic
damage and, thus, warrant the cost of treatment. Specific
thresholds are given in this publication for a number of
pests of certain crops. Control decisions also are based on
many factors such as:

a. economic action threshold level (when the cost of
control equals or exceeds potential crop losses
attributed to real or potential damage)

field history

growth stage and vigor of crop

life stage of the pest

parasite and predator populations

pest populations

resistance to chemicals

time of the year

variety

weather conditions
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. Resistance management.

To employ an IPM program successfully, basic practices
need to be followed. Whether participating in a
university or grower-supported IPM program, hiring a
private consultant, or performing the work directly, the
grower still practices:

a. frequent and regular examination of fields to determine
pest populations and buildup,

b. applying a control measure only when the economic
action threshold level has been reached, and

c. where possible, using a pesticide that is least harmful
to parasites and predators.

Resistance to pesticides
develops because pest organisms change genetically and
because intensive pesticide use kills the susceptible
individuals in a population, leaving only resistant ones
to reproduce. See the sections on Insect Resistance and
Control, and Disease Management for more specific
suggestions to reduce the development of pest
resistance.

. Pest control. Control guidelines provide a way to decide

whether pesticide applications or other management
actions are needed to avoid economic loss from pest
damage. Guidelines for pests are generally expressed as a
numerical count of a given stage or as a crop damage
level based on certain sampling techniques. They are
intended to reflect the pest population that will cause
economic damage and, thus, would warrant the cost of
treatment. Guidelines are usually based on the field
history, crop development, variety, weather conditions,
and other factors. Control recommendations for various
pests are presented in this manual.

a. Insect population sampling techniques include: shake
cloth, sweep net, and visual observation.

Shake cloth (also known as a ground cloth). This
sampling procedure consists of using a standard 3-foot
by 3-foot shake cloth to assess insect populations.
Randomly choose a site without disturbing the plants
and carefully unroll the shake cloth between two rows.
Bend the plants over the cloth one row at a time and
beat the plants vigorously. Plants are pushed back to
their original position and gently shaken to dislodge
insects held on stems, leaves, and branches. Count only
insects that have landed on the shake cloth. The number
of sampling sites per field will vary with the crop.

Sweep net. This sampling procedure uses a standard
15-inch diameter sweep net to assess insect
populations. While walking along one row, swing the
net from side to side with a pendulum-like motion. The
net should be rotated 180 degrees after each sweep and
swung through the foliage in the opposite direction.
Each pass of the net is counted as one sweep. The
number of sweeps per field will vary with the crop.

Visual observation. Direct counts of any insect
stages (eggs, larvae, adults, etc.) are accomplished by
examining plants or plant parts (leaves, stems,



flowers, etc.). Counts can be taken on single plants or
a prescribed length of row which will vary with the
crop. Usually, quick moving insects are counted first,
followed by those being less mobile.

b. Weed population sampling techniques include: weed
identification, growth stage determination, and
population.

Weed identification. This first step is too frequently
skipped. Perennial weeds and certain serious annual
weeds should be controlled before they can spread.
Common annual weeds need only be controlled if they
represent a threat to yield, quality, or harvestability.

Growth stage determination. The ability of weeds to
compete with the crop is related to size of the weed
and size of the crop. Control of the weed using
herbicides or mechanical methods is also dependant on
weed size. A decision to control a weed or not must be
carried out before the crop is affected and before the
weed is too large to be controlled easily.

Weed population. Weed competition for light,
water, nutrients, and space is dependant on population
and is usually expressed as weeds per foot of row or
weeds per square meter. Control measures are needed
when the weed population exceeds the maximum
tolerable population of that species.

c. Disease monitoring involves determining the growth
stage of the crop, observing symptoms on plants, or the
daily collection of weather conditions in the field.

Disease control is primarily obtained by applying
protective fungicides on a regular schedule. For many
diseases, fungicide application must begin at a certain
growth stage and repeated every 7 to 10 days and
according to label instructions. When environmental
conditions are favorable for disease development,
delaying a spray program will result in a lack of
control if the disease has progressed too far.

For certain diseases that do not spread rapidly,
fields should be scouted regularly. When the first
disease symptoms are noticed, a fungicide should be
applied and repeated every 7 to 10 days and according
to label instructions.

Predictive systems are available for a few diseases.
Temperature, rainfall, relative humidity, and duration
of leaf wetness period are monitored, and the timing
of fungicide application is determined by applying a
mathematical model.

Information and guidelines about current pest activity are
provided in weekly pest management and newsletter
reports. These reports furnish accurate information for
the timing of pesticide applications, aiding in more
effective control. To receive these reports, contact your
local state Extension agent or pest management
specialist.

5. Weather conditions. These are important to consider

before applying a pesticide. Spray only when wind
velocity is less than 10 miles per hour. Dust only when it
is perfectly calm. Do not spray when sensitive plants are
wilted during the heat of the day. If possible, make
applications when ideal weather conditions prevail.
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Certain  pesticides, including the biological
insecticides and some herbicides, are less ineffective in
cool weather. Others do not perform well or may cause
crop injury when hot or humid conditions occur.
Optimum results can usually be achieved when the
temperature is in the 70's during application.

Sprinkler irrigation washes pesticide deposits from
foliage. Wait at least 48 hours after insecticide or
systemic fungicide application and allow contact
fungicides to dry on the leaf surface before irrigating.
More frequent fungicide applications may be needed
during and after periods of heavy rainfall. Provide a
minimum rain-free period of 8 to 12 hours after most
post-emergence herbicide applications.

Coverage of plants. The principal reason aphids, mites,
cabbage loopers, and diseases are serious pests is that
they occur beneath leaves, where they are protected from
pesticide spray deposits or dust particles. Improved
control can be achieved by adding and arranging nozzles
so that the application is directed toward the plants from
the sides as well as from the tops (also see step 10). In
some cases, nozzles should be arranged so that the
application is directed beneath the leaves. As the season
progresses, plant size increases, as does the need for
increased spray gallonage to ensure adequate coverage.

Applying insecticide and fungicide sprays with
sufficient spray volume and pressure is important to get
good coverage. Good coverage is essential for disease
control. Sprays from high-volume-high-pressure rigs
(airblast) should be applied at rates of 40 to 100 gallons
per acre at approximately 400 pounds pressure per square
inch. Sprays from low-volume-low-pressure rigs (boom
type) should be applied at rates of 50 to 100 gallons per
acre at approximately 100 to 300 pounds pressure per
square inch. The addition of a spreader- sticker improves
coverage and control when wettable powders are applied
to smooth-leaved plants, such as crucifers and onions.

Note. High gallonage is important for thorough spray
coverage. It is recommended to use a minimum of 40
gallons per acre for effective pest control on vegetable crops.

Use one sprayer for herbicides and a different sprayer
for fungicides and insecticides. Herbicide sprays should
be applied at between 15 and 50 gallons of spray solution
per acre using low pressure (30 to 45 psi). Never apply
herbicides with a high-pressure sprayer suitable for
insecticide or fungicide application because excessive
drift can result in damage to crops and nontarget plants in
adjacent fields and areas. On crops that are difficult to
wet (asparagus, cole crops, onions, peppers, and spinach),
disease control can be improved with the addition of a
spray adjuvant. However, DO NOT add oil concentrates,
surfactants, spreader-stickers, or any other additive unless
specified on the label, or the risk of crop injury may be
increased.

Pesticide selection. Know the pests to be controlled and
choose the recommended pesticide and rate of
application. When in doubt, consult your Extension
agent. The herbicide choice should be based on weed
species or cropping systems. The herbicides are listed in
alphabetical order under the various crops (see Table E-
3).
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For certain insects that are extremely difficult to
control or are resistant, it may be important to alternate
labeled insecticides, especially with different classes of
insecticides; for example, alternate a pyrethroid
insecticide  with either a carbamate or an
organophosphate insecticide. Be alert for a possible
aphid or mite buildup following the application of certain
insecticides such as Sevin. For more assistance, contact
your Extension agent.

Caution. Proper application of systemic insecticides
is extremely important. The insecticide spray should be
directed according to the label instructions (which, in
general, indicate away from the seed) or crop injury may
occeur.

Be sure to properly identify disease(s). Many
fungicides control only certain diseases and provide no
control of others. For this reason, fungicide combinations
are recommended on several crops.

Pesticide compatibility. To determine if two pesticides
are compatible, use the following "jar test" before you
tank-mix pesticides or pesticides and fluid fertilizers:

a. Add 1 pint of water or fertilizer solution to a clean
quart jar. Then add the pesticides to the water or
fertilizer solution in the same proportion as used in the
field.

b. To a second clean quart jar, add 1 pint of water or
fertilizer solution. Then add 1/2 teaspoon of an
adjuvant (such as Compex, Sponto 168D, Uni-Mix, or
Unite) to keep the mixture emulsified. Finally, add the
pesticides to the water-adjuvant or fertilizer-adjuvant
in the same proportion as used in the field.

c. Close both jars tightly and mix thoroughly by
inverting 10 times. Inspect the mixtures immediately
and after standing for 30 minutes. If a uniform mix
cannot be made, the mixture should not be used. If the
mix in either jar remains uniform for 30 minutes, the
combination can be used. If the mixture with adjuvant
stays mixed and the mixture without adjuvant does
not, use the adjuvant in the spray tank. If either
mixture separates but readily remixes, constant
agitation is required. If nondispersible oil, sludge, or
clumps of solids form, do not use the mixture.

Note. For compatibility testing, the pesticide can
be added directly or premixed in water first. In actual
tank-mixing for field application, unless label
directions specify otherwise, add pesticides to the
water in the tank in this order: 1) add, wettable
granules or powders; 2) then add flowables,
emulsifiable concentrates, water solubles, and
companion surfactants. If tank-mixed adjuvants are
used, these should be added first to the fluid carrier in
the tank. Thoroughly mix each product before adding
the next product.

Calibration of application equipment. Periodic
calibrations of sprayers, dusters, and granule distributors
are necessary to ensure accurate delivery rates of
pesticides per acre. Calibrations are made by measuring
the total gallons of water applied per acre, in the case of
sprayers, and the total pounds of dust or granules applied
per acre, in the case of dust and granule distributors. Too
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10.

11.

little spray or dust applied results in inadequate
distribution of toxicant over plant surfaces. Control
isusually poor, and additional applications are
required. Too much per acre is hazardous for
the applicator, is frequently injurious to plants
(phytotoxic), and could lead to excessive
residues if applied close to harvest.

Selection of sprayer nozzle tips. The selection of
proper sprayer tips for use with various pesticides is
very important. Flat fan-spray tips are designed for
preemergence and postemergence application of
herbicides. These nozzles produce a tapered-edge spray
pattern that overlaps for uniform coverage when
properly mounted on a boom. Standard flat fan-spray
tips are designed to operate at low pressures (30-60 psi)
to produce small- to medium-sized droplets that do not
have excessive drift. Some flat fan tips (SP) are
designed to operate at even lower pressures (15-40 psi)
and are generally used for preemergence herbicide
applications. Flat fan nozzle tips are available in brass,
plastic, ceramic, stainless steel, and hardened stainless
steel. Brass nozzles are inexpensive and are satisfactory
for spraying liquid pesticide formulations. Brass nozzles
are least durable, and hardened stainless steel nozzles
are most durable and are recommended for wettable
powder formulations which are more abrasive than
liquid formulations. When using any wettable powder, it
is essential to calibrate the sprayer frequently because,
as a nozzle wears, the volume of spray material
delivered through the nozzle increases.

Flood-type nozzle tips are generally used for
complete fertilizer, liquid N, etc., and sometimes for
spraying herbicides onto the soil surface prior to
incorporation. They are less suited for spraying
postemergence herbicides or for applying fungicides or
insecticides to plant foliage. Coverage of the target is
often less uniform and complete when flood-type
nozzles are used, compared with the coverage obtained
with other types of nozzles. Results with postemergence
herbicides applied with flood-type nozzles may be
satisfactory if certain steps are taken to improve target
coverage. Space flood-type nozzles a maximum of 20
inches apart, rather than the standard 40-inch spacing.
This will result in an overlapping spray pattern. Spray at
the maximum pressure recommended for the nozzle.
These techniques will improve target coverage with
flood-type nozzles and result in satisfactory weed
control in most cases.

Full and hollow-cone nozzles deliver circular spray
patterns and are used for application of insecticides or
fungicides to crops where thorough coverage of the leaf
surfaces is extremely important and where spray drift
will not cause a problem (see step 6). They are used
when higher water volumes and spray pressures are
recommended. With cone nozzles, the disk size and the
number of holes in the whirl plate affect the output rate.
Various combinations of disks and whirl plates can be
used to achieve the desired spray coverage.

pH and pesticides. At times, applicators have
commented that a particular pesticide has given
unsatisfactory results. Usually, these results can be
attributed to poor application, a bad batch of chemical,
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pest resistance, weather conditions, etc.  Another
possible reason for these problems may be the pH of the
mixing water.

Some materials carry a label cautioning the user against
mixing the pesticide with alkaline materials. The reason
for this caution is that some materials (in particular the
organophosphate insecticides) undergo a chemical
reaction known as "alkaline hydrolysis." This reaction
occurs when the pesticide is mixed with alkaline water,
that is, water with a pH greater than 7. The more
alkaline the water, the greater the breakdown rate.

In addition to lime sulfur, several other materials
provide alkaline conditions: caustic soda, caustic
potash, soda ash, magnesia or dolomitic limestone, and
liquid ammonia. Water sources in agricultural areas
can vary in pH from less than 3 to greater than 10.

Many manufacturers provide information on the
rate at which their products hydrolyze or break down in
water solutions. This rate is expressed as "half-life,"
meaning the time it takes for 50 percent hydrolysis or
breakdown to occur. Examples of pesticides that are
sensitive to hydrolysis in alkaline water solutions
include Counter, malathion, dimethoate, Di-Syston,
Furadan, Guthion, Imidan, Lannate, Penncap-M, Sevin,
and Thimet.

Check the pH of the water. You can purchase a pH
meter or ask your Extension agent to test a sample.

How can you correct the alkaline pH? Nutrient buffer
sprays are one method; some brand names include: Buffer-X
(Kalo Lab), LI-700 Buffer (Hopkins), Mix-Aid (Agway),
Nutrient Buffer Sprays (Ortho), Sorba Spray (Leffingwell),
Spray-Aide (Miller), and Unite (Hopkins).

There are some instances when materials should not be
acidified, namely, sprays containing fixed copper
fungicides, including: Bordeaux mixture, copper oxide,
basic copper sulfate, copper hydroxide, etc.

CALIBRATING
FIELD SPRAYERS

Width of Boom. The width of boom must be expressed in
feet. The boom coverage is equal to the number of nozzles
multiplied by the space between two nozzles.

Ground Speed (mph). Careful control of ground speed is
very important for accurate spray application. Select a gear
and throttle setting to maintain constant speed. A speed of 2
to 3 miles per hour is desirable. From a "running start," mark
off the beginning and ending of a 30-second run. The
distance traveled in this 30-second period divided by 44 will
equal the speed in miles per hour.
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Table E-1 Ground Speed Conversion

Tractor Speed Distance Travel Time per 500 Feet
mph Ft/Min Min Sec
1.0 88 5 41
15 132 3 47
2.0 176 2 50
25 220 2 16
3.0 264 1 53
35 308 1 37
4.0 352 1 25
45 396 1 16
5.0 440 1 8
6.0 528 0 56
7.0 616 0 49
8.0 704 0 43
9.0 792 0 38
10.0 880 0 34

Example: At a tractor speed of 1 mile per hour, you would travel 88 feet in 1 minute
or 500 feet in 5 minutes and 41 seconds.

Sprayer Discharge (gpm). Run the sprayer at a certain
pressure, and catch the discharge from each nozzle for a
known length of time. Collect all the discharge and measure
the total volume. Divide this volume by the time in minutes
to determine discharge in gallons per minute. Catching the
discharge from each nozzle checks the performance of the
individual nozzle. When it is not convenient to catch the
discharge from each nozzle, a trough may be used to catch
the total discharge.

Before Calibrating

1. Thoroughly clean all nozzles, screens, etc., to ensure
proper operation.

2. Check to be sure that all nozzles are the same, are made
by one manufacturer, and have the same part number.

3. Check the spray patterns of all nozzles for uniformity.
Check the volume of delivery by placing similar
containers under each nozzle. All containers should fill at
the same rate. Replace nozzles that do not have uniform
patterns or do not fill containers at the same rate.

4. Select an operating speed. Note the tachometer reading or
mark the throttle setting. When spraying, be sure to use
the same speed as used for calibrating.

5. Select an operating pressure. Adjust pressure to desired
psi while pump is operating at normal speed and water is
actually flowing through the nozzles. This pressure should
be the same during calibration and field spraying.

Calibration
(Jar Method)
Either a special calibration jar or a homemade one can be
used. If you buy one, carefully follow the manufacturer’s
instructions.

Make accurate speed and pressure readings and jar
measurements. Make several checks. Keep in mind that you
are collecting less than a quart of liquid to measure an
application rate of several gallons per acre for many acres.

Any 1-quart or larger container, such as a jar or measuring
cup, if calibrated in fluid ounces, can easily be used in the
following manner:
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1. Measure a course on the same type of surface (sod,
plowed, etc.) and same type of terrain (hilly, level, etc.) as
that to be sprayed, according to nozzle spacing as follows:

Nozzlespacing (in) 16 20 24 28 32 36 40
Course length (ft) 255 204 170 146 127 113 102

2. Time the seconds it takes the sprayer to cover the
measured distance at the desired speed. Average several
runs.

3. With the sprayer standing still, operate at selected
pressure and pump speed. Catch the water from several
nozzles for the number of seconds measured in step 2.

4. Determine the average output per nozzle in ounces. The
ounces per nozzle equal the gallons per acre applied by
one nozzle per spacing.

Calibration
(Boom or Airblast Sprayer)

1. Fill sprayer with water.

2. Spray a measured area (width of area covered x distance
traveled) at constant speed and pressure selected from
manufacturer's information.

3. Measure amount of water necessary to refill tank (gallons

used).

4. Multiply gallons used by 43,560 square feet (SF) per
acre (A), and divide by the number of square feet in area
sprayed. This gives gallons per acre.

5. Add correct amount of spray material to tank to give the
recommended rate per acre.

EXAMPLE:
Assume:
10 gal of water used to spray an area 660 ft long and 20 ft
wide
Tank size-100 gal
Spray material-2 Ib (actual)/A

Calculation:

(Gal used x 43,560 SF/A) + (area sprayed)
= (10 gal x 43,560 SF/A) + (660 ft x 20 ft)
= (435,600 gal x SF)/A + 1,320 SF

=33 gal/A (all other units cancel out)

Tank capacity (gal/A) = 100 gal + 33 gal/A = 3.03 A/tank

If (for some reason) 80% material is used:

6.06 7.57 Ib material needed per tank
—_— = to give 2 Ib/A rate
0.8
CALIBRATING GRANULAR

APPLICATORS

Sales of granular fertilizer, herbicides, insecticides, etc.,
for application through granular application equipment have
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been on the increase. Much of the available equipment was
not designed for precision application of granular materials;
therefore, extra care must be taken to get the results desired.
How well the material is applied is no accident. It will take a
conscientious operator, effort, knowledge of equipment, and
calibration.

The first step to good application is to be sure the
equipment is prepared for operation. Be sure all controls are
free and work properly. Check and lubricate moving parts as
necessary, remove corrosion, and tighten loose nuts and
bolts.

Application rates of granular application equipment are
affected by several factors: gate openings or settings, ground
speed of the applicator, shape and size of granular material,
and evenness of the soil surface.

Calibration for Broadcast Applicators
(Gravity-Drop or Spinner Applicators)

From the label, determine the application rate.

From the operators manual, set dial or feed gate to apply

desired rate.

3. On a level surface, fill hopper to a given level and mark
this level.

4. Measure test area-length of run will depend on size of
equipment. It need not be one long run but can be multiple
runs at shorter distances.

5. Apply material to measured area, operating at the speed
applicator will travel during application.

6. Weigh amount of material required to refill hopper to the
marked level.

7. Determine application rate:

N

number length of width of
Avrea covered ofruns x run(ft) x application (ft)
(acres) =
43,560 SF/A
Application amount applied (pounds to refill hopper)
rate (Ib/A) =

area covered (acres)

Note. Width of application is width of the spreader for
drop or gravity spreaders. For spinner applicators, it is the
working width (distance between runs). Check operator’s
manual for recommendations, generally one-half to three-
fourths of overall width spread.

EXAMPLE:

50 Ib/A rate

Test run-200 ft

Four runs made
Application width-12 ft
11.5 Ib to refill hopper

Assume:

Area covered:
(4 runs x 200 ft x 12 ft) + 43,560 SF/A
=9,600 runs x SF + 43,560 SF/A = 0.22A

Application rate:
11.51b +0.22 A =52.27 Ib/A

8. If application rate is not correct, adjust feed gate opening
and recheck.
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Calibration for Band Applicators

From the label, determine application rate.

From the operator’s manual, determine applicator setting

and adjust accordingly.

Fill hopper half full.

Operate applicator until all units are feeding.

Stop applicator; remove feed tubes at hopper.

Attach paper or plastic bag over hopper openings.

Operate applicator over measured distance at the speed

equipment will be operated.

8. Weigh and record amount delivered from each hopper.
(Be sure all hoppers and all tubes deliver the same
amount.)

9. Calculate application rate:

Area covered in bands (acres) =

N e

Nouokw

[No. bands x length of run (ft) x band width (ft)] + 43,560 SF
= fraction of an acre

10. If not correct, readjust and recheck.

Calibration for Changing from
Broadcast to Band Application

[Band width (ft) + row spacing (ft)] x broadcast rate (Ibs/A)
= Amount needed Ibs/acre

SOIL FUMIGATION

In fields that are infested with soilborne plant pathogens,
plant parasitic nematodes, or significant weed populations,
soil fumigation is one method of reducing pest populations
sufficiently to produce high quality and high vyielding
vegetable crops. Soil fumigants must be applied properly,
and an aeration period is necessary between soil fumigant
application and planting of the crop. Otherwise, plant injury
will occur.

Nearly all soil fumigants have been re-registered since
2009 and label changes and amendments were substantial or
a consequence. Labels now include mandatory stipulations
on fumigant application including soil tillage, soil
temperature, and soil moisture. Labels should be read
carefully before deciding whether to use a soil fumigant.
Labels have specific requirement for plant-back period that
must be adhered to for crop safety. There are also new
personal protective equipment mandates as well as site
monitoring and management requirements. Your local
Cooperative Extension professional may be of assistance for
interpretation of these new labels and how they fulfill your
specialized needs.

One of the following multipurpose soil fumigants should
be used to provide weed, disease, and/or nematode control:

chloropicrin--25-34 gal/A

dichloropropene + chloropicrin (Telone C-17)--
11-17 gal/A

dichloropropene + chloropicrin (Telone C-35)--
13-20.5 gal/A

dichlrorpropene + chloropicrin (Pic-Clor 60)
20-30 gal/A

metam-sodium (Vapam HL)—
37.5-75 gal/A

metam-potassium (K-PAM HL)--
30-60 gal/A

Dimethyl disulfide + chloropicrin (Paladin)
50-60 gal/A

For nematodes only use:
dichloropropene (Telone 11)--9-12 gal/A

To determine if it is safe to plant into fumigated soil,
collect a soil sample from the treated field (do not go below
the treated depth). Place the sample in a glass jar with a
screw top lid. Firmly press numerous seeds of a small
seeded vegetable crop (lettuce, radish, etc.) on top of the
soil and tighten the lid securely. Repeat the process in
another jar with nonfumigated soil to serve as a check.
Observe the jars within 1 to 2 days. If seeds have
germinated, it is safe to plant in the field. If seeds have not
germinated in the fumigated sample and have germinated in
the nontreated sample, then the field is not safe to plant.
Rework the field and repeat the process in a few days.

PESTICIDE DRIFT

When herbicide drift damages your plants, it is an
indication that the herbicide has entered the plant. To
legally sell the produce, there has to have been an
established tolerance for the particular herbicide causing the
injury. Some herbicides such as glyphosate (active
ingredient in Roundup, Touchdown and others) are used for
spot or stale seedbed treatments in a wide range of crops.
These herbicides have established tolerances (Table E-2).
Other herbicides do not have an established tolerance for
most vegetable crops. If the concentration of the herbicide
in your vegetable is above the established tolerance or there
is no tolerance, then you have a tainted crop that is illegal to
sell and is subject to seizure. The website to check for
tolerances is: www.epa.gov/pesticides/food/viewtols.htm.

Table E-2. Examples of Tolerances for Some Herbicide
Residues in Tomato Fruit.

Tomato

Herbicide Tolerance (ppm)
Dacthal 1.0

Dual 0.1

Poast 24
Sandea 0.05

Select 1.0

Sencor 0.1

Tolerances are not the only factor that should be
considered in deciding whether or not to sell or consume
produce.
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PESTICIDE DRIFT/WEED CONTROL

The U.S. EPA tolerance levels are the best scientific
information available, but you or your customers may not
trust that information completely, and if your customers
have heard of the drift problem, selling affected produce
may damage your farm's reputation.

Concentrations detected by analyzing selected plant
tissues, usually leaves, may have little relationship to the
concentrations of herbicide occurring in the harvested
portion of the plant, often the fruit. Because there are so
many unknowns, it is advisable to not consume the
vegetable when visible herbicide injury occurs to the plant.
Herbicide drift can kill flowers and damage fruit and leaves.
The damage makes the harvested vegetable unsightly and
may affect storage life and taste.

If you are interested in harvesting some undamaged
vegetables from a field with areas having drift damage, get
as much information as possible. What herbicide(s) drifted?
Many herbicides that commonly cause drift injury are
absorbed by the leaves and translocate to the growing
points, fruit, and seed where they concentrate. Some
herbicides such as 2,4-D degrade in plants, others such as
glyphosate degrade only slightly in plant tissues. Over time
the herbicide concentration in the plant may be diluted due
to plant growth and herbicide loss in dead shoot and root
tissue.

Having the vegetables analyzed for herbicide residue is
critical to making an informed decision in herbicide drift
situations. Several private laboratories will analyze plant
tissues for herbicide residues for a fee; that fee can be
several hundred dollars per herbicide per sample. Talk to
the applicator who caused the drift problem; they may be
willing to pay for the analysis. Some manufacturers will
analyze plant tissues for their products. For state
Departments of Agriculture to be involved you usually must
file a formal written complaint alleging herbicide
misapplication. Contact your State Department of
Agriculture as soon as possible after discovering herbicide
injury. For example, in Pennsylvania, pesticide misuse
complaints are filed with the Pennsylvania Department of
Agriculture’s Bureau of Plant Industry: http://goo.gl/09zY9.

In addition, samples for residue analysis must be
collected correctly and in a timely manner for it to be useful
for you in the decision making process. If the harvested part
is present, collect that tissue. If fruit are not present, then
collect samples of recently formed leaves and the shoot tips.
Translocated herbicides will concentrate in those tissues.
Ask that fruit samples be collected later to help you in
deciding whether or not to sell or consume the fruit. Make
sure that samples are collected from the crop plants
showing injury and as close as possible to the site of
herbicide application.

What  does information  herbicide  residue
concentrations tell you? Sometimes it may not tell you
much. Obviously the lower the contaminating herbicide
concentration, the better, and a concentration below an
established tolerance is better than one above, but there are
no clear-cut answers. The herbicide may be absent from the
parts you wish to harvest and eat, or the herbicide
concentration may be below the limits of detection for the
equipment or procedure being used. Another possibility is
that your sampling procedure was not effective enough to
find tissues with residues, or the herbicide may have
degraded between the time of the drift and when you
sampled (or during sampling, handling, shipping, or

storage). Be conservative in how you interpret the residue
information.

The scientific literature suggests that for herbicide
residues from drift and subsequent absorption into
vegetables, acute poisoning effects are very unlikely.
Questions about the possible chronic effects (including
cancer, the endpoint that is always debated in questions
about pesticide safety) from multiple exposures from
repeated incidents of herbicide drift along with many other
routes of exposure remain the subject of research.

What Should You Do With Fruit and Vegetables
After Pesticide Drift? (J. Masiunas, University of
Ilinois)

A common question after a vegetable field is damaged
by pesticide drift is whether or not it is "safe" to harvest and
consume the produce. This is a very difficult question to
answer. Re-entry time and worker protection information
on the pesticide label will provide guidance on when the
field can be re-entered, but it provides no information about
the residue that might be on or within the produce. To
answer conclusively the question about whether or not it is
"safe” to harvest and consume the produce requires
knowledge of the pesticide involved, the amount of residues
within the plant, the health effects of the pesticide, how the
harvested part of the plant has changed, and laws regulating
pesticides.

WEED CONTROL

Effective weed control requires a program that
emphasizes prevention by combining crop rotation with
mechanical and chemical control methods.

Postharvest Weed Control
Weed seed populations in the soil should be kept to a
minimum by preventing weeds from producing seed in and
around vegetable fields. Destroy all weeds immediately after
a crop is harvested.

Consider control measures after harvest, but before the
first frost, for the following weeds:

1. To suppress or control bitter nightshade, Canada thistle,
field bindweed, hemp dogbane, horsenettle, or poke-
weed, use a tank-mix of 1 quart Banvel plus 1 quart 2,4-
D amine in 10 to 20 gallons of water per acre. Apply in
late summer or early fall to healthy weed foliage for
maximum effectiveness (Note. Delay seeding of winter
cover crop 3 weeks for each pint per acre of Banvel
used). See herbicide labels for optimum treatment time
for each weed.

2. To suppress brambles, horseradish (volunteer), horse-
nettle, milkweed, poison ivy, or sow thistle, tank-mix 1.5
Ib acid equivalent glyphosate, using one of many labeled
glyphosate products, plus 1 pint Banvel (see note above)
in 10 to 20 gallons of water per acre. Use 1 to 2 quarts
surfactant (50 to 100 percent active) per 100 gallons of
spray mixture. Apply in late summer or early fall to
healthy weed foliage for maximum effectiveness. See
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herbicide labels for optimum treatment time for each weed.

3. To control johnsongrass or quackgrass, apply 0.75 to 1.1
Ib acid equivalent glyphosate, using one of many labeled
glyphosate products, in 5 to 10 gallons of water per acre.
Delay tillage until 4 to 7 days after application. Apply in
late summer or early fall to healthy weed foliage for
maximum effectiveness.

To control Bermudagrass, apply the maximum labeled
rate of Poast, Fusilade 2000, or clethodim (Select, Select
Max, or Arrow) in late spring after the weed has begun to
grow. Work toward planning your crops and crop rotation to
be able to treat monthly with one of the above listed products
through late summer without conflicting with the Preharvest
Interval (PHI) of the crop(s) being grown.

WEED CONTROL

To control yellow nutsedge foliage and suppress nutlet
formation, spray with a labeled glyphosate product after
flowers (seedheads) appear, but before foliage dies. Use 2.25
Ib acid equivalent glyphosate in 10 to 20 gallons of water per
acre. Expect only partial control of yellow nutsedge the first
year after initiating the program. Plant a crop the following
spring with registered herbicides recommended for yellow
nutsedge control (see Table E-3). Effective yellow nutsedge
control can be achieved by repeating the application for
several consecutive years.

NOTES

E8



WEED CONTROL/HERBICIDE EFFECTIVENESS

Table E-3. Herbicide Effectiveness on Major Weeds in Vegetables
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table continued next page
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WEED CONTROL/HERBICIDE EFFECTIVENESS

Table E-3. Herbicide Effectiveness on Major Weeds in Vegetables (continued)
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Herbicide m O w w O - > O o O (U] S 4 = »w a a r o 2 >
Postemergence
2,4-D N|[N|IN|[N|N|N]|P]|G|FG|G P F |FIG| G G|G| G G F|G|G
Accent Q G |PFIG|G|P|G]|P - P - - F P F G|G|PF| P |FFGIN]|P
Aim N |IN|IN|N|N|N|N|]G P - - P G F - |G - F -1G |G
Assure I1/Targa G |G|IG|G|G|G|IN|IN|NJ|NI|N N | N N N |N|N N [N]N|[N
Atrazine FIF|F|F|F]-]G] - F|l-]G|G|G|G|G|G|G| G |G]|G]IFG
Banvel N|IN|IN|IN|I|N|IN|JP|G|G]|G|G G G G G|G| G G|G|G|G
Basagran N |IN|IN|IN|N|IN]J]F]|]N|G - F G F P - FIFG| G |G| P |G
Buctril P|IP|IP|P|IP|]P|IP]G|G|-|G|G|G|G|G|G]|F F|IG|G|F
Callisto N FIP|IP|IP|P]|EF - |FIG| - G G G F |FIG| G - P - |FIG| G
Caparol F |IPIFl P| F|PIF| - IN| G P - G |PIF| G P F |FIG| G FI1G|G]|P
Fusilade DX G |IFIGIG|G|G|G|N]|N N | N N N N N N |NJ|[N N |N|NJ|N
glyphosate products G|G|G|G|G|G|F|]G|G|G|G]|G|G F G|G| G F|IG|IG]|G
GoalTender P|IP|P|P|[P|]P|P|]G]|P - G F |G F G|G]| G F|G|G]|F
Gramoxone products® | F/G |FIG|FIG| G |FIG| - | G| G | G | - G| G |FIG|FG]| - |G|FG]| G [P | -] -
Impact G |GI|FIGIG|F]|F| - - |FIG| - - G G F - |G - G|G|G|G
Laudis G IFIGIP|G|F|G]|-]| - |FIG| - - G|G ]| F - |G| - FL-|-1]-
Lorox P PIP|P|P|P|P|G]|PF| - |FIG|PIF| G - G|[G]| G G| G|PF|G
Matrix G |PIFIFIGI|G|P]| -|F - |FIG| - F F F G |G|FG| P |PF|P]|F
Metribuzin P PIP|IP|P|-|P|G - - G G G P G|G| G G F | P |PIF
Poast G|G|G|G|G|G|N|N N | N N N N N N |NJ| N N | N|NJ|N
Pursuit FIG |FIG|FIG|FIG| P |[FIG| - | G F - G F G F |PIF| G| G |PIF| - -1G
Raptor P PIP|IP|IP|P]|P - |FG| - G - F F G|G|PF|PIF|G|G |G
Reflex P PIPIP|IP|P|P]|]G F - G G PIFG| G |G - F PIF]|P
Sandea NIN|ININ|IN[N]|]G| P G - G G N F - |G| P G FIN|G
Select G|G|G|G|P|G|N|N N | N N N N N N |NJ| N N | N|NJ|N
Sinbar F Fl-IF|IF]|]-|P|]G|G - G G G G G|P| G G|G|G|G
Spin-aid P PIP|P|P|P]|P - P - G G F G G |PIF| G |FIG]| - - | N
Stinger/Spur N |IN|IN|N|N|N|NJ|N G P G P P N N |NJ|[N G PIP]|P
Touchdown G|G|G|G|G|G|F|G|G|G|G|G|G|]F|G|G|G|F|G|G]|G
! Nonselective
Jug-mix of Command and Curbit
G=good F=fair P=poor N =no control

- = insufficient data

Herbicide performance is affected by weather, soil type, herbicide rate, weed pressure and other factors. These ratings indicate ONLY
relative effectiveness in tests conducted by the University of Delaware, University of Maryland System, The Pennsylvania State University,
Rutgers, The State University of New Jersey, and Virginia Polytechnic Institute and State University. Actual performance may be better or
worse than indicated in this chart.
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WEED CONTROL/RECOMMENDED HERBICIDES

Table E-4 Vegetable Herbicide Recommendations and Postemergence Preharvest Intervals

Beans: lima
Beans: snap
Broccoli, Cauliflower
Brussels Sprouts
Cabbage
Carrots

Celery
Cucumbers
Garlic

Greens: Collard,
Kale, Turnip
Greens: Mustard
Horseradish
Leeks

Lettuce: Head
Lettuce: Leaf

Asparagus-seeded
Beets

Asparagus-
established

Herbicide
Preplant or Preplant Incorporated

Py
w

Devrinol R R®
Eptam R
Prefar R|IR| R R R R R|R
Roneet R
Treflan R|R R|IR| R R R R

Preemergence or Preplant Incorporated

Atrazine
Dual Magnum 16R® R|R 50R% 64R? 64R3
Intrro R
Metribuzin R
Prowl R |L
Pursuit R

Preplant or Preemergence

|GramoxoneProducts2 |R|R|R|R| |R| |R|R| |R| |R| | | |R|R

Preemergence

Callisto
Caparol R |[R
Chateau

Command
Curbit R®
Dacthal R R|R| R R R | R
Galigan R? R® R
Goal R* R* R
Karmex R
Kerb R|R
Lorox R
Reflex
Sandea 1R |30R[30R R
Sinbar R
Solicam 14R
Spartan Charge R®
Strategy R

! Nonselective—Do not allow spray or spray drift to contact crop.

2 Nonselective—Apply before crop emergence or before transplanting.

® Labeled and recommended in certain states only (see description under crop).

*Transplanted ONLY

5 Labeled for certain crops, varieties, or herbicide formulations ONLY .

R = Recommended, Blank = Not recommended, L = Labeled (Not recommended), Number = Minimum preharvest interval in days (for
postemergence herbicides only)

table continued on next page
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WEED CONTROL/RECOMMENDED HERBICIDES

Table E-4. Vegetable Herbicide Recommendations and Postemergence Preharvest Intervals (continued)

Muskmelons
Okra

Onions

Parsley
Parsnips

Peas

Peppers-
transplanted
Potatoes
Pumpkins
Radishes,
Rutabagas,
Turnips
Spinach
Strawberries
Summer Squash
Sweet Corn
Sweet Potatoes
Tomatoes-
transplanted
Watermelons
Winter Squash

Herbicide
Preplant or Preplant Incorporated

Devrinol R
Eptam R
Prefar R R | R R R R R |R
Roneet R
Treflan R R R
Preemergence or Preplant Incorporated
Atrazine R
Dual Magnum 65R°| R R 90R
Intrro R
Metribuzin R R
Prowl L |70R | R L 70R
Pursuit
Preplant or Preemergence

Gramoxone Productsz| R | | R | | [
Preemergence

Callisto R
Caparol R
Chateau R
Command R R R R
Curbit R® R®
Dacthal R R R R
Galigan
Goal
Karmex
Kerb
Lorox R R R
Reflex 70R
Sandea R L 57R%| L
Sinbar 70R
Solicam
Spartan Charge
Strategy R R R R | R

R

Pu)

Py

[ [RIR[R] [R[R]R

o)
pu)
Pu)
)

! Nonselective—Do not allow spray or spray drift to contact crop.

2 Nonselective—Apply before crop emergence or before transplanting.

% Labeled and recommended in certain states only (see description under crop).

*Transplanted ONLY

% Labeled for certain crops, varieties, or herbicide formulations ONLY.

R = Recommended, Blank = Not recommended, L = Labeled (Not recommended), Number = Minimum preharvest interval in days (for
postemergence herbicides only)

table continued on next page
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WEED CONTROL/RECOMMENDED HERBICIDES

Table E-4. Vegetable Herbicide Recommendations and Postemergence Preharvest Intervals (continued)

Herbicide

Asparagus-seeded

Asparagus-established

Beans: lima

Beans: snap

Broccoli, Cauliflower
Brussels Sprouts

Beets
Cabbage

Carrots

Celery

Cucumbers

Garlic

Greens: Collard,
Kale, Turnip

Greens: Mustand

Horseradish

Leeks

Lettuce: Head

Lettuce: Leaf

Postemergence

2,4-D

Accent Q

Aim

Assure 1l/Targa
Atrazine

Banvel

Basagran

Buctril

Callisto

Caparol

Fusilade DX
glyphosate products
Goal/GoalTender®
Gramoxone products*
Impact

Laudis

Lorox

Matrix

Metribuzin

Poast

Pursuit

Raptor

Reflex

Sandea

Select Max

Sinbar

Spin-aid

Spur

Stinger®
Touchdown products

365R
7R!

6R?

1R

1R

7R?

o
Py

1R®

R3
7R!

6R

365R

1R
1R

2R

7R?

15R

30R

15R

30R
21R

R2

30R

15R

30R
30R
21R

RZ

60R | 30R 30R

30R | 30R [30R|30R
60R
30R

30R

30R
30R

30R
30R

30R
30R

30R

OR

30R

40R

30R

30R

0R*®

14R

30R
14R

112R

45R

30R

14R

30R
30R

14R

30R
30R

60R

30R

30R

15R

14R

Postharvest

Gramoxone products? |

|

RIRIR[RIRIR[RIR[R]R[R[RR[R[R[R

! Nonselective—Do not allow spray or spray drift to contact crop.
2 Nonselective—Apply before crop emergence or before transplanting.

® Labeled and recommended in certain states only (see description under crop).

*Transplanted ONLY

> Labeled for certain crops, varieties, or herbicide formulations ONLY.
R = Recommended, Blank = Not recommended, L = Labeled (Not recommended), Number = Minimum preharvest interval in days (for
postemergence herbicides only)

table continued on next page
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WEED CONTROL/RECOMMENDED HERBICIDES

Table E-4. Vegetable Herbicide Recommendations and Postemergence Preharvest Intervals (continued)

Herbicide

Muskmelons

Okra

Onions

Parsley

Parsnips

Peas

Peppers-transplanted

Potatoes

Pumpkins

Radishes, Rutabagas,

Turnips

Spinach

Strawberries

Summer Squash

Sweet Corn

Sweet Potatoes

Tomatoes-transplanted

Watermelons

Winter Squash

Postemergence

2,4-D

Accent Q

Aim

Assure Il/Targa
Atrazine

Banvel

Basagran

Buctril

Callisto

Caparol

Fusilade DX
glyphosate products
Goal/GoalTender®
gramoxone products
Impact

Laudis

Lorox

Matrix

Metribuzin

Poast

Pursuit

Raptor

Reflex

Sandea

Select Max

Sinbar

Spin-aid

Spur

Stinger®
Touchdown products

1

14R

57R
14R

Rl,2,3

45R

60R

30R

45R

40R

15R

14R

30R

30R

OR

OR

21R

OR!

20R

20R

60R
60R
30R

30R

OR

OR3

14R

30R
14R

15R

30R

15R

14R

40R

21R

)

21R?

7R

4R
120R

NY
30R
30R

OR

OR3

14R

14R

OR

21R

OR

45R

OR?
45R

30R

55R

30R

30R

45R
7R
20R

30R
20R

R2

14R

14R

OR

14R

30R
14R

Postharvest

Gramoxone products® | R* | R* |R*[R* | R |R|R| R |[R|[R|R|R |R|R|R|R|R|R

! Nonselective—Do not allow spray or spray drift to contact crop.

2 Nonselective—Apply before crop emergence or before transplanting.

% Labeled and recommended in certain states only (see description under crop).

*Transplanted ONLY

5 Labeled for certain crops, varieties, or herbicide formulations ONLY.
R = Recommended, Blank = Not recommended, L = Labeled (Not recommended), Number = Minimum preharvest interval in days (for
postemergence herbicides only)
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop*

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Barley, Bean, Bean, Corn, Corn, Cucum- Musk-
Herbicide Alfalfa winter lima snap Cabbage field  sweet ber melon  Onion  Pea
2,4-D 3 3 3 3 3 NR NR 3 3 3 3
Accent Q 12 4 1° 10 10 NR 10° 10 10 10° | 10°
Aim 1 12 1 1 1 NR 1 1 1 1 1
/Anthem 18 18 18 18 18 0 0 18 18 18 18
Anthem ATZ 18 18 18 18 18 0 0 18 18 18 18
/Armezon 9 3 18 18 18 NR NR 18 18 18 9
Assure Il/Targa 4 4 4 NR 4 4 4 4 4 4 NR
/Atrazine SY SY SY SY SY NR NR SY SY SY SY
IAuthority Elite 12 4% 12 12 2 10 18 12 12 12 12
Authority MTZ 12 4 18 18 18 10 18 18 18 18 18
Authority XL 18 4 36 36 18 18 18 18 36 36 36
Autumn 18 4 18 18 18 1 3 18 18 18 18
Axial 4 0 4 4 1 4 4 4 4 1 4
Axiom NY NY NY NY NY NR NY NY NY NY NY
Balance 10 6 18 18 18 NR 6 18 18 18 18
Balance Flex/Pro 10 6 18 18 18 0 6 18 18 18 18
Banvel AH 13 AH AH AH NR AH AH AH AH AH
Basagran NR NR NR NR NR NR NR NR NR NR NR
Basis 10 4 18 10 18 NR 10 18 18 18 10
Beacon 8 3 18 8 18 0.5d 8 18 18 18 8
Beyond 3 9 NR NR 9 8.5 8.5 9 9 9 NR
Boundary 45 45 12 12 12 8 12 12 12 18 12
Breakfree NY NY NI NI NI 0 0 NI NI NI NI
Buctril 1 1 1 1 1 1 1 1 1 1 1
Callisto 10 4 18 18 18 NR NR 18 18 18 18
Cadet AH AH AH AH AH AH AH AH AH AH AH
Canopy 10 4 30 12 18 10 18 18 30 30 12
Canopy EX 12 4 12 12 18 10 18 18 30 18 12
Caparol 12 12 12 12 5 5 5 12 12 8 5
Capreno 18 10 18 18 18 0 10 18 18 18 18
Chateau 12 4 12 4 12 1 4 12 12 12 4
Cimarron Plus B 10 B B B B B B B B B
Clarity 3 AH AH AH AH NR AH AH AH AH AH
Classic® 12 3 30 9 18 9 18 18 30 30 9
Cobra NR NR NR NR NR NR NR NR NR NR NR
Command® 16 12 16 9 12 9 9 9 9 16 NR
Corvus 17 9 17 17 17 0 9 17 17 17 17
Curbit NR NR AH NR NR NR NR NR NR AH NR
Dacthal 8 8 8 AH NR 8 8 8 8 NR 8
Define 12 12 12 12 4 NR NR 12 12 12 12
Degree SY SY SY SY SY NR NY SY SY SY SY
Devrinol 12 12 12 12 NR 12 12 12 12 12 12

'AH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION
218 Months with a soil pH > 6.5
320 Days per pint
430 Days per pint
®Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.
® Transplanted
" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.
8 See current 2,4-D label
table continued on next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop* (cont’d)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Rye, Sorghum, Water- Wheat,

Herbicide Pepper Potato Pumpkin winter  Soybean  grain  Squash Tomato melon winter
2,4-D 3 3 3 3 25-18 3 3 3 3 3
Accent Q 10° | 10° 10° 4 0.5 10 10 10° 10 4
Aim 1 1 1 12 1 1 1 1 1 1
Anthem 18 18 18 18 18 18 18 18 18 18
Anthem ATZ 18 18 18 18 18 18 18 18 18 18
Armezon 18 9 18 3 18 9 18 18 18 3
Assure [1/Targa 4 4 4 4 NR 4 4 4 4 4
Atrazine SY SY SY 12 SY NR SY SY SY SY
Authority Elite 12 4 12 4 0 10 12 4 12 4
Authority MTZ 18 12 18 18 4 18 18 18 18 4
Authority XL 36 36 18 4 NR 18 36 18 18 4
Autumn 18 18 18 4 3 9 18 18 18 4
Axial 4 4 4 4 4 4 4 4 4 0
Axiom NY 1 NY NY NR NY NY NY NY NY
Balance 18 6 18 18 6 6 18 18 18 4
Balance Flex/Pro 18 6 18 18 6 6 18 18 18 4
Banvel AH | AH AH 18 14 NR AH AH AH 18
Basagran NR NR NR NR NR NR NR NR NR NR
Basis 18 NR 18 4 10’ 10 18 1 18 4
Beacon 18 18 18 3 8 8 18 18 18 3
Beyond 9 9 9 4 NR 9 9 9 9 3
Boundary 12 8 12 12 NR 12 12 12 12 45
Breakfree NI NY NI NY NY NY NI NI NI 4
Buctril 1 1 1 1 1 1 1 1 1 1
Cadet AH AH AH AH AH AH AH AH AH AH
Callisto 18 18 18 4 10 10 18 18 18 4
Canopy 30 30 18 4 NR 12 30 10 18 4
Canopy EX 30 18 18 4 NR 12 30 10 18 4
Caparol 12 12 12 12 12 12 12 12 12 12
Capreno 18 18 18 18 10 10 18 18 18 4
Chateau 12 12 12 4 NR 1 12 12 12 2
Cimarron Plus B B B B B B B B B 1
Clarity AH | AH AH 18 14 NR AH AH AH AH
Classic® 30 30 18 3 NR 9 30 9 18 3
Cobra NR NR NR NR NR NR NR NR NR NR
Command® NR 9 NR 12 NR 9 NR 9° 9 12
Corvus 17 17 17 17 9 17 17 17 17 4
Curbit NR NR NR NR NR NR NR NR NR NR
Dacthal 8 8 8 8 8 8 8 8 8 8
Define 4 1 12 12 NR 12 12 12 12 12
Degree SY SY SY SY NY NY SY SY SY AH
Devrinol NR 12 12 12 12 12 12 NR 12 12

"AH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION
218 Months with a soil pH > 6.5
%20 Days per pint
430 Days per pint
> Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.
® Transplanted
" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.
8 See current 2,4-D label
table continued on next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop® (cont'd)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Barley, Bean, Bean, Corn, Corn, Cucum- Musk-
Herbicide Alfalfa  winter lima snap Cabbage field  sweet ber melon  Onion  Pea
Distinct 1 1 1 1 1 1 1 1 1 1 1
Dual Magnum 4 4.5 NR NR NY NR NR 12 12 12 NR
Envive 12 4 18 12 18 10 18 18 18 18 12
Eptam 0 AH AH NR AH AH AH AH AH AH AH
Eradicane AH AH AH AH AH NR NR AH AH AH AH
Evik NY AH NY NY NY NY NY NY NY NY NY
Extreme 4 9.5 NR 40 40 8.5 18 40 40 40 40
Fierce 18 18 18 18 18 1 18 18 18 12 18
Finesse Grass & Broadleaf B B B B B B B B B B B
First Rate 9 30B 30B 30B 30B 9 9 30B 30B 30B | 30B
Flexstar 18 4 10 10 18 10 10 18 18 18 10
Flexstar GT 18 4 18 NR 18 10° 10° 18 18 18 10
Fusilade DX/Fusion 2 2 NR NR NR 2 2 NR NR NR NR
Galigan 2 10 2 2 [2(NR®| 10 10 2 2 2 2
glyphosate products NR NR NR NR NR NR NR NR NR NR NR
Goal/Goal Tender 2 10 2 2 2(NR% | 10 10 2 2 2 2
Gramoxone products NR NR NR NR NR NR NR NR NR NR NR
GrazonNext HL 248 12 248 | 24B | 248 12 12 248 248 | 24% | 248
Harmony Extra SG 2 NR 2 2 2 2 2 2 2 2 2
Harmony SG 15 15 15 15 15 15 15 15 15 15 15
Harness SY SY SY SY SY NR NY SY SY SY SY
Huskie 4 1 18 9 18 18 18 18 18 18 9
Impact 9 3 18 18 18 0 0 18 18 18 9
Instigate 10 4 18 18 18 0 10 18 18 18 18
Intrro NY NY NI NI NI NY NY NI NI NI NI
Karmex 24 24 24 24 24 NY 24 24 24 24 24
Kerb® 0 12 5 5 7 5 5 7 7 7 12
Keystone NXT 15 15 18 18 18 0 NY 18 18 18 18
18 10 4 18 10 18 0 0 18 18 18 10
Liberty 280 6 21/3 6 6 21/3 NR NR 6 6 21/3 6
Lexar EZ 18 NY 18 18 18 0 0 18 18 18 18
Lorox/Linex 4 4 4 4 4 NR 4 4 4 4 4
Lumax EZ 18 4% 18 18 18 0 0 18 18 18 18
Marvel 18 4 18 0 18 10 18 18 18 18 10
Matrix 12 12 10 10 12 NR 10 12 12 12 12
Maverick 38 38 38 38 38 38 38 38 3° 3° 3°
Metribuzin 4 4 18 18 18 4 18 18 18 18 8
Milestone 12B 12B 12B 12B 12B 12B 12B 12B 12B 12B | 12B
Osprey 10 1 10 10 10 12 12 10 10 10 3
Outlook NY 4 NY NY NY NR NY NY NY NY NY
Outrider 38 38 38 38 38 38 38 38 38 38 38
Overdrive 1 1 1 1 1 1 1 1 1 1 1

'AH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION

218 Months with a soil pH > 6.5

320 Days per pint

430 Days per pint

% Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.

® Transplanted

" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.

8See current 2,4-D label table continued on next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop® (cont'd.)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Rye, Sorghum, Water-  Wheat,

Herbicide Pepper Potato Pumpkin winter Soybean  grain Squash  Tomato  melon winter
Distinct 1 1 1 1 1 1 1 1 1 1
Dual Magnum 12 NR 12 4.5 NR NR 12 6 12 4.5
Envive 18 18 18 4 0 10 18 12 18 4
Eptam AH NR AH AH AH AH AH AH AH AH
Eradicane AH AH AH AH AH AH AH AH AH AH
Evik NY NY NY AH NY NY NY NY NY AH
Extreme 40 26 40 4 NR 18 40 40 40 4
Fierce 18 4 18 18 0 18 18 18 18 4
Finesse Grass & Broadleaf B B B B B B B B B 4
First Rate 30B 30B 30B 30B NR 9 30B 30B 30B 3
Flexstar 18 18 18 4 10 18 18 18 18 4
Flexstar GT 18 18 18 4 NR 18° 18 18 18 4
Fusilade DX/Fusion NR NR NR 2 NR 2 NR NR NR 2
Galigan 2 2 2 10 NR 10 2 2 2 10
glyphosate products NR NR NR NR NR NR NR NR NR NR
Goal/GoalTender 2 2 2 10 NR 10 2 2 2 10
Gramoxone products NR NR NR NR NR NR NR NR NR NR
GrazonNext HL 248 248 248 12 248 248 248 248 248 12
Harmony Extra SG 2 2 2 2 2 2 2 2 2 NR
Harmony SG 15 15 15 15 NR 15 15 15 15 15
Harness SY SY SY SY NY SY SY SY SY AH
Huskie 18 9 18 1 4 4 18 18 18 1
Impact 18 9 18 3 9 9 18 18 18 3
Instigate 18 10 18 4 10 10 18 18 18 4
Intrro NI NI NI NI NY NY NI NI NI NY
Karmex 24 24 24 24 24 NY 24 24 24 12
Kerb® 12 12 7 12 5 5 7 7 7 12
Keystone NXT 18 15 18 15 NY NY 18 18 18 15
Laudis -- 10 18 4 8 10 18 10 18 4
Lexar EZ 18 18 18 NY NY NY 18 18 18 NY
Liberty 280 6 21/3 6 21/3 NR 6 6 6 6 21/3
Lightning 40B 26 40B 4 9 18 40B 40B 40B 4
Lorox/Linex 4 NR 4 4 NR 4 4 4 4 4
Lumax EZ 18 18 18 4 NY NY 18 18 18 4
Marvel 18 0 18 4 0 18 18 18 18 4
Matrix 12 NR 12 12 10 12 12 1 12 4
Maverick 3° 38 3° K 128 3° K 3° 38 NR
Metribuzin 18 12 18 18 4 18 18 4 18 4
Milestone 12B 12B 12B 12B 12B 12B 12B 12B 12B 12B
Osprey 10 10 10 10 3 10 10 10 10 0.25
Outlook NY NY NY 4 NR NY NY NY NY 4
Outrider 3° 38 3° 38 128 3° 38 3° 38 NR
Overdrive 1 1 1 1 1 1 1 1 1 1

'AH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION

218 Months with a soil pH > 6.5

320 Days per pint

430 Days per pint

% Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.

® Transplanted

" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.

8See current 2,4-D label table continued on next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop® (cont’d.)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Barley, Bean, Bean, Corn, Corn, Cucum- Musk-

Herbicide Alfalfa winter lima snap Cabbage field sweet ber melon Onion Pea
Paramount 24B 10 24B 24B 24B 10 10 24B 24B | 24B | 24B
Paraquat products NR NR NR NR NR NR NR NR NR NR NR
PastureGard 1 0 NI NI NI NI NI NI NI NI NI
Peak 22 0 22 10 22 1 10 22 22 22 10
Permit 9 2 9 9 15 1 3 9 9 18 9
Permit Plus 9 2 -- 1.5 15 1’ 3 9 9 18 9
Poast NR NR NR NR NR AH NR NR NR NR | NR
Powerflex HL 9 9 12 12 12 9 9 12 12 12 9
Prefar 4 4 4 4 NR 4 4 NR NR NR 4
Prequel 10° 18 18 10 18 0 10 18 18 18 | 18
Princep SY SY SY SY SY NR NR SY SY SY SY
Prowl H,0 NY 4 NR NR NY NY NY NY NY NY | NY
Pulsar 9 22D 12 12 12 NR 4 12 12 12 9
Pursuit® 4 9.5 NR 2 40B 8.5’ 18 40B 40B | 40B | NR
Raptor 3 18 NR NR 9 8.5’ 8.5 9 9 9 NR
Reflex 18 4 10 10 18 10 18 18 18 18 10
Realm Q 10 9 18 18 18 NR 10 18 18 18 18
Rely 280 6 21/3 6 6 21/3 NR NR 6 6 21/3 6
Remedy Ultra 12 12 12 12 12 12 12 12 12 12 12
Resolve 18 9 18 10 18 NR 10 10 18 18 18
Resolve Q 18 18 18 10° 18 NR 10° 10° 18 18 | 18
Resource NR NR NR NR NR NR NR NR NR NR | NR
Ro-Neet AH AH AH AH AH AH AH AH AH AH | AH
Sandea 9 2 NR NR 15 1 3 NR NR 18 9
Select/Select Max NR 1 1 1 1 1 1 1 1 NR 1
Sharpen 2.85 SC 9 3 9 9 9 NR 9 9 9 9 9
Sierra® 24° 9 248 248 248 11 24° 248 245 | 24% | 11
Sinbar 24 24 24 24 24 24 24 24 24 24 24
Solicam B B B B B B B B B B B
Sonalan AH AH AH AH AH AH AH AH AH AH | AH
Sonic/Authority First 12 12 30B 30B 30B 10 18 30B 30B |30B| 12
Spartan 4F 12 4 0 12 0 10 18 12 12 12 12
Spartan Advance 12 4 NR 12B NR® 4 12 12B 12B | 12B | 12B
Spartan Charge 12 4 12B 12B NR® 4 12 12B 12B | 12B | 12B
Spin-aid NR NR NR NR NR NR NR NR NR NR | NR
Spur 10.5 NR 18 18 NR NR NR 18 18 105 | 18
Starane Ultra 4 NR 4 4 4 NR NR 4 4 4 4
Status 1 1 4 4 4 0.25 0.25 4 4 4 4
Steadfast/Steadfast Q 10° 4 18 10° 18 NR 10° 18 18 18 | 10°

IAH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION

218 Months with a soil pH > 6.5

320 Days per pint

430 Days per pint

% Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.

® Transplanted

" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.

8 See current 2,4-D label

table continued on next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop® (cont'd.)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Rye, Sorghum, Water- Wheat,

Herbicide Pepper Potato Pumpkin winter Soybean  grain  Squash Tomato  melon winter
Paramount 24B 24B 24B 10 24B 0 24B 24B 24B 0
Paraquat products NR NR NR NR NR NR NR NR NR NR
PastureGard NI NI NI NI NI NI NI NI NI 0
Peak -- 22 22 0 10 1 22 22 22 0
Permit 10 9 9 2 9 2 9 8 9 2
Permit Plus 10 9 9 2 o 2 9 8 -- 2
Poast NR NR NR NR NR AH NR NR NR NR
Powerflex HL 12 9 12 12 5 9 12 12 12 1
Prefar NR 4 NR 4 4 4 NR NR NR 4
Prequel 18 6 18 18 10 10 18 18 18 4
Princep SY SY SY SY SY SY SY SY SY SY
Prowl H,0O NY NR NY NY NR NY NY NY NY 4
Pulsar 12 9 12 12 9 4 12 12 12 22D
Pursuit® 40B | 26 40B 4 NR 18 40B | 40B 40B 4
Raptor 9 18 9 4 NR 9 9 9 9 3
Reflex 18 18 18 4 10 18 18 18 18 4
Realm Q 18 10 18 18 10 10 18 18 18 4
Rely 280 6 21/3 6 21/3 NR 6 6 6 6 21/3
Remedy Ultra 12 12 12 12 12 12 12 12 12 12
Resolve 18 NR 18 18 10 18 18 1 18 3
Resolve Q 18 15 18 18 10° 18 18 15 18 3
Resource NR NR NR NR NR NR NR NR NR NR
Ro-Neet AH AH AH AH AH AH AH AH AH AH
Sandea 10 9 NR 2 9 2 NR NR NR 2
Select/Select Max 1 1 1 1 1 1 1 NR 1 1
Sharpen 2.85 SC 9 9 9 9 6 1 9 9 9 3
Sierra® 248 9 248 | 248 9 248 248 248 248 NR
Sinbar 24 24 24 24 24 24 24 24 24 24
Solicam B B B B B B B B B B
Sonalan AH AH AH AH AH AH AH AH AH AH
Sonic/Authority First 30B 18 30B 12 NR 12 30B 30B 30B 4
Spartan 4F 12 12 12 4 0 18 12 12 12 4
Spartan Advance 12B 4 12B 4 NR 18 12B 12B 12B 4
Spartan Charge 12B 4 12B 4 NR 18 12B 12B 12B 4
Spin-aid NR NR NR NR NR NR NR NR NR NR
Spur 18 18 18 NR 10.5 10.5 18 18 18 NR
Starane Ultra 4 4 4 NR 4 NR 4 4 4 NR
Status 4 4 4 1 1 1 4 4 4 1
Steadfast/Steadfast Q 18 10° 18 4 0.5 18° 18 18 18 4

TAH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION

218 Months with a soil pH > 6.5

320 Days per pint

430 Days per pint

®>Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.

® Transplanted

" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.

8See current 2,4-D label

table continued next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop® (cont’d.)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Barley, Bean, Bean, Corn, Corn, Cucum- Musk-
Herbicide Alfalfa winter lima snap Cabbage field sweet ber melon  Onion Pea
Stinger 10.5 NR 18 18 NR NR NR 18 18 105 | 18
Synchrony XP° 12 3 9 9 18 9 18 18 30 30 9
Targa 4 0 0 0 6 4 4 4 4 4 0
'Touchdown products NR NR NR NR NR NR NR NR NR NR | NR
Treflan NR NR NR NR NR 5 5 NR 5 5 NR
Ultra Blazer AH AH AH AH AH AH AH AH AH AH | AH
\Valor 12 4 12 12 12 2 4 12 12 12 12
Valor XLT 12° 4 18° 12° 18° 10° 18° 18° 18° | 18° | 12°
\Verdict NY 4 NY NY NY NR NY NY NY NY | NY
Vida 1 1 1 1 1 0 1 1 1 1 1
\Warrant 9 NY NI NI NI NI NY NI NI NI NI
'Yukon 9 2 NI 2 15 1 3 9 9 18 9
Zemax 18 4.5 18 18 18 0 0 18 18 18 18
Zidua 18 18 18 18 18 NR NR 18 18 18 18

IAH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION

218 Months with a soil pH > 6.5

320 Days per pint

430 Days per pint

% Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.

® Transplanted

" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.

8 See current 2,4-D label

table continued next page
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WEED CONTROL/PLANTING RESTRICTIONS

Table E-5. Crop Rotation Planting Restrictions—Months After Herbicide Application Until Planting New Crop® (cont'd.)

Table E-4 summarizes the crop rotation constrictions after certain herbicide applications have been made. Example: Devrinol was applied to
tomatoes this year. You must delay planting sweet corn in the field for 12 months after application of Devrinol. Consult the label for a different
time interval if two or more of these materials are applied in the same season. This table is not a substitute for the label!

Rye, Sorghum, Water-  Wheat,
Herbicide Pepper Potato Pumpkin winter Soybean grain  Squash Tomato  melon winter
Stinger 18 18 18 NR 10.5 10.5 18 18 18 NR
Synchrony XP° 30 30 18 3 NR 9 30 9 18 3
Targa 4 4 4 4 0 4 4 4 4 0
Touchdown products NR NR NR NR NR NR NR NR NR NR
Treflan NR® | NR 5 NR NR 5 5 NR® 5 NR
Ultra Blazer AH 18 AH AH AH AH AH AH AH AH
Valor 12 12 12 4 NR 2 12 12 12 2
Valor XLT 18> | 18° 18° 4 0 10° 18° 12° 18° 4
Verdict NY NY NY 4 4 NR NY NY NY 4
Vida 1 0 1 1 0 1 1 1 1 0
Warrant NI NY NI NI 0 NY NI NI NI 4
Yukon 10 9 9 2 9 2 9 2 9 2
Zemax 18 NY 18 4.5 NY 0 18 18 18 4.5
Zidua 18 18 18 18 18 18 18 18 18 18

'AH = AFTER HARVEST, B = BIOASSAY OF SOIL RECOMMENDED BEFORE PLANTING, D = DAYS, NI = NO INFORMATION,
NR = NO RESTRICTIONS, NY = NEXT YEAR, SY = SECOND YEAR FOLLOWING APPLICATION
218 Months with a soil pH > 6.5
320 Days per pint
430 Days per pint
> Read the label for additional restrictions due to special state restrictions, varieties, rate, rainfall, soil, pH, application rate, etc.
® Transplanted
" See label for alternative replant restrictions for certain GMO (genetically modified) varieties.
8 See current 2,4-D label
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WEED CONTROL/GUIDE TO PREPACKAGED MIXES

Table E-6. Guide to Prepackaged Mixes

Brand Name Mixture Formula Manufacturer
Anthem 2.15SE Cadet + pyroxsulfone 0.063 +2.09 Ib/gal FMC
Anthem ATZ 4.505 SE Atrazine + Cadet+ pyroxsulfone 4 +0.014 + 0.485 Ib/gal FMC
Authority Assist 4L Authority + Pursuit 3.33 + 0.67 Ib/gal FMC
Authority Elite 7L Authority + Dual 0.7 + 6.3 Ib/gal FMC
Authority First 70DF Authority + Firstrate 0.62 + 0.08 Ib ai/lb prod. FMC
Authority Maxx 66DF Authority + Classic 15.1:1 ratio or FMC

0.62 + 0.041 Ib/gal

Authority MTZ 45 DF Authority + metribuzin 1:1.5 ratio FMC
Authority XL 70DF Authority + Classic 0.62 + 0308 Ib ai/lb FMC
Axial Star Axial + Starane 0342 + 03.73 Ib/gal Syngenta
Axiom 68DF Define+metribuzin 4:1 ratio Bayer
Basis Blend Harmony SG+ Matrix 1:2 ratio DuPont
Bicep Lite Il Magnum 6L | Dual Il Magnum-+atrazine 3.33+2.67 Ib/gal Syngenta
Bicep Il Magnum 5.5L Dual 1l magnum-+atrazine 2.4+3.1 Ib/gal Syngenta
Boundary 6.5L Dual 11 Magnum+metribuzin 5.25+1.25 Ib/gal Syngenta
Callisto GT 4.18EC Callisto + Touchdown 0.38 + 3.8 Ib/gal Syngenta
Canopy 75 DG Lexone+Classic 6:1 ratio DuPont
Canopy EX 29.5 WDG Classic+Express 3.33:1 ratio DuPont
Capreno 3.45SC Laudis + Thiencarbazone-methyl 2.88 + 0.57 Ib/gal Bayer
Cimarron Plus 63DF metsulfuron methyl+ Glean 3.2:1 ratio DuPont
Cinch ATZ 5.5L Atrazine + Dual 3.1+24 DuPont
Corvus 2.63SC Balance Flex + Thiencarbazone-methyl | 1.88 + 0.75 Ib/gal Bayer
Crosshow 3.0L Remedy+2, 4-D 1.0+2.0 Ib/gal Dow AgroScience
Degree Xtra 4EC Harness+atrazine 2.7+1.34 Ib/gal Monsanto
Distinct 70 DF Banvel/Clarity+diflufenzopyr 2.5:1 ratio BASF
Envive 41.3DG Classic + Valor + Harmony 0.092+0.292+0.029Ib ai/lb | DuPont
Extreme 2.17 EC Pursuit+ glyphosate 0.17 + 2.0 Ib/gal BASF
Fierce 76WDG Valor + Zidua 1:1.29 ratio Valent
Finesse 75 DF Glean + Ally 5:1 ratio DuPont
ForeFront HL 3.74EC Milestone + 2,4-D 0.41 + 3.33 Ib/gal Dow AgroScience
Fultime 4 EC Topnotch + atrazine 2.4 + 1.6 Ib/gal Dow AgroScience
Fusion 2.56 EC Fusilade + Whip 2.0 + 0.56 Ib/gal Syngenta
Gangster (copack) Valor + Firstrate 1:1.65 ratio Valent
Guardsman Max 5L Outlook + atrazine 3.3+ 1.7 Ib/gal BASF
G-Max Lite Outlook + atrazine 2.25 + 2.75 Ib/gal BASF
Halex GT 4.38EC Dual Il Magnum + glyphosate + Callisto| 2.1 + 2.1 + .21 lb/gal Syngenta
Harness Xtra 5.6L Harness + atrazine 3.1+ 2.5 Ib/gal Monsanto
Harmony Extra SG 50 SG | Harmony SG + Express 2:1 ratio DuPont
Hornet 78.5 WDG Python + Stinger 1:3.25 ratio Syngenta+Dow AgroScience
Huskie 2.06 EC Buctril + pyrasulfotole 1.75 + 0.31 Ib/gal Bayer
Instigate 45.8 WDG Callisto + Resolve 10:1 ratio DuPont
Keystone LA NXT 6L acetochlor + atrazine 4.3+ 1.7 Ib/gal Dow
Keystone NXT 5.6L acetochlor + atrazine 3.1+ 2.5 Ib/gal Dow
Lexar/Lexar EZ 3.7 SC atrazine + Dual 1l Magnum + Callisto 1.74 +1.74 + 0.22 lb/gal Syngenta
Lumax 3.95 S atrazine + Dual 1l Magnum + Callisto 1.0 + 2.68 + 0.268 Ib/gal Syngenta
Marksman3.2 L Banvel/Clarity + atrazine 1.1+ 2.1 Ib/gal BASF
Northstar 47.4 DG Beacon + Banvel/Clarity 1:5.9 ratio Syngenta
Olympus Flex 11.25 WDG | Olympus + Osprey .068 +.045 Ib ai/lb Bayer
Op-Till 68WG Saflufenacil + Pursuit 0.178 + 0.502 Ib ai/lb BASF
PastureGard HL 4L Remedy + Vista 3.0 + 1.0 Ib/gal Dow AgroScience
Permit Plus 74WG Permit + Harmony SG 0.66 + 0.08 Ib ai/lb Gowan
Prefix 5.29 EC Dual 11 Magnum + Reflex 4.34 + 0.95lb/gal Syngenta
Pulsar Banvel + Starane + Starane Ultra 0.73 +0.95 Ib ai/lb Syngenta
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WEED CONTROL/GUIDE TO PREPACKAGED MIXES/RAIN FREE REQUIREMENT

Table E-6. Guide to Prepackaged Mixes (continued)

Brand Name Mixture Formula Manufacturer

Require Q Resolve + Banvel 1:1.75 ratio DuPont

Resolve Q 22.4 DF Matrix + Harmony SG 4.6:1 ratio DuPont

Sequence 5.25 SC glyphosate + Dual 1l Magnum 2.25 + 3.0 Ib/gal Syngenta

Sonic 70 DF Spartan + FirstRate 7.75:1 ratio Dow AgroScience

Spartan Advance 4.6SC Spartan + glyphosate 0.56 + 4.04 Ib/gal FMC

Spartan Charge 3.5SE Spartan + Aim 3.15 + 0.35 Ib/gal FMC

Spirit 57 WDG Beacon + Peak 3:1 ratio Syngenta

Status 56 WG Banvel/Clarity + diflufenzopyr 2.5:1 ratio BASF

Steadfast ATZ 89 WDG Accent + Matrix + atrazine 2.1:1:65.6 ratio DuPont

Steadfast Q 75DF Accent + Resolve 2:1 ratio DuPont

Storm 4S Basagran + Blazer 2.67 + 1.33 Ib/gal UPA

Strategy 2.1 EC Command + Curbit 1.6 + 0.5 Ib/gal Loveland

SureStart 4.25SE Harness + Python + Stinger 3.75+0.12 + 0.38 Ib/gal | Dow

Synchrony XP 28.4 DF Classic + Harmony SG 3.1:1 ratio DuPont

TripleFLEX Harness + Stinger + flumetsulam 3.75+0.38 + 0.12 Ib/gal | Monsanto

Valor XLT 40 WDG Valor + Classic 2.9:1 ratio Valent

Verdict 5.57EC Saflufenacil + Outlook 0.57 + 5.0 Ib/gal BASF

Yukon 67.5 WDG Permit + Banvel 1:4.4 ratio Monsanto

Zemax 3.67L Callisto + Dual 0.33 + 3.34 Ib/gal Syngenta

Table E-7. Rain Free Requirement After Application of Postemergence Herbicides
Herbicide Time (hrs) Herbicide Time (hrs)

Aim 1 Poast 1
Assure 11/Targa 1 Pursuit 1
Atrazine 4 Roundup products 1-6
Banvel 2 Sandea 4
Basagran 8 Select Max 1
Buctril 1 Sencor -
Fusilade DX 1 Spin-Aid 6
Gramoxone & Paraquat products 0 Touchdown 4
Laudis 1 2,4-D 6-8
Lorox --
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WEED CONTROL/HERBICIDE SITE OF ACTION FOR REDUCING THE RISK OF DEVELOPING HERBICIDE-RESISTANT WEEDS

Table E-8. Herbicide Site of Action for Reducing the Risk of Developing Herbicide-resistant Weeds

Reducing the risk for developing herbicide-resistant weed populations requires incorporating a number of guidelines in
managing your fields. These guidelines include:

= Spray only when necessary

= Use alternative methods of control whenever possible such as mechanical cultivation or delayed planting (row crops),
mowing (forage crops), and using weed-free crop seeds

= Rotate crops and their accompanying herbicides’ site of action

= | imit number of applications of herbicide(s) with same site of action in a given growing season

= Use mixtures or sequential herbicide treatments having different sites of action that will control the weeds of concern
= Scout fields after herbicide application to detect weed escapes or shifts

= Clean equipment before leaving fields infested with or suspected to have resistant weeds

Rotating herbicides with differing sites of action is important for minimizing the risk of developing herbicide-resistant weeds.
However, information on herbicide site of action is often not printed on herbicide labels and thus is difficult to obtain. The
following tables are designed to assist with herbicide selection based on herbicide site of action.

Below (Table E-7A) is a list of important herbicide groups for agronomic crops grown in the Mid-Atlantic region. To reduce
the risk of developing herbicide resistant weeds, avoid repeated use of herbicides with the same site of action. Note that
more than one herbicide family may have the same site of action.

A list of common pre-package herbicide mixture and their components is contained in Table E-7B. Be sure to know the site
of action for all the herbicides included in the pre-package mixture.

Table E-8A. Important Herbicide Groups for Corn, Soybean, Small Grain, Commercial Vegetable and Forage.

Trade Name Active HRAC Family Herbicide Class Site of
Ingredient Group® Action

2,4-D 2-4-D 4 Phenoxy Plant growth regulators 1AA-like

Accent Q nicosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme

Acclaim Extra | fenoxaprop 1 aryloxyphenoxy Fatty acid (Lipid) biosynthesis ACCase

propionates inhibitors

Aim carfentrazone 14 Triazolinone Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)

Ally metsulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme

Arsenal imazapyr 2 Imidazolinone Amino acid biosynthesis ALS-enzyme

Assure |1 quizalofop 1 aryloxyphenoxy Fatty acid (Lipid) biosynthesis ACCase

propionates inhibitors

Atrazine atrazine 5 Triazines Photosynthesis inhibitors Photosystem 11

(mobile 1)

Authority sulfentrazone 14 Triazolinone Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)

Autumn iodosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme

Axial XL pinoxaden 1 Phenylpyrazolin Fatty acid (Lipid) biosynthesis ACCase

inhibitors

Balan benefin 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors

Banvel dicamba 4 benzoic acid Plant growth regulators 1AA-like

Barricade prodiamine 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors

table continued next page
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Table E-8A. Important Herbicide Groups for Corn, Soybean, Small Grain, Commercial Vegetable and Forage. (cont’d)

Trade Name Active HRAC Family Herbicide Class Site of
Ingredient Group® Action
Basagran bentazon 6 Benzothiadiazole Photosynthesis inhibitors (non-mobile) Photosystem 11
Beacon primisulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Beyond imazamox 2 Imidazolinone Amino acid biosynthesis ALS-enzyme
Blazer Ultra acifluorfen 14 dipheny! ethers Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)
Breakfree acetochlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown
Buctril bromoxynil 6 Nitriles Photosynthesis inhibitors (non-mobile) Photosystem I
Butyrac 2,4-DB 4 Phenoxy Plant growth regulators 1AA-like
Cadet fluthiacet 14 N-phenyl- Cell membrane disrupters PPO
phthalimides (protoporphyr-
ingogen
oxidase)
Callisto mesotrione 27 Triketone Pigment inhibitors HPPD
(hydroxy-
phenyl-
pyruvate-
dioxygenase)
Chateau flumioxazin 14 N-phenyl- Cell membrane disrupters PPO
phthalimides (protoporphyr-
ingogen
oxidase)
Cinch metolachlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown
Clarity dicamba 4 benzoic acid Plant growth regulators 1AA-like
Classic chlorimuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Cobra lactofen 14 dipheny!l ethers Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)
Command clomazone 13 Isoxazolidinone Pigment inhibitors Diterpenes
(carotenoid
biosynthesis)
Curbit ethalfluralin 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors
Dacthal DCPA 3 None Seedling growth inhibitors (Root) Unknown
Degree acetochlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown
Devrinol napropamide 15 Acetamides Seedling growth inhibitors (Shoot) Unknown
Dimension dithiopyr 3 Pyridazines Seedling growth inhibitors (Root) Microtubule
inhibitors
Distinct diflufenzopyr 19 Semicarbazone Auxin transport inhibitor IAA transport
Dual metolachlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown
Eptam EPTC 8 Thiocarbamates Seedling growth inhibitors (Shoot) Lipid synthesis
inhibitors
Evik ametryn 5 Triazines Photosynthesis inhibitors Photosystem 11
(mobile 1)
Express tribenuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Facet quinclorac 26 quinoline Cell wall biosynthesis inhibitor Unknown
carboxylic acid
Finale glufosinate 10 amino acid Phosphorylated amino acid Glutamine
derivative (N metabolism disrupter) synthetase
FirstRate cloransulam 2 triazolopyrimidine | Amino acid biosynthesis ALS-enzyme

(sulfonamides)

table continued next page
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Table E-8A. Important Herbicide Groups for Corn, Soybean, Small Grain, Commercial Vegetable and Forage. (cont’d)

Trade Name Active HRAC Family Herbicide Class Site of
Ingredient Group® Action

Flexstar fomesafen 14 dipheny! ethers Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)

Formula 40 2-4-D 4 Phenoxy Plant growth regulators 1AA-like

Fusilade fluazifop 1 aryloxyphenoxy Fatty acid (Lipid) biosynthesis ACCase

propionates inhibitors

Gallery isoxaben 21 Benzamide Cell wall biosynthesis inhibitor Cell wall
synthesis - site
B

Garlon triclopyr 4 carboxylic acid Plant growth regulators 1AA-like

(pyridines)

Glean chlorsulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme

Goal oxyfluorfen 14 dipheny!l ethers Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)

Goal Tender oxyfluorfen 14 diphenyl ethers Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)

Gramoxone paraquat 22 Bipyridyliums Cell membrane disrupters Photosystem |

Harmony SG thifensulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme

Harness acetochlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown

Impact topramezone 27 Triketone Pigment inhibitors HPPD
(hydroxy-
phenyl-
pyruvate-
dioxygenase)

Intrro alachlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown

Karmex diuron 7 Ureas Photosynthesis inhibitors Photosystem I1

(mobile 2)

Kerb pronamide 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown

Laudis tembotrione 27 Triketone Pigment inhibitors HPPD
(hydroxy-
phenyl-
pyruvate-
dioxygenase)

Liberty glufosinate 10 amino acid Phosphorylated amino acid Glutamine

derivative (N metabolism disrupter) synthetase

Lorox linuron 7 Ureas Photosynthesis inhibitors Photosystem |1

(mobile 2)

Maverick sulfosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme

MCPA MCPA 4 Phenoxy Plant growth regulators IAA-like

Metribuzin metribuzin 5 Triazinones Photosynthesis inhibitors Photosystem 1

(mobile 1)
Milestone aminopyralid 4 carboxylic acid Plant growth regulators 1AA-like
(pyridines)
Milo Pro propazine 5 Triazines Photosynthesis inhibitors Photosystem 11
(mobile 1)
Olympus propoxycarbazone 2 sulfonylamino- Amino acid biosynthesis ALS-enzyme
carbonyl-
triazolinones
Osprey mesosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Outlook dimethenamid 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown

table continued next page
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Table E-8A. Important Herbicide Groups for Corn, Soybean, Small Grain, Commercial Vegetable and Forage. (cont’d)

Trade Name Active HRAC Family Herbicide Class Site of
Ingredient Group® Action
Peak prosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Pendulum pendimethalin 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors
Permit halosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Poast sethoxydim 1 cyclohexanediones | Fatty acid (Lipid) biosynthesis ACCase
inhibitors
PowerFlex pyroxulam 2 Sulfonamide Amino acid biosynthesis ALS-enzyme
Pramitol prometon 5 Triazines Photosynthesis inhibitors Photosystem 11
(mobile 1)
Prefar bensulide 8 None Seedling growth inhibitors (Shoot) Lipid synthesis
inhibitors
Pre-pare flucarbazone 2 sulfonylamino- Amino acid biosynthesis ALS-enzyme
carbonyl-
triazolinones
Princep simazine 5 Triazines Photosynthesis inhibitors Photosystem 1
(mabile 1)
Prowl pendimethalin 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors
Pursuit imazethapyr 2 Imidazolinone Amino acid biosynthesis ALS-enzyme
Python flumetsulam 2 triazolopyrimidine | Amino acid biosynthesis ALS-enzyme
(sulfonamides)
Raptor imazamox 2 Imidazolinone Amino acid biosynthesis ALS-enzyme
Reflex fomesafen 14 diphenyl ethers Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)
Rely glufosinate 10 amino acid Phosphorylated amino acid Glutamine
derivative (N metabolism disrupter) synthetase
Remedy triclopyr 4 carboxylic acid Plant growth regulators 1AA-like
(pyridines)
Resolve rimsulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Resource flumiclorac 14 N-phenyl- Cell membrane disrupters PPO
phthalimides (protoporphyr-
ingogen
oxidase)
Ro-Neet cycloate 8 Thiocarbamates Seedling growth inhibitors (Shoot) Lipid synthesis
inhibitors
Ronstar oxadiazon 14 Oxadiazole Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)
Roundup glyphosate 9 amino acid Amino acid biosynthesis EPSP-enzyme
derivative
Sandea halosulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Select clethodim 1 cyclohexanediones | Fatty acid (Lipid) biosynthesis ACCase
inhibitors
Sierra flucarbazone 2 Sulfonylamino Amino acid biosynthesis ALS-enzyme
Sinbar terbacil 5 Uracils Photosynthesis inhibitors Photosystem 11

(mobile 1)

table continued next page
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Table E-8A. Important Herbicide Groups for Corn, Soybean, Small Grain, Commercial Vegetable and Forage. (cont’d)

Trade Name Active HRAC Family Herbicide Class Site of
Ingredient Group® Action
Solicam norflurazon 12 Pyridazinone Pigment inhibitors PDS
(carotenoid
biosynthesis)
Sonalan ethalfluralin 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors
Spartan sulfentrazone 14 Triazolinone Cell membrane disrupters PPO
(protoporphyr-
ingogen
oxidase)
Spike tebuthiuron 7 Ureas Photosynthesis inhibitors Photosystem 11
(mobile 2)
Starane Ultra fluroxypyr 4 carboxylic acid Plant growth regulators 1AA-like
(pyridines)
Stinger clopyralid 4 carboxylic acid Plant growth regulators 1AA-like
(pyridines)
Targa quizalofop 1 aryloxyphenoxy Fatty acid (Lipid) biosynthesis ACCase
propionates inhibitors
Telar chlorsulfuron 2 Sulfonylurea Amino acid biosynthesis ALS-enzyme
Topnotch acetochlor 15 Chloroacetamides | Seedling growth inhibitors (Shoot) Unknown
Tordon picloram 4 carboxylic acid Plant growth regulators 1AA-like
(pyridines)
Touchdown glyphosate 9 amino acid Amino acid biosynthesis EPSP-enzyme
derivative
Treflan trifluralin 3 Dinitroanilines Seedling growth inhibitors (Root) Microtubule
inhibitors
Valor flumioxazin 14 N-phenyl- Cell membrane disrupters PPO
phthalimides (protoporphyr-
ingogen
oxidase)
Velpar hexazinone 5 Triazinones Photosynthesis inhibitors Photosystem 11
(mobile 1)
Vernam vernolate 8 Thiocarbamates Seedling growth inhibitors (Shoot) Lipid synthesis
inhibitors
WEEDAR 64 2-4-D 4 Phenoxy Plant growth regulators 1AA-like
Zidua pyroxasulfone 15 Seedling shoot inhibitor Mitosis
inhibitor

'Herbicide Resistance Action Committee (HRAC) is a system of classifying herbicides developed by the Weed Science
Society of America, based on mode and site of actions, to help understand and plan for resistance management. The
reference for this table is: E. James Retzinger and Carol Mallory-Smith. 1997. Classification of Herbicides by Site of
Action for Weed Resistance Management Strategies. Weed Technology volume 11, pages 384 to 393.
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WEED CONTROL/HERBICIDE SITE OF ACTION FOR REDUCING THE RISK OF DEVELOPING HERBICIDE-RESISTANT WEEDS

Table E-8B: Common pre-pack or premix herbicides for crops in the Mid-Atlantic region. The WSSA mode of action

(MOA) numbers are the WSSA group numbers (right-hand column of Table A) for herbicide site of action.
Pre-packaged HRAC Pre-packaged HRAC
herbicide Constituent products | Group(s) herbicide Constituent products | Group(s)
Anthem Cadet + pyroxsulfone 14 +15 | Harmony Extra Harmony SG, Express 2,2
atrazine + Cadet + 5+14 +
Anthem ATZ pyroxsulfone 15 Harness Xtra Harness, atrazine 15,5
Authority Assist | Authority, Pursuit 14,2 Hornet WDG Python, Stinger 2,4
Authority Elite | Authority + Dual 14+ 15 | Huskie Buctril + pyrosulfotole 6 + 27
Authority First | Authority, FirstRate 14,2 Instigate Callisto + Resolve 27 +2
Authority Maxx | Authority + Classic 14 +2 Keystone NXT Harness, atrazine 15,5
Authority MTZ | Authority, Sencor 14,5 Lexar EZ Dual, Callisto, atrazine 15, 27,5
Authority XL Authority + Classic 14,2 Lumax EZ Dual, Callisto, atrazine 15,27,5
Axial Star Axial + Starane 1,4 Marksman Banvel, atrazine 4,5
Milestone VM Milestone, Remedy
Axiom Define, Sencor 15,5 Plus Ultra 4,4
Basis Blend Resolve, Harmony SG 2,2 NorthStar Banvel, Beacon 4,2
Bicep Il
Magnum Dual, atrazine 15,5 Olympus Flex Olympus, Osprey 2,2
Boundary Dual, Sencor 15,5 Permit Plus Permit + Harmony SG 2,2
Breakfree ATZ | Breakfree, atrazine 15,5 Prefix Dual, Reflex 15, 14
Callisto GT Callisto + Touchdown 29+9 Pulsar Banvel+Starene 4,4
Canopy Classic, Sencor 2,5 Require Q Resolve, Banvel 2,4
Canopy EX Classic, Express 2,2 Resolve Q Resolve, Harmony SG 2,2
Thiencarbazone,
Capreno Laudis 2,27 Sequence Dual, glyphosate 15,9
metsulfuron, Banvel,
Cimarron Max 2,4-D 2,4, 4 Sonic Authority, FirstRate 14,2
Cimarron Plus metsulfuron, Telar 2,2 Spartan Advance | Spartan+glyphosate 14,9
Cinch ATZ atrazine + Dual 5+ 15 | Spartan Charge Aim + Spartan 14+ 14
Balance Flexx +
Corvus thiencarbazone-methyl 27+ 2 Spirit Peak, Beacon 2,2
Crosshow Remedy, 2,4-D 4,4 Status Banvel, diflufenzopyr 4,19
Degree Xtra Degree, atrazine 15,5 Steadfast Q Accent, Resolve 2,2
Accent, Resolve,
Distinct Banvel, diflufenzopyr 4,19 Steadfast ATZ atrazine 2,2,5
Classic, Harmony SG,
Envive Valor 2,2,14 | Storm Basagran, Blazer 6, 14
Extreme Pursuit, glyphosate 2,9 Strategy Command, Curbit 13,3
Fierce Valor + Zidua 14, 15 SureStart Harness, Python, Stinger | 15,2,4
Finesse Glean, Ally 2,2 Synchrony XP Classic, Harmony SG 2,2
Harness + Python + 15+2+
Fultime Topnotch, atrazine 15,5 TripleFlexx Stinger 4
Fusion Fusilade, fenoxaprop 1,1 Valor XLT Valor SX, Classic 14,2
Gangster Valor SX, FirstRate 14,2 Verdict Outlook + Sharpen 14+ 15
Guardsman Max | Outlook, atrazine 15,5 Yukon Sandea, Banvel 2,4
Dual, Callisto,
Halex GT glyphosate 15, 27,9 | Zemax Callisto + Dual 27 + 15
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INSECT MANAGEMENT

Soil Pests-Detection and Control

Wireworms
Wireworms injure vegetable crops by Killing seeds or
seedlings and tunneling and scarring tubers, roots, bulbs and
low-growing vegetable fruit in contact with soil. Fields may
be infested with wireworms but severe crop injury may occur
only occasionally. Nearly all crops are susceptible.

Detection. Injury to young plants or tubers frequently is
sufficient evidence to warrant future control measures. Since
there is no effective post-planting rescue treatment, the
following methods are useful to detect the presence of
wireworms before planting.

Method 1

A technique using baits has been developed for evaluating
wireworm potential before planting. The bait stations
should be established 2 to 3 weeks before the anticipated
planting date. Fields where small grain or grasses have been
grown the preceding 2 or 3 years are the best candidates for
bait stations.

Since wireworm infestations are often localized within a
field, it will be necessary to place the bait stations randomly
throughout the field. One bait station per acre is desirable.
Place two bait stations at the highest elevation in a field, two
on a slope, and two in the lowest area.

Follow this procedure for baiting:

1. Mix 1 cup of untreated wheat or rolled oats and 1 cup of
untreated shelled corn at each station

Bury the bait about 2 inches deep (if buried too deeply the
grain will rot). Cover the ground over each bait station
with an 18-inch square of black plastic. The plastic
collects solar heat and speeds germination of the corn and
wheat, enticing overwintering wireworms to respond.
Mark each station with a flag or stake.

Dig up the bait stations after 10 to 14 days and count the
number of wireworms. For best results wait until the
germinating grain has emerged before digging. Look for
slender, reddish-brown insects that are % inch to 1 inch
long.

Method 2
1.

2.

Be sure the soil temperature at the 6-inch depth ranges
between 45° and 85°F (7.22° and 29.4°C) and that soil
moisture is equivalent to that desired for planting.

Collect soil samples from 20 scattered sites per acre. Each
sample should represent a soil profile 12 inches deep and
6 inches in diameter. Sample sites should be near plant
crowns.

Sift soil and count wireworms.

Control. If you find an average of 1 wireworm per bait
station (Method 1) or if you find 5 or more wireworms in 20
soil samples (Method 2), a labeled soil insecticide should be
used. In some instances, several wireworms may be found in
one bait station and none in others. Wireworm infestations
tend to concentrate in some locations. It may be possible to
limit treatment to areas of the field where the concentration is
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heaviest. See individual crops for labeled insecticides.

When to apply. Insecticides can be applied either in the
spring or fall when the soil temperature at the 6-inch depth
is at least 50°F (10°C) and soil moisture is equivalent to that
desired for planting. Frequently, the insecticide is applied
immediately before planting. When early spring planting is
contemplated, the fall treatment is suggested.

Cutworms

A number of cutworm species attack vegetable plants.
Some attack the tuber, spear, or fruit by chewing the edible
portion, rendering them unmarketable. Others attack the
seedlings or transplants, killing them outright or causing
them to be unproductive. Cutworms are attracted to lights
and can lay eggs into transplants growing in greenhouses that
are lighted at night. The cutworm eggs and larvae may be
accidentally transferred to the field with the plants.

Most cutworms are night feeders and hide under sod
clumps, stones, decaying vegetation, etc., during the day.
Weedy or minimum-tillage fields are especially attractive
egg-laying sites for cutworm adults (moths). During periods
of drought, low-lying areas in fields are more subject to
attack than other areas, presumably because of more
desirable conditions.

Control. In all cases, consult the label for application
details. = Where cutworms are suspected, a broadcast
incorporation treatment may be necessary, just before
planting.

Even if a broadcast treatment is used, fields should be
scouted for cutworm damage within a week of planting or
plant emergence. If cutworms are actively cutting plants, a
postplanting contact treatment may be necessary. The
following procedures may help improve control when a
contact insecticide treatment is used:

1. Direct sprays at the base of the plants where cutworms are
actively feeding.

2. Increase the amount of water used to at least 30 gallons
per acre, especially in dry weather.

3. Spray between midnight and 5 A.M., when cutworms are
most active.

4. Cultivate after insecticide application to improve contact

with cutworms, especially in dry weather.

Garden Centipedes (Symphylans)

Garden centipedes are arthropods that are related to
insects. They feed on germinating seed and fibrous roots of
many crop and noncrop plants, including practically all
vegetable species, and on decaying plant material. They are
often associated with moist, fine textured heavier soils and
typically establish in spots or field edges. Rotation does not
appear to be an effective control. If a spot becomes
established, the crops planted into that area have a difficult
time growing out of the damage, because the symphylans are
continuously grazing on the fibrous roots. Spinach acts as
very good host for this pest.

Detection. The first symptom is an area or patch of
poorly developing plants, similar to other root problems.
Check the soil in these areas so that treatment can be made
before planting the next crop, as there is no practical
postplanting control. A common practice is to flag off the
spot and treat that area with soil insecticides in the
following fall or spring. Soil solarization has not been an



effective control. It is reasonable to assume that
symphylans can be transported in soil on field equipment.
Dig up the soil and look for small, slender (less than 0.25
inch) white centipede-like animals that move quickly and try
to avoid light. Another method of sampling is to drop the soil
into a bucket of water. The symphylans will float to the top.

Symphylans have 12 pairs of legs on 14 body segments.
Do not confuse the symphylans with true centipedes--that eat
other arthropods and are considered beneficial. Symphylans
will have beaded antennae. Centipedes are not expected to be
white in color and have large mandibles. Dry or cold (less
than 45°F [7.22°C]) soil will reveal few, if any, symphylans.
Control is warranted when there is an average of two
symphylans per shovelful of soil.

When to treat. If samples are taken in the spring, control
is generally warranted if there is an average of over two per
shovelful of soil. Samples taken in September or October
may average four or five per shovelful to warrant treatment
before the next crop. Insecticides are generally applied before
spring planting, and fumigant treatments are usually made in
the fall. Note: Effectiveness of soil-applied insecticides
decreases as soil temperature decreases below 55°F (12.8°C).

Grubs

Grubs are the larvae of various beetles and can be serious
soil pests in vegetable crops. Most vegetables can be
attacked, and serious problems have occurred in potatoes,
sweet potatoes, beans, corn, spinach, and strawberries. Grubs
cause damage by feeding on the roots and under-ground parts
of the plant from one to several inches below the soil surface.
The plants may yellow and wilt, which causes a patchy
growth in fields where plants are dead or dying. If injured
plants are pulled up, the roots will be found to have been
eaten off, and usually the curve-bodied grub can be found in
the soil.

Adult beetles lay eggs in the soil during June to July. As
the soil cools in the fall, the grubs work their way deep into
the soil and return to the surface the following spring.
Depending on the insect, grubs may take from 1 to 3 years to
become adults and may cause problems year after year.

Control. Grub damage is usually associated with grassy
or weedy fields. Clean fields may help prevent serious grub
damage. Problems may occur in crops planted to fields that
were previously sod.

Maggots

Several species of maggots attack either the seed or roots
of vegetables during the growing season. The adult of the
maggot (a fly) fluctuates in abundance in different areas in
different years. Since it is impossible to determine when and
where maggots will attack and since nothing can be done
once the injury is noted, preventive controls are good
insurance before planting if you have previously had maggot
problems.

Seed Maggot

Seed attacked by seed maggots usually fails to sprout or,
if it does, it is weak or sickly. Newly transplanted plants are
also susceptible to maggots that tunnel up through the stem
causing the plant to wilt. Injury is most severe in wet, cold
springs and on land rich in organic matter.

INSECT MANAGEMENT/INSECT RESISTANCE AND CONTROL

Control. Control may be achieved using seed treatments
containing either chlorpyrifos (Lorsban 50W), clothianidin
(Poncho 600), imidacloprid (Concur, Latitude, Gaucho 600),
permethrin (Kernel Guard Supreme) or thiamethoxam
(Cruiser 5FS). Seed treatments are available as hopper-box
treatments or as commercially-treated seed. The level of
control will depend on soil type, soil moisture, crop, weather
conditions, and other factors.

Note: Not all materials are labeled for all vegetable crops.
Refer to each specific crop section of this manual for listing
of labeled seed treatments.

IMPORTANT: Do not use treated seed for food or feed
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Root Maggot

Plant roots become riddled with maggot tunnels, and
underground fleshy parts soon become rotten. Above
ground, plants appear off-color, wilt, and seldom reach full
growth.

Transplant water treatments, in-furrow treatments,
preplant broadcast, and postplant treatments may be
recommended depending on the crop. Refer to insecticide
labels for labeled materials.

Slugs
Slugs are not insects, but are closely related to snails. All
slugs require damp or humid surroundings for development
and will avoid the drying effects of sun and wind. During the
day, slugs seek shelter under protective debris. This is why
weed control is a useful deterrent to any slug problem.

Control. Metaldehyde (Deadline M-Ps and Metaldehyde
3.5% and 7%) is an effective slug-control chemical, and
commercial preparations are available at farm supply centers.
Note: metaldehyde is currently under re-registration and
some previously labeled crops are not on the new labels.
Refer to current labels for labeled crops and use rates
Iron phosphate granules (found in Sluggo and many other
products) will also provide some control of slugs and snails.

Insect Resistance and Control

Resistance develops because intensive pesticide use kills
the susceptible individuals in a population, leaving only
resistant ones to reproduce. Adopting the practices outlined
below will help reduce the development of pest resistance.

a. Crop rotation to a nonhost crop reduces the need for
pesticide treatment and, thus, reduces the ratio of
resistant to susceptible individuals in the breeding

population.

Spot treatment is an important practice. Early season
insects are often concentrated in areas near their over
wintering sites. Spot treating these areas, rather than
the entire field, will reduce the resistance problem at a
reduced cost.

Younger insect larvae are more susceptible and less
likely to develop resistance, than are older crop pests.
Control efforts should be concentrated against the
early stages of development.
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d.

Do not overspray. Attempts to destroy every pest in
the field by multiple applications or by using rates
higher than labeled rates often eliminate the susceptible
but not the resistant pests.The way pesticides are used
affects the development of resistance. Insecticides
within a specific chemical group usually share a
common target site within the pest, and thus share a
common Mode of Action (MoA). Resistance often
develops based on a genetic modification of this target
site. When this happens, the compound usually loses
its pesticidal activity. Because all insecticides within
the chemical grouping share a common MoA, there is a
high risk that this resistance will automatically confer
cross-resistance to all the compounds in that group.
The MoA classification provides a guide to the
selection of insecticides for an insecticide resistance
management strategy. The MoA classification scheme
below was developed and is endorsed by the
Insecticide Resistance Action Committee (IRAC) to
insure growers can effectively use insecticide
alternations and rotations of insecticides with different
modes of action. For more information, see the
website www.irac-online.org/. Refer to Table E-10
for a listing of insecticides labeled for vegetables and
the MoA group classification.
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Table E-9. IRAC Group Numbers and Modes of Action

Group Mode of Action
Acetylcholine esterase inhibitors
1 GABA-gated chloride channel
antagonists
2 Sodium channel modulators
3 Nicotinic acetylcholine receptor
agonists/antagonists
4 Nicotinic acetylcholine receptor
agonists
5 Chloride channel activators
6 Juvenile hormone mimics
9 Unknown  (selective feeding
blockers)
11 Microbial disruptors of midgut
membranes
12 Inhibitors of oxidative
phosphorylation
15 Chitin inhibitors
17 Moulting disruptors
18 Ecdysone Agonists
20 Mitochondrial inhibitors
22 Voltage  dependent  sodium
channel blockers
23 Inhibitors of lipid synthesis
25 Neuronal inhibitors
26 Aconitase inhibitors
28 Ryanodine receptor modulators



INSECTICIDES COMMON NAMES AND TRADE NAMES

Table E-10. Common Names and Corresponding Trade Names of Vegetable Insecticides.

Active Ingredient

Trade Names

Mode of Action *

abamectin Abba, Agri-Mek, Epi-Mek, Temprano 6
acephate Orthene 1B
acetamiprid Assail, TriStar 4A
azadirachtin Aza-Direct, Ecozin, Neemix UN
Bacillus thuringiensis aizawai Agree, Ketch, XenTari 11A
Bacillus thuringiensis israelensis Gnatrol 11A
Bacillus thuringiensis kurstaki Baritone, Biobit, Crymax, Dipel, 11A
Javelin, Lepinox
Bacillus thuringiensis tenebrinis Novodor 11A
beta-cyfluthrin Baythroid XL 3
bifenazate Acramite, Floramite UN
bifenthrin Bifenture, Brigade, Frenzy , Sniper, 3
Capture LFR
bifenthrin + imidacloprid Brigadier, Swagger 3, 4A
bifenthrin + indole butyric acid Empower? (Trade name, not a footnote) 3
buprofezin Applaud, Courier, Talus 16
carbaryl Sevin 1A
Chenopodium ambrosioides extract Requiem 1
chlorantraniliprole (rynaxypyr") Altacor, Coragen UN
chlorfenapyr Pylon 13
chlorpyrifos Lorsban, Warhawk, Yuma 1B
chlorpyrifos + lambda-cyhalothrin Cobalt Advanced 1B, 3
clothianidin Belay, Poncho 4A
cryolite Kryocide, Prokil Cryolite 96 UN
cyfluthrin Tombstone 3
cypermethrin Ammo, Cymbush 3
cyromazine Trigard 17
delta-methrin Battalion 3
diazinon Diazinon 1B
dimethoate Dimate, Dimethoate 1B
dinotefuran Scorpion, Venom 4A
emamectin benzoate Denim, Proclaim 6
esfenvalerate Asana 3
ethoprop Mocap 1B
etoxazole Zeal 6
fenbutatin-oxide (hexakis) Vendex 3
fenpropathrin Danitol 1
fenproximate Portal 10B
fipronil Regent 2B
flonicamid Beleaf, Carbine 9C
flubendiamide Belt 2
flubendiamide + buprofezin Vetica 21A, UN
gamma-cyhalothrin Proaxis 3
hexakis (fenbutatin-oxide) Vendex 28
hexythiozox Savey 28,16
imidacloprid Admire PRO, Concur, Gaucho, Latitude, 4A
Marathon
imidacloprid + beta-cyfluthrin Leverage 360 4A, 3
indoxacarb Avaunt 22

table continued next page
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INSECTICIDES COMMON NAMES AND TRADE NAMES/GREENHOUSE INSECT PEST AND MITE CONTROL

Table E-10. Common Names and Corresponding Trade Names of Vegetable Insecticides. (continued)

Active Ingredient Trade Names Mode of Action *
insecticidal soap M-Pede UN
lambda-cyhalothrin Lambda-Cy, Lambda-T, Mystic, 3

Silencer, Warrior 11
lambda-cyhalothrin + chlorantraniliprole Besiege, Voliam Xpress 3,28
lambda-cyhalothrin + thiamethoxam Endigo 34A
malathion Cythion, Malathion, Malathion 8 1B
Aquamul
methomyl Lannate 1A
methoxyfenozide Intrepid 18
neem extract Trilogy 26
novoluron Rimon 15
oxamyl Vydate 1A
permethrin Arctic, Perm-Up, Kernel Guard 3
Supreme
petroleum oils Suffoil-X UN
phorate Thimet 1B
phosmet Imidan 1B
piperonyl butoxide Butacide, Incite, Exponet, PBO UN
propargite Comite, Omite 12C
pymetrozine Fulfill 9
pyrethrins PyGanic 3
pyrethrins + piperonyl butoxide Pyrethrum TR 3,UN
pyrethrum Pyrethrum 3
pyriproxyfen Distance, Esteem, Knack 17
rosemary oil + peppermint oil Ecotec UN
spinetoram Radiant 5
spinosad Blackhawk, Entrust, GF-120 5
Naturalyte, Conserve
spinosad + gamma-cyhalothrin Consero 5,3
spiromesifen Oberon 23
spirotetramat Movento 23
sulfoxaflor Closer, Transform 4C
tefluthrin Force 3
terbufos Counter 1B
thiamethoxam Actara, Platinum, Cruiser 4A
thiamethoxam + chlorantraniliprole Durivo, Voliam Flexi 4A, 28
zeta-cypermethrin Mustang Maxx 3
zeta-cypermethrin + bifenthrin Hero 3,3

"Mode of Action. Refer to the preceding section for complete explanation

GREENHOUSE INSECT PEST
and MITE CONTROL

Adequate ventilation is critical for greenhouse pesticide use.
It is especially important to follow the re-entry intervals
listed on the labels for worker safety. Always read and fully
understand the label before using any pesticide in a
greenhouse environment.
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Yellow sticky traps are very effective in catching winged
aphids, leafminer, thrips, whiteflies, fungus gnats and shore
flies. Both blue and yellow traps are effective, and can be
hung vertically just above the plant canopy as well as the
growing medium surface. It is also helpful to hang traps near
doors and side vents, or other areas where insects may enter
or exit the greenhouse. It is suggested that at least 1 trap be
used per 1,000 sq. ft.




INSECTICIDES AND MITICIDES LABELED FOR GREENHOUSE

Table E-11. Insecticides and Miticides Labeled for Use on Greenhouse* Vegetables

Product Target Pests Labeled Crops Days to Comments
active ingredient, Harvest
product name(s), and
and (REI
(IRAC Classification) [hrs])
acequinocyl Two spotted spider mites Fruiting vegetables, 1 Use at least 100 gal of water/A
(Shuttle O) except cucurbits 2 applications per year
(20B) (12) No surfactant or adjuvant use
acetamiprid Aphids, leafhoppers, Leafy vegetables, fruiting 7 For vegetables grown as
(TriStar 30SG) mealybugs, caterpillars, vegetables, cole crops, transplants only. Treat small
plant bugs, whiteflies, cucurbits, onions & bulb (12) area to test for phytotoxicity
4) fungus gnat larvae, thrips, vegetables first.
beetles, leafminers
azadirachtin Immature stages of Most vegetables 0 Botanical insect growth
(Azatin XL, Azatrol EC, whiteflies, aphids and other including fruiting regulator); some products
Neemix, Ornazin, Azahar, | listed insects; fungus gnat vegetables and cucurbits, (4; 12 for | OMRI-listed.
Aza-Direct) larvae (as soil drench) herbs/spices and others Neemix | Can be applied via chemigation.
& Spray water pH should be
(18b) Ornazin) | between 5.5 and 6.5. May be
applied via a chemigation
system.
Bacillus thuringiensis Armyworms, beet Most vegetables 0 Lepidopteran larvae only — most
var aizawai (XenTari, armyworm, cabbage looper, including fruiting effective against early instars.
Agree) tomato fruitworm, vegetables and cucurbits, 4)
herbs/spices and others
(11)
Bacillus thuringiensis Fungus gnats (larvae only) All vegetables 0 Drench. Repeat applications
var israelensis (Gnatrol) 4) may be needed.
(11)
Bacillus thuringiensis Armyworms, beet Most vegetables 0 Lepidopteran larvae only — most
var kurstaki armyworm, cabbage looper, including fruiting effective against early instars.
(DiPel, Javelin, Deliver, tomato fruitworm, vegetables and cucurbits, 4)
Biobit) herbs/spices and others
(11)
Beauveria bassiana Aphids, thrips, whiteflies, All vegetables, 0 Slow acting, fungus infects
strain GHA (Mycotrol O, | certain other pests herbs/spices and others insects. Repeat applications at
BotaniGard ES, 5-10 day intervals may be
BotaniGard WP) 4) needed. Note storage and other
restrictions. Mycotrol is OMRI-
(NA) listed. Do not use BotaniGard
ES on tomatoes.
bifenazate Spider mites, clover mites Tomatoes 3 No more than 2
(Floramite SC) applications/crop/season
for tomatoes that are greater
(25) (12) than 1”7 in
diameter at maturity. Maintain
spray water pH 5.5 -6.5. Do
not use an adjuvant.
buprofezin Leafhoppers, mealybugs, Tomatoes 1 Insect growth regulator for
(Talus 40SC) whiteflies immature stages only.
(12) Maximum 2 apps/season at least
(16) 5 days apart. Will reduce egg

viability.

*Applications of insecticides in high tunnels may be considered equivalent to a greenhouse, depending on the state’s definition of “high
tunnel”. Check with your state’s pesticide regulatory agency for an interpretation concerning use of pesticides in high tunnels. Always
read and fully understand a product label before applying any pesticide.

NA: Not Applicable

table continued next page
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INSECTICIDES AND MITICIDES LABELED FOR GREENHOUSE

Table E-11. Insecticides and Miticides Labeled for Use on Greenhouse* Vegetables (table continued)

Product Target Pests Labeled Crops Days to Comments
active ingredient, Harvest
product name(s), and
and (REI
(IRAC Classification) [hrs])
chlorfenapyr Caterpillars, spider mites Tomato, tomatillo, 0 Do not use on tomato varieties
(Pylon) (Tetranychus spp.), broad ground cherry, peppers, with mature fruit less than 1 inch
mites, western flower and eggplant, pepinos (12) in diameter. No more than 3
(13) melon thrips applications per crop.
dinotefuran Aphids, leafminers, Cucurbits, fruiting 1 (all but | One application/crop. For
(Safari 20 SG) mealybugs, whiteflies vegetables, head and stem leafy) vegetable transplants only. May
brassicas, leafy be applied via a chemigation
4) vegetables 7 (leafy) | system.
(12)
etoxazole Spider Mites Tomatoes only 1 Do not make more than 2
(TetraSan 5WDG) (12) applications per season. Do not
(10B) use with an adjuvant.
fenpyroximate (Akari) Two spotted spider mites Cucumbers 7 One application per growing
(suppresses whiteflies) season. Do not use adjuvants.
(21A) (12)
iron phosphate Slugs and snails All vegetables 0 OMRI-listed. Bait; scatter
(Sluggo-AG) around plants or perimeter of
(Escar-Go) (0) plantings.
imidacloprid Aphids, fungus gnat larvae, Cole crop