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Dear Reader,

The Southeastern Vegetable Extension Workers Group (SEVEW) is proud to offer you the 25™ edition of
the Southeastern U.S. 2024 Vegetable Crop Handbook. We are excited to provide growers, crop advisers,

county educators, Extension agents, and specialists throughout the southeastern United States with this
handbook.

This handbook represents a joint effort among Extension specialists and researchers from 15 land-grant
universities in the U.S. who work in the area of vegetable production. These specialists and researchers
represent a wide array of disciplines: agricultural engineering, entomology, food safety, horticulture
(vegetable production), plant pathology, postharvest physiology, soil science, and weed science.

This handbook comprises up-to-the-minute information developed from research and Extension projects
conducted throughout the southeastern United States. The key idea behind this handbook is to provide
you with a practical resource that conveniently fits on your dashboard. It contains the information that
you need to manage your vegetable crops, including which varieties to plant, planting dates, fertilizer
recommendations, cover crop selection and conservation tillage options, pesticide selection, grafting, fer-
tigation, plasticulture, postharvest handling, alternative pest management tools and suggestions, as well
as many other topics.

An electronic version is available at:

www.vegcrophandbook.com

In addition to developing this handbook, the SEVEW Group focuses on strengthening and supporting
vegetable production programs around the region, identifying emerging issues facing this region, and
providing a forum for multistate programming that will benefit growers in the southeastern United
States. Vegetable production in this region faces many challenges. Members of the SEVEW Group have
combined their knowledge and experiences to develop approaches and answers that enable growers to
optimize their production practices and to increase the sustainability of their operations.

We hope you enjoy this handbook!
Sincerely,

SEVEW Group

2024 Vegetable Crop Handbook for Southeastern United States


www.vegcrophandbook.com

The 2024 handbook was prepared and reviewed by the following authors at their respective institutions.
We also wish to thank all of the past authors and participants that have helped to refine and continually improve this handbook.
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The purpose of this book is to provide the best and most up-to-date information available for commercial vegetable growers in the southeastern US:
Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, and Virginia.
These recommendations are suggested guidelines for production in the above states. Factors such as markets, weather, and location may warrant

modifications and/or different practices or planting dates not specifically mentioned in this book.

*State Coordinators
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UPCOMING EVENTS FOR 2024

DATE/TIME
ALABAMA

LOCATION

CONTACT INFO

Alabama Fruit & Vegetable Growers Association Annual Conference and Trade Show

14 to 16 Feb Lodge at Gulf State Park, Gulf Shores, AL
ARKANSAS

Arkansas Grown Conference

25to 27 Jan Hot Springs, AR

GEORGIA

SE Regional Fruit & Vegetable Conference

11 to 14 Jan Savannah, GA

Georgia Watermelon Association Conference

26 to 28 Jan St Simons Island, GA
Sunbelt Ag. Expo

15to 17 Oct Moultrie, GA
KENTUCKY

Kentucky Fruit & Vegetable Conference and Trade Show
2to 4 Jan Sloan Convention Center, Bowling Green, KY

Organic Association of Kentucky Conference Series

25to 27 Jan Kentucky State University, Frankfort, KY
LOUISIANA

Louisiana Fruit and Vegetable Growers Association

TBA (Nov; June) TBA

Sweet Potato Field Day

Aug (TBD)

MISSISSIPPI

Private Pesticide Applicator Trainings

Anytime Virtual

Various (TBA) Various

Produce Safety Alliance Training

Various (TBA) Various/Virtual (TBA)

Greenhouse Vegetable Short Course

North MS Research and Extension Center
5421 MS-145, Verona, MS 38879
Beaumont Horticultural Unit Field Day

Beaumont Horticultural Unit, 478 Hwy 15N,
Beaumont, MS 39423

NORTH CAROLINA

Winter Vegetable Conference

TBA (March)

18t Thurs in June

21to 22 Feb Crown Plaza Resort, Asheville, NC

Business of Farming Conference

TBA (early Feb) Business of Farming Conference, Asheville, NC

Organic Growers School

8 to 10 March Mars Hill University, Mars Hill, NC

Mountain Research Station Field Day
Mountain Research Station, Test Farm Road,
Waynesville, NC

NC Sweetpotato Field Day

October Hort Crops Research Station, Clinton, NC

TBA (July)

__________________________________________________________________________________________________________________________________|
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Blake Thaxton at bthaxton@alfafarmers.org
http://www.afvga.org

https://arkansasgrown.org/

Georgia Fruit and Vegetable Growers Association,
877-994-3842 http://www.gfvga.org

http://www.georgiawatermelonassociation.org

http://www.sunbeltexpo.com

Rachel Rudolph at rachel.rudolph@uky.edu or 859-257-3374 https://kyhortcouncil.org

info@oak-ky.org

Kiki Fontenot at kkfontenot@agcenter.Isu.edu or 225-235-9968

Cole Gregorie at cgregorie@agcenter.Isu.edu

Gene Merkl at gm53@msstate.edu

http://extension.msstate.edu/content/online-private-applicator-certification-program

Gene Merkl at gm53@msstate.edu
http://extension.msstate.edu/agriculture/pesticide-applicator-certification

Juan Silva at jsilva@foodscience.msstate.edu or

Joy Anderson at joy.f.anderson@msstate.edu
https://extension.msstate.edu/food-and-health/food-safety/produce-safety

Jeff Wilson at jeff.wilson@msstate.edu

christine.coker@msstate.edu

Inga Meadows at inga_meadows@ncsu.edu or
Karen Blaedow at karen_blaedow@ncsu.edu
https://www.ncagr.gov/markets/commodit/horticul/tomatoes/

Molly Nicholie at molly@asapconnections.org
https://asapconnections.org/events/business-of-farming-conference/

outreach@organicgrowersschool.org
http://organicgrowersschool.org

Kyle Miller at 828-456-3943 or mountain.resst@ncgr.gov

Debbie Kennedy at 910-592-7839
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UPCOMING EVENTS FOR 2024 (contq)

DATE/TIME LOCATION

NORTH CAROLINA (cont’d)

Field Day

TBA (Aug) Mountain Horticultural Crops Research & Ext. Center,

Mills River, NC
Sustainable Agriculture Conference

TBA (early Nov) Durham, NC

NC Greenhouse Vegetable Growers Annual Meeting
TBA (late Oct/early Nov) Raleigh, NC

Southeast Vegetable & Fruit Expo

TBA (Nov/early Dec) Myrtle Beach, SC

SOUTH CAROLINA

Muscadine Pruning Workshop

25 Jan

Spring Vegetable Meeting

31 Jan

Midlands Spring Vegetable Meeting
21 Feb

Cucurbit Production Meeting

23 Feb

Pee Dee Vegetable Production Meeting
29 Feb

Bean and Pea Production Meeting
12 March

Upstate Spring Vegetable Meeting
14 March

Coastal REC Field Day

5 June

Watermelon Field Day
11 July

Fall Sweet Potatoes and Pumpkins Field Day
TBA (Sept)

TENNESSEE

Pick TN Conference
15to 17 Feb Franklin, TN

Steak and Potatoes Field Day
TBD Plateau Research and Education Center, Crossville, TN

VIRGINIA

Virginia Biological Farming Conference
19to0 21 Jan The Hotel Roanoke & Conference Center, Roanoke, VA

Eastern Shore Ag Conference and Trade Show

26 to 27 Jan Eastern Shore Community College, Melfa, VA
Winter Vegetable School
TBA (Feb) Warrenton, VA and Dayton, VA

Hampton Roads Fruit & Vegetable Meeting

TBA (Feb) Chesapeake, VA
Richmond Area Vegetable Meeting
TBA (Feb) Henrico, VA

Mid-Atlantic Strawberry Programs
2 and 3 March Virginia Beach, VA

Virginia Tech Eastern Shore AREC Research Field Day
Virginia Tech Eastern Shore Agricultural, Research &
TBA (late July/August) Extension Center, Painter, VA
Northern Neck Vegetable Growers Conference
TBA (Dec) Warsaw, VA

CONTACT INFO

Jessica Edney at 828-654-8590

http://www.cals.ncsu.edu/agcomm/writing/Field_Days

Carolina Farm Stewardship Association
https://www.carolinafarmstewards.org/sac/

http://www.ncagr.gov/markets/assoc/ghvga

Cathy Price at 919-413-9544 or cathy@seasag.com

Bonnie Holloman at 919-334-0099; http://www.ncvga.com

Allan Thornton at allan_thornton@ncsu.edu or Erin Eure at erin_eure@ncsu.edu
https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

https://scgrower.com/upcoming-events/

Gilbert Miller at 803-284-3343 or
gmlir@clemson.edu https://www.clemson.edu/cafls/edisto/index.html

Gilbert Miller at 803-284-3343 or gmlir@clemson.edu

https://www.clemson.edu/cafls/edisto/index.html

https://www.picktnconference.com/

http://plateau.tennessee.edu

https://vabf.org/2024-vabf-sfop-summit/

Theresa Pittman at 757-787-1361 ext. 14 or tmjlong@vt.edu

Kenner Love at 540-675-3619 or klove@uvt.edu

Roy Flanagan, Ill at 757-385-8139 or royf@vt.edu

Laura Maxey-Nay at 804-752-4307 or Imaxey-nay@vt.edu

Roy Flanagan, Il at 757-385-8139 or royf@vt.edu

Mark Reiter at 757-807-6576 or mreiter@vt.edu

Stephanie Romelczyk at 804-493-8924 or sromelcz@vt.edu

2024 Vegetable Crop Handbook for Southeastern United States
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MOBILE APPS

CALIBRATE MY SPRAYER app for iOS and Android

Improperly calibrated pesticide spraying equipment may cause either too little or too much pesticide to be
applied. This free mobile app was created to aid in the proper calibration of spraying equipment. Simply
select the type of sprayer you want to calibrate (Broadcast or Banded), insert values in each input box, select
what you want the app to calculate (Volume/Area or Catch/Nozzle), and tap ‘Calculate’. Each input’s units
can be customized by tapping the units. Sprayers can be saved with user-defined names.

Download the free Calibrate My Sprayer app at the Apple or Google app stores.

MIX MY SPRAYER app for iOS and Android

Mix My Sprayer was created to aid with quick, accurate calculations of product mixes to be applied with
spraying equipment. Users can create custom lists of favorite products by category. Simply add or select

a product, insert values in each input box, and the app automatically calculates the amount of product to

include in the user-defined mix size. Units for each input can be customized by tapping the unit buttons.

Products are saved with the user settings last used.

Download the free Mix My Sprayer app at the Apple or Google app stores.

FARMING BASICS app for iOS and Android
7\ The Farming Basics app from Alabama Extension is a gateway of information for small and beginning
farmers. The user-friendly app includes:
* information about major insect pests and diseases

* general management tactics
Q-Q * a fertilizer and irrigation calculator to assist in saving beginning farmers dollars on inputs
‘ | Clear pictures depict each crop, insect, and disease. Other features include crop and pest alerts, location
S oil—— services, with contact information for Extension regional agents, and an activity calendar linking to upcoming
meetings and field days. This app is available for iOS and Android devices.

Download the free Farming Basics app at the Apple or Google app stores.

SoilWeb 2.0 app for iOS and Android and Web

 Allows users to pinpoint soil types in their current location. The app is complete with data about the current

soil type. With its embedded GPS system, SoilWeb provides convenient, instantaneous soil information

from the exact soil the user is standing on. The app gives users greater accessibility to NRCS’ soil survey

information that has been collected across the US since the late 1890’s. The app presents the data in mobile
/

form, helping users make better-informed decisions about the location they are researching.

-
‘ Web-based version -- https://websoilsurvey.sc.egov.usda.gov/iApp/HomePage .htm

| Download the free SoilWeb 2.0 app at the Apple or Google app stores.

TANK MIX CALCULATOR app for iOS, Android, and Web

Tank Mix Calculator is an easy-to-use farm app from TapLogic. This agriculture app is free for any farmer to
use on their mobile device to quickly and easily generate a tank mix. Just enter your acreage, tank size, and
carrier volume. Next, select your chemicals from our list or add your own. Tank Mix Calculator will then pro-
vides the number of loads required to spray your acreage, along with full and partial load mixes of the chemi-
cals you selected.

Download the free Tank Mix Calculator app at the Apple or Google app stores.

o7
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MOBILE APPS

VEGDR app for iOS and Android

VegDr provides you with up-to-date information for vegetable diseases in Georgia. The app contains
information on various diseases, images of the symptoms, and list what products are considered effective
for control. At present time, the app includes cucurbits (cucumber, watermelon, squash, cantaloupe,
pumpkin) and solanaceous crops (tomato and pepper). Recommendations are based on information on the
manufacturer’s label and performance data from trials the University of Georgia.

Download the free VegDr app at the Apple or Google app stores.

MyIPM for Vegetables app for iOS and Android

\ MyIPM for Vegetables is a NEW pest management resource for commercial vegetable production. This
free mobile app for i0OS and Android devices provides integrated pest management (IPM) information for
management of common diseases and insects in conventional and organic vegetable production systems.
MyIPM for Vegetables currently contains information on diseases and insects of cucurbits (cantaloupe,
cucumber, pumpkin, squash, and watermelon) and tomatoes. Disease and insect information for additional
crops will be added in the future. Download the app today to access images of diseases and insects;

- descriptions of disease signs and symptoms, insects, and insect damage; descriptions of insect and pathogen
life cycles; management recommendations; efficacies, rates, preharvest (PHI) and restricted-entry intervals
(REI), and season limits for fungicides and insecticides. For more information, visit
https://myipm.app/vegetables/

Download the free MyIPM for Vegetables app at the Apple or Google app stores.

WEB-BASED APPS

CLEMSON CENTER PIVOT FERTIGATION CALCULATOR

Calculates the amount of liquid fertilizer to apply through center pivot irrigation systems.

https://precisionag sites.clemson.edu/Calculators/Fertigation/Pivot/

CLEMSON DRIP FERTIGATION CALCULATOR
Calculates the amount of liquid fertilizer to apply through the drip system.

https://precisionag sites.clemson.edu/Calculators/Fertigation/Drip/

2024 VVegetable Crop Handbook for Southeastern United States vii


https://myipm.app/vegetables/
https://precisionag.sites.clemson.edu/Calculators/Fertigation/Pivot/
https://precisionag.sites.clemson.edu/Calculators/Fertigation/Drip/

Vegetable Production Information Web Sites

ALABAMA
Alabama SARE Program
http://www.southernsare.org/SARE-in-Your-
State/Alabama

Alabama Cooperative Extension System
http://www.aces.edu

AU Plant Diagnostic Lab
http://offices.aces.edu/plantlabauburn/
AgWater Safety Program - Microbial Water
Testing Lab
https://www.aces.edu/blog/topics/farming/
agwater-safety-program/

Vegetable IPM Info
http://www.aces.edu/vegetableipm

Alabama Beginning Farms Program
http://www.aces.edu/beginningfarms

ARKANSAS
Arkansas Cooperative Extension Service
https://www.uaex.uada.edu/

Arkansas Fruit, Vegetable, and Nut
Update, UA CES Blog
http://uaex.uada.edu/hortblog

UA CES Commercial Vegetable Production
https://www.uaex.uada.edu/farm-ranch/
crops-commercial-horticulture/horticulture/
vegetables/

UA Vegetable IPM - Insect Pest Monitoring
http://uaex.uada.edu/hort-IPM

FLORIDA
University of Florida Cooperative
Extension Service
http://edis.ifas.ufl.edu

GEORGIA
University of Georgia Cooperative
Extension Service
http://extension.uga.edu

UG Fruits & Vegetable Info
http://extension.uga.edu/agriculture/
ag-fruits-vegetables

University of Georgia College of
Agriculture and Environmental Sciences
Publications
http://www.caes.uga.edu/publications

KENTUCKY
University of Kentucky Cooperative
Extension Service
http://ces.ca.uky.edu/ces

Kentucky Vegetable Integrated Pest
Management Program
http://ipm.ca.uky.edu/

UK Vegetable Crops Extension and
Research

https://vegcrops.ca.uky.edu

UK Plant Pathology
https://plantpathology.ca.uky.edu
UK Horticulture
https://www.uky.edu/hort

UK Entomology
http://entomology.ca.uky.edu/

viii

LOUISIANA
Louisiana SARE Program
http://www.southernsare.org/SARE-in-Your-
State/Louisiana

LSU AgCenter
http://www.Isuagcenter.com

LSU AgCenter Plant Diagnostic
http://'www.Isuagcenter.com/plantdiagnostics

LSU Soil Testing & Plant Analysis Lab
https://'www.Isuagcenter.com/portals/
our_offices/departments/spess/servicelabs/
soil_testing_lab

MISSISSIPPI
Mississippi State University Extension
Service
http://extension.msstate.edu

Mississippi State University Extension
Plant Diagnostic Lab
http://extension.msstate.edu/lab

Mississippi Commercial Horticulture
Information
http://extension.msstate.edu/agriculture/
crops/commercial-horticulture

Farmers’ Markets

http://extension.msstate.edu/agriculture/
local-flavor/farmers-markets

Mississippi State University Extension
Soil Testing Lab
http://extension.msstate.edu/agriculture/
soils/soil-testing

NORTH CAROLINA
North Carolina Cooperative Extension
Service
http://www.ces.ncsu.edu
Information on Herbs, Organics, &
Specialty Crops
http://ncherb.org
NCSU Vegetable Pathology
http://go.ncsu.edu/veggiepathology
NCSU Extension Plant Pathology
Portal
http://plantpathology.ces.ncsu.edu/
NCSU Plant Disease and Insect Clinic
https://pdic.ces.ncsu.edu/
NCSU Entomology Portal
http://entomology.ces.ncsu.edu/
NCSU IPM Portal
http://ipm.ces.ncsu.edu/
North Carolina Pest News
http://ipm.ncsu.edu/current_ipm/pest_news.
html
Horticulture Information
https://www.ces.ncsu.edu/categories/agri-
culture-food/commercial-
horticulture-nursery-turf/
NCSU Extension Growing Small Farms
https://growingsmallfarms.ces.ncsu.edu/
Wolfpack Weeds
http://wolfpackweeds.com/
Fresh Produce Safety
http://ncfreshproducesafety.ces.ncsu.edu/

OKLAHOMA

Oklahoma Cooperative Extension Service
http://www.oces.okstate.edu

OK Dept. of Horticulture Vegetable Fact
Sheets
http://pods.dasnr.okstate.edu/docushare/dsweb/
View/Collection-338

OK Dept. of Horticulture Vegetable Variety
Trial Info
http://www.hortla.okstate.edu/outreach/
vegetables/trial-reports

OK Cooperative Ext. Market Gardening
Courses - Soils, Cool- and Warm-Season
Vegetable Production
https://learn.extension.okstate.edu/

SOUTH CAROLINA

Clemson University Cooperative Extension
Service
http://www.clemson.edu/extension

Clemson Coastal Research & Education
Center
https://www.clemson.edu/cafls/research/
coastal/

Clemson Edisto Research and Extension
Center
https://www.clemson.edu/cafls/research/edisto/

SC Growers F&V News
https://scgrower.com/

TENNESSEE

University of Tennessee Extension
https://utextension.tennessee.edu/

UT Vegetable Production
https://utvegetable.com/

TEXAS

Texas Agricultural Extension Service
http://agrilifeextension.tamu.edu

VIRGINIA

Eastern Shore AREC, Virginia Tech
https://www.facebook.com/ESAREC

Eastern Shore Horticulture Lab
https://www.facebook.com/ESHortLab

Virginia Cooperative Extension
http://www.ext.vt.edu

Virginia Tech Extension Shore AREC
https://www.arec.vaes.vt.edu/arec/
eastern-shore.html

Virginia Tech Soils and Nutrient Management
https://www.facebook.com/EasternShore.Soils

Virginia Tech Vegetable Entomology Facebook

https://www.facebook.com/VirginiaTechVIPRLab/

Virginia Tech Vegetable Pathology Facebook
http://www.facebook.com/vtvegpp
VirginiaTechVIPRIlab
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General Production Recommendations

VARIETIES

New vegetable varieties are constantly being developed through-
out the world. Since it is impossible to list and describe all of
them, only some of the better performing commercial types are
listed in the specific crop section. These varieties are believed to
be suitable for commercial production under most conditions in
the southeastern US.

The ultimate value of a variety for a particular purpose is
determined by the grower, the variety’s performance under his
or her management, and environmental conditions. Several years
of trial plantings are suggested for any variety not previously
grown. For a true comparison, always include a standard in the
same field.

Disease Resistance or Tolerance. Natural variation within

a crop species, particularly from wild types can be a source of
disease resistance. Plant scientists have taken advantage of this
natural variation to develop varieties that are resistant or toler-
ant. Superscripts appearing after the variety names refer to the
disease resistance or tolerance which are spelled out in the foot-
notes.

Specialty Vegetables. Many producers are considering growing
specialty or “gourmet” vegetables. A limited number of pesti-
cides are registered for many specialty vegetables and herbs.
Successful pest control in these crops is dependent on sanitation,
seed treatment, crop rotation, planting site, mechanical cultiva-
tion, and the use of resistant varieties when available.

Promising specialty vegetable crops include asparagus,
kale, Swiss chard, herbs, ethnic vegetables, red leaf lettuce, Ro-
maine lettuce, scallions, snap peas, and snow peas.

Other promising types include bok choy, garlic, small mel-
ons (aside from cantaloupes), leeks, Pak choi, sweet onions, and
sweetpotatoes (moist and dry types with unusual colors). Min-
iature or baby vegetables are vegetables that are harvested at an
immature stage to ensure tenderness and often sweetness. These
include beets, carrots (finger and round types), cucumbers, egg-

TABLE 1A. VEGETABLE FAMILIES

Allium Family Composite Family Gourd Family
Chive Artichoke Cantaloupe
Garlic Chicory Cucumber
Leek Dandelion Muskmelon
Onion Endive & Escarole Pumpkin
Shallot Lettuce Squash

Jerusalem artichoke Watermelon

Asparagus Family

Asparagus Goosefoot Family Grass Family

Bindweed Family Beet Ornamental comn
Sweetpotato Chard Popcorn
Spinach Sweet Corn

Mallow Family
Okra

plant (little finger types), acorn squash, baby lettuce, pickling
corn, snap beans (small sieve types), summer squash (immature
with blossom attached), and winter squash.

Before planting a specialty crop, growers must determine
that specific retail, wholesale, restaurant, or processing mar-
kets exist.

CROP ROTATION

Crop rotation is an effective and widely used cultural practice

to prevent or reduce the buildup of soil-borne plant pathogens
and weeds. An effective rotation sequence includes crops from
different families that are poor or non-hosts of these pathogens.
In addition, a diverse crop rotation puts varying selection pres-
sure on weeds, preventing any one weed species from becoming
problematic. In general, the longer the rotation, the better the
results; a 3- to 5-year rotation is recommended. From a practi-
cal standpoint, this will depend upon the availability of land, the
markets, the selection of alternate crops suited to grow in the
area, the pathogen(s), and the purpose of the rotation (prevention
versus reduction). When used to reduce pathogen populations,
rotations of longer than 5 years may be required (see Table 1A).

SOILS AND SOIL FERTILITY

The best soils for growing vegetables are well-drained, deep
soils that are high in organic matter. These soils should have
good structure and have been limed and fertilized based on soil
test results. Loamy sand and sandy loam soils are generally
better suited for growing early market crops because they drain
quickly and warm early in spring. Deep, well-drained organic
soils are ideal for leafy vegetables, bulb and root crops that offer
a high return per acre.

Soils that are not ideal for vegetable production may be
made suitable for production by addressing the underlying prob-
lem(s). For example, poorly drained soils may require tiling to
improve drainage. A large percentage of the vegetables grown

Mustard Family Parsley Family Solanaceae Family

Broccoli Carrot Eggplant
Brussels sprout Celery Pepper
Cabbage Cilantro Potato
Cauliflower Parsley Tomato
Collard Pea Family

Kale Bean (lima, snap)

Kohlrabi Cowpea or

Mustard Southernpea

Radish Garden/English Pea

Rutabaga Soybean

Turnip

Upland cress
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in mineral soils of the Coastal Plain are grown in soils with es-
sentially no structure. These sandy soils also have little intrinsic
fertility; however, they can be productive if managed properly.
Adequate fertilization, adjusting pH as needed, and use of irriga-
tion water are required.

Soil Management. In a good soil management program, proper
liming and fertilization, good tillage practices, crop rotation, an-
nual additions of organic matter with cover crops, and adequate
irrigation are all necessary to maintain high levels of production.
Winter cover crops, rotating with non-vegetable crops, utiliz-
ing reduced tillage when possible, and periodically resting the
land with summer cover crops between vegetable plantings are
essential in preventing deterioration of the soil structure. In soil
management, soil structure is vital for maintaining highly pro-
ductive soils.

Nutrient Management and the Environment. The sandy soils
preferred for vegetable production in the southeastern US re-
sult in an aerated root zone and enable timely tillage, planting,
and harvesting. The same drainage allows water and dissolved
nutrients to move through the soil profile. Even with loams or
clays, nutrients retained in surface soil may be carried with sed-
iment or as dissolved run-off to surface water. Nitrogen (N) and
phosphorus (P) remain the two agricultural nutrients of greatest
environmental concern. Small losses of N & P can impact wa-
ter quality, especially in eco-sensitive regions. Agronomically,
other issues of potential concern include K fertilizer losses and
accumulation of heavy metals such as copper, zinc, etc. supplied
with amendments.

Ongoing research has documented increased costs and re-
duced profits, negative impacts on yield and quality, and human
health risks, due to over-fertilization. It is critical that both nutri-
ents and irrigation are managed to optimize vegetable production
while minimizing their impacts on the environment. Careful nu-
trient management includes consideration of the following four
issues: rate, timing, placement, and source, also called four R’s
of nutrient management. Land-grant university recommenda-
tions are based on calibrated crop response studies that can differ
substantially across the region. Producers should consult guide-
lines prepared specifically for their state for the most appropriate
nutrient management recommendations. A well-balanced nutri-
ent management plan represents good stewardship and should
satisfy any applicable environmental regulations.

Soil Acidity and Liming. Many soils in the southeast are natu-
rally acidic, or become acidic with cropping, and need liming to
attain optimum production levels. Soil acidity is the term used
to express the quantity of hydrogen (H*) and aluminum (A13*)
cations (positively charged ions) in soils. Soil pH is determined
by using a 1:1 soil-to-water solution. The pH of the solution is
measured by a pH meter. Soil pH is an indicator of “soil acidity
and soil alkalinity.” Combined, the use of the soil pH and soil
textural class determines the lime requirement. A pH of 7.0 is
defined as neutral, with values below 7.0 being acidic and above
7.0 being basic or alkaline.

Root growth and plant development may be severely re-

stricted if acidic cations, especially aluminum, occupy a large
percentage of the negatively charged soil cation exchange capac-
ity (CEC). This negative charge is due to the chemical make-

up of the soil clay and organic matter and means that they can
attract positively charged ions. Acidification occurs when H*is
added to soils by decomposition of plant residues and organic
matter, during the nitrification of ammonium when added to soils
as fertilizer (UAN solutions, urea, ammonium nitrate, ammo-
nium sulfate, anhydrous ammonia), manures, or plant residues
and from additions of acidic soil amendments. Declines of one
pH unit can occur even in properly fertilized beds. Other soil
processes, such as aluminum hydrolysis, will release H* into the
soil system and thereby increasing acidity. Lime is applied to
neutralize soil acidity by releasing a base (HCO,", OH) into the
soil solution, which reacts with acid-forming ions (H*). Increas-
ing soil pH reduces the concentration of dissolved aluminum, as
well as influencing the concentrations of other ions.

Lime recommendations consider differences in acidity
among soils as well as differences among various crops’ toler-
ance to acidity. Both the soil pH and some measure of residual
or exchangeable acidity are needed to calculate lime recommen-
dations. Although portable soil test kits determine pH rapidly, it
is not possible to make an accurate lime recommendation based
solely on a pH measurement. Another issue to consider is that
different soil laboratories may use different testing methods de-
veloped for their particular soil conditions. Due to these differ-
ences, producers should consult with their local Extension office
or consulting laboratory about laboratory methods and target pH
assumptions used in determining lime recommendations.

If soil pH is too high for the desired crop, elemental sulfur
(S) is the most effective material to reduce soil pH. The amount
of acidity generated by 640 pounds of elemental S is the same
as that neutralized by 1 ton of lime. Soil pH can be lowered
by applying aluminum sulfate or iron sulfate. Whether trying
to increase or decrease the pH of your soil, always follow the
manufacturer’s instructions for appropriate rates. A slight pH
reduction can be produced by using ammonium sulfate, ammo-
nium nitrate, or urea as a fertilizer source of nitrogen. Liming
materials containing only calcium carbonate (CaCO,), calcium
hydroxide [Ca(OH),], or calcium oxide (CaO) are called calcitic
limes. Pure calcium carbonate is used as the standard for liming
materials and is assigned a rating of 100 percent. This rating is
also known as the “calcium carbonate equivalent” and is referred
to as the CCE. All other liming materials are rated in relationship
to pure calcium carbonate.

Liming materials with significant amounts of magnesium
carbonate (MgCO,) are called dolomitic limes. Dolomitic limes
should be used on soils low in magnesium, as indicated by a soil
test report. It is possible to use a magnesium fertilizer instead of
dolomitic lime, but the costs of this source of magnesium may
be higher. Because lime dissolves very slowly, it must be finely
ground to effectively neutralize soil acidity. Lime laws in most
states describe standards for composition and particles sizes.

The most commonly used liming materials are finely
ground dolomitic or calcitic rock. Most agricultural lime is sold
in bulk by the ton. Additional liming materials include burnt
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lime or hydrated lime, pelleted lime, liquid lime, wood ash,
ground seashells, and industrial slags. Lime pellets and lime
suspensions (liquid lime) can be convenient and fast-acting but
are more expensive than ground limestones. Industrial by-prod-
uct liming materials can be useful soil amendments capable of
reducing soil acidity and supply a variety of nutrients including
calcium, magnesium, potassium, phosphorus, and micronutri-
ents. Each lot of such materials should be analyzed as consider-
able variation in CCE, fineness, and nutrient composition might
be present.

Within a one-to-three-year time-period, lime moves little
in the soil and neutralizes acidity only in the zone where it is
applied. To be most effective, lime must be uniformly spread
and thoroughly incorporated. In practice, rates are adjusted after
checking the spreader pattern and making appropriate correc-
tions. If the application is not correct, strips of under-limed soil
could result, possibly reducing crop yields. The most commonly
used lime incorporation tool is the disk. It will not incorporate
lime as well as offset disks that throw the soil more vigorously.
The best incorporation implement is a heavy-duty rotary tiller
that mixes the soil throughout the root zone.

Opverall, it is imperative that a soil is limed properly before
soil is covered in vegetable systems; i.e., installing polyethylene
mulch, as lime additions through drip irrigation or overhead are
not practical or possible.

Lime and Fertilizer. Lime and fertilizer work together synergis-

tically to produce high yields and better crops. Lime is not a sub-

stitute for fertilizer, and fertilizer is not a substitute for lime.

How to Use Plant Nutrient Recommendation Table #1 and
#2. Use Table 1 to determine the relative levels of phosphorus
and potassium in the soil based on the soil test report. Use Table
2 as a guide in conjunction with specific soil test results. Plant
nutrient recommendations for different vegetables, listed in Ta-
ble 2 are expressed in terms of nitrogen (N), phosphate (P,0,),
and potash (K,0), rather than in specific grades and amounts of
fertilizer. The phosphate (P,0;) and potash (K,0O) needs for each
cropping situation can be determined by selecting the appropri-
ate values under the relative soil test levels for phosphorus and
potassium: very low, low, medium, high, or very high.

The cropping and manuring history of the field must be
known before a fertilization program can be planned (see Table
3). This history is important in planning a nitrogen fertilization

program because a reliable soil test for nitrogen is not available.

Plant nutrient recommendations listed in Table 2 were de-
veloped for fields where no manure was applied and where no
legume crop is being turned under prior to the planting of a new
crop. If manure and/or legume crops are used, the plant nutri-
ent recommendations listed in Table 2 should be reduced by the
amounts of nitrogen (N), phosphate (P,0,), and potash (Kz0)
being contributed from these sources. See Tables 3 and 3A for
nutrient values of various products.

Once the final fertilizer-plant nutrient needs are known, de-
termine the grade and rate of fertilizer needed to fulfill these re-
quirements. For example, if the final plant nutrient requirements
that need to be added as a commercial fertilizer are 50 pounds of
nitrogen (N), 100 pounds of phosphate (P,0,), and 150 pounds
of potash (K ,0), a fertilizer with a 1-2-3 ratio, such as 5-10- 15,
6-12-18, 7-14-21, is needed. Once the grade of fertilizer is se-
lected, the quantity needed to fulfill the plant’s nutrient require-
ments can be determined by dividing the percentage of N, PO,
or K,O contained in the fertilizer into the quantity of the respec-
tive plant nutrient needed per acre and multiplying the answer by
100.

For example, if a 5-10-15 fertilizer grade is chosen to sup-
ply the 50 pounds of N, 100 pounds of P,O;, and 150 pounds of
K,O needed, calculate the amount of 5-10-15 fertilizer needed as
follows: Divide the amount of nitrogen (N) needed per acre (50
pounds) by the percentage of N in the 5-10-15 fertilizer (5 per-
cent), and multiply the answer (10) by 100, which equals 1,000
pounds. This same system can be used for converting any plant
nutrient recommendations into grades and amounts.

NUTRIENT MANAGEMENT AND
MAXIMIZING PRODUCTION

Nitrogen Management. Nitrogen is one of the most difficult
nutrients to manage in vegetable production systems. Nitrogen is
readily leached in sandy texture soils. Nitrogen can be immobi-
lized by soil microbes, volatilized if not quickly incorporated,

or lost via denitrification under water-saturated soil conditions.
Nitrogen recommendations are based on years of fertilizer trials
and yield potential. Nitrogen application timings, application
methods, and sources are also commonly tested in state univer-
sity fertilizer trials and have resulted in recommendations for
splitting nitrogen fertilizer application for increased fertilizer use
efficiency.

TABLE 1. SOIL TEST INTERPRETATIONS AND RECOMMENDATIONS BASED ON SOIL TEST RESULTS

Small applications to maintain soil level to replace nutrients removed by crop. Amount suggested may be doubled and

Depending on crop and state, none until level drops back into high range. This rating permits growers, without risk of loss in

Relative Yield
Soil Test Rating | without Nutrient (%) | Recommendations
Low 50-75 Annual application to produce maximum response and increase soil fertility.
Medium 75-100 Normal annual application to produce maximum yields.
High 100 applied in alternate years.
Very high* 100

yields, to benefit economically from high levels added in previous years. Where no P or K is applied, soils should be resam-

pled in 2 years. When phosphorus is extremely high, further additions may limit the availability of Fe and/or Zn.

* Some states recommend that no fertilizer P or K be added when the soil test rating is “Very High” in order to minimize losses in nutrient-sensitive watersheds.
Some crops may still benefit by additions of starter fertilizer for P and K and state guidelines should be followed.
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Heavy rainfall, higher than normal yields, and production
following non-legume cover crops are a few examples where
nitrogen fertilizer may be immobilized or lost from the pro-
duction system. When these nitrogen reduction scenarios arise,
an additional application of nitrogen is warranted. Leaf tissue
testing is the best option to determine if and how much addition-
al nitrogen is needed to meet expected yields and is described
below. Leaf tissue testing can help identify any “hidden hunger”
that might exist in the crop. A “hidden hunger” develops when a
crop needs more of a given nutrient but has shown no visual de-
ficiency symptoms. With most nutrients in most crops, respons-
es can be obtained even though no recognizable symptoms have
appeared.

Evaluating the Effectiveness of Your Fertility Program—
Using Plant Analysis/Leaf Tissue Testing. Plant analysis is
the chemical evaluation of essential element concentrations in
plant tissue. Essential elements include those that are required
to complete the life cycle of a plant. The elements carbon (C),
oxygen (O), and hydrogen (H) are supplied by the atmosphere
and water and generally are not considered limiting. Scientists
place most emphases on essential elements supplied by soil or
feeding solutions. Macronutrients — nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca), magnesium (Mg), and sulfur
(S) — are required in the greatest quantities. Micronutrients —
iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), boron (B),
molybdenum (Mo), and chlorine (Cl) — are required in minute
quantities. Toxicities of micronutrients are equally important
and yield limiting as deficiencies. Plant analysis is effective in
diagnosing toxicities of micronutrients. The interpretation of
plant analysis results is based on the scientific principle that
healthy plants contain predictable concentrations of essential
elements.

State and private soil testing laboratories can provide
nitrogen concentrations as well as those of the other essential
macro and micronutrients to aid in fertilizer application
decisions. A program of periodic leaf tissue sampling and
analysis will help you optimize your fertility program and often
can allow you to correct deficiencies before symptoms become
apparent. Sufficiency Ranges or Critical Values have been
established for most economically important vegetable crops.

Critical values have been defined as the concentration at which
there is a 5 to 10% yield reduction. The use of critical values for
practical interpretation has limited value. It is best suited to diag-
nose severe deficiencies and has little application in identifying
hidden hunger. Symptoms are generally visibly evident when
nutrient concentrations decrease below the critical value. Critical
values play an important role in establishing lower limits of suf-
ficiency ranges.

Sufficiency range interpretation offers significant advan-
tages over the use of critical values. First, hidden hunger in
plants can be identified since the beginning of the sufficiency
range is clearly above the critical value. Sufficiency ranges
also have upper limits, which provide some indication of the
concentration at which the element may be in excess.

Method for Collecting Leaf Tissue Samples for
Analysis
* It is best to send in two samples. One sample from the
problem area and another from an area that is growing
well. This will allow comparison for your particular situ-
ation.

Each vegetable crop has a specific corresponding plant
part that is collected and used to determine foliar nutrient
concentrations. Often this corresponds to sampling the
most recently matured or fully expanded leaves. Careful
sampling ensures the effectiveness of plant analysis as a
diagnostic tool. For major crops, best indicator samples
have been identified by stage of growth. For young seed-
lings, the entire plant is sampled 1 inch (2.5 cm) above the
soil level. For larger plants, the most recent fully expand-
ed or mature leaf is the best indicator of nutritional status.
As some crops, including corn, approach flowering and
fruiting, the best indicator of nutritional status is the leaf
adjacent to the uppermost fruit (ear leaf). When unfamiliar
with sampling protocol for a specific crop, it is generally
acceptable to select the most recent mature leaf as the best
indicator of nutritional status. Detailed information for
sampling most vegetable crops can be found at
http://www.ncagr.gov/agronomi/saaesd/scsb394.pdf

Sample from 20 to 30 plants.

Sample across the field, from different rows, and avoid
problem areas (low spots, ridges, washed out areas, etc.)
unless you are trying to diagnose a problem in one of
those areas.

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

Do not collect samples from water stressed plants.

Send samples to a laboratory in a paper bag. DO NOT
SEND SAMPLES IN A PLASTIC BAG. Plastic bags will
cause your samples to spoil and will impact results. Con-
tact your local Extension office for information on how to
submit leaf tissue samples to your state’s diagnostic labs.

Phostphorus Management. Crops are very likely to respond
to P fertilization when the soil test indicates that P is deficient—
very low or low. A soil testing deficient—medium will some-
times respond to P fertilization and will sometimes not. Soils
testing optimum or exceeds crops needs are unlikely to respond
to P fertilizer, but P may be applied to maintain the fertility lev-
el in the optimum range. Crops are more likely to respond to P
fertilizer when growing conditions are favorable for high yields.
Some crops, such as tomato and Irish potato, benefit from crop
removal amounts of starter P fertilizer even if the soil is testing
optimum or very high. Consult your local Extension office for
more information.

P is immobile in the soil meaning it does not move with-
in the soil. It is often recommended that a band of P fertilizer
be placed near the seed as a starter fertilizer regardless of the
P fertility level. Banded P is especially helpful at low soil test
levels. Even at P soil test levels that exceed crop needs, a small
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amount of banded P may benefit the crop’s establishment. When
the soil test level is deficient, P should generally be applied as a
combination of broadcast and banded methods. When the level
exceeds the crop’s need, only a small amount of P should be ap-
plied as a band. Commonly, soils exceed the crop’s needs for P
due to previous fertilizer and manure applications. When applied
in excess of crop removal, P accumulates in the soil. Phosphorus
is strongly adsorbed to soil particles, and little is subject to loss
via leaching. When the soil test level exceeds crop needs, grow-
ers can benefit economically by withholding P fertilizers.

Potassium Management. Crops are very likely to respond to

K fertilizer when the soil test indicates that K is deficient—very
low or low. A soil testing deficient—medium in K may or may
not respond to K fertilizer. Crops are more responsive to K when
growing under drought stress, with root injury, or with a soil
hard pan than when growing under favorable conditions. Soils
testing optimum or exceeds crop needs are unlikely to respond
to K fertilizer, but K may be applied to maintain the soil fertility
level in the optimum range.

In general, most of the K fertilizer should be broadcast.
When the fertility level is deficient, it may be advantageous to
apply a portion of the total K application as a band. There is
generally no benefit to applying banded K when soil fertility
levels are optimum or exceeds crop needs. 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 suscepti-
ble to leaching. Therefore, frequent applications of K are needed
to maintain K at an optimum level.

Secondary Nutrients. Calcium (Ca), magnesium (Mg), and
sulfur (S) are included in the secondary element group. Calcium
may be deficient in some soils that have not been properly limed,
where excessive potash fertilizer has been used, and/or where
crops are subjected to drought stress, with root injury, or with a
soil hard pan. Magnesium is the most likely of these elements

to be deficient in vegetable soils. Dolomitic or high-magnesium
limestones should be used when liming soils that are low in
magnesium. Magnesium should be applied as a fertilizer source
on low-magnesium soils where lime is not needed (Table 4).
Magnesium may be applied as a foliar spray to supply magne-
sium to the crop in emergency situations (2 TBSP of Epsom salts
per gallon of water). Sulfur is known to be deficient in vegetable
systems in coastal plain soils.

Sulfur deficiency is often mistaken for lack of nitrogen be-
cause the symptoms are similar. Onions and Brassicas generally
require additional sulfur over what other vegetables normally
require, particularly on coastal plain soils.

Micronutrients. Boron is the most widely deficient micronu-
trient in vegetable soils. Deficiencies of this element are most
likely to occur in the following crops: asparagus, most bulb and
root crops, Cole crops, and tomatoes. Excessive amounts of bo-
ron can be toxic to plant growth. This problem can occur when
snap beans (a sensitive crop) follow sweetpotatoes (a crop where
boron is applied late in the season). Do NOT exceed recommen-
dations listed in Table 2.

Manganese deficiency often occurs in plants growing on
soils that have been over limed. In this case, broadcast 20 to 30
pounds or band 4 to 8 pounds of manganese sulfate per acre.
Alternatively, manganese can often be applied using a foliar ap-
plication and mixed with crop protectants. 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.

Molybdenum deficiency of cauliflower (which causes
whiptail) may develop when this crop is grown on soils more
acid than pH 5.5. An application of 0.5 to 1 pound of sodium or
ammonium molybdate per acre will usually correct this. Liming
acid soils to a pH of 6.0 to 6.5 will usually prevent the develop-
ment of molybdenum deficiencies in vegetable crops.

Deficiencies of other micronutrients in vegetable crops in
the Southeast are rare; and when present, are usually caused by
over liming or other poor soil management practices. Contact
Extension if a deficiency of zinc, iron, copper, or chlorine is sus-
pected. Sources of fertilizers for the essential plant nutrients are
found in in Tables 3A and 4.

Municipal Biosolids. Biosolids should not be applied to land on
which crops will be grown that will be entering the human food chain.
Municipal biosolids are the solid material removed from sewage
in treatment processes. In some cases, application of biosol-

ids may be allowed to land used for the production of non-food
crops. Check with your local or state department of environmen-
tal management for latest regulations.

Foliar Fertilization. Foliar feeding of vegetables is usually

not needed. Plants usually obtain their nutrients from the soil
through their roots. Plants can also absorb a limited amount of
some nutrients through aerial organs such as their leaves. Prop-
erly managed soils will supply the essential mineral nutrients
the crop will need during its development. If, for some reason,
one or more soil-supplied micronutrients becomes limiting or
unavailable during the development of the crop, foliar nutrient
applications may then be helpful.
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TABLE 2. GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS*

Recommended Nutrients Based on Soil Tests

Soil Phosphorus Level Soil Potassium Level
Nitrogen Very Very
Desirable (N) Low | Med | High High Low | Med | High |High
CROP pH Ib/acre P,O, Ib/acre K,O Ib/acre Nutrient Timing and Method
ASPARAGUS
6.5t07.0 100 250 | 150 100 0 250 | 225 150 0 |Total recommended.
50 250 | 150 100 0 150 100 75 0 |Broadcast before cutting season.
50 0 0 0 0 100 125 75 0 | Sidedress after cutting.
Apply 2 Ib boron (B) per acre every 3 years on most soils.
BEAN, Lima

...Single crop 6t06.5 | 70to 110 | 120 | 80 40 20 | 160 | 120 80 20 |Total recommended.
25t050 | 80 40 20 0 | 120 80 60 0 |Broadcast and disk-in.

20 40 40 20 20 40 40 20 20 | Band-place with planter.
25t0 40 0 0 0 0 0 0 0 0 |Sidedress 3 to 5 weeks after emergence.
BEAN, Snap
61t06.5 40 to 80 80 60 40 20 80 60 40 20 | Total recommended.
20to 40 40 40 0 0 40 40 0 0 | Broadcast and disk-in.
20 to 40 40 20 40 20 40 20 40 20 |Band-place with planter.
BEET
6t06.5 | 75t0100 | 150 | 100 50 0 150 100 50 0 |Total recommended.
50 150 | 100 50 0 150 100 50 0 | Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 | Sidedress 4 to 6 weeks after planting.
Apply 2 to 3 Ib boron (B) per acre with broadcast fertilizer.
BROCCOLI
6t06.5 |125t0175| 200 | 100 50 0 200 100 50 0 | Total recommended.
50to 100 | 150 | 100 50 0 150 100 50 0 |Broadcast and disk-in.
50 50 0 0 0 50 0 0 0 | Sidedress 2 to 3 weeks after planting.
25 0 0 0 0 0 0 0 0 | Sidedress every 2 to 3 weeks after initial sidedressing.

Apply 2 to 3 Ib boron (B) per acre with broadcast fertilizer.
BRUSSEL SPROUTS, CABBAGE, and CAULIFLOWER
6t06.5 | 100to175| 200 | 100 50 0 200 100 50 0 | Total recommended.
50to 75 | 200 | 100 50 0 | 200 100 50 0 |Broadcast and disk-in.
2510 50 0 0 0 0 0 0 0 0 |Sidedress 2 to 3 weeks after planting.
2510 50 0 0 0 0 0 0 0 0 |Sidedress if needed, according to weather.
Apply 2 to 3 Ib boron (B) per acre and molybdenum per acre as 0.5 Ib sodium molybdate per acre with broadcast fertilizer.
CANTALOUPES and MELONS
...Bareground 6t06.5 | 75t0 115 | 150 | 100 50 25 | 200 150 100 25 | Total recommended.
25t050 | 125 75 25 0 175 125 75 0 |Broadcast and disk-in.

25 25 25 25 25 25 25 25 25 | Band-place with planter.
25t0 40 0 0 0 0 0 0 0 0 | Sidedress when vines start to run.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
...Plasticulture 100to 150 | 125 75 25 25 | 200 150 100 25 | Total recommended.
25 125 75 25 25 | 100 75 50 25 | Broadcast and disk-in.
7510 125 0 0 0 0 100 75 50 0 |Fertigate.

Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer. Drip fertilization: See “cantaloupe” in specific commodity recommendations later in
this handbook.

CARROT
6t06.5 | 90to120 | 150 | 100 50 0 150 100 50 0 | Total recommended.
50 150 | 100 50 0 150 100 50 0 |Broadcast and disk-in.
40to 70 0 0 0 0 0 0 0 0 | Sidedress if needed.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilzer.
CUCUMBER

...Bareground 61t06.5 80to160 | 150 | 100 50 25 | 200 150 100 25 | Total recommended.
40t0 100 | 125 75 25 0 175 125 75 0 |Broadcast and disk-in.
20 to 30 25 25 25 25 | 25 25 25 25 | Band-place with planter.

20 to 30 0 0 0 0 0 0 0 0 |Sidedress when vines begin to run, or apply in irrigation water.
...Plasticulture 120t0 150 | 150 | 100 50 25 | 150 100 50 25 | Total recommended.
25 125 75 25 0 150 100 50 0 |Broadcast and disk-in.
95to 125 0 0 0 0 25 25 25 25 |Fertigate.

Drip fertilization: See “cucumber” in specific recommendations later in this handbook.
* Nitrogen and sulfur rates should be based on your local fertilizer recommendations.
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TABLE 2. GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

CROP
EGGPLANT
...Bareground

...Plasticulture

Desirable

pH

6t06.5

Recommended Nutrients Based on Soil Tests

Soil Phosphorus Level Soil Potassium Level
Nitrogen Very Very
(N) Low | Med | High High| Low | Med | High High
Ib/acre P,O, Ib/acre K,O Ib/acre Nutrient Timing and Method

100 to 200 | 250 | 150 100 0 250 150 100
50t0 100 | 250 | 150 100 0 250 150 100
25to 50 0 0 0 0 0 0 0
25 to 50 0 0 0 0 0 0 0

Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.

145 250 | 150 100 0 240 170 100 0 | Total recommended.
50 250 | 150 100 0 100 100 100 0 |Broadcast and disk-in.
95 0 0 0 0 140 70 0 0 |Fertigate.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer. Drip fertilization: See “eggplant” in specific recommendations later in this handbook.

Total recommended.

Broadcast and disk-in.

Sidedress 3 to 4 weeks after planting.
Sidedress 6 to 8 weeks after planting.

o o o o

ENDIVE, ESCAROLE, LEAF and ROMAINE LETTUCE

HOPS

6t06.5

6.0

75t0150 | 200 | 150 100 0 | 200 150 100 0 |Total recommended.
50t0 100 | 200 | 150 100 0 | 200 150 100 0 |Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 |Sidedress 3 to 5 weeks after planting.

100t0 150 | 80to | 30to | 0to30| O |100to| 50to |0to50, O | Total recommended.

120 80 140 100
50to75 | 80to | 30to [|0to30| O |100to| 50to [0to50| O |Broadcast
120 80 140 100
50to 75 0 0 0 0 0 0 0 0 | Sidedress 4 weeks after bines emerge

Apply 1 Ib of boron (B) per acre with broadcast fertilizer. NOTE: First year planting N rate should be reduced to 75 Ibs/acre. Nitrogen should
not be applied after flowering.

HERBS (BASIL, PARLESY, CLIANTRO)

61t06.5

LEAFY GREENS, COLLARD, KALE, and MUSTARD

LEEK

OKRA

ONION
...Bulb

...Green

61t06.5

6t06.5

6t06.5

6t06.5

100to 175 | 200 | 150 100 0 200 150 100 0 |Total recommended.
50to 75 | 200 | 150 100 0 200 150 100 0 |Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 |Sidedress after first cutting.
25to 50 0 0 0 0 0 0 0 0 | Sidedress after each additional cutting.
75t080 | 150 | 100 50 0 150 100 50 0 |Total recommended.
50 150 | 100 50 0 150 100 50 0 |Broadcast and disk-in.
25to0 30 0 0 0 0 0 0 0 0 | Sidedress, if needed.

Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.

75t0125 | 200 | 150 100 0 200 150 100 0 |Total recommended.

50to 75 | 200 | 150 100 0 | 200 150 100 0 |Broadcast and disk-in.

25 to 50 0 0 0 0 0 0 0 0 | Sidedress 3 to 4 weeks after planting, if needed.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.

100 to 200 | 250 | 150 100 0 | 250 150 100
50to 100 | 250 | 150 100 0 | 250 150 100
2510 50 0 0 0 0 0 0 0
25 to 50 0 0 0 0 0 0 0

Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.

NOTE: Where plastic mulches are being used, broadcast 50 to 100 Ib nitrogen (N) per acre with recommended P,O, and K,O and disk

incorporate prior to laying mulch. Drip fertilization: See “okra” in specific commodity recommendations later in this handbook.

Total recommended.

Broadcast and disk-in.

Sidedress 3 to 4 weeks after planting.
Sidedress 6 to 8 weeks after planting.

o o o o

125t0 150 | 200 | 100 50 0 200 100 50 0 |Total recommended.
50to 75 | 200 | 100 50 0 | 200 100 50 0 |Broadcast and disk-in.
75 to 100 0 0 0 0 0 0 0 0 | Sidedress twice 4 to 5 weeks apart.
Apply 1 to 2 Ib boron (B) and 20 Ib sulfur (S) per acre with broadcast fertilizer.
150to 175 | 200 | 100 50 0 200 100 50 0 |Total recommended.
50to 75 | 200 | 100 50 0 | 200 100 50 0 |Broadcast and disk-in.
50 0 0 0 0 0 0 0 0 | Sidedress 4 to 5 weeks after planting.
50 0 0 0 0 0 0 0 0 |Sidedress 3 to 4 weeks before harvest.
Apply 1 to 2 Ib boron (B) and 20 Ib sulfur (S) per acre with broadcast fertilizer.

* Nitrogen and sulfur rates should be based on your local fertilizer recommendations.
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TABLE 2. GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

Recommended Nutrients Based on Soil Tests

Soil Phosphorus Level Soil Potassium Level
Nitrogen Very Very
Desirable (N) Low | Med | High |High| Low | Med | High | High
CROP pH Ib/acre P,O, Ib/acre K,0 Ib/acre Nutrient Timing and Method

PARSNIP
6t06.5 | 50to 100 | 150 | 100 50 0 150 100 50 0 | Total recommended.
25t050 | 150 | 100 50 0 150 100 50 0 |Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 | Sidedress 4 to 5 weeks after planting.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
PEA, Garden/English
5.8t06.5 | 40to 60 120 80 40 0 120 80 40 0 |Total recommended. Broadcast and disk-in before seeding.

PEPPER
...Bareground 6t06.5 |100t0o 130 200 | 150 100 0 200 150 100 0 | Total recommended.
50 200 | 150 100 0 | 200 150 100 0 | Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 | Sidedress after first fruit set.
2510 30 0 0 0 0 0 0 0 0 |Sidedress later in season, if needed.
...Plasticulture 100to 185 320 | 250 100 0 350 250 100 40 |Total recommended.
50 200 | 150 100 0 200 150 100 40 |Broadcast and disk-in.

50 to 135 0 0 0 0 150 100 0 0 |Fertigate.
Drip fertilization: See “pepper” in specific commodity recommendations later in this handbook.

POTATO
...Loams and 58t06.2 | 100to 150 | 110 90 70 50 | 200 150 50 50 | Total recommended.

silt loams 85t0135 | 60 | 40 | 20 | O | 200 | 150 | 50 | 50 |Broadcastand disk-in.

15 50 50 50 50 0 0 0 0 |Band-place with planter at planting.

...Sandy loams 150 to 180 | 200 | 150 100 50 | 300 200 100 50 | Total recommended.

and loamy 50 200 | 150 100 | 50 | 300 | 200 100 50 |Broadcast and disk-in.

sands 100 0| o 0 0 0 0 0 | 0 |Sidedress 4 to5 weeks after planting.

0to 30 0 0 0 0 0 0 0 0 | Based on petiole nitrate testing at flowering

PUMPKIN and WINTER SQUASH

...Bareground 61t06.5 80 to 90 150 | 100 50 0 200 150 100 0 |Total recommended.

40 to 50 150 | 100 50 0 200 150 100 0 | Broadcast and disk-in.

40 to 50 0 0 0 0 0 0 0 0 | Sidedress when vines begin to run.
...Plasticulture 80to 150 | 150 | 100 50 0 200 150 100 0 |Total recommended.

25t050 | 150 | 100 50 0 100 75 50 0 |Broadcast and disk-in.

55 to 100 0 0 0 0 100 75 50 0 | Fertigate.
RADISH

61t06.5 50 150 | 100 50 0 150 100 50 0 | Total recommended. Broadcast and disk-in.

Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
RUTABAGA and TURNIP
6106.5 50t075 | 150 | 100 50 0 150 100 50 0 | Total recommended.
25t050 | 150 | 100 50 0 150 100 50 0 |Broadcast and disk-in.
2510 50 0 0 0 0 0 0 0 0 |Sidedress when plants are 4 to 6 in. tall.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.

SOUTHERNPEA
5.8t06.5 20 100 50 0 0 100 50 0 0 | Total recommended. Broadcast and disk-in.

SPINACH
...Fall 6t06.5 | 75t0125 | 200 | 150 100 0 200 150 100 0 | Total recommended.

50to 75 | 200 | 150 100 0 200 150 100 0 | Broadcast and disk-in.

25to 50 0 0 0 0 0 0 0 0 |Sidedress or topdress.
...Overwinter 80 to 120 0 0 0 0 0 0 0 0 Total recommended for spring application to an overwintered crop.

50 to 80 0 0 0 0 0 0 0 0 |Apply in late February.

30 to 40 0 0 0 0 0 0 0 0 |Apply in late March.
SQUASH, Summer

6t06.5 [ 100t0o130| 150 | 100 50 0 150 100 50 0 |Total recommended.
25 to 50 150 | 100 50 0 150 100 50 0 | Broadcast and disk-in.
50 0 0 0 0 0 0 0 0 | Sidedress when vines start to run.
2510 30 0 0 0 0 0 0 0 0 | Apply through irrigation system.

Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
Drip fertilization: See “summer squash” in specific commodity recommendations later in this handbook.

* Nitrogen and sulfur rates should be based on your local fertilizer recommendations.
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TABLE 2. GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

Recommended Nutrients Based on Soil Tests

Soil Phosphorus Level Soil Potassium Level
Nitrogen Very Very
Desirable (N) Low | Med | High High| Low | Med | High High
CROP pH Ib/acre P,O, Ib/acre K,O Ib/acre Nutrient Timing and Method
SWEET CORN
6t06.5 |125t0 175| 160 | 120 80 20 | 160 120 80 20 | Total recommended.
40t0o60 | 120 | 100 60 0 120 100 60 0 |Broadcast before planting.
20 40 20 20 20 | 40 20 20 20 | Band-place with planter.
50to 75 0 0 0 0 0 0 0 0 |Sidedress when cornis 12 to 18 in. tall.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer. NOTE: On very light sandy soils, sidedress 40 Ib N per acre when corn is
6 in. tall and another 40 Ib N per acre when corn is 12 to 18 in. tall.
SWEETPOTATO
58t06.2 | 50t0 80 | 200 | 100 50 0 | 300 | 200 150 | 120 | Total recommended.
0 150 60 30 0 150 50 30 0 | Broadcast and disk-in.
50 to 80 50 40 20 0 150 150 120 | 120 |Sidedress 21 to 28 days after planting.
Add 0.5 Ib of actual boron (B) per acre 40 to 80 days after transplant.
TOMATO
...Bareground 6t06.5 80t090 | 200 | 150 100 0 300 200 100 0 | Total recommended.
for 40to45 | 200 | 150 100 0 | 300 | 200 100 0 |Broadcast and disk-in.
Sandy loams ] " :
and loamy 40 to 45 0 0 0 0 0 0 0 0 |Sidedress when first fruits are set as needed.
sands Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
...Bareground 75t080 | 200 | 150 100 0 250 150 100 0 | Total recommended.
for Loam and 50 200 | 150 | 100 | O | 250 | 150 | 100 | O |Broadcastand disk-in.
clay 25to 30 0 0 0 0 0 0 0 0 |Sidedress when first fruits are set as needed.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
...Plasticulture 130t0 210 | 200 | 150 100 50 | 420 345 275 50 | Total recommended.
50 200 | 150 100 0 125 125 125 0 | Incorporate into the plant bed before laying polyethylene mulch.
80 to 160 0 0 0 0 | 295 | 220 150 0 |Fertigate.
Apply 1 to 2 Ib boron (B) per acre with broadcast fertilizer.
Drip fertilization: See “tomato” in specific commodity recommendations later in this handbook.
WATERMELON
...Nonirrigated 6t06.5 7510 90 150 | 100 50 0 200 150 100 0 | Total recommended.
50 150 | 100 50 0 200 150 100 0 |Broadcast and disk-in.
25t0 40 0 0 0 0 0 0 0 0 | Topdress when vines start to run.
...Irrigated 100to 150 | 150 | 100 50 0 200 150 100 0 | Total recommended.
50 150 | 100 50 0 | 200 150 100 0 |Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 |Topdress when vines start to run.
25 to 50 0 0 0 0 0 0 0 0 | Topdress at first fruit set.
...Plasticulture 125t0 150 | 150 | 100 50 0 200 150 100 0 | Total recommended.
25t050 | 150 | 100 50 0 100 75 50 0 |Disk in row.
100 0 0 0 0 100 75 50 0 |Fertigate.

NOTE: Excessive rates of N may increase the incidence of hollow heart in seedless watermelon.
Drip fertilization: See “watermelon” in specific commodity recommendations later in this handbook.
* Nitrogen and sulfur rates should be based on your local fertilizer recommendations.

TABLE 3. NUTRIENT VALUES FOR MANURE APPLICATIONS AND CROP RESIDUES

N P,O, K,0 N PO, K,0
Pounds per Ton Pounds per Ton
Cattle manure 5-20" 8-10 14-19 Ladino clover sod 60 0 0
Poultry litter & manure 25-65' 20-60 10-55 Crimson clover sod 50 0 0
Swine manure 5-40" 2-17 2-15 Red clover sod 40 0 0
Horse manure 6-12" 3 6 Birdsfoot trefoil 40 0 0
Liquid poultry manure 7-15' 5-10 5-10 Lespedeza 20 0 0
(5 - 15% solids) Soybeans

Alfalfa sod 50-100? 0 0 Tops and roots 40 0 0
Hairy vetch 50-100 0 0 Grain harvest residue 15

"Manures are highly variable. Consult a state or private lab for a nutrient analysis prior to application.
275% stand = 100 - 0 - 0, 50% stand = 75 -0 - 0, and 25% stand = 50 - 0 - 0.
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Table 3A. NUTRIENT VALUES FOR VARIOUS PLANT, ANIMAL, AND NATURAL PRODUCTS

Typical NPK Analysis

Plant By-Products N P,O, K,0 Release Time
Alfalfa Meal or Pellets 20 1.0 20 1 to 4 months
Corn Gluten Meal 9.0 0.0 0.0 1 to 4 months
Cottonseed Meal 6.0 0.4t0 3.0 1.5 1 to 4 months
Soybean Meal 7.0 1.2t02.0 15t07.0 1 to 4 months
Kelp Powder 1.0 0.0 4.0 Immediate to 1 month
Animal By-Products
Bat Guano (high N) 10.0 3.0 1.0 4 plus months
Bat Guano (high P) 3.0 10.0 1.0 4 plus months
Blood Meal 12.0to 14.0 20 1.0 1 to 4 months
Bone Meal (raw) 3.0 22.0 0.0 1 to 4 months
Bone Meal (steamed) 1.0t02.0 11.0to 15.0 0.0 1 to 4 months
Feather Meal 7.0t0 12.0 0.0 0.0 4 plus months
Fish Emulsion 5.0 2.0 2.0 1 to 4 months
Fish Powder 12.0 0.3 1.0 Immediate to 1 month
Enzymatically Digested Hydrolyzed Liquid Fish 4.0 2.0 2.0 1 to 4 months
Fish Meal 10.0 6.0 2.0 1 to 4 months
Worm Castings 2.0 1.5 1.5 1 to 4 months
Natural Minerals
“Soft” Rock Phosphate 0.0 14 to 16 0.0 Very slow (years)
Greensand 0.0 0.0 3.0 Very slow

TABLE 4. PERCENTAGE EQUIVALENTS AND CONVERSION FACTORS FOR MAJOR, SECONDARY, AND
MICRONUTRIENT FERTILIZER SOURCES

Lb of Material
Required to
Supply 1 Lb of
the Initially Listed
Plant Nutrient

Lb of Material
Required to
Supply 1 Lb of
the Initially Listed
Plant Nutrient

Plant Food
Contents,%

Plant Food
Contents,%

Fertilizer
Source Material

Fertilizer
Source Material

Nitrogen Materials Magnesium Materials

Monoammonium phosphate* 11 (N) and 48 (P,0,) 9.1 Epsom salts* 10 (Mg) and 13 (S) 9.6
Nitrate of potash* 13 (N) and 44 (K,0) 7.7 Sulfate of potash-magnesia*  11.1 (Mg) and 21.8 (K,0) 9.0
Nitrate of soda-potash* 15 (N) and 14 (K,0) 6.7 Kieserite* 18.1 (Mg) 55
Calcium nitrate* 15 (N) and 19 (Ca) 6.7 Brucite 39 (Mg) 2.6
Nitrate of soda 16 (N) 6.3 Sulphur Materials
Diammonium phosphate*® 18 (N) and 46 (P,O,) 5.6 Granulated sulfur 90 to 92 (S) 1.1
Nitrogen solution 20 (N) 5.0 Ammonium sulfate* 23 (S) and 20.5 (N) 43
Ammonium sulfate* 20.5 (N) and 23 (S) 4.9 Gypsum* 15-18 (S) and 19 to 23 (Ca) 6.1
Nitrogen solution 30 (N) 3.3 Epsom salts* 13 (S) and 10 (Mg) 7.7
Nitrogen solution 32 (N) 3.1 Boron Materials
Ammonium nitrate 33.5t0 34.0 (N) 3.0 Fertilizer Borate Granular* 14.30 (B) 7.0
Nitrogen solution 40 (N) 25 Fertilizer Borate-48 14.91 (B) 6.7
Urea 45 to 46 (N) 22 Solubor 20.50 (B) 4.9
Anhydrous ammonia 82 (N) 1.2 Fertilizer Borate-68 21.13 (B) 4.7
Phosphorus Materials Manganese Materials
Normal superphosphate® 20 (P,0,) and 11 (S) 5.0 Manganese sulfate* 24.0 (Mn) 4.2
Triple superphosphate* 44 10 46 (P,0;) 22 Manganese sulfate* 25.5 (Mn) 3.9
Monoammmonium phosphate* 48 (P,0;) and 11 (N) 2.1 Manganese sulfate* 29.1 (Mn) 34
Diammonium phosphate*® 46 (P,0,) and 18 (N) 22 Manganese oxide 48.0 (Mn) 21
Potassium Materials Manganese oxide 55.0 (Mn) 1.8
Nitrate of soda-potash* 14 (K,0) and 13 (N) 71 Zinc Materials
Sulfate of potash-magnesia*  21.8 (K,0) and 11.1 (Mg) 4.6 Zinc sulfate* 36 (Zn) 2.8
Nitrate of potash* 44 (K,0) and 13 (N) 2.3 Zinc oxide 73 (Zn) 1.4
Sulfate of potash* 50 (K,0) and 17 (S) 2.0 Molybdenum Materials
Muriate of potash* 60 (K,0) 1.7 Sodium molybdate 39.5 (Mo) 25
Sodium molybdate 46.6 (Mo) 21
Ammonium molybdate* 56.5 (Mo) 1.8

* Supplies more than one essential nutrient.
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MINIMUM TILLAGE FOR VEGETABLE
PRODUCTION

The development of various types of tillage practices was an
integral part of the evolution of modern farming practices. Till-
age is helpful in crop production systems for purposes of weed
management, incorporation of amendments such as lime and
fertilizer, buri al of crop residues to facilitate other field oper-
ations, disease management, and the preparation of a seedbed
that is conducive to crop establishment. While the use of tillage
practices provides a number of benefits to crop producers, re-
searchers have also learned that the soil disturbance associated
with tillage has some drawbacks. In a nutshell, tillage over time
results in the degradation of several soil properties that are im-
portant to crop productivity.

One of these properties is organic matter content. Organ-
ic matter is important because it contributes appreciably to the
water and nutrient holding capacity of soil and to the mainte-
nance of a desirable soil structure. These soil properties, in turn,
allow soil to better support the weight of equipment and work-
ers. In warm southern climates the loss of organic matter due to
tillage is even more pronounced than in cooler climates. Tilled
soil is also less hospitable to a variety of soil organisms includ-
ing microbes, insects, and other small animals. When present
in adequate numbers these are beneficial for various reasons.
When minimum tillage is used, soil structure is improved by the
release of exudates of various organisms that glue soil particles
together into larger, more desirable aggregates. Plant roots bene-
fit from the increased presence of pore spaces in the soil such as
earthworm channels, and plant diseases may also be reduced by
the increased diversity of soil microorganisms.

Adoption of minimum tillage in vegetable production is
possible but requires careful planning and preparation. Mak-
ing a transition to minimum tillage will affect several vegetable
production field operations. For example, one common objective
of minimum tillage is to retain crop residues on the soil surface.
These residues are beneficial for reducing soil erosion but also
may interfere with the seeding of crops, particularly small-seed-
ed vegetable crops. Similarly, cultivation, often an important
measure for controlling weeds in vegetables, may require dif-
ferent equipment than what the farmer is able to use in conven-
tionally tilled fields. In general, it may be best to start with those
vegetables that are grown similarly to agronomic row crops or to
use crops that can be established by transplanting through crop
residues. Row crop examples include sweet corn and cowpeas.
Examples of vegetables that are easily transplanted include to-
mato, pepper, squash, and watermelon.

Growers interested in adopting minimum tillage practices
should begin by learning about the practices currently employed
by agronomic crop producers and others who grow vegetables
using reduced tillage. One such practice is to limit tillage and
seedbed preparation to a narrow strip where the crop will be
planted. This may be done in combination with the use of cover
crops that are killed by rolling and crimping prior to tilling the
strip. This method has been used successfully for vegetables
such as tomatoes and cucurbits.

COVER CROPS

Many soils that are not productive due to poor physical prop-
erties can be restored and made more productive through the
continued use of cover crops. Cover crops can provide many
benefits to soils that include reducing the buildup of soilborne
disease and arthropod pests, increasing soil organic matter, sup-
pressing weeds, improving soil structure, promoting beneficial
soil microorganisms, improving nutrient cycling, and reducing
soil erosion. Each cover crop can offer different potential ben-
efits to a production system and not every cover crop will work
for each grower’s intended purpose.

Many cover crops can reduce or limit the build-up of soil-
borne disease and insect pests that damage vegetable crops.
Prevalent disease and insect pressure should be considered when
selecting a cover crop as some cover crops could increase the
severity of these issues. In some cases, specific cultivars of cov-
er crops can differ in their host status to various plant-parasitic
nematodes. For example, ‘Cahaba White’ common vetch is sup-
pressive to southern root-knot nematodes while ‘Vantage’ com-
mon vetch is susceptible to southern root-knot nematode.

With intensive cropping, working the soil when it is too wet
and excessive traffic from using heavy equipment will contribute
to damaging soils. These practices cause soils to become hard
and compact, resulting in poor seed germination, loss of trans-
plants, and shallow root formation of surviving plants.Such soils
can easily form crusts on the surface, become compacted, which
make them difficult to irrigate properly. Combined, these prac-
tices will yield negative consequences for your soil; poor plant
stands, poor crop growth, low yields, and loss of income. In
some cases, sub-soiling in the row might help improve aeration
and drainage, but its effect is limited and short term. Contin-
ued and dedicated use of cover crops will aid in preventing these
conditions. It may take several years of continued use to observe
some of the benefits that cover crops can provide to soils.

Cover crops can also be planted in strips for wind protec-
tion preceding the planting of the cash crop. Annual rye seed ed
before November can be a good choice for use in wind pro-
tection. Cover crops reduce nutrient loss during the winter and
early spring. Cover crops may deplete the soil moisture. If this
is a concern, be sure to disk or plow the cover crops before soil
moisture is depleted.

Seeding dates suggested in the following section are for the
central part of the Southeastern United States and will vary with
elevation and northern or southern locations. For state specif-
ic recommendations for planting dates for cover crops, consult
your local Extension office.

Summer Cover Crops

Summer cover crops can be useful in controlling weeds,
soilborne diseases, and plant-parasitic nematodes. They also
provide organic matter and can improve soil tilth while reducing
soil erosion. There are many potential summer cover crops
available, but you will need to find one that will work well in
your area and fit into your overall production scheme. Sudex
(sorghum-sudan grass cross; do not allow to exceed 3 ft. before
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mowing), southernpeas (cowpeas), millet, and Lab Lab are
summer cover crops that provide organic matter, control erosion,
and will enhance the natural biota of your soil.

Summer cover crops, such as sudangrass or sudex, seeded
at 20 to 40 pounds per acre are good green manure crops. Sunn
hemp and pearl millet also provide a good green manure. They
can be planted as early as field corn is planted requiring eight to
12 weeks of frost- free growth conditions. 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 to wheat or rye in September or allowed to winter-
kill and tilled-in the following spring. Soil test to determine
lime and fertilizer needs. For state specific recommendations for
planting dates, seeding dates and management for cover crops,
consult your local Extension office.

TYPES OF SUMMER COVER CROPS: SMALL GRAINS
SEEDING RATES AND DEPTHS
SORGHUM-SUDANGRASS: broadcast 50 to 60 Ibs/A;
drill 45 to 50 Ibs/A (seeding depth: %5 - 1% in.)

SUDANGRASS: broadcast 40 to 50 1bs/A;
drill 35 to 40 Ibs/A (seeding depth: ¥ - 1 in.)

JAPANESE MILLET: broadcast 25 to 35 Ibs/A;
drill 20 to 25 1bs/A (seeding depth: % - 1 in.)

GERMAN FOXTAIL MILLET: broadcast 30 to 40 lbs/A;
drill 25 to 30 Ibs/A (seeding depth: %4-1 in.)

PEARL MILLET: broadcast 10-25 Ibs/acre;
drill 5 to 15 Ibs/A (seeding depth: % - 1 in.)

BUCKWHEAT: broadcast 50 to 100 1bs/A;
drill 30 to 90 1bs/A (seeding depth: % in.)

TEFF: broadcast 30 to 40 1bs/A

TYPES OF SUMMER COVER CROPS: LEGUMES
SEEDING RATES AND DEPTHS

COWPEAS: broadcast 70 to 120 1bs/A drill 40 to 50 lbs/A
(seeding depth: 1- 1% in.) (USDA Cowpea lines 1136, 1137 and
1138 are soft seeded [i.e., typically will not reseed as volunteers
the following season] and nematode resistant; each plant covers
100 sq ft)

SESBANIA: broadcast 25 to 40 1bs/A;
drill 20 to 25 Ibs/A (seeding depth: % - 1 in.)

SOYBEAN: broadcast 80 to 100 1bs/A;
drill 60 to 80 Ibs/A (seeding depth: 1- 1% in.)

SUNN HEMP: broadcast 30 to 40 Ibs/A;
drill 25 to 35 Ibs/A (seeding depth: %2 - 1 in.)
drill 60 Ibs/A for no-till or for vegetable transplants

VELVETBEAN: broadcast 30 to 40 Ibs/A;
drill 25 to 35 Ibs/A (seeding depth: % - 1% in.)

LAB LAB: broadcast 50 to 60 Ibs/A;
drill 40 to 45 1bs/A (seeding depth: 2 - 114 in.)

Winter Cover Crops
Choosing a grass cover crop is a little easier than choosing a
legume. Rye, triticale, barley, wheat, oats, and ryegrass can be

planted in the fall; expect to harvest or plow under anywhere
from 1/2 ton to 4 tons of dry matter per acre. Soil test to
determine lime and fertilizer needs.

TYPES OF WINTER COVER CROPS: SMALL GRAINS
RYE: Rye is probably used more as a winter cover than any oth-
er grain. Rye can be sown from late September through mid-No-
vember. Most ryes will grow well in the fall (even late fall)

and in late winter/early spring. This makes rye a top choice for
farmers who have late-season vegetable crops with little time
left before winter to sow a cover. Spring growth provides excel-
lent biomass to turn under for use in early potatoes, Cole crops,
etc. Rye also provides a forage source for grazing animals and a
straw source if harvested before mature seeds are formed or after
rye seed harvest (typical seeding rate: 60-120 Ibs/A).

BARLEY: Barley provides an excellent source of biomass in

the spring. It grows shorter than rye, will tiller, and potentially
produces as much straw/forage/plow-down as rye. Barley takes
longer to catch up with equivalent rye biomass in the spring, and
the possibility of winter kill will be greater with barley. Late fall
planting of barley will often result in winter kill. Plant in Sep-
tember or early October for greatest survival (typical seeding
rate: 80-120 Ibs/A broadcast; 60-110 Ibs/A drilled).

WHEAT: Using wheat as a cover crop works well and provides
the additional option of a grain harvest. Wheat can be seed-

ed late September through mid-November. Wheat produces
biomass like barley but will be a week or two later. It can be
grazed before turning under or harvested for grain and the straw
removed. Problems may occur if the Hessian fly is abundant, so
choose another small grain in areas where Hessian fly is present.
(typical seeding rate: 60-120 Ibs/A)

OATS: Oats can be managed to provide many options for the cov-
er crop and good late spring biomass. Seeding spring oats during
September or October provides a good cover crop that will win-
ter-kill in the colder areas but may overwinter in warmer areas.

It can be grazed, made into excellent hay, or the grain harvested,
and oat straw produced. Planting spring oats in the early fall can
provide good winter-killed mulch that could benefit perennial
vegetables or small fruits. Spring oats survive through some mild-
er winters; thus, herbicides may be necessary to kill spring oats in
perennial plantings (typical seeding rate: 80-120 Ibs/A).

RYEGRASS: This grass has great potential use as a green ma-
nure and as a forage/hay material, but ryegrass can potentially
become a difficult pest in some farm operations. In the moun-
tain region, rye grass grows slowly in the fall and provides only
moderate winter erosion protection, but in late spring it pro-
duces an abundant supply of biomass. Grazing and spring hay
from ryegrass can be excellent, and a fine, extensive root system
makes it a great source for plow-down (typical seeding rate:
5-10 1bs/A drilled; 15-30 1bs/A broadcast).

Italian ryegrass can be seeded and then bedder-disked for
bare ground or plasticulture. The remaining ryegrass will form a
mulch between the beds (typical seeding rate: 100 lbs/A).
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TRITICALE: Triticale is a small grain resulting from a cross
between wheat and rye. Triticale has similar characteristics to
wheat, while the plant has the overall vigor and winter-hardiness
of rye. Fall planting of triticale should follow similar recommen-
dations as wheat, sowing 60 to 120 lbs/A. Triticale biomass can
exceed wheat, thus plowing under or killing for no-till culture
should occur at an earlier time in the spring.

NOTES on SMALL GRAINS: Determine small grain fertilizer
and lime needs based on soil test results. Successful stand es-
tablishment generally can be obtained with planting dates later
than those of legumes, even as late as early December in coastal
plain regions. This permits establishment of the cover crop after
late-fall-harvested crops such as sweetpotatoes. Remember, that
some soil erosion protection may be sacrificed with late seeding
dates. For sandier coastal plain soils, rye is the preferred small
grain cover crop. As previously discussed, seeding depth varies
from % to 1% inches, depending on soil texture. Planting meth-
ods are the same as described for legumes.

TYPES OF WINTER COVER CROPS: LEGUMES

A wide range in planting dates exists for most legumes, though
best results are obtained with early plantings. Early seeding
dates are easy to meet with legume cover crops following spring
vegetables. Because Cahaba White Vetch possesses little win-
ter hardiness, it is not adapted to western NC and the northern
regions of other southeastern states. Freeze damage has also
occurred with Austrian Winter Pea in higher elevations (above
2,500 feet). Avoid planting late otherwise you increase the risk
of winter kill. For state specific recommendations for planting
dates, seeding dates and management for legume cover crops,
consult your local Extension office.

Seeding Rates and Depths

REGAL GRAZE LADINO CLOVER: broadcast 15 to 20
Ibs/A (seeding depth: 1/4 in.). Can be bedder-disked for bare
ground or plasticulture forming a between row mulch useful
for conventional or bare ground production. Inhibits yellow
nutsedge and can survive year-round with moisture.

CRIMSON CLOVER: broadcast 20 to 25 Ibs/A;
drill 15 to 20 Ibs/A (seeding depth: % - % in.)

HAIRY VETCH: broadcast 20 to 30 1bs/A;
drill 15 to 20 Ibs/A (seeding depth: %5 - 1% in.)

CAHABA WHITE VETCH: broadcast 20 to 30 lbs/A;
drill 15 to 20 Ibs/A (seeding depth: %5 - 1% in.)

AUSTRIAN WINTER PEA: broadcast 25 to 35 1bs/A;
drill 20 to 25 Ibs/A (seeding depth: % - 1%21in.)

When seeding, use shallow planting depths for finer-textured,
clayey soils and deeper depths for coarse-textured, sandy soils.
Drilling into a conventional seedbed is the most reliable way to
obtain a uniform stand. A no-till grain drill can be used success-
fully, provided residue from the previous crop is not excessive
and soil moisture is sufficient to allow the drill to penetrate to
the desired planting depth. Seeds can be broadcast if the soil has
been disked and partially smoothed. Cultipacking after broad-

casting will encourage good soil/seed contact. Crimson clover
responds favorably to cultipacking.

TYPES OF WINTER COVER CROPS: RADISH

Forage and oilseed radishes have become standard species in
many cool and warm season cover crop mixes. Because radishes
establish quickly even under moderate drought conditions, the
plants provide good protection against wind and water erosion,
which can be helpful for stabilizing wet clay or sandy soils. The
forage radish has an aggressive, expanding rosette which spreads
laterally filling available space. Radishes are excellent at break-
ing up shallow layers of compacted soils, earning them the nick-
name tillage radishes. They are excellent scavengers of nitrate,
phosphorous, potassium and other nutrients from deep soil lay-
ers. These nutrients remain in place after radish decomposition.
In addition, decomposed radish roots leave channels for deep
water infiltration over the winter, allowing the soil surface to dry
and warm more quickly in the spring. Radish, like most Brassica
species, release chemical compounds called glucosinolates that
are toxic to many soil-borne pathogens and pests, such as nema-
todes, fungi, and some weeds.

Seeding Rates and Depths

A current seed test is recommended when planting radishes.
Under good storage conditions, when relative humidity (%) and
temperature (°F) added together are less than 100, radish seeds
will last four years. Radish seeding rates of 8 Pure Live Seed
(PLS) pounds per acre with a conventional, air, or no-till drill,
or 12 PLS pounds per acre when broadcasting, typically result
in good stands. When using a drill, radishes are best planted be-
tween 0.25 inches (when moisture conditions are adequate) and
1-inch deep (given dry conditions).

When planted in a mix with other large-seeded cover crop
species, such as beans Phaseolus spp., and field peas Pisum
sativum, a 1-inch planting depth is recommended as the larg-
er-seeded seedlings will provide channels for the radish seed-
lings to reach the surface. Low planting rates (4 PLS pounds per
acre) are generally recommended because of high seed cost and
larger root size at lower plant densities. In some situations, how-
ever, high planting rates (12 PLS pounds per acre) may be more
beneficial. These include cases where control of weeds, diseases,
and nematode pests are the primary focus. In diverse cover crop
mixes (generally 5 or more species), recommended rates are 1 to
2 PLS pounds per acre. To improve weed and pest management,
avoid planting radishes in the same field more than two consecu-
tive years.

Several trademark varieties in the U.S. include Tillage Rad-
ish, Nitro, and Groundhog. Common varieties are also sold un-
der VNS labels (Variety Not Stated).

The above is excerpted from: Hybner, R.M. 2014. Plant
Materials Technical Note No. MT-106 Radish Raphanus sativus
L. An introduced cover crop for conservation use in Montana
and Wyoming. USDA NRCS. Accessed at https://www.nrcs.us-
da.goviplantmaterials/mtpmctnl 2456 pdf
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MIXING GRASS AND LEGUMES: Planting a single grass or
legume may be necessary but combining a grass and legume to-
gether may prove better than either one alone. Grasses provide
soil protection during the winter and produce great forage or
plow-down organic matter. Legumes do not grow well during
the winter, but late spring growth is abundant and produces high
protein forage and nitrogen for the following crop. Crimson clo-
ver is a legume to grow in combination with a grass. Crimson
clover’s height matches well with barley, wheat, and oats, but
may be shaded and outcompeted by rye. Hairy vetch has been
sown with grass cover crops for many years, using the grass/
vetch combination as a hay or plowdown.

BIOFUMIGATION AND COVER CROPS:

Biofumigation refers to the suppression of soilborne pathogens
and pests (such as plant-parasitic nematodes and weeds) using
naturally occurring biocidal compounds or allelochemicals, par-
ticularly isothiocyanates. These compounds, which are chemi-
cally similar to the active ingredient of the chemical fumigant
metam sodium, are released from bioactive cover crops. The
biofumigant process is initiated by cellular disruption (chopping
up crop tissue), incorporating the crop tissue into the soil, and
irrigating the soil with the incorporated tissue. This activates a
chemical reaction of naturally occurring plant compounds called
glucosinolates. The chemical reaction releases gases into soil
pores that are generally toxic to microbes.

Most biofumigant cover crops are in the Brassicaceae fam-
ily (also known as Crucifers or Cole crops) and mustards are the
commonly utilized biofumigant crop. However, not all mustards
are well-suited as biofumigants since concentrations of the bio-
active compounds vary by species and cultivar.

Brassica crops have been used extensively as winter cover
crops and as “break crops” where the residues are tilled into the
soil for their biofumigation effect. They have also been used in
rotations, where the Brassica crop is harvested for sale and then
the remaining residue is tilled-in for the biofumigation effect.
There are several commercially available cover crops that have
been used for biofumigation. “Caliente 119” (a mixture of oilseed
radish and mustard), oilseed radish, “Florida Broadleaf Mustard”,
garden cress, penny cress, “Dwarf Essex” rape, and several cano-
la varieties have been reported to have biofumigation potential.

In much of the southeast region of the U.S., these crops
can be seeded in fall and over-wintered, or direct seeded in early
spring. In either case, the crop should be chopped and tilled-in
when it is in the early flowering stage to achieve the maximum
biofumigation potential. The early flowering stage is the point at
which the allelochemical concentrations are their highest. Seed-
ing rates range from 4 to 20 1bs/A and will vary with location and
seed size (generally, the smaller the seed size, the lower the rate).

These crops respond and produce more biomass and more
bio fumigation potential when provided with 30 to 90 Ibs/A N
fertilizer at planting. These crops grow rapidly and can normal-
ly be plowed down in 6 to 10 weeks. In areas where the average
last spring frost is 1 May or later, only spring planting is rec-
ommended. Optimal results occur when the Brassica cover crop
is thoroughly chopped and tilled completely into the top 6 to 8
inches of soil and then watered in thoroughly. Irrigating will help

trap the volatile compounds into the soil. Brassica seed meals
(specifically mustard seed meal) may also be utilized for biofu-
migation. Mustard seed meal is highly concentrated in volatile
compounds and provides a partial source of organic fertilizer for
the following crop. Mustard seed meal can be used as a biofumi-
gant by spreading it like a fertilizer, tilling into the soil, and then
irrigating to trap the volatiles.

PLOWDOWN: Plowing early defeats the purpose of growing
cover crops as little biomass will have been produced by the
cover crop. In the case of legume cover crops, they require suffi-
cient time to develop biomass which an early plowdown would
prevent. If you need to plow early, use a grass cover crop (rye)
that produces sufficient fall growth and will provide maximum
biomass for incorporation. Allow 3-6 weeks between plowdown
and planting.

HELPFUL RESOURCES

MANAGING COVER CROPS PROFITABLY:
https://www.sare.org/wp-content/uploads/Managing-Cover-
Crops-Profitably pdf

BUILDING BETTER SOILS FOR BETTER CROPS:
https://lwww.sare.org/news/updated-building-soils-for-
better-crops-focuses-on-soil-health-fundamentals/

SOUTHERN COVER CROPS COUNCIL:
https://southerncovercrops.org/

COVERS UNDER COVER: https://www.uky.edu/ccd/sites/
www.uky.edu.ccd/files/CoversUnderCoverl pdf

WARM-SEASON COVER CROPS FOR HIGH TUNNELS
IN THE SOUTHEAST:
https:/flwww.uky.edu/ccd/sites/www.uky.edu.ccdl/files/warm-
season_covercrops.pdf

COOL-SEASON COVER CROPS FOR HIGH TUNNELS
IN THE SOUTHEAST: https://www.uky.edu/ccd/sites/www.
uky.edu.ccd/files/cool-season_covercrops pdf

THE BASICS OF BIOFUMIGATION:
https://www.uky.edu/ccd/sites/www.uky.edu.ccd/files/
biofumigation.pdf

Biofumigant Seed Sources:
HIGH PERFORMANCE SEEDS, INC.:
https://www.hpseeds.com/products

JOHNNY’S SELECTED SEED:
https://lwww johnnyseeds.com/farm-seed/brassicas/

SEEDWAY:
https://lwww.seedway.com/product-category/vegetable-seed/
cover-crop-seeds/

WELTER SEED & HONEY CO.:
https://welterseed.com/

Brassicaceous Seed Meal Source:
FARM FUEL INC.:
https://farm-fuel-inc .square site/
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TRANSPLANT PRODUCTION

The following recommendations apply to plants grown under
controlled conditions such as in a greenhouse, high tunnel, or
hotbed using soilless media. Information on how to grow plants
once they are in the field is covered in the specific section for
each crop. A transplant is affected by factors such as tempera-
ture, fertilization, water, and spacing. A good transplant is one
that has been grown under the best possible conditions.

Table 5 presents optimum and minimum temperatures for
seed germination and seedling growth, time and space (area)
requirements, and number of plants per square foot for several
economically important vegetable crops in the southeastern US.

Commercial Plant-growing Mixes. A number of commercial
media formulations are available for growing transplants. Most
of these mixes will produce high-quality transplants when used
with good management practices. However, these mixes can
vary greatly in composition, particle size, pH, aeration, nutri-
ent content, and water-holding capacity. Avoid formulations that
have fine particles, as these may hold excessive water and have
poor aeration, which may cause transplants to stay too wet and
put them at risk for disease. When trying a soilless media for the
first time, it is a good idea to have the mix formulation tested by
a reputable soil testing laboratory to determine the pH and the
level of nutrients the mix contains. Many states have soil testing
facilities at their land-grant universities.

Treatment of Flats. Flats and other containers used in the pro-
duction of transplants should be new or as clean as new to avoid
damping-off and other disease issues that could carryover from
your previous crop. If flats are reused, thoroughly clean and san-
itize them. See Table 3-49 —under the section on “Equipment”
for methods and materials used to sanitize flats. There are sev-
eral products available. Be sure to follow all label instructions
in order to successfully sanitize flats and to avoid possible crop
injury. Some products must be rinsed from flats prior to use.

TABLE 5. OPTIMUM AND MINIMUM TEMPERATURES
FOR TRANSPLANT PRODUCTION

°F °F Weeks

Opt. Day Min. Night to Grow
Broccoli 65-70 60 5-7
Cabbage 65 60 5-7
Cantaloupe’ 70-75 65 34
Cauliflower 65-70 60 3-4
Cucumber 70-75 65 2-3
Eggplants 70-85 65 5-8
Endive & Escarole 70-75 70 5-7
Lettuce 60-65 40 5-6
Onions 65-70 60 8-12
Peppers 70-75 60 5-9
Summer squash 70-75 65 2-3
Sweetpotato 75-85 ambient 4-6
Tomatoes 65-75 60 5-6
Watermelon, seeded 85-90 80 3-5
Watermelon, seedless 85-90 85 3-5

' Cantaloupe and other melons
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Plant Containers. There is a wide variety of containers avail-
able for starting seeds for transplants. Most growers start seeds
either in flats or in cell packs. The main advantage of using flats
is that more plants can fit into the same space compared to cell
packs. However, if you start seeds in open flats, you will need to
transplant them into larger cell packs or to individual pots as the
seedlings grow.

Seeding directly into cell packs saves time because you
avoid needing to transplant seedlings into a larger container lat-
er. Simply use a cell pack with your desired final cell size. Cell
packs come in many different cell sizes, but the overall tray size
is standardized.

For lettuce or smaller rooted vegetables, use 128-cell packs.
For tomatoes and peppers, 72-cell packs work well. For larg-
er-seeded vegetables, such as cucumbers, squash, and watermel-
ons, use 50-cell packs.

Each vegetable crop has optimal cell sizes for containerized
transplant production and requires a certain number of weeks
before they are ready for transplanting (Table 5). For example:
broccoli, Brussels sprouts, cabbage, cauliflower, and collards
require a 0.8- to-1.0-inch cell and 5- to 7-weeks to reach an ade-
quate size for transplanting; cantaloupe and watermelons require
a 1.0-inch cell and 3- to 5-weeks; eggplant and tomato require
a 1.0-inch cell and 4- to 6-weeks; and pepper requires a 0.5- to-
0.8-inch cell and 5- to 7-weeks. Other options are available de-
pending on your crop and situation.

Seed Germination. Seed that is sown into open flats to be
“pricked out” later should be germinated in vermiculite (horti-
cultural grade, coarse sand size) or a plug-growing mix. It is rec-
ommended that no fertilizer be included when germinating seed.
Do not fertilize the seedlings until their cotyledons (seed leaves

- the first two leaf-like structures that emerge) are fully expanded
and their 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 following section on “Liquid Feeding.” Seedlings
can be held for a limited time if fertilization is withheld until 3

to 4 days before “pricking out.” Seed that is sown into pots and
cells that will not be “pricked out” can be germinated in a mix
that contains fertilizer.

To get earlier, more uniform emergence, germinate and
grow seedlings on benches or in a floor-heated greenhouse. Ger-
mination can be aided by using germination mats and chambers
which provide heat directly to the trays. In the case of chambers,
relative humidity can be controlled. These mats and chambers
allow you to set the optimal temperature for germination. With
supplemental heating, seedling emergence and uniformity can be
enhanced, which decreases the amount of time required to pro-
duce a transplant. If heated floors or benches are not available,
seed the trays, water, and stack them off the floor during germi-
nation. Additionally wrapping the trays in plastic to maintain a
high relative humidity can be helpful for some crops like seed-
less watermelons but only wrap and stack them for up to 24 to
36 hr. Check for emergence and germination often. Unwrap and
unstack as soon as germination is observed.
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Heating and Venting. Exhaust from heaters must be vented to
the outside. Be sure to have an outside fresh-air intake for the
heaters. Be sure vents and fans are properly designed and posi-
tioned to avoid drawing exhaust gases into the greenhouse. Ex-
haust gases improperly adjusted heating systems can cause yel-
lowing, stunting, distortion, and death of seedlings. Do not grow
or hold seedlings in an area where pesticides are stored.

Liquid Feeding. The following materials dissolved in 5 gallons
of water and used over an area of 20 square feet are recommend-
ed for use on transplants, if needed:

*20-20-20 1.2 to 1.6 0z/5-gal water
* 15-15-15 2 o0z/5-gal water
* 15-30-15 2 oz/5-gal water

Rinse leaves after liquid feeding. Fertilizers used for liquid
feeding must be 100% water soluble. When transplanting to the
field, use a “starter fertilizer” and follow the manufacturer’s in-
structions for its use.

Watering. While growing seedlings, keep the soilless media
moist but not continually wet. Water less in cloudy weather. Wa-
tering in the morning allows plant surfaces to dry before night
and reduces the possibility of disease development. Watering
twice per day (once in the morning and once in the afternoon)
may be necessary on hot, sunny days.

Hardening and Transplant Height Control. Proper hardening of
transplants stiffens stems and hardens the transplants, which de-
creases the chances of transplant shock and increases the chances
for survival. This process allows for the seedlings to transition
from a protected indoor environment to harsher outdoor condi-
tions with wind and fluctuating temperatures.

There are several methods — chemical and cultural — used
to harden transplants and the choice of which to use is often
crop-dependent. At this time there is one chemical plant growth
regulator available for use in producing vegetable transplants,
but its use is limited to several Solanaceous crops. More details
are in the section below Chemical Hardening.

Cultural Methods for Hardening. Hardening plants off can be
done by gradually exposing plants to more sunlight. This can be
done by placing transplants in a shady location and moving them
each day to be exposed to more sunlight. You can also reduce the
amount of water the transplants receive (but never allow them to
wilt). A combination of these two methods is often used. By re-
ducing the amount of water used and lowering ambient tempera-
tures, one can cause a “check” in plant growth (a “slow down”)
to prepare plants for the field setting. Never reduce or limit
fertilizer as a means to harden transplants because it will often
delay maturity. Pay attention to the weather forecast. If ambient
temperatures are too low, transplants can develop chilling injury
causing plant damage and delayed growth after transplanting.

Transplant Height Control. The goal of a producing transplants
should be to produce a strong transplant with sturdy growth that
can withstand transplanting into the field. Tall, spindly, or over-
grown transplants can be difficult to remove from the transplant
tray and might become entangled in the transplanting equipment.

They may also be weak and not stand upright after being trans-
planted. There are a few methods available that can aid the pro-
ducer with managing the top growth of developing transplants.

One method of height control is to use cold water for irri-
gation, 33-34°F, which has been shown to control top growth in
some species.

Another method is called Brushing. Mechanically brush-
ing the plants involves light mechanical contact to the tips of the
growing plants. The easiest way to do this is to lightly drag a
PVC or bamboo rod across the tops of the growing transplants.
This needs to be done multiple times per day. Some species like
tomatoes respond well to this with little to no physical damage
to the brushed leaves whereas eggplant and pepper leaves tend
to be more sensitive and easily damaged. The number of times
transplants are treated to achieve height control depends on the
crop. Brushing can also be accomplished by setting up fans so
that the plants are moved (brushed by air). This results in a light
mechanical stress to the plant’s stem and can result in shorter
plants. Again, the intensity and frequency of this treatment will
have to be adjusted to avoid damage to developing foliage while
still achieving height control.

DIF. Plant height can be held in check and hardening can be im-
proved by using a process that reduces or increases ambient tem-
peratures in the early morning over the course of several days.
Plants elongate the most at daybreak. Raising the temperature
before daybreak (2 hours before) or lowering the temperature
just after daybreak (2 hours after) by 10°F will cause plants to be
shorter and more hardened. This process is called DIF, because
you are employing a difference in temperature. DIF can be pos-
itive or negative, but positive DIF is more commonly used for
hardening transplants. Negative DIF can cause crop injury on
cold-sensitive crops or bolting on cool-season crops.

Chemical Hardening. Uniconazole, under the trade name Sum-
agic, is a plant growth regulator (PGR) that is used to produce
more compact growth and thickened stems in transplants. It is
labeled for foliar sprays on the following vegetable transplants:
tomato, pepper, ornamental pepper, eggplant, tomatillo, ground-
cherry, and pepino. But the new label is restrictive; the maximum
total allowed application is 10 ppm at 2 quarts per 100 square
feet. This means only one 10-ppm spray, two 5-ppm, or four 2.5-
ppm sprays are allowed, and so on.

The following is taken from the Supplemental Label for
Sumagic Plant Growth Regulator for Use on Fruiting Vegetable
Transplants:

* Apply uniformly as a foliar spray at a spray volume of 2
qt/100 sq ft.

* Make initial foliar application when 2 to 4 true leaves are
present.

* Sequential applications at lower recommended rates will
generally provide more growth regulation than a single
high-rate application.

* First time users should apply the lowest recommended rate
in order to determine optimal rate for individual cultivars
under local environmental conditions. If additional growth
regulation is required a sequential spray application at the
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lowest recommended rate should be made 7- to 14-days
after initial application.

« If multiple applications are made to the transplants, the
total amount of uniconazole-P applied may not exceed that
from a single application of a 10-ppm spray concentration
at 2 qt/100 sq ft (equivalent to 0.000042 Ib ai/100 sq ft or
0.018 Ib ai/A). The final application may not occur later
than 14 days after the 2 to 4 true leaf stage.

The Supplemental Label for Sumagic referred to above can be
found at : https.//www.domyown.com/msds/sumagic_supp la-
bel for_fruiting veg transplant.pdf

Uniconazole is a highly active PGR, it is critical to emphasize
that caution is paramount while using uniconazole for vegetable
transplant height control.

GRAFTING IN VEGETABLE CROPS

The phase-out of methyl bromide fumigation has driven the
search for alternative methods to manage soilborne pathogens
and plant-parasitic nematodes in vegetable crops. Although alter-
native pesticides and other physical treatments are being tested
and developed, grafting with resistant rootstocks offers one of
the best methods to protect against infection.

Grafting involves combining a desirable scion, which is the
fruit-bearing portion of a grafted plant, with a rootstock, which
provides resistance to various soilborne pathogens and plant-par-
asitic nematodes. The scion is generally from a plant that pro-
duces highly desirable fruit. However, grafting can also influence
vegetative growth and flowering, affect fruit ripening and quali-
ty, enhance abiotic stress resistance, and enhance yield, especial-
ly under temperature extremes (high or low).

At present, most research is focused on grafting solanaceous
and cucurbit crops. The primary motive for grafting tomato and
watermelon is to manage soilborne pests and pathogens, when
genetic or chemical approaches for management of these diseas-
es are not available. Grafting a susceptible scion onto a resistant
rootstock creates a resistant cultivar without the need to breed
a resistant cultivar. Further, grafting allows a rapid response to
new races of pathogens, and, in the short-term, provides a less
expensive and more flexible solution for managing soilborne dis-
eases than by breeding new, resistant cultivars.

Grafted transplants are more expensive than non-grafted
transplants (as much as 4x) due to labor, material costs (graft-
ing supplies, seed costs of rootstock and scion), and specialized
facilities required to produce grafted plants. These specialized
facilities include healing chambers, grafting rooms, and trained
personnel to produce and care for these grafted transplants. Po-
tential changes in fruit quality, which occur with some root-
stocks, must also be considered.

Growers can produce their own grafted transplants. Before
setting out to produce their own transplants, growers need to de-
termine if the extra time and costs involved makes fiscal sense
for their operation.

Commercial transplant producers offer grafting services
and, with improved grafting techniques and mechanization,

costs are decreasing. Grafted transplants are available across
the US.

Current research and developments in grafting can be found
at http://www.graftingvegetables.org. This site provides the
latest findings on grafting solanaceous (tomatoes, peppers, egg-
plants, etc.) and cucurbit (watermelons, melons, etc.) crops. De-
tails on how-to graft and what equipment is needed is available
as well as tables listing research on rootstocks and their specific
attributes. New rootstocks are becoming commercially available
every year while older rootstocks are taken off the market.

Grafting is gaining popularity in the US due to increasing
limited land availability for rotation and the loss of soil fumiga-
tion as a means for managing soilborne diseases. Grafting pres-
ents an option to manage soilborne pathogens such as Fusarium
wilt, Monosporascus vine decline, Phytophthora blight, and root-
knot nematode.

Grafting can also enhance tolerance to abiotic stress, in-
crease water and nutrient use efficiency, extend harvest peri-
ods, and improve fruit yield and quality in certain cucurbits.
However, each rootstock cultivar provides advantages or dis-
advantages under certain environmental conditions. Consult
with your local Extension agent or state vegetable specialist for
rootstock recommendations for your area and specific issues.

Grafting Methods for Cucurbits. Cucurbit grafting is difficult,
and continuous practice is needed to be successful. There are
four commonly used methods to date: tongue approach graft,
hole insertion graft, one cotyledon graft, and side grafi.

Only the one cotyledon graft method is currently automated.
The other three methods are labor intensive. Each method has its
own advantages and disadvantages. Remember that grafting is an
art that requires attention to detail. The major concern with cu-
curbit grafting is the constant threat of regrowth of the rootstock.
This regrowth needs to be removed by hand. Further details and
step-by-step instructions can be found at Attp.//www.vegetable-
grafting.org/resources/grafting-manual.

Grafting Methods for Tomatoes. There are two primary tech-
niques used for grafting tomatoes: splice grafting and cleft graft-
ing. Cleft grafting and splice grafting (also called tube graft-
ing) are similar in that the shoot of the fruit-producing scion is
completely cut off from its own roots and attached to the severed
stem of the rootstock. Silicone clips or tubes are used to join
the scion and rootstock together while they heal together. Splice
grafting is quicker and less complicated to do than cleft grafting
because it only requires a single, diagonal cut on both the root-
stock and the scion. In addition, because fewer intricate cuts are
involved, this technique can be used on very small seedlings.
Grafting can be performed at various stages of seedling
growth, but it is recommended at the 2- to 3-true leaf stage. With
both cleft and splice grafting, the newly grafted plants must be
protected from drying out until the graft union has healed. This
usually involves covering the plants with a plastic cover or pro-
tecting them in some type of healing chamber where tempera-
ture and humidity can be regulated. Employ some method to
reduce light intensity to the grafted plants for several days after
the procedure. It is critical to maintain the relative humidity in
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the chamber to near 100% for the first two days. After two days,
reduce humidity incrementally over the next five days. This

will prohibit the formation of adventitious roots from the scion
and provide time for the graft union to heal. Tomato grafts heal
quickly, and the seedlings can be acclimated back into the green-
house after 4- to 5-days.

With both cleft and splice grafting, it is important that the di-
ameter of the cut ends (of the scion and the rootstock) match

up perfectly. If the diameter does not match, the graft may not
heal properly, if at all. Rootstock cultivars tend to have differ-
ent growth habits than scion cultivars, so it is important to grow
a small amount of rootstock and scion seed at first to determine
their growth rates relative to each other. Rootstock cultivars tend
to be more vigorous than scion cultivars, but this is not always
the case. Cut rootstock seedlings below the cotyledons. If the
cotyledons are left, they will generate suckers that will com-
pete with the scion requiring removal. For step-by-step instruc-
tions, go to http.//www.vegetablegrafting.org/resources/grafi-
ing-manual/.

DISEASE CONTROL IN PLANT BEDS

For the best control of all soilborne diseases, use a good
commercial plant-growing mix. Do not re-use soilless grow-
ing media. If this is not possible, use one of the following
procedures:

Preplant. The only practice that ensures complete sterilization
of soil is the use of steam. When steam is used, a temperature of
180°F must be maintained throughout the entire mass of soil for

properly treat seeds and for materials labeled for use as seed
treatments.

Postplant. Damping-off and foliar diseases can be a problem

in plant beds. To prevent these diseases, it may be necessary to
apply fungicide sprays especially as plants become crowded in
plant beds. Refer to label clearance before use. The use of sphag-
num moss as a top dressing will reduce damping-off because it
keeps the surface dry. See the section on GREENHOUSE VEG-
ETABLE CROP DISEASE CONTROL for management option.

SEED STORAGE AND HANDLING

Both high temperature and relative humidity will reduce seed
germination and vigor of stored seed. Do not store seed in areas
that have a combined temperature and humidity value great-

er than 100 [e.g., 50°F + 50% relative humidity]. In addition,
primed seed does not store well after shipment to the buyer.
Therefore, if you do not use all the primed seed ordered in the
same season, have the seed tested before planting in subsequent
seasons.

Corn, pea, and bean seed are especially susceptible to me-
chanical damage due to rough handling. Bags of these seed
should not be dropped or thrown because the seed coats can
crack and seed embryos can be damaged, resulting in a nonvi-
able seed. When treating seed with a fungicide, inoculum, or
other chemical, use only gentle agitation to avoid seed damage.

PLANT POPULATIONS

30 minutes. Further information on sanitizing equipment, stor-
age houses, produce, and water can be found in Tables 3-48 and

3-49.

Seed Treatment. Seed treatment is important to manage seed-
borne diseases. Use of untreated seed could lead to diseases in
the plant bed, which could reduce plant stands or result in dis-
eased transplants leading to potential crop failure. See section
on SEED TREATMENTS for detailed information on how to

TABLE 6. VEGETABLE SEED SIZES

Crop Seeds/Unit Weight Crop
Asparagus 13,000-20,000/Ib Kale
Beans: Kohlrabi
small seeded lima 1,150-1,450/Ib Leeks
large seeded lima 440-550/1b L .
snap 1,600-2,200/1b sttuce:
head
Beets 24,000-26,000/1b leaf
Broccoli 8,500-9,000/0z Mustard
Brussels sprouts 8,500-9,000/0z Okra
Cabbage 8,500-9,000/0z Onions:
Cantaloupes 16,000-19,000/Ib bulb
Carrots 300,000-400,000/Ib bunching
Cauliflower 8,900-10,000/0z ~ Parsnips
Collards 7,500-8,500/0z  Parsley
Cucumbers 15,000-16,000/Ib Peas
Eggplants 6,000-6,500/0z Peppers
Endive, Escarole 22,000-26,000/0z ~ Pumpkins

For vegetable seed sizes and plant populations see Tables 6

and 7.

IRRIGATION

Basic Principles. The most common use of irrigation in vege-
table production is to supply the crop water demand. However,
irrigation events can also be used to modify the crop microcli-
mate (i.e., frost protection), control weeds, leach salts, or deliver

Seeds/Unit Weight Crop Seeds/Unit Weight
7,500-8,900/0z Radishes 40,000-50,000/Ib
9,000/0z Rutabaga 150,000-192,000/Ib
170,000-180,000/Ib Spinach 40,000-50,000/Ib
Squash:
20,000-25,000/0z summer 3,500-4,800/1b
25,000-31,000/0z winter 1,600-4,000/Ib
15,000-17,000/0z Sweet corn:
8.000/Ib normal and 1,800-2,500/1b
’ sugary enhanced
supersweet (sh2) 3,000-5,000/1b
105,000-144,000/Ib Tomatoes:
LU fresh 10,000-11,400/0z
192,000/0z processing 160,000-190,000/1b
240,000-288,000/Ib Turnip 150,000-200,000/Ib
1,440-2,580/1b Watermelons:
4,000-4,700/0z small seed 8,000-10,400/1b
1,900-3,200/1b large seed 3,200-4,800/Ib
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fertilizer and chemicals to the growing crops. To supply the crop
water demand, maintaining proper soil moisture levels is im-
portant to maximize the productivity of vegetable crops. Plant
stress caused by too much or too little soil moisture can lead to
decreased size and weight of individual fruit and to defects such
as: toughness; strong flavor; poor tip fill and pod fill; cracking;
blossom-end rot; and misshapen fruit.

Once irrigating according to the soil water status, it is im-
perative for growers to maintain the soil moisture level near field
capacity at all times during the growing season. Field capacity
is the maximum water the soil can hold. When the soil mois-
ture status/content/tension is at field capacity it means soil water
availability is ideal for crop development. However, to maintain
field capacity always requires a strategic scheduling of irrigation
events, so the irrigation system is capable of make uniform, fre-

quent, and precisely timed applications. Commonly, more than
one irrigation cycle per day may be needed to maintain field
capacity. This is particularly true for fast growing crops grown
in soils with little water holding capacity, such as sandy loams.
Even relatively short periods of inadequate soil moisture can ad-
versely affect many crops.

Another important aspect to take into consideration to deter-
mine irrigation events using the soil water status is the soil type.
Different soil types have different moisture holding capacities
and the use of soil moisture sensors is essential to ensure proper
water availability. Soil moisture sensors are the most common
technology used to monitoring the soil water availability for
plants and recent research indicates that maintaining soil mois-
ture levels in a narrow range, just slightly below field capacity
(75% to 90% available soil moisture), maximizes crop growth.

TABLE 7. POPULATION OF PLANTS PER ACRE AT SEVERAL BETWEEN-ROW AND IN-ROW SPACINGS

Between-row

In-row spacing (in.)

spacing (in.) 2 4 6 8 10 14 16 18 24 30 36 48
7 448,046 | 224,023 | 149,349 | 112,011 | 89,609 | 74,674 | 64,006

12 261,360 130,680 87,120 @ 65,340 @ 52,272 | 43,560 | 37,337 | 32,670 | 29,040 | 21,780 | 17,424 | 14,520 | 10,890
18 174,240 | 87,120 | 58,080 | 43,560 | 34,848 | 29,040 | 24,891 | 21,780 | 19,360 | 14,520 | 11,616 9,680 7,260
21 149,349 | 74,674 | 49,783 | 37,337 @ 29,870 | 24,891 @ 21,336 | 18,669 | 16,594 | 12,446 9,957 8,297 6,223
24 130,680 | 65,340 | 43,560 | 32,670 | 26,136 | 21,780 | 18,669 | 16,335 | 14,520 | 10,890 8,712 7,260 5,445
30 104,544 | 52,272 | 34,848 @ 26,136 | 20,909 @ 17,424 | 14,935 13,068 @ 11,616 8,712 6,970 5,808 4,356
36 (3ft) 87,120 | 43,560 | 29,040 | 21,780 | 17,424 | 14,520 | 12,446 | 10,890 9,680 7,260 5,808 4,840 3,630
42 (3.5ft) 74,674 | 37,337 | 24,891 18,669 | 14,934 | 12,446 & 10,668 9,334 8,297 6,223 4,978 4,149 3,111
48 (4 ft) 65,340 | 32,670 | 21,780 | 16,335 | 13,068 | 10,890 9,334 8,167 7,260 5,445 4,356 3,630 2,722
60 (5 ft) 17,424 | 13,068 & 10,454 8,712 7,467 6,534 5,808 4,356 3,485 2,904 2,178
72 (6ft) 14,520 | 10,890 8,712 7,260 6,223 5,445 4,840 3,630 2,904 2,420 1,815
84 (7 ft) 12,446 9,334 7,467 6,223 5,334 4,667 4,149 3,111 2,489 2,074 1,556
96 (8 ft) 10,890 8,167 6,534 5,445 4,667 4,084 3,630 2,722 2,178 1,815 1,361

TABLE 8. CRITICAL PERIODS OF WATER NEED FOR
VEGETABLE CROP

Crop Critical Period

Asparagus Brush

Beans, Lima Pollination and pod development
Beans, Snap Pod enlargement

Broccoli Head development

Cabbage Head development

Carrots Root enlargement

Cauliflower Head development

Corn Silking and tasseling, ear development
Cucumbers Flowering and fruit development
Eggplants Flowering and fruit development
Lettuce Head development

Melons Flowering and fruit development
Onions, Dry Bulb enlargement

Peppers Flowering and fruit development

Potatoes (Irish)
Radishes
Southernpeas

Tuber set and tuber enlargement
Root enlargement
Seed enlargement and flowering and English

Squash, Summer Bud development and flowering

Sweetpotato Root enlargement
Tomatoes Early flowering, fruit set, and enlargement
Turnips Root enlargement

TABLE 9. AVAILABLE WATER-HOLDING CAPACITY
BASED ON SOIL TEXTURE

Available Water Holding Capacity

Soil Texture (water/inches of soil)
Coarse sand 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 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 10. 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
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This may mean that more frequent irrigations of smaller amounts
are better than delaying irrigations until the soil moisture reach-
es a lower level (40% to 50% available soil moisture) and then
applying a heavy irrigation. It is important to remember that dif-
ferent soils also have different infiltration rates, which will affect
the frequency of irrigation events. For example, water is more
readily held in clay soils; however, clay soils have a lower water
infiltration rate as compared to sandy soils. Depending on the
soil structure, high application rates will result in irrigation water
running off the field, contributing to erosion and fertilizer runoff
particularly on heavy clay soils. Application rates should follow
values in Table 10.

Applying the proper amount of water at the correct time 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 water that evaporated from the soil surface. The ET rate is
also an important and effectively strategy to schedule irrigation
events. Numerous factors must be considered when estimating
ET. The amount of solar radiation, which provides the energy to
evaporate moisture from the soil and plant surfaces, is the major
factor. Other factors include crop growth stage; day length; air
temperature; wind speed; and humidity level. Plant factors that
affect ET are crop species; canopy size and shape; leaf size, and
shape. Soil factors must also be considered. Soils having high
levels of silt, clay, and organic matter have greater water-holding
capacities than sandy soils or compacted soils (Table 9). Soils

TABLE 11. HOURS REQUIRED TO APPLY 1" WATER
BASED ON ROW SPACING.

Drip Tube Flow Rate Row Spacing (Ft.)

gph/100 ft.  gpm/100 ft. 4 5 6 8 10
1.4 0.19 21.9 27.3 32.8 43.7 54.7
13.2 0.22 18.9 23.6 28.3 37.8 47.2
20.4 0.34 12.2 15.3 18.3 24.4 30.6
27.0 0.45 9.2 11.5 13.9 18.5 23.1
40.2 0.67 6.2 7.8 9.3 124 15.5
80.4 1.34 3.1 3.9 4.7 6.2 7.8

TABLE 12. MAXIMUM APPLICATION TIME IN MINUTES
FOR DRIP IRRIGATED VEGETABLES.

Drip Tubing Flow Rate (gpm/100 ft.)

0.2 0.3 0.4 0.5 0.6

Maximum Number of Minutes
per Application?

Available Water Holding
Capacity' Inch Of
Water/Inch Soil Depth

0.02 20 14 10 8 7
0.04 41 27 20 16 14
0.06 61 41 31 24 20
0.08 82 54 41 33 27
0.10 102 68 51 41 34
0.12 122 82 61 49 41
0.14 143 95 7 57 48
0.16 163 109 82 65 54
0.18 183 122 92 73 61

" Refer to Table 9 for Available Water Holding Capacity based on soil texture.

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

with high water-holding capacities require less frequent irriga-
tion than soils with low water-holding capacities. When such
soils are irrigated less frequently, a greater amount of water must
be applied per application.

Water loss from plants is much greater on clear, hot windy
days than on cool, overcast days. During periods of hot, dry
weather, ET rates may reach 0.25 inch per day or higher. ET can
be estimated using a standard evaporation pan or using local
weather networking systems. Check with your local Extension
office for information.

In general, irrigation is beneficial in most years since rain-
fall is rarely uniformly distributed even in years with above-av-
erage precipitation. Moisture deficiencies occurring early in the
crop cycle may delay maturity and reduce yields. Shortages later
in the season often lower quality and yield. Over-irrigating, how-
ever, especially late in the season, can reduce quality and post-
harvest life of the crop. Table 8 shows the critical periods of crop
growth when an adequate supply of water is essential to produce
high-quality vegetables.

Drip Irrigation. Drip irrigation is used to maintain soil moisture
whereas other types of irrigation are used more to replace deplet-
ed soil moisture. Drip irrigation is a method of slowly applying
water directly to the plant’s root zone. Water is applied frequent-
ly, often daily, to maintain favorable soil moisture conditions.
Even so, field operations can continue uninterrupted. Water is
applied without wetting the foliage, thereby decreasing evapo-
rative losses, and decreasing disease pressure due to damp foli-
age. Additionally, the use of drip irrigation can limit waste and
potential contamination from overuse (or unnecessary use) of
agricultural chemicals. In most cases, drip irrigation is consider-
ably more uniform and efficient in its distribution of water to the
crop than other irrigation methods. In addition, fertilizers applied
through the drip irrigation system are conserved.

Drip irrigation is used on a wide range of fruit and vegeta-
ble crops. It is especially effective when used with mulches; on
sandy soils; and on high value crops, such as cantaloupes, water-
melons, squash, peppers, eggplants, and tomatoes. Drip irriga-
tion systems have several other advantages over sprinkler and
surface irrigation systems. Low flow rates and operating pres-
sures are typical of drip systems. These characteristics lead to
lower energy costs. Once in place, drip systems require little la-
bor to operate, can be automatically controlled, and can be man-
aged to apply the precise amount of water and nutrients needed
by the crop. These factors also reduce operating costs. The areas
between rows remain dry reducing weed growth between rows
and reducing the amount of water lost to weeds.

The equipment used for drip irrigation systems must be rou-
tinely monitored and maintained to prevent any challenges. Drip
irrigation tape and tubing can be damaged by insects, rodents,
and laborers. Pressure regulation and filtration require equipment
not commonly used with sprinkler or surface systems. The drip
system, including a pump, headers, filters, and various connec-
tors, must be checked and be ready to operate before planting.
Failure to have the system operational could result in costly de-
lays, poor plant survival, and irregular stands, reducing yield.

Calculating the length of time required to apply a specific
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depth of water with a drip irrigation system is more difficult than
with sprinkler systems. Unlike sprinkler systems, drip systems
apply water to only a small portion of the total crop acreage.
Usually, a fair assumption to make is that the mulched width ap-
proximates the extent of the plant root zone. Although the root
zone is confined, the plant canopy is vigorous and water use and
loss from evapotranspiration (ET) can far exceed the water ap-
plied if application is based on a banded or mulch width basis.
Table 11 calculates the length of time required to apply 1-inch
of water with drip irrigation based on the drip tape flow rate and
crop row spacing. The use of this table requires that the drip sys-
tem be operated at the pressure recommended by the manufac-
turer.

Table 12 has been prepared to calculate the maximum rec-
ommended irrigation period for drip irrigation systems. The
irrigation periods listed assume that 25% of the available water
in the plant root zone is depleted. Soil texture directly influences
the water-holding capacity of soils and the consequential depth
reached by irrigation water.

In drip tape systems, water is carried through plastic tub-
ing (which expands when water flows through it) and distribut-
ed along the drip tape through built-in outlets or devices called
emitters. The pressure-reducing flow path also allows the emitter
to remain relatively large, allowing particles that could clog an
emitter to be discharged.

Although modern emitter design reduces the potential for
trapping small particles, emitter clogging can be a common oc-
currence with drip irrigation systems. Clogging can be attributed
to physical, chemical, or biological contaminants. Proper filtra-
tion is a must and occasional water treatment might be necessary
to keep drip systems from clogging. Further information on drip
irrigation systems can be obtained from manufacturers, dealers,
and your local Extension office.

Chlorination. Bacteria can grow inside drip irrigation tapes,
forming a slime that can clog emitters. Algae present in surface
waters can also clog emitters. Bacteria and algae can be effec-
tively controlled by chlorination of the drip system. Periodic
treatment before clogs develop can keep the system functioning
efficiently. The frequency of treatments depends on the quality
of the water source. Generally, two or three treatments per sea-
son are adequate. Irrigation water containing high concentrations
of iron (greater than 1 ppm) can also cause clogging problems
due to a type of bacteria that “feeds” on iron. In consuming the
dissolved (ferrous) form of iron, the bacteria secrete a slime
called ochre, which may combine with other solid particles in
the drip tape and plug emitters. The precipitated (ferric) form of
iron, known commonly as rust, can also physically clog emitters.
In treating water containing iron, chlorine will oxidize the iron
dissolved in water, causing the iron to precipitate so that it can
be filtered and removed from the system.

Chlorine treatment should take place upstream of filters
to remove the precipitated iron and microorganisms from the
system. Chlorine is available as a gas, liquid, or solid. Chlorine
gas is extremely dangerous, and caution should be exercised if
this method of treatment is chosen. Solid chlorine is available as
granules or tablets containing 65% to 70% calcium hypochlo-

rite but might react with other elements in irrigation water to
form precipitates which could clog emitters. Liquid chlorine is
available in many forms, including household bleach (sodium
hypochlorite), and is the easiest and often safest form to use for
injection. Stock solutions can be bought that have concentrations
of 5.25%, 10%, or 15% available chlorine. Use chlorine only if
the product is labeled for use in irrigation systems.

Since chlorination is most effective at pH 6.5 to 7.5, some
commercial chlorination equipment also injects buffers to main-
tain optimum pH for effective kill of microorganisms. This type
of equipment is more expensive, but more effective than simply
injecting sodium hypochlorite solution.

The required rate of chlorine injection is dependent on the
concentration of microorganisms present in the water source, the
amount of iron in the irrigation water, and the method of treat-
ment being used. To remove iron from irrigation water, start by
injecting 1 ppm of chlorine for each 1 ppm of iron present in the
water. For iron removal, chlorine should be injected continuous-
ly. Adequate mixing of the water with chlorine is essential. For
this reason, be certain to mount the chlorine injector a distance
upstream from filters. An elbow between the injector and the fil-
ter will ensure adequate mixing.

For treatment of algae and bacteria, a chlorine injection rate
that results in the presence of 1 to 2 ppm of “free” chlorine at the
end of the furthest lateral will assure that the proper amount of
chlorine is being injected. Free, or residual, chlorine can be test-
ed using an inexpensive DPD (diethyl-phenylene-diamine) test
kit. A swimming pool test kit can be used, but only if it measures
free chlorine. Many pool test kits only measure total chlorine.

If a chlorine test kit is unavailable, one of the following
schemes is suggested as a starting point:

Foriron treatment:

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

For bacteria and algae treatment:

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

* Inject 10 to 20 ppm during the last 30 minutes of each irri-
gation cycle where the biological load is medium.

* Inject 50 ppm during the last 30 minutes of irrigation cy-
cles two times each month when biological load is low.

* Superchlorinate (inject at a rate of 200 to 500 ppm) once
per month for the length of time required to fill the entire
system with this solution and shut down the system. After
24 hours, open the laterals and flush the lines.

The injection rates for stock solutions that contain 5.25%, 10%
and 15% can be calculated from the following equations:

FOR 5.25% STOCK SOLUTION:

Injection rate of chlorine, gph = [(Desired available chlori-
nation level, ppm) x (Irrigation flow rate, gpm)] divided by
875.
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FOR A 10% STOCK SOLUTION:
Injection rate of chlorine, gph = [(Desired available chlori-

nation level, ppm) x (Irrigation flow rate, gpm)] divided by
1,667.

FOR A 15% STOCK SOLUTION:
Injection rate of chlorine, gph = [(Desired available chlori-

nation level, ppm) x (Irrigation flow rate, gpm)] divided by
2,500.

It is important to note that chlorine will cause water pH to rise.
This is critical because chlorine is most effective in acidic water.
If your water pH is above 7.5 before injection, it must be acidi-
fied for chlorine injection to be effective.

* Approved backflow control valves, low pressure drains,
and interlocks must be used in the injection system to pre-
vent contamination of the water source.

* Chlorine concentrations above 30 ppm may kill plants.

IMPORTANT NOTES:

Fertilization. Before considering a fertilization program for
mulched-drip irrigated crops, be sure to have the soil pH
checked. If a liming material is needed to increase the soil pH,
the material should be applied and incorporated into the soil as
far ahead of mulching as practical. For most vegetables, adjust
the soil pH to around 6.5. When using drip irrigation in combina-
tion with mulch, apply the recommended amount of preplant fer-
tilizer and incorporate it 5 to 6 inches into the soil before laying
the mulch. If equipment is available, apply the preplant fertilizer
to the soil area that will be covered by the mulch. This is more ef-
ficient than a broad- cast application to the entire field.

The most efficient method of fertilizing an established
mulched crop is through a drip irrigation system, which is in-
stalled during the mulching operation. Due to the very small
holes or orifices in the drip tape, high quality liquid fertilizers,
or water-soluble fertilizers must be used. Since phosphorous is
a stable non-mobile soil nutrient and can cause clogging of the
drip tape emitters, it is best to apply 100% of the crop’s phospho-
rous needs pre-plant. Additionally, apply 20 to 40% of the crop’s
nitrogen and potassium needs pre-plant. The remainder of the
crop’s nutrient needs can be applied through the drip system with
a high-quality liquid fertilizer such as 8-0-8, 7-0-7, or 10-0-10.
Generally, it is not necessary to add micronutrients through the
drip system. Micronutrients can be best and most economically
applied pre-plant or as foliar application if needed.

The amount of nutrients to apply through the drip sys-
tem depends upon the plant’s growth stage. In general, smaller
amounts of nutrients are needed early in the plant’s growth with
peak demand occurring during fruit maturation. The frequency
of nutrient application is most influenced by the soil’s nutrient
holding capabilities. Clay soils with a high nutrient holding ca-
pacity could receive weekly nutrient applications through the drip
system while a sandy soil with low nutrient holding capacity will
respond best with a daily fertigation program. Fertigation rates
are provided under crop specific recommendations later in this
handbook.

MULCHES AND ROW COVERS

Muiches

Plastic mulches

Plastic mulches have been used in vegetable production for ma-
ny years to control weeds, conserve moisture, improve yield and
quality, and acquire several other benefits. The most widely used
mulches for vegetable production are black, white-on-black,
clear, and metalized polyethylene mulches. Black mulch is most
widely used, especially for spring applications where both ele-
vated soil temperatures and weed control are desired. Clear plas-
tic mulch is used when maximum heat accumulation is desired
and weed control is not as critical, as weeds will grow well un-
der clear plastic. White-on-black plastic (with white-side of the
plastic facing up) is used for late spring and summer plantings
where the benefits of moisture retention and weed control are
valued and heat accumulation may be detrimental. Growers of-
ten apply diluted white latex paint (1 part paint to 5 parts water)
to black mulch when double cropping. Metalized mulch, com-
monly referred to as reflective or silver mulch, is used to combat
aphids and thrips that vector viral diseases. Metalized mulch
should reflect a recognizable image (that is, be mirror-like) to be
most effective.

Degradable mulches
Biodegradable plastic mulches provide similar benefits of stan-
dard polyethylene mulches. They are becoming more common,
but usually cost more than conventional polyethylene. This addi-
tional expense may be offset by reduced labor and disposal costs
at the end of the season, as these do not need to be removed
from the field for disposal. Biodegradable plastic mulches are
designed to degrade in the soil by microorganisms when soil
moisture and temperatures are favorable for biological activity.
Biodegradable film will usually be retained on the surface of the
soil rather than be blown away from the application site. In ad-
dition, all of the biodegradable film will eventually decompose,
including the tucked edges buried in the soil, into carbon diox-
ide, water, and microbial biomass. It is recommended that bio-
degradable mulch be tilled into the soil at the end of the harvest
or growing season. Cover crops can be planted the next day after
biodegradable plastic mulch has been rototilled into the soil.

Photodegradable and oxodegradable mulches are made with
conventional plastic, with additives that make the mulch break
into pieces when exposed to the UV radiation in sunlight, heat,
and/or oxygen, respectively. These fragments will not biode-
grade in the soil, but rather will accumulate in the soil and in
bodies of water, where they can enter the food chain.

For more information on biodegradable mulches, visit
www.biodegradablemulch.org.

Organic mulches

Organic mulches such as straw, pine straw, compost, and coarse
hay provide weed control and moisture retention, while keep-

ing soils cooler than bare ground. One benefit of using organic
mulches is that they add organic matter back to the soil when in-
corporated after the growing season. Using hay often introduces
weed seeds into a field. Regardless of the organic mulch chosen,
a thick layer is required to adequately cover the soil and prevent
weed seed from germinating and breaking through the mulch lay-
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er, which can make weed management even more difficult than if
no mulch were used. When using organic mulches, supplemen-
tal nitrogen may be needed to compensate for the nitrogen that is
lost to soil microbes in the process of breaking down the organic
mulch (i.e., nitrogen immobilization).

Bed Formation and Drip Irrigation
Bed formation and moisture are critical to the success of grow-
ing vegetables with plastic or biodegradable mulches. Beds
should be smooth, free of clods and sticks, and of uniform
height. Black mulches warm the soil by conduction, so mulches
must fit tightly over the soil. Tight contact between the mulch
and soil will allow better transmission of heat from the sun.
Raised beds allow the soil to drain and warm more quickly.
Drip tape is commonly laid under the plastic mulch in the
same field operation. The soil should be moist when the mulch
is applied since it is difficult to add enough water to thorough-
ly wet the width of the bed when using drip irrigation. Steep
slopes may limit row length when using drip tape; normally
row lengths should not exceed 300 to 600 feet depending on the
specifications of drip tape.

Fumigants and Herbicides

Follow label directions for fumigants and herbicides used with
plastic mulches. Fumigants and herbicides often have a waiting
period before seeds or transplants can be planted. Transplant-
ers and seeders are available to plant through plastic or biode-
gradable mulch. In fields with a history of nutsedge, appropriate
measures must be taken in order to reduce or eliminate infes-
tations as plastic mulches, whether conventional or biodegrad-
able cannot control nutsedge. Nutsedge will compromise plastic
mulch by piercing it, though it cannot penetrate paper mulch.

Fertilization and Fertigation

Prior to laying plastic mulch, soil pH should be adjusted with
lime as recommended by a soil test. Soil pH cannot practical-

ly be changed once plastic mulch is established within a field.
Vegetables produced on plastic mulch, but without the ability to
supply nutrients through the drip irrigation system, should have
all of their required fertilizer incorporated into the beds prior to
applying the mulch. Broadcasting the fertilizer before bedding
has been shown to be an effective method of application since
the bedding process moves most of the fertilizer into the bed.
Growers not able to fertilize with their irrigation system need to
be careful not to overwater beds, as excessive irrigation can push
soluble nutrients (i.e. nitrate, sulfate) below the plants’ effective
root zone. Growers using fertigation should follow the recom-
mendations for each specific crop. Fertigation schedules are
listed for cantaloupe, cucumber, eggplant, okra, pepper, summer
squash, tomato, and watermelon later in this handbook. Also, re-
fer to the previous section for further information on fertilization.

Double cropping

Growers frequently grow two crops on black plastic mulch to get
the most out of their investment. The spring crop is killed and re-
moved, and then a second crop is planted through the mulch. The

new crop should be planted into new holes and fertilizer added
based on soil test results and the new crop’s nutrient requirements.

Plastic Mulch Removal and Disposal

Commercial mulch lifters are available. Plastic can be removed
by hand by running a coulter down the center of the row and
picking the mulch up from each side. There are many types of
plastic mulch removal equipment that can be used to reduce the
cost of removal. Following the list of best management practic-
es below for plastic mulch retrieval is imperative if the plastic
mulch will be recycled. Make sure a viable recycling market
exists for mulch film in your region. If there is a viable market,
the following BMP’s will help you prepare your material in a
way that is desirable to the recycler. Even if there is not a viable
recycling market, the best management practices, if implement-
ed, have shown as much as a $125 per acre savings in some
areas. Transportation logistics and costs should be considered
when deciding the process to be used. Sanitary landfills may
accept plastic mulch in some areas. There are a few recycling
projects which accept plastic mulch. Some states allow burning
of mulch with a permit.

Plastic Mulch Retrieval Best Management
Practices
* Remove all top vegetation: Mowing down the existing

crop to eliminate debris on the plastic. Reel mowers seems
to remove the debris better when compared to rotary types.
Plant debris is difficult to remove in the recycling process
and tends to remain with the plastic causing a “forest fire
smell” and moisture retention, both of which are undesirable
in the recycling process.

* Remove as much soil as possible: Soil adds weight mak-
ing transport to the landfill or recycling plant more expen-
sive. Proper soil conditions for the timing of removal is as
dry a day as possible with a few days of soil drying under-
neath the plastic mulch before the retrieval process.

e Keep it dry: Pull film on dry days and keep it under cover.
Water adds weight to the shipment and is the nemesis of the
shredding and prime cleaning operation. Make sure when
bundling that there are no pockets of water in the folds of
the plastic.

* Roll it tight: The bundles should be tight, solid, and no
longer than 24” long. The tight bundles will allow for more
plastic per load and the bundles will fit better on the convey-
ors inbound to the shredder. Loading the conveyor is likely
to be a manual activity so 25 to 50 pounds should be the tar-
get weight of each bundle.

* Consider thicker films: Increasing the film thickness aids
retrieval plus we can get higher plastic recovery rates in the
recycling process. Use 1.5 mil or thicker plastic. Using the
appropriate width of plastic on the bed so that no more than
6” of plastic is buried on both sides of the bed reduces the
soil and debris.

* Proper retrieval equipment: Adjustments to removal
equipment might be required to optimize debris removal as
well as tightness of bundles.
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Row covers
Row covers are used to hasten the maturity of the crop, exclude
certain insect pests, and provide a small degree of frost protec-
tion. There are two main types of row covers: vented clear or
translucent polyethylene and floating row covers. Polyethylene
types are supported by wire hoops placed at regular (5 to 6 ft) in-
tervals. In addition, plastic can be placed loosely over the plants
with or without wire supports. Floating row covers are porous,
lightweight spunbonded materials placed loosely over the plants.
Floating covers are more applicable to the low-growing
vine crops. Upright plants like tomatoes and peppers have been
injured by abrasion when the floating row cover rubs against
the plants or excess temperatures build-up. Erratic spring tem-
peratures require intensive management of row covers to avoid
blossom shed and other high-temperature injuries. In particular,
clear plastic can greatly increase air temperatures under the cover
on warm sunny days, resulting in a danger of heat injury to crop
plants. Therefore, vented materials are recommended. Even with
vents, clear plastic has produced heat injury, especially when the
plants have filled a large portion of the air space in the tunnel.
This has not been observed with the translucent materials. Usual-
ly, row covers are combined with plastic mulch.

High Tunnels

High tunnels are unheated, polyethylene-covered structures
that provide a larger degree of frost protection than row covers.
A properly built high tunnel with one or two layers of plastic,
should afford 5-8 °F of frost protection. As with row covers,
high tunnels require intensive management to ensure that they
are vented properly when warm spring temperatures can cause
excessive heat to build up in tunnels, resulting in damage to the
crop. Tomatoes are commonly produced in high tunnels as well
as a variety of leafy greens crops, due to the premium prices
obtained. Row covers are often combined with the use of high
tunnels and plastic mulch.

High tunnels can provide 3-4 weeks or more of season
extension for spring and fall crops such as tomatoes as well as
year-round production of Cole crops and lettuce. High tunnels
can reduce the incidence of certain diseases and insects due to
protection from rain and changes in light interception, respec-
tively, inside the tunnel; however, traditional greenhouse pests,
such as leaf mold, aphids, spider mites, and whiteflies may be
more prevalent in high tunnels. In many states, high tunnels are
considered a greenhouse structure for the application of pes-
ticides, which may reduce the number of chemicals available
compared to field production. Be sure to determine if the pesti-
cides you are applying are acceptable for use in high tunnels in
your state.

Extensive information regarding construction, specifics of
crop production, soil management, and economics of production
for many fruits, vegetable, and cut flowers grown in high tunnels
can be found at https.//www.sare .org/resources/high-
tunnels-and-other-season-extension-techniques/.

Considerations for Using Mulch, Drip Irrigation,
and Row Covers
Each grower considering mulches, drip irrigation, and/or row

covers must weigh the economics involved. The long-term ver-
sus short-term opportunities must be considered.

* Does the potential increase in return justify the additional
costs?

* Are the odds in favor of the grower getting the most benefit
in terms of earliness and yield from the mulch, drip irriga-
tion, and/or row covers?

* Does the market usually offer price incentives for early pro-
duce? Will harvesting early allow competition against pro-
duce from other regions?

Depending on the row spacing and bed width, polyethylene
mulch can cost $350 to $700 per acre, including installation and
removal. Biodegradable mulches can cost twice as much as
polyethylene mulches. Additionally when using these mulch-
es, drip irrigation must also be installed ($400 to $1,200/acre).
Growers must determine costs for their situation and calculate
their potential returns. For more help in determining exact costs
for your operation, use the Mulch Calculator:

https://biodegradablemulch.tennessee.edu/wp-content/
uploads/sites/214/2020/12/Chen-Mulch-calculcator-
introduction.pdf

POLLINATION

Honeybees or other pollinating insects are essential for commercial
production of cucurbit vine crops and may also improve the yield
and quality of fruit in beans, eggplants, peas, and peppers. In oth-
er fruiting vegetables, such as okra and some legumes, pollination
does not require insect visits. Lack of adequate pollination usually
results in small or misshapen fruit in addition to low yields. The
size and shape of the mature fruit is related to the number of seeds
produced and each seed requires one or more pollen grains for nor-
mal development. Cucumbers, squash, pumpkins, and watermelons
have separate male and female flowers, while cantaloupes and other
specialty melons have male and hermaphroditic (perfect or bisexu-
al) flowers. Adequate amount of the sticky pollen of the male flow-
ers must be transferred to the female flowers to achieve fruit set.
Cucurbit flowers are usually open and attractive to bees for no more
than one day. Flower opening, release of pollen, and commence-
ment of nectar secretion normally precede bee activity. Pumpkin,
squash, cantaloupe, and watermelon flowers normally open around
daybreak and close by or before noon; whereas, cucumbers and
melons generally remain open the entire day. Pollination must take
place on the day the flowers open because pollen viability, stigmatic
receptivity, and attractiveness to bees lasts only that day.

European honeybees and various native wild bees may visit
the flowers of flowering vegetables. However, successful polli-
nation requires that these insects visit male and female flowers
frequently for pollen transfer to occur. Some insects present in
flowers may not contribute greatly to pollination. Honeybees
and bumblebees move frequently from one flower to another and
placing hives of these bees into a crop at the correct time will
greatly enhance pollination. Even though bumblebees and oth-
er species of wild bees are excellent pollinators, populations of
these native pollinators usually are not adequate for large acreag-
es grown for commercial production. Colonies of wild honeybees
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have been decimated by Tracheal and Varroa mites, and possi-
bly other environmental factors, and therefore cannot be counted
on to aid in pollination. One of the best ways to ensure adequate
pollination is to keep or rent strong colonies of honey bee from a
reliable beekeeper. Another option for pollination is the bumble-
bee. Bumblebees are becoming a popular grower’s choice over
the past decade and are being found to be effective as a pollinator
alternative to honeybees. Commercial bee attractants are avail-
able but have not proven to be effective in enhancing pollination.
Growers are advised to increase numbers of honeybee or bumble-
bee colonies and not to rely on such attractants. Suppliers of both
honeybee and bumblebee colonies need ample notice prior to
when the bees are needed for a given crop. Approximately 3 to 4
months advance notice is usually sufficient to meet crop pollina-
tor needs. A written contract between the grower and beekeeper/
supplier can prevent misunderstandings and, thus, ensure better
pollinator service. Pollinator contracts should specify the number
and strength of colonies, the rental/purchase fee, time of delivery,
and distribution of bees in the field.

Honeybee activity is determined to a great extent by weather
and conditions within the hive. Bees rarely fly when the tempera-
ture is below 55°F. Flights seldom intensify until the temperature
reaches 70°F. Wind speed beyond 15 miles per hour seriously
slows bee activity. Cool, cloudy weather and threatening storms
greatly reduce bee flights. In poor weather, bees foraging at more
distant locations will remain in the hive, and only those that have
been foraging nearby will be active. Ideally, colonies should
be protected from wind and be exposed to the sun from early
morning until evening. Colony entrances facing east or south-
east encourage bee flight. The hives should be off the ground and
the front entrances kept free of grass and weeds. For best results,
hives should be grouped together. A clean water supply should be
available within a quarter mile of the hive.

The number of colonies needed for adequate pollination
varies with location, attractiveness of crop, density of flow-
ers, length of blooming period, colony strength, and competing
blossoms of other plants in the area. In vine crops, recommen-
dations are one to two colonies per acre, with the higher num-
ber for higher density plantings. Each honeybee hive or colony
should contain at least 40,000 - 50,000 bees. Eight or more bee
visits per female flower are required to produce marketable fruit.
Bumblebees have some advantages compared to honeybees in
that the former fly in cool, rainy, and windy weather and often
visit flowers earlier in the morning than honeybees. Bumblebees
are also active later in the day when temperatures cool and they
have a larger body size than honeybees, thus requiring fewer
visits to achieve good pollination and fruit set. Bumblebee hives
are sold as a quad or four hives per quad. A quad is the mini-
mum order that can be purchased from a supplier. Generally
one bumblebee hive contains 200 to 250 bees and is equivalent
to one honeybee hive; however, research that can specifically
document this is lacking. Thus, one quad of bumblebees would
provide good pollination for four acres of a cucurbit crop if the
recommendation is to use 1 bumblebee hive per acre. In some
instances, two hives per acre or more may be recommended (i.e.
triploid watermelon). In this case, one quad would provide good
pollination for two acres. Bumblebee hives should not be placed

in direct sunlight so that the bees work more efficiently. No more
than two bumblebee quads should be placed in one location so
that pollination is more uniform in the field. The quad locations
should be at least 650 to 700 feet from each other.

Insecticides applied while a crop is in bloom pose a serious
hazard to bees visiting flowers. If insecticides must be applied,
select a product that will give effective control of the target pest
but pose the least danger to bees. Apply these chemicals near
evening when the bees are not actively foraging and avoid spray-
ing adjacent crops while bees are active. If insecticide spraying
is necessary, give the beekeeper 48 hours of notice of when you
expect to spray so that precautions can be taken. Avoid leaving
puddles of water around chemical mixing areas as bees may pick
up and be harmed by insecticide contaminated water. As with
honeybees, one must carefully plan when to spray insecticides so
that the bumblebees are not injured or killed. Because bumble-
bees are most active from dawn until late morning, and again
from about 4 PM until sunset, the hives need to be closed around
11 AM so that the bumblebees remain in the hive and are pro-
tected during a late evening spray application.

HOW TO IMPROVE PEST CONTROL

Failure to control an insect, mite, disease, or weed pest is often
erroneously blamed on the pesticide when the cause frequently
lies elsewhere. Several common reasons for failure to achieve
control are the following:

1. Delaying applications until pest populations become too
large or damage is too advanced.

2. Poor coverage caused by insufficient volume, inadequate
pressure, or clogged or poorly arranged nozzles.

3. Selecting the wrong pesticide for the target pests.

4. Contaminated or high pH water source.

SUGGESTED STEPS FOR MORE EFFECTIVE PEST
CONTROL:

1. Scout fields regularly. Know the pest situation and any
build-ups in your fields. Frequent examinations (at least
once or twice per week) help determine the proper timing
of the next pesticide application. Do not apply a pesticide
simply because a neighbor chooses to do so.

2. Integrated Pest Management (IPM). Use an ongoing pro-
gram of biological, physical, cultural, and chemical meth-
ods in an integrated approach to managing pests. IPM in-
volves scouts visiting fields to collect pest population data.
Use this updated information to decide whether insecticide
applications or other management actions are needed to
avoid economic loss from pest damage. Control decisions
are based on factors such as:

¢ The economic action threshold level (when the cost of
control equals or exceeds potential crop losses attribut-
ed to real or potential damage)

¢ Other factors are listed in the Recommended Control
Guidelines section that follows
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To employ an IPM program successfully, basic practices need
to be followed. Whether participating in a university- or grow-
er-supported IPM program, hiring a private consultant, or doing
the work personally, the grower still must practice:

* Frequent and regular examination of fields to assess pest
populations

* Applying a control measure only when the economic
threshold level has been reached

*  Where possible, employing a cultural practice or a biologi-
cal control or using a pesticide that is less harmful to natu-
ral enemies of the target pest

Resistance management. The way pesticides are used affects
the development of resistance. Resistance develops because in-
tensive pesticide use kills the susceptible individuals in a popu-
lation, leaving only resistant ones to breed. Usually, insecticides
and miticides belonging to the same chemical group have a
common target site in pests and therefore have a common Mode
of Action (MoA). Resistance often develops based on a genet-
ic modification of this target site. Then, the compound usually
loses its pesticidal activity. Because all compounds within the
chemical grouping share a common MoA, there is a high risk
that this resistance will automatically confer cross-resistance to
all the compounds in that group. When choosing insecticides
and miticides for a resistance management strategy, the MoA
classification can serve as a helpful guide. It was developed

and endorsed by the Insecticide Resistance Action Committee
(IRAC) to ensure growers can effectively alternate insecticides
with different MoAs. More information can be found at: Attps.//
irac-online.org/mode-of-action/classification-online/.

The Fungicide Resistance Action Committee (FRAC) de-
veloped and endorsed an equivalent mode of action classifica-
tion for fungicidal compounds which can be found at: https://
www.frac.info/.

Adopting the following practices will also reduce the de-
velopment of pest resistance:

1. Rotate crops to a non-host crop, thus reducing the need for
pesticide treatment and, thereby, reducing the ratio of resis-
tant to susceptible individuals in the breeding population.

2. Use control guidelines as an important tactic for reducing
the pesticide resistance problem. For more information
concerning control guidelines, refer to the following sec-
tion and the crop-specific sections of this handbook.

3. Spot treat when possible. Early-season insects and mites
are often concentrated in areas near their overwintering
sites. Diseases often can be first detected in favorable mi-
croclimates, such as low or wet areas of the field. Perennial
weeds and newly introduced or herbicide-resistant annual
weeds often occur first in small numbers in a part of a field.
Treating these areas, rather than the entire field, can pre-
vent the development of resistant populations.

4. Control pests early because seedling weeds and immature
insects are more susceptible to pesticides and less likely to
develop resistance than older and more mature crop pests.

5. Do not overspray. Attempts to destroy every pest in the
field by multiple applications or by using higher than la-
beled rates often eliminate the susceptible pests but not the
resistant pests.

6. Rotate pesticides to reduce the development of resistance,
particularly with pesticides that differ in their modes of
action (MoA). Rotation among different chemical groups
reduces resistance problems.

7. Use appropriate additives when recommended on the pes-
ticide’s label. For example, adding a crop oil concentrate
or a surfactant to certain postemergence herbicides will in-
crease the effectiveness of the herbicides.

Control Pests According to Recommended Control Guide-
lines or Schedule. Control guidelines provide a way to decide
whether pesticide applications or other management actions are
needed to avoid economic loss from pest damage. Guidelines
for pests are generally expressed as a count of a given insect
stage or as a crop damage level based on certain sampling tech-
niques. They are intended to reflect the pest population that will
cause economic damage and thus guarantee the cost of treat-
ment. Guidelines are usually based on pest populations, field
history, crop development stage, variety, weather conditions,
life stage of the pest, parasite, and/or predator populations, re-
sistance to chemicals, time of year, and other factors. Specific
thresholds are given in this handbook for a number of pests of
many crops.

Insect and mite population sampling techniques include:

* Visual observation. Direct counts of any insect and mite
stages (eggs, larvae, nymphs, adults, etc.) are accomplished
by examining plants or plant parts (leaves, stems, flowers,
fruits). Counts can be taken on single plants or a prescribed
length of row, which will vary with the crop. Usually,
quick-moving insects are counted first, followed by those
that are less mobile. This is the most common method to
sample mite pests.

» Shake cloth (also known as a ground cloth). This sampling
procedure uses a standard 3-foot by 3-foot shake cloth to
assess insect populations. Randomly choose a site without
disturbing the plants and carefully unroll the shake cloth
between two rows. Bend the plants over the cloth one row
at a time and shake the plants vigorously to dislodge in-
sects on stems, leaves, and branches. Count only insects
that have landed on the shake cloth. The number of sam-
pling sites per field will vary with the crop.

*  Sweep net. This sampling procedure uses a standard
15-inch diameter sweep net to assess insect populations.
While walking along one row, swing the net from side to
side with a pendulum-like motion to face the direction of
movement. The net should be rotated 180 degrees after
each sweep and swung through the foliage. Each pass of
the net is counted as one sweep. The number of sweeps per
field will vary with the crop.
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Weed population sampling techniques include:

*  Weed identification. This first step is frequently skipped.
Perennial weeds and certain serious annual weeds should
be controlled before they can spread. Common annual
weeds need only be controlled if they represent a threat to
yield, quality, or harvestability. It is critical to know the
weed history of a field prior to planting as many herbicides
need to be applied pre-plant. Your county Extension office
is an excellent resource for reliable weed identification.

* Growth stage determination. The ability of weeds to com-
pete with the crop is related to size of the weed and size of
the crop. Control using herbicides or mechanical methods
is also dependent on weed size. A decision to control or not
to control a weed must be carried out before the crop is af-
fected and before the weed is too large to be controlled.

*  Weed population. Weeds interfere with crop production in
many ways. They may compete for light, water, nutrients,
and space. The extent of this interference is dependent on
population and is usually expressed as weeds per foot of
row or weeds per square meter. Control measures are need-
ed when the weed population exceeds the maximum tolera-
ble population of that species.

Disease monitoring involves determining the growth stage of
the crop, observing disease symptoms on plants, and/or the daily
weather conditions in the field.

Disease control is often obtained by applying crop pro-
tectants on a regular schedule. For many diseases, application
must begin at a certain growth stage and must be repeated every
7 to 10 days. When environmental conditions are favorable for
disease development, delaying a spray program will result in a
lack of control if the disease has progressed too far. For certain
diseases that do not spread rapidly, fields should be scouted reg-
ularly.

Predictive systems are available for a few diseases. Tem-
perature, rainfall, relative humidity, and duration of leaf wetness
period are monitored, and the timing of fungicide application
is determined by predicting when disease development is most
likely to occur. One such program for Downy Mildew is avail-
able at: http://cdm.ipmpipe.org/

Weather Conditions. These are important to consider before
applying a pesticide. Spray only when wind velocity is less than
10 miles per hour. Do not spray when sensitive plants are wilted
during the heat of the day. If possible, make applications when
ideal weather conditions prevail.

Certain pesticides, including biological insecticides (e.g.,
BT’s) and some herbicides, are ineffective in cool weather. Oth-
ers do not perform well or may cause crop injury when hot or
humid conditions are prevalent. Optimum results can frequently
be achieved when the air temperature is in the 70°F range during
application.

Strive for Adequate Coverage of Plants. Improved control of
aphids can be achieved by adding and arranging nozzles so that
the application is directed toward the plants from the sides as

well as from the tops (also see Alkaline Water and Pesticides,
which follows). In some cases, nozzles should be arranged so
that the application is directed beneath the leaves. As the season
progresses, plant size increases, as does the need for increased
spray gallonage to ensure adequate coverage.

Applying insecticide and fungicide sprays with sufficient
spray volume and pressure is critical. Spray volumes should
increase as the crop’s surface area increases. Sprays from high-
volume-high-pressure rigs (airblast) should be applied at rates
of 40 to 200 gallons per acre at 200 psi or greater. Sprays from
low-volume-low-pressure rigs (boom type) should be applied at
rates of 50 to 100 gallons per acre at 20 psi. The addition of a
spreader-sticker improves coverage and control when wettable
powders are applied to smooth-leaved plants, such as Cole crops
and onions.

Use a dedicated sprayer for herbicides and a different spray-
er for fungicides and insecticides. Herbicide sprays should be
applied at between 15 and 50 gallons of spray solution per acre
using low pressure (20 to 40 psi). Never apply herbicides with a
high-pressure sprayer that was designed for insecticide or fun-
gicide application because excessive drift can result in damage
to non-target plants in adjacent fields and areas. Do not add oil
concentrates, surfactants, spreader-stickers, or any other additive
unless specified on the label, or crop injury is likely.

Select the Proper Pesticide. Know the pests to be controlled
and choose the recommended pesticide and rate of application.
If in doubt, consult your local Extension office. The herbicide
choice should be based on weed species or cropping systems.

For insects or mites that are extremely difficult to control
or resistant, it is essential to alternate labeled insecticides/miti-
cides with different classes or modes of action (MOA). Be alert
for a possible aphid or mite buildup following the application of
certain insecticides, such as broad-spectrum chemicals (e.g., py-
rethroids).

Caution: Proper application of soil systemic insecticides is
extremely important. The insecticide should be applied accord-
ing to the label instructions (which, in general, indicate applica-
tion should be directed away from the seed) or crop injury may
occeur.

Be sure to properly identify the disease(s). Many fungicides
control specific diseases but provide no control of others. For
this reason, on several crops, fungicide combinations are recom-
mended.

Pesticide Compatibility. To determine if two pesticides are
compatible, use the following “jar test” before you tank-mix pes-
ticides or tank-mix pesticides with fertilizers:

1. Add 1 pint of water or fertilizer solution to a clean quart
jar, then add the pesticides to the water or fertilizer solution
in the same proportion used in the field.

2. To a second clean quart jar, add 1 pint of water or fertilizer
solution. Then add ' teaspoon of an adjuvant to keep the
mixture emulsified. Finally, add the pesticides to the wa-
ter-adjuvant or fertilizer adjuvant in the same proportion as
used in the field.
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3. Close both jars tightly and mix thoroughly by inverting 10
times. Inspect the mixtures immediately and after stand-
ing for 30 minutes. If a uniform mix cannot be made, the
mixture should not be used. If the mix in either jar remains
uniform for 30 minutes, the combination can be used. If the
mixture with adjuvant stays mixed and the mixture without
adjuvant does not, use the adjuvant in the spray tank. If ei-
ther mixture separates but readily remixes, constant agita-
tion is required. If non-dispersible oil, sludge, or clumps of
solids form, do not use the mixture.

Note: For compatibility testing, the pesticide can be added di-
rectly or premixed in water first. In actual tank-mixing for field
application, unless label directions specify otherwise, add pes-
ticides to the water in the tank in this order: first, wettable gran-
ules or powders, then flowables, emulsifiable concentrates, water
solubles, and companion surfactants. If tank-mixed adjuvants are
used, these should be added first to the fluid carrier in the tank.
Thoroughly mix each product before adding the next product.

Select Correct Sprayer Tips. The choice of a sprayer tip for
use with many pesticides is important. Flat fan-spray tips are
designed for preemergence and postemergence application of
herbicides. These nozzles produce a tapered-edge spray pat-
tern that overlaps for uniform coverage when properly mounted
on a boom. Standard flat fan-spray tips are designed to operate
at low pressures (20-40 psi) to produce small-to medium-sized
droplets that do not have excessive drift. Flat fan-nozzle tips are
available in brass, plastic, ceramic, stainless steel, and hardened
stainless steel. Brass nozzles are inexpensive and are satisfacto-
ry for spraying liquid pesticide formulations. Brass nozzles are
the least durable, and hardened stainless steel nozzles are most
durable and are recommended for wettable powder formulations,
which are more abrasive than liquid formulations. When using

any wettable powder, it is essential to calibrate the sprayer fre-
quently because, as a nozzle wears, the volume of spray material
delivered through the nozzle increases.

Flood-type nozzle tips are generally used for complete fer-
tilizers, liquid N, etc., and sometimes for spraying herbicides
onto the soil surface prior to incorporation. They are less suitable
for spraying postemergence herbicides or for applying fungi-
cides or insecticides to plant foliage. Coverage of the target is
often less uniform and complete when flood-type nozzles are
used, compared with the coverage obtained with other types of
nozzles. Results with postemergence herbicides applied with
flood-type nozzles may be satisfactory if certain steps are taken
to improve target coverage. Space flood-type nozzles a maxi-
mum of 20 inches apart, rather than the suggested 40-inch spac-
ing. This will result in an overlapping spray pattern. Spray at the
maximum pressure recommended for the nozzle. These tech-
niques will improve target coverage with flood-type nozzles and
result in more satisfactory weed control.

Full and hollow-cone nozzles deliver circular spray patterns
and are used for application of insecticides and fungicides to
crops where thorough coverage of the leaf surfaces is extremely
important and where spray drift will not cause a problem. They
are used when higher water volumes and spray pressures are rec-
ommended. With cone nozzles, the disk size, and the number of
holes in the whirl plate affect the output rate. Various combina-
tions of disks and whirl plates can be used to achieve the desired
spray coverage.

Alkaline Water and Pesticides. At times, applicators have com-
mented that a particular pesticide has given unsatisfactory re-
sults. Usually, these results can be attributed to poor application,
a bad batch of chemicals, pest resistance, weather conditions,
etc. However, another possible reason for unsatisfactory results
from a pesticide may be the pH of the mixing water.

TABLE 13. PREDATORS AND PARASITES OF VEGETABLE PESTS

Pest(s) Controlled or Impacted

Aphids on some greenhouse and vegetable crops; mummies of parasitized aphids will turn black.
Eretmocerus californicus has shown promise against sweetpotato whitefly.

Aphid parasites; mummies turn tan or golden.
Caterpillars on cole crops and potatoes, leafminers in greenhouse crops.
Internal and external parasite of fly and moth larvae and pupae. Afew species attack beetles.

Parasites of caterpillars including armyworms, Alfalfa caterpillar, loopers, cabbageworms.

Acommercially available Aphelinid wasp, whiteflies on greenhouse/some field crops. Encarsia can pro-

vide effective control of greenhouse whitefly, but not sweetpotato whitefly. Therefore, it is critical to identify

which whitefly is present before releasing Encarsia.

Approx. #

North American
Predators and Parasites Species
WASPS
Aphelinid Wasps * 1,000
Aphidiid Wasps * 114
Braconid Wasps * 1,000
Chalcid Wasps * 1,500
Cotesia Wasps (Braconid Family) * 200
Encarsia formosa * 1
Encyrtid Wasps 500
Eulophid Wasps 3,400
Ichneumonid Wasps * 3,100
Mymarid Egg Wasps 1,300
Pteromalid Wasps 3,000
Scelionid Egg Wasps 300

* Insects marked with an asterisk represent species available commercially for purchase.

Aphids on some greenhouse crops, Cabbage looper, root maggot.
Colorado Potato Beetle, Mexican Bean beetle, Asparagus beetle, leafminers in field crops.
Caterpillars, eggs, and beetle larvae in cole crops, corn, Asparagus whiteflies on cole crops & tomato.

Lygus bug, Tarnished Plant bug, carrot weevil. Egg parasite of beetles, flies, grasshoppers, leafhoppers,
and many true bugs (Stink bugs, lygaeids). Adults are 1/25 inch in size.

Parasites of beetles, flies, and other wasps, cabbage worm, diamondback moth.

Parasite of true bug and moth eggs.

For a list of Biological Control (Beneficial Insects) Suppliers, see http://wiki.bugwood.org/Commercially_available_biological _controls
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TABLE 13. PREDATORS AND PARASITES OF VEGETABLE PESTS (cont’d)

Predators and Parasites

WASPS (cont’d)

Tiphiid Wasps

Trichogramma Wasps *

Thripobius semiluteus

(Eulophidae Family)*

Vespid Wasps (hornets, yellowjackets, etc.)
FLIES

Aphid Flies (Chamaemyiid Flies)
Bombyliid Flies (Bee Flies)
Nemestrinid Flies (Tangle Veined Flies)
Phorid Flies (Humpbacked Flies)
Pipunculid Flies (Big-Headed Flies)
Predatory Midges (Cecidomyiid Flies)*
Pyrgotidae (Pyrgotid Flies)

Syrphid Flies

Tachinid Flies
TRUE BUGS
Assassin Bugs (Reduviidae)
Big-Eyed Bug, Geocoris spp.

Damsel Bugs (Nabidae)

Minute Pirate Bug, Orius insidiosis
(aka Flower Bug)*

Predatory Stink Bug
(Perillus, Podisus spp.)

Spined Soldier Bug,
Podisus maculiventris*

BEETLES

Ground Beetles (Carabid Beetles)

Lady Beetles (Coccenelidae)*

Rove Beetles (Staphylinidae)

Soft-Winged Flower Beetles (Melyridae)

Soldier Beetles
(Cantharids, aka Leather-Winged Beetles)

Tiger Beetles (Cicindelid Beetles)
OTHER BENEFICIAL ORGANISMS

Praying Mantis *

Lacewings*

Parasitic nematodes*

Predatory mites
(Phytoseiidae & 3 other families)*

Approx. #
North American
Species

225

650

200

36
250
250
350
100

10

1,000

1,300

160
25

34

2,200

400

3,100

450

100

40
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Pest(s) Controlled or Impacted

Parasites of Japanese beetles and Tiger beetles.
Moth eggs on cole crops, peppers, sweet corn, and tomatoes. Because only eggs are parasitized,
releases must be timed to coincide with egg laying (use pheromone traps to determine timing).

Controls thrips via parasitism.

Caterpillars, flies, true bugs, beetles, and other wasps are fed to Vespid larvae.

Feed on aphids, mealybugs, and soft scales.

Internal and external parasites of various caterpillars and wasp larvae, beetle larvae, some eggs.
Internal parasites of locusts and beetle larvae and pupae.

Internal parasites of ants, bees, caterpillars, moth pupae, and fly larvae.

Internal parasites of leafhoppers and planthoppers.

Aphids and mites on some greenhouse crops.

Internal parasites of June beetles and related Scarab beetles; nocturnal and rarely seen.

Most larvae are predaceous upon aphids, whitefly pupae, and soft-bodied small insects.

Internal parasite of beetle, butterfly, and moth larvae, earwigs, grasshoppers, and true bugs. Tachinids
lay eggs directly on host or on a leaf that the host insect then eats. Some species parasitize Japanese
beetles.

Generalist predators against small and soft-bodied insects, eggs, and pupae.

Generalist predators feeding on a wide variety of insect eggs and small larvae. Both immature and adults
are predaceous and feed on over 60 species of other insects.

Mites, aphids, caterpillars, leafhoppers, and other insects, especially soft-bodied insects.

Thrips, spider mites, aphids, small caterpillars, small insects in sweet corn, potato, and some greenhouse
crops.

Look similar to plant feeding Stink bugs, but feed on caterpillar pests, small insects and insect eggs, and
Colorado Potato beetle (larvae). Effective in solanaceous crops, beans, cole crops, and asparagus.

Generalist predator on many vegetables (i.e., potato, tomato, sweet corn, cole crops, beans, eggplant,
cucurbits, asparagus, onions). Attacks larvae of European Corn borer, Diamondback moth, Corn Ear-
worm, Beet Armyworm, Fall Armyworm, Colorado Potato beetle, Cabbage Looper, Imported Cabbage-
worm, and Mexican Bean beetle. A pheromone to attract Spined Soldier Bug is also available.

Both larvae and adults are predaceous, nocturnal. Feed on mites and snails, soil dwelling beetle and
fly eggs and pupae, some caterpillars, and other soft bodied insects. Most beneficial in cole crops, root
crops, and onions.

Aphids, mites, whitefly, small insects, and insect eggs in most vegetable crops (especially potatoes,
tomatoes, sweet corn, and cole crops. Release purchased lady beetles in evening, in vicinity of pest, and
cover with a light sheet or cloth overnight for best predator retention.

Distinguished by short outer wings and exposed abdomens, Rove beetles feed on a variety of eggs,
pupae, larvae, and soft bodied insects (aphids, mites, whitefly).

Adults and larvae feed on aphids, leathoppers, and other immature insects. Covered in fine hairs that
give the insect a velvety appearance.

All larvae, and some adults, are predaceous. Other adults feed on nectar and pollen, so can be attracted
by flower plantings. Predators of eggs and larvae of beetles, butterflies, moths, aphids, others. Most
effective in cole crops, cucurbits, and sweet corn.

Adults and larvae prey on a wide variety of insects.

Flies, crickets, bees, moths. All life stages are predatory. Commercially available mantis are usually
Tenodera aridifolia, a Chinese species. Praying mantids ambush any prey small enough (usually
mobile insects) to pass before them. They do not specifically attack targeted pests.

Aphids, thrips, small caterpillars, leathoppers, mealybugs, psyllids, whiteflies, and insect eggs. Release
purchased lacewings as soon as target pest is noticed in field to achieve good results.

Cutworms, beetle larvae, root maggots, some wireworms.

Releases most beneficial in strawberries and greenhouse vegetables; avoid carbamates and organophos-
phates to encourage natural populations in field. Primarily effective against spider mites and thrips.

* Insects marked with an asterisk represent species available commercially for purchase.
For a list of Biological Control (Beneficial Insects) Suppliers, see http://wiki.bugwood.org/Commercially_available_biological _controls
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Some materials carry a label cautioning the user against
mixing the pesticide with alkaline materials. The reason for this
caution is that some materials (in particular the organophosphate
insecticides) undergo a chemical reaction known as “alkaline hy-
drolysis.” This reaction occurs when the pesticide is mixed with

alkaline water, that is, water with a pH greater than 7. The more
alkaline the water, the greater the breakdown (i.e., “hydrolysis”).
In addition to lime sulfur, several other materials provide
alkaline conditions: caustic soda, caustic potash, soda ash, mag-
nesia or dolomitic limestone, and liquid ammonia. Water sources

TABLE 13 A. RELATIVE IMPACT OF INSECTICIDES & MITICIDES ON KEY NATURAL ENEMY GROUPS

IRAC Example Predaceous Lepidopteran Aphid Predatory
Group Common Name Product Mites Parasitoids Parasitoids Coccinellids Lacewings Bugs
carbaryl Sevin M/H H H H H H
1A methomyl Lannate H H H H H H
oxamyl Vydate H H H M H H
diazinon - M H H H H M
1B dimethoate - M H H H H H
malathion - M H H H H H
bifenthrin Brigade H H H H H H
cyfluthrin Baythroid H H H H H H
fenpropathrin Danitol H H H H H H
3A permethrin Pounce M H H H H H
{-cypermethrin Mustang Max H M M H H H
A-cyhalothrin Karate H H H H H H
acetamiprid Assalil M H H M H
clothianidin Belay M/H
4A dinotefuran Venom H M/H M/H MH
imidacloprid Admire M H H M M/H H
thiamethoxam Actara/Platinum M M L M H H
4C sulfoxaflor Closer L M M L M M
4D flupyradifurone Sivanto L M M
5 spinosad Entrust M LM LM M M M
spinetoram Radiant M/H M/H L H H
abamectin Agri-Mek H H H M L H
6 emamectin benzoate Proclaim H L L L L L
7C pyriproxyfen Knack L L L L L L
9B pymetrozine Fulfill L L L L L L
10 etoxazole Zeal M M L M M
1" Bt various L L L L L L
15 novaluron Rimon M L M H H H
16 buprofezin Courier L L L M L L
17 cyromazine Trigard L L L
18 methoxyfenozide Intrepid L L M L L L
20B acequinocyl Kanemite L H L L M L
20D bifenazate Acramite L H L L M L
1A fenpyroximate Portal H H H M M L
tolfenpyrad Torac M
22A indoxacarb Avaunt L M L M L M
23 spiromesifen Oberon L
spirotetramat Movento M
25 cyflumetofen Nealta L L L L L L
chlorantraniliprole Coragen L L L H H L
28 cyantraniliprole Verimark/Exirel L L L H H L
29 flonicamid Beleaf L L L L L L
UN azadirachtin NeeMix L M L L L L
UN sulfur various M
insecticidal soap various M M L L
kaolin Surround M L MMH
spray oils various M L L

Key: L = Low impact, M = Medium impact, H = High impact, Blank space = no data currently available

* Toxicity will vary with predatory mite species. Generalist predators (e.g. Neoseiulus cucumeris and Amblyseius swirskii) tend to be more sensitive than specialist
predatory mites (e.g. Phytoseiulus persimilis)

Sources: Washington State University, University of California, North Carolina State University, Pest Management Science, Intech, Journal of Entomology and Zoology

Studies, Journal of Economic Entomology, and Biocontrol Science and Technology
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in agricultural areas can vary in pH from less than 3 to greater
than 10.

To check the pH of your water, purchase a pH meter, or in
most states, you can submit a water sample to your state’s soil or
water testing lab. If you have a problem with alkaline pH, there
are several products available that are called nutrient buffers that
will lower the pH of your water.

There are some instances when materials should not be
acidified, namely, sprays containing fixed copper fungicides, in-
cluding: Bordeaux mixture, copper oxide, basic copper sulfate,
copper hydroxide, etc.

BENEFICIAL INSECTS

A number of environmental factors, such as weather, food avail-
ability, and natural enemies combine to keep insect populations
under control naturally. In some human-altered landscapes, such
as in agricultural crop fields, the levels of natural control are of-
ten not acceptable to us, and we have to intervene to lower pest
populations. While some environmental factors, such as weath-
er, cannot be altered to enhance control of pests, others, such as
populations of natural enemies, can be affected. The practice of
taking advantage of and manipulating natural enemies to sup-
press pest populations is called biological control.

Approaches To Biological Control. There are three general ap-
proaches to biological control: importation, augmentation, and
conservation of natural enemies. These techniques can be used
alone or in combination in a biological control program or as
part of an IPM program.

Importation: Importation of natural enemies, also known as
classical biological control, is used when a pest of exotic origin
is the target of the biocontrol program. Pests are constantly be-
ing imported into countries where they are not native. Many of
these introductions do not result in establishment, if they do, the
organism may not become an invasive pest. However, some of
these introduced organisms can become pests due to a lack of
natural enemies to suppress their populations. In these cases, im-
portation of natural enemies can be highly effective.

Once the country of origin of the invasive pest is deter-
mined, exploration in the native region can be conducted to
search for promising natural enemies. If such enemies are iden-
tified, they may be evaluated for potential impact on the pest
organism in the native country or imported into the new country
for further study. Natural enemies are imported into the U.S. on-
ly under permit from the U.S. Department of Agriculture. They
must first be placed in quarantine for one or more generations to
ensure no undesirable species are accidentally imported (diseas-
es, hyperparasitoids, etc.). Additional permits are required for
interstate shipment and field release.

Augmentation: Augmentation is the direct manipulation of nat-
ural enemies to increase pest suppression. This can be accom-
plished by mass production and/or periodic colonization of nat-
ural enemies. The most used of these approaches is the first, in
which natural enemies are produced in insectaries, then released
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either inoculatively or inundatively. For example, in areas where
a particular natural enemy cannot overwinter, an inoculative
release each spring may allow the population to establish and ad-
equately control a pest. Inundative releases involve the frequent
release of large numbers of a natural enemy such that their popu-
lation completely overwhelms the pest.

Augmentation is used where populations of a natural ene-
my are not present or cannot respond quickly enough to the pest
population. Therefore, augmentation usually does not provide
permanent suppression of pests, as may occur with importation
or conservation methods.

Because most augmentation involves mass-production and
periodic colonization of natural enemies, this type of biologi-
cal control has lent itself to commercial development. There are
hundreds of biological control products available commercially
for dozens of pest invertebrates (insects, spider mites, etc.), ver-
tebrates (deer, rodents, etc.), weeds, and plant pathogens.

A summary of these biocontrol products/agents and their
target pests is presented in Table 13. The efficacy of these pred-
ators and parasites is dependent on many factors, including but
not limited to:

* Temperature: Most biocontrol agents perform best under
specific environmental conditions. Detailed knowledge
about the optimal temperature range of the predator or par-
asite species is vital to ensure successful performance.

* Relative humidity (RH): Biocontrol agents adapted to
temperate climates can survive at medium RH levels (40-
60%), but subtropical and tropical species may require
RH above 60% for their survival and development. Over-
all geographic RH and temperature, as well as conditions
within the crop (under protected or semi-protected struc-
tures), are important for establishment.

*  Weather: Heavy rain and strong winds can limit biocontrol
agents’ establishment in open field crops.

* Food availability: There are generalist predators and par-
asites that can feed on a wide range of food items, includ-
ing prey (other insects or mites), flower products (pollen
or nectar), or other (fungus or bacteria). As a preventive
tactic, these agents can be established before the pests colo-
nize the crop or large infestations are reached. Combining
prey + alternative food resources (i.e., pollen) may increase
their reproductive capacity and the likelihood of establish-
ment. Selective predators and parasites feed only on one
or a few prey and are limited in their establishment to the
availability of that prey.

* Crop development stage: The stage of the crop (vege-
tative, reproductive, senescing) may determine food and
shelter available for predators and parasites.

* Pest infestation levels: If pest populations are already high
before introducing biocontrol agents, their performance
may be limited, and pesticide applications may need to be
scheduled before predator or parasite release.

* Pest development stage: Gathering information about the
developmental stage of the pests’ populations (proportion
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of eggs, immatures, and adults present) in the crop will
allow you to schedule well-timed releases and/or pesticide
applications. Natural enemies often feed on one or two
life stages of the pests, and some are limited to feeding on
eggs, while most pesticides target adults or immature stag-
es, and few have ovicidal activity.

* Plant/leaf anatomy: This is particularly important when
using predatory mites. Some predatory mite species, such
as Amblyseius swirskii or Neoseiulus cucumeris pre-
fer plant hosts with few leaf trichomes and target insects
(thrips, spider mites other than twospotted) or mite pests
that produce little webbing (tarsonemids). Other are selec-
tive predatory mites (e.g., Phytoseiulus persimilis) feeding
only on mites that produce lots of webbing (twospotted spi-
der mites and other Tetranychus species) and may be better
adapted to plants with many leaf trichomes.

Management of the target pest to non-damaging levels is more
likely than 100% control when using biocontrol agents. It is
critical to familiarize yourself with the proper usage of these
predators and parasites to achieve satisfactory results. Selection
of products and suppliers should be done carefully, as with pur-
chasing any product. See the following section (Incorporating
Biological Control Into A Pest Management Program), contact
the provider representative, or the closest Extension office for
more information regarding optimal conditions for biocontrol
agents.

Conservation: The most common form of biological control is
conservation of natural enemies that already exist in a cropping
situation. Conservation involves identifying the factor(s) which
may limit the effectiveness of a particular natural enemy and
modifying these factor(s) to increase the effectiveness of these
natural enemies. In general, this involves either reducing factors
that interfere with natural enemies or providing resources that
natural enemies need in their environment. Naturally occurring
and augmented predators and parasites are limited or promot-

ed by similar factors and conditions, such as temperature and
RH, food availability, and pest infestation levels. Additionally,
the application of pesticides and some cultural practices often
interferes with natural enemy effectiveness., For instance, tillage
or burning of crop debris, can also kill natural enemies or make
the crop habitat unsuitable. In some crops, accumulation of dust
deposits on leaves from repeated tillage or a location near road-
ways may kill small predators and parasites and cause increases
in certain insect and mite pests (e.g., twospotted spider mites). In
some cases, the chemical and physical defenses that plants use
to protect themselves from pests may reduce the effectiveness of
biological control.

Incorporating Biological Control Into A Pest Management
Program: Biological control can be an effective, environmen-
tally sound method of managing pests. When trying to make the
best use of natural enemies in your crop, it may be helpful to
consider the following suggestions.

* Pest problems must be anticipated and planned for by care-
fully monitoring pest population development.

Effective trapping, monitoring, and field scouting should
be used to determine when pests appear and the timing of
natural enemy releases (if needed).

Make sure you have your pest(s) accurately identified.
Consulting your local Extension office is a good practice
regardless of which pest control method you use.

Determine if natural enemy releases are appropriate for
your situation. Sometimes knowledge of crop and cultur-

al practices that encourage naturally-occurring biological
control agents can allow you to maximize the control they
provide. By conserving these natural enemies, pesticide use
(and therefore costs) might be minimized.

If you decide to use commercially available biological
control agents, choose your product and supplier carefully.
Guidelines to find reliable providers can be found at:

o Guide for Purchasing and Using Commercial Natural
Enemies (https.://ipm.ifas.ufl.edu/)

o Commercially Available Biological Controls (http.//
wiki.bugwood.org/Commercially _available biologi-
cal_controls)

Details about some of the most common natural enemies
found/released in cropping systems are provided in Table
13. Additional resources include:

o Biological Control: A Guide to Natural Enemies in
North America (https://biocontrol.entomology.cornell.
edu/index.php)

o How To Use Biocontrol (https://cals.cornell.edu/
new-york-state-integrated-pest-management/eco-re-
silience/biocontrol/how-use-biocontrol)

Usually, released natural enemies work best as a preventa-
tive pest management method. If they are introduced into
your crop at the beginning of a pest infestation, they can
prevent that population from developing to damaging lev-
els.

If pest infestations have become severe before releasing
natural enemies, using natural enemies usually will not
work.

Once you have received your natural enemies, handle them
carefully, following all instructions provided by your sup-
plier.

The number or rate of natural enemies to release can be
determined through consultation with a reliable supplier, as
can the application timing.

Because natural enemies are living organisms, adverse con-
ditions (e.g., stormy weather, pesticide residues) can kill or
reduce their effectiveness.

Because the actions of natural enemies are not as obvious
as those of pesticides, it may be important to work with a
supplier to evaluate the effectiveness of your releases.

Remember, just because an organism is sold as a “natural”
or “biological” control does not mean it will work as you
expect. This does not mean that biological control will not
work for your situation. There are various products and ap-
proaches that can provide satisfactory results.
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Finally, if insecticides/miticides are necessary to control a pest,
choose the least harmful product to the beneficial(s) you are
trying to preserve or introduce. Pest control can be provid-

ed by natural enemies already present in the field when exces-
sive pesticide applications are avoided, and selective pesticides
are sprayed only when threshold levels are reached. Table 13A
shows the relative safety of different pesticides to key groups of
beneficial organisms in vegetable systems. For the most addi-
tional information about suppliers of organisms and related prod-
ucts, the purchase of natural enemies, and how to effectively use
them, consult with Extension.

DIAGNOSING VEGETABLE CROP

PROBLEMS

‘When visiting a vegetable field, follow the steps outlined below to
help solve any potential problems. All vegetable problems, such as
poor growth, leaf blemishes, wilts, rots, and other problems should be
promptly diagnosed. This is necessary for the grower to implement
prompt and effective corrective measures or to help reduce the proba-
bility of its reoccurrence in following crops or its spread to susceptible
neighboring crops.

1. Describe the problem.

2. Determine whether there is a pattern of symptomatic plants in
the field.
a. Does the pattern correlate with a certain area in the field,
such as a low spot, poor-drainage area, or sheltered area?

b. Does the pattern correlate with concurrent field opera-
tions, such as certain rows, time of planting, method of
fertilization, or rate of fertilization?

3. Try to trace the history of the problem.
a. On what date were the symptoms first noticed?
b. Which fertilizer and liming practices were used?

c. Which pest-management practices were used to manage
diseases, undesirable insects, and weeds — which chem-
icals (if any), were applied, at what application rates, and
what was the previous use of equipment that was used for
application?

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

e. What was the source of seed or planting stock?

f. Which crops were grown in the same area during the past
3 or 4 years?

4. Examine affected plants to determine whether the problem is
related to insects, diseases, or cultural practices.
a. Do the symptoms point to insect problems? Insect prob-
lems are usually restricted to the crop. (A hand lens is
usually essential to determine this.)

(1) Look for the presence of insects, webbing, and frass
on foliage, stems, and roots.
(2) Look for feeding signs such as chewing, sucking, or
boring injuries.
b. Do the symptoms suggest disease problems? These

symptoms are usually not uniform; rather, they are specif-
ic for certain crops.

(1) Look for necrotic (dead) areas on the roots, stems,
leaves, flowers, and fruit.

(2) Look for discoloration of the vascular tissue (plant
veins).

(3) Look for fungal growth.

(4) Look for virus patterns; often these are similar to
injury from 2,4-D or other hormones and nutritional
problems.

(5) Examine roots for twisting or galling.

c. Do the symptoms point to cultural problems? Look for
the following:
(1) Nutrient deficiencies. (A soil test from good areas
and poor areas should be done as well as analysis of
nutrient content of leaf tissue from the same areas.)

* Nitrogen—light green or yellow foliage. Nitrogen
deficiencies are more acute on lower leaves.

¢ Phosphorus —purple coloration of leaves; plants
are stunted.

¢ Potassium— yellow or brown leaf margins and
leaf curling.

* Magnesium—interveinal chlorosis (yellowing be-
tween veins) of mid level or lower leaves.

* Boron—development of lateral growth; hollow,
brownish stems; cracked petioles.

¢ [ron—light green or yellow foliage occurs first
and is more acute on young leaves.

* Molybdenum—"whiptail” leaf symptoms on cau-
liflower and other crops in the cabbage family.

(2) Chemical toxicities.

* Toxicity of minor elements—boron, zinc, manga-
nese.

* Soluble salt injury —wilting of the plant when
wet; death, usually from excessive fertilizer ap-
plication or accumulation of salts from irrigation
water.

(3) Soil problems. (Take soil tests of good and poor
areas.)
* Poor drainage.
* Poor soil structure, compaction, etc.
* Hard pans or plow pans.

(4) Pesticide injury. (Usually uniform in the area or
shows definite patterns, and more than one plant
species, such as weeds, are often symptomatic.)
* Insecticide burning or stunting.

* Weed-killer (herbicide) burning or abnormal
growth.

(5) Climatic damage.
* High-temperature injury.
* Low-temperature (chilling) injury.
* Lack of water.
* Excessive moisture (lack of soil oxygen).
* Frost or freeze damage.

(6) Physiological damage.
* Air-pollution injury.
¢ Genetic mutations (this is rare).
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In summary, when trying to solve a vegetable crop problem,
take notes of problem areas, look for a pattern to the symptoms,
trace the history of the problem, and examine the plants and soil
closely. These notes can be used to avoid the problem in the fu-
ture or to assist others in helping solve their problem. Publica-
tions and bulletins designed to help the grower identify specific
vegetable problems are available from Extension.

AIR POLLUTION INJURY

The extent of plant damage by particular pollutants in any given
year depends on meteorological factors leading to air stagnation,
the presence of a pollution source, and the susceptibility of the
plants.

Some pollutants that affect vegetable crops are sulfur diox-
ide (SO,), ozone (0O,), peroxyacetyl nitrate (PAN), chlorine (Cl),
and ammonia (NH,).

Sulfur dioxide. SO, causes acute and chronic plant injury. Acute
injury is characterized by clearly marked dead tissue between
the veins or on leaf margins. The dead tissue may be bleached,
ivory, tan, orange, red, reddish brown, or brown, depending on
plant species, time of year, and weather conditions. Chronic in-
jury is marked by brownish red, turgid, or bleached white areas
on the leaf blade. Young leaves rarely display damage, whereas
fully expanded leaves are very sensitive.

Some crops sensitive to sulfur dioxide are: squash, pump-
kin, mustard, spinach, lettuce, endive, Swiss chard, broccoli,
bean, carrot, and tomato.

Ozone. A common symptom of O, injury is small stipplelike or
flecklike lesions visible only on the upper leaf surface. These
very small, irregularly shaped spots may be dark brown to black
(stipplelike) or light tan to white (flecklike). Very young leaves
are normally resistant to ozone. Recently matured leaves are
most susceptible. Leaves become more susceptible as they ma-
ture, and the lesions spread over a greater portion of the leaf
with successive ozone exposures. Injury is usually more pro-
nounced at the leaf tip and along the margins. With severe dam-
age, symptoms may extend to the lower leaf surface.

Pest feeding (red spider mite and certain leathoppers) pro-
duces flecks on the upper surface of leaves much like ozone
injury. Flecks from insect feeding, however, are usually spread
uniformly over the leaf, whereas ozone flecks are concentrated in
specific areas. Some older watermelon varieties and red varieties
of potatoes and beans are particularly sensitive to ozone.

Peroxyacetyl nitrate. PAN affects the under surfaces of newly
matured leaves, and it causes bronzing, glazing, or silvering on
the lower surface of sensitive leaf areas.

The leaf apex of broadleaved plants becomes sensitive to
PAN about 5 days after leaf emergence. Since PAN toxicity is
specific for tissue of a particular stage of development, only
about four leaves on a shoot are sensitive at any one time. With
PAN only successive exposures will cause the entire leaf to de-
velop injury. Injury may consist of bronzing or glazing with lit-
tle or no tissue collapse on the upper leaf surface. Pale green to
white stipplelike areas may appear on upper and lower leaf sur-

faces. Complete tissue collapse in a diffuse band across the leaf
is helpful in identifying PAN injury.

Glazing of lower leaf surfaces may be produced by the feed-
ing of thrips or other insects or by insecticides and herbicides,
but differences should be detectable by careful examination.

Sensitive crops are: Swiss chard, lettuce, beet, escarole,
mustard, dill, pepper, potato, spinach, tomato, and cantaloupe.

Chilorine. Injury from chlorine is usually of an acute type, and it
is similar in pattern to sulfur dioxide injury. Foliar necrosis and
bleaching are common. Necrosis is marginal in some species,
but scattered in others either between or along veins. Lettuce
plants exhibit necrotic injury on the margins of outer leaves,
which often extends into solid areas toward the center and base
of the leaf. Inner leaves remain unmarked. Crops sensitive to
chlorine are: Chinese cabbage, lettuce, Swiss chard, beet, esca-
role, mustard, dill, pepper, potato, spinach, tomato, cantaloupe,
corn, onion, and radish.

Ammonia. Field injury from NH; has been primarily due to ac-
cidental spillage or use of ammoniated fertilizers under plastic
mulch on light sandy soils. Slight amounts of the gas produce
color changes in the pigments of vegetable skin. The dry outer
scales of red onions may become greenish or black, whereas
scales of yellow or brown onions may turn dark brown. In addi-
tion, chicken litter may be high in ammonia (NH,) and ammo-
nium (NH,), and if sufficient time is not allowed between litter
application and planting, substantial damage from ammonia tox-
icity may occur to seeds or seedlings.

PRODUCE SAFETY

While there are many regulations and buyer requirements that
surround produce production, the ultimate goal is for fruits and
vegetables to be as safe as possible for all families and commu-
nities. This section provides a simple overview of produce safety
and provides some resources for your farm. Once contamination
occurs, it cannot be removed from the produce, and, since many
crops are eaten without cooking, prevention is the most import-
ant step in reducing outbreaks. Microorganisms that can cause
foodborne illnesses are commonly found in human and animal
feces, including Salmonella, pathogenic E. coli (e.g., O157:H7),
and Campylobacter spp. Some viruses, such as norovirus and
hepatitis A, can also survive for longer periods and can contami-
nate fresh produce. Human parasites are not commonly associat-
ed with produce contamination in the US; however, Cyclospora
cayetanensis has become an emerging concern in the past few
years, especially in irrigation water sources.

WHAT ARE GOOD AGRICULTURAL
PRACTICES (GAPS)?

The term Good Agricultural Practices (GAPs) refers to ba-

sic practices that minimize food safety risks. The purpose of
GAPs is to provide guidance for the safe production, packing,
handling, and holding of fruits and vegetables resulting from

a well-developed farm food safety plan. Worker hygiene and
health, manure use, and water quality throughout the production
and harvesting processes are areas that GAPs cover. Grow-
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ers, packers, and shippers are urged to take a proactive role in
minimizing food safety risks associated with fresh produce.
Furthermore, operators should encourage the adoption of safe
practices by their partners along the farm-to-table food chain.
This includes distributors, exporters, importers, retailers, trans-
porters, food service operators, and consumers. Being familiar
with potential biological, chemical, and physical hazards that
exist on the farm is the first step toward minimizing risk. This
helps to protect the consumer, as well as the growers’ families,
communities, and livelihoods. Some of the areas of the farm
that could be potential sources of contamination and should be
considered are:

* The growing site: Take into consideration the surround-
ing area, topography, soil amendments, and irrigation
water source. Think about the effect of surrounding land
use on contamination of produce and how GAPs will be
implemented to reduce risk long before planting. Recent
research has shown that nearby animal production areas
can contaminate produce through irrigation water and
wind spread. Vegetative buffers, berms, diversion ditches,
and woody areas may help reduce this risk. Furthermore,
following the National Organic Program standards for the
use of manure and compost is key to producing the safest
possible product.

»  Water use: If water touches the harvestable portion of the
crop or is used on surfaces the produce touches after har-
vest, then water quality becomes a key concern. In these
situations, water should be tested to ensure that it meets
current microbial quality guidelines. The U.S. Food and
Drug Administration (FDA) and the Produce Safety Alli-
ance (PSA) are reliable sources for this information.

* Domesticated and wild animal intrusion: Both do-
mesti cated and wild animals can carry and shed human
pathogens. Sometimes this is because they have carried
pathogens from a nearby animal production area or human
contamination source. It is important to minimize contam-
ination from animals in the production and packing areas,
including farm pets. Most growers are already doing a lot
to prevent animals from damaging their crops.

*  Worker hygiene and sanitation: Provide workers with
appropriate training to help them understand the impor-
tance of hygiene in handling produce. Providing conve-
nient, clean, and well-stocked restrooms and handwashing
facilities will enable workers to properly wash their hands
after eating, smoking, handling non-produce items, using
the restroom, and other times when hands may have be-
come contaminated. Sick workers must be restricted from

handling produce so that they do not pass along pathogens.

* Equipment and transportation: Equipment used in the
production, harvest, postharvest, and transportation of
produce can be a source of contamination. When possi-
ble, designate specific equipment for different areas of
the farm. For example, designate a set of cleaning tools
for bathroom use only and have a different set of clean-
ing tools for the packing line and harvest containers. The

cleaning and sanitation of equipment should be conducted
and documented on a regular schedule.

The above items are just a few that warrant attention in a
farm food safety plan. Documentation of the practices and who
performs them is essential for accountability and continuous im-
provement.

FOOD SAFETY MODERNIZATION ACT
(FSMA) PRODUCE SAFETY RULE (PSR)

FSMA was signed into law on January 4, 2011, initiating a new
public health mandate for the FDA to establish science-based
standards for the prevention of foodborne illness. Per the FSMA,
the FDA has set minimum standards for practices conducted by
those who harvest, grow, process, transport, and store food. This
law is also meant to ensure that foreign producers who import
into the U.S. meet these same standards.

One of several FSMA Rules is the “Standards for the Grow-
ing, Harvesting, Packing, and Holding of Produce for Human
Consumption,” commonly referred to as the Produce Safety Rule
or PSR. The PSR outlines standards that minimize the possibility
of consumers becoming ill from eating fresh fruits and vege-
tables contaminated with pathogens and is based on the GAPs
described above. The PSR focuses on microbial hazards, such as
foodborne illness pathogens. Key areas of the regulation include
water quality; biological soil amendments; sprout production;
domesticated and wild animals; worker health and hygiene; and
equipment, tools, and buildings. The PSR went into effect on
26 Jan 2016 and allows some farms to qualify for an exemption
from some of the requirements. More information can be found
on the FDA website (in the link below).

AGRICULTURAL WATER -
PSR SUBPART E

The FSMA PSR includes agricultural water requirements in
Subpart E, but given the complexity of water source, use, and
risk levels FDA continues to review the proposed rule and seek
scientific and industry input before making a final rule. On Ju-
ly 18,2022, the FDA issued a supplemental notice of proposed
rulemaking to extend the compliance dates for the pre-harvest
agricultural water provisions as outlined in the recent 2021
agricultural water proposed rule, https://www.fda.gov/food/
tural-water. This update did not include substantive changes to
the harvest and post-harvest agricultural water requirements, and
FDA intends to continue enforcement discretion. Produce grow-
ers, subject to the rule, should follow harvest and post-harvest
agricultural water requirements by the following dates based on
farm size and adjusted for inflation:

The agricultural water requirements set standards for water
quality and require periodic testing for ground and surface wa-
ters to ensure the water is safe and of adequate sanitary quality
for its intended use (§ 112.41).

“Agricultural Water means water used in covered activities
on covered produce where water is intended to, or is likely
to, contact covered produce or food contact surfaces, includ-
ing water used in growing activities (including irrigation
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water applied using direct water application methods, water
used for preparing crop sprays, and water used for growing
sprouts) and in harvesting, packing, and holding activities
(including water used for washing or cooling harvested pro-
duce and water used for preventing dehydration of covered
produce).” — FSMA PSR Subpart E Definition

The water quality requirements in the FSMA PSR apply to farms
that 1) are covered by the rule and 2) that use water in direct
contact with the harvestable part of the covered crop or food
contact surfaces. Growers must meet microbial water quality cri-
teria standards based on quality, source, and use. Microbial water
quality is determined through testing for generic Escherichia coli
using an approved method that provides a quantitative value.
The requirement for agricultural water for harvest and post-har-
vest activities is no detectable generic E. coli in 100 mL of water.
The pre-harvest agriculture water requirements are under review,
but farms should test to determine water quality prior to use and
take corrective measures where necessary while awaiting the fi-
nal regulatory requirements. Visit Attps://www.uaex.uada.edu/
farm-produce-safety/ for resources on understanding quality,
source, and use requirements.

Further, growers are required to inspect their agricultural
water systems at least once a year and to maintain their water
sources and water distribution systems.

The 2021 agricultural water proposed rule, if finalized, will
require farms to conduct annual systems-based agricultural wa-
ter assessments to determine and guide appropriate measures to
minimize potential risks associated with pre-harvest agricultural
water. The FDA is now proposing extended compliance dates for
those proposed pre-harvest requirements and is also providing
clarifying information about the enforcement discretion policy
for the harvest and post-harvest agricultural water requirements.
The supplemental rulemaking proposes to establish the following
compliance dates for the pre-harvest agricultural water require-
ments for covered produce other than sprouts:

* 2 years and 9 months after the effective date of a final rule
for very small businesses;

¢ 1 year and 9 months after the effective date of a final rule
for small businesses; and

¢ 9 months after the effective date of a final rule for all other
businesses.

More information on the FSMA PSR:
https://www.fda.gov/food/food-safety-modernization-act-fs-
ma/fsma-final-rule-produce-safety

PRODUCE SAFETY ALLIANCE TRAINING

One important aspect of the PSR is that it establishes training
requirements. The PSR requires that at least one supervisor or
other responsible party completes a PSR food safety training.
The Produce Safety Alliance (PSA) Grower Training Course

is one way to meet this requirement. PSA training provides an
overview of GAPs and the standards set in the PSR that growers
must follow. For a list of PSA training, visit:

Upcoming grower training: https://producesafetyalliance.
cornell.edu/training/grower-training-courses/upcom-
ing-grower-trainings/

ON-FARM READINESS REVIEW -
NATIONAL ASSOCIATION OF STATE
DEPARTMENTS OF AGRICULTURE

Most states are also offering a free and voluntary educational
visit called an On-Farm Readiness Review (OFRR) for farms
to assess their readiness for a PSR inspection. State contacts to
schedule an OFRR can be found on the National Association of
State Departments of Agriculture website.

Find an OFRR contact in your state: Attps.//www.nasda.org/
nasda-foundation/about-on-farm- readiness-review/

FOOD SAFETY AUDITS VERSUS PSR
INSPECTIONS

Food safety audits for produce growers and packers have been
around since the 1990s as an industry response to several pro-
duce associated foodborne illness outbreaks. There are several
tiers of audits available now. USDA offers GAP/Good Han-
dling Practice (GHP), Harmonized GAP (aligns with PSR), and
Harmonized GAP Plus+ (aligns with both PSR and Global Food
Safety Initiative [GFSI]). These require increasing amounts of
grower investment. It is important to check with your buyers to
see what they require. By comparison, PSR inspections are a re-
quirement of the FSMA PSR and a relatively new concept, with
inspections beginning in the summer of 2019. Although the prac-
tices required for audits and inspections are both based on GAPs,
the specific practices required, and the scope can differ. There
are also some notable differences between the two, namely:

* An audit is a way to voluntarily provide assurance to a
buyer that produce is grown to minimize food safety risks
while a PSR inspection is required by law for farms cov-
ered by the PSR.

e Typically, an audit is conducted by an independent third
party (e.g., USDA-AMS, Quality Certification Services
(QCS), and PrimusLabs) or a produce buyer, while inspec-
tions in the southeast are conducted by state departments of
agriculture.

* Audits tend to be expensive, while there is no charge for a
PSR inspection.

* Audits require a food safety plan. While the PSR does not
require a food safety plan, a plan can be helpful in devel-
oping a farm food safety program that will meet the PSR
requirements.

* Audits cover specific crops chosen by the grower for mar-
ket access purposes, while a PSR inspection is concerned
with PSR-covered crops and covered activities.
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FOOD SAFETY CERTIFICATION FOR
SPECIALTY CROPS PROGRAM

The Farm Service Agency (FSA) currently has a program called
Food Safety Certification for Specialty Crops to provide finan-
cial assistance for produce growers with on-farm food safety
costs on obtaining and renewing a farm food safety certification.
Since this is a reimbursement program, the expenses must have
been paid or incurred before the application for reimbursement.

To be eligible for the program, fresh produce growers based

in the United States or territories must meet the definition of a
small business or very small business, which means they must
have sold less than $500,000 in the average value of specialty
crops in the past 3 years. Also, they must have obtained or re-
newed their food safety certification in order to apply for reim-
bursement.

Eligible expenses covered by the program include:
* Maintenance of food safety plan (50% up to $375)

* Food safety certification (50% up to $2,000) and upload
fees (50% up to $375)

* Microbial testing for produce, water, and soil amendments
(50% up to five tests/type)

* Training (100% up to $300). Costs with training and mate-
rials include Produce Safety Alliance, basic GAP, advanced
GAP, fruit and vegetable HACCP, and any other hands-on
training to build skills to implement food safety practices.

Growers that are considered socially disadvantaged, with limited
resources, beginning, and veteran farmers or ranchers can qual-
ify for an increased reimbursement rate. Growers can find more
information about the program through their local FSA office at
https://offices.usda.gov/

PRODUCE SAFETY RESOURCES IN
YOUR STATE

Alabama:
¢ Food Safety & Quality - Agents and Specialists -
Alabama Cooperative Extension System:
https.//ssl.acesag.auburn.edu/directory-new/programA-
gentSearch.php?program=38

Produce Safety Training Options for Alabama
Growers:

https://www.aces .edu/blog/topics/food-safety/produce-
safety-training-options-for-alabama-growers/

* ANR-2556 Food Safety Considerations During Flood-
ing Gulf States Multistate Resource:
https://www.aces.edu/wp-content/uploads/2019/08/ANR-
2556 _FoodSafetyConsiderationsDuringFlooding FOR
WEB_082719L.pdf

* AgWater Safety Program - Auburn University -
(agricultural water testing):
https.://www.aces .edu/blog/topics/farming/agwater-safe-
typrogram/

Arkansas:
¢ University of Arkansas Produce Safety Outreach, Edu-
cation, and Technical Assistance Program:
http://uaex.uada.edu/producesafety

* Arkansas Department of Agriculture Produce Safety
Program (FSMA and GAP):
https:/lwww.agriculture .arkansas.gov/plant-industries/
regulatory-section/produce-safety-program/

* Arkansas Water Resources Laboratory (agricultural
water testing):
https://awrc.uada.edu/

Florida:
¢ Southern Center for Food Safety Training, Outreach,
and Technical Assistance:
https://sc.ifas.ufl .edu/

* Florida Department of Agriculture and Consumer
Services:
https:/lwww.fdacs.gov/

Georgia:
¢ Waters Agricultural Laboratories, Inc (Ag water
testing):
https://watersag.com/services/

¢ University of Georgia - Agricultural & Environmental
Services Labs (agricultural water testing):
https://aesl.ces.uga.edu/water.html

*  Workshop and Training Calendar - Dept of Food Sci-
ence & Technology — UGA:
https://extension.uga.edu/programs-services/food-science/
workshops.html

Kentucky:
¢ Produce Safety Webpage for resources
https://www.uky.edu/ccd/foodsafety

* Extension Publications:
https:/lafs .ca.uky.edu/foodscience/food-science-publications

Louisiana:

¢ Factsheet, PSA vs GAP:
https://www.lsuagcenter.com/topics/food_health/food/
safety

* Investigating Fresh Produce Cyclospora Outbreaks:
https://www.afdo.org/wp-content/uploads/2021/05/Investi-
gating-Fresh-Produce-Cyclospora-Outbreaks pdf

* Produce Safety Rule Inspections and Voluntary USDA
Audits:
https://www.afdo .org/wp-content/uploads/2022/07/AF-
DO-Produce-Safety-Rule-Inspections-and-Voluntary-US-
DA-Audits pdf

* Fact sheet on Service Animals:
https://www.lsuagcenter.com/topics/food_health/food/safety

* Louisiana Department of Agriculture and Forestry
website:
www.ldaf state la.us

* Louisiana State University Ag Center:
www.lsuagcenter.com
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Mississippi:
* Mississippi State University Extension:
https:/lextension.msstate .edu/food-and-health/food-safety/
produce-safety

* Mississippi State Chemical Laboratory:
https://www.mscl. msstate.edu/

* Mississippi Department of Agriculture and Commerce:
https://www.mdac .ms.gov/bureaus-departments/
regulatory- services/produce-safety-division

* BonnerAnayltical Testing:
https://batco.com

North Carolina:
* NC Fresh Produce Safety Resources:
https://ncfreshproducesafety.ces.ncsu.edu

* Certified Laboratory Listing in NC:
https://deq.nc.gov/about/divisions/water-resources/wa-
terresources-data/water-sciences-homepage/laborato-
rycertification-branch/certified-laboratory-listings

Oklahoma:
Robert M. Kerr Food & Ag Products Center: https://
food.okstate.edu/expertise/index.html https://food.okstate.
edu/expertiselfocus-areas.html

* Oklahoma Department of Agriculture, Food, and
Forestry:
https.//ag.ok.gov/divisions/food-safety/

South Carolina:
* Clemson Cooperative Extension Produce Safety:
https://www.clemson.edu/extension/food/psa_grower _
training/index.html

* South Carolina Department of Agriculture Produce
Safety:
https:/lagriculture.sc.gov/divisions/consumer-protection/
produce-safety/

* Carolina Farm Stewardship Association:
https://www.carolinafarmstewards.org/

Tennessee:
e UT Produce Safety:
https://vegetables.tennessee.edu/food-safety/

* Tennessee Department of Agriculture Produce Safety:
https://www.tn.gov/agriculture/consumers/food-safety/
ag-consumersproduce-safety.html

* Tennessee Water Quality Testing Labs:
https://vegetables tennessee.edu/wp-content/uploads/
sites/167/2020/08/TN-water-quality-lab-map pdf

Texas:
* Testing laboratories: Food Safety Net Services:
https://fsns.com/services/

Texas Department of Agriculture FSMA:
https:/lwww.texasagriculture.gov/RegulatoryPrograms/
FoodSafetyModernizationAct(FSMA).aspx

¢ Texas International Produce Association:
https://texipa.org/page/2/

Virginia:
¢ Produce Safety Science You Tube:
https://www.youtube .com/channel/ UCY2J9s4mOfKwSian-
IO4ELRg

* Virginia Fresh Produce Food Safety:
https://ps.spes.vt.edu/

¢ Virginia Produce Safety Program:
https://www.vdacs virginia.gov/food-produce-safety.shtml

¢ Virginia Cooperative Extension (VCE) Resources (fact-
sheets, info):
https://www.pubs .ext vt.edu/

* Virginia Water Testing Labs
https://'www.vdacs .virginia.gov/pdfiproducesfty-watertest-
inglabs pdf

* VCE PSR Worker Training Curriculum:
https://register.ext.vt.edu/search/publicCourseSearchDe-
tails.do?method=load&courseld=1222895 &selectedPro-
gramAreald=25579&selectedProgramStreamld=

* VCE Is my farm covered or exempt from the Produce
Safety Rule?:
https://vce.azl .qualtrics.com/jfe/form/SV_emnhROUpF -
piWwlr

ADDITIONAL RESOURCES
National GAPs Program:
https://gaps.cornell.edu/

* Produce Safety Alliance:
https://producesafetyalliance.cornell.edu/

» Food Safety Resource Clearinghouse:
https://foodsafetyclearinghouse.org/

e AFDO Produce Safety:
https://'www.afdo.org/resources_category/produce-safety/

¢ USDA GAP Programs:
https://www.ams.usda.gov/services/auditing/gap-ghp

POSTHARVEST HANDLING

Maintaining Quality through Temperature
Management

Within hours of harvest, crops held at field or packing house
temperatures can suffer irreversible losses in quality, reducing
postharvest life. Additionally, many vegetables, such as greens
and lettuce, are cut at harvest, and this wound further increases
stress on the plant. Respiration is the process of life by which O,
is combined with stored carbohydrates and other components to
produce heat, chemical energy, water, CO,, and other products.
The relative perishability of a crop is reflected in its respiration
rate. The respiration rate varies by commodity; those commodi-
ties with high respiration rates utilize the reserves faster and are
more perishable than those with lower respiration rates. There-
fore, vegetables with higher respiration rates, such as broccoli
and sweet corn, must be rapidly cooled to the optimal storage
temperature to slow metabolism and extend postharvest life
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during subsequent shipping and handling operations. Still, all
perishable crops will benefit from cooling after harvest.

Rapid cooling (precooling) allows produce to be shipped
to distant markets while maintaining high quality. Cooling is
defined as the rapid removal of field heat to temperatures ap-
proaching optimal storage temperature, and it is the first line of
defense in slowing down the biological processes that reduce
vegetable quality. Cooling, in conjunction with refrigeration
during subsequent handling operations, provides a “cold chain”
from packinghouse to supermarket to maximize shelf-life and
control diseases and pests. Timely and careful harvest and trans-
port to the packinghouse, rapid packing and cooling, and rapid
transport to the market or buyer are also essential in maintaining
quality. Everyone involved at each of the steps during product
handling (e.g., shippers, truckers, receivers) must take care to
ensure that the refrigerated cold chain is not broken.

Many shippers are well equipped to rapidly cool their crops,
and a growing number are incorporating cooling or improving
their existing facilities. Simple placement of packed vegetables
in a refrigerated cooler is not sufficient to maintain quality
for products destined for distant markets. Neither should non-
cooled vegetables be loaded directly into refrigerated trailers. In
both situations, the product cools very slowly, at best. Refriger-
ated trailers are designed to maintain product temperature during
transport, and they do not have the refrigeration capacity to
quickly remove field heat. Therefore, only produce that has been
properly cooled should be loaded, and only into trailers that have
been cooled prior to loading.

STORAGE REQUIREMENTS

Horticultural crops may be grouped and stored into two broad
categories based on sensitivity to storage temperatures. Those
crops that are chilling sensitive should be held at temperatures
generally above 50°F (10°C). Storage below this threshold will
give rise to a physiological disorder known as chilling injury.
Chilling injury symptoms are characterized by the development
of sunken lesions on the skin, increased susceptibility to decay,
increased shriveling, and incomplete ripening (poor flavor, tex-
ture, aroma, and color). Vegetables most susceptible to chilling
injury include cucumber, eggplant, melons, okra, peppers, pota-
toes, summer squash, sweet potatoes, and tomatoes. The extent
of chilling symptoms is also dependent on the length of exposure
to low temperatures. Short exposure times will result in less in-
jury than longer exposure to chilling temperatures. Those crops
not as sensitive to chilling injury may be stored at temperatures
as low as 32°F (0°C).

In addition to maintaining storage rooms at proper storage
temperatures, the relative humidity should also be controlled to
reduce water loss from the crop. Optimal storage recommenda-
tions and precooling methods are included for a wide range of
vegetable commodities in Table 14.

OPTIMIZING COMMERCIAL COOLING
COOLING CONCEPTS

To be effective and significantly benefit the shipping life of the
product, commercial cooling for perishable crops is defined as:
the rapid removal of at least 7/8 of the field heat from the crop

by a compatible cooling method. The time required to remove
7/8 of the field heat is known as the 7/8 Cooling Time. Removal
of 7/8 of the field heat during cooling is strongly recommended
to provide adequate shipping life for shipment to distant mar-
kets; also, 7/8 of the heat can be removed in a short amount of
time. Removal of the remaining 1/8 of the field heat will occur
during subsequent refrigerated storage and handling with little
detriment to the product. However, even for local markets, cool-
ing is the most important step in ensuring the quality and shelf-
life of the product.

The rate of heat transfer, or the cooling rate, is critical for
the efficient removal of field heat to achieve cooling. As a form
of energy, heat always seeks equilibrium. In the case of cooling,
the field heat from the product is transferred to the cooling medi-
um. The efficiency of cooling is dependent on time, temperature,
and contact. To achieve maximum cooling, the product must
remain in the precooler for sufficient time to remove heat. The
cooling medium (air, water, crushed ice) must be maintained at a
constant temperature throughout the cooling period. The cooling
medium also must have continuous contact with the surfaces of
the individual vegetables. For reasonable cooling efficiency, the
cooling medium temperature should be at least at the recom-
mended storage temperature for the commodity found in Table
14. Inappropriately designed containers with insufficient vent or
drain openings or incorrectly stacked pallets can markedly re-
strict the flow of the cooling medium and increase cooling time.

COOLING METHODS

The cooling rate is not only dependent upon time, temperature,
and contact with the commodity; it is also dependent upon the

cooling method being used. The various cooling methods have
different capacities to remove heat.

ROOM COOLING

The simplest, but slowest, cooling method is room cooling, in
which the bulk or containerized commodity is placed in a re-
frigerated room for several days. Air is circulated by fans past
the evaporator coil to the room. Vented containers and proper
stacking are critical to minimize obstructions to airflow and en-
sure maximum heat removal. Room cooling is generally used for
long storage crops and is satisfactory only for commodities with
low respiration rates, such as mature potatoes, dried onions, and
cured sweet potatoes. Even these crops may require precooling
when harvested under high ambient temperatures. It is important
to maintain high humidity in the room, as room cooling can also
cause significant water loss. More information can be found on
this in the forced-air cooling section below.

FORCED-AIR COOLING

The cooling efficiency of refrigerated rooms can be greatly im-
proved by increasing the airflow through the product. This prin-
ciple led to the development of forced-air, or pressure cooling, in
which refrigerated room air is drawn at a high flow rate through
specially stacked containers or bins by means of a high-capac-
ity fan. This method can cool as much as four times faster than
room cooling. Forced-air cooling is an efficient method for
pre-cooling. In many cases, cold storage rooms can be retrofit-
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ted for forced-air cooling, which requires less capital investment
than other cooling methods. However, to achieve such rapid
heat removal, the refrigeration capacity of the room may need to
be increased to be able to maintain the desired air temperature
during cooling. Portable systems can be taken to the field.

With either room cooling or forced-air cooling, precautions
must be taken to minimize water loss from the product. The refrig-
eration system dehumidifies the cold-room air as water vapor in
the air condenses on the evaporator coil. This condensation lowers
the relative humidity in the room. As a result, the product loses

TABLE 14. RECOMMENDED STORAGE CONDITIONS AND COOLING METHODS FOR MAXIMUM POSTHARVEST LIFE

OF COMMERCIALLY GROWN VEGETABLES

Temperature

Crop °F °C % Relative Humidity Approximate Storage Life Cooling Method '
Asparagus 32-35 0-2 95-100 2-3 weeks HY
Bean, green or snap 40-45 4-7 95 7-10 days HY, FA
Bean, lima (butterbean) 37-41 3-5 95 5-7 days HY
Bean, lima, shelled 32 0 95-100 2-3 days ROOM, FA
Beet, topped 32 0 98-100 4-6 months ROOM
Broccoli 32 0 95-100 10-14 days HY,ICE
Cabbage, early 32 0 98-100 3-6 weeks ROOM
Cabbage, Chinese 32 0 95-100 2-3 months HY,VAC
Carrot, bunched 32 0 95-100 2 weeks HY
Carrot, mature, topped 32 0 98-100 7-9 months HY
Cauliflower 32 0 95-98 3-4 weeks HY,VA
Collard 32 0 95-100 10-14 days HY,ICE,VAC
Cucumber 50-55 10-13 95 10-14 days HY
Eggplant 46-54 8-12 90-95 1 week FA
Endive and escarole 32 0 95-100 2-3 weeks HY,ICE,VAC
Garlic 32 0 65-70 6-7 months ROOM
Greens, leafy 32 0 95-100 10-14 days HY,ICE,VAC
Kale 32 0 95-100 2-3 weeks HY,ICE,VAC
Kohlrabi 32 0 98-100 2-3 months ROOM
Leek 32 0 95-100 2-3 months HY,ICE,VAC
Lettuce 32 0 98-100 2-3 weeks HY, VAC, ICE
Melon

Cantaloupe, 3/4-slip 36-41 2-5 95 15 days FAHY

Mixed melons 45-50 6-10 90-95 2-3 weeks FA,HY

Watermelon 50-60 10-15 90 2-3 weeks ROOM, FA
Okra 45-50 7-10 90-95 7-10 days FA
Onion, green 32 0 95-100 3-4 weeks HY,ICE
Onion, dry? 32 0 65-70 1-8 months ROOM
Parsley 32 0 95-100 2-2.5 months HY,ICE
Parsnip 32 0 98-100 4-6 months ROOM
Pea, green or English 32 0 95-98 1-2 weeks HY,ICE
Southernpea 40-41 4-5 95 6-8 days FA,HY
Pepper, sweet (bell) 45-55 7-13 90-95 2-3 weeks FA, ROOM
Potato (lIrish)? 40 4 90-95 4-5 months HY,ROOM,FA
Pumpkin 50-55 10-13 50-70 2-3 months ROOM
Radish, spring 32 0 95-100 3-4 weeks HY, FA
Radish, oriental 32 0 95-100 2-4 months ROOM
Rutabaga 32 0 98-100 4-6 months ROOM
Spinach 32 0 95-100 10-14 days ICE,HY,VAC
Squash, summer 41-50 5-10 95 1-2 weeks FAHY
Sweet corn 32 0 95-98 5-8 days HY,ICE,VAC
Squash, winter 50 10 50-70 Depending on type ROOM
Sweetpotato? 55-60 13-16 85-90 4-7 months ROOM
Tomato, mature-green 55-70 13-21 90-95 1-3 weeks FA,ROOM
Tomato, firm-red 46-50 8-10 90-95 4-7 days FA,ROOM
Turnip 32 0 95 4-5 months FA,ROOM

"FA = Forced-air cooling; HY = Hydrocooling; ICE = Package ice, slush ice; ROOM = Room cooling; VAC = Vacuum cooling

2 Curing required prior to long term storage. ‘Curing’ of dry onions actually involves drying the outer bulb scales, reducing the fresh weight by 5-6%.
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moisture in the air. To minimize water loss during cooling and
storage, the ambient relative humidity should be maintained at the
recommended level for the specific crop (commercial humidifica-
tion systems are available), and the product should be promptly
removed from the forced-air precooler upon achieving7/8 Cool-
ing. Forced-air cooling is recommended for most fruit-type vege-
tables and is especially appropriate for vegetables such as peppers
and tomatoes but would not be appropriate for leafy crops.

HYDROCOOLING

Hydrocooling removes heat at a faster rate than forced-air cool-
ing. The heat capacity of refrigerated water is greater than that of
air, which means that a given volume of water can remove more
heat than the same volume of air at the same temperature. Hy-
drocooling is beneficial in that it does not remove water from the
commodity. It is most efficient (and, therefore, most rapid) when
individual vegetables are cooled by immersion in flumes or by
overhead drench since the water completely covers the product
surfaces. Cooling becomes less efficient when the commodity is
hydrocooled in closed containers, and even less efficient when
containers are palletized and hydrocooled. It is important to con-
tinuously monitor the hydrocooler water and product tempera-
tures and adjust the amount of time the product is in the hydro-
cooler accordingly to achieve thorough cooling.

Sanitation of the hydrocooling water is critical since it is
re-circulated. Decay organisms and foodborne illness pathogens
present in the vegetables can accumulate in the water and con-
taminate products being hydrocooled. Cooling water should be
changed frequently. Commodities that are hydrocooled must be
sufficiently resistant to withstand the force of the water drench.
The container must also have sufficient strength to resist the ap-
plication of water. Crops recommended for hydrocooling include
sweet corn, snap beans, cucumbers, and summer squash.

CONTACT ICING

Contact icing has been used for both cooling and temperature
maintenance during shipping. The heat from the product is ab-
sorbed by the ice, causing it to melt. Provided the contact be-
tween the ice and produce is maintained, cooling is rapid, and the
melted ice serves to maintain a very high humidity level in the
package, which keeps the produce fresh and crisp. The non-uni-
form distribution of ice reduces the cooling efficiency. There are
two types of contact icing: top icing and package icing.

Top icing involves the placement of crushed ice over the top
layer of the product in a container prior to closure. Although
relatively inexpensive, the cooling rate can be slow since the ice
only directly contacts the product on the top layer. For this rea-
son, it is recommended that top icing be applied after precool-
ing to crops with lower respiration rates such as celery but is not
appropriate for chilling sensitive crops. Prior to shipping, ice is
blown on top of containers loaded in truck trailers to aid in cool-
ing and maintenance of higher relative humidity. However, care
should be taken to avoid blockage of vent spaces in the load;
this restricts airflow, which results in the warming of the prod-
uct in the center of the load during shipment. Ice should also be
“tempered” with water to bring the temperature to 32°F (0°C) to
avoid freezing of the product.
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Package Icing. Crushed ice distributed within the container is
known as package icing. Cooling is faster and more uniform than
for top icing, but it can be more labor-intensive to apply.

A modified version of package icing utilizes a slurry of
refrigerated water and finely chopped ice drenched over either
bulk or containerized produce or injected into side hand holds.
This “slush ice” method has been widely adopted for commod-
ities tolerant to direct contact with water and requiring storage
at 32°F (0°C). The water acts as a carrier for the ice so that the
resulting slush, or slurry, can be pumped into a packed contain-
er. The rapidly flowing slush causes the product in the contain-
er to float momentarily until the water drains out the bottom. As
the product settles in the container, the ice encases the individ-
ual vegetables by filling air voids, thus providing good contact
for heat removal. Slush icing is somewhat slower than forced-air
cooling, but it does reduce pulp temperatures to 32°F (0°C) with-
in a reasonable amount of time and maintains an environment
of high relative humidity. Container selection is critical. The
container must be oversized to accommodate sufficient ice to
provide cooling. Corrugated fiberboard cartons must be resistant
to contact with water (usually impregnated with paraffin wax)
and must be of sufficient strength so as not to deform. Shipping
operations must also plan for water dripping from the melting
ice during handling and storage. These pallets cannot be double
stacked because the melting ice could carry contamination. Pack-
age icing is successfully used for leafy crops, broccoli, sweet
corn, green onions, and cantaloupes.

VACUUM COOLING

Vacuum cooling is a very rapid method of cooling and is most
efficient for commodities with a high surface-to-volume ratio,
such as leafy crops. This method is based on the principle that,
as the atmospheric pressure is reduced, the boiling point of water
decreases. Containerized or bulk product is thoroughly wetted,
placed in a vacuum chamber (tube), and sealed. The pressure in
the chamber is reduced until the water on the product surface
evaporates at the desired precooling temperature. As water on
the product surface evaporates, it removes field heat; the resul-
tant vapor is condensed on evaporator coils within the vacuum
tube to increase cooling efficiency. Any water that evaporates
from the vegetable tissue is removed uniformly throughout the
product. Therefore, it does not tend to result in visible wilting in
most cases.

Precautions must be taken so as not to cool the products
below their chilling temperature threshold. Vacuum coolers are
costly to purchase and operate and are normally used only in
high-volume operations or are shared among several growers.
Commodities that can be cooled readily by vacuum cooling in-
clude leafy crops, such as spinach, lettuce, and collards.

SUMMARY

When selecting an appropriate cooling method, several factors
must be considered, including: the maximum volume of prod-
uct requiring precooling on a given day, the compatibility of the
method with the commodities to be cooled, subsequent storage
and shipping conditions, and fixed/variable costs of the system.
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Specific Crop Recommendations

For further information about Insect, Disease and Weed Control, see the appropriate control section after these

specific crop recommendations.

ASPARAGUS (Asparagus officinalis)

VARIETIES' AL GA KY
ASPARAGUS
Jersey Giant 2 A G K
Jersey King 2
Jersey Knight 2 A G K
Jersey Supreme ? A G K
Purple Passion A K
Millennium 2 K
UC157 F, A G K

" Abbreviations for state where recommended. 2Male hybrid.

Soil Preparation. Be sure to soil test in order to determine lim-
ing and fertilizer requirements. The ideal pH for asparagus is
between 6.7 and 7.0. Asparagus does not tolerate acidic soils and
will not grow well at or below a pH of 6.0. Fungal diseases that
contribute to asparagus decline (Fusarium Crown and Root rot)
survive better at lower pH. Liming the soil 7.0 — 7.5 will reduce
the survivability of Fusarium. Apply 100 lbs/acre of nitrogen. If
no soil test is performed, supply sufficient phosphorus and potas-
sium so that the soil contains 250 lbs/acre of available phospho-
rus and 300 Ibs/acre of available potassium. Phosphorus does not
move readily in the soil and cannot be incorporated into the soil
after the asparagus is planted, so it must be incorporated prior to
planting.

Asparagus grows and yields best in a deep, well-drained
sandy loam soil, but will tolerate heavier soils as long as the soil
has good internal drainage and the water table does not come
within four feet of the soil surface as this would interfere with
the extensive and deep root system.

Broadcast the fertilizer and plow it under when preparing
the land for the planting furrows. Then, each year after harvest
is complete, broadcast 100 Ibs/acre nitrogen and other nutrients
(if needed). Lime can also be added at this time. For the first four
years, soil test yearly to determine if fertility and pH adjustments
are necessary. Fertilizing in the spring before spears emerge will
not benefit the developing crop since the buds on the crown were
formed utilizing nutrients from the previous year. After four
years, soil test every two years.

Planting. An optimal soil temperature of 50°F is critical for rap-
id growth by crowns. See “Asparagus Planting Dates” table for
suggested dates. Avoid planting crowns into cold soils. Prolonged
exposure to cool, wet soils will make crowns more susceptible to
Fusarium Crown and Root Rot. If crowns are received before
the field is ready to plant, crowns must be stored between 33
- 38°F. Otherwise, the buds on the crowns will sprout, causing
the fleshy crown roots to shrivel and die.

Asparagus crowns and transplants are placed into furrows.
Make furrows 6” deep. On a heavy soil, plant crowns no deeper

LA MS NC OK SC TN VA
L M N S T \
N \
L M (0} S T \
L N S T \
L M N T \
N \
L M (0}

than 5 and on a light textured soil, no more than 6". Apply fer-
tilizer in the bottom of the furrow before planting crowns. Place
crowns in the bottom of the furrow and cover with 1 to 2” of soil.
The fertilizer will not burn the crowns. Although crown orien-
tation is not important, crowns placed with their buds oriented
upward will emerge faster. Research shows that pre-plant appli-
cations of phosphorus below the crown are an important factor in
long-term asparagus production. Omitting the phosphorus placed
in the bottom of the furrow will reduce yields in subsequent years
as compared to not applying the additional phosphorus.

NOTE: Asparagus crowns are received in bulk or in bundles of
25 crowns per bundle. After receiving, separate the crowns by
size into small, medium, or large. When ready to plant, plant all
the smalls together in the same row, all the mediums together, and
all the large crowns together. Do not plant a small crown next to a
medium or large sized crown. This will cause the larger crown to
shade the smaller one, which will then never attain its full growth
potential.

Spacing. Crowns can be spaced 12” to 18” within the row. Re-
search shows that there is no advantage of planting 9” between
crowns in the row. Although a larger yield is obtained earlier
with 9” spacing, after 4 or 5 years, the yield will be the same as
with 18” in row spacing. Also, the closer the crowns are spaced
in the row, the more crowns needed, increasing cost (for exam-
ple, 18” in row x 5 feet between row = 5,808 crowns per acre;
12” crowns in row x 5 feet between row = 8,712 crowns per
acre).

Asparagus crowns should not be planted in a solid block;
rather, plant the field with drive rows spaced between a block of
five rows. In order to obtain optimal spray coverage, an air-blast
sprayer is needed to evenly apply insecticides and fungicides
into the dense fern canopy from both sides of the five-row block.
Boom sprayers usually cannot be set high enough to prevent the
knocking over of ferns causing damage.

The furrows can be filled-in completely to soil level after
planting without damaging the crowns. Do not drive on or com-
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pact the soil over the newly planted furrows, however; or emer-
gence of the spears will be severely delayed or reduced. With
good soil moisture, the new spears will break through the soil in
1-2 weeks.

ASPARAGUS PLANTING DATES*

Planting Dates

AL North 2/15-4/15
AL South 1/15-3/15
AR North 3/1-5/1
AR South 2/15-4/1
GA North 2/15-4/15
GA South 1/15-3/15
LA 3/15-4/15
KY East 3/20-4/1
KY Central 3/15-3/25
KY West 3/10-3/20
MS 3/15-4/15
NC East 2/15-3/31
NC West 4/1-5/31
OK 3/15-4/15
SC East 2/1-3/15
SC West 3/1-4/15
TN East 3/1-3/31
TN West 2/25-3/15
VA East (coastal) 3/1-4/15
VA West (mountains) 4/1-5/31

* After the last frost date for your area of the state.

SPECIAL NOTES FOR PEST MANAGEMENT
WEED MANAGEMENT

Weed control is critical in asparagus. If young plants compete
with weeds, these young plants will become stressed prevent-
ing them from developing good fern growth. Cultivation is not
recommended as there are effective herbicides labeled for use.
Research shows that even the shallowest of cultivations be-
tween asparagus rows cuts and injures roots, predisposing them
to Fusarium root rot fungus that eventually will kill the aspara-
gus. Apply a pre-emergence and post-emergence herbicide over
the entire field after planting crowns and again after the old fern
growth is mowed each spring. Apply an herbicide three weeks
prior to the emergence of new spears and ferns, so that these
newly emerging spears and fern growth will not compete with
weeds.

Although asparagus is highly salt tolerant and salt can be
used to control weeds, salt will cause severe soil crusting; im-
peding water infiltration and percolation. Additionally, salts can
leach horizontally through the soil killing other vegetables adja-
cent to the asparagus which are not as salt tolerant.

INSECTS AND DISEASES MANAGEMENT

Cutworms feed on the spear tips at night before emerging from
the soil. They feed on one side of the spear, causing the tip to
bend over. Cutworms can easily be managed with approved in-
secticides.

Asparagus Beetle adults chew on ferns reducing photosyn-
thesis. Any reduction in leaf area causes a loss of stored food
reserves in the crown which is needed for next year’s crop. As-
paragus beetles also lay eggs on the spears during harvest and
will result in further damage. During this period, the best way
to manage the beetle is to pick on a timely basis preventing any
spear getting tall and spindly, or allowing them to fern out.

DISEASE MANAGEMENT

Accurate diagnosis is necessary for effective disease manage-
ment. Incorporate appropriate and effective cultural practices
and pesticides, as detailed in the Disease Management section,
in a season-long integrated disease management program.

Cercospora Needle Blight: This fungal disease produces spores
that are wind-blown during the summer when hot and humid.
Needles of the fern first turn yellow, then brown, and then defo-
liate. This severely reduces the photosynthetic capability of the
ferns to manufacture carbohydrates which are critical for next
year’s spears. Spray an approved fungicide to manage Cerco-
spora when reddish-brown, football-shaped lesions on the fern
stalks are first noticed. Research in NC has demonstrated that
spraying once every 7 days from early July through Septem-
ber, alternating with chlorothalonil and mancozeb weekly, suc-
cessfully manages Cercospora. Spray once every 7 to 10 days
through September. Neglecting to spray might reduce spear
yields up to 40% the following year. Burning the old ferns off
instead of mowing them off and letting the residue remain on the
ground will not prevent Cercospora. Be prepared to spray, re-
gardless if the old ferns are burned or not.

Fusarium Crown and Root Rot: This disease can be a destruc-
tive disease of asparagus and can take fields out of production.
There are no effective management options once plants succumb
to this disease. Prevent infection by limiting plant stress caused
by overharvesting, low soil pH and fertility, frost damage to
spears, waterlogged soil, and pests.

Purple Spot: This fungal disease commonly affects ferns and
spears. Disease should be managed on ferns to reduce inocu-
lum available for disease development on spears. Additionally,
fungicides are only labeled for use on ferns and have lengthy
pre-harvest intervals. Fungicide applications should be planned
accordingly.

HARVESTING AND STORAGE

During the second year about 3 weeks before the spears emerge,
mow off the dead ferns and spray a tank-mix of an approved
pre-emergence and post-emergence herbicide. Mow the dead
ferns off as close to the ground as possible. Do not cut ferns
down in the fall because the dead ferns will capture moisture in
the winter and will keep the soil temperature about 5 degrees
colder than the temperature of bare soil. This colder soil tem-
perature will delay spear emergence in the early spring when
warm day temperatures force the growth of new spears in bare
soil causing frost injury on spears.
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With air temperatures (<70°F), harvesting might be done
once every 2 to 3 days, harvesting a 7” to 9” tall spear with tight
tips. Air temperatures over 70°F will cause the tips of the spears
to open up or “fern out” at a shorter height causing fiber devel-
opment in the spears making them tough. Fiber development is
determined by the tightness of the spear tip but has no bearing on
spear toughness. Harvesting under warm temperatures forces the
grower to pick shorter, 5” to 7” tall spears before the spear tips
fern out. Otherwise, the spears will lack tenderness and quality.
This involves harvesting in the morning and evening of the same
day as spears elongate rapidly under high temperatures.

Asparagus can be harvested safely for 2 weeks during the
second year (the year following initial establishment of crowns),
4 weeks during the third year, 6 weeks during the fourth year,
and 8 weeks during the fifth year. It is best to determine when to
stop harvesting by looking at the spear diameter. When 3/4 of the
spears are pencil-sized in diameter, stop harvesting. This will take
some experience to determine.

Asparagus can be harvested with a knife, below the soil, but
snapping is preferred. Using a knife results in a tough and fibrous
butt being produced that has to be trimmed off. Cutting below
the soil with a knife increases the chances of cutting into other

buds on the crown that would normally produce more spears.
Snapping involves using the thumb and index finger together to
gently break the spear just above the soil line. Snapped asparagus
contains no fibrous butt that needs to be removed. The harvested
spear is all usable.

Do not allow any small spindly spears to grow into ferns
while harvesting. These ferns can provide a site for asparagus
beetles to lay their eggs, develop into larvae, then into adult bee-
tles. The field should be free of any tall, spindly spears or fern
growth during harvest, except for new spears coming up or ones
ready to be harvested.

Harvest asparagus in the morning when the temperatures are
cool. Asparagus has a very high respiration rate, just like a fresh
cut flower. Place harvested spears into plastic containers that have
holes in them to let water pass through. Plunge them into ice-cold
water for about 5 minutes. This will remove the field heat out of
the spears. Next, allow containers to drain and put them into plas-
tic bags. Place into refrigerated storage set at 36°F with 95-100%
RH. Storage life at 36°F is about 2 weeks, but growers should try
to sell the asparagus soon after it is picked, to let the consumer
hold it for 2 weeks, if needed. See Table 14 for further posthar-
vest information.
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BEANS: LIMA/BUTTER (Phaseolus lunatus) AND SNAP (Phaseolus vulgaris)

VARIETIES' AL GA KY LA MS NC OK SC TN VA
BEANS - Lima
Bush (small seeded)
Bridgeton A G L M N (0] S T
Dixie Butterpea A G M S
Early Thorogreen A G L M N S
Henderson Bush A G L M N (0] S
Jackson Wonder A L M S T
Bush (large seeded)
Fordhook 242 A G K N S T
Dixie Speckled Butterpea A G M N S T
Pole (large seeded)
Carolina Sieva A G L M N S
Florida Speckled Butter G L M S
King of the Garden A G L M N S T
Willow Leaf A L
BEANS - Snap
Bush (Fresh Market)
Bartram G N
Bronco A G K L N (0] S T
Bush Blue Lake 274 A G K L N (0]
Caprice A G K N S T \
Colter G K
Hialeah A K L N S
Jackson G
Jade Il A K N o
LaSalle G
Lewis A K O
Lynx L N S
Magnum A G K M N T
Momentum G N
Prevail A G
Provider N
PV 857 G S
Roma Il (flat pod) A G K M N (6] S
Strike A G L N o S
Sybaris G
Valentino G L T
Pole
Kentucky Blue K L M N (0]
Louisiana Purple Pole L M
McCaslan A G L T
Mountain Half Runner N
Rattlesnake L M T
Red Noodle 2 A M T
State Half Runner G K N T
Stringless Blue Lake A G L N S
Volunteer/Tennessee Half Runner? G K N T
White Seeded Kentucky Wonder 191 A G K L M N (0] S T
" Abbreviations for state where recommended. 3 Not for Coastal Plain areas.

2Yard long/Asparagus bean.
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Seed Treatment. To protect against root rots and damping off,
use treated seed or treat with an appropriate protectant at man-
ufacturer’s recommendation. Further information on seed treat-
ments can be found under SEED TREATMENTS in the disease
management section of the handbook. Rough handling of seed
greatly reduces germination.

MARKET SNAPS PLANTING DATES

LARGE & SMALL LIMAS PLANTING DATES (cont’d)

Spring Fall
AL North 4/1-7/15 NR
AL South 2/10-4/30 8/15-9/20
GA North 5/1-7/15 NR
GA South 2/15-4/30 7/15-9/15
KY East 5/1-7/15 NR
KY Central 4/25-7/25 NR
KY West 4/10-8/1 NR
LA North 4/1-5/15 8/15-9/15
LA South 3/1-5/31 8/15-9/15
MS North 3/30-5/10 8/15-9/1
MS South 2/10-5/1 8/15-9/20
NC East 3/20-6/15 8/1-9/15
NC West 5/1-8/15 NR
OK 4/15-4/30 NR
SC East 4/1-6/1 8/1-9/1
SC West 4/15-71 7/20-8/1
TN East 4/20-6/20 7/15-8/20
TN West 4/1-6/1 NR
VA (coastal) 3/30-7/20 NR
VA (mountains) 4/10-7/30 NR

NR = Not recommended

PROCESSING SNAPS PLANTING DATES

Spring Fall
AL North 4/1-7/15 NR
AL South 2/10-4/30 8/15-9/20
GA North 5/1-7/15 NR
GA South 2/15-4/30 7/15-9/15
KY East 5/1-7/15 NR
KY Central 4/25-7/25 NR
KY West 4/10-8/1 NR
MS North 4/1-5/15 9/5-9/20
MS South 2/10-4/30 8/15-9/20
NC East 4/1-6/15 NR
NC West 5/15-7/31 NR
SC East 4/1-6/1 8/1-9/1
SC West 4/15-7/1 7/20-8/1
TN East 4/20-8/20 7/15-8/20
TN West 4/1-7/15 NR
NR = Not recommended
LARGE & SMALL LIMAS PLANTING DATES

Spring Fall
AL North 4/11-71 NR
AL South 2/10-5/1 8/15-9/20
GA North 5/1-711 NR
GA South 3/1-5/1 7/15-9/1
KY East 5/10-7/10 NR
KY Central 5/1-7/20 NR
KY West 4/15-7/1 NR
LA 4/1-7/25 NR

Spring Fall
MS North 4/1-7/25 NR
MS South 3/1-8/15 NR
NC East 4/10-6/15 7/15-8/1
NC West 6/1-7/15 NR
OK 4/15-4/30 NR
SC East 4/15-6/1 7/15-8/1
SC West 5/1-6/15 71-7/15
TN East 5/1-6/30 7/15-8/20
TN West 4/15-7/15 NR

NR = Not recommended

SOIL AND FERTILITY

Snapbeans grow best on medium-textured, well drained soils,
with a pH of 5.5 to 6.2. Commercial producers generally apply
65 Ibs N/A by banding at planting 2 inches to each side and 3
inches below the seed. Direct contact with seed can cause injury
or kill germinating seed.

SPACING

Snap Beans: With rows 30 to 36 inches apart, plant 5 to 7 seeds
per foot. To increase yield plant in rows 18 to 24 inches apart
with 4 to 6 seeds per foot. Calibrate planter according to seed
size. Sow 1 to 1.5 inches deep in light sandy soil; shallower in
heavier soil.

Lima Beans, Large Seeded: Plant in rows 30 to 36 inches
apart, 2 seeds per foot, 1 to 1.5 inches deep.

Lima Beans, Small Seeded: Space rows 30 to 36 inches apart,

2 seeds per foot, 0.75 to 1.25 inches deep (deeper if soil is dry).

For mechanically harvested irrigated fields: Rows 18 to 30 inch-
es apart, 4 to 5 inches between plants.

Edamame: Edamame are green, immature soybeans sold as
fresh vegetables with the seeds in the pods. Grown like bush
beans, the pods are harvested when the seeds have reached

full size but before the pods begin to yellow. Some commonly
grown varieties include Midori Giant, Tohya, Lanco, and Envy.

SPECIAL NOTES FOR PEST MANAGEMENT
INSECT MANAGEMENT

Seed Maggot: See the “Seed Treatment” section, or use ap-
proved soil systemic insecticides at planting time if probability
of pest outbreak is high.

Experience has shown that effective insect control with sys-
temics usually lasts from 4 to 6 weeks after application. Frequent
field inspections are necessary after this period to determine pest
incidence and the need for additional spray controls.

Thrips: Treatments should be applied if thrips are present from
cotyledon stage to when the first true leaves are established and/
or when first blossoms form.

Mites: Spot treat areas along edges of fields when white stip-
pling along veins on undersides of leaves is first noticed and 10
mites per trifoliate are present.
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Aphids: Treat only if aphids are well-distributed throughout the
field (50% or more of terminals with five or more aphids), when
weather favors population increase, and if beneficial species are
lacking.

Leafhoppers: Treat only if the number of adults plus nymphs
exceeds 1 to 2 adults per sweep.

Tarnished Plant Bug (Lygus): Treat only if the number of
adults and/or nymphs exceeds 15 per 50 sweeps from the pin
pod stage until harvest.

Beet Armyworm (BAW), Cabbage Looper (CL): Treat if the
number of worms (BAW and CL) averages 15 per 3 feet of row.

European Corn Borer (ECB)-Snap Beans Only: Treat when
moth catches in local blacklight traps average five or more per
night. The first application should be applied during the bud—
early bloom stage and the second application during the late
bloom—early pin stage. Additional sprays may be needed be-
tween the pin spray and harvest. Consult a pest management
specialist for local black- light trap information and recommend-
ed spray intervals.

Corn Earworm (CEW), Fall Armyworm (FAW): In snap beans,
treat every 5 to 7 days if CEW catches in local blacklight traps
average 20 or more per night and most corn in the area is ma-
ture. The use of pheromone (insect sex attractants) and black-
light traps is very helpful in detecting population build-up of
various insects.

For limas, treat when CEW populations exceed one per 6
feet of row from the late flat pod stage to harvest.

For both lima bean types, treatment should be timed when
50% or more of the CEW and/or FAW populations reach a
length of 1/2 inch or longer. Treating too early for young CEW/
FAW populations will eliminate natural control and may result in
the need for additional sprays for reinfestations. Consult a pest
management specialist for more refined decision-making.

Whiteflies: Treat when whiteflies exceed five adults per fully
expanded leaflet.

DISEASE MANAGEMENT

Nematode Management. Use nematicides listed in the “Nem-
atode Control in Vegetate Crops” table in the Disease Control
section.

Soybean cyst nematode, races I and III, are present in soy-
beans in some areas. Snap beans are susceptible, but small seed-
ed lima beans are resistant to this nematode. Growers who rotate
snap beans with soybeans should be alert to the possibility of
problems in infested fields.

WEED CONTROL

Since beans are a quickly maturing crop, early weed control is
essential. Weeds can reduce yield, quality and the efficiency

of the mechanical harvester. Preparing a weed-free seedbed is
the first step of a weed control program. A weed-free seed bed
allows the bean plants to get off to a quick start without inter-
ference from weed growth. Carefully read herbicide labels to
make sure that beans can tolerate the material. Be sure to avoid
planting beans after other crops for which herbicides with a long
residual have been used.

MINIMUM TILLAGE

When planning to use minimum tillage practices, give consid-
eration to bean variety, date of planting, soil fertility practices,
insect control, planting equipment, cover crop, and weed species
in the field. Minimum tillage might not be suited to all growing
areas around the SE US. Soil type and other environmental con-
ductions might limit its success. Consult with your local Exten-
sion office for the latest recommendations.

HARVESTING AND STORAGE
See Table 14 for postharvest information.

2024 Vegetable Crop Handbook for Southeastern United States

47



BEETS (Beta vulgaris)

VARIETIES' AL GA KY
BEETS
Avalanche (white interior) K
Bohan
Boldor (yellow interior) A
Boro K
Bresko
Bull's Blood (for greens) A G K
Chioggia (red and white interior) A G K
Detroit Dark Red A G K
Early Wonder Tall Top A
Red Ace A G K
Red Cloud K
Ruby Queen A G K
Touchstone Gold (yellow interior) K

! Abbreviations for state where recommended.

LA MS NC OK SC TN VA
L
S
M S
L
S
L M N (0] S T \
L N T \
L M (0] S T \
L S
L N (0] S T \
L
L N (0] S T \
N

Note: For consistent root size, beets should be thinned. Most beet seeds are naturally “multigerm” varieties. Multigerm seed contain more than one embryo.

When these germinate, they will produce 2 to 5 seedlings at once.

Light, well-drained soils are best for root development in
beets. Beets are frost tolerant and produce the best commercial
quality when grown during cool temperatures (50° to 65°F).
Lighter color and wider zoning within the roots occur during
periods of rapid growth in warm temperatures. If plants are ex-
posed to 2 or 3 weeks of temperatures below S0°F after several
true leaves have formed, seedstalks (undesirable because they
will reduce root quality) will form. Cultivars vary in their sensi-
tivity to this problem with newer cultivars generally being less
sensitive to it.

Beets are susceptible to boron deficiency and will develop
internal black spot if soil boron is not adequate. If boron is defi-
cient, apply 2 to 3 1Ib. of boron per acre with broadcast fertilizer,
or for smaller plantings, apply % oz. Borax per 100 square feet
of row with initial fertilizer application.

Seeding and Spacing. Optimum germination temperature for
beets ranges from 50° to 85°F, but early plantings can be made

4 to 6 weeks before the average last spring frost. Germination
takes between 10-14 days, but can be hastened by soaking seed
in warm water prior to planting. Sow seed % to 3/4 in deep at the
rate of 15 to 18 seeds per foot of row. Space rows 15 to 20 inch-
es apart; thin plants to 3 inches apart. Seeds remain viable for
2-3 years when stored properly.

BEET PLANTING DATES

Spring Fall
AL North 3/15-5/30 8/1-9/15
AL South 2/1-3/31 8/1-9/30
GA North 4/15-5/30 7/15-8/15
GA South 2/1-3/31 8/1-9/30
KY East 3/20-4/15 NR
KY Central 3/15-4/10 NR
KY West 3/10-4/1 NR
LA North 2/1-3/31 9/15-11/15
LA South 2/1-3/31 9/15-11/15
MS NR 8/1-9/1

BEET PLANTING DATES (cont’d)

Spring Fall

OK 3/1-3/31 8/1-8/15

NC East 3/1-4/15 8/1-9/15
NC West 4/1-5/31 7/15-8/15
SC East 2/15-3/31 8/15-9/30
SC West 3/15-5/31 7/15-8/31
TN East 3/15-4/15 9/1-9/30
TN West 3/1-4/1 9/15-10/1
VA East (coastal) 3/15-4/15 8/1-8/31

VA West (mountains) 4/1-5/31 7/15-8/15

NR = Not recommended

SPECIAL NOTES FOR PEST MANAGMENT

DISEASE MANAGEMENT

Seed rot and damping-off may be a problem, especially in early
spring plantings when soils are cool. Seeds should be treated
with an appropriate fungicide to protect the seed.

Cercospora leaf spot is the most common disease that occurs on

beets. Circular spots with reddish brown or purplish margins are
the first signs. Spray every 2 to 3 weeks with an appropriate crop
protectant.

INSECT MANAGEMENT

The most common insect pests of beets are aphids, leafminers,
flea beetles, and webworms. Sanitation and crop rotation should
be practiced to avoid pest build ups.

HARVESTING AND STORAGE

Market beets are hand-harvested when 1-3/4 to 2 inches in di-
ameter, usually about 50-75 days after planting. Expected yield
per 100 row feet is 100 Ibs. See Table 14 for further postharvest
information.
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BROCCOLI, BRUSSELS SPROUTS, CABBAGE, CAULIFLOWER, COLLARDS,
KALE, AND KOHLRABI (Brassica spp.)

Varieties' AL AR GA KY LA MS NC OK SC TN VA
BROCCOLI
Abrams (69 DTH) N S
Arcadia 5 1°(69 DTH*) A R G K L M N S T
Belstar (65 DTH*) M N S T Vv
Blue Wind (49 DTH*) A K Vv
Burgundy ¢ 1°(37 DTH) A T
Burney (60 DTH*) A N S
Castle Dome (50 DTH*) A L M o S T \Y
Destiny 25(70-75 DTH*) M S
Diplomat '°(68 DTH*) A G L N S T \
DuraPak ©* (90-100 DTH*) N S
Eastern Crown (94 DTH*) A G K N S
Emerald Crown (59 DTH*) A G M N 0] S \"
Emerald Pride (97 DTH*) A G L N S
Emerald Star (105 DTH*) G N
Emperor (70 DTH*) A L M N (0] S
Green Magic? ' (57 DTH*) A R G K L M N 0] S T \"
Greenbelt 58 10 (55-85 DTH*) A G N S
Gypsy °(60 DTH*) A R G K L M N 0] S T Vv
Imperial ' (66 DTH*) A M S
Ironman (75 DTH*) A N S Vv
Jacaranda ¢ (50 DTH)* A T
Lieutenant  (55-65 DTH*) A M N 0] S T \
Marathon %©7:1° (68 DTH*) A K L M N \
Packman (50 DTH*) A R G K L M N 0] T \
Patron 2 ° (94 DTH*) A G N S
Premium Crop '° 2 (65 DTH*) A K L M N 0]
Roxanne (53 spring/71 fall DTH) N S
BRUSSELS SPROUTS
Attis ® (140 DTH*) A
Capitola (130 DTH*) L N S
Confidant (130 DTH*) (0]
Dagan (100 DTH*) G L N 0] S T
Dimitri (105 DTH*) K Vv
Price Marvel (85 DTH*) A M S T
Franklin (125 DTH*) L S T \
Gustus (100 DTH*) L o S
Hestia (93 DTH*) G (0] S T \
Jade Cross E (85 DTH*) A K M N S T \
Marte (130 DTH*) (0]
Nautic (150 DTH*) L S
CABBAGE: green
Acclaim # &2 G
Blue Dynasty 4 6-° A G K L N T \Y
Blue Vantage 89 A K L M N o S T \
Bravo &° A G K L M N (o} S T
*DTH = Days to harvest 7 Bacterial leaf spot tolerance/resistance. 4 Warm weather tolerance.
1 Abbreviations for state where recommended. 8 Bacterial speck tolerance/resistance. s Orange.
2 Bolting tolerant. 9 Fusarium yellows tolerance/resistance. "6 Purple.
3 Bolting susceptible. © Downy mildew tolerance/resistance. 7 Miniature.
“Tip burn tolerant. " Powdery mildew tolerance/resistance. '8 Fall only.
5 Hollow stem tolerance/resistance. 12 Suitable for side shoot production. '® Sprouting broccoli.
'3 Dinosaur or Tuscan kale. 2 Flat head.

6 Black rot tolerance/resistance.
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Varieties' AL AR GA KY LA MS NC OK sC TN VA
CABBAGE: green (cont’d)

Bronco #° A G K N

Cheers 589 A G K L M S T

Emblem# 6. ° L

Platinum Dynasty 4 6.° A G M N S T \

Royal Vantage 4 ¢ 89 A G L Vv

Savoy Ace Improved A G K M T \Y

Solid Blue 780 ©° L M N S

Thunderhead #6° A G

Vantage Point 4689 L Vv
CABBAGE: red

Red Dynasty 4 ¢ A G K L M N S T \Y

Ruby Perfection © A G N Vv

CHINESE CABBAGE
Napa Cabbage

Allred (red) ' A
China Express A M
Minuet 7 A M N
Rubicon L M N S T
Michihli
Green Rocket A M T
Monument A M
Choi
Joi Choi A K L M N S T
Mei Qing Choi A L M o
Win Win Choi A M
CAULIFLOWER
Candid Charm A G K L \
Cheddar ' A G L
Early Snowball A G N S
Flamenco (fall) G
Freedom A G K \
Fremont G T \
Fujiyama (fall) G
Graffiti 16 A G K L M S T \Y
Minuteman G (0] \
Symphony G L \Y
Snow Crown A G K L M N 0} T
White Magic A G L S
COLLARDS
Champion K L M N T
Flash A G K L M N 0} S T
Georgia Southern ® A G K L M N S T
Morris Heading N S
Top Bunch 2.0 2 A R G K L M N o S Vv
Vates A R G K L M N (0] S T \%
*DTH = Days to harvest 7 Bacterial leaf spot tolerance/resistance. * Warm weather tolerance.
1 Abbreviations for state where recommended. 8 Bacterial speck tolerance/resistance. 5 Orange.
2 Bolting tolerant. 9 Fusarium yellows tolerance/resistance. '8 Purple.
3 Bolting susceptible. © Downy mildew tolerance/resistance. 7 Miniature.
“Tip burn tolerant. " Powdery mildew tolerance/resistance. '8 Fall only.
5 Hollow stem tolerance/resistance. "2 Suitable for side shoot production. 19 Sprouting broccoli.
'8 Dinosaur or Tuscan kale. 2 Flat head.

8 Black rot tolerance/resistance.
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Varieties' AL AR GA KY LA MS NC OK SC TN VA

KALE
Black Magic " A K M N
Blue Ridge ? A G 0]
Darkibor A G S
Lacinato 1 A G K N (0] S T
Premier N S
Red Russian A K M N T
Redbor A (0]
Siberian A G K L M N S T
Starbor S
Vates A G K L M N (0] S T \%
Winterbor A G K M N S T \Y
KOHLRABI
Early Purple Vienna © A G L M N S T Vv
Grand Duke A L M N o S T \Y
Kolibri 18 A (0]
Kossak K M N T
Quickstar A M N S
*DTH = Days to harvest 7 Bacterial leaf spot tolerance/resistance. ™ Warm weather tolerance.
1 Abbreviations for state where recommended. 8 Bacterial speck tolerance/resistance. '® Orange.
2 Bolting tolerant. 9 Fusarium yellows tolerance/resistance. 6 Purple.
3 Bolting susceptible. © Downy mildew tolerance/resistance. 7 Miniature.
“Tip burn tolerant. " Powdery mildew tolerance/resistance. '8 Fall only.
5 Hollow stem tolerance/resistance. 12 Suitable for side shoot production. '® Sprouting broccoli.
6 Black rot tolerance/resistance. '3 Dinosaur or Tuscan kale. 2 Flat head.
Seed Treatment. Check with seed supplier to determine if seed BRUSSELS SPROUTS PLANTING DATES
is hot-water treated for black rot control. If not, soak seed at Spring Fall
122°F . Use a 20-minute soak for broccoli, cauliflower, collards, AL North NR 6/30-8/1
kale, and Chinese cabbage. Soak cabbage for 25 minutes. AL South NR 8/1-9/15
Note. Hot water seed treatment may reduce seed germination. Calielu] NR Gl
. . GA South NR 8/1-9/15
Following either treatment above, dry the seed, then treat KY East NR 6115-7115
with a labeled fungicide to prevent damping-off. Further infor- KY Central NR 7/11-8/1
mation on seed treatments can be found under SEED TREAT- KY West NR 7/15-8/15
MENTS in the disease management section of the handbook. LA North NR 8/1-10/1
LA South NR 8/15-10/15
MS North NR 7/15-8/15
BROCCOLI PLANTING DATES MS South NR 8/1-9/1
Spring Fall NC East NR 7/15-8/15
AL North 31-711 8/1-9/1 NC West 4/15-5/15 NR
AL South 2/1-3/31 8/1-9/30 OK 2/15-3/10 8/1-8/25
GA North 3/15-7/1 7/25-8/15 SC East NR 9/15-10/15
GA South 2/1-3/31 8/1-9/30 SC West NR 8/15-9/15
KY East 4/10-4/30 7/1-7/15 TN East 5/15-6/30 7/15-8/15
KY Central 4/5-4/20 7/15-8/1 TN West 4/20-6/20 8/1-9/1
KY West 3/30-4/10 8/1-8/15 VA East (coastal) NR 8/1-9/15
LA North 1/15-3/15 8/1-10/31 VA West (mountain) NR 8/1-9/1*
LA South 1/15-3/15 8/1-10/31 Note: Planting dates in the spring could be earlier if low tunnels or other season
MS North 2/15-3/15 7/25-8/15 extension measures are used in some locations. Use transplants.
MS South 1/15-3/10 8/5-9/15 NR = Not recommended
NC East 2/15-4/15 8/1-9/15
NC West 4/1-8/15 NR
OK 3/1-3/31 7/15-8/15
SC East 3/1-4/10 9/1-9/30
SC West 3/20-4/30 8/15-9/15
TN East 3/25-4/25 8/1-8/31
TN West 3/15-4/5 8/10-8/31
VA East (coastal) 3/15-4/15 71-7/31
VA West (mountain) 4/1-4/20 6/20-7/20

Note: Planting dates in the spring could be earlier if low tunnels or other season
extension measures are used in some locations.

NR = Not recommended
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CABBAGE PLANTING DATES COLLARDS PLANTING DATES

Spring Fall Spring Fall
AL North 3/15-711 8/1-9/1 AL North 2/15-6/30 7/15-10/15
AL South 2/1-3/31 8/1-10/31 AL South 1/15-5/31 7/15-10/31
GA North 3/15-71 7/25-8/15 GA North 3/15-7/31 7/25-8/15
GA South 2/1-3/31 8/1-10/31 GA South 2/1-3/31 8/1-10/31
KY East 4/1-4/15 6/20-7/1 KY East 3/15-4/30 71-7/15
KY Central 3/15-3/25 711-7/15 KY Central 3/10-4/25 7/15-8/1
KY West 3/01-3/15 7/15-8/01 KY West 3/1-4/15 8/1-8/15
LA North 1/15-3/15 8/1-11/30 LA North 1/15-3/15 7/15-10/31
LA South 1/15-3/15 8/1-11/30 LA South 1/15-3/15 7/15-10/31
MS North 2/5-41 7/25-8/15 MS North 1/20-4/1 7/25-8/20
MS South 1/15-3/15 8/5-9/15 MS South 1/15-3/1 8/10-9/15
NC East 2/15-4/15 8/1-9/15 NC East 2/15-6/30 8/1-9/15
NC West 4/1-8/15 NR NC West 4/1-8/15 NR
OK 2/15-3/10 8/1-8/25 OK 2/15-3/10 8/1-9/1
SC East 2/1-3/31 8/15-9/30 SC East 2/1-6/15 8/1-10/30
SC West 3/15-4/30 7/15-8/30 SC West 3/15-6/30 8/1-9/30
TN East 3/25-4/25 7/25-8/15 TN East 3/15-5/1 7/15-8/15
TN West 3/15-4/15 8/25-9/15 TN West 2/15-4/15 8/1-8/20
VA East (coastal) 3/15-4/15 7/1-8/15 VA East (coastal) 4/1-4/30 7/1-8/31
VA West (mountain) 4/1-4/30 6/20-7/20 VA West (mountain) 4/20- 5/20 7/15-8/20
Note: Planting dates in the spring could be earlier if low tunnels or other season Note: Planting dates in the spring could be earlier if low tunnels or other season

extension measures are used in some locations. extension measures are used in some locations.

NR = Not recommended NR = Not recommended
CAULIFLOWER PLANTING DATES KALE PLANTING DATES

Spring Fall Spring Fall
AL North 3/15-711 NR AL North 3/15-4/30 8/1-9/15
AL South 2/1-3/31 8/1-9/30 AL South 2/1-3/31 8/1-10/31
GA North 3/15-7/1 7/25-8/15 GA North 3/15-4/30 NR
GA South 2/1-3/31 8/1-9/30 GA South 2/1-3/31 8/1-10/31
KY East 4/10-4/30 711-7/15 KY East 4/1-4/30 71-7115
KY Central 4/5-4/20 7/15-8/1 KY Central 3/20-4/15 7/15-8/1
KY West 3/30-4/10 8/1-8/15 KY West 3/10-4/10 8/1-8/15
LA North 2/1-3/15 7/15-10/31 LA North 2/1-3/15 7/15-10/31
LA South 2/1-3/15 7/15-10/31 LA South 2/1-3/15 7/15-10/31
MS North 2/15-3/15 7/25-8/15 MS North 1/20-4/1 7/25-8/20
MS South 1/15-3/10 8/5-9/15 MS South 1/15-3/1 8/10-9/15
NC East 2/15-4/15 8/1-9/30 NC East 2/15-6/30 8/1-9/15
NC West 4/1-8/15 NR NC West 4/1-8/15 NR
OK 2/15-3/10 8/1-8/25 OK 2/15-3/10 8/1-8/15
SC East 3/1-4/10 8/15-8/30 SC East 2/1-6/15 8/1-10/30
SC West 3/20-4/30 7/15-8/30 SC West 3/15-6/30 8/1-9/30
TN East 3/25-4/25 7/15-8/15 TN East 3/15-5/1 8/1-91
TN West 3/15-4/15 8/1-8/20 TN West 2/15-4/15 8/15-9/15
VA East (coastal) NR 7/1-7/30 VA East (coastal) 4/1-4/30 7/1-8/31
VA West (mountain) 4/1-4/20 6/20-7/20 VA West (mountain) 4/20-5/20 7/15-8/20
Note: Planting dates in the spring could be earlier if low tunnels or other season Note: Planting dates in the spring could be earlier if low tunnels or other season

extension measures are used in some locations. extension measures are used in some locations.

NR = Not recommended NR = Not recommended
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KOHLRABI PLANTING DATES

Spring Fall
AL North 3/15-71 NR
AL South 2/1-3/31 8/1-9/30
GA North 3/15-7/1 NR
GA South 2/1-3/31 8/1-9/30
KY East 4/10-4/30 NR
KY Central 4/5-4/20 NR
KY West 3/30-4/10 NR
LA North 2/1-3/15 7/15-10/31
LA South 2/1-3/15 7/15-10/31
MS 2/1-3/31 8/1-9/30
NC East 2/15-6/30 8/1-9/15
NC West 4/1-8/15 NR
OK 2/15-3/10 8/1-8/25
SC East 2/1-6/15 8/1-9/30
SC West 3/15-6/30 8/1-9/15
TN East 3/25-4/25 8/1-8/15
TN West 3/15-4/15 8/15-8/30
VA East (coastal) 3/15-4/15 71-7/31
VA West (mountain) 4/1-4/20 6/25-7/15

Note: Planting dates in the spring could be earlier if low tunnels or other season
extension measures are used in some locations.

NR = Not recommended

PLASTIC MULCH

Early spring cabbage, cauliflower, and broccoli are frequently
grown using plastic mulch, with black mulch used in the spring
and white on black or black mulch painted white used in the fall.

Broccoli. Space raised beds 36-40 inches apart; plant twin rows
per bed 6-12 inches apart within row and 12 inches between row;
for bunch broccoli use the shorter within row spacing which will
also require a more aggressive pest management program; for or-
ganic production single rows per bed can be used and within row
spacing increased to as much 6-24 inch spacing to aide in pest
prevention and maximum fertilizer management.

Brussels Sprouts. Use transplants for best results. Sow seed
4-6 weeks prior to setting seedlings out. Space transplants 18—
24” between plants into rows 30-36” apart. Using raised mulch
covered beds will allow tighter plant spacings and enhance ear-
liness. It is critical to maintain soil moisture and fertility levels
for successful production.

Cabbage. The early cabbage crop is grown from transplants
seeded at the rate of 1 ounce for 3,000 plants. Transplants are
ready for field planting 4 to 6 weeks after seeding. Storage of
pulled, field-grown cabbage transplants should not exceed 9 days
at 32°F or 5 days at 66°F prior to planting in the field. Precision
seeders can be used for direct seeding. However, seed should
be sown 15 to 20 days in advance of the normal transplant date
for the same maturity date. Early varieties require 85 to 90 days
from seeding to harvest, and main-season crops require 110 to
115 days. Set transplants in rows 2 to 3 feet apart and 9 to 15
inches apart in the row for early plantings and 9 to 18 inches
apart for late plantings, depending on variety, fertility, and mar-
ket use. With cabbage for slaw or kraut, wider in-row spacings
are used to ensure larger heads.

Chinese Cabbage. Chinese cabbage is a diverse group of
growth types of Brassica rapa. Napa and Michihli resemble ro-
maine lettuce with densely overlapping broad leaves with flat
mid veins. Napa cabbage is barrel shaped while Michihli is tall
and slender. Choi types have a vase shaped growth with broad
petioles of white or green with green leaves at the top of the
vase. Production inputs are the same as ball head cabbage. Both
types grow more quickly than ball head cabbage with most culti-
vars maturing in 50 days from seeding.

Cauliflower. Cauliflower can be more challenging to grow than
other Brassicas in this section. Consider a small test plot to de-
termine the best methods (planting dates, varieties, etc.) to use in
your area. Start seed in greenhouse or protected frames 4 to 6
weeks before planting. Use 1 ounce of seed for 3,000 plants. Set
transplants in rows 3 to 4 feet apart, and plants are set 18 to 24
inches apart in the row. Make successive plantings in the field at
dates indicated in preceding table.

Collards and Kale. Seed at the rate of 2 pounds per acre and
thin to desired spacing. For precision, air-assist planters use !/3
to % pound per acre for twin rows on 3 foot centers, or use half
of this rate for single rows on 3 foot centers. When using trans-
plants, set plants in rows 16 to 24 inches apart and 6 to 18 inches
apart within the row.

Kohlrabi. Transplants may be used for a spring crop. Seed 6
weeks before expected transplant date. Use precision seeder for
hybrid varieties. Space rows 18 to 24 inches apart and 6 to 8 be-
tween plants.

Bolting. Bolting in cabbage, collards and kale, and buttoning in
cauliflower, can occur if the early-planted crop is subjected to 10
or more continuous days of temperatures between 35° to 50°F.
However, sensitivity to bolting depends upon the variety. Note:
A Low level of calcium in plant tissue can also induce bolting.

SPECIAL NOTES FOR PEST MANAGMENT

Note: The use of a spreader-sticker is recommended for cole
crops in any case; the heavy wax coating on the leaves reduces
deposition of spray materials. These adjuvants allow the spray
to spread out and stick to the leaves. Multiple nozzles per row or
bed will provide the under leaf coverage and high coverage rates
necessary to manage caterpillar pests of cole crops.

INSECT MANAGEMENT

Aphids: The cabbage aphid can be a serious problem on these
crops and should be treated immediately if noticed. Other aphid
species are found on these crops and should be treated if the crop
is near harvest or their level of infestation is increasing. Often
parasitic wasps take out these species if broad-spectrum insecti-
cides use is avoided.

Cabbage Root Maggot: Root maggots and other similar insects
such as the seed corn maggot can be a problem in heavier soils
in the Southeast especially during cool, damp times of the year.
Avoid planting into soils with freshly plowed down crop residue
or high levels of organic matter.
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Caterpillars: A number of moth and butterfly larvae feed on cole
crops. The major ones are the cabbage looper (CL), the import-
ed cabbageworm (ICW), and the diamondback moth (DBM) re-
ferred to as the cabbageworm complex. Other caterpillars found
on cole crops are the cross-striped cabbageworm, corn earworm,
armyworms, and webworms. Webworms often damage the bud
of the young plants and should be treated immediately; very
young larvae are much more easily managed than older ones.

Scouting and using a threshold for spray applications is a
cost effective method of managing these pests. Broad-spectrum
insecticides that reduce the natural enemies in the field should
be avoided if at all possible. If the cabbageworm complex is the
major group of pests, a threshold of 1 cabbage looper equiva-
lent (CLE) per 10 plants can be used. A cabbage looper equiv-
alent relates the feeding amounts of the three caterpillars. One
cabbage looper is equivalent to 1.5 imported cabbageworms or
5 diamondback moth larvae. (Example: 10 DBM larvae per 10
plants would be like 2 CLEs per 10 plants; this level would re-
quire treatment.) In other areas of the South where armyworms
are common pests of cole crops, a threshold of 1 caterpillar (re-
gardless of the kind) per 3 plants has been effectively used as a
threshold. The use of a threshold to determine the need for treat-
ment usually reduces the number of sprays per crop without loss
of crop quality and improves the profit margin.

Note: Bacillus thuringiensis (BT) preparations are effective
against most of these pests but must be eaten by the larvae.
Thorough coverage of the plant particularly the undersurface of
the leaf is essential, and the use of a spreader-sticker is strongly
recommended.

Note: Several of these insects are prone to develop resistance to
insecticides. Growers must rotate among classes of insecticides
for each pest generation. See the section on resistance manage-

ment.

DISEASE MANAGEMENT

Nematode Management. Use nematicides listed in the “Nem-
atode Control in Vegetate Crops” tables in the Disease Control
section.

HARVESTING AND STORAGE

Fresh market cabbage should be harvested when heads are firm
and weigh 2.5 to 3.0 pounds. Most markets require one to three
wrapper leaves to remain. The heads should be dense and free of
insect damage. Cabbage for slaw or kraut usually has much larg-
er heads and weighs 3 to 12 pounds.

Broccoli is harvested in several ways. Bunched broccoli are
stalks bound together to form a single unit. Broccoli crowns are
the heads of stalks that have cut off or shortened stems. Broccoli
florets are bud clusters or pieces of bud clusters closely trimmed
from the head, with the remaining stalk usually being one inch
or less. Broccoli is ready to harvest when the beads (flower
buds) are still tight, but a few outer beads have begun to loosen.
Bunched broccoli is the most typical method. Stalks should be 7
inches long from top of the crown to the butt. Broccoli is usually
bunched in 1.5 pound bunches with 2 to 3 heads per bunch. Se-
cure bunches with a rubber band or twist tie.

Brussels sprouts are ready to harvest when they are firm,
green, and 1 to 2 inches in diameter. Remove sprouts by twisting
them until they break away from the plant.

Kohlrabi should be harvested when the bulbs are 2 to 3
inches in diameter and before internal fibers begin to harden.

Cauliflower is harvested while the heads are pure white and
before the curds become loose and ricey. Heads are blanched by
tying outer leaves over the heads when heads are 3 to 4 inches
in diameter. Blanching takes about 1 week in hot weather and 2
weeks in cooler weather.

Kale is harvested by cutting off the entire plant near ground
level, or lower leaves may be stripped from plant. Collards may
be harvested at any stage of growth. See Table 14 for further
postharvest information on these crops.
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CARROTS (Daucus carota)

VARIETIES' AL GA
CARROTS

Apache® A G
Baltimore A G
Belgrado *° A G
Bolero*

Danvers 1265 A

Deep Purple 23 A

Maverick A G
Mellow Yellow* 7 A

Mokum *#

Napoli 4

Purple Haze 23 A G
Sugarsnax 54 A G
Yellow Bunch*7 A

" Abbreviations for state where recommended.
2 Purple.

3 Imperator type: 7-8 inches long w/ long conical
shape and narrow shoulders.

w/ a blunt end.

8 Nantes x Imperator type.

Seeding Dates. Small carrot seedlings up to six leaves cannot
withstand hard freezes but are somewhat frost tolerant. Optimum
temperatures are in the range of 60-70°F, with daytime highs of
75°F and nighttime lows of 55°F ideal. Although the crop can be
grown outside this range with little or no effect on tops, tempera-
tures differing drastically from the above can adversely affect
root color, texture, flavor, and shape. Lower temperatures in this
range may induce slow growth and make roots longer, more
slender and lighter in color. Carrots with a root less than one
inch in diameter are more susceptible to cold injury than larger
roots. Soil temperatures should be above 40°F and below 85°F
for best stand establishment.

CARROT PLANTING DATES

Spring Fall
AL North 3/1-4/15 NR
AL South NR 8/1-11/30
GA North 3/1-4/15 NR
GA South NR 8/1-11/30
KY East 4/1-4/30 NR
KY Central 3/20-4/15 NR
KY West 3/10-4/10 NR
LA North 1/15-2/28 9/15-10/15
LA South 1/15-2/28 9/15-10/15
MS North 2/15-4/1 NR
MS South 1/15-3/15 NR
NC East 2/15-3/31 6/15-8/15
NC West 4/1-6/15 7/21-8/15
OK 2/15-3/10 7/15-8/15
SC East 2/1-3/15 9/1-9/15
SC West 2/15-3/31 8/1-9/15
TN East 3/15-5/1 NR
TN West 3/1-4/30 NR

4 Nantes type: Smooth, cylindrical over entire length

5 Danvers type: Tapering root w/ a semi-blunt tip.

KY LA MS NC SC TN VA

L M N S T \

K L M T \
L S \
L
L \

K T

K T \

K L M N S T

K L N S T \
L N

7 Yellow.
8 Chantenay type: 6-7 inches lone and cone-shaped.
9 Processing type.

CARROT PLANTING DATES (cont’d)

Spring Fall
VA East (coastal) 3/15-4/30 6/1-7/31
VA West (mountain) 4/1-6/15 71-7/31

NR = Not recommended

SPACING

Spatial arrangements for planting can differ markedly. Carrots
can be planted with vacuum, belt, or plate seeders. Often a spe-
cial attachment called a scatter plate or spreader shoe is added

to the plate planters to scatter the seed in a narrow band. Carrots
should be spaced 1/ to 2 inches apart within the row. Carrot
seed should be planted no deeper than %-% inch. A final stand
of 14 to 18 plants per foot of twin row is ideal. Ideal patterns are
twin rows that are 2/ -3 inches apart. Three or four of these
twin rows are situated on one bed, depending on the width of the
bed. One arrangement is to plant three twin rows on beds that
are on 72-inch centers. Another arrangement is to plant four twin
rows on a 92-inch bed (center to center). The sets of twin rows
are 14 to 18 inches apart. Beds on 72-inch centers will have ap-
proximately 48 inches of formed bed. Row spacing wider than
18 inches will reduce total plant stand per acre and thus, will
reduce total yield. Ideal plant populations should be in the range
of 400,000 for fresh market carrots and 250,000 for processing
carrots.

PLANTING AND LAND PREPARATION

Beds that are slightly raised are advantageous because they al-
low for good drainage. Beds should be firmed and not freshly
tilled before planting and soil should be firmed over the seed at
planting. A basket or roller attachment is often used to firm the
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soil over the seed as they are planted. Light irrigation will be
required frequently during warm, dry periods for adequate ger-
mination.

Windbreaks are almost essential in areas with primarily
sandy soils. Sand particles moved by wind can severely damage
young carrot plants, reducing stands. Small grain strips plant-
ed between beds or at least planted between every few beds can
help reduce this sandblasting injury.

Begin by deep turning soils to bury any litter and debris and
breaking soils to a depth of 12-14 inches. Compacted soils or
those with tillage pans should be subsoiled to break the compact-
ed areas. If uncorrected, compact soil or tillage pans can result
in restriction of root expansion. It is best to apply lime after deep
turning to prevent turning up acid soil after lime application.
Prepare a good seedbed using bed-shaping equipment. Do not
use disks or rototiller to avoid soil compaction. Carrots should
be planted on a slightly raised bed (2-3 inches) to improve drain-
age. After beds are tilled and prepared for seeding, it is best to
allow the beds to settle slightly before planting. Avoid other
tillage practices that can increase soil compaction. Following in
the same tracks for all field operations will help reduce com-
paction in planting areas.

SPECIAL NOTES FOR PEST MANAGEMENT
DISEASE MANAGEMENT

Root-Knot Nematode: By far, the most destructive problem in
carrots is root-knot nematodes. Root-knot nematodes are small
eel-like worms that live in the soil and feed on plant roots. Since
the root of the carrot is the harvested portion of the plant, no
root-knot damage can be allowed. Root-knot causes poor growth
and distorted or deformed root systems which results in a non
marketable root. Root-knot damage also allows entry for other
diseases such as Fusarium, Pythium, and Erwinia.

If any root-knot nematodes are found in a soil assay, treat-
ment is recommended. Good success has been obtained using
field soil fumigation to eradicate root-knot nematodes in the
root zone of carrots. Use nematicides or fumigants listed in the
“Nematode Control in Vegetate Crops” tables in the Disease
Control section.

Soil-Borne Root Diseases

Depending on the cropping history of the field, Pythium, South-
ern Blight, and Sclerotinia may cause problems. It is advisable
to avoid fields where these diseases have been identified in the
previous crop. Deep turning is also necessary to help prevent
root diseases.

Pythium Blight: is usually characterized by flagging of the foli-
age indicating some root damage is occurring. Under wet condi-
tions, Pythium may cause serious problems to the root causing a
white mycelium mat to grow on the infected area which rapidly
turns to a watery soft rot. Forking of the root system is also a
common symptom associated with Pythium infection. Rotation
is considered a major factor in reducing Pythium along with the
use of fungicides.

Southern Blight: Southern blight causes serious damage to car-
rots. This disease is usually associated with carrots remaining

in the field after the soil begins to warm in the spring. This dis-
ease causes a yellow top to develop with a cottony white fungal
growth associated with the upper part of the carrot root. The top
of the root and the surrounding soil may be covered with a white
mycelium with tan sclerotia developing as the disease progress-
es. Southern Blight is best controlled by using rotation and deep
turning.

Sclerotinia Blight: Sclerotinia blight causes serious damage to
the roots of carrots. This disease is usually worse under wet soil
conditions. White mycelium forms around the infected area and
later, dark sclerotia develop on the white mycelium which is a
good indicator of Sclerotinia rot. This disease causes a progres-
sive watery soft rot of the carrot root tissue and is considered a
potential problem in the production of carrots. Rotation and deep
turning of the soil are recommended to reduce losses to this dis-
ease.

Rhizoctonia: Rhizoctonia rot causes brown to black lesions

to develop on the sides of the carrot root. The disease is much
worse under cool, wet conditions. Saturated soil conditions of-
ten enhance all soil-borne diseases which are potential problems
in carrot production. Rhizoctonia damage can be minimized by
using rotation and good cultural practices. Soil fumigation will
prevent damage with any of the soil inhabiting fungi.

Foliar Diseases

Bacterial Blight: Bacterial blight causes irregular brown spots
on the leaves and dark brown streaks on the petioles and stems.
The lesions on the foliage begin as small yellow areas with the
centers becoming dry and brittle, with an irregular halo. The
bacterium affects the leaflets, stems and petioles as the disease
progresses. Some of these lesions may crack open and ooze the
bacteria. These bacteria may be washed down to the crown of
the plant causing brown lesions on the top of the root. The ear-
lier the infection occurs the greater the damage to the root. The
bacterium is spread by splashing water and takes about 10-12
days before symptoms appear after inoculation. Disease devel-
opment progresses rapidly between 77° and 86° F. Crop rotation
is a major factor in controlling Bacterial blight.

Alternaria Blight: Alternaria blight causes small dark brown to
black spots with yellow edges forming mostly on the leaf mar-
gins. The spot increases as the disease progresses and in some
cases entire leaflets may be killed. In moist weather, the disease
can move so rapidly it resembles frost injury. Such conditions
can reduce the efficiency of mechanical harvesters which require
strong healthy tops to remove the carrot from the soil. Alternar-
ia may also cause damping off of seedlings and a black decay of
roots. The spores and mycelium are spread by splashing rains,
contaminated soil, or on cultivation tools. The disease can man-
ifest itself in about 10 days after infection. The optimum tem-
perature for Alternaria blight is 82° F.
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Cercospora Leaf Blight: Cercospora blight causes lesions to
form on the leaves, petioles and stems of the carrot plant. The
symptoms appear to mimic that of Alternaria blight but can be
separated using a compound microscope. Cercosproa blight pro-
gresses in warm, wet weather and spots appear in about 10 days
after infection. The youngest leaves are usually more susceptible
to Cercosproa infection.

INSECT MANAGEMENT

Soil Insects: Wireworms, white grubs, and the granulate cut-
worm may be partially controlled with good cultural practices.
Soil should be deep turned in sufficient time prior to planting to
allow destruction of previous crop residue that may harbor soil
insects. When possible, avoid planting just after crops that are
slow to decompose such as tobacco and corn. Avoid planting be-
hind peanuts and root crops such as sweetpotatoes and turnips. If
a field has a history of soil insect problems, either avoid these or,
broadcast incorporate a soil insecticide prior to planting. Plant-
ings in fields that were recently in permanent pasture should be
avoided as should fields recently planted to sod/turf, although
these are not as critical. Fields with a history of whitefringed
beetle larvae should not be planted to carrots because there are
no currently registered insecticides effective on this pest.

Flea beetle larvae can damage roots by feeding from the
surface into the cortex. The damage will take on the appearance
of narrow “s” shaped canals on the surface. Flea beetle larvae
can be prevented easily with soil insecticides.

The seedcorn maggot is an opportunistic pest that takes ad-
vantage of crops that are under stress or where there is decaying
organic matter. At-planting soil insecticides will prevent the de-
velopment of maggot infestations for several weeks after plant-
ing. Seedcorn maggots cannot be effectively controlled after the
infestation begins. If plants become stressed during the period of
high root maggot potential, preventive applications of insecti-
cides should be sprayed every seven days until the stress is mini-
mized.

Foliar Insects: Foliar insect pests may be monitored and insecti-
cides applied as needed. Carrots should be scouted at least once
per week for developing populations of foliage pests.

Aphids: Several species of aphids may develop on carrots. The
most common aphids to inhabit carrots are the green peach aphid

and the cotton or melon aphid. Often parasitic wasps and fungal
diseases will control these aphids. If populations persist and col-
onize plants rapidly over several weeks and honeydew or sooty
mold is observed readily, then foliar insecticides are justified.

Flea Beetles: Fleas beetle adults may cause severe damage to
the foliage on occasion. If carrots are attacked during the seed-
ling stage and infestations persist over time, an insecticide ap-
plication may be necessary. If plants are in the cotyledon to first
true leaf stage, treatments should be made if damage or flea bee-
tles are observed on more than 5% of the plants. After plants are
well established, flea beetles should be controlled only if foliage
losses are projected to be moderate to high, e.g., 15% or more.

Vegetable Weevil: The adult and larvae of the vegetable wee-
vil may attack carrots. The adult and larvae feed on the foliage.
Vegetable weevil larvae often will feed near the crown of plants
and, if shoulders are exposed at the soil surface, larvae will feed
on tender carrots. Treatments are justified if adults or larvae and
damage are easily found in several locations.

Armyworms: The armyworm can cause damage in carrots. Ar-
myworms may move from grain crops or weeds into carrots or
adults may lay eggs directly on carrot plants. Armyworms are
easily managed with foliar insecticides.

Beet Armyworm: The beet armyworm infests carrots in the late
spring. Usually natural predators and especially parasites regu-
late beet armyworm populations below economically damaging
levels.

Whiteflies: The silverleaf whitefly can be a problem during the
early seedling stage of fall plantings. Silverleaf whitefly migrates
from agronomic crops and other vegetables during the late sum-
mer. Infestation may become severe on carrots grown in these
production areas. Often whiteflies may be controlled by several
natural enemies and diseases by early fall so, treatments may not
be justified. However, if whiteflies develop generally heavy pop-
ulations, treatment of young plantings is justified.

HARVESTING AND STORAGE

Topped Carrots: will last 4 to 5 months at 32°F and 90% to
95% relative humidity. See Table 14 for further post harvest
information.
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CUCUMBERS (Cucumis sativus)

VARIETIES' AL GA KY LA MS NC OK SC TN VA
CUCUMBERS
Slicer / Fresh Market
Brickyard 2,4.5,6,7,8,9,10, 14 N
Bristol 2 3-4.5.6.7.8.10.14 A K L N S \%
Cobra 2,3,56,7,8910,14 L N
Cortez 23.5.6.7.8,9,10,14 A G K L S T v
Dasher ]2 345610, 14 A G K L M N (0] Vv
Diamondback 2,3,4,5,6,7,8,9,10, 11, 14 G
Dominator 2 3 4 5.6.10, 14 L Vv
General Lee* 561014 A K L M (e} S \Y
Mambaz‘ 3,4,5,6, 7, 8,9,10, 11,14 G
Poinsett 762 %51 A S
Raceway 2,3,5,4,6,7,8,9,10,11, 14 N
Speedway >3 5 6 10.14 A G K L S T \Y
Stonewall|2 3 4 56,10, 14 G K L N S \Y
SV 4142CL 2346810 A G N
SV 4719CS 23 45.6.10.14 A G
Thunder? 56,2 10,14 A K L M s T v
Pickling Types - Multiple Harvest
Calypso 2 3 4 56,1014 A G K L M S T Vv
EUreka 2,3,4,5,6,7,8,9,10 K V
Fancipak?2 3 4 56.10.14 A G (0] S T
Vlasstar 235610 N

Pickling Types - Multiple or Once-over Harvest
Arabian 2 3.4.5.6.10.14 A N
Peacemaker? 34561014 N
Parthenocarpic Types - Seedless Pickling — Multiple Harvest
Bernstein > 10 N
Liszt 5610 N
Parthenocarpic Types — Seedless Pickling — Multiple or Once-over Harvest
Gershwin 510 A N S
Rubinstein 5610 N
Parthenocarpic Types — Seedless Pickling — Once-over Harvest
Bowie 51 N
GREENHOUSE/HIGH TUNNEL CUCUMBERS
Long Dutch/English Types

Bologna 510 1 A K L M S T
Camaro 5 1314 A K L M S T
Cumlaude 351014 A K L M S T \
Kasja % 10.1" A K
Verdon 5 6. 10.11.12 A K L M T
Beit Alpha/Mini Types
Deltastar ¢ 10 11.12 A K L M S T
Jawell 5614 A K L M S T
Katrina 5612 A K L M S T
Manar 6 14 A K L M S T
Picowell ® A K L M S T
Sarig® A K
" Abbreviations for state where recommended. 6 Cucumber Mosaic Virus tolerance/resistance. " Target spot tolerance/resistance.
2 Anthracnose tolerance/resistance. "Papaya Ring Spot Virus tolerance/resistance. 2 Cucumber vein yellowing virus tolerance/resistance.
3Angular Leaf Spot tolerance/resistance. 8 Zucchini Yellows Mosaic Virus tolerance/resistance.  "*Low light tolerant.
“Downy Mildew tolerance/resistance. 9Watermelon Mosaic Virus tolerance/resistance. 4 All female (gynoecious).
5Powdery Mildew tolerance/resistance. ©Scab and gummosis tolerance/resistance.
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Field Production. For earlier cucumber production and higher, Spacing. Slicers: Space rows 3 to 4 feet apart with plants 9

more concentrated yields, use gynoecious varieties. A gynoe- to 12 inches apart. Pickles: For hand harvest, space 3 to 4 feet
cious plant produces only female flowers. Upon pollination fe- apart; for machine harvest, space three rows 24-28 inches apart
male flowers will develop into fruit. To produce pollen, 10% to on a bed. Plants for hand harvest should be 6 to 8 inches apart in
15% pollenizer plants must be planted; seed suppliers add this the row; 2 to 4 inches apart for machine harvest. Close spacing
seed to the gynoecious variety. Both pickling and slicing gynoe-  increases yields, provides more uniform maturity and reduces
cious varieties are available. For machine harvest of pickling weed problems, but require slightly higher fertilizer rates. Seed-
cucumbers, high plant populations (55,000 per acre or more) ing for slicers: 1.5 pounds per acre. Seeding for pickles: 2 to 5
concentrate fruit maturity for increased yields. pounds per acre.

Bitterness. Bitterness can be a common problem in cucumber.
Cucumbers (and all other cucurbits) produce a group of chem-
icals called cucurbitacins which can cause bitterness to devel-

Planting Dates. For earliness container-grown transplants are
planted when daily mean soil temperatures have reached 60°F
but most cucumbers are direct seeded. Consult the following ta-
ble for planting dates for transplants in your area. Early plant- op. As cucurbitacin concentrations increase, the more bitter the

ings should be protected from winds with hot caps or row cov- cucumber will taste. Generally, the amount of cucurbitacin in a
ers. Growing on plastic mulch can also enhance earliness. cucurbit fruit is low and cannot be tasted. Mild bitterness results

from higher levels of cucurbitacin often triggered by environ-
mental stresses, including high temperatures, wide temperature
swings, or too little water. Uneven watering practices (too wet

CUCUMBER SLICERS PLANTING DATES

Spring Fall )
AL North 417115 8/1-8/30 followed by too dry), low soil fertility, and low soil pH are also
AL South 3/1-4/30 8/1-9/15 possible factors. Over-mature or improperly stored cucumbers
GA North 4157115 8/1-8/30 may also develop a mild bitterness, although it is not usually
GA South 3/1-4/30 8/1-9/15

severe.

KY East 5/10-6/1 6/1-6/15
KY Central 5/5-6/1 6/1-7/1 Mulching. Fumigated soil aids in the control of weeds and soil-
KY West 4125-5/15 S/15-7115 borne diseases. Black plastic mulch laid before field planting
LA North 3/15-5/15 7/15-8/31 . . . di
. s e conserves m01st1.1re, increases soi terpperature, and increases
MS North 4/1-5/15 7/25-8/21 early and total yield. Plastic and fumigant should be applied on
MS South 3/15-5/1 8/14-9/14 well-prepared planting beds 2 to 4 weeks before field plant-
N (=2 5=l =1l ing. Plastic should be placed immediately over the fumigated
NC West 5/15-7/31 NR 1 The soil b it when lavine the lastic. Fumi
oK 4/15.-6/15 710.8/15 soil. The soi must be mplst when laying the plastic. Fumiga-
SC East 3/15-5/15 8/1-8/30 tion alone may not provide satisfactory weed control under clear
SC West 4/15-6/5 8/1-8/30 plastic. Herbicides labeled and recommended for use on cucum-
TN East S/5-6/15 7/1-8/10 bers may not provide satisfactory weed control when used under
TN West 5/1-6/1 7/25-8/25 ) lasti 1ch fumieated soil. Black plasti b
VA East (coastal) 3 e clear plastic mulch on nonfumigated soil. Black plastic can be
VA West (mountains) 5/15-6/30 6/15-7/31 used without a herbicide. Fertilizer must be applied during bed
NR = Not recommended preparation. At least 50% of the nitrogen (N) should be in the

nitrate (NO,) form.
Foil and other reflective mulches can be used to repel

CUCUMBER PICKLING PLANTING DATES aphids that transmit viruses in fall-planted (after July 1) cu-

Spring Fall . . .
AL North 415-7/15 8/1-8/30 cumpers. D1.rect seedlng?y through. the. mulc.h is recommended for
AL South 3/1-4/30 8/1-9/15 maximum virus protection. Fumigation will be necessary when
GA North 4/115-7115 NR there is a history of soilborne diseases in the field. Growers
Galont) 3/1-4/30 8/1-9/15 should consider drip irrigation with plastic mulch. For more in-
KY East 5/10-6/1 6/1-6/15 f . h . “Irrieation”
KY Central 5/5.6/1 6/1-7/1 ormation, see the section on “Irrigation™.
KY West 4/25-5/15 5/15-7/15
LA goﬂh ‘71—5//15 7//15—8//31 SUGGESTED FERTIGATION SCHEDULE
LA South 3/15-5/15 8/1-9/15 5 INLK A
WIS South a1415 NR FOR CUCUMBER* (N:K,1:2) .
NC East 4/20-5/20 7/15-8/15 Daily Daily __ Cumulative
NC West 5/25-7/31 NR Days.after nitrogen potash Nitrogen Potash
SC East 3/15-5/15 8/1-8/30 planting (b /A)
SC West 4/15-6/15 8/1-8/30 Preplant 25.0 45.0
TN East 5/5-6/15 7/1-8/10 0-14 0.9 1.8 376 75.2
TN West 5/1-6/1 7/25-8/25 15-63 1.5 3.0 110.3 196.6
VA East (coastal) 4/15-6/15 71-7/31 64-77 07 1.4 120.1 216.6
VA West (mountains) 5/15-6/30 6/15-7/31

NR = Not recommended
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ALTERNATIVE FERTIGATION SCHEDULE
FOR CUCUMBER* (N:K,1:1)

Daily Daily Cumulative

Days after nitrogen potash Nitrogen Potash
planting (Ib/A)

Preplant 24.0 24.0
0-7 1.0 1.0 31.0 31.0
8-21 1.5 1.5 52.0 52.0
22-63 2.0 2.0 136.0 136.0
64-70 1.5 15 150.0 150.0

*Adjust based on tissue analysis.

Greenhouse Cucumber Production. If you plan on growing
cucumbers to maturity in the greenhouse, you need to select a
greenhouse variety. This is because these varieties have been
bred specifically for greenhouse conditions — lower light, higher
humidity and temperature, etc., and they have better disease re-
sistance than field types.

Nearly all greenhouse cucumber varieties are gynecious,
parthenocarpic hybrids. This means that these varieties produce
only female flowers and the fruit are seedless. Since they are
all female, no pollination is needed. The seedless characteristic
makes the fruit very tender to eat. Greenhouse cucumbers are
also thin skinned which makes them more desirable than field
varieties. While non-greenhouse types would grow in the green-
house, the yield and quality would be reduced, and therefore
they may not be profitable.

Variety selection is based on yield, fruit size, uniformity,
disease resistance, and lack of physiological disorders, as well
as the market demand for the type grown. In some markets the
long, European types sells better, while in others, the small beit
alpha types, also referred to as “minis”, are preferred. For sug-
gestions on varieties, see the variety table above. Insect and dis-
ease control methods for greenhouse vegetables can be found in
Tables 2-29 (in the Insect section) and 3-45 (in Disease section),
respectively.

SPECIAL NOTES FOR PEST MANAGEMENT
INSECT MANAGEMENT

Cucumber Beetle: Cucumber beetles can transmit bacterial
wilt; however, losses from this disease vary greatly from field to
field and among different varieties. Pickling cucumbers grown in
high-density rows for once-over harvesting can compensate for
at least 10% stand losses. On farms with a history of bacterial
wilt infections and where susceptible cultivars are used, foliar
insecticides should be used to control adult beetles before they
feed extensively on the cotyledons and first true leaves. Begin
spraying shortly after plant emergence and repeat applications at
weekly intervals if new beetles continue to invade fields. Treat-
ments may be required until stems begin vining (usually about 3
weeks after plant emergence), at which time plants are less sus-
ceptible to wilt infections.

Pickleworm, Melonworm: Make one treatment prior to fruit set,
and then treat weekly.

Aphids: Aphids transmit several viruses (CMV, WMV, PRSYV,
etc.) and can delay plant maturity. Thorough spray coverage

beneath leaves is important. For further information on aphid
controls, see the preceding “Mulching” section. Treat seedlings
every 5 to 7 days or as needed.

Mites: Mite infestations generally begin around field margins
and grassy areas. CAUTION: DO NOT mow or maintain these
areas after midsummer because this forces mites into the crop.
Localized infestations can be spot-treated. Begin treatment when
50% of the terminal leaves show infestation. Note: Continuous
use of pyrethroids may result in mite outbreaks.

DISEASE MANAGEMENT

Accurate diagnosis is necessary for effective disease manage-
ment. Incorporate appropriate and effective cultural practices
and pesticides, as detailed in the Disease Management section,
in a season-long integrated disease management program.

Cucurbit Downy Mildew (CDM): CDM can be a devastating
disease of cucurbits in the southeastern and eastern U.S. Suc-
cessful CDM management often requires the use of an appro-
priate fungicide spray program. Fungicide efficacy is influenced
by crop, regional, and seasonal differences, as well as resistance
management practices. A useful tool for downy mildew man-
agement (maps, text alerts, identification resources, etc.) is the
CDM reporting system (http://cdm.ipmpipe.org). If you think
you have CDM or have questions about disease management,
please contact your local Extension office.

Phytophthora Fruit Rot: Phytophthora fruit rot can be a serious
issue in cucumbers in some locations, especially in production
systems that use surface water and overhead irrigation. To min-
imize the occurrence of this disease, fields should be adequate-
ly drained to ensure that soil water does not accumulate around
the base of the plants. Just before plants begin vining, subsoil
between rows to allow for faster drainage following rainfall.
Avoid moving infested soil between fields. Crop rotation is not
effective. Resistance to some fungicides (e.g. mefenoxam) has
been reported and should be considered when selecting fungi-
cides. Apply appropriate fungicides when fruit are small.

Belly Rot: Belly rot is a soil-borne disease. Deep disking or
moldboard plowing to turn over the top few inches of soil will
reduce disease pressure. Application of appropriate crop pro-
tectant at last cultivation may be helpful.

Whitefly-transmitted Viruses: Several whitefly-transmitted
viruses, including cucurbit chlorotic yellows virus (CCYV),
cucurbit leaf crumple virus (CuLCrV), and cucurbit yellow
stunting disorder virus (CYSDV), are emerging in various areas
throughout the Southeast when unusually high populations of
whiteflies are present. These viruses may produce similar symp-
toms; molecular testing is necessary for virus identification.
These viruses often also occur in mixed infections. Manage-
ment of whitefly-transmitted viruses focuses on prevention and
management of the whitefly vector. Additional information on
whitefly-transmitted viruses in cucurbits is available at https://
eCucurbitviruses.org.

Nematodes: Various root-knot nematodes, such as the south-
ern root-knot and guava root-knot, as well as other nematodes
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can infect cucumber. Nematode populations are highest in the
late summer and fall. Collect soil samples for nematode analysis
during this period from fields to be planted with cucumbers the
following year. Clean and disinfest equipment between fields.
Use appropriate crop rotations and cover crops with non-host
crops to reduce nematode populations. Avoid fields with high
populations of nematodes or use appropriate fumigants and oth-
er nematicides for management (see fumigant and nematicide
tables).

POLLINATION
Bees are critical for insuring that pollination and cucumber fruit
set occurs. Supplementing a field with bee hives can be especial-
ly helpful when native bee populations are low or lacking. Hav-
ing sufficient bees provides the opportunity to maximize cucum-
ber yields and quality. Lack of sufficient pollination can result in
a variety of misshapen fruits; dogbone, crooks, nubs, etc.

Rented honeybee hives are often placed in cucumber fields
as plants begins to flower. The timing of hive placement is im-
portant because cucumber flowers are not that attractive to hon-
eybees. If the honeybee hives are placed by cucumber fields pre-
maturely before the crop flowers, the honeybees may forage to
wild flowers nearby which are more attractive due to their higher
nectar and pollen supply. If this occurs, the honeybees may be
predisposed to visit these wild flowers even though cucumber
flowers are in full bloom a few days later. Assuming that the
honeybee hive is a healthy hive, one hive per acre is recommend-
ed for hand-harvested pickling and slicing cucumbers with rec-
ommended plant populations of approximately 25,000 to 30,000
plants per acre. For mechanical or once-over harvested pickling
cucumbers, the recommended plant populations are generally
55,000 to 60,000 plants per acre. Therefore, two honeybee hives
should be placed per acre to account for the increased number of
flowers from the increased plant population used for mechanical-
ly harvested cucumbers. When hybrid cucumbers are grown at
high plant populations for machine harvest, flowers require 15 to
20 visits for maximum fruit set. Generally, as the number of vis-
its increase, there will be an increase in the numbers of fruit set
and an increase in number of seed per fruit, as well as improved
fruit shape and fruit weight.

Bumblebees are an effective pollinator alternative to honey-
bees in cucumber production. Bumblebees have some advantag-
es compared to honeybees; flying under more adverse weather
conditions in which it is cool, rainy or windy. They will also visit
flowers earlier in the morning than honeybees, and fly later in
the afternoon and early evening when the temperatures cool. Be-
cause bumblebees have a larger body size than honeybees, few-
er flower visits are required by bumblebees in order to achieve
good pollination and fruit set.

As with honeybees, bumblebees should be placed in the cu-
cumber field shortly after the crop begins to flower. Bumblebees
will typically last for 6 to 12 weeks and will meet the pollination
needs of 2 to 3 sequentially planted cucumber crops.

Bumblebee hives are sold as a quad or four hives per quad.
A quad is the minimum order that can be purchased from a
supplier. Generally one bumblebee hive contains 200 to 250
bees and is equivalent to one honeybee hive. Thus, one quad
of bumblebees (minimum order, contains 4 bumblebee hives)
would provide good pollination for four acres of hand-harvest-
ed cucumbers. For machine-harvest pickling cucumbers, one
quad would provide good pollination for every two acres. Bum-
blebee hives should not be placed in direct sunlight so that the
bees work more efficiently. No more than two bumblebee quads
should be placed in one location so that pollination is more uni-
form in the field. As with honeybees, one must carefully plan
when to spray insecticides so that the bumblebees are not killed.
Because bumblebees are most active from dawn until late morn-
ing and from about 4 PM to sunset, the hives need to be closed
around 11 AM so that the bees in the hive remain protected
during a late evening spray application. Bumblebee quads should
be located a minimum of 650 to 700 feet away from the other
quads in order to maximize pollinator efficiency.

See the section on “Pollination” in the General Production
Recommendations for additional information.

HARVESTING AND STORAGE
See Table 14 for postharvest information.

2024 Vegetable Crop Handbook for Southeastern United States

61



EGGPLANT (Solanum melongena)

VARIETIES' AL GA KY LA MS NC OK SC TN VA

EGGPLANT

Asian
Calliope > °© A G L M N S T \Y
Cambodian Green Giant 7R A G L
Ichiban2& A G K L M N S T Vv
Kermit 6 R A G K L N S T \%
Pingtung Long "' & A G M N

Italian
Black Bell 2 ¢t L M T
Classic?©- A G K L M N 0 S T \
Dusky 2 ¢+ A K L M N (0] S T Vv
Epic? ¢t A G K L M N 0} S T \
Night Shadow 2 ¢ A G K S T \%
Santana 2 ¢t A G K L N 0 S T \

Miniature/Specialty
Casper 4 & A G M S T \Y
Fairy Tale 5 &M A G K L M N T
Ghostbuster* °- A G K L M S T
Gretel #EM A G K M N S T \%
Hansel 2 &M A G K M N S T Vv
Little Fingers 2 &M A K M N (0] T
Rosita " T A G K M N

" Abbreviations for state where recommended. 8 Green and white exterior. T Tear drop fruit.

2 Purple/black exterior. 7 Lavender exterior. © QOval fruit.

3 White exterior with purple streaks. R Round fruit. OL Long, oval fruit.

4 White exterior. E Elongated fruit. Gl Large, oval fruit.

5 Purple exterior with white stripes. M Miniature fruit.

Eggplant is a warm-season crop that grows best at tempera- EGGPLANT PLANTING DATES (cont’d)
tures between 70° to 85°F. Temperatures below 65°F result in Spring Fall
poor growth and fruit set. TN East 4/25-7/15 NR
TN West 4/15-6/15 NR

Seed Treatment. Information on seed treatments can be found- VA East (coastal) 5/1-6/30 NR

under SEED TREATMENTS in the disease management section VA West (mountains) 5/15-6/30 NR

of the handbook. NR = Not recommended

EGGPLANT PLANTING DATES Spacing. Rows: 4 to 5 feet apart; plants 2 to 3 feet apart in the

Spring Fall row.
AL North 4/1-7/15 NR

Staking. Staking eggplant improves quality and yield, while

AL South 314130 7158131 reducing decay. Use a 5 foot tomato stake between every oth-
GA North 4/15-7/15 NR lant and place strine al h side of the plants as th

A South 314130 7158131 er plant and place string along each side of the plants as they
KY East 515-6/1 NR grow. T}.ns is described in detail in the tomato section of this
KY Central 5/10-6/15 NR guide. Side branches of eggplant should be pruned up to the
KY West 5/11-7/1 NR first fruit and 2 main stems should be used. If additional stems
LA North 4/15-5/15 7/1-8/15 grow too large remove them. The first fruit should be pruned off
LA South 3/15-5/15 7/1-8/30 until the flower is at least 8 inches above the ground, this will
MS North 4115-6/15 NR allow for straight fruit to form.

MS South 3/1-4/30 8/1-8/31

NC East 4/15-5/10 8/1-8/15 Transplant Production. Sow seed in the greenhouse 8 to 10
NC West 5/15-7115 NR weeks before field planting. Three to 4 ounces of seed are nec-
OK 4110-4/30 71715 essary to produce plants for 1 acre. Optimum temperatures for
SC East 414130 81831 germination and growth are 70° to 75°F. Seedlings should be
SC West 5/1-6/30 NR

transplanted to 2-inch or larger pots or containers anytime after
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the first true leaves appear, or seed can be sown directly into
the pots and thinned to a single plant per pot. Control aphids on
seedlings in greenhouse before transplanting to field.

Transplanting Dates. Harden plants for a few days at 60° to
65°F and set in field after danger of frost and when average daily
temperatures have reached 65° to 70°F.

Drip Irrigation and Fertilization. After mulching and installing
the drip irrigation system, the soluble fertilizer program should
be initiated using the following table. On low to low-medium
boron soils, also include 0.5 pound per acre of actual boron.

The first soluble fertilizer application should be applied
through the drip irrigation system within a week after field-trans-
planting the eggplant. Continue fertigating until the last harvest.

SUGGESTED FERTIGATION SCHEDULE FOR EGGPLANT*
(high soil potassium)

Daily Daily Cumulative

Days after nitrogen potash Nitrogen Potash
planting (Ib/A)

Preplant 50.0 100.0
0-22 0.5 0.5 60.5 110.5
22-49 0.7 0.7 80.1 130.1
50-70 1.0 1.0 101.1 151.1
71-91 11 1.1 124.2 174.2
92-112 1.0 2.0 145.2 195.2

ALTERNATIVE FERTIGATION SCHEDULE FOR EGGPLANT*
(low soil potassium)

Daily Daily Cumulative

Days after nitrogen potash Nitrogen Potash
planting (Ib /A)

0-22 0.5 0.5 60.5 111.0
22-49 0.7 1.4 80.1 150.2
50-70 1.0 2.0 101.1 192.5
71-91 11 22 124.2 238.7
92-112 1.0 2.0 145.2 280.7

*Adjust based on tissue analysis.

SPECIAL NOTES FOR PEST MANAGEMENT
INSECT MANAGEMENT

Colorado Potato Beetle (CPB), Flea Beetles (FB): CPB has
the ability to rapidly develop resistance to insecticides. Refer to
“Eggplant” insecticide section for management options. The use
of row covers can be highly effective for flea beetle management
early in the season while plants become established and before
flowering at which time row covers will need to be removed for
optimum pollination.

Silverleaf Whitefly: Treat when an average of 5 or more adults
are found per leaf.

Weed Management. See “Mulching” section for further infor-
mation on weed control under clear plastic mulch.

RATOONING EGGPLANT: PRODUCING A FALL CROP FROM
A SPRING PLANTED CROP

Ratooning eggplants can be done after the first crop is complete
to allow a second crop to develop. Depending on the location,
the first crop may be completed by June or July. Plants at this
point will appear “topped out,” not producing any more flow-
ers and any subsequent fruits. Mow plants 6 to 8 inches above
the soil line, being sure to leave two to three leaf axils. Next,
fertilize with 50 to 60 pounds of nitrogen per acre and 80 to 100
pounds of potash per acre (K,0). This combination will produce
vigorous re-growth and stimulate flowering. Plants will begin
producing fruit 4 to 6 weeks after ratooning and should produce
eggplants until frost.

HARVESTING AND STORAGE

Eggplant may be harvested once the fruit has reached one-half
to full size for a given variety. However, harvesting prior to full
size may reduce potential yields.

Harvest-ready fruit have a glossy appearance and are firm,
without wrinkles. Harvest eggplant fruit before they become
over mature. When over mature, the fruit is dull in color, seeds
are hard and dark, and the flesh is characteristically spongy.
Although the fruit can often be “snapped” from the plant, they
should be clipped with a sharp knife or scissors to prevent dam-
age. When harvesting, cut the stem approximately 1/4 inch from
the fruit. Eggplant skin is tender and easily bruised, so handle
with care. See Table 14 for further postharvest information.
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GARLIC (Allium sativum) AND ELEPHANT GARLIC (A. ampeloprasum)

VARIETIES' AL GA KY
GARLIC
Chesnok Red* ¢ A
Creole ®
Duganski* © A
Elephant (also called Tahiti) % ® A G K
German Extra Hardy *7 A K
ltalian 2
Korean Red ¢ A
Music*®
New York White Neck 2 ° A

Spanish Roja* 5

* Hardneck.

° White cloves.

° Purple stripped cloves

! Abbreviations for state where recommended.
? Softneck.
® Allium ampeloprasum (Broadleaf Wild Leek)

Most garlic that is available from retail markets tends to
be softneck types. When selecting softneck garlic for planting
be sure to secure a strain of softneck garlic from a local grow-
er who has had success with fall-planted garlic. Unlike many
strains sold commercially, such a strain should be well adapted
to your area to overwinter. Avoid planting the Creole types of
softneck garlic in the northern range (also called Early, Louisi-
ana, White Mexican, etc.), because they are not very winter-har-
dy and do not keep well. Both the Italian and Creole types have
a white outer skin covering the bulb, but the Italian type has
a pink skin around each clove, whereas the skin around each
Creole clove is white. Elephant-type garlic (milder than regu-
lar garlic and up to four times larger) may not yield very well
when fall-planted in areas with severe cold or extensive freezing
and thawing cycles, which cause heaving. Elephant garlic has
performed well, however, in western North Carolina when it is
well-hilled with soil or mulched with straw. The Italian and Ele-
phant types take about 220 days to mature.

Many of the most productive Italian garlic strains produce
seed heads prior to harvest. Whether removed as they form or
left intact, they have produced satisfactory yields.

Research in Kentucky and North Carolina has shown that
hardneck types of garlic produce superior yields and are more
winter-hardy than softneck types. Unlike softneck types, which
will produce large numbers of small cloves per bulb; hardneck
garlic will produce bulbs with 7-10 large cloves. Hardneck types
have a hard “seedstalk” (called a “scape”) that is typically re-
moved prior to harvest. Scapes are sometimes sold at farmers
markets as a specialty item.

Seed pieces for hardneck garlic are often more expensive
and harder to find than softneck types, but improved winter har-
diness and bulb quality in the spring in Kentucky suggests that
these are preferred for production at more northern latitudes.
Results from these states might not translate to all areas of the
southeastern US. Consult with your local Extension office to
find appropriate cultural information for your area.

LA MS NC OK SC TN VA

N T

L

L M N S T \
N S T \

L \
N
N S T Vv
N 0

" White outer skin, red cloves.

Soil Fertility. Maintain a soil pH of 6.2 to 6.8. Fertilize accord-
ing to soil test recommendations for garlic. In moderately fertile
soils, apply about 75 pounds nitrogen (N) per acre, 150 pounds
phosphate (P,O,) per acre and 150 pounds potash (K O) per acre
and disk about 6 inches deep before planting. When plants are
about 6 inches tall (about March 15), topdress with 25 pounds
per acre nitrogen and repeat the top dressing about May 1. Apply
all top dressings to dry plants at midday to reduce chance of fer-
tilizer burn.

Because sulfur may be partially associated with the extent
of pungency, you may wish to use ammonium sulfate for the last
top dressing (May 1). If ammonium sulfate is used, make sure
pHis 6.5t0 6.8.

Garlic is commonly grown on muck, sandy, or fine textured
soils as long as they are loose and friable. Use of organic matter
or cover cropping is important.

Planting. Garlic cloves should be planted during the fall be-
cause a chilling requirement must be met for good bulb develop-
ment. Plant according to the times listed in the following table
to ensure that good root systems are established prior to winter.
Final bulb size is directly related to the size of the cloves that are
planted. Avoid planting the long, slender cloves from the center
of the bulb and cloves weighing less than 1 gram.

GARLIC PLANTING DATES
AL North

AL South

GA North

GA South

KY East

KY Central

KY West

9/15-11/10
10/1-11/30
9/15-11/10
10/1-11/30
9/1-10/1
9/10-10/15
9/15-11/1
LA North 9/1-11/30
LA South 9/1-11/30
MS 9/15-10/30
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GARLIC PLANTING DATES (cont’d)

NC East 9/15-11/10
NC West 8/15-10/15
OK (spring) 3/1-3/15
OK (fall) 8/1-9/15
SC East 10/1-11/30
SC West 8/15-10/15
TN East 9M1-11/1
TN West 9/15-11/1
VA East (coastal) 9/15-11/15
VA West (mountains) 9/1-9/30

Spacing. Garlic should be planted 4 by 4 inches apart in triple
rows or multiple beds 16 to 18 inches apart. Between-row spac-
ing depends on the equipment available. Clove tops should be
covered with 1 to 1.5 inches of soil. The cloves must not be so
deep that the soil will interfere with the swelling of the bulbs,
nor so shallow that rain, heaving from alternate freezing and
thawing, and birds will dislodge them. Vertical placement of
cloves by hand gives optimal results. Cloves dropped into fur-
rows are likely to lie in all positions and may produce plants
with crooked necks. Garlic has also been grown successfully in
Kentucky using plastic mulch as this helps reduce weed pressure
during the long growing season.

INSECT MANAGEMENT

Thrips: During hot, dry weather, the population of thrips in-
creases following harvest of adjacent alfalfa or grain. Thrips
could therefore present the most serious insect problem on gar-
lic. (See “Onions” in the Insect Control section of this publica-
tion). Read and follow specific label directions for use on garlic;
if not listed, do not use. Treat if thrips counts exceed an average
of 5 thrips per plant.

HARVESTING AND STORAGE
Garlic is ready for harvest in mid-May to mid-June—it must be
harvested when around 30% of foliage is starting to yellow or
the bulbs will split and be more susceptible to disease. When
a few tops fall over, push all of them down and pull a sample.
There are only about 10 days to 2 weeks for optimal garlic har-
vest. Before then, the garlic is unsegmented; much after that pe-
riod the cloves can separate so widely that the outer sheath often
splits and exposes part of the naked clove. Picked at the proper
time, each clove should be fully segmented and yet fully covered
by a tight outer skin.

Run a cutter bar under the bulbs to cut the extensive root
system and partially lift them. The bulbs are usually pulled
and gathered into windrows. Tops are placed uppermost in the
windrow to protect bulbs from the sun, and the garlic is left in
the field for a week or more to dry or cure thoroughly. Curing
can also be accomplished in a well-ventilated shed or barn. The
bulbs must be thoroughly dried before being shipped or stored.
Outdoor curing is not recommended where morning dew can
keep it too damp. Bring in for drying immediately from field.
Emphasize gentle handling. Cure for about 6 weeks.

After curing garlic, discard diseased and damaged bulbs.
Clean the remaining bulbs to remove the outer loose portions
of the sheath, and trim the roots close to the bulb. Do not tap or
bang bulbs together to remove soil. Braid or bunch together by
the tops of the bulbs, or cut off the tops and roots and bag the
bulbs like dry onions.

When properly cured, garlic keeps well under a wide range
of temperatures. Storage in open-mesh sacks in a dry, well-venti-
lated storage room at 60° to 90°F is satisfactory. However, garlic
is best stored under temperature and humidity conditions re-
quired for onions [32°to 35°F and 65% relative humidity]. Gar-
lic cloves sprout quickly after bulbs have been stored at tempera-
tures near 40°F, so avoid prolonged storage at this temperature.
Garlic stored at above 70% relative humidity at any temperature
will mold and begins to develop roots.

Marketing. New growers should develop a local retail market
(roadside stands, night markets, gourmet restaurants), whole-
sale shipper, or processing market before planting. The demand
for garlic is increasing due to recent reports about the health and
medical benefits of garlic. The main markets are New York, Phil-
adelphia, Pittsburgh, Washington, D.C., Chicago, and St. Louis.

The markets of the northern and eastern United States will
take the bulbs trimmed like dry onions and known as “loose gar-
lic.” Frequently, 30 to 50 bulbs are tied in bunches. Bulbs should
be graded into three sizes —large, medium, and small. Each
string or bunch should contain bulbs of uniform size and of the
same variety.

First-class garlic bulbs must be clean and have unbroken
outer sheaths. Many of the larger vegetable markets, such as
the large chain stores, could retail garlic in the form of clean,
uniform cloves, two dozen to a mesh bag. Processors are not
particular about having the cloves enclosed in a neat sheath and
occasionally accept sprouted bulbs.

Garlic-growing can be very profitable when freshness is
stressed and if the tops are braided, tied together, or placed into
long, narrow, plastic mesh bags so they can be effectively dis-
played at roadside or night-market stands

2024 Vegetable Crop Handbook for Southeastern United States

65



GREENS: MUSTARD (Brassica juncea) AND TURNIP (Brassica rapa var. rapa)

VARIETIES' AL GA
MUSTARD
Carolina Broadleaf 2 A
Florida Broadleaf A G
Garnet Red/Garnet Giant A
Green Wave A
Southern Giant/Southern Giant Curled A G
Tendergreen® A G
TURNIP GREENS
Alamo A G
All Top A G
Just Right A
Purple Top White Globe A G
Seven Top A G
Shogoin A
Southern Green A G
Topper
Tokyo Cross G

" Abbreviations for state where recommended.

Seeding. Greens can be succession seeded throughout the
indicated times liated in the table below. The next seeding date
should be made when the previous crop is 50% emerged. Seeds
emerge in 3-12 days: emergence is temperature dependent, with
rapid emergence in warm weather (fall planting) and slower in
cool temps (spring planting). Rows should be 12-24 inches apart
and in-row spacing should be 1-2 inches.

Soils. Loamy soils will produce greatest yields, but many soil
types are suitable. Sandy soils are preferred for cool season and
overwintering production. Greens grown in sandy soils are eas-
ier to pull from the soil, and easier to clean off soil residue, than
those grown in clay soils. Soil pH of 6.0 to 6.5 is desirable.

Fertilizers. Quality greens require quick, continuous growth.

A continual supply of nitrogen is essential for good color and
tenderness. Applications of nitrogen at planting followed by
additional sidedress applications during the growing season, are
essential to produce consistent, high quality greens.

Cultivation. In addition to adequate nutrition, consistent irriga-
tion is necessary for good leaf formation. Overhead irrigation
should be avoided as it causes favorable conditions for the de-
velopment of several diseases.

MUSTARD AND TURNIP PLANTING DATES

Spring Fall
AL North 2/1-4/30 8/1-9/15
AL South 2/1-5/15 8/1-10/31
GA North 3/15-4/30 8/1-9/15
GA South 2/1-5/15 8/1-10/31
KY East 3/15-4/30 711-7/15
KY Central 3/10-4/25 7/15-8/1
KY West 3/1-4/15 8/1-8/15
LA North 2/1-3/15 7/15-10/31
LA South 2/1-3/15 7/15-10/31
MS North 1/20-4/1 7/25-8/20
MS South 1/15-3/1 8/10-9/15

2 Bacterial leaf blight resistance.

KY LA MS NC OK SC TN
N S
K L M N 0 S T
M
K L T
K L M N S T
K L M N 0 T
K L M S T
K L N 0 S T
M N O S
K L M N 0 S T
K L N S T
L N (0] S
K M N (6} S
K L M S T
L [0} S T

3 Spinach-mustard.

MUSTARD AND TURNIP PLANTING DATES (cont’d)
Spring Fall

NC East 2/15-6/30 8/1-9/15

NC West 4/1-8/15 NR

OK 3/1-3/15 8/1-9/15

SC East 2/1-6/15 8/1-10/15

SC West 3/15-9/15 NR

TN East 4/1-5/30 7/1-7/30

TN West 2/15-4/15 8/1-8/31

NR = Not recommended

SPECIAL NOTES FOR PEST MANAGEMENT
INSECT MANAGEMENT

Aphids: These insects can be serious pests of greens crops. Fre-
quent examinations of the crops are necessary to avoid undetect-
ed infestations. Broad-spectrum insecticides used for caterpillar
management can lead to aphid infestations.

Caterpillars: Many of the same caterpillars that feed on the
large cole crops (cabbage, collard, etc.) will feed on greens. Ac-
tion thresholds for greens crops are currently lacking, but low
levels of caterpillars can be tolerated during the early stages of
growth. The use of BTs and other soft materials are encouraged
in order to maintain natural enemy populations in the crops.

Flea Beetles: These small insects can be serious pests of greens
crops. They are often associated with heavier soils and weedy
areas. BTs are ineffective against beetle pests. These materials
are generally ineffective against these insects although the new
neonictinoid insecticides work well with little effect on natural
enemies. Treatment should begin when the infestation is first no-
ticed. Frequent use of broad-spectrum insecticides for flea beetle
management often leads to resurgence of other pests. Reflective
mulches have been found to be effective in repelling flea beetles.

HARVESTING AND STORAGE
See Table 14 for postharvest information.
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HERBS

BASIL (Ocimum basilicum)

VARIETIES' AL
BASIL
Sweet
Aroma 1123 A
Genovese ? A
Italian Large Leaf? A
Mammoth
Nufar 23 A
Purple Ruffles A
Rutgers Devotion DMR # A
Rutgers Obsession DMR * A
Rutgers Passion DMR # A
Rutgers Thunderstruck DMR # 56 A
Specialty
Mrs. Burns’ Lemon A
Sweet Thai (Horapha, Hun Que) A
Cinnamon A

' Abbreviations for state where recommended.
2 . .
Fusarium tolerance/resistance.

Cultivation. Sow seed 1/8 inch deep. Basil is an easy to grow
tender annual. Plant basil in late spring after all danger of frost
is past. Grow in full sun in warm, well-drained soil, preferably
in raised beds. A light sand to silt loam with a pH of 6.4 is best.
Basil may be grown in the field from seed or transplants. Trim
transplants to encourage branching and plant in the field when
about six inches tall (4 to 6 weeks old).

Double-row plantings on 2 to 4 foot wide beds increase
yields per acre and helps to shade out weeds. Planting dates
may be staggered to provide a continuous supply of fresh leaves
throughout the growing season. For fresh-cut basil production,
the use of black plastic mulch is highly recommended. Basil will
not tolerate moisture stress; provide a regular supply of water
through drip or overhead irrigation.

Fertilization. Do not over fertilize basil. It is generally suggest-
ed that 100 pounds each of N, PO, and K,O per acre be broad-
cast and incorporated at time of planting or follow guidelines for
fertilization of salad greens. If more than one harvest is made,
sidedress with 15 to 30 pounds N per acre shortly after the first or

second cutting.

BASIL PLANTING DATES

Spring Fall
AL North 4/1-7/31 NR
AL South 3/15-7/31 NR
GA North 4/1-7/31 8/1-8/15
GA South 3/15-5/1 8/1-9/15
KY East 5/15-6/30* NR
KY Central 5/1-6/30* NR
KY West 4/20-6/20* NR
LA North 4/1-7/31 NR
LA South 3/15-7/31 NR
MS North 4/1-7/31 NR
MS South 3/15-7/31 NR

3 Suitable for High Tunnel production
“Downy mildew tolerance.

GA KY LA MS NC SC TN
G K L M N S T
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5 Suitable for microgreen production.
6 Suitable for processing.

BASIL PLANTING DATES (cont’d)

Spring Fall
NC East 5/1-7/15* NR
NC West 6/1-6/30* NR
TN East 5/15-6/30* 8/1-8/15*
TN West 4/20-6/20* 8/1-8/15*
VA East (coastal) 5/1-6/30 NR
VA West (mountain) 5/15-6/30 NR

*Using 6 to 8 wk-old transplants.
NR = Not recommended

Pest Control. There are few agricultural chemicals registered
for use on basil. To keep weed pressure down, use high plant
populations, shallow cultivation, and/or mulch. BT products can
be used to control various worms and caterpillars. Genovese,
Italian Large Leaf, and lettuce leaf varieties are susceptible to
Japanese beetles. Japanese beetle traps set about 20 feet away
from the basil will help prevent damage. Reflective mulches,
beneficial insects, insecticidal soaps, traps, and handpicking may
give some level of control of other insect pests. Keep foliage as
dry as possible by watering early in the day, or by using drip ir-
rigation to reduce fungal disease. Rotate herbs to different parts
of the field each year and remove and destroy all plant debris to
reduce soil borne disease.

DISEASE MANAGEMENT

Fusarium Wilt. Plants infected with this disease usually grow
normally until they are 6 to 12 inches tall, then they become
stunted and suddenly wilt. Fusarium wilt may persist in the soil
for 8 to 12 years. Growers should use Fusarium wilt tested seed
or resistant or tolerant varieties.

Basil Downy Mildew. Use clean seed and less susceptible variet-
ies as they become available. Minimize leaf wetness as much as
possible. Learn what the disease symptoms look like.
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To ensure protection, consider applying fungicides pro-
actively when your Extension agent or agricultural advisor
indicates that cucurbit downy mildew is active in your area. Al-
though these are distinct diseases, active cucurbit downy mildew
indicates that conditions are favorable for basil downy mildew
development. You can also monitor for basil downy on Ag Pest
Monitor: Basil at https://basil.agpestmonitor.org/.

Harvesting and Storage. Leaf yields range from 1 to 3 tons per
acre dried or 6 to 10 tons per acre fresh. Foliage may be harvest-
ed whenever four sets of true leaves can be left after cutting to

initiate growth, but when harvesting for fresh or dried leaves,
always cut prior to bloom. Presence of blossoms in the harvest-
ed foliage reduces quality. Frequent trimming helps keep plants
bushy. For small-scale production of fresh-market basil, the ter-
minal 2- to 3- inch long whorls of leaves may be cut or pinched
off once or twice a week. This provides a high-quality product
with little stem tissue present. Basil can also be cut and bunched
like fresh parsley. A sickle bar type mower with adjustable cut-
ting height is commonly used for harvesting large plantings for
fresh and dried production. The optimum storage temperature for
fresh basil is 40° to 45° F with a high relative humidity.

PARSLEY (Petroselinum crispum) AND CILANTRO (Coriandrum sativum)

VARIETIES' AL GA
PARSLEY
Curly Leaf
Banquet A G
Forest Green A
Moss Curled A
Flat Leaf
Dark Green ltalian A
Giant of Italy A
Plain Italian Green A G
CILANTRO
Calypso?3 A
Cruiser”
Marino
Turbo 11 4
Santo/Santo Long Standing ® A

' Abbreviations for state where recommended.
? Fusarium tolerance/resistance.
3 Suitable for High Tunnel production

4Downy mildew tolerance.

6 Suitable for processing.

Parsley is a biennial grown as an annual. There are two va-
rietal types of parsley: flat-leaf and curled leaf. Flat leaf parsley
tends to be more aromatic than the curled leaf and is used for
flavoring in cooking. Curled leaf parsley is more attractive and
is primarily used as a garnish. Cilantro is a fast growing annual
that is cultivated for its fresh leaves. The seeds of the cilantro
plant are referred to as the spice coriander. Parsley and cilantro
are best cultivated as cool season crops in the southeast.

Seeding and Spacing. Neither parsley nor cilantro transplant
well due to their taproots which are typical of plants in the Apia-
ceae. Direct seeding is recommended and is best achieved when
using a precision seeder. Multiple plantings every 1-3 weeks are
necessary for a season-long supply. Parsley seed is slow to ger-
minate (12-25 days, temperature dependent). Seed is viable for
3-5 years but its percentage germination reduces quickly after 1
year.

Seed is sown 1/3 to % inches deep in a well-prepared seed
bed. Seeding rates are from 16 to 24 pounds per acre (1/4 oz.
per 100 row feet) for parsley and 15 to 50 pounds per acre (1-2
oz. per 100 row feet) for cilantro. Spacing between single rows
is 15 to 18 inches. Parsley and cilantro can be precision seeded
into raised beds with 3 to 4 rows per bed. Final in-row spacing
should be 6 to 8 inches for parsley and 2 to 5 inches for cilantro.
Research has shown that maximum yields can be achieved with
more closely spaced plants.
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5 Suitable for microgreen production.

KY LA MS NC sC TN VA
K L M N S T \
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S
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K L N S T \
7 Bolting resistant.
PARSLEY/CILANTRO PLANTING DATES
Spring Fall
AL North 3/15-5/30 NR
AL South 2/1-3/31 8/1-9/30
GA North 3/15-5/30 NR
GA South 2/1-3/31 8/1-9/30
KY East 5/10-7/10 NR
KY Central 5/1-7/20 NR
KY West 4/15-711 NR
LA North 2/15-4/15 9/15-10/31
LA South 2/1-4/15 9/15-10/31
MS NR 8/1-9/30
NC East 2/15-4/15 8/1-9/30
NC West 4/1-8/15 NR
SC East 2/15-4/15 9/1-11/15
SC West 4/1-8/15 8/15-9/30
TN East 4/1-8/1 NR
TN West 4/1-5/30 8/1-9/1
VA East (coastal) 3/15-5/15 8/1-9/15
VA West (mountains) 4/15-8/15 NR

NR = Not recommended

Cultivation. Parsley and cilantro grow best in a well-drained,
organic loam soil with soil pH between 6.5 and 7.5. Overhead
irrigation is essential for stand establishment. Irrigation during
the germination period and the 2-3 weeks following emergence
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are critical. Too little water at any point will result in diminished
leaf yield. Long, warm periods with too little water results in
bolting which is undesirable since the plants are grown for their
leaves. In addition, bolting reduces the amount, quality, and fla-
vor of the leaves.

Cilantro cultivars are divided into “temperature sensitive”
and “slow-bolt” groups. When high temperatures and daylight
greater than twelve hours occur, temperature sensitive cultivars
tend to set flowers in as little as three weeks following germi-
nation. Cilantro responds well to growth stimulators (gibberel-
lic acid, folcyteine, extracts of marine algae) to maximize leaf
production. Premature bloom can be delayed through the use of
these foliar sprays.

Both parsley and cilantro are weak competitors with other
plants. Weed control is critical throughout the season and will
also make harvest more efficient.

SPECIAL NOTES FOR PEST MANAGEMENT
There are few agricultural chemicals cleared for use on parsley
and cilantro. Weed control is important and can best be ob-
tained by using black plastic mulch and cultivation. Parsley and

cilantro are prone to leaf blights, leaf spots, and mildews. Any
approved fungicides should be sprayed as soon as symptoms
appear. Cultural controls include the use of drip irrigation, crop
rotation, and limited movement through the fields during wet
conditions.

Root and crown rot of parsley is best controlled by a two-
year crop rotation with non-susceptible plants. Swallowtail
caterpillars feed on parsley and are present in large numbers in
late summer months. Row covers while swallowtail butterflies
are present may reduce damage by blocking butterfly access to
plants for egg laying.

Harvesting and Storage. Parsley and cilantro are usually har-
vested by hand and bunched with rubber bands or twist ties in
the field. Cutting entire plants 1.25 to 3 inches above the crown
may result in secondary growth sufficient to allow for anoth-
er harvest. Average yield for both parsley and cilantro is 30-40
pounds per 100 row feet of row. Maximum biomass usually
occurs at 40-45 days after germination for cilantro and at 75-90
days for parsley. Multiple harvests are more likely with parsley
than cilantro. Store parsley and cilantro at 32° F with high hu-
midity. See Table 14 for further postharvest information.
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HOPS (Humulus lupulus)

HOPS (Humulus lupulus)

VARIETIES'

HOPS
Cascade A
Chinook A
Galena

AL

Nugget
Zeus

" Abbreviations for state where recommended.

Hops (Humulus lupulus) are a new crop for the Southeastern
U.S. Most hops in the United States are grown in the Pacific
Northwest in Washington, Oregon, and Idaho. Hops are photo-
period sensitive plants (short-day plants). Commercial hops va-
rieties produce the highest yields in the most northern states.

In short-day areas (below the 35th latitude), flowering oc-
curs too soon when the required number of nodes for a particu-
lar variety are produced. As a result, yields are not maximized.
In longer day areas (above 35th latitude), vegetative growth is
maximized prior to the point where day length begins to shorten
in mid- to late summer.

Yields noticeably decrease the further south the plants are
grown, particularly below the 35th latitude. Breeding efforts are
underway to produce varieties specifically for the Southern U.S.
In the meantime, there are cultural practices that can be used to
increase yields in Southern hop yards. Most of the information
currently available for hops production pertains to large-scale
production in the Pacific Northwest or from the emerging indus-
tries in the Great Lakes and the Northeast. That information can
be helpful, but the differences in photoperiod, disease incidence,
lack of infrastructure for processing, and scale of production re-
quire adapting it to suit conditions in the Southeast.

Hops are herbaceous perennials with long-lived under-
ground crowns. Each year the plants send up multiple shoots
(called bines) which bear papery cones (flowers) that are the
plant parts that are harvested for making beer and herbal prod-
ucts. When mature, the cones contain bright yellow, sticky lu-
pulin glands that contain the fragrance and bittering compounds
that hops are valued for. Each year the bines can grow to be up
to 25 feet long, so they need to be trellised. Hops have male and
female plants, but only female plants are grown commercially so
the cones do not contain seeds.

Hops are an expensive crop to establish because of the need
for a permanent, tall trellis system. Short hop varieties are being
bred, but at this time the common varieties need to be grown on
tall trellises. There are several trellis designs available that are
suitable for production in the Southeast. Most trellises are 16 to
18 feet tall and composed of locust or cedar posts and wire. The
bines are trained to strings (often coir twine that is replaced an-
nually) suspended from the top wires of the trellis.

Hops require a well-drained, fertile soil with a pH of 6.0 to
6.5. Hops are heavy feeders and soil tests should be taken annu-
ally to determine how to provide adequate nutrition. Hops also
require irrigation which is usually supplied as drip-irrigation.
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Varieties. Cascade is the variety that has proven to be most reli-
able throughout the Southeast. It is an aroma hop and is used by
most brewers. Growers are encouraged to talk to their custom-
ers to identify other varieties to experiment with. Growers in
the Southeast have not been very successful growing the Noble
varieties.

Pruning. To encourage flowering at the proper time for in-
creased yields, emerging hop shoots are often cut to the ground
in the spring until late April. Then several shoots are selected
to be trained to each string. The remaining emerging shoots are
kept pruned away. The foliage from the lower four feet or so of
the plant is mechanically or chemically removed to encourage
good air movement around the plants.

Harvesting. Cones are harvested in mid to late summer. Small-
scale growers often hand-pick cones multiple times during the
season. As the hop yard expands, however, this becomes im-
practical and most growers move to a one-time harvest which
involves cutting the bines, removing them from the yard, and
running them through a mechanical harvester which separates
the cones from the foliage, bines, and strings.

Cones can be sold as fresh (wet), whole cones to brewers
for making seasonal ales. More commonly, hops are dried in a
dryer called an oast. A few brewers use whole dried cones, but
most brewers require dried hop pellets. Hops quality is deter-
mined by chemical analysis which includes alpha and beta acids
and essential oils. Most brewers will want these numbers before
purchasing hops. How the hops are grown, when they are har-
vested, and how they are handled after harvesting and stored
will greatly affect these values.

SPECIAL NOTES FOR PEST MANAGEMENT

Disease, insect, and weed control strategies for the Southeast are
still being developed. Downy mildew is the primary disease that
growers need to be prepared to manage and should be a major
consideration when choosing varieties. There are many other
diseases, including viruses and viroids, that affect hops and that
a grower should be scouting for. The major insects are spider
mites, Japanese beetles, leafhoppers, and comma butterflies.
Weed control should be planned for in advance and may include
use of herbicides, landscape fabric, and other mulches. A good
air-blast sprayer will be needed to provide good spray coverage
up to the top of the trellis.
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LEEKS (Allium porrum)

VARIETIES' AL GA KY NC sC TN
LEEKS

Bandit K N T
Chinook A

King Richard K T
Lancelot A G N S T
Lexton N

Rally A N S

Tadorna A N S

" Abbreviations for state where recommended.

Transplants. Transplants are used for early spring plantings. Field Spacing. Rows: 20 to 30 inches apart; plants: 4 inches
For summer planting, sow in seed beds as indicated in follow- apart in the row. Set plants in trenches 3 to 4 inches deep.
ing table. About 2 pounds of seed are required to provide enough
plants to set an acre. Seed should be planted 1/3 to 1/2 inch deep
8 to 12 weeks before field setting. Plants will be ready to set in
early August. Plug cells have worked well.

Culture. Leeks grow slowly for the first 2 or 3 months. To devel-
op a long white stem, start to gradually fill in trenches and then
hill soil around stems to 3 or 4 inches.

HARVESTING AND STORAGE
LEEK PLANTING DATES Spring-transplanted leeks are ready for harvest in July. Fall-
Spring Fall transplanted leeks are ready to harvest by July. Fall-planted
AL North 3/15-4/30 9/15-10/31 leeks are ready by November and can be overwinterted. See
AL South 21-3/31 NR Table 14 for postharvest information.
GA North 3/15-4/30 9/15-10/31
GA South 2/1-3/31 NR
KY East 4/1-6/15 NR
KY Central 3/25-7/1 NR
KY West 3/15-7/15 NR
MS NR NR
NC East 2/15-6/30 NR
NC West 4/1-8/15 NR
SC East 2/1-6/15 NR
SC West 3/15-6/30 NR
TN East 4/1-6/30 NR
TN West 3/15-8/1 NR

NR = Not recommended
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LETTUCE (Lactuca sativa), ENDIVE (Cichorium endivia), AND
ESCAROLE (C. endivia)

VARIETIES' AL GA KY LA MS NC OK SC TN VA
LETTUCE
Green Leaf
Grand Rapids ©
Green Star 367
Nevada ¢
Salad Bowl ¢
Sierra Batavia ® (green w/ red edges)
Slobolt 3
Tango

> > > > > > >

®
=~
=
z =z
O O
—

<

Tehama % ©

Tropicana® M
Two Star %8 A L M

Red Leaf

Cherokee >4 L N T

New Red Fire ®46 A G K L M N S T
Pomegranate Crunch "8 A K M T

Red Express * N S \Y
Red Sails* A K L N o T

Ruby*# L N T

z zZz zZz zZz =z
[0
<

Cos / Romaine
Bluerock 7:¢
Breen”: 10
Coastal Star

<

Green Forest ¢
Green Towers

> > > > > >
w

- o4 -+

Parris Island Cos
Salvius *7 S
Sparx®7 M S
Truchas* 7% 1
Valley Heart?
Winter Density *° G K
Butterhead

Adriana 5.7

Buttercrunch 3

> >
p=4
w

Ermosa

> > > >
@

Esmeralda ®

r- - O - -

Harmony 367

®
x X X X X

Nancy
Salanova Red Butter 7

zZ Z zZzZzzZ zZ Z

Salanova Green Butter”

> > > >
=
e

Sangria %8
ENDIVE

Galia Frisse

Salad King A G K L N S T
ESCAROLE

Full Heart Batavian A K L N S T

Full Heart NR65 36 A N S

>
®
w

" Abbreviations for state where recommended. 5Bibb-Romaine type. ¢ Tomato Bushy Stunt Virus (TBSV)
2Recommended for fall production only 6 Tip burn tolerance/resistance. tolerance/resistance.

(bolting susceptible). 7 Downy Mildew tolerance/resistance. 1% Bronze-Red Leaves.
3Bolting tolerance/resistance. ¢ Cross between Cos and Butterhead types. " Lettuce Mosaic Virus (LMV) tolerance/resistance.
“Red leaves.
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Lettuce and endive are cool-season crops. Properly hard- LETTUCE COS / ROMAINE PLANTING DATES (cont’d)
ened lettuce transplants can tolerate temperatures as low as 20°

Spring Fall
to 25°F. Temperatures above 85°F for several days will cause NC East 2/1-4/110 8/25-9/15
seed stalk formation and bolting in lettuce. Temperatures below NC West 3/15-8/1 NR
70°F during the seedling stage promote premature stalk forma- OK 3/15-4/1 8/15-9/15
tion in endive and escarole. SC East 211-4115 915-11/1
Due to a number of factors such as length of time to har- e e Sl Ml
vest, the production of head lettuce is not recommended in the TN East 3/15-4/30 &1-on
regions covered by this handbook. TN West 31415 815915
VA East 4/15-8/1 NR
NR = Not recommended
Seeding and Transplanting. Spring crop. Lettuce transplants
are started in frames or greenhouses. Seed for the lettuce crop is
sown in heated greenhouses in November to February at the rate
of 4 to 6 ounces of seed for 1 acre of plants. ENDIVE/ESCAROLE PLANTING DATES
Direct-seeded lettuce is sown in prepared beds as early in Spring Fall
the spring as the ground can be worked. Seed should be sown AL North 4/15-5/30 §/1-9/15
. . AL South 2/1-3/31 8/1-9/30
shallow —some of the seed will actually be uncovered and vis-
. . .. GA North 4/15-5/30 NR
ible. Pelleted seed should be watered at night during high-tem- R P e
perature periods (soil temperatures above 80°F) until germina- KY East 4/1-4/30 NR
tion occurs. KY Central 3/25-4/15 NR
KY West 3/15-4/1 NR
LA North 1/15-3/15 9/15-10/30
LETTUCE LEAF AND BUTTERHEAD PLANTING DATES LA South 115315 951030
Spring Fall MS NR NR
AL North 4115-5/30 8/1-9730 NC East 3/20-6/15 8/1-9/15
AL South 2/1-4/15 8/1-10/15 NC West 51-8115 NR
GA North 4/15-5/30 8/1-8/30 oK 3115-4/1 8115-9/15
GA South 2/1-4/15 8/1-10/15 SC East 211-4115 915-11/1
KY Bast 41-4/30 NR SC West 31-5/15 NR
KY Central 3/25-4115 NR TN East 3/15-4/30 8/1-9/1
KY West 31541 NR TN West 3/1-4/15 8/15-9/15
LA North 1/15-3/15 9/15-10/30 VA East A5 NR
LA South 1/15-3/15 9/15-10/30 NR = Not recommended
MS North 3/15-4/30 8/1-9/30
MS South 2/1-4/15 8/1-10/15
NC East 2/1-4/20 8/25-10/1 . . .
N - - Mulching. Using polyethyllene Fnulch can be vs:ry beneficial for
oK 315-4/1 8/15-9/15 all types of lettuce and endive, in that the plastic reduces the
SC East 21415 915111 amount of soil that gets inside the leaves. Use white plastic when
SC West 3/1-5/15 NR air temperature exceeds 85°F. Most leaf lettuce varieties can be
TN East 3/15-4/30 8/1-9/1 planted in 3 or 4 rows to the 30 inch bed top. In row spacing
TN West 3/1-4/15 8/15-9/15 should be 9 to 12 inches and between row spacing should be 9 to
VA East 4/15-8/1 NR

12 inches. Romaine types do best with 2 or 3 rows per bed and

NR = Not recommended 12 to 15 inches in row spacing.

SPACING
LETTUCE COS/ROMAINE PLANTING DATES Lettuce: Leaf and Butterhead type lettuce are planted 3 to 4
Spring Fall rows per bed with beds spaced 66 to 72 inches on centers. Space
AL North 4/15-5/30 81-9/15 plants 9 to 12 inches apart in the row. Use black plastic in spring
AL South 213731 8/1-9130 and white plastic when mean daily temperature at planting is
GA North 4/15-5/30 NR S85°F
GA South 2/1-3/31 8/1-9/30 :
KY East 411-4130 NR Endive/Escarole: Plant three to four rows per bed and space
KY Central 3/25-4/15 NR beds 66 to 72 inches on centers. Space plants 9 to 15 inches
KY West 3/15-4/1 NR apart in the row.
LA North 1/15-3/15 9/15-10/30
LA South 1/15-3/15 9/15-10/30
MS 115-3/15 9/15-10/30
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SPECIAL NOTES FOR PEST MANAGEMENT Tarnished Plant Bug: This insect can cause serious damage to

INSECT MANAGEMENT the fall crop; it is usually numerous where weeds abound.
Keep lettuce fields isolated from endive and escarole for spray
purposes. HARVESTING AND STORAGE

Thrips: Scout for thrips and begin treatments when observed. See Table 14 for postharvest information.

Do not produce vegetable transplants with bedding plants in the
same greenhouse.

Leafhopper: Control of leathoppers will prevent spread of let-
tuce yellows. In the spring, spray when plants are one-half inch
tall; repeat as needed. In the fall, spray seedlings 4-5 times at
5-day intervals.

Corn Earworm (CEW): Note. Head lettuce seedlings, in the 7 to
18 leaf stage, are vulnerable to CEW attack in August to Septem-
ber. Control must be achieved before center leaves start to form a
head (15 to 18 leaf stage).

|
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MELONS (Cucumis melo)

VARIETIES' AL GA KY LA MS NC OK SC TN VA
CANTALOUPES and MIXED MELONS
Eastern
Accolade 457891 N
Avatar2 45789 A K T
Ambrosia? 368
Aphrodite 45 7.8 9.11 G K L M
AStOund 4,5,7,8,9 1

>
=
<

Athena 4,5,7,8,9 1
Da Vinci 7% ™

zZ2Z2zZZZ =2

> > > >

Long Shelf-life
Anna’s Charentais -89 17
Caribbean Gold 578 9. 12 A o . S T
Caribbean King %6 78912
D’Artagnan 89" A
GVS 9000 45 7.89.12
Infinite Gold 4 57.8.9.12 A o .
Savor7:8.9.%17
Honeydew
252 HQ 457.9
Dream Dew 4589
Full Moon 5 ¢
Honey Orange "
Santa Fe

>

>

> > > > >
®

~

=z =2

w »

4

Summer Dew 45 7.9

Temptation 7 '3 K T
Galia

Galia" & A G N S T
Juan/Juane Canary

Brilliant A

Camino Europa”8°

Gladial %79

Golden Beauty ® A G K

Halo * &

Natal 45 7.9 A

Sunbeam

Tikal 45789 A

Tweety 8 % 1516 N
Piel De Sapo/Santa Claus

Lambkin -8 A N
" Abbreviations for state where recommended. ""Tolerant to sulphur. '8 Anthracnose tolerance/resistance.
2Local markets only. 2Extended shelf-life type/LSL. 7 Charentais type.
3Downy Mildew tolerance/resistance. '3 Orange-fleshed honeydew. * Powdery Mildew tolerance/resistance
4.5.6 Powdery mildew race 1, 2, or 3 tolerance/resistance. ' Tuscan/ltalian netted type. (non-race specific).

7.8.2.10 Fysarium Wilt race 0, 1, 2, or 5 tolerance/resistance. ' Gummy stem blight tolerance/resistance. #Fusarium Wilt tolerance/resistance
(non-race specific).

zZ2zZzZzZ =z
nw »nw nu n
—

=z

Melon Types. There are many categories of specialty melons, all ~ muskmelon. Cantaloupes are typically separated into two cate-

members of the cucurbit (Cucurbitaceae) family. The scientific gories; eastern and western. The eastern type cantaloupe variet-
name for specialty melons which includes cantaloupes is Cu- ies, with limited netting and deep sutures, have traditionally been
cumis melo. Cucumis melo is subdivided into several botanical ~ grown for the local market as many have a short shelf-life and
variants but only two variants, reticulatous and indorous have bruise easily during shipping. Improved eastern varieties such
commercial importance in the Southeastern United States. as ‘Athena’ have a longer shelf-life and can be shipped to distant
The most important reticulatous melon grown in the South- ~ markets. The western cantaloupe has a uniform netted rind but
eastern United States is what is commonly called cantaloupe or lacks sutures. Although the western type cantaloupe has tradi-
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tionally been grown in western states, there are varieties suitable
for commercial production in the Southeastern United States.
While eastern type cantaloupe are typically harvested when the
fruit stem pulls easily away from the fruit (full-slip), western
type cantaloupe are harvested when the fruit stem partially pulls
free (half-slip).

The Galia melon is another reticulatous variant grown in the
Southeastern United States. When mature the Galia melon has a
yellow to orange skin that is covered in light golden-tan netting.
The aromatic flesh is pale green and has a distinct sweet flavor.
Galia melons are unfortunately prone to rapid softening and con-
sequently most varieties are more suited for local markets.

Within the indorous variant there are two notable melons
grown in the Southeastern United States, Honeydew and Canary
melons. Of these two the Honeydew melon is the most widely
grown. Although the rind color of Honeydew can vary among
varieties, typically the rind turns from green to whitish yellow
as it matures. Unlike cantaloupe, the honeydew fruit does not
slip from the vine when mature. The very sweet flesh of a ma-
ture honeydew is pale green with the deepest shade occurring
immediately below the skin. Honeydew fruit are susceptible to
cracking or splitting due to the uneven, high moisture conditions
found in the Southeastern United States. Several new varieties
have helped lessen this problem.

The Canary melon, also marketed as the Juan Canary, is
an indorous variant. The Canary melon is oval-shaped, with a
smooth bright yellow skin. The canary like the honeydew does
not slip from the vine. When mature the canary will turn dark
yellow and develop a slightly corrugated skin appearance. The
flesh is a pale ivory in color and slightly firmer than honeydew. A
distinct advantage of the Canary melons is that they have a very
long shelf-life and can be shipped to distant markets.

Transplant Production. Plug flats which provide a cell depth of
1.5 inches are optimal for melon transplant production. Although
plug flats with larger cells can be used a 200-Square plug flat
provides ample room for root growth. Although varieties may
vary in transplant production time, under ideal conditions 2 to 3
weeks is enough time for transplant production.

Planting and Spacing. Consult the following Melon Planting
Dates table for suggested planting dates in your area. Early sea-
son annual temperatures can vary tremendously so be aware that
temperatures below 45°F will slow or stunt plant growth.

Melon plant recommended row and in-row spacing can vary
depending on the production method and equipment. The use
of plastic mulch and drip irrigation allows for a closer row and
in-row spacing compared to bare ground production. A typi-
cal planting scheme for plasticulture production will have rows
spaced 5 to 6 feet with in-row spacing of 1.5 to 2 feet. For bare
ground production, in-row spacing will need to be wider, 3 to 4
feet. An average of 10 to 12 ft per plant for plasticulture pro-
duction is typical while on bare ground 15 to 24 ft? per plant
should be adequate.

MELON PLANTING DATES*

Spring Fall*
AL North 4/15-6/15 8/1-8/30
AL South 3/1-6/30 8/1-9/15
GA North 4/15-6/15 NR
GA South 3/1-4/30 8/1-9/15
KY East 5/15-6/15 NR
KY Central 5/10-7/1 NR
KY West 4/25-7/15 NR
LA North 4/1-6/30 7M-7/31
LA South 3/15-6/30 7/1-8/15
MS North 4/1-4/10 NR
MS South 3/1-3/15 NR
NC East 4/15-5/15 711-7/15
NC West 5/15-7/31 NR
OK 4/15-5/30 711-7/15
SC East 3/15-5/15 7/11-7/30
SC West 4/15-6/5 NR
TN East 5/5-6/15 NR
TN West 4/15-6/1 NR
VA East (coastal) 3/30-7/20 NR
VA (mountain) 4/10-7/10 NR

*Use transplants for later season plantings.
NR = Not recommended

Nutrient Application. A soil test to determine soil pH and nutri-
ent availability is critical for commercial production of melons.
Soil pH should be adjusted to 6.5. Pre-plant nutrient application
should provide at least 25 pounds per acre of N and K,0 and all
the P,O, recommended by the soil test results. Applied nutrients
should be thoroughly incorporated into the soil to reduce root
damage to the melon transplants. Follow soil test results for mi-
nor nutrient application such as boron and sulfur.

Drip Fertigation. Liquid nutrient application through the drip
tape (fertigation) should begin at or shortly after transplanting or
direct seeding melons. Suggested fertigation schedules, based on
plant growth stage, are provided in the below tables. Continue
fertigating until the last harvest.

SUGGESTED FERTIGATION SCHEDULE FOR MELON*
(low potassium soil)

Daily Daily Cumulative
Plant growth Days after nitrogen | potash | Nitrogen | Potash
stage planting (Ib/A)

Preplant 25.0 50.0
Planting to Vining 0-14 0.9 1.0 32.0 64.0
Vining to Flowering 14-28 1.0 2.0 46.0 92.0
Flowering to Fruit Set 29-49 1.5 3.0 76.0 152.0
Fruit Set to Ripening 50-77 2.0 4.0 130.0 260.0
Harvest 78-91 1.0 2.0 143.0 286.0
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SUGGESTED FERTIGATION SCHEDULE FOR MELON*
(low potassium soil)

Daily Daily Cumulative
Plant growth Days after nitrogen | potash | Nitrogen | Potash
stage planting (Ib/A)

Preplant 25.0 50.0
Planting to Vining 0-14 0.5 0.5 32.0 57.0
Vining to Flowering 14-28 1.0 1.0 46.0 91.0
Flowering to Fruit Set 29-49 1.5 1.5 76.0 101.0
Fruit Set to Ripening 50-77 2.0 2.0 130.0 155.0
Harvest 78-91 1.0 1.0 143.0 168.0

*Adjust based on tissue analysis.

Plastic Mulch. The use of plastic mulch is particularly beneficial
for melon production. Black plastic mulch used in the spring in-
creases soil temperature, reduces soil moisture loss and reduces
weed competition except for nutgrass. The use of black plastic
mulch in the fall can result in detrimentally high soil tempera-
tures, consequently white plastic mulch is recommended for fall
melon production. Both type mulches help reduce fruit rots and
provide significant yield increases compared to bare ground crop
production.

SPECIAL NOTES FOR PEST MANAGEMENT
DISEASE MANGEMENT

Accurate diagnosis is necessary for effective disease manage-
ment. Incorporate appropriate and effective cultural practices
and pesticides, as detailed in the Disease Management section,
in a season-long integrated disease management program.

Cucurbit Downy Mildew (CDM): CDM can be a devastating dis-
ease of cucurbits in the southeastern and eastern U.S. Successful
CDM management often requires the use of an appropriate fun-
gicide spray program. Fungicide efficacy is influenced by crop,
regional, and seasonal differences, as well as resistance man-
agement practices. A useful tool for downy mildew management
(maps, text alerts, identification resources, etc.) is the CDM
reporting system (http://cdm.ipmpipe.org). If you think you have
CDM or have questions about disease management, please con-
tact your local Extension office.

Gummy Stem Blight: Gummy stem blight is a common foliar
disease on melons in the Southeast. Crop rotation away from
cucurbits for two full years will improve the efficacy of most
fungicides. Bury crop debris as soon as possible after harvest;

do not leave crowns of plants on plastic-mulched raised beds,
which allows the fungus to survive. See Example Spray Program
for Foliar Disease Control in Watermelon Production.

Whitefly-transmitted Viruses: Several whitefly-transmitted vi-
ruses, including cucurbit chlorotic yellows virus (CCYV), cucur-
bit leaf crumple virus (CuLCrV), and cucurbit yellow stunting
disorder virus (CYSDV), are emerging in various areas through-
out the Southeast when unusually high populations of white-
flies are present. These viruses may produce similar symptoms;
molecular testing is necessary for virus identification. These
viruses often also occur in mixed infections. Resistance to these
viruses is either limited or not available in commercial varieties.
Management of whitefly-transmitted viruses foc