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If you are having a medical emergency after using
pesticides, always call 911 immediately.

Pnlsnn In Case of an Accident
e Remove the person from exposure
e Get away from the treated or
contaminated area immediately
e Remove contaminated clothing
e Wash with soap and clean water
® e Call a physician and/or the

National Poison Control Center
1-8““-222.1222 (1-800-222-1222).
Your call will be routed to your
State Poison Control Center.
e Have the pesticide label with you!
e Be prepared to give the
EPA registration number to the
responding center/agency




Preface

NOT TO BE USED BY HOME GARDENERS

This copy of the 2024/2025 Mid-Atlantic Commercial Vegetable Production Recommendations replaces all
previous editions of the Commercial Vegetable Production Recommendations published individually for
Delaware, Maryland, New Jersey, Pennsylvania, Virginia, and West Virginia. Information presented in this
publication is based on research results from the University of Delaware, the University of Maryland, Rutgers - The
State University of New Jersey, The Pennsylvania State University, Virginia Polytechnic Institute and State
University, West Virginia University, Delaware State University, Cornell University, the U.S. Department of
Agriculture, and other institutions, combined with industry and grower knowledge and experience.

This publication will be revised biennially. In January 2025, a Critical Update with important updates
for this publication will be communicated through local Extension Agents and Vegetable Specialists.
The editors welcome constructive criticism and suggestions from growers and industry personnel who may wish to
help improve future editions of this publication.

These recommendations are intended for the commercial vegetable grower who has to make numerous
managerial decisions. Although the proper choices of variety, pesticides, equipment, irrigation, fertilizer, and
cultural practices are 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 vegetable specialists for guidance.

Disclaimer

o The label is a legally-binding contract between the user and the manufacturer.
e The user MUST follow all rates and restrictions as per label directions.
e The use of any pesticide inconsistent with the label directions is a violation of Federal law.

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 Extension
Agent or another recognized authority. 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 pesticides inconsistent with label directions is illegal.

Days Between Last Application and Harvest

The minimum number of days between the last application and harvest (PHI, Pre-Harvest Interval, in days) and
reentry information (REI, Restricted Entry Interval, in hours) are listed in the herbicide, insecticide and fungicide
recommendation tables in chapter F Commodity Recommendations. Always follow the label to avoid the
occurrence of deleterious chemical residues on harvested crops.

Trade or Brand Names

The trade or brand names given herein are supplied with the understanding that no discrimination is intended, and
no endorsement 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.
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State Extension Information

DELAWARE

University of Delaware

University of Delaware Cooperative Extension: https:/www.udel.edu/canr/cooperative-extension/

Mid-Atlantic Commercial Vegetable Production Recommendations: publication EB137

Vegetable Program Trial Reports, Publications, and Budgets:
https://www.udel.edu/academics/colleges/canr/cooperative-extension/sustainable-production/commercial-
crops/vegetable-crops/

Weekly Crop Update Newsletter: https.//sites.udel. edu/weeklycropupdate/

Delaware Insect Pest Management, Trial Reports, Insect Trapping Program:
https://'www.udel.edu/academics/colleges/canr/cooperative-extension/sustainable-production/pest-management/
UD Plant Diagnostic Clinic: Attps.//www.udel.edu/academics/colleges/canr/cooperative-extension/sustainable-
production/plant-diagnostic-clinic/

University of Delaware Weed Science:
https.//www.udel.edu/academics/colleges/canr/cooperative-extension/sustainable-production/weed-science/

Statewide

Emmalea Ernest, Extension Specialist, Vegetables & Fruit, 302-856-7303, emmalea@udel.edu
Mark VanGessel, Extension Specialist, Weed Science, 302-856-7303, mjv@udel.edu

Alyssa Koehler, Extension Specialist, Plant Pathology, 302-856-7303, akoehler@udel.edu
David Owens, Extension Specialist, Entomology, 302-698-7125, owensd@udel.edu

Jill Pollok Plant Diagnostician, 302-831-1390, jillp@udel.edu

County Offices

New Castle County: Carrie Murphy, 302-831-2506, cjmurphy@udel.edu
New Castle County: Nick Adams, 302-831-2506, naadams@udel.edu
Kent County: Drew Harris, 302-730-4000, raharris@udel.edu

Sussex County: Tracy Wootten, 302-856-7303, wootten(@udel.edu
Sussex County: Cory Whaley, 302-856-7303, whaley@udel.edu

MARYLAND

University of Maryland

Maryland Vegetables: https://extension.umd.edu/mdvegetables

University of Maryland Plant Diagnostic Lab: https.//extension.umd.edu/plantdiagnosticlab

University of Maryland Fruit and Vegetable News: Ahttps.//extension.umd.edu/programs/agriculture-food-
systems/program-areas/fruit-vegetable-production/vegetable-fruit-news

Maryland Fruit & Vegetable Farm Blog: https.//blog.umd.edu/umefruitveg/

Extension en Espafiol: Attps.//extensionesp.umd.edu/

University of Maryland Extension Agriculture & Food Systems Directory:
https.//agnr.umd.edu/about/directory/agriculture-food-systems

Statewide

Kurt Vollmer, Weed Management Specialist, kvollmer@umd.edu, Wye Research and Education Center
Cerruti R. R. Hooks, IPM and Insect Ecology, crrhooks@umd.edu, Dept of Entomology

Galen Dively (Emeritus), Entomology and IPM, galen@umd.edu

Mengjun Hu, Small Fruit Disease Management, mjhu@umd.edu

Karen Rane, Plant Diagnostician, 301-405-1611, rane@umd.edu
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State Extension Information

NEW JERSEY

Rutgers, The State University of New Jersey

New Jersey Agricultural Experiment Station: https://njaes.rutgers.edu/ag/

Fact Sheets and Bulletins: https.://njaes.rutgers.edu/pubs/

Plant & Pest Advisory: https://plant-pest-advisory.rutgers.edu

Mid-Atlantic Commercial Vegetable Production Recommendations: publication E001
https://njaes.rutgers.edu/pubs/publication.php ?pid=e001

Rutgers Pest Management Office: https.//pestmanagement.rutgers.edu/

Rutgers NJAES Extension Specialists and IPM Program Personnel

For a complete listing see: https://njaes.rutgers.edu/extension-specialists/

Thierry Besangon (Weed Science), A.J. Both (Controlled Environmental Engineering),

George Hamilton (Pest Management), Pat Hastings (Pesticide Safety Education Program Coordinator),
Joseph Heckman (Soil Fertility), Kris Holmstrom (Vegetable IPM Research Project Coordinator),

Jim Simon (Plant Biology), C.A. Wyenandt (Vegetable Pathology)

Rutgers Cooperative Extension County Agricultural Agents/Program Associates* with
Vegetable Responsibilities

For a complete listing of county offices and agents see: https://njaes.rutgers.edu/county/
Atlantic County, Richard VanVranken, 609-625-0056, vanvranken@njaes.rutgers.edu
Burlington County, Kate Brown*, 609-265-5050, kbrown@njaes.rutgers.edu

Cape May County, Jennifer Sawyer*, 609-465-5115, sawyer@njaes.rutgers.edu

Gloucester County, Michelle Infante-Casella, 856-224-8040, minfante@njaes.rutgers.edu
Mercer County, Meredith Melendez, 609-989-6830, melendez@njaes.rutgers.edu
Middlesex County, William Hlubik, 732-398-5262, hlubik@njaes.rutgers.edu

Monmouth County, William Errickson, 732-431-7260, william.errickson@njaes.rutgers.edu
Morris County, Peter Nitzsche, 973-285-8304, nitzsche@njaes.rutgers.edu

Rutgers Vegetable Working Group Directory
For complete listing and contact information see:
https://nj-vegetable-crops-online-resources.rutgers.edu/ and go to “members” section.

Rutgers NJAES Plant Diagnostic Lab and Nematode Detection Service
https://njaes.rutgers.edu/plantdiagnosticlab/; rutgerspdl@njaes.rutgers.edu
20 Indyk-Engel Way, North Brunswick, NJ 08902, phone: 732-932-9140, fax: 732-932-1270

Rutgers Soil Testing Lab https://njaes.rutgers.edu/soiltestinglab/
57 US Highway 1, New Brunswick, NJ 08901, phone: 848-932-9295, soiltest@njaes.rutgers.edu

Rutgers NJAES Pesticide Safety Education Program
https://pestmanagement.rutgers.edu/PAT (pesticide manuals, record forms, regulations, and safety)

https://pestmanagement.rutgers.edu/worker-protection/ (WPS training videos and regulations),
phone 848-932-9802

Rutgers NJAES OCPE Pesticide Applicator Certification Exam Registration (PACER)
https.//pacer.rutgers.edu/index.php, phone: 848-932-9271 Option 7; email: pacer@njaes.rutgers.edu
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State Extension Information

PENNSYLVANIA

The Pennsylvania State University

Penn State Extension, including publications, fact sheets, and more: Attp://extension.psu.edu

Mid-Atlantic Commercial Vegetable Production Recommendations: publication AGRS-028:
https://extension.psu.edu/mid-atlantic-commercial-vegetable-production-recommendations-sections and
https://extension.psu.edu/catalog/product/view/id/21333/s/commercial-vegetable-production-recommendations/
Penn State Vegetable Production: Attps.//extension.psu.edu/forage-and-food-crops/vegetables (click on

the “News” button to see recent articles related to vegetable and small fruit production)

Penn State Vegetable Team Directory
For a complete listing and contact information of Extension offices throughout Pennsylvania, see:
https://extension.psu.edu/county-offices

Plant Disease Clinic: Attps.//plantpath.psu.edu/about/facilities/plant-disease-clinic
220 Buckhout Laboratory, University Park, PA 16802, phone 814-865-2204 PlantClinic@psu.edu

Insect Identification Laboratory:
https://ento.psu.edu/about/contact/instructions-for-insect-identification-requests, 501 Agricultural Sciences
and Industries Building, University Park, PA 16802, phone 814-865-1895 entomology@psu.edu

Agricultural Analytical Services Laboratory: https.//agsci.psu.edu/aasl,
111 Ag Analytical Services Lab, University Park, PA 1682, phone 814-863-0841, aaslab@psu.edu

VIRGINIA

Virginia Tech & Virginia State University

Virginia Cooperative Extension (VCE): https.//ext.vt.edu/

VCE Publications and Educational Resources: https.//ext.vt.edu/agriculture.html and Mid-Atlantic Commercial
Vegetable Production Recommendations: publication 456-420 https://www.pubs.ext.vt.edu/

Virginia Tech Pesticide Programs (VTPP): https://vtpp.ento.vt.edu/

Virginia Extension Specialists

Douglas S. Higgins, Assistant Professor, Plant Pathology, 757-807-6584, doughiggins@vt.edu
Thomas P. Kuhar, Professor, Entomology, 540-231-6129, tkuhar@vt.edu

David B. Langston, Jr., Professor, Plant Pathology, 757-657-6450, dblangston@vt.edu

Lorena Lopez, Postdoctoral Associate, Entomology, 954-529-9042, lorelopezq257@vt.edu
James A. Parkhurst, Associate Professor, Wildlife, 540-231-9283, jbparkhur@vt.edu
Emmanuel Torres Quezada, Assistant Professor, Horticulture, 352-682-0708, etorres@vt.edu
Mark S. Reiter, Professor, Soils and Nutrient Management, 757-807-6576, mreiter@vt.edu
Steve L. Rideout, Professor, Plant Pathology, 540-231-3197, srideout@vt.edu

Jayesh B. Samtani, Associate Professor, Small Fruit, 757-363-3901, jsamtani@vt.edu

Vijay Singh, Assistant Professor, Weed Science and Precision Agriculture, 757-807-6579, vijaysingh@vt.edu
Laura K. Strawn, Associate Professor, Food Science, 540-315-4925, Istrawn@vt.edu

James Wilson, Apiculturist, 540-231-2168, keepbees@vt.edu

Plant Disease Clinic Attps://spes.vt.edu/affiliated/plant-disease-clinic.html
Virginia Tech, 106 Price Hall, 170 Drillfield Drive, Blacksburg, VA 24061-0331
Phone: 540-231-6758, clinic@vt.edu

Or contact the local VCE: https://ext.vt.edu/offices.html

Insect Identification Lab Attps.//www.ento.vt.edu/idlab.htm!

205A Price Hall, 170 Drillfeld Drive, Virginia Tech Blacksburg, VA 24061-0319
Phone: 540-231-4899, insectidlab@vt.edu

Or contact the local VCE. https.//ext.vt.edu/offices.html
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State Extension Information

WEST VIRGINIA

West Virginia University Extension Service:
https://extension.wvu.edu/agriculture/horticulture

West Virginia University Extension Specialists

Lewis W. Jett, Ph.D., Extension Horticulture Specialist, 304-293-2634, Lewis.Jett@mail. wvu.edu

Rakesh S. Chandran, Ph.D., Extension Weed Specialist and IPM Coordinator, 304-293-2603,

RSChandran@mail wvu.edu

Mahfuz M. Rahman, Ph.D., Extension Plant Pathology Specialist, 304-293-8838, MM.Rahman@mail wvu.edu
Carlos R. Quesada, Ph.D., Extension Entomology Specialist, 304-293-8835, carlos.quesada@mail. wvu.edu

Plant Diagnostic Clinic
https://extension.wvu.edu/lawn-gardening-pests/vlant-disease/plant-diagnostic-clinic
G102 South Ag. Sciences Building, PO Box 6108, Morgantown, WV 26506-6108
Phone: 304-293-8838/288-9541, mm.rahman@mail. wvu.edu

Soil Testing Lab

https://soiltesting. wvu.edu

1309-B Agricultural Sciences Bldg., PO Box 6108, Morgantown, WV 26506-6108,
Phone: 304-293-6023, infoplantsoil@mail wvu.edu
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Abbreviations and Acronyms

Units of Measurement

/A per acre

bu bushel(s)

°C degrees Celsius

cc cubic centimeter(s)
cu ft cubic foot (feet)
cuyd cubic yard(s)

cwt hundredweight

d day(s)

°F degrees Fahrenheit
ft foot (feet)

fl oz fluid ounce(s)

g gram(s)

gal gallon(s)

gpm gallons per minute
h hour(s)

in inch(es)

Ib pound(s)

min minute(s)

mph miles per hour

0z ounce(s)

ppm parts per million
psi pounds per square inch
pt pint(s)

qt quart(s)

sq ft square foot (feet)
tbs tablespoon(s)

tsp teaspoon(s)

wk week(s)

yr year(s)

Product Formulations

A acid

CS capsulated suspension
D dust

DF dry flowable

DP dry prill

DS dry salt

E emulsion

EC emulsifiable concentrate
ES emulsifiable suspension
EW emulsion in water

F flowable

FC flowable concentrate

FL fluid

FM flowable micro-encapsulated

G granule

X1i

Product Formulations (continued)

L liquid

LC liquid concentrate

LF liquid flowable

LFR liquid fertilizer ready
LV low volatile

ME micro-encapsulated
OF oil formulation

SC spray concentrate, soluble concentrate
SE suspoemulsion

SG soluble granules

SL soluble liquid

Sp soluble powder

W wettable

WBE water-based emulsion

WDG water-dispersible granules
WDL water-dispersible liquid
WP wettable powder

WS water soluble

WSB water-soluble bag

WSP water-soluble packet

ZC CS and SC mixture
Other

ae acid equivalent

ai active ingredient
AMS ammonium sulfate
AP at planting

COoC crop oil concentrate

FRAC  Fungicide Resistance Action Committee
HRAC  Herbicide Resistance Action Committee
IRAC Insecticide Resistance Action Committee

K potassium

K0 available potash
MoA mode of action
MSO methylated seed oil
N nitrogen

NIS non-ionic surfactant

OLF other labeled formulations
OMRI  Organic Materials Research Institute

P phosphorus

P»0s available phosphoric acid

PHI Pre-Harvest Interval (in days)

REI Restricted Entry Interval (in hours)
TR Toxicity Rating

WSSA  Weed Science Society of America
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1. Varieties

New varieties are constantly being developed throughout the world, and it is impossible to list and describe them
all; only those that are available and adapted to the Mid-Atlantic region are listed in this publication (see crop
sections in chapter F). This list of varieties was created based on research trials at universities in the Mid-Atlantic,
our observations of what farmers are growing, and conversations with seed company representatives. It is not a
comprehensive list. Check with your state Extension organization for science-based recommendations when
available. Farmers also select varieties by talking with other farmers and seed company representatives and going
to trade shows. We recommend evaluating new varieties on a small scale before planting them in a large area. The
ultimate value of a variety for a particular purpose is determined by the farmer based on performance under their
management, adaptation to site-specific environmental conditions, as well as having desired horticultural
characteristics for markets.

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

Days to Harvest: Choose varieties that meet market requirements based on days to harvest. Earliness is a major
selection factor for first spring plantings, and days to harvest are 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 (GDD), which are calculated for a specific crop using
daily highs and lows and a base temperature. GDD information for different vegetable crops, such as peas and sweet
corn, is available from seed suppliers and breeders.

Disease and Insect Resistance, Herbicide Resistance: The most economical and effective means of pest
management is through the use of varieties that are resistant or tolerant to diseases 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
your requirements. Herbicide resistant varieties of sweet corn are also available to allow for the use of post
emergence non-selective herbicides for weed control. 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 (bolting or disorders such as tuber heat necrosis
or frost tolerance); drought tolerance; resistance to wet weather (disorders such as cracking and edema); and
resistance to nutrient-related disorders such as blossom end rot, leaf tip burn, and hollow stem.

Horticultural Quality: Choose varieties that meet produce quality requirements for your market. Quality attributes
such as taste, texture, size, shape, color, uniformity, and defects often dictate variety selection. Grades, percentages
by grade, or pack-outs are key quality attributes for some markets. Variety test data such as soluble solids (sugars
or sweetness), acidity, pungency, fiber content, and consumer preference information can assist in variety selection
where available. Processing performance is a 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.
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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 (such as top set in beans);
and ease of harvest.

Adaptability: Successful varieties must perform well under the range of environmental conditions and production
practices commonly encountered on individual farms. Seasonal adaptation is another selection consideration. Note
that varieties listed under the “Recommended Varieties” section for individual crops in chapter F may not be adapted
to all areas of the region (e.g., mountain vs. coastal growing areas).

Market Acceptability: The harvested plant product must have characteristics desired by both you and your buyers.
Consider the requirements or desires of consumers, packers, shippers, wholesalers, retailers, or processors. Included
among these qualities are flavor, pack out, size, shape, color, culinary qualities, nutritional quality, or processing
quality. Specialty markets such as ethnic markets, restaurants, or gourmet sales will have very specific variety
requirements. Many vegetable seed companies offer varieties that are transgenic or “GMO” (genetically modified
organisms). 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 an animal. This foreign DNA is either the direct source of a new
trait such as herbicide, disease, or insect resistance or is needed to assist the gene insertion process. GMO products
in the food chain are of concern to a portion of consumers and buyers. Be aware of potential 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. Companies frequently replace varieties with newer ones. In the Mid-Atlantic, variety
selection often requires special regional consideration due to the wide range of climatic variations. There are many
sources of information for farmers 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. Check results from replicated trials and
multiple sites, if available. Trials conducted in similar soils and environments and local trials are the most reliable
indicators of what will have the potential to perform well on your 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-scale
trial plantings for 2 to 3 years on your farm 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 Listed in Tables

If a specific disease (or insect) is a serious threat to a vegetable crop, genetic resistance is an effective and often
low-cost strategy for disease avoidance. Pathogens are highly changeable, and a resistant variety that performs well
in one year may not necessarily continue to do so. There are cases where purported resistance to pathogens breaks
down. This may be due to genetic shifts in the pathogen, the development of different strains and races of disease-
causing organisms, or environmental conditions that favor the organism or reduce natural plant resistance. In
Chapter F, variety tables, disease and insect resistances and tolerances are listed in the tables and footnotes. The
disease, insect, or insect reactions listed in this book are from seed companies or university trials, as noted, and are
not necessarily verified by Cooperative Extension.

2. 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 + 60%
relative humidity. Ideal storage conditions for most seeds are at a temperature of 35°F (2°C) and less than 40%
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. When storing
coated/pelleted seed, perform a germination test to assess viability before using in subsequent seasons.

Corn, pea, and bean seeds 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.
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3. Specialty Vegetables

Niche Marketing

The term ‘specialty vegetables’ refers to a broad range of crops that are sold in niche markets. They are sometimes
called ‘exotic’ as they represent a class of vegetables unlike standard tomatoes, peppers, beans, peas, sweet corn,
etc.; ‘alternative’ because they represent new enterprises that traditional vegetable growers might try; or ‘designer
veggies’ that allow the consumer to be creative with their presentation. Recently, the term 'ultra-niche crops' was
created to describe very high value specialty crops that provide opportunities to help beginner/small farmers get
established. Most fresh-market specialty vegetables and herbs fit this description.

Specialty vegetables can be described as new or unusual manner in which they are grown (aeroponic,
hydroponic); by the color, shape or flavor of the varieties grown (red and oakleaf lettuces, pear tomatoes, heirloom
varieties, or unusual greens like radicchio); by their size (baby, miniature, micro); or by their diverse origins and
demand (Asian crucifers and cucurbits, Hispanic peppers, African greens and eggplants).

Specialty Vegetable Markets

Developing a marketing plan is important for any business and is essential to success with specialty vegetables.

Important points to consider include:

» Before planting, know where you will be selling your crop.

* Understand all the quality, grading and packaging requirements, and costs for various market outlets (similar
ethnic groups may want different varieties/types of the same crop, use the same/similar names for different types
of crops, or different names for the same crop).

* Determine consumers will want it when you can produce it.

» Assess the costs of production, especially the time and labor required. Conduct on-farm trials to help determine
varieties and production systems. Small plantings can help work out problems that can be resolved easily.
Accurate records of small plantings can be used to estimate costs and returns for full-scale plantings.

* Increase production as demand grows, but be aware of competitors entering the market (prospective buyers, state
and federal crop reporting agencies, and local Extension workers can be good sources of information);

* Project the impact that various levels of competitive supply will have on price to determine if returns will pay for
any required capital costs over a specified time period.

» Understand that a specialty crop enterprise may not be limited to a single vegetable but may include a group of
complimentary crops that fill a market niche. Several different crops may be required to gain a foothold in the
market.

A successful specialty produce business requires knowledge and experience. It is advisable to start small and build

the business gradually. Understanding marketing for specialty crops is the first step toward making profitable

production decisions.

The following sections describe production practices for specialty vegetables grouped by the general market
outlets for the specific crops directing the producer’s attention to that critical part of the decision process.

Organic and Hydroponic Production: Organic and hydroponic production which, in and of themselves, create
niche-market specialty crops are not the focus of this guide, but most, if not all of the crops described, can be grown
using ‘organic’ practices, i.e., those approved under the USDA National Organic Program. Where appropriate,
organic practices and pest control options are provided under each crop throughout this guide (see also section A 4.
Organic Production). Using ‘hydroponic’ techniques to grow crops in a nutrient solution, usually within a controlled
environment such as a greenhouse, is also suitable for many vegetable crops where there is sufficient market demand
to justify the capital investment. Both production systems require selling to specific niche markets where demand
provides the greatest return. 'Hydroponic' specialties should be marketed on their own unique qualities. If producing
crops organically check with the certifying organization for requirements.

World Crops: Unfamiliar vegetables that are not conventional in North American markets but are culturally
appropriate to many new immigrant populations that have settled throughout the Mid-Atlantic and Northeast
provide opportunities for specialty produce farmers to cater to these ethnically diverse consumers. Major retailers
are responding to these population shifts as well creating sales opportunities for both retail and wholesale growers.
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It is critical to understand the ethnic community for which you will be growing to make the correct crop and
variety selections, harvest at the correct stage, and to package in appropriate containers. The worldcrops.org website
is designed to help growers exploring ethnic crop markets understand the nuances of marketing to such diverse
groups (Table A-1). For example, peppers/chilis are popular Hispanic vegetables, but Hispanic consumers from
different countries, even different regions of the same country, may prefer very different types of peppers.

Likewise, eggplant is very popular in many Asian and African cuisines, but in Indian, a small, egg size, pink
'brinjal' eggplant is preferred, while in China and Japan, consumers look for long, slender fruit. People in various
African countries consume a white or pale green, medium-sized eggplant (a little smaller than the traditional
Italian/Sicilian eggplants) that many call 'Bitter Ball' or ‘Garden Egg’. A similar eggplant consumed in Brazil is
called ‘Gilo’. West Africans also use a pea-sized, red eggplant for medicinal purposes, known as the 'Ghanan pea'
in most countries. That unusual eggplant is called 'Kiteley' in Liberia, while 'Kitley' is the termed used for the 'Bitter
Ball' eggplant in Ghana.

Table A-1. World Vegetable Crops for Mid-Atlantic Growers
(see https.://worldcrops.org/ for more information)

Vegetable Types | Community Culturally Appropriate Crop Name
Solanaceous Brazil Gilo
Eggplant West Africa Bitter Ball, Kiteley, Ghanan Pea
India Brinjal
France Aubergine
Pepper/Chili Mexico Habanero
Dominican Republic Aji Dulce
Husk Tomato Mexico Tomatillo
Cruciferous China, Southeast Asia | Napa/Chinese Cabbages, Pak Choys, Mustards, Flowering Broccoli
Other Greens West Africa Jute
India Fenugreek (Methi)
Mexico Purslane (Verdolaga)
Universal Amaranth, Roselle, Malabar Spinach

“Designer Veggies:” Coined to describe unusual produce used by creative chefs to decorate gourmet plates with
more than a traditional garnish, “designer veggies” can be any crop grown for its size, shape, color, texture, or
flavor. Types of “designer veggies” may include, but are not limited to, any/all the crops described in the following
sections. They are usually ‘trendy’ crops that help celebrity chefs stand out from the crowd, so one year’s hot item
may be a slow mover a year or two later, especially if several growers add more plantings. Radicchio can be
considered one of the original “designer veggies”. When it appeared in produce aisles in the mid-1980s there was
nothing like its bright red leaves with contrasting white veins and strong bitter flavor. Radicchio leaves are now
common ingredients in many salad mixes, and studies have shown that it qualifies as a nutrient-dense ‘super food’.
Coupling nutritional qualities with its ability to stand up to cooking in a variety of ways, along with increasing
attention by food marketers, radicchio may once again be propelled into “designer veggie” status.

Success in the “designer veggie” business requires working closely with chefs and gourmand customers, paying
close attention to food and trade publications and TV, attending produce and gourmet food shows, and being able
to grow and deliver small quantities of labor-intensive produce.

Baby, Miniature and Micro Vegetables

Variety Selection

Demand continues for smaller vegetables among gourmet, restaurant, and specialty food outlets. Micro-greens are
a trendy niche crop that are popular among small/beginner farmers. Micro-greens are seedling plants consumed at
a stage (stem and cotyledon as 1 or 2 true leaves appear - smaller than transplant seedlings) between sprouts (roots
and unopened cotyledons) and baby sizes (immature root vegetables or the first 2-4 true leaves of many greens).
Micro-greens are cut above the soil line, so no roots or seed coats typically found in sprouted crops are included.
Many types of vegetables can be harvested at these immature stages and sold as baby or micro-vegetables
(Table A-2). There are other cultivars of vegetables which mature smaller than standard types of the same vegetable.
These are referred to as miniatures and are grown to full maturity. Most seed companies offering specialty
vegetables now also list specific varieties for micro-greens or baby production, in addition to miniature varieties.

4
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Table A-2. Baby and Miniature Vegetable Varieties and Harvest Stage

Vegetable | Harvest | Baby Harvest Varieties Miniature Varieties
Type Stage!
Beans IF Filet bean types Maxibel
Beets IR, G Any beet harvested at a small stage Baby Beet
Carrots IR Round types, short types Adelaide, Atlas, Aranka, Mokum
Corn IF Any sweet corn variety harvested within 3 days of silk emergence | Baby Asian Corn
- supersweet varieties with tendencies to produce multiple
ears/plant will increase yields
Eggplant | M Fingerling eggplant
Greens G Most greens, including mustards, cabbages (European and
Oriental), chicories, amaranth, etc. can be harvested at the 4-6”
stage. A mixture of baby greens and lettuces can be sold as
“Mesclun” salad mix.
Lettuce G Leaf types harvested before heading, Salanova varieties, one cut Little Gem types, Baby bibb types,
types Mini romaine types
Onions IR High density plantings of white, yellow, and red onions for pearl
onions
Peppers M Miniature Baby Bell peppers,
“snack” peppers, lunchbox peppers
Radish IR, G Early harvested radishes
Squash IF Scallop or patty pan types, ball types, early harvested zucchini or
yellow squash with blossom
Tomatoes | M Cherry, grape, and mini-pear tomatoes
Turnips IR, G White Asian types

TF=immature fruit, IR=immature roots (usually ¥ to 1-inch diameter), G=greens (usually 4-6 inches and before head formation),
M=miniature mature fruit.

Culture

Micro-greens can be grown in protected culture for year-round, continuous harvesting. Typically, microgreens are
planted in the containers in which they will be shipped and/or sold, leaving the 'harvesting' to the end user (chef or
consumer). For wholesale customers, plastic transplant trays are lined with rock-wool/coir mats or a thin layer of
soilless mix upon which the seeds are spread. Similarly, consumer packages such as clamshells or lidded trays can
be used. Germination and 1 or 2 days of growth without light will cause the seedlings to stretch taller for easier
harvest. This is followed by 2-3 days in full light which will allow the plant to produce chlorophyll and a dark green
color. Un-cut micro-greens can then be delivered directly to chefs/consumers within a week to 10 days. Wheatgrass
is grown in a similar manner using untreated wheat seed.

Baby and miniature vegetables are planted and grown much the same as standard varieties. Plant spacing is one
major exception because miniatures are physically smaller and baby leaf and root crops are often harvested at the
stage a standard variety would be thinned. Higher plant densities are desirable to maximize production. Baby leaf
and some root crops can be grown in a solid bed by broadcast seeding since they will be harvested before crowding
becomes a factor, or they may be drilled in rows 4-6 inches apart and as many across a bed as will fit. Spacing of
miniature varieties will depend on the final size of the dwarfed plant. On the other hand, vegetables grown for their
fruit (seeds or pods) such as beans, corn and squash should be grown at standard plant spacing to maximize output
per plant. Crowding can affect the production of fruit, reducing yields, even if those fruit are to be harvested at an
immature stage.

Field fertility may be modified depending on the crop and harvest stage. Immature, baby vegetables are

harvested before they begin drawing significant amounts of nutrients from the soil. Most will perform with little
additional fertilizer beyond the reserves left from previous crops. Baby and miniature vegetables production can be
scheduled to provide continual year-round harvests by using high tunnels or greenhouses.
Harvesting baby and miniature fruiting vegetables is laborious and time-consuming as many are hand harvested
specially for small producers. Conversely, specialty equipment manufacturers, especially in Europe, have developed
efficient mechanical harvesters for baby greens. These tools may need to be used in conjunction with matched bed
shapers and other implements, so careful analysis of the market and size of production is required to justify the
added expense. Smaller scale manual and semi-mechanical harvest tools have been developed for smaller
operations.
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Post-Harvest Handling

Baby vegetables are immature crops at harvest-time and as such, both fruit and leafy crops tend to have higher
respiration rates and are more tender than when they reach maturity. Proper post-harvest handling procedures are
critical to maximize shelf-life. Gentle handling and special packaging from harvest on are required to reduce
bruising and dehydration. Rapid post-harvest cooling removes field heat and extends shelf-life. This may be
combined with triple washing to remove soil and field debris followed by spin-drying as a method of adding value
for leafy greens.

Plastic-lined cardboard boxes, clear plastic food-service containers (clamshells) and inflated, resealable, plastic
bags are common packaging options. The industry has settled on 3-pound plastic-lined, or wax treated, cardboard
boxes for the wholesale trade. Larger bulk boxes/lugs may be suitable to send these products to fresh-cut processors
who eventually repackage their finished products in consumer-oriented plastic bags or clamshell boxes. This
packing system allows modified atmosphere treatment to reduce decay while providing support throughout the bulk
package to reduce bruising/injury caused by the weight of the product itself. Micro-greens that are harvested at the
farm are offered the most protection by use of clamshell boxes. Determine the appropriate package for the intended
market.

Mesclun (French)/Misticanza (Italian)

Mesclun usually refers to mixed young/baby salad greens and herbs. Ingredients in mesclun blends vary, consisting
of many varieties of the crops listed in Table A-3. Seed companies sometimes sell pre-mixed selections for mesclun
production, but since different species emerge and grow at different rates, it is recommended to grow each separately
and mix after harvest. This allows the grower to create unique blends, as well as timing production to allow harvest
of similar stages of growth of each species.

Table A-3. Potherbs and Salad Greens
Leafy greens can be described simply as any plant grown for consumption of its fleshy leaves, petioles,
and/or stems, either raw (salad greens) or cooked (potherbs) (see also Greens section in chapter F).

Arugula Arugula, Astro, Darkita, Esmee

Asian Mustards Mibuna, Misuna, Mizuna, Pak Choy; Flowering Broccoli

Cabbages Red, Green and Savoy, Chinese Napa

Edible Flowers Nasturtium, Viola, Violets, Pansy

Herbs Parsley, Basils, Borage, Chervil, Chives, Fennel, Salad Burnet

Lettuces Iceberg, Romaine, Crisphead/Batavia, Leaf, Bibb, Boston

Other Composites Endive and Frisee, Escarole, Radicchio, Dandelion

Miscellaneous Beet tops and Chard, Belgian Endive, Mache/Corn Salad, Orach, Claytonia/Miner’s
Lettuce, Sorrel, Purslane, Pea tips, Nasturtium leaves

Mustards Cress, Mustard, Turnip tops, Watercress

Other Oriental Greens | Tricolor Amaranth, Shungiku Chrysanthemum

Spinach Usually Flat leaf varieties

Pest Control

Under Protected Culture Specialty vegetable production can be extended in the field using floating row covers or
grown nearly year-round using high-tunnels in most of the Mid-Atlantic states. Pests likely to be encountered in
high density plantings growing in high humidity are slugs, white flies, and botrytis. Slugs can be trapped and there
are parasites for controlling white flies. Maintaining constant air circulation and adequate ventilation to reduce
humidity within the plant canopy will reduce the incidence of botrytis. If making multiple harvests, carefully remove
all dropped cut leaves as botrytis and bacterial soft rot get started on injured tissue.

Weed Control

Weed control may be the most difficult aspect of baby leafy green and herb production. Selecting fields with low
levels of weed seedbanks and free of perennial species is important. Preventing weeds from producing seeds will
help with control in subsequent seasons. Herbicides must be labeled for the specific greens and herbs grown; consult
the weed control sections in this publication for herbicide recommendations for specific crops. Consult the herbicide

label to determine if the time between herbicide use and harvest is equal to or exceeds the required pre-harvest
interval (PHI).
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Use cultural weed control methods such as stale seedbeds or plastic mulch when applicable. Mechanical weed
control must be done in a planned, timely fashion. Most crops relying on mechanical weed control will require
multiple cultivations, which will be more difficult in high density plantings. Resort to hoeing and hand weeding
when necessary.

Insect Control

Careful crop monitoring is required to produce insect-free greens. Timing production and using physical insect
barriers such as floating row covers can effectively control insects on many of the shortest season crops. Longer
season crops usually require insecticides of some type to protect them from an array of root maggots, lepidopteran
larvae, aphids, thrips, flea beetles, and more. Additionally, crop rotation and prompt destruction of crop residue
help prevent buildup of flea beetles and other localized insect pests. Effective IPM scouting can identify pest
population changes and alert the grower when a pest control application may be required. Given the diversity of
crops within this group, there may be unexpected pests occurring on small plots of crop plants, making control even
more difficult. Read pesticide labels carefully to ensure that a product is registered for use on a specific specialty
crop. Many specialty vegetables fall under Crop Grouping labels. Consult the crop specific guidelines in this book
for pest control recommendations.

Disease Control

Scout plantings on a regular basis and adopt IPM practices that will help produce a disease-free crop. Use genetic
resistance to help limit potential losses due to disease. Many specialty vegetables fall under Crop Grouping labels,
therefore consult the fungicide label and crop guidelines in this book for disease control recommendations.

Many specialty vegetables, especially heirloom/ethnic types of eggplants and tomatoes, are not resistant to
common diseases that most modern hybrids have been bred to resist. Therefore, sanitation is critical to avoid
building up populations of these pests. Solanaceous crops are especially susceptible to soil borne root diseases such
as Verticillium and Fusarium, rarely seen in today’s hybrid crops, but they are re-emerging as serious pests in
heirloom/ethnic crops. In addition to sanitation, grafting a susceptible plant to a resistant rootstock may be an
alternative that allows the desirable, susceptible plant to be grown in infested soils. More information on grafting
can be found in “Grafting Vegetables” in section A 5. Transplant Production.

4. Organic Production

Organic sales in the U.S. continue to rise, creating an opportunity for certified organic farmers. Upfront costs can
be high, due mainly to certification costs, but returns can be higher than for vegetables grown using synthetic
fertilizers and pesticides. The United States Department of Agriculture (USDA) regulates the term “organic” to
ensure uniform standards are used and protect the industry from dishonesty. To become certified organic, you must
follow production and handling practices contained in the National Organic Standards (NOS; see
https.//www.ams.usda.gov/rules-regulations/organic) and be certified by a USDA-accredited agency such as the
Northeast Organic Farming Association of New Jersey (NOFA_ NI; https.//nofanj.org), Maryland Department of
Agriculture (https.//mda.maryland.gov/foodfeedquality/pages/certified md_organic_farms.aspx), or Pennsylvania
Certified Organic (PCO; https://paorganic.org/). If annual gross income from organic products is $5,000 or less, a
farm can be exempted from certification, but production and handling practices must follow the NOS and some
restrictions regarding labeling and combination with other organic products apply. Certified organic production
typically begins with a 3-year transition phase during which soil and farming practices are adapted to the NOS.
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 its full potential for profitability. Organic production is
knowledge- and management-intensive. Organic certification can increase market access. However, becoming a
certified organic farmer may require learning new production methods and documenting practices and materials
used through careful record keeping is mandatory. Test new products and methods on a small scale prior to
large-scale adoption. When implemented well, organic methods can improve soil quality and tilth through increased
numbers of soil microorganisms and improved organic matter recycling.
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 the 3-year transition phase?
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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 the above questions, organic production may be for you. If you are beginning the
transition phase from non-organic to organic production, consider a pre-transition phase if pest pressures are high
in the planting area. A pre-transition phase is a hybrid between organic and non-organic production. During the pre-
transition phase, synthetic pesticides are used along with organic-approved 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
https://extension.psu.edu/organic-vegetable-production.

5. Transplant Production

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

Producing quality transplants starts with disease free seed, a clean greenhouse and clean planting trays. Many
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. A number of virus diseases are transmitted by greenhouse insects.

Buy disease-indexed seeds if available. To reduce bacterial seed-borne diseases in some crops (e.g., tomatoes,
peppers, cabbages), seeds can be hot-water treated. For some crops, chlorine treatment can also be useful, but this
will not kill pathogens inside the seed. For more detailed seed treatment recommendations, see section E 4.3.
Disease Control in Seeds, Plant Growing Mix, and Plant Beds.

Prior to seeding in greenhouse areas, remove any weeds and dead plant materials and clean floors and benches
thoroughly of any organic residue. Shop vacuums are useful in removing debris from concrete and covered floors.
Irrigation systems should also be cleaned to remove dirt and microorganism buildup (biofilms). Growing benches
should be washed with a detergent to remove soil and residues. Growing areas should then be sanitized with an
antimicrobial compound.

Sanitizing Greenhouse Surfaces and Treatment of Flats and Trays:

There are several different groups of sanitizers that are recommended for plant pathogen and algae control in

transplant greenhouses. When possible/practical, rotation between these disinfectants is recommended. Make sure

to read and follow the label since these products have different properties:

* Alcohol (70% isopropyl) is an effective disinfectant that kills microbes on contact. Since it is volatile, its effect
is not long-lived. It is best suited for disinfecting propagation and grafting equipment such as knives or shears by
dipping or wiping.

* Quaternary ammonium chloride salts (Q-salts such as Green-Shield®, Physan 20®, KleenGrow™) are labeled
for control of fungal, bacterial, and viral plant pathogens, and algae. They can be applied to floors, walls, benches,
tools, pots, and flats as sanitizers.

* Hydrogen Dioxide, Hydrogen Peroxide, and Peroxyacetic Acid containing products (e.g., ZeroTol® 2.0,
OxiDate® 2.0, SaniDate®12.0 (all 3 are OMRI)) kill bacteria, fungi, algae, and their spores on contact. They are
labeled as disinfectants for use on greenhouse surfaces, equipment, benches, pots, trays, and tools.

¢ Chlorine bleach (sodium hypochlorite) may be used for pots or flats, but is not recommended for application to
walls, benches, or flooring. When used properly, chlorine is an effective disinfectant. A solution of chlorine bleach
and water is short-lived and the half-life (time required for 50 percent reduction in strength) of a chlorine solution
may be as little as a few hours. Bleach should be used in a well-ventilated area.

New flats and plug trays are recommended for the production of transplants to avoid pathogens that cause
damping-off and other diseases. If flats and trays are reused, they should be thoroughly cleaned and
disinfested as described below. Permit flats to dry completely prior to use. Styrofoam planting trays can
become porous over time and should be discarded when they can no longer be effectively sanitized.

Sanitizing Trays with Chlorine: First wash out all excess growing medium since organic matter will deactivate
the active chlorine ingredients quickly. Dip flats or trays several times in a labeled chlorine sanitizer at
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recommended rates (3.5 fl oz of a 5.25% sodium hypochlorite equivalent product per gal of water). Cover treated
flats and trays with a tarp to keep them moist for a minimum of 20 minutes. Wash flats and trays with clean water
or a Q-salts solution to eliminate the chlorine. It is important that the bleach solution remains in the pH 6.5-7.5
range and that a new solution is made up every 2 hours or whenever it becomes contaminated (the solution should
be checked for free chlorine levels at least every hour using test strips).

Transplant Production:

Transplant growth is affected by many factors including temperature, growing media, fertilization, water, and
spacing. A good transplant is grown under the best possible conditions. A poor transplant usually results in poor
crop performance. Transplant production includes germination, growth, and hardening off phases. Table A-4
presents optimum and minimum temperatures for seed germination and plant growth, the time and spacing (area)
required to produce a desirable transplant, and number of plants per square foot. Seedless watermelon transplant
production has specific requirements (see Watermelons in chapter F). Details on sweet potato plant production can
be found in chapter F Sweet Potatoes.

Making a Plant-Growing Mix:

Pre-mixed growing media are available commercially (see below), but a good, lightweight, disease-free, plant-
growing material can also be made from peat and vermiculite/perlite. The main challenge of making one’s own mix
is having uniform and consistent composition, but it can also be less costly. Formulas for simple mixes can be found
in chapter G Resources (Tables G-4 and G-5).

Table A-4. Temperature and Planting Recommendations for Transplant Production

Crop Optimum Minimum Weeks Square Number of 1020 tray
Day Night to Inch Plants per size
Temperature (F) | Temperature (F) | Grow per Plant Square Foot cells
Broccoli 65-70 60 4-7 2-3 48 72
Cabbage 65 60 6-7 2-3 48 72
Cauliflower 65-70 60 6-8 2-3 48 72
Celery 65-70 60 9-12 2-3 48 72
Cucumber! 70-75 65 2-4 4 36 50 0or 72
Eggplant 70-85 65 6-9 4 36 50 0or 72
Endive, Escarole 70-75 70 5-7 2 72 72 or 96
Lettuce 60-65 40 4-6 1 144 96 or 128
Melon' 70-75 65 2-4 4 36 50 0or 72
Onion 65-70 60 9-12 0.5-0.65 220-288 288 or 312
Pepper 70-75 60 7-9 2-3 48 72
Summer squash’ 70-75 65 2-4 4 36 50 0or 72
Tomato 65-75 60 5-6 2-3 48 50 0or 72
Watermelon (seeded)! | 70-75 65 34 4 36 50 or 72

ISeed directly in container; do not transplant prior to setting in the field.

Commercial Plant Growing Mixes:

Commercial media are available for growing transplants and are generally recommended to grow vegetable
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 have added lime and may or may not have a starter nutrient
charge (added fertilizer). Plants grown in mixes without fertilizer will require supplemental liquid feedings after
seedling emergence. Plants grown in mixes with added fertilizers will require liquid feeding starting 3-4 weeks after
emergence. If you experience problems with transplant performance, the growing medium should be sent to a testing
laboratory. It is recommended to mix 3 to 4 bags of commercial product together before filling trays. Baled
commercial mixes must be loosened before mixing. Before filling trays, medium should be moistened so that it
feels slightly damp but not wet. Medium should be used in the growing season in which it is purchased.

Transplant Trays and Containers:
Most transplants are grown in plastic trays with individual cells for each plant. Standard 10 x 20-inch plug trays (or
more commonly 11 x 22-inch) can have 32 to over 500 cells. Larger cell sizes (32, 50, or 72) are best used for vine
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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 lettuce and onions. Larger Styrofoam and
heavy plastic transplant trays are also available in similar cell sizes. Larger cells hold more growing mix/soil and
result in better transplant survival in the field but use more greenhouse space and it takes longer to produce the root
ball. 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
or trays are reused, disinfest as described previously.

Seed Planting and Germination:

Seeds that are over-sown in flats without cells to be “pricked out” (thinned or transferred bare rooted at a later date)
should be germinated in 100% vermiculite (horticultural grade, coarse sand size) or a plant growing mix. It is
recommended that no fertilizer is 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 liquid form and at one-half the rate
for any of the ratios listed in the “Liquid Feeding of Transplants” paragraph below. Seedlings can be held for 3 to
4 weeks if fertilization is withheld until 3 to 4 days before “pricking out.” These then can be transplanted into
individual cell trays or grown on to use as bare-root transplants. This system can be used for tomatoes, peppers,
eggplant, cole crops, and lettuce. Do not use this system for cucurbit crops.

More commonly, one seed is planted per cell directly in planting trays. Seed that is sown in tray cells, pots or
other containers 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. Minimum growing temperatures are listed in Table A-4. Germination rooms or chambers also
ensure 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, rigid polycarbonate, and polyethylene film) should be clean, clear, and in good repair. The ideal
greenhouse will provide good heating and ventilation systems for effective environmental control. For hot air
heating systems, place thermostats at plant level to maintain proper growing medium temperature. 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. Bottom-heating systems using circulating hot water, either
on the benches or on the floor, are better than hot air systems for germinating seeds and growing uniform transplants.
This system heats the area around the plants, not the whole greenhouse and can also result in reduced heating costs.

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 (see also Chapter C Irrigation Management, section C
3. Fertigation). For most crops use a formulation with lower P than N and K levels (e.g., 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 (e.g., watermelon, squash). 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, and 200 ppm N every other day from first true leaf to second true leaf.
For a less sophisticated way of applying nutrients, the following materials can be used for general use on
transplants. Over an area of 20 sq ft, use 1 to 2 oz of 20-20-20 dissolved in 5 gal of water, or 2 oz of 20-10-15
dissolved in 5 gal of water. Rinse leaves after liquid feeding. Applications should be made weekly using these rates.
When using starter solutions for field transplanting, follow the manufacturer’s recommendation. If
concentrations are above recommended levels, they can cause excessive growth and reduce transplant quality.
Highly concentrated nutrient solutions often can cause plant salt injury and leaf burning. Over-fertilized transplants
will often “stretch” and have impaired field survival. Caution: High rates of starter solution can become
concentrated and burn transplant roots when the soil becomes dry.
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Watering:
Keep mix moist but not continually wet. Water less when the weather is cloudy. 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 with a size that can be handled by mechanical transplanters or hand without damage, and that is tolerant
to wind.

Most growth regulators that are used for bedding plants are not registered for vegetable transplants. One
exception is Sumagic® which is currently registered for use as a foliar spray on tomato, pepper, eggplant, ground
cherry, pepino and tomatillo transplants. The recommended label rate is 0.52 to 2.60 fI oz/gal (2 to 10 ppm) and
1 gal should be sprayed so it covers 200 sq ft of transplant trays (use 2 qt per 100 sq ft). The first application can be
made when transplants have 2 to 4 true leaves. One additional application may be made at the low rate,
0.52 fl oz/gal (2 ppm), 7-14 days later, but do not exceed 2.60 fl oz 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 use.

For other crops, alternative methods for height control must be used, e.g., 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 after sunrise. By lowering the temperature during this 3 hour-period, plant height in many vegetables
can be modulated. Drop the air temperature to 50-55°F for 2 to 3 hours starting just before dawn, and then return to
60-70°F. Crops vary in their response to DIF, e.g., tomatoes are very responsive, while cucurbits are much less
responsive.

Mechanical movement can also reduce transplant height. This may be accomplished by brushing over the tops
of transplants twice daily with a tube, pipe or wand made of soft or smooth material. Brush plants when the foliage
is dry and if plant damage is seen then reduce the number of times you are brushing the plants. Crops responding
to mechanical height control include tomatoes, eggplant, and cucumbers. Tender plants such as peppers may be
damaged by this method.

For some vegetables, managing water can be a tool for controlling stretch. 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.

Maximizing the amount of light plants receive helps reduce plant stretch. Giving plants adequate space and
replacing plastic coverings as needed helps prevent reduction in light levels. Managing greenhouse fertilizer
programs is another method for controlling transplant height. Most greenhouse growing media come with a starter
nutrient charge, good for about 2 to 3 weeks after emergence. After that, apply fertilizers, usually with a liquid feed
program. Fertilizers that are high in phosphorus will promote transplant stretch.

Hardening:
It is recommended that transplants be subjected to a period of “hardening” prior to transplanting to the production

field. Reducing the amount of water, lowering temperatures, and limiting fertilizers causes a check in growth
(hardening) which prepares plants for field settings. 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-4. Too low temperature may injure plants and delay regrowth after transplanting. 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 period. Roll-out benches or wagons that can be moved outside of the greenhouse for
a portion of the day can be used for this purpose (see below).

A new tool is available for reducing transplant shock. The chemical 1-methylcyclopropene (1-MCP) which is
marketed as the product LandSpring reduces ethylene production and stress on young plants. Ethylene is the plant
hormone released when plants are injured or under stress, as is common during transplanting. Excess ethylene can
cause leaf drop and wilting and can increase transplant losses. 1-MCP blocks ethylene from causing damage.
LandSpring is labelled for broccoli, Brussels sprouts, cabbage, cantaloupe, cauliflower, cucumber, eggplant,
muskmelon, bell pepper, non-bell pepper, summer squash, tomato, and watermelon. Apply to seedlings 1-5 days
before transplanting,
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Common Problems:

Poor growth and yellow or stunted plants may be attributable to the greenhouse growing medium. Greenhouse
media manufacturers use good quality control measures, but things can go wrong, e.g., through inadequate mixing,
missing or the wrong proportions of critical components (wetting agents, fertilizers, lime), or defective components
(poor quality). Media can also be affected by poor handling and storage, most commonly when media are stored
outside and bales or bags get wet, or if stored past the shelf life. Old media often are dried out and hard to rehydrate.
If the medium is over a year old or possibly compromised, it should not be used (contact your supplier for
inspections and tests on any suspect media). Avoid using overly dry or caked media, media that are difficult to
loosen, media with a bad odor, waterlogged 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 carbonate concentrations).

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
drop the pH more rapidly. 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. To correct this situation, apply a liquid lime solution to the medium and irrigate liberally.

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.

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 (possible symptoms: leaf edge burn, “plant burn”,
plant desiccation). 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 salt concentrations are too high, leaching the growing media with water will be required.
Poor transplant growth or injury can also result from the following:

o Heater exhaust in the house caused by cracked heat exchanger, inadequate venting, use of non-vented heaters
Phytotoxicity from applied pesticides or plant growth regulator

Use of paints, solvents, wood treatments, or other volatiles inside the greenhouse

Use of herbicides in the greenhouse or near greenhouse vents

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:
Grafting is the act of joining two plants together. The upper part of the graft (the scion) becomes the top of the plant,
the lower portion (the rootstock) becomes the root system or part of the trunk. Grafting has resulted in increased
yields, fruit quality, and tolerance to abiotic and biotic stresses. Research on annual vegetable crops was limited
until the last decade when the grafting movement started in Asia and Europe. Grafting is used extensively in the
production of watermelon, cucumber, melon, tomato, and eggplant. Grafting can overcome tissue damage and/or
plant mortality caused by the soil-borne 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 insects and disease pests. Grafting is also used to impart additional
vigor to plants and to increase yields. Specific rootstocks have been developed for grafting the vegetables listed
above. Selection of rootstocks will depend on the specific goals for grafting. There are often many rootstocks
available. Consult your seed suppliers for more information.

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
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grower seeking to perform large-scale grafting should first consult technical resources, such as the websites in this
section. Upgraded facilities and employee training will likely be necessary.

Two successful and easily performed grafts are the tube and cleft graft. The tube graft uses a 45° cut in the
rootstock and the scion. The two pieces are subsequently joined together with the angles complementing each other
and held together with a clip. 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 %2 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. 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 ensure 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.

Cucurbits such as watermelons, cucumbers, and muskmelons are often grafted using the one-cotyledon splice
graft method. In this method, rootstock seedlings should have at least one true leaf and scion seedlings should have
one or two true leaves. With a single angled cut, remove one cotyledon with the growing point attached. It is
important to remove the growing point and the cotyledon together so that the rootstock seedling is not able to grow
a new shoot of its own after being grafted. Cut the scion and match the rootstock and scion cut surfaces and hold in
place with a grafting clip.

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 be increased, and the temperature controlled. Open
warm water pans or commercial humidifiers can be used to increase humidity. Propagation heat mats can be placed
on the floor to control temperature. 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 and keep scions from desiccating
while vascular tissue reconnects the scion and rootstock. After 5 to 7 days in the healing chamber, seedlings can
harden off in a greenhouse for several weeks before moving to the field. Grafting generally adds 2 weeks to seedling
production. Grafting can be performed at various plant growth stages ranging from the 2 true leaf stage on.

6. Conservation Tillage Crop Production (No-Till, Strip-Till)

Conservation tillage crop production systems are beneficial for a variety of reasons, but they require different
management than conventionally tilled soils. Some benefits from no tillage can be observed quickly, such as
reduced soil erosion, conservation of soil moisture, and reduction in fuel and labor costs. Others benefits occur over
time, such as reduction in soil compaction, improved soil structure, and increased soil organic matter. Eliminating
tillage can also influence weed and disease severity and produce cleaner harvested products in vegetables growing
on the ground.

Conservation tillage crop production systems can also pose several crop management challenges. Soil
temperatures do not warm up as quickly in the spring and this can affect seed germination, nutrient cycling from
crop residues, and transplant vigor. Type of crop residue, amount of residue, and desiccation timing all impact soil
temperature and should be taken into consideration. Modifications to planters and heavier equipment may be needed
to accommodate no-till production. Small-seeded crop species may be more difficult to plant in no-till systems.

Conservation tillage systems eliminate mechanical weed control. Since tillage used for seedbed preparation is
eliminated, fields receive additional herbicide treatments to control emerged weeds and vegetation prior to or at
planting. Thermal weed control (such as flamers) may be an option, but most other tactics (e.g., mowing) are not
effective. Interrow cultivation with no-till cultivators has been used with some success in conservation tillage
programs for weed management, but these implements are not readily available.

Nitrogen fertilizer must be managed properly when utilizing a conservation tillage production system. Crop
residues typically contain 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 incorporating nitrogen fertilizer with irrigation or rainfall should be considered to
reduce urea-containing fertilizer contact with urease.

Nitrogen management in conservation tillage systems must account for microbial “tie-up”. High levels of crop
residue, cover crops, or weed vegetation on the soil surface will result in microbes assimilating nitrogen and
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immobilizing it (i.e., it is unavailable to the crop). Research has shown that 25% or more nitrogen fertilizer may be
necessary in the initial conversion years from conventional to conservation tillage until the soil reaches an
equilibrium. Previous crop residue (type and amount), 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 considerations in conservation tillage
and has a significant impact on nutrient availability and toxicity. Mixing lime into the soil with tillage is not an
option with no-till systems, so consider adjusting 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.
Eventually, fertilizer, organic matter decomposition, and rain will lower soil surface pH, but changes to subsoil pH
will take a longer time. Continued liming based on soil test recommendations will maintain the proper pH.

Strip-till is a blend of tillage and no tillage within the same field. A narrow strip of soil is mechanically tilled
with specialized tools to incorporate fertilizers and plant residues, warm soils, and improve soil to seed contact. The
area between the crop rows is managed as no-till.

No-till and strip-till production systems often use cover crops to provide a mulch that the vegetable crops are
grown on. Rye, hairy vetch, crimson clover, and mixtures of theses crops provide biomass that forms this mulch.
Hairy vetch and crimson clover also provide nitrogen in the system. These mulches are often rolled with a roller-
crimper prior to planting to provide the mulch base.

Under conventional tillage the plant residue is incorporated into the soil. However, in no-till systems, the cover
crops may add additional plant residue that needs to be considered with management decisions such as preplant
vegetation control, slower soil warming, plant residue management at planting, and fertility management. The
amount of cover crop biomass (determined by when the cover crop is terminated) will dictate whether additional
management is necessary.

7. Mulches and Row Covers

A favorable environment for plant root systems can be achieved by using plastic mulches and drip irrigation.
Additional advantages of using row covers early in the season include increasing day time air temperatures and
holding ground heat over night. This improvement in temperature can speed plant growth resulting in an earlier
harvest. Mulches may discourage weeds and insect pests depending on the type.

Plastic Mulches: Black and white-on-black polyethylene film (0.75-1.25 mil) are the most popular mulches. Other
mulches include blue, red, green IRT and metalized. Black mulches are used to warm the soil and white-on-black
mulches are used to cool the soil. Different mulch colors and compositions impart new functional properties to
mulch. Green ‘IRT’ types increase soil temperatures more than black plastic and suppresses most weeds including
nutsedge. Results for other colored mulches such as red and blue 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, but 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 mulch color.

Soil fumigation may be used in conjunction with any type of plastic for weed, disease, and insect management,
depending on the fumigant label. 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 “virtually impermeable film” (VIF) mulches keep the fumigant in the ground longer which allows
for reduced application rates while maintaining efficacy. VIF mulches come in various colors for fall and spring
plantings. Consult the fumigant label for the allowable reduction in use rate under VIF mulch and plant back
restrictions. The cost of VIF mulches is higher than that of low-density mulches but this increase is usually offset
by the savings gained from reduced fumigant rates. Another mulch type has been developed that is more retentive
than VIF mulch, i.e., “totally impermeable film” or TIF. Soil fumigant use rates may be further decreased if used
in combination with TIF, consult the fumigant label (see also section E 1.5. Soil Fumigation).

Fertilization: Measure soil pH before considering a fertilization program for mulched crops. If a liming material is
needed to increase the soil pH, the material must be applied and incorporated into the soil as far ahead of mulching
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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 in the soil, but not available to the plants.

Ideally a drip irrigation system is used with plastic mulch. When using plastic mulch without drip 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 side dressing 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.

Applying some of the required N under the mulch and the remainder through the drip irrigation system is an
effective way to fertilize. If using drip irrigation, see “Drip/Trickle Fertilization” in the crop sections in chapter F
(i.e., eggplants, muskmelons, peppers, and tomatoes) for specific application rates.

Soeil Conditions for Laying Mulch: Soil texture should be similar, and plastic should be laid so that it is tight
against the soil in a firm bed for effective heat transfer. Prepare the soil by incorporating crop residues, minimizing
large soil clods, and removing rocks and other debris that could interfere with good contact between the soil and
plastic. Plastic can be laid flat against the ground or on raised beds. Raised beds offer additional soil 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 widely used.

Before any mulch is applied, check the soil moisture level. Optimally the soil moisture level is at or near field
capacity (field capacity is the amount of moisture left after a rain or irrigation event after surplus water has moved
out of the root zone by gravity). Being at field capacity is extremely important when drip irrigation is not used
because this moisture is critical for early growth of the crop plants as soil moisture cannot be effectively supplied
by rain or overhead irrigation to small plants growing on plastic mulch.

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 breakdown. 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. Most
of the biodegradable mulch will eventually degrade or fragmentize, including the buried tucked edges. However,
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 day after biodegradable
mulch has been disked into the soil. In 2012, the National Organic Standards Board passed a motion allowing the
use of ‘biodegradable bio-based mulch film’ provided that the mulch is ‘produced without organisms or feedstocks
derived from excluded methods’ and meet certain degradation standards (at least 90% degraded in 2 years or less).
However, currently only certain paper mulch products meet the organic requirements.

Field research has demonstrated that crop yields are comparable between biodegradable and non-degradable
plastic mulches. Growers may be apprehensive about the cost of biodegradable mulch and the unpredictability of
degradation rate. However, the initial cost is offset because disposal costs are eliminated. Below are some tips on
using biodegradable mulch (excerpted from A. Rangarajan, Cornell University):

e Storage: Buy what you need each year. Product performance will be best with new products; more rapid
degradation may be seen with older products. Store mulch rolls upright, on ends; pressure created from stacking
may lead to 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 plastic mulches (contrary to
recommendations for standard plastic that performs best when laid tightly over the bed). Stretching starts the
breakdown of the biodegradable mulch. and 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. If applied too far in
advance of planting, the mulch may not last as long as needed. Sunlight and moisture will start the breakdown.
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e 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 it 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. Mulches will
break down more quickly in soils with higher organic matter content.

Floating Row Covers and Low Tunnels: These systems are being used for frost, hail, and wind protection, to
hasten the maturity of the crop and to effectively exclude certain insect pests. Vented clear and translucent plastic
covers are being used in low tunnels, supported by wire hoops placed at 3 to 6 feet intervals in the row. Porous
floating row covers are made of lightweight spun fibers (polyester or polypropylene). They may be supported with
wire hoops, PVC pipes or metal conduit hoops for plants that require a higher volume to grow, or they can be placed
loosely over the plants without wire hoops for low growing plants such as vine crops and strawberries. Upright
plants have been injured by abrasion when the floating row covers rub against the plants.

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

Row covers are usually installed over plastic mulch using a combination of mechanical application and hand
labor. Equipment that will cover the rows in one operation is available. However, farmer-made equipment in
conjunction with hand labor is currently the most prevalent method used.

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

Plastic Mulch Removal: Several methods of plastic mulch removal 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, plastic mulch can be used for two
successive crops during the same season when care is taken to avoid damage to the film. Thin wall (4 to 8 mil) drip
irrigation tape cannot be removed and reused. However, high-quality, 16-mil drip tubing can be used a second
season if damage is minimal, and emitters do not become clogged. Crop foliage and weeds may hamper mulch
removal. Prior to replanting or removing mulch, vegetation may be eliminated by using herbicides (see specific
crop sections in chapter F), or delay removal until after frost.

Plastic Mulch Disposal: Dispose of plastic in an environmentally responsible manner. Disposal regulations vary
between states and municipalities. Contact your local solid waste authority for recommended methods of disposal
in your area. Some states have developed recycling programs for agricultural plastics; consult state authorities.

8. Staking and Trellising

Many vegetable crops benefit from the addition of structural supports in the field. The benefits include: 1) better
use of the available space and light; 2) improved air flow and 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 the cost
of materials, installation, removal, and disposal. Assess on a case-by-case basis if a structural support system is
desirable.

Structural support systems have been used successfully for fresh market slicing, cluster, grape and cherry
tomatoes, peppers, eggplants, cucumbers, climbing beans, and peas. The types of materials and how they are
assembled differ for each crop. Specifics of the design and installation are included in chapter F. If materials fail
during the growing phase, the resulting damage can be catastrophic. Use high quality construction materials and
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 seasons. Because stakes are in contact with the
environment and plant material, there is a significant probability that surfaces will become infested with pathogens,
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especially bacteria. If left untreated, infested stakes may re-introduce diseases into the field, although the extent of
this problem has not been determined. It is recommended that stakes are thoroughly disinfested before re-use.

The preferred (and most expensive) method of stake disinfestation is a heat treatment. Pathogens are 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 chlorine solutions (sodium hypochlorite) or
Oxidate® (hydrogen dioxide; see below). Research has shown that a 20-minute soak in a solution made of 5 to 20
parts by volume sodium hypochlorite (commercial bleach) to 80 to 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 to 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 within the stake may be able to migrate back to the surface and re-infest
plants, although this has not yet been demonstrated. To improve the effectiveness of procedures for removing
microbial pathogens from stakes, consider the following: Add a non-ionic surfactant to the disinfesting solution;
increase the soaking time to > 1 h; 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, fiberglass, or metal). Many growers have successfully used the
commercial product Oxidate® or chlorine dioxide to disinfest stakes. Oxidate® is OMRI listed and had been
demonstrated to be an effective control agent for several important plant pathogens. However, data on the efficacy
of this treatment as compared to using heat or commercial chlorine solutions are not available.

9. High Tunnels

High tunnels are relatively low-cost, plastic-covered structures which extend the traditional growing season and
protect the crop from stress. High tunnels are either freestanding or connected at the gutters to cover larger areas.
Freestanding tunnels are generally between 14-36 ft wide and up to 120 ft long. High tunnels are typically tall
enough for a person to 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 their function and design.
In the Mid-Atlantic region, year-round production of specialty crops is possible using freestanding high tunnels.

Taking the time to level the tunnel site prior to construction will make subsequent steps much easier. Spacing
between high tunnels should be approximately 1.5 times the height of the nearest structure to facilitate snow
removal, to provide for cross ventilation, and to reduce mutual shading. Runoff of rainwater from the structure
should be channeled into storage tanks or through drainage pipes to avoid backwashing of water into the high tunnel.
For freestanding high tunnels, metal bows approximately 1.75-2 inches in diameter are used as the support frame
for a single or double layer of polyethylene covering (typically 6 mil greenhouse plastic that lasts 3-4 years; a double
layer of plastic with an air gap between layers is especially recommended in colder areas and for growers wishing
to grow produce in winter). The metal bows are spaced 4 feet apart and are connected to metal posts, which are
driven at least 2 feet deep into the ground. End walls can have removable framing to allow the use of power tillage
and bed maker/mulch layer equipment within the tunnel.

A soil nutrient test should be conducted prior to constructing the high tunnel. 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 Chapter F). Avoid using excessive levels of organic amendments at one time such as
animal manure composts to avoid high concentrations of soluble salts and other nutrients such as phosphorus.

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 Chapter B Soil and Nutrient Management for more details. Make beds, if needed, and install
drip irrigation to supply moisture. Using a small bed maker/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
excessive heat buildup in tunnels. Shade fabric may be needed in areas with high summer temperatures.

For freestanding high tunnels, snow removal from the top of the tunnels may be necessary after heavy snowfalls.
Snow may need to be removed from the sides of the tunnels as well to reduce/eliminate outside water intrusion into
tunnels and collapse of tunnel sidewalls. Gutter-connected high tunnels are constructed with much lighter posts and
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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. Low-cost caterpillar tunnels
can be used for spring, summer and fall production. Hence, freestanding high tunnels allow for year-round
production while gutter-connected and caterpillar tunnels do not.

The keys to successful production of vegetables and other horticultural crops in high tunnels are crop
scheduling, fertilization, ventilation, and irrigation. Table A-5 provides a relative planting and harvesting 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 vegetable crops 2-4 weeks earlier than the
earliest planting date in the field on bare ground. If unusually cold night temperatures are experienced several days
to weeks after planting vegetable crops in high tunnels, 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 high tunnels until more
seasonal temperatures return.

The most critical component of the system is ventilation. In freestanding high tunnels, ventilation is
accomplished by rolling up the side walls to the batten boards, approximately 5-6 ft 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. The use of a ridge vent may
significantly reduce relative humidity and temperature fluctuations. Maintaining optimum growing conditions
inside high tunnels without having extreme fluctuations in temperature and/or high humidity conditions can lead to
early, high yielding and high quality 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 high tunnels.
Conventional tillage and establishment of crops may be efficient for cool season crops that can be direct-seeded or
transplanted such as, lettuce, onions, 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 24-48 inches may also be constructed in 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 high tunnel crops. These bags are placed
end-to-end in rows and on landscape fabric. Either one or two drip irrigation lines are inserted in planting holes in
each bag. Additionally, small holes are cut on the bottom of the bags for drainage. Warm season vegetables can be
grown using conservation or no till production practices within high tunnels. A winter cover crop is established the
previous fall and terminated with silage tarps or mowing. The cash crop can be planted directly in the mulch or
planted using woven ground cover as the mulch. High tunnel culture minimizes some diseases by reducing splash
dispersal. In addition, appropriate adjustment of the plastic sides will also minimize leaf wetness duration.

Some diseases are prevalent in high tunnel environments. Leaf Mold, Gray 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 soil borne
pathogens. Conventional fungicides and several fungicides approved for organic production 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-13
“Selected Fungicides 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 Greenhouses in New Jersey” (https://njaes.rutgers.edu/fs358/). This information is applicable to all states in
the Mid-Atlantic U.S. region.

Integrated Pest Management in High Tunnels is based on the principle of economic thresholds. Random plant
inspection and use of sticky cards is encouraged in the semi-enclosed plant production spaces. The hot and dry
environment can elevate certain pest problems as compared to the field situation. Many studies show that the use
of beneficial insects or mites biocontrols is an effective pest management technique in high tunnels. It is important
to know the right biocontrol agent, recommended release times and adequate temperatures and humidity at which
they function best. Using habitat plants and banker plants in a biocontrol program is beneficial and contributes to
plant diversity in the high tunnels.
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Table A-5. Planting and Harvesting Schedule for Freestanding High Tunnel Vegetable Crop Production

Crop Method' Average High Tunnel Average High Tunnel
Planting Dates Harvest Dates

Beet TRP or DS February-April; August-October 15 October-May

Bean (Snap) TRP or DS April-September 1 June-October

Bok Choi TRP or DS February-November Year-round

Broccoli (crown) TRP or DS March-April; August May-June; October- November

Broccoli (sprouting) TRP or DS March-April; August-October May-June; October-April

Cabbage (Chinese) TRP or DS February 15-April 15; August 1-September 30 | April-June; October-December 10

Cabbage (Green) TRP or DS March 15-May 15; August-September May-December

Cantaloupe TRP or DS March 21-July June-October

Carrot DS February 1-April 15; August-October March-June; November-April

Cauliflower TRP or DS March 15-April 15; August May-June; October-December 10

Chard TRP or DS Year-round Year-round

Collards TRP or DS March-April; August-September April-May; October-February

Cucumber TRP or DS April-September 1 May-October

Eggplant TRP April 15-August 15 July-October

Garlic DS October-November June-August

Kale TRP or DS January-April 15; August-November 1 February-June; September-January

Kohlrabi TRP or DS March-April; August-September May-June; October-December

Leek TRP or DS February 15-November 15 April-May; November-April

Lettuce TRP or DS Year-round Year-round

Onion (Bulb) TRP February-March; October-November April-July

Onion (Bunching Green) TRP or DS September-December; February-June March-December

Pea TRP or DS February-April May-June

Pepper (Bell) TRP April-July 20 June-November

Potato (Irish) DS February 14-March 15; August May-June; October-December

Radish DS February-April; September-December February-May; November-January

Spinach DS January 1-May 1; August-December January-May; October-December

Summer Squash TRP or DS April-May May-June

Tomato TRP March 15-July 15 June 1-December 5

Turnip DS February-April; September-December February-May; November-January

ITRP=Transplanting, DS=Direct Seeding.

10. Greenhouse Production

Many growers have an interest in increasing productivity and quality as well as having seasonal products such as
tomato, sweet pepper, cucumber, lettuce, arugula, and herbs in the off seasons or year-round. To do this in the Mid-
Atlantic U.S., a temperature-controlled greenhouse structure might be needed. Greenhouse production requires a
much greater level and often entirely different management strategies than field production. There are multiple
greenhouse designs in the market, each with its own advantages and disadvantages, depending on the farmer's needs,
environmental conditions, and level of economic investment. Greenhouse production generally requires different
varieties (often of indeterminate growth habit), nutrient sources and regimens, plant training, and pest management
than field production. Hydroponic systems are commonly used, although production in soil is also possible. Other
fully lighted “warehouse” or vertical production systems under artificial light have been developed.

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 some guides are
provided below. This list is not all-inclusive and does not endorse these guides exclusively.
https://edis.ifas.ufl. edu/collections/book_florida greenhouse_vegetable production_handbook
https://ceac.arizona.edu/resources/intro-hydroponics-cea
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11. Wildlife Damage Prevention

Philosophy of Damage Management

To wildlife, farms constitute viable, and often attractive, habitat, because these lands offer opportunities to find food
and shelter. Although many wildlife species do not damage agricultural crops, some can inflict serious economic
losses on growers. Resolution of wildlife conflicts also can be difficult for growers because they have little direct
control over what happens on surrounding lands, areas that potentially can provide refuge for the wildlife causing
damage on their farms.

One of the realities of running a farm is that interactions with wildlife on agricultural lands are inevitable.
Therefore, having a well-designed wildlife damage management plan is recommended, one that proactively (not
reactively) attempts to prevent or reduce damage to a tolerable level if implemented appropriately. Such a plan
should delineate areas of the property where zero tolerance for damage exists as well as areas where some level of
damage can be tolerated; this allows one to prioritize allocation of resources to areas of highest value or concern.
Growers should recognize that eliminating all damage attributed to wildlife is not realistic and that some level of
wildlife damage simply represents another of the basic costs of doing business; it is those severely damaging or
repetitive episodes of wildlife inflicted loss that we seek to avoid. Additionally, an effective management plan
should identify the full suite of legally compatible damage management techniques and strategies germane to the
type of conflicts being experienced and establish when or under what conditions those identified options could be
employed.

Wildlife damage management practices fall into 3 categories: husbandry methods, non-lethal techniques, and
lethal techniques. This categorization also represents the hierarchical order in which these methods should be
implemented - start with the simple, less costly, and easy-to-implement behavioral or operational modification
approaches, whereas lethal techniques are methods of last resort, not options of first choice. Different damage
abatement strategies obviously will have varying levels of effectiveness and inherent risks. Generally, a damage
management approach that proactively integrates several damage abatement techniques will be more effective than
a reactive strategy that relies on only a single technique. Although a variety of damage management options exists,
not all may be suitable for use in all cases or on all wildlife species. By design, some options are more effective for
temporary, short-term, or localized use, whereas others are better suited to permanent, long-term needs. Each
situation of human-wildlife conflict can be unique, so management options usually need to be tailored to the needs
of a specific site.

Acquisition and implementation costs associated with each management option can also vary substantially.
Before deciding on a particular management technique, estimate both the direct and indirect costs you actually
experience from wildlife damage. A direct cost would be the estimated annual loss of value from reduced yield or
production through consumption or ruin of the crop by wildlife. An indirect cost would be the annual monetary
investment (in time and/or labor) expended in monitoring or detecting damage and then treating that damage.
Calculating this estimated total annual cost, in terms of the actual economic loss due only to wildlife, will help you
decide which, if any, strategies are cost-effective. Remember, if you are spending more in your attempts to acquire
and implement preventive techniques than you are experiencing in actual damage, you likely are losing money. In
some instances, it may be more practical and economically feasible to simply tolerate some damage than to attempt
to eliminate it. To determine if control is feasible and to inform your decision-making on selecting appropriate
control techniques, you must have good estimates of the level of economic damage you are incurring and reliable
estimates of what each abatement technique costs to implement. More importantly, to assess whether the techniques
you utilized actually provided cost-effective management of your damage, you must have good pre- and post-
treatment economic estimates of the amount of damage for comparison. If you spend more on the effort to manage
damage than you realize in savings by investing in fighting those losses, you’re losing money. You need to
re-examine the available methods to find a more cost-effective approach or accept that trying to reduce this damage
is not economically feasible.

Prior to employing any damage abatement practice, you must be sure that you have correctly identified the
species doing the damage. Do not assume that, simply because you see an animal on your farm, it is the culprit
responsible for any damage you detect. Because wildlife populations are regarded as a public resource, many of the
animals that can cause damage on your farm are managed and/or protected by state and federal laws, regulations,
and elements of Code. Most of the restrictions imposed on the use of damage management practices (e.g., trapping,
shooting, pesticide applications) are specific to individual species and can become quite technical. If you mistakenly
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assign blame for damage to the wrong wildlife species and employ a technique that is not authorized for use on that
species, you can be cited for violation. Therefore, before employing any management practices, check with your
county extension agent, local conservation police officer/game warden, or your district wildlife biologist to review
depredation permit requirements and/or legal issues related to “take” or use of wildlife.

Below you will find information on managing conflict situations involving some of the more commonly
recognized wildlife species known to be responsible for agricultural damage. This presentation is not intended
to be a comprehensive summary of all possible options - the objective is to provide sufficient understanding that
can assist decision-making of affected growers. Because this presentation purposefully takes a generic overview
approach, given the breadth of the geographic region covered, the best and most legally accurate advice should
come from authorities in your local area.

Bears

Damage caused by black bears (Ursus americanus) to field crops often is characterized by trampled, pulled down,
or broken plants. In corn fields, bears usually create localized, circular patches within the field where the stalks are
pulled down toward the center of the circle and most of the kernels on an ear of corn are consumed before it moves
on to another ear. Bears are known to climb fruit trees to access the maturing fruits and, in the process, may cause
substantial damage by breaking or cracking the branches of affected trees. Small fruit growers (e.g., blueberries,
brambles) similarly can witness bear-caused damage in the form of broken branches or splintered bushes from the
bear pulling down branches to gain better access to the berries. In livestock settings, bears typically attack from the
rear and try to take down its prey forcibly using its weight and strength; strafing claw marks often are present on
the carcass. Scat (feces) and footprints are usually present in the area of feeding activity. There are no guaranteed
bear management strategies that offer complete protection against all types of damage, but several strategies used
in combination may offer some relief.

Cultural practices and habitat modification can help to deter bears. First and foremost: Do Not Feed Bears!
Restricting access to potential food resources, such as storing feed in bear-resistant containers, timely collection,
and disposal of animal carcasses (via deep burial), and removing fruit drops and other organic wastes, often can
reduce the attractiveness of the site 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 yards 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 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 to deter bears and would be recommended in most
instances, where allowed by law. Electric fences should utilize high voltage (~6,000 volts), low-impedance
(short pulsed) charger systems. When first installed, all electric fences should be baited with an attractant
(e.g., peanut butter, sardines) to lure bears close so they learn to associate the fence with a negative consequence.
These attractants should be placed at the bear’s head height (approximately 3 ft.) along the entire perimeter to better
deliver the shock to the bear’s muzzle.

Sensory deterrents or harassment techniques have been used to deter black bears from crop fields.
Pyrotechnics, horns, bright lights, propane cannons, and other devices provide both visual and auditory stimulation.
When damage coincides with the “bear chase season,” allowing a local bear hunt club to run dogs through a field
often provides temporary relief against bears that are using those fields. The success of these techniques is highly
variable. Bears can become habituated to constant or repetitive disturbance, so a rotation of several types of sensory
deterrents should be used and their position in a field should be relocated frequently. 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.

Aversive conditioning techniques are intended to more forcibly change or eliminate undesirable bear behavior.
Options that potentially may be available to harass a troublesome bear include using paint balls, projected bean
bags, or rubber bullets, all of which are intended to send a strong message, but not injure or maim the animal. These
approaches may not be allowed in all states, so check with your state wildlife department before use.

Shooting problematic black bears is viewed as a last resort management practice, but one that may be necessary
to reduce persistent crop damage caused by a single returning individual or family group. Special “kill permits” are
required to shoot a bear outside the regulated open season, so farmers need to work closely with their state wildlife
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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.

Birds

Bird damage often takes the form of the total consumption of grains and/or small fruits or the creation of holes or
other surface blemishes inflicted from the birds’ pecking at ripening fruits and vegetables or on woody stems. Proper
identification of the offending bird species is necessary before implementing any management strategy because
most bird species are protected under federal statutes (e.g., the Migratory Bird Treaty Act). That said, growers who
face serious damage events may be allowed certain latitude under special nationwide permits to use certain
techniques that might otherwise be prohibited. For example, managing damage inflicted by flocking blackbirds
often falls within the provisions of a Nationwide Permit. "Blackbirds" generically refers to a group of about 10
species, often including Common Grackles (Quiscalus quiscula), Brown-headed Cowbirds (Molothrus ater), and
European Starlings (Sturnus vulgaris). However, growers need to apply for and receive authorization from the U.S.
Fish and Wildlife Service before any lethal action is taken. Starlings, House Sparrows (Passer domesticus), and
Common Pigeons (Columba livia) also are common to farms, where they inhabit the rafters of barns, warehouses,
and other structures or contaminate feed bunks with their droppings while foraging on livestock feed; these species
are considered exotic or introduced species and typically have no legal protection under these statutes. 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 and can complicate a producer’s ability to fulfill Good Agricultural
Practices (GAP) standards. It is imperative to check with the state Fish and Wildlife authority before implementing
any management to ensure compliance with state and federal wildlife laws.

Cultural practices and habitat modification may reduce some crop damage. Because the most severe
instances of blackbird damage commonly occur within 5 miles of a roost, planting highly attractive crops outside
this radius is recommended wherever established roosts are known to exist. Blackbirds generally do not prefer
soybeans, hay, wheat, or potatoes. Planting multiple smaller crops at the same time in nearby fields, as opposed to
large fields of a single crop, may reduce damage overall. Modifying the physical structure of roosts or encouraging
birds to abandon existing roosts may reduce the number of birds in the area. For example, eliminating stands of
introduced bamboo or thinning dense stands of conifer trees have been shown to reduce crop damage by removing
favored roosting spots. Removal of about 1/3 of a tree’s crown or 1/3 of a stand of trees has been successful in
reducing or dispersing birds from a roost. Keep in mind, though, that you also will modify habitat used by other
non-destructive and potentially desirable bird species. Installing artificial hunting perches in or adjacent to fields to
enhance the success of raptors that feed on other birds may reduce blackbird numbers as a result of the threat of
predation.

Exclusion (e.g., netting) 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 and 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 for certain species. However, methyl anthranilate remains
viable for only short periods of time as it loses efficacy 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 usually are effective only when providing short-term protection for crops, often immediately just
before peak harvest would occur. 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 reflective metallic tape, raptor-shaped kites, scarecrows, flashing lights, water
sprayers, and tape-recorded bird-distress calls or predator attack calls all represent examples of harassing
techniques; success among these devices varies substantially. Based on some success in repelling fish-eating birds
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in aquaculture facilities, research on the use of lasers to reduce bird damage in other settings is on-going and may
offer another viable option for growers in the near future. 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, vary the times and places these devices are employed, and be persistent.

Lethal Methods typically are tightly controlled by regulation or statute, so caution is advised here. 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
among the remaining birds in the flock, causing them to vacate the area. Dead birds should be collected and disposed
of properly. NOTE: use of such chemicals typically is restricted only to certified applicators (usually representatives
of USDA APHIS-WS), so check with your local pesticide program agent about the legality and possibility of
employing chemical frightening agents on your farm.

Some states allow growers to shoot crows that are in the act of damaging crops. Farmers may be allowed to
shoot other species (often with a permit), but it is recommended that farmers check with local wildlife authorities
before doing any shooting. Also, it helps to maintain good working relations with authorities; farmers should alert
local authorities and/or abutting neighbors about their intention to conduct a shooting strategy as a way to avoid
having unsuspecting individuals make unnecessary calls to the local “911” Emergency Dispatch system when the
shooting starts.

Deer

Deer damage may take the form of direct foraging, antler rubbing, and/or trampling of crops. Foraging damage
from deer is characterized by a torn, jagged appearance on vegetation or a ragged break on woody stems. Most
browsing damage occurs from ground level and up to a height of about 6 ft. Residual damage may occur from the
trampling or matting down of vegetation as deer travel through crop fields or bed down to rest. Antler rubbing
damage occurs as males try to shed the velvet coating from their antlers each autumn and typically leaves behind
scarred saplings, broken limbs, bruised bark, and/or exposed wood. Rubs usually are located about 2-3 ft. above the
ground on the trunks of small trees or widely-branched shrubs.

Effective management of deer damage often requires using several deterrent strategies and should embrace
options from within the full suite of available husbandry, non-lethal, and, where warranted, lethal options. Each
method carries certain benefits and inherent drawbacks; therefore, an accurate assessment of management needs
and desired outcomes is critical to selecting the most appropriate techniques.

Habitat modification is a form of husbandry that involves changing the landscape to make an area less
attractive to deer. White-tailed deer (Odocoileus virginianus) are creatures of edge habitats; they prefer locations
where two or more vegetation types or age classes meet. Habitat modification usually involves eliminating preferred
types of vegetation, planting non-palatable (“deer-resistant”) species, or creating alternative foraging areas to attract
deer away from crops. Although these strategies have been used to reduce incidences of deer-vehicle collisions and
browsing on residential vegetation and commercial landscaping, habitat manipulation alone is unlikely to
significantly reduce damage in agricultural crop fields or nurseries.

Harassment or scare tactics are intended to persuade deer to leave an area where they are not desired.
Examples of hazing and scare techniques include dogs, auditory deterrents (such as propane cannons and sonic
devices), and visual deterrents (such as bright lights). An increase in the use of dogs contained within invisible
fencing has brought some success to farms but is dependent on the number and aggressiveness of dogs used relative
to the size of the 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 need to be relentless and persistent and generally are better
suited to small areas where damage from deer is minor or where other strategies (e.g., hunting) may be prohibited.

Fencing can be an effective management tool for eliminating or reducing deer damage and, in many cases, may
be the most effective 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 that extend to an overall height of 10 ft. HTW fences are durable and long-lived but do require regular
monitoring (to check voltage) and periodic maintenance (e.g., removal branches or other material that may short-
out the flow of current). Temporary HTW electric fencing or fences that use polytape strands are available, but
usually are better suited for use on smaller acreages or where protection is needed for only a short period of time.
When using any form of electrified fencing, it should be charged at all times to prevent deer from becoming
emboldened or gaining confidence from its lack of shocking during down times. Electric fences that have been
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baited with an attractant (e.g., 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 the visibility of a fence,
but these additions display 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 ft 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 absolute protection
from deer is desired, the only fence design that can guarantee that outcome is a 10-ft 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 are products that have strong or repugnant tastes, odors, or a combination of both taste and odor.
Those that animals find most offensive will encourage them 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 via
spray, shakable powder, or brush. Area repellents are applied in the general vicinity of the object for which
protection is desired and repellency is derived primarily by odor. Repellents can be expensive, based on the initial
cost of materials, but more so by the need for frequent reapplication. Rain eventually will wash a repellent off
vegetation, even if a “sticker” is used. Based on multiple research studies, products derived from or containing a
high concentration of putrescent egg solids and/or animal fat-based products provided greater repellency than those
without these active ingredients. The level of attractiveness (i.e., palatability) of a food resource to deer, the density
of deer in the area, and the availability (or lack thereof) of other natural foods in the area all will influence the
effectiveness of repellents. 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 frequently to keep pace with the emergence of new, but as yet unprotected, growth.
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.

Results from recent research on the use of an auditory repellent offer some encouragement for those seeking to

protect small acreage plots from deer (see Hildreth, A.M., S.E. Hygnstrom, and K.C. VerCauteren. 2013. Deer-
activated bioacoustic frightening device deters white-tailed deer. Human-Wildlife Interactions Vol. 7 (1): 107-113,
available at: https.//digitalcommons.usu.edu/cgi/viewcontent.cgi? article=1128&context=hwi).
Tests examining the efficacy of bioacoustics revealed that entry by deer to a protected area was reduced by 99%
and acquisition by deer of bait materials placed within the plot was reduced by 100% following deployment of the
device. Pre-recorded playback of distress calls made by deer, triggered by activation of motion detectors as deer
approached the test area, caused deer to immediately flee the area. There were limitations on the size of the area
over which protection successfully was extended by a single device, so the suitability of this approach to large
acreages likely would be reduced.

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 been 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.). This is a labor-
intensive and costly strategy, and because individuals consistently move into and out of a population, it 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 methods involve 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, impractical at large scales due to a lack of suitable relocation sites and carries the risk of
spreading disease. Most states ban the translocation of deer due to concern about the spread of disease and the
potential for injury to trapped animals. This practice may not be permitted in some jurisdictions (e.g., Virginia).
Consult your local Wildlife Management Authority.

Trap and euthanasia is a process that involves trapping deer and euthanizing the animals according to methods
approved by the American Veterinary Medical Association. Deer are baited to a trap site and captured using box

24




A. General Production Recommendations

traps, Clover traps, drop nets, or rocket nets. Once captured, deer are anesthetized and immobilized prior to
euthanasia. Trap and euthanasia methods are labor intensive and more expensive than other management strategies.
This practice may not be permitted in some jurisdictions (e.g., Virginia). Consult your local Wildlife
Management Authority.

Because deer populations range over multiple parcels or farms, management of deer numbers often cannot be
implemented effectively on a single property. 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 population management methods are not an
option. Under this program, the state Fish and Wildlife authority cooperates with municipal, county, and, if
applicable, other federal agencies to provide technical assistance in developing alternative deer management
options. Some options include employing baiting and sharpshooting, use of noise-suppressed firearms, and other
methods that otherwise would not be legal under traditional hunting approaches. State authorities can issue permits
to conduct special deer management activities in areas where regulated hunting is not possible or deemed safe. This
practice may not be permitted in some jurisdictions. 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 effective means
to manipulate deer numbers statewide. See your state Fish and Wildlife authority for details on when the regulated
season is open. Many states offer additional deer tags (“bonus tags™) to farmers who then distribute them to hunters
who offer to harvest additional deer beyond what normally would be allowed on an individual’s hunting license.
Check with your local wildlife authority to see if this option is available.

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. These special permits
are highly variable among jurisdictions, but, where available, 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 can 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 selection by random
lottery of interested licensed hunters to a more rigorous process involving assessment of hunting skill and weapon
proficiency. Specific restrictions and controls applied to hunting activities depend upon the needs and concerns of
landowners, elected officials, and other stakeholders, but usually will be similar to hunting regulations imposed
during the normal deer hunting season.

Feral Swine

The appearance of feral swine on the landscape likely is an unfamiliar threat that many commodity producers in the
Mid-Atlantic region have never experienced before. However, new populations of hogs can appear overnight and
spread rapidly as a result of illegal importation and release of animals trapped elsewhere, creating a serious
vertebrate threat for producers. Whether from direct foraging or rooting behavior, the amount of damage inflicted
by feral swine can be extensive and devastating in a short period of time, depending on the size of the sounder
(i.e., the family or social grouping) that takes up residence in the area.

Being an introduced, non-native species, the feral swine has no protection under wildlife or game laws in most
states, so hogs may be taken by legal methods at any time where such restrictions do not exist. However, it can be
difficult to distinguish true feral animals from domestic swine that recently escaped and still constitute “property”
to the swine owner. Thus, in some states, population management and damage mitigation have become complicated
by questions of ownership and the legalities related to the take of property - caution is urged before any hog removal
action is implemented.

That said, growers confronted by the presence of feral swine should immediately contact the USDA-APHIS
Wildlife Services Office that serves their state and request assistance in devising an effective hog eradication plan.
Trap and bait techniques currently have proven to be the most reliable and successful approach to manage hog
populations, but such operations take time and persistence to achieve the desired outcome. Shooting alone often
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proves ineffective in that only a small number of hogs in a social group can be taken at once and those that escape
quickly learn to avoid hunters in the future. Although on-going research on potential toxicants has been
encouraging, registration of an approved material remains years away. At this time, keen observation, and
attentiveness to the first signs of hog presence are imperative to stay ahead of this threat.

Groundhogs

The most obvious signs of groundhog (Marmota monax) 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 distributed about the main entrance and several discretely located secondary exits. The diameter of
the main entrance may measure 10-12 inches. There are usually 2 or more additional entrances to a burrow system,
which are well hidden and do not display the apron of excavated soils distributed around the opening. Although
groundhogs prefer leafy green vegetable crops, they will use many different crops throughout the growing season.
Seasonal or cyclic reproductive patterns may influence groundhog abundance and the extent of damage from year
to year.

Habitat modification, such as thinning or removing dense vegetation that provides protective cover, typically
is not a feasible strategy for minimizing groundhog damage at the commercial scale of most farms, and rarely proves
to be cost-effective.

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

Woven mesh or chicken wire fencing provides a more permanent solution. Mesh openings should be <2 inches,
and the fence should extend at least 3 ft. above the ground. The top 15 inches of the fence should extend outward
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 first litter of young emerges. Gas cartridges are
a General Use Pesticide (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.
New resident animals may recolonize an empty or recently vacated burrow system, so continued vigilance is
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 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 ft of any occupied building or in areas where gas could escape into areas occupied by animals or humans.
Aluminum phosphide is a Restricted Use Pesticide (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 will quickly reoccupy the territory. Steel leg-hold 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 fresh beans) can attract a groundhog’s attention if placed close to the burrow entrance.
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 elsewhere on the property. If the groundhog is
to be released, many states regulate where and how the live animal is to be handled. No releases are allowed on
federal, state, county, or municipal land. This practice may not be 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
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valid hunting license to shoot nuisance groundhogs on their own property. Growers should verify with the state
wildlife agency which weapons are legal for this purpose in your state.

Rabbits

Rabbits can damage vegetation by clipping branches, stems, and buds. Damage may become especially pronounced
during periods of heavy snow 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° angle cut at the point of damage. Rabbit tracks and
their pelleted scat often are found in areas of recent damage.

Growers should adopt cultural practices and conduct habitat modification to maintain well-groomed plots
and eliminate brush piles, heavy vegetation, and other cover that serves as nesting and hiding sites in and adjacent
to crop production sites. However, removal of such 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 regulate rabbit numbers. Planting alternative crops in
adjacent tracts has been suggested as a means to deter rabbits 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 to accommodate the effect
of deep snow. The bottom of the fence should be buried 12 inches in the ground and bent outward away from the
crops at a 90° angle. Larger areas can be protected with “hot” double-strand electric fencing, with the lower strand
set close to the ground (i.e., within 2-3 inches) and the second strand 2-4 inches above.

Rabbit guards made of metal wire with %- to ¥4-inch mesh may be effective in protecting individual high value
specimens. Hardware cloth can also be used. Rabbit guards should be placed 1-2 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 to the ground.

Miscellaneous methods: Harassment techniques, such as dogs and motion detector activated water sprayers,
provide only short-term protection. Contact (e.g., thiram-based) and area (e.g., naphthalene) repellents have 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 product label and active ingredients before use. Rabbits are
classified as a game species and, as such, can be hunted during open rabbit seasons. Finally, trapping rabbits (but
excludes relocation and release of captured animals on property you do not own) 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.

Voles

It is important to determine which species of vole occurs in your crop production sites. Vole species most 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 to 7% 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 4-6 inches long, 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. In vegetable crops, damage usually occurs in spring, as young plants are emerging. Voles are generalist
herbivores, so they feed on roots, shoots, tubers, leaves, and seeds of many different plants. Meadow voles spend
more time above ground than do woodland voles, but both species inflict serious damage by feeding on the
subsurface root systems of plants. Above ground damage frequently consists of gnawing and girdling of the main
stems of woody perennial plants or the 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-inch 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 affected 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.
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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 are essential. All areas
should be kept clear of debris or stored objects on the ground (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 (< 1/2 inch mesh) can be installed to a height of 1 ft. above ground and buried to completely contain
the rooting system of the plant. There are 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 some limited effectiveness in
reducing vole numbers, primarily through the effects of induced stress on reproduction. 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 often are the preferred method used to control large vole populations and such strategies typically
use toxicants that are classified as Restricted Use Pesticides (RUPs); 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). In most cases, voles must feed on treated baits multiple times to sustain a
lethal dose. Therefore, properly located bait stations (i.e., within an area of current infestation) must be stocked and
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 noticeable garlic odor and taste, voles eventually may shy away from or avoid bait stations stocked with ZP.
Pre-baiting stations with untreated food for 2 to 3 days prior to applying the pesticide may increase success.
Anticoagulants also can 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 danger to non-target species, the use of bait stations is recommended and may be required in some
states. Broadcasting toxicant baits across the ground surface, or placing these baits in piles on bare soil, is not
allowed. Placing bait beneath asphalt shingles or tires cut in half and used as bait stations may be an acceptable
practice under some state Pesticide Laws. However, bait rarely stays dry and can lose efficacy when coming in
contact with moist soil. In-furrow placement of zinc phosphide pellets is recommended for corn and soybeans under
a no-till management system. Hand placement of baits directly in enclosed 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 using a particular toxicant in your state, contact your state’s Pesticide Control Program.
As with all use of toxicant products, follow the product’s labeling guidelines explicitly.
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12. Pollination

Seed and fruit production in many vegetable crops is dependent on pollen transfer within or between flowers. In
most cases, pollen transfer is accomplished by insects such as bees or flies, and it is often beneficial to release
pollinating insects into the crop during the flowering stage to achieve desirable fruit set and mature quality. Some
crops like cucurbits require multiple pollination events for normal fruit development. The size and shape of a mature
fruit is usually related to the number of seeds, and each seed is the result of a pollination event. Generally, as the
number of bee visits increases there will be an increase in fruit set, number of seeds per fruit, fruit weight, and
improved fruit shape. In strawberries, sufficient pollination also results in fruits with a longer shelf life and better
color. Delay in pollination affects the timing of fruit set, while lack of adequate pollination usually results in small
or misshapen fruit in addition to low yields. Even some crops that are capable of self-pollination (e.g., eggplant,
lima beans, okra, peppers) often benefit from pollen transfer by insects.

Integrated Crop Pollination

Bees are the most important group of insects for crop pollination. Today’s approach integrates managed and wild

bee species. More information is available in several online resources, e.g.,

o  “What is Integrated Crop Pollination” at Attps.//youtu.be/yMP5dTDRi6g,

o “The Integrated Crop Pollination Project” at Attp.//icpbees.org/tools-for-growers/ and
https://vimeo.com/101962669,

e “Integrated Crop Pollination for Squashes, Pumpkins and Gourds” at
http//icpbees.org/wp-content/uploads/2014/05/Integrated-Crop-Pollination-for-Cucurbita-crops.pdf,

e Penn State College of Agricultural Sciences Center for Pollinator Research at http.//ento.psu.edu/pollinators.

European honey bees (4pis mellifera) and commercial bumble bees are most used for managed pollination services
because they can be moved. Populations of wild bees can also be important for vegetable pollination. Wild bees
include bumble bees (Bombus species), the squash bee (Eucera pruinosa), orchard bees (Osmia species), and many
species of solitary bees, most of which nest in soil. Surveys of wild bees reveals over 500 species in the Mid-Atlantic
U.S., but not all will necessarily be visiting any given crop. The community of managed or wild bees visiting a crop
varies among crops and can be influenced by other flowering plants competing for these same bees.

Activity of managed or wild bees on crop flowers at the correct time will enhance pollination. Individual
cucurbit and strawberry flowers are usually open and attractive to bees for a day or less. The opening of the flower,
release of pollen, and commencement of nectar secretion normally precede bee activity, and the timing is
coordinated with receptivity of the stigma. Pumpkin, squash, and watermelon flowers normally open around
daybreak and close by noon, whereas cucumber, strawberry, and muskmelon flowers generally remain open the
entire day. Pollination usually takes place on the day the flowers open due to the short periods of pollen viability
and stigmatic receptivity.

Activity and behavior vary with the species of pollinator. Bumble bees are active over a wide range of weather
conditions and can tolerate foraging in cooler temperatures. Honey bee activity is determined primarily by weather
and conditions outside the hive. Honey bees rarely leave the hive when the outside temperature is below 55°F
(13°C). Flights seldom intensify until the temperature reaches 70°F (21°C). Wind speed more than 15 mph seriously
impedes bee activity. Cool, cloudy weather and threatening storms reduce honey bee flights. Squash bees are active
soon after sunrise in July and August. Most of the feeding of female squash bees is completed by midmorning (9 or
10 AM) after which they return to their nests in the soil. Male squash bees will continue to feed on flowers, often
overnight.

Populations of wild bee species vary in abundance from year to year. Regular pesticide applications may reduce
the abundance and diversity of these pollinators, and some agricultural practices such as tillage may destroy wild
bees that nest in the soil. The implementation of conservation tillage practices may reduce nest damage.

Most Mid-Atlantic states have completed or are in the process of implementing State Managed Pollinator
Protection Programs (MP3s). Consult your State Apiarist (Table A-6) or the Department of Agriculture for your
State requirements. See also section D.6.3.1 Protection of Pollinators in this guide for state-specific initiatives
and regulations on pollinator protection from pesticides, including MP3s and labels/regulations/laws related
to applications of pesticides and protection of pollinators.
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Table A-6. State Apiarist Contact Information The state regulatory agency, state apiarist, and the web link to the
managed pollinator protection plan made available by each state agency. New Jersey has recognized pollinator
protection measures that can be found on the State bee inspection site linked below.

Delaware Department of Agriculture,
Emily Wine (emily.wine@delaware.gov),
https://agriculture.delaware.gov/wp-content/uploads/sites/108/2017/12/ DelawarePollinatorPlan2016.pdf

Maryland Department of Agriculture,
Cybil Preston (cybil.preston@maryland.gov),
https://mda.maryland.gov/plants-pests/Documents/MP3-Pollinator-Plan.pdf

New Jersey Department of Agriculture,
Meghan McConnell (Meghan McConnell@ag.nj.gov),
https://'www.nj.gov/agriculture/divisions/pi/prog/beeinspection. html

Pennsylvania Department of Agriculture,
Karen Roccasecca (kroccasecca@pa.gov),
https://ento.psu.edu/pollinators/publications/p4-introduction

Virginia Department of Agriculture and Consumer Services,
Keith Tignor (keith.tignor@vdacs.virginia.gov),
https://www.vdacs.virginia.gov/pdf/BMP-plan.pdf

West Virginia Department of Agriculture,

Shanda King (sking@wvda)

https.://agriculture.wy.gov/SiteCollectionDocuments/WVPollinator.pdf

Commercially Available Honey Bees

For crops readily visited by honey bees, the most reliable way to ensure pollination is to own or rent strong colonies
of European honey bees from a reliable beekeeper. European honey bees are the primary managed pollinators
because colonies with large populations can be easily moved to the field each year. With the arrival of parasitic
honey bee mites (mainly Varroa destructor) along with likely impacts of pathogens, insecticides, and fungicides,
the numbers of overwintering European honey bee colonies have significantly decreased in the last 20 years.
Abundant colonies of feral honey bees (wild colonies nesting in trees or other cavities) are now uncommon to rare
in most areas, and beekeepers are losing large numbers of colonies to mites, disease, and other stress factors. As a
result, fewer beekeepers are providing honey bee colonies for pollination services, and some colonies may be of
marginal quality for pollination.

The Mid-Atlantic Apiculture Research and Extension Consortium is a regional group focused on addressing
the crisis facing the beekeeping industry (https://canr.udel.edu/maarec/about-2/). Additional relevant websites are
the Center for Pollinator Research (http://ento.psu.edu/pollinators), and the Honey Bee Health Coalition
(https://honevbee healthcoalition.org/).

A brief introduction to best management practices for honeybees can be found at
https://honeybeehealthcoalition.org/hivehealthbmps/. Best practices include: (1) Locating colonies in areas with
sufficient flower forage and protected from exposure to sunlight (an east or southeast hive entrance encourages bee
flights); (2) Elevating the colony to have the front entrance free of grass and weeds; and (3) Allowing a clean water
supply within a quarter mile of the hive.

The number of colonies per acre for adequate pollination varies with location, attractiveness of the crop, density
of flowers and length of blooming period, colony strength, and competitive plants in the area. In vine crops and
strawberries, recommendations are to place 1 to 2 colonies per acre, with more hives required for higher density
plantings.
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To ensure adequate quality and numbers of honey bee colonies, growers should:

Have a written and signed contract between the grower and the beekeeper. 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, rental fee, time of delivery, and distribution of
bees in the field, as well as a plan to manage weeds that may act as competitive bloom. A sample contract is
provided at http.//edis.ifas.ufl.edu/aal69. When entering into a pollination contract, there are some basic
guidelines for beekeepers and growers alike (for more detailed information, see:
https://honeyvbeehealthcoalition.org/growers-and-beekeepers-role/).

Obtain an adequate number of colonies. This varies among crops, location, attractiveness of the crop, density
of the flowers and length of the blooming period, colony strength, and competitive plants in the area. A rule of
thumb is to start with one colony per acre and adjust from there. Areas well populated with wild bees will not
need as many rented honey bee hives.

Obtain bees at the appropriate time. For melons, cucumbers, squash, and strawberries, honey bees should be
moved in when the crop is flowering adequately to attract bees. Competing food sources from other flowers
(e.g., dandelions), should be eliminated by mowing, cultivation, or herbicides (prior to bees being moved
there).

Locate colonies for maximum effect. Place colonies in groups of 4 to 8 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 distributed in sunny, wind-protected spots. Bales of straw or packing boxes stacked behind
colonies offer wind protection. Be aware of the pollination requirements of your specific crop varieties. Some
varieties may require “pollenizers” (sources of viable pollen for sterile varieties) to achieve adequate fruit set.
Bees must be located so that they will encounter pollenizers and carry their viable pollen to the production
varieties.

Rent honey bee colonies that are healthy and contain a large enough population to do the job. 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. However, in some areas, colony loss has been so high that it may
not be realistic to exclusively rely on overwintered colonies for pollination services. More information is
available at: Attps://beeinformed.org/citizen-science/loss-and-management-survey and

https://agdev.anr.udel. edu/maarec/about/contact-2/.

Consider the use of bee attractants. Sugar-based attractant sprays are generally ineffective. Bees collect the
sugar off the leaves, usually without visiting flowers. Although this brings more bees into the field,
supplemented pollination does not necessarily occur, and the sugar may serve as a medium for sooty molds.
Other attractants containing bee derived communication pheromones, such as geraniol, have proven more
successful, but further testing is needed. One of the most promising attractants, “Fruit Boost”, contains honey
bee queen mandibular pheromone. U.S. distributors of “Fruit Boost” are in the Pacific Northwest. For more
information, contact Phero Tech, Inc., 7572 Progress Way Delta, BC, Canada V4G 1E9; phone: 604-940-9944;
fax: 604-940-9433.

Contact beekeepers early. Colonies may be in short supply. If you do not have a past relationship, make initial
contact with the beekeeper the previous fall. Beekeepers usually assess the survival and strength of their
colonies from mid-February to mid-March.

Requests for hive relocation should be given before application, ideally 48 hours or more. However, some
states, such as New Jersey have notification regulations of 24 hours in advance, which is enforceable.
Some states have employed a hive registration program or an online voluntary registration tool that can help
applicators locate and contact nearby beekeepers; contact your State Apiarist (see Table A-6).

See Section D. 6.3.1 Protection of Pollinators for detailed information about FieldWatch online hive mapping
services which has been sponsored by all Mid-Atlantic States. Currently, the neonicotinoid pesticide labels
prescribe a 48-hour notification in label-prescribed circumstances.

Honey bee colony size and strength can be assessed in several ways:

1. Inspect hives:

This method is most time-consuming, but also most accurate. Colonies used for springtime pollination should have
at least: a laying queen, 1% or 2 stories (hive bodies or boxes), and 4 to 6 frames of brood; and enough adult bees
to cover 6 to 8 frames. These are the minimum requirements. Stronger colonies with larger populations make
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superior pollination units and may command a higher price. As these stronger colonies are opened, bees will “boil
out” or cover the tops of the frames. When smoked, however, the bees move down onto the frames and may not
cover the frame tops. In this case, the frames themselves should be covered with bees. Note that there will be some
variability in the quality of the colonies you rent. Generally, a group of colonies where 10% fall below the minimum
standard is acceptable, only if also 10% are above the minimum standard. Also, for a variety of reasons, some
colonies may become queen-less for a time; however, if these colonies meet all the other minimum requirements,
they will still be effective pollination units.

You can request hives to be inspected. In most states, this is a general requirement for sale and interstate
transport; see Table A-6 for your state apiarist contact information. Requests should be made as early as possible
to facilitate scheduling. The beekeeper will be informed if an evaluation is requested by the grower. Colonies are
inspected to determine the colony size (number of supers), the presence of a laying queen, the number of frames of
brood and adult bees, and the presence of disease and parasites. At least 10% of the colonies in an apiary, or a
minimum of 5 colonies, are selected at random for inspection. Inspected colonies are identified by stickers. If
selected colonies are banded or stapled, these are not refastened by the inspector. A copy of the evaluation report is
given to both the grower and the beekeeper.

2. Assess traffic at hive entrance:
This method is less time-consuming but also less accurate. On a calm, warm (70-80°F, 21-27°C) day between 11
AM and 3 PM, bee traffic at hive entrances should be heavy. During a one-minute observation period, strong
colonies should have 50-100 or more bees arriving and leaving the hive. Bees also should be seen arriving with
pollen pellets on their back legs. In weak colonies, fewer than 40 bees will be seen arriving and leaving per minute.
Colonies that are being used for summer pollination should have heavier traffic at the hive entrance.

Another crude way to assess colony strength is to observe entrances when temperatures are cool (55-60°F,
13-16°C). In strong colonies, flights will be observed at these cool temperatures, but in weaker colonies bees rarely
fly when temperatures are below 60°F. Honey bees very rarely fly when the temperature is below 55°F.

3. Assess bee density on the crop:

This method allows you to assess the contribution of feral or other honey bee colonies in the area in addition to
rented bees. If you are using rented colonies, however, this method tells you little about the quality of the bees. We
suggest that if you use this technique and find that the number of bees on the crop is small, you then use options (1)
or (2) to assess colony strength before renting additional bees.

4 Additional information:

Other sources of information for bee guides in your area are:

o State of NJ Department of Agriculture at: Attp.//www.state.nj.us/agriculture/divisions/pi/

e The Virginia Fruit Web site at: http.//www.virginiafruit.ento.vt.edu/VAFS-bees.html

e NCAT - ATTRA Sustainable Agriculture at: https.//attra.ncat.org/

e Farm Management for Native Bees, A Guide for Delaware at: https./agriculture.delaware.gov/
wpcontent/uploads/sites/108/2017/12/FarmManagementfor NativeBees-AGuideforDelaware.pdf

e Managing Alternative Pollinators, A handbook for Beekeepers, Growers and Conservationists, SARE Outreach
at: https://www.sare.org/resources/managing-alternative-pollinators/

Commercially Available Bumble Bees

Common Eastern bumble bee (Bombus impatiens) colonies may be purchased commercially to use as pollinators
in vegetables and small fruits. The behavior, physiology and morphology of bumble bees make them ideal
pollinators because of the speed at which they transfer pollen, the efficiency with which they gather pollen within
various crops, and their ability to fly in adverse weather for longer periods of time. Bumble bees can also “buzz”
pollinate, vibrating their wing muscles at a frequency that dislodges pollen from the flower, a technique not seen in
honey bees. Due to their robust body size bumble bees begin foraging earlier and end later in the day and at lower
temperatures. Bumble bees are effective in greenhouse and high tunnel settings to pollinate tomatoes and
strawberries. They also have been successfully used for field pollination in blueberries and watermelon. However,
in pumpkins, efforts to increase pollination by adding commercial bumble bee colonies are not always successful,
perhaps due to the presence of adequate wild bee (wild bumble bee or squash bee) populations.
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Place bumble bee colonies in the field after crops have begun to bloom. Bees that have found 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. Follow instructions provided by the bee supplier. Give the allotted time before
opening up the colonies for the first time. Although bumble bees will need to excavate from natural enclosures to
begin foraging, colonies should be given at least 30 minutes to settle after being handled during shipment and
placement. Check each colony 2-3 hours later to ensure that the bees have successfully released and exited the nest.
On occasion, bees are not released successfully and will need to be cut out.

Growers are urged to reduce each bumble bee colony entrance to one open hole at least two hours before each
pesticide application. This will allow bumble bees to return to the hive and be kept in the colony to decrease
exposure to pesticides. Bumble bees accumulate pesticides very easily within the wax and their bodies.

Place bumble bee colonies under shade to increase their productivity and longevity. Units placed in natural
shade (along forest/field edges) or fitted with a shade structure last longer and are significantly more productive
than those in full sunlight, especially during the warm summer months. Bumble bees constantly and actively strive
to keep their colony temperature at around 86°F (30°C). Colonies exposed to direct sunlight use more energy for
colony cooling.

Bumble bee colonies should be placed as far from honey bee hives as possible, especially when crops are not
in bloom. When forage is low, colonies of pollinators should be more than 1 mile apart. Honey bees are very
resourceful, and a bumble bee colony is a great source of pollen and nectar. If surrounding forage is low or not
agreeable to honey bees, bumble bees will be susceptible to honey bee pollen theft resulting in weakened honey and
bumble bee colonies. Bumble bees 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 bumble bee colony may then be transferred to another site.

Follow the supplier’s recommendations for the number of hives to use in a particular crop. Commercial bumble
bee hives live for 6 to12 weeks (about 3 months) and must be replaced each year. Dispose of bumble bee colonies
in a timely and humane fashion. There is a risk of commercial bees breeding with native populations. Commercial
bumble bees are mass reared, and therefore have less genetic diversity than native bees. The genetic integrity of
wild bees is important because it allows for adaptation to a wide variety of environmental conditions and various
pathogens that they may encounter. Disposal of commercial colonies may also minimize potential transmission of
pathogens.

All bees are vulnerable to many chemicals used to control insects, pathogens, and weeds.

Related to pesticides and the use of commercial pollination services:

e Avoid pre-bloom pesticides just before bees are brought onto a crop. If one is needed pre-bloom, select
a material with lower bee toxicity and apply only when bees are not foraging, preferably late evening.

e Do not apply pesticides post-bloom until after managed colonies are removed.
Honey bees need water for temperature regulation and brood production. Provide a clean water supply near
the hives. Keep wheel ruts and areas around the sprayer fill point drained to eliminate a possible insecticide-
laden water source.

Wild Bees

Many wild bees, including squash bees (Eucera (Peponapis) pruinosa), multiple bumble bee species (Bombus sp.,
predominantly Bombus impatiens), orchard bees (Osmia sp.) and an assortment of other solitary bees (sweat bees,
mining bees) are excellent crop pollinators. In the Mid-Atlantic regions, wild pollinators have provided sufficient
pollination for small, diversified farms located in complex landscapes that include wood lots and unmanaged
(fallow) lands in close proximity. The landscape can strongly influence bee populations through the availability of
nesting substrates (open soil, fallen logs, abandoned rodent burrows). In diversified farmscapes with a history of
growing cucurbits, bumble bees and/or squash bees have provided sufficient pollination to pumpkins regardless of
whether managed commercial bees were present. Landscapes utilizing conservation tillage tend to have higher
populations of squash bees, presumably due to less habitat disruption.

Availability of additional food resources in nearby wild lands or a diverse (flowering) cropping system can help
support wild bee populations throughout the growing season. The USDA National Resources Conservation Service
is building efforts to supplement farms with perennial plantings (pollinator strips) or cover cropping schemes
designed to provide timely floral resources.
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Wild bumble bees live in colonies founded by a queen. The workers, who are daughters of the queen, do the
foraging, brood-rearing and defend the nest. New queen bumble bees (called “gynes”) emerge from their natal nest
in late summer or autumn. Each gyne will mate, forage, and then hibernate through the winter in a small, insulated
cavity. In the spring the gyne will emerge and search for a larger cavity to establish her nest in such as an old rodent
nest or beneath clumps of bunchgrass. Colonies will increase in numbers over the spring and summer, reaching a
peak of 250-450 individuals (in Bombus impatiens) before producing new gynes and males. These new reproductive
individuals will disperse and start the cycle over, while their natal colony dies out, leaving the gynes as the only
carry-overs to the next year.

Most native bees do not live in groups like honey and bumble bees. Each female solitary bee establishes her
own nest which may be in the ground, an old beetle burrow in wood, or in a pithy stem (elderberry or brambles).
Each female gathers pollen and nectar and feeds nest cells, making a pollen ball and laying a single egg in each cell.
She repeats this process many times over the duration of her life and will die before her offspring mature. The
offspring overwinter in the cell within the nest, emerging the following spring or summer. Female solitary bees are
reliable pollinators, visiting many flowers in their lifetime.

Snags or brush piles, along with undisturbed tall grassy areas, provide nesting sites for tunnel-nesting bees and
bumble bees. Hedgerows, shelterbelts, and windbreaks containing flowering trees and shrubs can provide nesting
habitat for bees as well as food. Deep soil tillage can block or harm ground-nesting bees.

Bees can vary greatly in their foraging range depending on body size and resource availability. Large species
like bumble bees can fly long distances, but probably forage within 1 to 3 miles from the colony. Most species stay
closer to their nest, no farther than about 0.5 mile. When resources are plentiful, bees are more likely to forage over
shorter distances. It may be advantageous to manage farmscapes with these pollinators in mind, reserving bee
habitat to benefit the crops and surrounding landscape.

Information for managing wild bees, along with the biology of relevant species can be downloaded at:

e Farm Management for Native Bees, A Guide for Delaware at: https://agriculture.delaware.gov/wp-content/
uploads/sites/108/2017/12/FarmManagementforNativeBees-AGuideforDelaware.pdf

e Using integrated crop pollination for pumpkins and squash: Attp.//icpbees.org/wp-
content/uploads/2014/05/Integrated-Crop-Pollination-for-Cucurbita-crops.pdf and
https.//content.ces.ncsu.edu/squash-bees-in-the-home-garden

e Squash Bee Biology, Biology and Pollination Services of the Squash Bee, Eucera (Peponapis) pruinosa at:
https.//lopezuribelab.com/squash-bee-biology/, and https.//content.ces.ncsu.edu/squash-bees-in-the-home-
garden.

e Managing Alternative Pollinators, A handbook for Beekeepers, Growers and Conservationists, SARE
Outreach at: https://www.sare.org/resources/managing-alternative-pollinators/.

Collections of resources are compiled at:

e The Integrated Crop Pollination Project, Resources for Growers: http.//icpbees.org/tools-for-growers/

e The Center for Pollinator Research: http.//ento.psu.edu/pollinators/information-for-growers. There is ongoing
research to determine whether reliance on wild bees will be adequate for pollination of large acreages grown
for commercial production.

e The Xerces Society provides guidelines for developing landscapes and farmscapes that encourage conservation
of communities of pollinators at: http.//www.xerces.org/pollinator-conservation/.

NOTE:

In this guide, this section addresses Pollination while Section D.6.3.1 Protection of
Pollinators addresses specific practices for growers to follow to protect all pollinators from
pesticide applications.

Section D.6.3.1 also includes an in-depth discussion of Product-Specific Labeling for the
neonicotinoid class of pesticides, current state-specific pollinator protection activities,
including MP3s, laws, and regulations.
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13. Food Safety Concerns

Reports of foodborne illness attributed to consumption of fresh fruits and vegetables have 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 produce
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 been brought to the marketplace, for example 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 of becoming contaminated and subsequently leading to foodborne illness. Most 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, cucumbers, herbs, 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 Norovirus viruses.

In response to increasing concerns about the safety of fresh produce grown in the United States, the Food and
Drug Administration (FDA) published “The Guide to Minimize Microbial Food Safety Hazards for Fresh Fruits
and Vegetables” in 1998. This 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 those hazards. Many Internet resources on food safety are also
available that feature updated information from this guide and other sources.

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 or Harmonized Audit certification
from each participating grower.

More recently, in 2011, the Food Safety Modernization Act (FSMA) was signed into law. There are seven
sections to FSMA with the Produce Safety Rule applying to many growers and packers. The final Produce Safety
Rule (under FSMA) was released November 2015, with the first compliance date in January 2018 with complete
compliance required by 2020 except for sections under review, ie., water. The Produce Safety Rule
(https://www.fda.gov/food/food-safety-modernization-act-fsma/fsma-final-rule-produce-safety) establishes
mandatory practices operations must take to prevent microbial contamination of fresh produce. Whether a produce
operation needs to comply with the Produce Safety Rule depends on whether it produces fresh fruits and vegetables
and sales volume. To help operations prepare for an inspection, state departments of agriculture and cooperative
extension in each state are providing individual farm assessments (On Farm Readiness Review). These assessments
are free, confidential and take on average 2 hours to complete.

In the current food safety climate, increased record-keeping, and adherence to strict procedures of
human hygiene are inevitable. All three resources (the 1998 guide, GAPs and FSMA Produce Safety Rule)
identify potential hazards and discuss possible control methods in various aspects of pre-harvest, harvest,
and post-harvest production, including: 1. Water, 2. Manure and Municipal Biosolids, 3. Wild and
Domesticated Animals, 4. Worker Health, Hygiene and Training, 5. Sanitation, 6. Transportation, and 7.
Product Trace-back. Each section is summarized below.

1. Water:

Water has the potential to be a source of microbial contamination. Growers and packers 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 the quantity of fecal indicator organisms specifically generic
E. coli (often represented by colony forming unit (CFU) or most probably number (MPN) of generic E. coli per 100
ml water). Frequency can be based on regulations and buyer requirements. For example, groundwater should be
tested at least once per year and surface water three times per year under most Good Agricultural Practices
programs). If fecal indicator organisms in irrigation water exceed the agricultural water standards, water treatment
with effective disinfectants will be necessary before continuing to use the water source. Application of SaniDate
5.0 or 12 and calcium hypochlorite tablets (Accutab) have been shown to be effective on the decontamination of
bacterial foodborne pathogens. These products are approved by the Organic Materials Review Institute (OMRI) for
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use in irrigation water. Check the label to make sure the product can be used for this purpose; the label is the law!
Growers often irrigate field crops using surface water, 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, trickle, underground, or low volume spray irrigation techniques are ways to minimize irrigation water
contact with harvestable portions of the crop. Groundwater is less likely to become contaminated, although wells
should be maintained in good working condition including proper backflow devices and be constructed and
protected so that surface water or runoff from manure storage areas cannot enter the system.

During harvest and post-harvest operations, when water is used in the field during the harvest process or in
postharvest when water is used to cool, wash, or move produce, only water that meets the standard of no detectable
generic E. coli based on a 100 ml water sample can be used. Untreated surface water cannot be used for harvest and
post-harvest activities. Water in dump tanks and flume systems should be changed regularly to prevent the buildup
of organic materials. Contact surfaces should be cleaned and sanitized to help prevent cross-contamination.
Sanitizers, 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 (e.g., water should be monitored for proper chlorine
efficacy; 100 to 150 ppm of free chlorine, and a pH in the range of 6.5 to 7.5).

2. Manure and Municipal Bio-solids:
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 produce 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 harvest. For non-composted or raw manure, the recommendation is
to wait at least 120 days (4 months) between manure application and harvest and at a minimum two weeks before
planting. Growers should be aware that the FSMA Produce Safety Rule regulations for manure of animal origin
have not yet been finalized. The Food and Drug Administration allows the use of the National Organic Standards
for manure application until the final regulations are written. The National Organic Standards are 1. Incorporated
into the soil at least 120 days (about 4 months) before harvest when the edible portion of the crop has soil contact;
OR 2. Incorporated into the soil at least 90 days (about 3 months) before harvesting all other food crops.
Recommendations, guidance, regulations may change; growers are encouraged to consult relevant online resources
or county extension offices about up-to-date manure recommendations and regulations.

Although municipal bio-solids (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. See “Sewage Sludge” in section B 4 Nutrient Management.

3. Wild and Domesticated Animals:

Wild animals, although more difficult to control, should be discouraged from entering fields; especially where crops
are destined for fresh markets. Wildlife prevention may include noise makers, decoys, hunting, fencing, or netting.
However, the FDA does not authorize farms to take action(s) that would violate the Endangered Species Act or
other federal, state, or local animal protection requirements (check with county extension on animal protection
requirements). Domestic animals (including livestock and pets) may be a source of contamination and should be
excluded from fields during the growing and harvesting season. Growers who use animals (such as horses) during
production are advised to do a risk assessment of their operation and have a written plan in place to address possible
sources of contamination.

4. Worker Health and Hygiene:

Human pathogens can be transferred to produce by workers who harvest or pack fresh produce. Growers should
provide sanitary facilities that are accessible, clean, and well equipped (bathrooms or portable toilets with an
adequate supply of toilet paper; handwashing stations with basin, microbially safe water, soap, disposable paper
towels or other appropriate hand drying devices, and a waste container). All employees (field workers to office
administration) should be trained in good hygiene practices, such as toilet use and proper handwashing. Any worker
who shows signs of an illness including diarrhea, coughing, fever, sneezing, sores, or infected wounds should not
be allowed to handle produce.
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5. Sanitation (includes field harvesting and packing facilities):

Fresh produce can become contaminated through contact with soils, pests, equipment, and chemicals. Harvesters,
knives, pruners, pallets, containers, or bins, among others, should be cleaned and sanitized before use. They should
be replaced if they cannot be cleaned or are damaged (poor condition). Equipment, packing, and storage areas
should be kept clean; empty or unused pallets, bins, or containers should be kept in a covered location to prevent
contamination. Additionally, all equipment should be regularly serviced and inspected for general maintenance.
Food contact surfaces should be cleaned and sanitized at the end of each day. A pest control program must be
established to prevent or limit rodents, birds, and insects from nesting in equipment and entering the packing and
storage facilities/areas. Sanitizers, such as chlorine or peroxyacetic acid, may be added to water to prevent cross-
contamination of produce during washing or transporting in dump tanks and flumes. If using a sanitizer, monitor
the concentration on a regular schedule. It is recommended the water be changed when it becomes too soiled or
saturated with organic material. For more information on sanitizers labeled for produce and the difference between
cleaning and sanitizing visit the Produce Safety Alliance website at: https://cals.cornell.edu/produce-safety-
alliance/resourcesttsanitation

6. Transportation:

Fresh produce can become contaminated during loading, unloading, and shipping. Inspect transportation vehicles
for cleanliness, 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 waste. Refrigeration units in trucks
should be turned on before loading to ensure that proper temperatures are maintained during loading and transport.

7. Trace-back:

Traceability is defined as a procedure which tracks where a food product came from (for example farm, field, row,
date harvested) to where a food product is going (market, distribution center, consumer). Usually adequate trace-
back procedures require a grower to track one step backwards and forwards. Growers should be able to trace each
lot with the date of harvest, farm identification, and who handled the produce from grower to receiver. The ability
to trace the distribution history of food items from grower to consumer will not prevent a foodborne outbreak or
recall from occurring; however, traceability procedures may limit the public health and economic impacts of an
outbreak or recall.

Additional information to help vegetable growers adopt Good Agricultural Practices on the farm and in the

packinghouse; as well as information on the FSMA Produce Safety Rule can be obtained from extension
offices or the governmental agriculture authority in your state.
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B. Soil and Nutrient Management

1. Soils

The best soils for growing vegetables have well-drained, deep mineral topsoil with a relatively high organic matter
(> 2%) content. Soil pH has been fine-tuned through adjustments with lime as needed and fertility levels (N-P-K)
have been improved as needed. Sandy loam or loamy sand soil textures are generally best suited for growing early
market crops since they are easier to work with machinery and by farm employees 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 of producing a successful crop. If you plant crops that require well-
drained soils on poorly drained soils, your chances of failure are high regardless of your growing skills.

Typical BMPs (Best Management Practices) include a good soil management program, proper liming and
fertilization, good tillage practices, crop rotation, annual additions of organic matter, and adequate irrigation. Using
winter cover crops and periodically resting the land with the use of summer cover crops or rotations with grain,
oilseed, or fiber crops between vegetable plantings are essential to maintain good soil structure, to retain topsoil,
and promote system diversity for other production problems (i.e., disease). Note: BMPs are similar to Good
Agricultural Practices (GAPs) and share many elements. BMPs are aimed at consistently high crop yields and
quality, whereas GAPs are focused on avoidance of food safety problems (see section A 13. Food Safety Concerns).

Soil Tests

The best way to determine the lime, phosphorus, potassium, calcium, and magnesium needs of your soil is to have
it tested. Soil testing should be performed for every field every 1 to 3 years. You can obtain soil sample kits or
containers and instructions through your local Extension Office or a private lab.

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. Application rates of lime and fertilizer materials should consider the current
soil fertility level, past cropping and soil management practices, and the crop you will grow. Taking a scientific
approach minimizes the potential for plant damage, reduces water pollution potential, and can save money.

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

If you have a special problem related to soil drainage, tillage, or past history, inform laboratory personnel or
your Extension Agent/Educator when you pick up the soil sampling kit or container, so they can advise you if any
special tests are needed. They will also be aware of the cost of the various soil testing services performed by the
soil testing laboratory.

2. Liming Soils

Most soils in the Mid-Atlantic region are naturally acidic or become acidic under crop production systems and with
rainfall. If soils become too acidic (generally pH 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
soil pH 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 6.0 to 6.8 pH range. 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.
Soil pH alone cannot be used to determine the amount of liming material needed to adjust soil pH. Soil test results
provide all the data needed (i.e., soil texture, total acidity, calcium and magnesium levels) to determine the lime
requirement and type of lime to use. Many state and private labs 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 the soil solution. When using buffer pH, calibrated charts along with the buffer pH for that
particular test can solely be used for lime requirement determination.
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Table B-1. Target Soil pH Values for Vegetable Crops

Crop Target | Apply lime when Crop Target | Apply lime when
pH pH falls below pH pH falls below

Asparagus 6.8 6.2 Okra 6.5 6.0
Beans - lima, snap 6.2 6.0 Onions - green, bulb, scallions 6.5 6.0
Beets 6.5 6.2 Parsley 6.5 6.0
Broccoli 6.5 6.2 Parsnips 6.5 6.0
Brussels sprouts 6.5 6.2 Peas 6.5 6.0
Cabbage 6.5 6.2 Peppers 6.5 6.0
Carrot 6.0 5.5 Potatoes, sweet 6.2 5.5
Cauliflower 6.5 6.2 Potatoes - white, scab susceptible 5.2 5.0
Collards 6.5 6.2 Potatoes - white, scab resistant 6.2 5.5
Cantaloupes 6.5 6.0 Pumpkins 6.5 6.0
Celery 6.5 6.0 Radish 6.5 6.2
Cucumber 6.5 6.0 Rhubarb 6.5 5.5
Eggplant 6.5 6.0 Rutabaga 6.5 6.2
Endive - escarole 6.5 6.0 Spinach 6.5 6.0
Horseradish 6.5 5.5 Squash - winter, summer 6.5 6.0
Kale 6.5 6.2 Sweet corn 6.5 6.0
Kohlrabi 6.5 6.2 Strawberries 6.2 5.8
Leeks 6.5 6.0 Tomatoes 6.5 6.0
Lettuce - leaf, iceberg 6.5 6.0 Turnips 6.5 6.0
Mixed vegetables 6.5 6.0 Watermelon 6.2 5.5
Muskmelons 6.5 6.0

Lime Requirement

Most soil testing laboratories provide recommendations for increasing soil pH with lime. These recommendations
take into account that the lime requirement of a soil depends on total acidity that must be neutralized to raise the
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
exchangeable acid cations bound to clay and organic matter (reserve acidity). For the purpose of lime
recommendations using soil-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 requirements 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 classification. Soil
texture (e.g., loamy sand) may be considered a fixed soil property because it is not readily changed. Portable pH
meters or colorimetric paper strip kits (less expensive but also less precise) may be helpful for planning your liming
program. Once soil texture and pH are known, the lime requirement can be determined by referring to the
appropriate table for the crop to be grown. Consult Table B-2 for lime requirements for crops with a target soil pH
of 6.3 to 6.5 (the majority of crops), for crops with a target soil pH not exceeding 6.2 (e.g., snap beans grown on
sandy Coastal Plain soils), and crops with a target soil pH of 5.2 (e.g., scab susceptible potatoes). Note: On soils
with high organic content (> 6%) many crops with a desired soil pH of 6.5 can tolerate a lower soil pH (typically
pH 5.6) than on mineral soils.

Typical soil test results will include pH and relative availability of magnesium (Mg) and calcium (Ca) to help
determine what lime type should best be used. While most vegetables grow best in soils that are slightly acid (pH
6.0-6.8), some (e.g., sweet potato and some white potato varieties) are best grown at soil pH of 5.2. Soil test reports
will usually report Mg and Ca levels as “above optimum” or “exceeds crop needs”, “optimum”, and “below
optimum” or “deficient”, and may further specify “low/high” and “very low/very high”. These qualifications
indicate the relative need to remediate the soil by adding or withholding supplements of the indicated nutrient and
by recommending a specific lime (i.e., dolomitic lime for more Mg and calcitic lime for more Ca). Note: Excessively
high soil pH increases the possibility of nutrient deficiency in sensitive crops (i.e., Mn, P, etc.).
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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 (CaCO3) has a CCE of 100%
and is the standard against which all liming materials are measured. Since the CCE of liming materials may vary
from 40 to 179%, the amount of liming material needed to supply a given quantity of CCE will vary considerably.
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-3 or use the following calculation:

Actual amount of liming material required = Soil test CCE recommendation + % CCE of liming material x 100
Example: A soil test recommends applying 2,000 Ib CCE/A and the liming material purchased has 80% CCE.
Actual amount of liming material required per acre = 2,000 + 80 x 100 = 2,500 Ib/A

Table B-3 may be used instead of the formula to convert soil test recommendations for Ib CCE/A to Ib of the actual
liming materials to be applied. 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 1b/A practical for spreading equipment. Although
liming recommendations should now be given in Ib CCE/A, recommendations that are given as total oxides can be
converted to CCE by multiplying by 1.79.

Example: If the recommendation calls for 2,000 Ib/A of total oxides, the recommendation for Ib CCE/A is:

2,000 x 1.79 =3,580 1b CCE/A.

Selection of Liming Material

Liming materials neutralize soil acidity, supply calcium (Ca) and supply or increase available magnesium (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 using fine-sized liming material. When soil pH is low, soil test levels of Ca and Mg may be below optimum
or deficient. It is important to choose a liming material that contains a significant concentration of Mg; these liming
materials are commonly referred to as dolomitic type or dolomite. If the soil Mg level is expressed as 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 or exceeds crop needs, use a calcitic or calcite liming material that has less than 3.6% Mg.

Occasionally soils test below optimum or deficient 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 expressed as below optimum-very low, apply 30 1b/A of Mg from a Mg
fertilizer. If Mg is below optimum-low, apply 15 1b/A of Mg. If soil pH is satisfactory for the crop, but the Ca level
is below optimum--very low, apply 350 1b/A of Ca (=1500 1b/A of gypsum). If the pH is satisfactory, but Ca is below
optimum--low, apply 175 1b/A of Ca (=750 Ib/A of gypsum).

Timing of Application

Lime is slow to react in soil. It may take several months after application for soil pH to reach desired levels. 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. 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, or laying polyethylene mulch
is important. Once the plastic mulch is installed or the crop is established, it is virtually impossible to correct a soil
pH problem using surface applications of lime. Lime should be applied at least six months to a year in advance of
planting perennial crops to ensure 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 N fertilizers accelerates
soil acidification. Test your soil pH every 1 to 3 years. Relime soils before pH drops below the desired range to
avoid development of excess acidity.
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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 pH will change 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 Ib CCE/A.

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

Special Considerations

Potato scab

Potato scab is caused by the soil-inhabiting fungus Streptomyces scabies. The disease is suppressed in acid soils

(pH <5.2), so increasing soil pH with lime favors development of scab. When lime is needed, it is best to apply the

lime after potato harvest and before other crops are 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 to 6.2.
Cabbage, broccoli, and leafy greens are subject to infection by the clubroot fungus Plasmodiophora brassicae.

If clubroot has been a problem in the past, 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

Spinach requires an initial pH of 6.5 to 6.7 for good growth and leaf quality. Soil Ca levels should be medium or

optimum and in balance with Mg. Plan ahead and adjust pH, Ca, and Mg the season before planting spinach.

Lime and Fertilizer

Lime and fertilizer work together to produce high yields and better crops. Lime is not a substitute for fertilizer, and
fertilizer is not a substitute for lime. Proper use of the two together creates optimal nutrient availability for
vegetables. 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. The availability of nutrients is adversely affected by pH less than 5.0 or greater than 7.0.

Table B-2. Pounds of Calcium Carbonate Equivalent (CCE) Recommended per Acre

For Crops with a Target Soil pH of 6.5
Soil Texture and Fertility

Initial Soil pH Loamy Sand Sandy Loam Loam Silt Loam Clay Loam
4.1-44 4,500 5,400 9,800 11,600 23,300
4.5-4.8 3,600 4,500 8,100 9,800 18,800
4.9-52 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 0

For Crops with a Target Soil pH of 6.2
Soil Texture and Fertility

Initial Soil pH Loamy Sandy Sandy Loam Loam Silt Loam Clay Loam
4.1-4.4 4,000 4,500 8,000 8,900 20,600
4.5-4.8 3,100 3,600 6,300 7,100 16,100
4.9-52 2,200 2,700 4,500 5,400 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 6.5 0 0 0 0 0

Table B-2. Pounds of Calcium Carbonate Equivalent (CCE) Recommended per Acre - continued next page
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Table B-2. Pounds of Calcium Carbonate Equivalent (CCE) Recommended per Acre - continued

For Potato Varieties with a Target Soil pH of 5.2

Soil Texture and Fertility
Initial Soil pH Loamy Sandy Sandy Loam Loam Silt Loam
4.5 630 990 1,350 1,790
4.6 540 810 1,160 1,520
4.7 450 630 940 1,250
4.8 360 540 760 990
4.9 270 450 540 760
5.0 180 270 400 490
5.1 90 100 180 270
5.2 0 0 0 0

Table B-3. Conversion of Recommended Calcium Carbonate Equivalent to Recommended Limestone.
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 1b/A practical for spreading equipment.

CCE (Ib/A) Percent Calcium Carbonate Equivalent (% CCE) of Liming Material
Recommended
by Soil Test | 70 | 75 | 80 | 85 [ 90 | 95 100 | 105
Actual Limestone Recommendation (Ib/A)!2
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

'The amounts 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. 2It is not advisable to apply more than the following Ib/A of
CCE as a topdressing: loamy sand 2,000, sandy loam 3,000, loam 4,000, and silt loam 5,000. If fields are to be plowed and the CCE
recommendation exceeds 3,000 1b/A, plow under half the needed amount and apply the other half after plowing and then disk in as deeply as
possible.

3. Plant Nutrients

Many factors influence the nutrient requirements for optimum yield and quality of a given vegetable crop. The
original source of soil particles, texture, 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 affect
retention, availability, and uptake of nutrients. Varieties of the same crop often differ significantly in their nutrient
requirements. Test soils to determine the kinds and amounts of phosphorus, potassium, calcium, and magnesium
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 Analytical Services
Laboratory, College of Agriculture, The Pennsylvania State University; https.//agsci.psu.edu/aasl. In years when
soil tests are not taken, growers in Pennsylvania should use Tables B-4a, as described below. Growers in New
Jersey, Virginia, and West Virginia should use Table B-4a, as described below. Growers in Delaware should
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use Table B-4b. Growers in Maryland should use Table B-4b with adjusted FIV values (see
https://extension.umd.edu/sites/default/files/publications/74. %20%28reposting %29%20S FM-
4_Soil%20Fertility%20Management_1.pdf). See important notes and discussion in the Plant Nutrient
Recommendations section below to adjust nutrient rates and timing based on soil type, cation exchange
capacity, cropping and manure history, and soil temperatures.

Soil Test Categories
The basic soil test categories for management of soil Calcium (Ca), Magnesium (Mg), Phosphorus (P) and
Potassium (K) are: “below optimum” or “deficient”, “optimum”, and “above optimum” or “exceeds crop needs”.
For limestone recommendations, these categories indicate the concentrations of Ca and 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 below optimum -low or deficient, 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. If the soil fertility category is below optimum or 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. In general, no nutrient
application is recommended if the soil test category is above optimum or exceeds crop needs. This allows “draw-
down” of the nutrient level to the optimum range. However, certain crops (e.g., potatoes and tomatoes) still benefit
from low fertilizer applications of root stimulating nutrients (e.g., phosphorus) that should be applied as a “starter”
fertilizer. These concepts are illustrated in Figure B-1.

Figure B-1. Nutrient Application Rates Vary in Relation to Soil Test Category
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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 (Ib/A), but
they have no meaning in terms of actual quantity of nutrients available to crop plants. A soil test only 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 used. The
soil test values for the Mehlich-1 and Mehlich-3 categories (Tables B-4a and B-4b) 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.
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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.

Table B-4a. Soil Test Categories for Nutrients Extracted by Mehlich 3 and 1 (for growers in Pennsylvania,
New Jersey, Virginia, and West Virginia)

Soil Test Category Phosphorus Potassium Magnesium Calcium
®) X) Mg) (Ca)'
Mebhlich 3 Soil Test Value (Ib/A)>3
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+
Mebhlich 1 Soil Test Value (Ib/A)?
Below Optimum (very low) 0-3 0-15 0-24 0-240
Below Optimum (low) 4-11 16-75 25-72 241-720
Below Optimum (medium) 12-35 76-175 73-144 721-1440
Optimum (high) 36-110 176-310 145-216 1441-2160
Above Optimum (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, 1IN ammonium acetate extractable, K, Ca, and Mg are very similar to the
Mehlich-3 extractable concentrations of these nutrients.

Table B-4b. Soil Test Categories for Nutrients Extracted by Mehlich 3 and Mehlich 1, University of Delaware
(UD) (for growers in Delaware and Maryland). Note: growers in Maryland should use adjusted FIV values (see
https://extension.umd.edu/sites/default/files/publications/74.%20%28reposting%29%20SFM-

4_So0il%20F ertility%20Management _1.pdf).

Soil Test Category UD Fertility | Phosphorus Potassium Magnesium Calcium
Index Value | (P) (K) Mg) (Ca)
(FIV)
Mebhlich 3 Soil Test Value (Ib/A)
Low 0-25 0-50 0-91 0-65 0-500
Medium 26-50 51-100 92-182 66— 131 501 — 1000
Optimum (High) 51-100 101 —200 183 — 364 123 - 262 1001 — 2000
Excessive (Very High) 101+ 201+ 365+ 263+ 2001+
Mehlich 1 Soil Test Value (Ib/A)
Low 0-25 0-25 0-70 0-55 0-—450
Medium 26-50 26 —50 71140 56-110 451-900
Optimum (High) 51-100 51-100 141 —280 111-220 901 — 1800
Excessive (Very High) | 101+ 101+ 281+ 221+ 1801+
Soil Test Category UD FIV Soil Test Category Interpretation - University of Delaware (UD)
Low 0-25 The nutrient concentration in the soil is inadequate for the growth of most plants and will very

likely limit plant growth and yield. There is a high probability of a favorable economic
response to additions of the nutrient.

Medium 26-50 The nutrient concentration in the soil may be adequate for plant growth but should be
increased into the optimum range to ensure that plant growth and yield are not limited. There
is a low to moderate probability of a favorable economic response to additions of the nutrient.
Optimum (High) 51-100 The nutrient concentration in the soil is in the range recommended for the growth of all plants.
Since there is a very low probability of a favorable economic response, nutrient additions are
rarely recommended.

Excessive (Very High) 101+ The nutrient concentration in the soil is above the range recommended for the growth of all
plants. Additions of the nutrient will be unprofitable, may have undesirable effects on plant
growth, and hence are not recommended. Erosion and runoff from soils that are excessive in
phosphorus (P) can have negative effects on surface water quality.
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Plant Nutrient Recommendations

To obtain the highest yields with the least negative environmental impacts, ALWAYS base plant nutrition
decisions on a current soil test and current recommendations. Fertilizer is expensive and soil tests are
relatively cheap and the only indicator of true nutrient needs.

Refer to Tables B-4a or b to interpret the relative levels of P and K 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 in
Recommended Nutrients Based on Soil Tests tables in chapter F.

The following adjustments to the nutrient recommendations in chapter F are recommended based on soil

type and cation exchange capacity.

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

2. It may be desirable to build up the P and K 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 1b/A of P,Os and KO,
respectively, to the recommendations listed in the table for soils testing low in P and K. Apply additional amounts
in broadcast and plow down or broadcast and disk-in application.

Plant nutrient recommendations listed in tables in chapter F (Recommended Nutrients Based on Soil Tests tables)
are expressed in terms of nitrogen (N), phosphate (P,Os), and potash (K,O), rather than in specific grades and
amounts of fertilizer. When soil test results are available, the phosphate (P,Os) and potash (K>O) 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 very high.

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 N 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 the Recommended Nutrients Based on Soil Tests tables in chapter F
were developed for fields where no manure is being applied and where no legume crop residue is being incorporated
prior to planting a new crop. If manure and/or legume crops are being used, the plant nutrient recommendations for
the specific crop should be reduced by the amounts of nitrogen (N), phosphate (P»Os), and potash (K,O) being
contributed from these sources, see Table B-10.

When warm season crops, such as sweet corn, tomatoes, peppers, eggplants, and vine crops are seeded or
transplanted and soil temperatures are below 65°F (18°C), 20 Ib/A of P,Os may be applied to replace phosphorus
removed by the crop when soil test levels for phosphorus are above optimum or exceeds crop needs.

Once final fertilizer nutrient needs are determined, it will be necessary to determine the grade and rate of
fertilizer needed to fulfill these requirements. For example, if the plant nutrient requirements that need to be added
as a commercial fertilizer are 50 Ib of N, 100 Ib of P,Os, and 150 1b of K»O, you would need a fertilizer with a 1:2:3
ratio, e.g., a 5-10-15, 6-12-18, or 7-14-21. Once you have selected the grade of fertilizer, the amount needed to
fulfill the plant nutrient requirement can be determined by dividing the amount of the nutrient needed per acre by
the respective percentage of N, P»Os, or K,O in the fertilizer, and multiplying the answer by 100. For example, if
you choose a 5-10-15 fertilizer grade to supply the 50 Ib of N, 100 1b of P,Os, and 150 1b of K»O needed, you can
calculate the amount of 5-10-15 fertilizer needed as follows: Divide the amount of N needed per acre (50 1b) by the
percentage of N in the 5-10-15 fertilizer (5%), and multiply the answer by 100; the answer is 1,000 1b.

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 fertilizers based on the least costly
fertilizer grades available. 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.
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4. 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 nutrients (macronutrients) are generally required in larger quantities.
Nutrients needed in smaller quantities (micronutrients) are often as important as macronutrients for achieving
desired results. Most commercial fertilizers contain the macronutrients N, P, and K, expressed as a weighted
percentage (N-P,0Os-K»0). Micronutrients may be supplied along with macronutrients.

Nitrogen Management
Nitrogen (N) is one of the most difficult nutrients to manage in vegetable production. N is readily leached or can
be tied-up by soil microbes, can be lost to the atmosphere if not quickly incorporated, and is lost under water-
saturated soil conditions. Due to the numerous N loss pathways, N is not routinely tested by state soil testing
laboratories for making crop recommendations. Instead, N recommendations are based on years of fertilizer
research and yield potential. N application timings, application methods, and sources are also commonly researched
and have resulted in recommendations for splitting N fertilizer applications 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 N fertilizer may be tied-up, lost from the production system, or another application of N is needed.
Tissue testing is the best option when deciding if and how much more N is needed to meet expected yields. Soil
testing laboratories can provide N concentrations of plant materials with quick turnaround times to aid in N
application decisions.

Nitrogen Management with In-Season Soil Nitrate Testing

An in-season soil test for N availability can be used in special soil fertility situations to predict the need for sidedress
N fertilizer for some vegetable crops. This special soil test is called the pre-sidedress soil nitrate test or PSNT. The
soil sampling for the PSNT must be done early in the growing season shortly after the crop has been planted.

The PSNT is most useful when farmers have implemented soil fertility practices that increase the ability of soil
to supply N. Practices such as applications of compost, manures, or crop rotations with legume cover crops are
examples of field conditions where the PSNT can be useful.

When the N supplying capacity of the soil may be expected to be good because of organic amendments, the
PSNT often predicts that soil N availability is sufficient to produce the crop without sidedress N fertilizer. Where
the PSNT identifies N sufficiently, growers can confidently save on the cost of unnecessary fertilizer. However,
occasionally the PSNT finds that the N supply is less than expected and sidedress N fertilizer is still recommended.

The PSNT is not recommended to be used in fields where the soil organic matter content is low and when there
is no recent history of organic cultural practices that build up the N supplying capacity of soil. Fields that are very
likely to be deficient in available N can be easily predicted based on soil type and field history. Thus, consider soil
conditions as a guide to decide where to perform the PSNT soil test. Where soils can be known to be low in N
availability, PSNT testing is a waste of time and effort.

Research has demonstrated that the PSNT soil test works well for annual type vegetable crops such as sweet
corn and late planted cabbage on soils rich in organic matter content. For sweet corn the PSNT soil samples should
be collected when plants are about six-inches tall and for cabbage at about two weeks after transplanting into the
field. Unlike a traditional soil fertility test, soil cores for PSNT are taken from the 0 to 12-inch soil depth. Also soil
samples need to be dried and delivered promptly to the agricultural laboratory. The test results also need to be
promptly communicated to the vegetable grower so that a timely decision about applying sidedress N can be made.
When the PSNT finds 25 ppm or greater level of nitrate-N, a zero rate of N fertilizer is recommended.

A fact sheet about how to implement the PSNT is on the web at Rutgers NJAES: Soil Nitrate Testing as a Guide
to Nitrogen Management for Vegetable Crops https.//njaes.rutgers.edu/pubs/publication.php?pid=E285.

Phosphorus Management

In general, crops are very likely to respond to phosphorus (P) fertilization if found to be needed by soil testing. Soil
test P levels of deficient or below optimum-very low, low, or medium indicate a strong response to adding P fertilizer.
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 with levels in the
exceeds crop needs or above optimum-very high categories may also respond to P fertilizer if conditions are
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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 or below optimum, P should generally be applied as a
combination of broadcast and banded methods. Even at P soil test levels that are very high-above optimum or
exceeds crop needs, a small amount of banded P may benefit crop establishment. Many test results describe soils
as above optimum or exceeds crop needs due to previous fertilizer and manure applications. When
applied in excess of crop removal, P accumulates in the soil. P is strongly adsorbed to soil particles and very little
is subject to loss via leaching. In high concentrations, soil P will also interact with ionic micronutrients, such as
zinc, to alter availability of P to the plant. If the soil test report indicates that P levels are above optimum or exceeds
crop needs, crop and site-specific factors will determine if P fertilizer should still be applied, but the general
recommendation under those circumstances is that soils 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 or below optimum, -very
low or low. A soil testing below optimum-medium in K may or may not respond to K fertilizer. Soils testing optimum,
above optimum or exceeds crop needs are unlikely to respond to K fertilizer, but it may be recommended to apply
K to maintain the soil fertility level in the optimum range.

In general, most of K fertilizer should be broadcast. When the fertility level is below optimum or 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 above 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 drip- 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 optimum levels.

Secondary and Micronutrient Management

Calcium (Ca), magnesium (Mg), and sulfur (S) are included in the secondary element group. Ca may be deficient
in soils that were not properly limed, where excessive amounts of potash fertilizer were used, and/or where crops
are subjected to drought stress. Dolomitic or high-Mg limestone should be used for liming soils that are low in Mg.
On low-Mg soils where lime is not needed, Mg should be applied in fertilizer. Magnesium may be applied as a
foliar spray to supply Mg to crops in emergency situations. Contact your county Extension Agent/Educator for
recommendations regarding scenarios that do not conform to these common soil nutrient ranges.

Sulfur is an important plant nutrient, especially for the onion family and cole crops. S may become deficient on
light, sandy soils. S deficiencies may develop as more air pollution controls are installed and with the continued use
of high-analysis fertilizers with low S content. S concentrations greater than 5 ppm are associated with increased
pungency in sweet Spanish onions, and low soil S will result in reduced pungency. S can be supplied by application
of S-containing fertilizers, e.g., Gypsum (Calcium Sulfate) or Epsom Salt (Magnesium Sulfate), see Table B-5.

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-7 for B recommendations for various crops based on soil or plant tissue test results. Use of excessive
amounts of B can be very toxic to plant growth. DO NOT exceed recommendations listed in Table B-7 and in the
Recommended Nutrients Based on Soil Tests tables for specific commodities in chapter F (note: in chapter F, Boron
recommendations may be listed in a footnote under the Recommended Nutrients Based on Soil Test table).
Manganese (Mn) deficiency often occurs in plants growing on soils that have been over-limed with a pH above
7.0. The deficiency is most common on sandy coastal plain soils. Legume crops, such as beans tend to be more
sensitive to Mn deficiency. Soybean is especially sensitive. Where Mn deficiency has been observed on a soybean
crop, be on the lookout for Mn deficiency in rotation vegetable crops grown in that same field. Sometimes Mn
deficiency occurs in sensitives crops at soil pH levels near 6.5.
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A broadcast application of 20 to 30 1b/A or a band application of 4 to 8 1b/A of Mn will usually correct the
deficiency. When Mn is applied as manganese sulfate, foliar application of 0.5 to 1 Ib/A of Mn in 20 gal of water/A
in one to three applications usually will help relieve the deficiency. Typical symptoms are interveinal chlorosis
(yellow tissue between green leaf veins). Apply the first foliar spray of Mn fertilizer as soon as deficiency symptoms
are visible. After treatment with a foliar spray of Mn fertilizer, deficient plants should turn noticeably green within
a few days. When Mn deficiency is severe, repeated foliar applications of Mn may be necessary over the course of
the growing season. Use manganese sulfate or a chelated of Mn fertilizer.

Do not apply lime or poultry manure to such soils until the pH has dropped below 6.5 and be careful not to
over-lime again. Application of ammonium sulfate, where it is an appropriate choice for a N fertilizer, can help to
lower soil pH and improve the availability of Mn.

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

Deficiencies of other micronutrients in vegetables in the Mid-Atlantic region are rare; and when present, are
usually caused by over-liming or other substandard soil management practices. Contact your county Extension
Agent/Educator for advice if you suspect a micronutrient deficiency of zinc, iron, copper, chlorine, or nickel.
Sources of fertilizers for the essential plant nutrients may be found in Tables B-5 and B-6.

Table B-5. Composition of Principal Macronutrient Fertilizer Materials

Material N P20s K>0 Mg Ca S CaCoOs
Nitrogen | Phosphorus | Potassium | Magnesium | Calcium | Sulfur Equivalent
(%) (%) (%) (%) (%) (%) (Ib/ton)

Ammonia, Anhydrous 82 -2960

Ammonium Nitrate 33t034 -1180

Ammonium Phosphate Sulfate 13 tol6 20 to 39 13 -1520 to -2260

Ammonium Polyphosphate (APP) 10to 11 34 to 37 +1000 to 1800

Ammonium Sulfate (Granular) 21 24 -2200

Ammonium Sulfate (Liquid) 8 9

Ammonium Sulfate Nitrate 26 15 -1700

Ammonium Thiosulfate 12 26 -2000

Calcium Nitrate 15 19 +400

Calcium Sulfate (Gypsum) 23 17

Diammonium Phosphate (DAP) 18 46 -1400

Limestone, Calcite 32 +1700 to 2000

Limestone, Dolomite 11 22 +1900 to 2160

Magnesium Oxide (Magnesia) 55

Magnesium Sulfate (Epsom Salt) 10 2.2 14

Monoammonium Phosphate (MAP) | 11 52 -1160

Nitric Phosphates 14 t0 22 10 to 22 8to 10 0to4 -300 to -500

Phosphoric Acid 52 to 54 -2200

Potassium Chloride (Muriate) 60 to 63

Potassium Magnesium Sulfate 22 11 22

Potassium Nitrate 13 44 -460

Potassium Sulfate 50to 53 18

Potassium Thiosulfate 25 17

Rock Phosphate 30 to 36 33 +200

Sodium Nitrate 16 +580

Sulfur Elemental 32 to 100

Superphosphate, Concentrated 441053 14 3200

(Triple)

Superphosphate, Normal 16 to 22 20 12

Urea 45 to 46 -1680

Urea Formaldehydes 351040 -1360

Urea-Ammonium Nitrate Solutions | 21 to 49 -750 to -1760
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Table B-6. Chemical Sources of Secondary and Micronutrients

Material Chemical Formula % B
Boron Borax Na»B407+10H.0 11
Sources Boric acid H3BO:s 17
Fert. borate-46 Na2B4075H>0 14
Fert. Borate-65 NaxB4O7 20
Sodium pentaborate NazB10016°10H20 18
Solubor Na>B10016°10H20 +NaxB4O7¢5H.O0 | 20
Material Chemical Formula % Ca
Calcium Calcitic lime CaCOs 31.7
Sources Calcium nitrate Ca(NO3)2 19.4
Dolomitic lime CaCO3+MgCOs3 21.5
Gypsum CaSO4+2H>0 22.5
Hydrated lime Ca(OH)2 46.1
Superphosphate, normal Ca(H2PO4)2 20.4
Superphosphate, triple Ca(H2POu)2 13.6
Material Chemical Formula % Cu
Copper Copper ammonium phosphate Cu(NH4)PO4+H20 32
Sources Copper chelates Na2CuEDTA 13
NaCuHEDTA 9
Copper sulfate CuSO45H>0 25
Material Chemical Formula % Fe
Iron Ferrous ammonium phosphate Fe(NH4)PO4eH,O 29
Sources Ferrous sulfate FeSO4+7H.0 19
Iron ammonium polyphosphate Fe(NH4)HP20O7 22
Iron chelates NaFeEDTA S5to 14
NaFeDTPA 10
NaFeEDDHA 6
Material Chemical Formula % Mg
Magnesium Dolomitic lime MgCO3+CaCO3 11.4
Sources Epsom salt MgS0O4+7H-0 9.6
Magnesia MgO 55.0
Potassium-Mg sulfate K2S0422MgSO4 11.2
Material Chemical Formula % Mn
Manganese Manganese chelate MnEDTA 12
Sources Manganese oxide MnO 41 to 68
Manganese sulfate MnS0O4+4H>0 26 to 28
Material Chemical Formula % Mo
Molybdenum Ammonium molybdate (NH4)6M07024¢2H20 54
Sources Molybdenum trioxide MoO; 66
Sodium molybdate NaxMoO4*2H20 39
Material Chemical Formula % S
Sulfur Ammonium sulfate (NH4)2S04 24
Sources Ammonium thiosulfate (NH4)2S20; 26
Gypsum CaS04+2H>0 16.8
Potassium-Mg-sulfate K2S04:2MgSO4 22.0
Potassium thiosulfate K2S203 17
Sulfur, elemental S 32 to 100
Material Chemical Formula % Zn
Zinc Zinc carbonate ZnCOs 52
Sources Zinc chelates Na2ZnEDTA 14
NaZnHEDTA 9
Gypsum CaS04+2H,0 16.8
Zinc oxide ZnO 78
Zinc sulfate ZnS04°H,0 35
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Table B-7. Boron Recommendations Based on Soil Tests for Vegetable Crops

Interpretation of Boron Soil Tests
Parts per Pounds Relative | Crops that often need additional Boron' Boron (B)
Million per Acre Level Recommendations
(Ib/A)?
Beets, broccoli, Brussels sprouts, cabbage, cauliflower,
celery, rutabaga, and turnips 3
Asparagus, carrots, eggplant, horseradish, leeks,
0.0-0.35 0.0-0.70 Low muskmelons, okra, onions, parsnips, radishes, squash, 2
strawberries, sweet corn, tomatoes, and white potatoes
Peppers and sweet potatoes
1
Beets, broccoli, Brussels sprouts, cabbage, cauliflower,
celery, rutabaga, and turnips 1.5
0.36-0.70 0.71-1.40 Medium Asparagus, carrots, eggplant, horseradish, leeks,
muskmelons, okra, onions, parsnips, radishes, squash, 1
strawberries, sweet corn, tomatoes, and white potatoes
>(0.70 >1.40 High All crops 0

'Tf 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. 2Approximate 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 Ib 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.

Plant Tissue Testing

Plant tissue testing is an important tool in assessing vegetable nutrient status during the growing season. The

following methods are commonly used: 1. Testing leaf tissue, 2. Testing whole petioles, and 3. Testing petiole sap.

1. Collecting leaf tissue for analysis:

o Sample the most recently matured leaf from the growing tip; the sample should not contain any root or stem
tissues. For sweet corn or onions, the leaf is removed just above the attachment point to the stalk or bulb. For
compound leaves (e.g., carrots, peas, tomatoes) 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 collected from each sampled plant.

e Avoid sampling plants damaged by pests, diseases, or chemicals.

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

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.

o Send samples to a laboratory in a paper bag; do not use plastic bags (your samples may rot in plastic).

2. Collecting whole petiole samples for analysis:

o Sample the most recently matured leaf. Throw away the leaflets or leaf blade. (see Fig. B-2). Sample from 30 to
50 plants.

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

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 use plastic bags (your samples may spoil in plastic)
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Sample petioles from most recently matured leaves. Discard the leaflets (see Fig. B-2). Sample 30 to 50 plants.
Sample across the field, from different rows, and avoid problem areas (e.g., low spots, ridges, washed out areas).
Sample between 10 a.m. and 2 p.m. Do not collect samples from water stressed plants.

After collection, squeeze collected petioles with a garlic press to extract sap. 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 NOs'-N. Petiole sap sufficiency ranges are found in Table B-9.

Figure B-2 Petiole Delineation for Several Plant Species.

Pepper Patidle

Crucumber Petiole

Interpreting Tissue Tests
Tissue tests will be reported as adequate or sufficient or normal 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 University of Florida website https.//edis.ifas.ufl.edu/publication/ep081. Test interpretations for
selected crops can also be found in chapter F. Petiole sap sufficiency ranges can be found in Table B-9. The
concentrations in the sufficiency range are measured in plants that have adequate amounts of nutrients available.
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 nutrient deficiencies are presented in the previous sections and in table B-8.

Table B-8. Recommendations for Correction of Vegetable Crop Nutrient Deficiencies

Nutrient Fertilizer Method Application Rate
(Nutrient) lIb/A
Nitrogen (N) Urea-ammonium nitrate solutions T,S,D! 30 to 40
Calcium nitrate T,S,.D 30to 40
Phosphorus (P205) Ammonium phosphates T,S,D 20
Triple superphosphate T,S 20
Phosphoric acid S.D 20
Potassium (K:0) Potassium chloride T,S,D 30
Potassium nitrate T,S,.D 30
Calcium (Ca) Calcium nitrate T,S,D 30
Calcium chloride D 30
Magnesium (Mg) Magnesium sulfate T,S,D 20
Potassium magnesium sulfate T.,S 20

Table B-8. Recommendations for Correction of Vegetable Crop Nutrient Deficiencies - continued next page
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Table B-8. Recommendations for Correction of Vegetable Crop Nutrient Deficiencies - continued

Nutrient Fertilizer Method Application Rate
(Nutrient) Ib/A
Sulfur (S) Ammonium Sulfate T,S,.D 20
Gypsum T,S,D 20
Boron (B) Borax, Solubor? D,F! 0.1t00.2
Copper (Cu) Copper sulfate D,F 0.1t00.2
Iron (Fe) Ferrous sulfate, chelated iron D,F 0.2t0 0.5
Manganese (Mn) Manganous sulfate, chelated manganese D,F 0.5t0 1.0
Molybdenum (Mo) Sodium molybdate D,F 0.01 to 0.05
Zinc (Zn) Zinc sulfate, chelated zinc D,F 0.1t00.2

IT=topdress, S=sidedress, D=drip irrigation, F=foliar. 2Mention of a trade name does not imply a recommendation over similar materials.

Table B-9. Sufficiency Ranges for Fresh Petiole Sap Concentrations in Vegetable Crops

Crop Stage of Growth Concentration (ppm) Crop Stage of Growth Concentration (ppm)
K NO;-N K NOs-N
Cucumber First blossom N/A 800-1000 Potato Plants 8 in. tall 4500-5000 | 1200-1400
Fruit (3 in.) N/A 600-800 First open flowers 4500-5000 | 1000-1400
First harvest N/A 400-600 50% flowers open 4000-4500 | 1000-1200
Broccoli Six-leaf stage N/A 800-1000 100% flowers open 3500-4000 | 900-1200
Just prior to harvest | N/A 500-800 Tops falling over 2500-3000 | 600-900
At first harvest N/A 300-500 Squash First blossom N/A 900-1000
Eggplant First fruit (2 in) 4500-5000 | 1200-1600 First harvest N/A 800-900
First harvest 4000-5000 | 1000-1200 Tomato First buds 3500-4000 | 1000-1200
Mid harvest 3500-4000 | 600-800 (Field) First open flowers 3500-4000 | 600-800
Muskmelon First blossom 4000-5000 | 1000-1200 Fruit (1 in. diameter) | 3000-3500 | 400-600
(Cantaloupe) | Fruit (2 in.) 3500-4000 | 800-1000 Fruit (2 in. diameter) | 3000-3500 | 400-600
First harvest 3000-3500 | 700-800 First harvest 2500-3000 | 300-400
Pepper First flower buds 3200-3500 | 1400-1600 Second harvest 2000-2500 | 200-400
First open flowers 3000-3200 | 1400-1600 Watermelon | Vines (6 in. long) 4000-5000 | 1200-1500
Fruit half-grown 3000-3200 | 1200-1400 Fruit (2 in. long) 4000-5000 | 1000-1200
First harvest 2400-3000 | 800-1000 Fruit (half mature) 3500-4000 | 800-1000
Second harvest 2000-2400 | 500-800 At first harvest 3000-3500 | 600-800

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 crop growth. 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 you 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 concentrations can vary
somewhat from sample to sample and having records helps to spot unusual soil test values that should be rechecked.
Although soil fertility concentrations naturally fluctuate from year to year due to crop rotation and manure
application, average concentrations 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 below optimum or deficient category, under-fertilization is
indicated. The nutrient recommendation should be adjusted so that the application rate is sufficient to meet the
needs of the current crop, and to gradually rebuild the nutrient supply to the optimum level. If soil fertility
concentrations are observed to climb into the above optimum or exceeds crop needs category, good crop yields may
be obtained without adding the nutrient. Yield and quality are likely to be reduced by reapplying a nutrient already
present in very high amounts. Over time, nutrient removal by crops should allow soil fertility concentrations to fall
back into the optimum range (Figs. B-1 and 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 economic loss, but they may also cause problems to animals and/or the
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environment. Very high soil P levels may lead to deficiencies of other nutrients, especially of iron and zinc. High
K levels 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.

Figure B-3. Changes in Soil Test Levels over Time under Different Nutrient Management Scenarios
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Plants usually obtain nutrients from the soil through roots, but 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 be beneficial. Care should be
taken to use approved tank mixes if nutrients are combined with fungicides, insecticides, herbicides, or any other
additive. Chelated nutrient sources are often optimal for tank mixes, but make sure to read the label and conduct
a jar test. Generally, it is difficult to supply ample macro- and secondary nutrients through foliar fertilization, and
application of this strategy should be focused on micronutrients only. If a nutrient deficiency occurs, efforts should
be made to correct this deficiency via soil fertilization prior to the next growing season.

5. Soil Improvement and Organic Nutrient Sources

Cover cropping is an important practice for sustainable vegetable production; some reasons to consider
cover crops:

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

Provide winter cover: By having a cover crop - including roots - growing on a field in the winter you recycle plant
nutrients (especially N), reduce N leaching losses, 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.

Reduce certain diseases and other pests: Cover crops help maintain soil organic matter concentrations. Cover
crop residues can help increase the diversity of soil organisms and reduce soil borne disease pressure. Some cover
crops may also release compounds that help suppress certain soil borne pests, e.g., nematodes.
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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.

Improve soil physical properties: Cover crops help 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 1b/A 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 1b/A 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 Ib/A by early September are also good cover crops.

Legumes
Legumes such as hairy vetch, crimson clover, field peas, subterranean clover, and other clovers are excellent cover
crops and can provide significant amounts of N for vegetable crops that follow. Good examples are hairy vetch
drilled at 25-60 1b/A, crimson clover at a rate of 15-30 Ib/A, or field peas such as Austrian Winter planted at 50-70
Ib/A. Subterranean 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 reach flowering or early fruiting 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 Ib/A of N equivalent. See Table B-10 for estimated N credits from legumes. Remember
to inoculate the seeds of these crops with the proper Rhizobia inoculants. All 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 N prior to planting fall vegetable crops. These include
sun hemp, cowpeas, soybeans, annual lespedeza, and several 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 1b/A, 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 MD and VA, and July 25 to August 1 in cooler areas of NJ and PA. 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.

Brassicas

There has been increased interest in the use of certain brassicas, including 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 amounts of organic matter, recycle N, can reduce compaction (larger rooted types), and offer the
potential for biofumigation (mustards and rapeseed). Plant by September 15 or in March-April. The following
Brassicas are available:

Rapeseed and Canola - overwinter and are good biofumigants.

Forage, Oilseed, 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.
Turnips (forage and garden types) - good biomass 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 as a biofumigant, reducing certain nematode levels in the soil. Several
mustard species also have biofumigation potential. To take advantage of biofumigation properties (rapeseed and
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several mustards) plant in late summer or spring. Allow plants to develop until just before going to seed.
Decomposing leaves release fumigant-like chemicals. 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 species/varieties will winter over into the spring.
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.

Other Cover Crops/Special Considerations
Several 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 using a good rotation program. This practice also helps to counteract the buildup of many diseases and
insects that attack vegetable 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 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: soybeans; peas; and snap, 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.

Sewage Sludge

Sewage sludge, or biosolids, is a by-product of the purification of wastewater. This type of material supplies organic
matter and contains micro- and macronutrients essential for plant growth. Sewage sludge can also contain
contaminants such as heavy metals, organic contaminants, radioactive substances, pharmaceuticals, and human
pathogens. Before it can be used for land application, sewage sludge must undergo stabilization and disinfection.
After appropriate treatment, federal and some state regulations allow the use of sewage sludge on vegetables.
However, Extension does not recommend applying sewage sludge biosolids to land used for vegetable production
due to environmental and public health concerns. In some states and in USDA Certified Organic Agriculture, land
application of sewage sludge biosolids is prohibited. If you elect to use biosolids despite warnings, 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 sewage sludge biosolids, carefully review the regulations and consult with the United States Department of
Agriculture (USDA) and the Natural Resources Conservation Service (NRCS).

Manure and Compost

Manures can be used in vegetable production but must be applied with sufficient time ahead of harvest to minimize
the risk from pathogens that cause foodborne illness (e.g., E. coli 0157:H7, Listeria, Salmonella). See Table B-10
for estimated available nutrient content for different manure types by animal. Manure testing is recommended for
developing nutrient management plan as the organic source of N in the manure will be available slowly. According
to the US Department of Agriculture’s National Organic Program, current guidelines for organic producers are to
apply un-composted animal manures at least 90 days prior to harvest for crops whose harvestable portions do not
come in contact with the soil and at least 120 days prior to harvest for crops whose harvestable portions do come in
contact with the soil.

55



B. Soil and Nutrient Management

According to the US Food and Drug Administration’s Food Safety Modernization Act Produce Safety Rule,
current standards for subpart F (112.50-60) are under a deferred action on the application interval until FDA can
perform a risk assessment to understand what effectiveness the integration of an appropriate interval or intervals
may have on protecting public health.

An alternative to direct application of manure is to compost the manure. Properly composted manure can be
applied to produce at any time before harvest.

Application and incorporation of compost to soils will increase soil organic matter and certain soil nutrient
concentrations. Compost ingredients can include animal manures, scrap table foods, food wastes, leaves, grass,
wood products, or other waste materials. Compost composition, nutrient analysis, and quality should be considered
when used in vegetable production. Ingredients which make up specific compost may be alkaline (e.g., lime is often
added), resulting in a high pH of 7.5 to 8.5. Composts that have been made from manures may have high salt
concentrations. Therefore, application rates of compost must be determined by considering nutrient content, salt
levels, crop use, and pH before field applications are made. Composts are generally applied from 1 to 6 ton/A.
Higher application rates may be deleterious. Compost analysis is essential to determine safe application rates.

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-fruit-production/. For more information on using
organic nutrient sources including calculating how much to apply see: Using Organic Nutrient Sources at:
https://extension.psu.edu/using-organic-nutrient-sources.

Table B-10. Plant Nutrient Value Credits to Be Allowed for Manure Applications and Crop Residues

.. Pounds per Ton . Pounds per Acre
Manure Applications N P20= K0 Crop Residues N P20- K20
Cattle manure 5-10! 3 3 Alfalfa sod 50-100> | 0 0
Horse manure 6-12! 3 6 Birdsfoot trefoil 40 0 0
Liquid poultry manure 7.15! 5.10 5.10 Crimson clover sod 50 0 0
(5-15% solids) Hairy vetch 50-100> | 0 0
Pig manure 5-10! 2 2 Ladino clover sod 60 0 0
Poultry manure 25-50! 40-80 | 30-60 Lespedeza 20 0 0
Red clover sod 40 0 0
Soybeans - grain harvest residue | 15 0 0
Soybeans - tops and roots 40 0 0

! Lower values for fall- and winter-applied manure and higher values for spring applied manure. Use these data only if manure being used
has not been analyzed.
275% stand = 100-0-0, 50% stand = 75-0-0, and 25% stand = 50-0-0

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/or 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: https://content.ces.ncsu.edu/herbicide-carryover.

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 at: Attps./www.ams.usda.gov/about-ams/programs-offices/national-
organic-program. The Organic Materials Review Institute (OMRI; see Attps./www.omri.org) reviews products
submitted by companies against the National Organic Standard (NOS) and can help identify which products are
allowed in organic production. 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-11 for a list of various products useable on organic farms.
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Table B-11. Status for Organic Production, Mineral Nutrient Value, and Relative Availability of Various
Materials Check with your certifying agency before using any of the listed materials, as the status for organic
roduction may have changed.

Material® Status for Organic Percent Nutrients® Relative
Production® N P,0s K20 Availability

Animal Tankage (dry) Allowed 7 10 0.5 Medium

Bone Meal (raw) Allowed 2to 6 15 to 27 0 Slow

Bone Meal (steamed) Allowed 0.7 t0 4.0 18 to 34 0 Slow Medium

Cocoa Shell Meal Allowed 2.5 1.0 2.5 Slow

Compost (not fortified) Allowed? 1.5t03.5 0.5t0 1.0 1.0to0 2.0 Slow

Cottonseed Meal (dry) Allowed® 6 2.5 1.7 Slow Medium

Dried Blood (dry) Allowed 12 1.5 0.57 Medium Rapid

Fish Emulsion Allowed 5 2 2 Rapid

Fish Meal (dry) Allowed 14 4 0 Slow

Fish Scrap (dry) Allowed 3.5t012 1to12 0.08 to 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

9Kelp® Allowed 0.9 0.5 41013 Slow

Manure! (fresh) - Cattle Restricted' 0.25 0.15 0.25 Medium

Manure" (fresh) - Horse Restricted! 0.3 0.15 0.5 Medium

Manure" (fresh) - Sheep Restricted! 0.6 0.33 0.75 Medium

Manure" (fresh) - Swine Restricted! 0.3 0.3 0.3 Medium

Manure" (fresh) - Poultry (75%) | Restricted' 1.5 1 0.5 Medium Rapid

Manure" (fresh) - Poultry (50%) | Restricted' 2 2 1.0 Medium Rapid

Manure" (fresh) - Poultry (30%) | Restricted’ 3 2.5 1.5 Medium Rapid

Manure" (fresh) - Poultry (15%) | Restricted! 6 4 3 Medium Rapid

Marl Allowed 0 2 4.5 Very Slow

Mushroom Composti Allowed* 0.4 10 0.7 5.7t06.2 0.5t0 1.5 Slow

Peanut Hulls Allowed 1.5 0.12 0.78 Slow

Peat and Muck Allowed' 1.5t0 3.0 0.2510 0.5 0.5t0 1.0 Very Slow

Pomaces™ - Apple (fresh) Allowed 0.171t0 0.3 0.4 t0 0.7 0.2t0 0.6 Slow

Pomaces™ - Apple (dry) Allowed 0.7t0 0.9 1.2t02.1 0.6to 1.8 Slow

Pomaces™ - Castor Allowed 5.0 1.0 1.0 Slow

Pomaces™ - Winery Allowed 1.5 1.5 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® AllowedP 0 1to2 3to7 Rapid

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

b 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; Attps.//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.

4 Must 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.

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

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

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

i Uncomposted 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.

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

k 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, containing about 32% CaO.

P Only from untreated and unpainted wood. Wood stove ash - only if not contaminated with colored paper, plastics, or other synthetic sources.
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C. Irrigation Management

1. Basic Principles

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

Moisture stress has varying effects on plants depending on 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 produce quality, as well as yields, or even result in irreversible crop damage.
Over-irrigation, especially late in the season, can reduce the quality and post-harvest life of the produce. 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. Knowledge of ET is the most
important factor for effective irrigation management. Many factors must be considered when estimating ET. The
most important factor is the amount of solar radiation (sunlight), which provides the energy to evaporate moisture
from the soil and the plant. Other important factors are air temperature, wind speed, and humidity level. Different
crops also have different transpiration rates.

Instruments that measure soil moisture content or soil water potential are commonly used to measure changes
in soil moisture and adjust irrigation schedules (see “Scheduling Irrigation with Soil Moisture Sensors” in section
C 2. Drip (Trickle) Irrigation below).

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

Crop Most Critical Period Crop Most Critical Period

Asparagus Brush (period following fern mowing) Onions: dry Bulb enlargement

Beans: lima Pollination and pod development Peas Seed enlargement and flowering
Beans: snap Pod enlargement Peppers Flowering and fruit development
Broccoli Head development Potatoes: white Tuber set and tuber enlargement
Cabbage Head development Potatoes: sweet Root enlargement

Carrots Root enlargement Radishes Root enlargement

Cauliflower Head development Strawberries Establishment, runner development,
Corn Silking and tasseling, ear development fruit enlargement

Cucumbers Flowering and fruit development Squash: summer | Bud development and flowering
Eggplants Flowering and fruit development Tomatoes Early flowering, fruit set, and enlargement
Lettuce Head development Turnips Root enlargement

Melons Flowering and fruit development

Crop Water Requirement

Plant factors affecting the crop water requirement are crop species and variety, canopy size, leaf characteristics
(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 at which water evaporates from the soil. Crops that feature a canopy with more surface area for transpiration
and sunlight interception (mature corn, potatoes, snap beans) use more water than crops that do not have an
extensive canopy (onions, immature plants, recently transplanted crops). Rooting depths vary with crop species and
may be affected by soil compaction, hard pans, and pH. 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. For
most vegetables, the effective rooting depth is approximately 12 inches.

Plant growth stage influences vegetable susceptibility to moisture stress. Irrigation is critical when establishing
newly seeded or transplanted crops. During the first 1-2 weeks of seedling or transplant growth, the root system is
not yet established in surrounding soil and irrigation can significantly increase plant survival, especially when soil
moisture is marginal. Irrigation can also increase the uniformity of emergence and final stand of seeded crops. For
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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 at high frequency while seedlings
are emerging. Keeping the soil surface moist will reduce the force necessary for seeding emergence. Water use by
vegetable crops increases up to full canopy and then will decrease thereafter. For warm season crops, peak water
use can be as much as 0.30 inches per day in mid-summer.

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 transpiration may be reduced. Shallow cultivation may help eliminate soil crusts and
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 results in greater evaporation
loss than trickle/drip irrigation, which wets only the area in the region of the plant root system. Trickle/drip irrigation
systems require more frequent operation to prevent plant stress due to the relatively small, wetted area.

Soil factors must also be considered. Soils with 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 can withdraw from the soil. Soils with high available water-holding
capacities require less frequent irrigation than soils with low available water-holding capacities. Low water holding
capacity soils like loamy sands and sandy loams require frequent irrigation in smaller amounts due to the low
holding capacity.

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. This can be problematic in silt and clay loam
soils, particularly with sprinkler irrigation. Excessive irrigation may lead to erosion from runoff and promote disease
development. Table C-3 lists the typical infiltration rates of several soils.

Table C-2. Available Water Holding Capacity Based on Soil Texture

Soil Texture Available Water Holding
Capacity (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

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

Soil Texture Soil Infiltration Rate
(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

Irrigation Principles

There is no simple method to accurately schedule irrigations since all the above factors interact to determine actual

ET. In the absence of reliable methods to estimate ET, the following 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 soils 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,
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humid days. During periods of hot, dry weather, when the crop is at full canopy, ET rates may reach 0.3 inch/day
or higher.

3. Research shows that irrigating to maintain soil moisture levels in a narrow range, just below field capacity
(60 to 80% available soil moisture), results in better crop performance than if the range is broader. Soil moisture
monitoring is therefore a more accurate way to determine irrigation needs.

4. Plastic mulches reduce evaporation from the soil but also reduce the amount of water that can reach the root
zone from rain. Thus, much of the natural precipitation should be discounted when scheduling irrigations for
crops grown using plastic mulch.

5. On moderate moisture-holding capacity soils, apply 0.25-0.75 inches of water per irrigation. This will ensure
that water reaches active areas of the root zone. The exception is during early crop growth and establishment
when lower rates may be appropriate. With sandy soils, daily irrigation applying only what can be used that day
is best. Splitting or pulsing the daily application with a 2+ hour break between applications has shown benefits,
particularly in very coarse soil.

6. If irrigation water has a high salt content (for example, wells in coastal aquifers or tidal streams), excess water
should be applied during each irrigation event to leach any salts before they are concentrated by evaporation. It
is necessary to regularly measure the salinity of tidal surface water to prevent crop damage.

7. Total weekly water needs for vegetable crops will increase up to full canopy and decrease thereafter. Irrigation
rates should be adjusted accordingly. Critical crop stages such as fruiting, or tuber bulking should also be
considered in determining weekly irrigation rates.

2. Drip (Trickle) Irrigation

Drip (or trickle) irrigation is used on a wide range of vegetable crops. Drip irrigation is a method of slowly applying
small amounts of water directly to the plant root zone. Water is applied frequently, often daily or several times a
week, to maintain favorable soil moisture conditions. The primary advantage of drip irrigation systems is that water
use is more efficient than with overhead sprinkler irrigation systems. In many cases, one-half or less of the water
applied with sprinkler or surface systems is required with drip systems because there is no evaporation loss from
the soil surface. Most of the water conservation from drip irrigation occurs in the early season. The difference in
water use between drip and sprinkler is negligible once a full canopy is achieved. In addition, substances applied
through the drip irrigation system, such as pesticides and fertilizers, can be conserved along with water, provided
the drip system is managed correctly.

Drip irrigation systems have several other advantages over sprinkler and surface irrigation systems. Low flow
rates and operating pressures are typical for 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 precisely apply the amount of water needed by the crop, which also reduces operating costs. With most drip
systems, disease and insect damage is reduced because leaves are not moistened by irrigation water. In addition, the
areas between rows remain dry, which reduces weed growth and water use, as well as pests and pathogens in these
areas of the field. Another advantage is that field management operations can continue during irrigation.

There are also potential problems with drip irrigation systems. Most drip irrigation systems require a higher
level of management than other irrigation systems. Moisture dispersal throughout the soil is limited, and usually 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 can present potential problems. Insects, rodents, and people can damage
drip irrigation equipment. Pressure regulation is critical, and filtration is required. The drip system, including the
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. Drip
systems cannot be used for frost control. Calculating the length of time required to apply a specific depth of water
with a drip irrigation system is more difficult than with sprinkler systems. Drip systems add an additional cost for
processing vegetables, are not adapted to drilled crops such as peas, and, therefore, may not be economical for these
crops.

Drip irrigation is especially effective when used with plastic or organic mulches. Unlike sprinkler systems, drip
systems apply water to only a small portion (wetted zone) 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
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system run times for most vegetables. Table C-4 shows the amount of water applied per hour with a drip irrigation
system based on the drip tube flow rate and the total cropped area (excluding drive rows). The use of this table
requires that the drip system be operated at the pressure recommended by the manufacturer.

Table C-4. Irrigation Applied per Hour per Cropped Acre (Inches)

Drip Tape Flow Tape Spacing (ft)

Rate (gpm/100') 2.5 3 4 5 6 7 8
0.22 0.08 0.07 0.05 0.04 0.04 0.03 0.03
0.34 0.13 0.11 0.08 0.07 0.05 0.05 0.04
0.45 0.17 0.14 0.11 0.09 0.07 0.06 0.05
0.67 0.26 0.21 0.16 0.13 0.11 0.09 0.08

Table C-5 presents the maximum recommended irrigation period for drip irrigation systems. The irrigation periods
listed assume that 50% of the available water in the root zone is depleted (see next section on the use of soil moisture
monitoring equipment 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. Maximum Number of Hours per Application for Drip Irrigated Vegetables
Based on a 12-inch-deep root zone and irrigation at 50% soil moisture depletion during the day.
Cut the maximum run times in half for nighttime irrigation and when active crop water use is not occurring.

Estimated I Maximum Run Time (hours) |
Soil Texture Wetted by Tape Flow Rate (gpm/100")

Width (in) 0.22 0.34 0.45 0.67
Coarse Sand 8 1.5 1.0 0.7 0.5
Fine Sand 10 3.3 2.1 1.6 1.1
Loamy Sand 12 5.1 33 2.5 1.7
Sandy Loam 16 9.8 6.4 4.8 3.2
Fine Sandy Loam 20 15.1 9.8 7.4 5.0
Loam and Silt Loam 24 22.7 14.7 11.1 7.4
Clay Loam 24 19.3 12.5 9.4 6.3
Silty Clay and Clay 24 17.0 11.0 8.3 5.6

Scheduling Irrigation with Soil Moisture Sensors

Irrigation scheduling is a management practice used to determine how often to irrigate and how much water to apply
with each irrigation event. Irrigation duration was discussed in the previous section and should be based on soil
available water-holding capacity and soil moisture depletion level. Soil moisture sensors are tools used to measure

soil water. This can then be used to determine how much soil moisture has been depleted and when irrigation should
be scheduled.

Determining Soil Moisture Levels:

Hand-Feel Method

This is the easiest and cheapest method to determine soil moisture levels for irrigation scheduling. Soil samples are
collected using a soil probe or shovel, and the moisture level is estimated by “feeling” the soil and comparing it to
known conditions. This method can allow for multiple depths of samples and is not susceptible to equipment
failures; however, it does require an experienced operator to get consistent results. The United States Department
of Agriculture Natural Resource Conservation Service, USDA-NRCS, provides an excellent guide to using the hand
feel method, available at your local NRCS office or at: https./nrcs.usda.gov/sites/default/files/2022-
09/Estimating%2080il%20Moisture%20by%20F eel%20and%20Appearance. pdf.

Tensiometers
Tensiometers are excellent tools for determining irrigation frequency because they indirectly measure water
available in the crop root zone. Tensiometers are glass or plastic tubes filled with water hermetically sealed with a
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porous ceramic tip submerged in the soil at one end and a vacuum gauge at the other end. As the soil dries, its
capillary action will try to suck the tensiometer water through the ceramic tip creating a vacuum. This vacuum is a
measure of soil tension or “soil suction” or “matric potential.” 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. 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-6 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 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.

Table C-6. Irrigation Guidelines for Tensiometers

Soil Texture Soil Tension (cb) | Soil Moisture Status and Irrigation Requirement
Sand, Loamy Sand 5-10

Sandy Loam, Loam, Silt Loam 10-20 Soil at field capacity; no irrigation required

Clay Loam, Clay 20 —40

Sand, Loamy Sand 20-40

Sandy Loam, Loam, Silt Loam 40 — 60 50% of available water depleted; irrigation required

Clay Loam, Clay 50— 80

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 (see Table C-6). 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% 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 the 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 the most practical
in sandy or coarse-textured soils where normal soil tension levels are well below the point of breaking tension. In
sandy soils it is often desirable to use % bar gauges that read in the 0-50 cb range rather than the standard 0-100 cb.

Ideally, four tensiometers per management zone should be used to account for variability in soil texture and
other factors within the field. Install at least one tensiometer in the area that will likely require water sooner than
other areas of the field (e.g., sandier soils and high areas). The remaining tensiometers should be placed to inscribe
a triangle within the area to be irrigated but inside field edges. The inherent variability of the irrigation system
should also be considered as the overlaps of sprinklers or the reduced output of drip emitters due to run length or
slope will affect the reading. 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. 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 and the sensor
(tip) buried 6-12 inches below the soil surface. This ensures that readings reflect moisture in the root zone and
decrease when 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 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
embedded in a porous matrix such as gypsum, ceramics, glass fibers, or nylon cloth. To measure soil moisture,
sensors are buried in the crop root zone in the soil. The electrical resistance of sensors varies with water content,
which in turn is dependent upon the water content of the soil in contact with them. As the soil dries, the sensor loses
water and the electrical resistance increases. Therefore, resistance changes within the sensor as measured by the
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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 embedded stainless steel electrodes 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 that readings are 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, and manufacturers provide calibration curves for their equipment.
When sensor readings are expressed as soil water tension, the irrigation chart in Table C-6 can be used as a guide.

Prepare resistance matrix sensors according to manufacturer’s recommendations before installation. This
normally requires soaking in water. Soaking removes air from the sensors and ensures 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 the desired depth. Crumble up at least 3 inches of soil removed from the hole and put it back into the hole.
Pour about Y4 cup of water into the hole to form a slurry of mud at 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 2-inch electrical
conduit or pipe and slip the conduit over the lead wire and against the top of the sensor. Backfill 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 that 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 to tensiometers to give accurate information on soil water depletion.

Volumetric Soil Moisture Sensors

Volumetric soil water sensors such as TDR (Time Domain Reflectometry) and FDR (Frequency Domain
Reflectometry) sensors can measure soil water accurately. They require power sources to operate (battery, solar,
wired) and are typically much more expensive than tensiometers and resistance blocks. For irrigation scheduling,
sensors at various depths and locations in the field are installed and monitored. Soil moisture is recorded as volume
of water per volume of soil. This then can be related to the available soil water percent based on a specific soil type
by calibration to produce a soil water curve.

Maintaining Drip Irrigation 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 low paths, thus allowing a limited flow of water to be
disc