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Introduction to
Integrated Crop Management

The objective of this publication is to assist the
producer in managing all aspects of crop production,
marketing, and post harvest handling to provide for
the profitable production of cucurbits, resulting in a
safe and high quality product for the consumer in an
economically and ecologically sound manner.

Producers face many crop and pest manage-
ment decisions during the course of a cucurbit
production season. Careful planning in advance
can have a positive impact on profit. In contrast,
decisions made on a partial basis can and often
do result in additional costs, lower profits, and
even crop failure. Integrated Pest Management
(IPM) has historically been utilized to manage
crop pests and provide the safest and most eco-
nomically effective approach to crop health and
profitability. Pest management cannot be done
separately from crop production. In addition,
plant health affects susceptibility to pest dam-
age. As a result, IPM has evolved into the
broader concept of Integrated Crop Manage-
ment. This approach utilizes pest management
decisions, and touches all aspects of cropping
including planning, site selection, and variety
selection, on through the entire production and
marketing cycle.

Management decisions must be based on un-
derstanding the plant and its environment. A
successful approach to integrated crop manage-
ment includes cooperation between producers,
packing sheds, processors, and marketers to
develop management strategies for effective
crop production and profit.

The following guidelines are a good
beginning for effective crop production:
• Proper planning includes marketing, pro-

duction pest management, and post harvest
handling of the crop.

• Selection of production sites considering all
aspects of production and pest management,
including soil type and drainage, past pest
problems, low areas, soil nutrients, and pH.

• Field scouting and crop problem identifica-
tion includes pest activity, irrigation needs,
and drainage problems, as well as general
crop health and stage of production.

• Management action guidelines, depending
on the intensity of management, cultivar,
and the life stages of both the plants and the
pests

• Sprayer calibration and maintenance
• Record keeping, including field history, pes-

ticide and fertilizer applications, and key
pests

• Cost benefit analysis
• Follow-up and review of management deci-

sions after the production season to improve
profitability

These concepts and how they relate to crop
growth are summarized in a production timeline
on the next page. This figure provides an over-
all picture of the steps involved in integrated cu-
curbit production. In addition, the timeline can
serve as a reminder for when key activities need
to take place in relation to the crop growth stage.
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Economics of Cucurbit Production

of acres farmed; 7) capital, management, and
labor resources available to the operator; and 8)
physical location, such as longitude or latitude.

Budgets have been developed for this
manual to assist growers in estimating their costs
of production. These budgets are in Appendix
1-A to 1-L. The budgets cannot reflect all of the
practices of individual growers of a given cu-
curbit crop in the state. These budgets should
serve only as a guide for developing budgets
for individual operations.

Crop Production Budgets
Estimating production costs and returns is

critical for the planning process in any agricul-
tural endeavor. The best possible information for
planning for the future is the records of the past
experiences producing a crop on a specific farm.
Costs and returns for cucurbits vary significantly
from one farm to the next and from season to
season. This variability may result from differ-
ences in 1) cultural practices; 2) soils; 3) size and
type of machinery; 4) yields; 5) prices paid for
inputs and received for production; 6) number
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Cultural practices and prices used in devel-
oping the costs and returns budgets should be
closely examined to determine if they are ap-
propriate for an individual farm or field. Con-
clusions about the profitability of the enterprises
for a particular operation depend on the as-
sumptions made about cultural practices and
prices. The “Your Value” column of the budgets
should be used to adjust the costs and returns
to each operation.

Yields in the sample budgets are derived
from research data and discussions with some
of the more experienced growers in the state. Be-
ginners with no commercial experience in pro-
ducing cucurbits may not be able to achieve the
yields used in the budgets. Each budget has a
specific planting and harvesting date. In reality,
planting and successful germination of seed can

take place over several weeks. Changes in the
planting date will change the harvesting dates.
Changes in the harvesting dates may change the
yields of the crop and the prices received. Grow-
ing conditions and changes in cultural practices
may also alter yields and prices received.

The output selling prices used in the bud-
gets are determined from the average of 10 years
of weekly historical data collected at the Dallas
wholesale market. The price used is FOB at the
packing shed. Appendix 1-B lists the average
weekly product prices used to develop the prices
used in the budgets. The price used in a crop’s
budget is a weighted average based on the yield
and weeks of harvest specified for the budget.
Since the starting date of the week changes each
year, 2001 calendar dates have been utilized. The
USDA market prices lists watermelon, canta-
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loupe, and honeydews as “fruit” under the gen-
eral heading of “melons,” and cucumbers and
squash as “vegetables.”

Cultural practices and input requirements
used to construct the sample budgets are those
a small commercial grower might follow. Aver-
age soil productivity suited for cucurbit produc-
tion is assumed. Soil characteristics may influ-
ence the level of inputs such as seeding, fertil-
izer, watering, herbicide rates, and the type of
machinery used. The examples assume that ir-
rigation is provided by a hand-moved sprinkler
system.

Production costs associated with machinery
operations are included as part of the cost of the
various inputs and reflect average custom rates
per acre for the operation.

In addition, the sample budgets include costs
for the following variable items: seed, fertilizer,
labor, operating capital, pesticides, irrigation,
harvesting, grading, packing, and marketing the
product. Costs for these items were collected
from various sources, including suppliers and
current growers. The costs vary across the state
and depend upon the exact items used.

Labor for tractor drivers is priced at $8 per
hour, and all other labor is priced at $7 per hour.
These charges are based on the minimum wage
and an allowance for benefits such as social se-
curity, workers comp, and unemployment. La-
bor may not be available on an hourly basis, but
for single enterprises it represents the most prac-
tical approach of charging the cost of labor to
the individual crops. Labor cost should be ad-
justed to local and seasonal conditions.

Interest on operating and investment capi-
tal is charged at 8.75%. Operating capital is as-
sumed to be borrowed from the time the inputs
are used until sales are available to repay the
loan (an average of 4 months is used in the bud-
gets), but soil fertility requirements should be
based on recommendations from soil test results.

The level of fertilizer used in the sample bud-
gets is based on average soil fertility. As an ex-
ample, commercially mixed fertilizer composed
of 17% actual nitrogen, 17% phosphate, and 17%
potash (17-17-17) is used in the budgets. When
additional applications of nitrogen are needed,
ammonium nitrate (34-0-0) is used. The amount
and type of fertilizer actually used for a crop and
application timing should be based on informa-

tion from soil test results and information found
elsewhere in this manual. Soil tests should al-
ways be taken in the months prior to the plant-
ing season to take advantage of the nutrient rec-
ommendations.

Herbicides, insecticides, fungicides,
nematicides, and bactericides may all be neces-
sary for production of high quality cucurbits.
The requirements may differ from year to year
and from field to field due to fluctuations of pest
populations, soil conditions, climatic factors, and
the particular variety planted.

Harvesting, grading, packing, and market-
ing costs are included in each budget. These
costs include all processing, packing, and trans-
portation from the time cucurbits are harvested
in the field until they are ready to be delivered
to a wholesale market. These costs may vary sig-
nificantly, depending upon how and where the
product is packed and marketed.

For each crop, a budget lists the expected
marketable yield and selling price with gross in-
come; quantity of operating inputs with their
unit price; and per acre variable and fixed costs
(see Appendix 1-Costs and Returns). Returns
above total operating cost (variable costs) are
shown and provide an estimate of the returns
available to pay fixed costs, management, and
overhead. Fixed costs in the sample budgets in-
clude insurance and land charges. Also shown
are the returns above all costs except overhead,
risk, and management.

The second series of tables (see Appendix 1-
Sensitivity Analysis) provide a sensitivity analy-
sis for the respective crops to estimate the ex-
pected returns above operating costs for 8 price
and 7 yield combinations. The sensitivity analy-
sis includes a range of differences in yields and
selling prices to provide the producer an oppor-
tunity to evaluate the potential losses or in-
creases in revenues associated with various lev-
els of yields or different selling prices that might
be encountered at the end of the growing sea-
son. The method of calculating the sensitivity
analysis for price and yield variations requires
that each level of yield include the basic pre-
plant and growing costs from the budget; but
must also contain a cost adjustment based on
the costs associated with harvesting the crop
plus the cost of grading, packing, and market-
ing the crop; plus the interest associated with



Oklahoma Cooperative Extension Service 5

borrowing enough money to grow, harvest, and
market the crop. The formula for the calculation
is R = PY- (G+S+I)

Where R = per acre return; PY = price x yield;
G = pre-plant and growing costs; S = yield x (har-
vest, shed, and marketing charge per unit yield);
and I = interest rate x (G+S).

Cucurbit yields and prices may vary from
year to year and from the beginning of poten-
tial harvest to the end of harvest. A fresh market
producer must be prepared to accept a low price
in years when weather is extremely favorable
for cucurbit production or when production ex-
pands for other reasons, such as a large increase
in the planted acreage of the crop. Yields may
also be influenced by pest problems. Pesticides
may offer only partial protection against varia-
tions in yields caused by some pests.

There are many risks associated with cucur-
bit production. Quality of the fruit produced is
influenced by many factors. Without good qual-
ity fruit, cucurbits may not be saleable at a prof-
itable price or even marketed at all. Factors that
influence fruit quality include weather condi-
tions (hail, blowing sand, wind, frost, freeze,
drought, heat, or too much water at the wrong
time), fertilizer and weather interactions, soil
conditions, handling during harvest, post-har-
vest storage conditions, weed infestations, in-
sect infestations, and disease problems.

Marketable yield is the key to profits. High yields
without quality can be less profitable than low yields
with high quality.

Marketing
Vegetable marketing is more important than

marketing for any other agricultural commod-
ity produced in Oklahoma. When the fruit is
ready for sale, it must be sold within a few days.
It is highly recommended that a method of mar-
keting be considered before planting the cucur-
bit crop.

Choosing Outlets for Produce
Cucurbit growers may have numerous al-

ternatives for marketing fresh produce. All of
the alternatives have characteristics that make
them more advantageous for different types of
producers. Volume of produce grown, location

of the grower, personal time available for mar-
keting activities, and quality of the produce are
a few of the important factors to consider when
choosing a market or combination of markets to
use. Producers may be able to use or develop
more alternatives if they know the major char-
acteristics of each marketing alternative.

Marketing alternatives are classified as di-
rect or non-direct markets. The direct markets
(Table 1) involve producer interaction with con-
sumers and include pick-your-own operations,
roadside stands, and farmers’ markets. Non-di-
rect outlets involve producer interaction with
market intermediaries. The non-direct markets
(Table 2) include terminal markets, grower co-
operatives, peddling to grocery stores and res-
taurants, and selling to wholesalers/brokers.

All of the alternatives discussed are gener-
ally cash market sales and do not involve prior
contracts with buyers. However, it is generally
advisable for producers to call or visit non-di-
rect buyers before attempting to deliver a load
of produce to them. This way growers learn
about special quality standards and packaging
guidelines that must be followed. This lessens
the risk of having the produce rejected when
delivered but does not guarantee acceptance or
specific price. Marketing to processors generally
involves prior contracts with the grower and is
not discussed in this manual.

Pick-Your-Own
At a pick-your-own or u-pick outlet, a

grower opens a part or all of his fields to con-
sumers who wish to harvest the crop themselves.
Pick-your-own opportunities can be open to the
general public, or a list of qualified pickers can
be used to retain more control over the conduct
of pickers. Such operations are usually success-
ful when close to large, urban areas.

Characteristics of pick-your-own operations
are included in Table 1. The most prominent
advantages of pick-your-own marketing are po-
tentially lower harvesting and transportation
costs and the reduced requirement to train and
supervise harvesters. Principal disadvantages
include potential liability for picker accidents
and damage to fields. Another difficulty is
matching volume of produce available for sale
with the number of pickers and their needs. It
may be important to have family or hired labor
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available to pick if produce begins to ripen and
customer traffic is slow. This suggests the useful-
ness of having two or more marketing alternatives
if demand is not sufficient at the primary outlet.

Roadside Markets
Roadside markets are generally operated on

a grower’s property, adjacent to well-traveled
roadways, and are used to sell locally grown
produce or produce purchased from growers in
adjacent regions. Roadside markets have proven
to be very popular in several areas of Oklahoma.
In the second column of Table 1, the characteris-
tics of roadside markets are described.

When markets are located near production
regions, transportation costs are low. However,
producing vegetables in or near urban areas can
be expensive because of the development po-
tential of the land and/or complications arising
from residential/farm conflicts. Roadside mar-
kets may require a broad variety of products to
successfully generate sufficient customer traffic
and sales volume to justify the expense of run-
ning the outlet. In order to operate for 12 months
in Oklahoma, a roadside market would have to
buy produce from other production regions.
Producers who are very familiar with the pro-
duce distribution system may be successful.
Operating as a seasonal outlet for only locally
grown produce limits sales volume, and may
limit the variety of produce available. It can be
profitable with a good location and especially
with an excellent reputation for high quality
produce.

Farmers’ Market
A farmers’ market is organized so growers

and buyers can exchange produce. Each grower
is assessed a fee to sell his or her produce at the
market, and buyers are attracted by the variety
and volume of fresh produce available from dif-
ferent producers. Several southern states have
state farmers’ markets, which resemble small ter-
minal markets. In Oklahoma, farmers’ markets
are usually retail markets in urban areas. Bro-
kers have operated at some of the markets to
sell produce for growers. Further information
regarding farmers markets can be obtained from
the Market Development Department of the
Oklahoma Department of Agriculture at
405.521.3864.

The principal advantages of farmers’ mar-
kets are the variety and volume of produce avail-
able and the potential for market owners to ad-
vertise the market and attract customers. An-
other advantage is allowing the products to
mature and ripen on the plant, which provides
market differentiation between these products
and others that have been harvested before ma-
turity for shipping and shelf life purposes. Two
disadvantages of farmers’ markets can be the
volume of similar produce that several growers
may have at the market at the same time and a
lack of coordination of growers and customers
by the market management. Effective manage-
ment can overcome both problems. Unless op-
erated in or near large cities, retail farmers’ mar-
kets will not provide a market for large volumes
of produce.

Terminal Markets
Terminal markets are central markets gen-

erally located in major cities where several bro-
kers, wholesalers, distributors, and/or jobbers
are grouped together. Produce from several pro-
duction regions is assembled and shipped to gro-
cery stores, restaurants, and chain-store ware-
houses (Table 2). Merchants at these outlets can
supply their customer with less than truckloads
of different produce items. These outlets would
be direct competition for growers trying to
peddle their own produce. The state, city, or pri-
vate companies can own the market. Terminal
markets in the Oklahoma market region include
markets in Dallas, Kansas City, Denver, and
Houston.

Cooperative and Private Packing Facilities:
Cooperative and private packing facilities are
organized by growers or other individuals to
construct marketing facilities to achieve market-
ing efficiency through greater total volume. By
paying for USDA grading and inspection, these
outlets can sometimes produce more uniform
products that are easy to describe and sell using
the telephone. Cooperatives are often organized
where there is a concentration of small to mid-
sized growers of one or several related crops in
one area.

Benefits of large volume packing can include
lower per unit costs, uniform grading and siz-
ing, and the ability to hire sales specialists. Sales
specialists that have good contacts with chain
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Table 1. Characteristics of direct marketing alternatives

Characteristics Pick-Your-Own Roadside Market Farmers’ Market

Harvesting cost Customer assumes cost Normal cost Normal cost

Transportation cost Customer assumes cost Usually very minimal Depends on grower’s
for produce distance to market

Selling cost Field attendant needed - Checkout attendant Checkout attendant
harvesting instructions needed needed
should be provided

Grower liability Liable for accidents - Liable for accidents Owner of market
absorbs damages to at market responsible
property and crop

Market investment Containers, ladders, etc. Building or stand Usually rent parking or
Location signs Available parking building space
Available parking Containers Containers

Volume of produce Enough for customer Enough to visibly Enough to justify
desired traffic demands attract customers to transportation and other

shop costs
Variety helpful

Prices received Often lower than other Producer sets price Producer sets price. May
for produce markets because of given perceived be competition from

transportation and demand and other sellers
harvesting costs assumed competitive conditions
by customer
Producer sets price

Quality Can sell whatever Can classify produce Ability to sell may depend
customers will pick and sell more than on qualities available

one grade from other growers

Other Balance between number Sometimes other Sometimes other items
of pickers and amount items besides besides produce are sold
needed to be harvested produce are sold to supplement income.
sometimes difficult to to supplement Bulk sales are
achieve income. Produce sometimes

spoilage can be recommended
minimized if adequate
cooling facilities
are used   
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Table 2. Characteristics of non-direct marketing alternatives

Cooperative and Peddling
Private Packing to Grocer

Characteristic Terminal Market Facilities or Restaurant Wholesaler/ Broker

Harvesting cost Normal Sometimes firms Normal Normal
provide machinery

Transportation Depends on Sometimes firms Normal Depends on prior
cost grower’s distance provide equipment arrangements

to market

Prices received Producer usually Prices received by Buyer and Producer usually
for produce price taker growers depend on seller price taker

costs and revenues bargaining with
one another

Required Usually larger Depends on Depends on Usually large
volume quantities qualifications and size of outlets quantities needed

products sold and route

Market Truck or some May be substantial Truck Depends on
investment transportation but low on a per Containers arrangements

Specialized unit basis
containers
required

Quality Must meet Federal inspection Highest quality Must meet
buyer’s may assure buyers needed standards so that
standards of quality produce can be

handled in bulk

Other Good place to May provide Long-term outlet Good for wholesaler/
gather market technical assistance for consistent broker can sell
information Firms help in quality produce quickly at
Can move very planning of growing Good price for good prices
large quantities and selling quality produce Long-term buyer/
at one time Share equipment Difficult to enter seller relationship
Many buyers are market and Broker does not
located at market develop necessarily take

customers title of produce
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store and wholesale buyers can play an impor-
tant role in marketing large volumes. There has
been little recent use of such firms among fruit
and vegetable growers in Oklahoma, although
considerable potential exists. These firms can be
important suppliers of plants, seed, or fertilizer
that might not be available in a region.

Peddling to Restaurants and Grocery
Stores

Peddling to restaurants and grocery stores
involves the grower transporting produce to
various restaurants and stores. This type of mar-
keting can become a consistent outlet once a list
of customers is developed. Restaurants’ pur-
chases of produce for salad bars have grown tre-
mendously over the last few years. However,
many restaurants and grocery stores are chain
stores or franchised operations, which some-
times restricts the ability of local managers to
deal with independent suppliers. In addition,
these outlets require frequent delivery of a vari-
ety of products. The volume of products that one
grower can produce may not be high enough to
justify the delivery costs. Thus, transportation
costs per unit may be high, depending on the
size and locations of the outlets. For a high qual-
ity producer, prices might be high enough to
justify the expense of delivering produce directly
to stores and other customers.

Wholesalers/Brokers
A wholesaler is an individual or business

firm that buys large quantities of produce from
a grower or another dealer for resale and distri-
bution. The wholesaler may sell to a retail store,
an institutional buyer, or another wholesaler.
Wholesalers differ from brokers because they
take delivery and assume ownership of the pro-
duce.

A broker is an individual or firm that acts as
an agent for the buyer and seller. In Oklahoma,
watermelon growers frequently rely on brokers
to find buyers for their products.

Both have similar advantages and disadvan-
tages. The major advantage is the volume of
produce that these outlets handle. Growers at-
tempting to use the outlets need to be keenly
aware of how the produce must be packaged to
ensure easy bulk handling. This may require the
grower to obtain particular types of cartons and
package goods for efficient handling.

Summary
Selecting the best outlets for produce

depends not only on the characteristics of the
outlets but also on the characteristics of the
producer. The first key to successful produce
marketing is, know the buyers’ needs. For both
direct and non-direct outlets, knowing the
buyers’ quality requirements is extremely im-
portant. Packaging requirements are most im-
portant for the non-direct outlets. For many of
these outlets, the grower is advised to know the
buyers’ requirements prior to making produc-
tion decisions.

The producer also needs to understand that
use of different outlets requires different time
commitments. Many producers may not have
the time or expertise to operate their own out-
lets or to peddle produce on routes. The pro-
ducer needs to understand his or her constraints
and abilities.

The producer may not be producing suffi-
cient volumes to make long hauls efficient.
Quality of produce may restrict users from
particular outlets. Understanding production
abilities, such as qualities and volume of pro-
duction, represents the third key to successful
marketing.

Producers need to match production and
marketing abilities with outlet selections. They
may diversify by using more than one type of
outlet or more than one outlet of each type. This
may be especially true for producers with a va-
riety of crops or different qualities or sizes of
the same crop.
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Field and Packing Shed Sanitation

part of the cleaning process. Damaged or dis-
eased fruit should be culled in the field to avoid
contaminating good fruit during packing. Fruit
culling should take place as early in the packing
process as possible.

Water
Microbial contamination of fresh produce

comes from water. It acts as a carrier for many
types of foodborne pathogens including:  Es-
cherichia coli (E-Coli), Salmonella spp., Vibrio
cholerae, Shigella spp, Cryptosporidium parvum,
Giardia lamblia, Cyclospora cayetanensis,
Toxisplasma gondii, the Norwalk virus, and hepa-
titis A. Both irrigation water and water used in
the packing shed should be tested for microbial
contamination. If pathogens are found, treat the
water to remedy the problem. Irrigation meth-
ods vary considerably regarding their potential
for contaminating produce. Applying water to
fields using drip or furrow irrigation is less likely
to spread contamination onto produce than
overhead watering with sprinklers that wets
both leaves and fruit with water and soil.

Workers
Workers are another possible source of mi-

crobial contamination in the field and packing
shed. Proper worker hygiene is critical for main-
taining food safety. Adequate restroom and hand
washing facilities must be provided, and work-
ers must be regularly trained in food safety ba-
sics, such as proper hand washing before begin-
ning work and after breaks and restroom use,
in both the field and packing shed. Workers di-
rectly handling produce should wear properly
sanitized gloves. Workers with wounds that
might come into contact with the produce
should not handle product during harvest or
packing operations. Gloves are useful, but are
not a substitute for proper hand washing and
sanitizing. With the right training, workers can
become the first line of defense in ensuring the
success of any food safety program.

Sources of Contamination
and Methods of Control

Field Sources
Cucurbits may become contaminated in the

field by animal manure, irrigation water, and so
on. If field-contamination progresses uncon-
trolled, it can lead to chronic contamination of
packing facilities with illness-causing microor-
ganisms. Therefore, field-contamination control
measures are a vital part of any overall food
safety program.

Prevention of field contamination should be-
gin with proper growing site selection and main-
tenance. Potential production fields should be
investigated regarding use history (past crops,
grazing, etc.) and checked to make certain that
the soil has not been treated with improperly
composted organic matter within the last year.
Materials such as un-composted animal manure
should concern producers. Property surround-
ing the site should be checked to determine if
runoff onto production fields may contain fecal
contamination from waste-water treatment sites,
feedlots, or confinement facilities for poultry or
swine. Also, production fields should not be
close to or downstream from packing shed cull
piles or refuse disposal sites.

When choosing fertilization practices for
production fields, consider soil and crop needs
and the potential of different materials to har-
bor microbial contamination. Inorganic fertiliz-
ers generally originate from synthetic chemicals
and have little potential for contamination. Un-
composted and improperly composted manure
has a much higher potential of contamination
with pathogenic microbes.

Even with the best in-field sanitation prac-
tices, soil carried from the field on transport
equipment, workers, and containers become
sources of contamination. For this reason, when-
ever possible, clean materials, including pro-
duce, coming into the packing shed. Consider
using a sanitizing agent as described below as
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Pests
Many types of pests contaminate packing

sheds, equipment, and produce. These include
birds, insects, and rodents or other mammals.
In this context, pests may include domestic ani-
mals such as dogs and cats. It may not be fea-
sible to completely exclude these pests, but
simple steps such as traps for rodents or screens
over exposed rafters to keep birds from landing
can help. Animal waste should never accumu-
late. Dead animals, fruit waste, and other items
that attract pests should be promptly removed.
Any pest control measures utilized should be
documented and monitored to support the
grower and shipper in case of a foodborne dis-
ease outbreak.

Equipment and Facilities
Produce handling equipment and facilities

may become a source of contamination once
harmful microorganisms have been introduced
by any of the carriers mentioned above. Every
food safety program should have a regular,
documented cleaning routine. The proper use
of cleaners and sanitizers is vital to prevent the
formation of hard-to-kill buildups of microor-
ganisms called bio-films.

HACCP
HACCP is an acronym that stands for Haz-

ard Analysis Critical Control Point.  Food pro-
cessors have used this plan/process for several
decades to ensure the safety of processed food-
stuffs. HACCP-like programs can be developed
for producers and shippers in the fresh produce
industry. Recently, the Food and Drug Admin-
istration and the United States Department of
Agriculture came together to help develop
guidelines to ensure the safety of fresh produce
on the farm and in the packing shed. These
guidelines are outlined in two publications,
“Food Safety Begins on the Farm: A Grower’s
Guide” and “Guide to Minimize Microbial Food
Safety Hazards for Fresh Fruits and Vegetables.”
These publications are an excellent source of
information for producers and shippers and are
available at 607.254.5383  for the grower’s guide
and at Food Safety Initiative Staff (HFS-32) U.S.
Food and Drug Administration Center for Food

Safety and Applied Nutrition, 200 C Street SW
Washington, DC 20204
Or on the Internet at:  http://vm.cfsan.fda.gov/
~dms/prodguid.html, respectively for the ship-
pers guide.

Scheduling for Food Safety

Things to do Several Times a Day
• Test strength of any chlorinated dump or

wash water and change as needed.
• Inspect handling/packing lines and remove

any dirt and fruit debris. These may become
reservoirs of microorganisms spreading con-
tamination to other produce.

• Remove culled fruit and other trash from
packing area.

Things to do Once a Day
• Change and rechlorinate or sanitize water

in dump or wash tanks. When disposing of
chlorinated water be sure to check local regu-
lations.

• Clean and sanitize handling and packing line
equipment, floors, drains, waste receptacles,
and bathrooms.

Things to do Once a Month or
Between Operations
• Clean and sanitize cold rooms, including

ceiling, floors, walls, condenser coils, and
doors or curtains.

Other Things to Keep in Mind
• Maintaining a proper “cold-chain” is criti-

cal to controlling microbial growth. Produce
should always be cooled as quickly as prac-
tical and kept cool when possible during
storage and transportation. This helps maxi-
mize quality.

• Proper layout of the facility and equipment
can prevent contamination. Try segregating
“clean” and “dirty” areas so that equipment,
products, and people do not move through
“dirty” areas once cleaned. Also, be aware
of storage of possible chemical contaminants
such as sanitizers. These should always be
stored away from produce handling and
storage areas.
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• Promptly correct flaws in handling equip-
ment that result in mechanical injury to the
fruit. Damaged fruit can become an incuba-
tor for disease causing microorganisms.

• Prepare boxes and cartons only as needed
for packing. Pre-assembled containers can
become harbors for pests or other contami-
nants.

• Produce should always be kept off the floor.
Discard any product that falls on the floor.

• Periodically inspect fruit in storage and
promptly remove any fruit that develops
signs of injury or disease. These fruit can
spread contamination to healthy fruit
nearby.

Common Types of
Sanitizers and Their Use

Chlorine-Based Sanitizers
Chlorine-based sanitizers are commonly

used for treating wash water as well as equip-
ment cleaning. Dilute mixtures of sodium hy-
pochlorite, the chlorinating agent found in
household bleach, are frequently used. Systems
employing chlorine gas or chlorine dioxide are
also available.

The use of hypochlorite as a sanitizer offers
several advantages including low cost, easy
availability, and rapid effectiveness against a
wide range of microorganisms. Disadvantages
include corrosiveness, irritating fumes, and
rapid loss of killing power in the presence of
organic compounds such as soil and plant ma-
terial debris. The corrosiveness of hypochlorite
makes it generally unsuitable for use on iron,
galvanized-iron, and mild steel equipment.

Concentrations of up to 200 parts per mil-
lion (ppm) active chlorine (21 CFR Part 178) may
be used on food contact surfaces with adequate
draining without a potable water rinse after-
ward. Concentrations of up to 2,000 ppm hy-
pochlorite (21 CFR Part 173) may be used in pro-
duce wash water provided there is a subsequent
potable water rinse. One tablespoon of house-
hold bleach (5.25% hypochlorite) per gallon of
water gives about a 200 ppm solution. Contact

times of 1 to 5 minutes at 200 ppm are usually
sufficient to achieve a thorough kill, depending
on chlorine concentration and organic load.
Hypochlorite solutions should be checked fre-
quently for strength, because chlorine is lost due
to interaction with organic compounds as well
as evaporation.

Quaternary Ammonia Compounds
Quaternary ammonia compounds, or quats,

are also commonly used as sanitizing agents.
These have the advantage of being non-corro-
sive and non-irritating. As a result, they are of-
ten employed to clean aluminum, non-stainless
steel, or iron equipment for which a chlorine-
based solution may be too corrosive. They also
have good residual activity and are stable in the
presence of organic matter. Quats are less effec-
tive than other types of sanitizers against gram-
negative microorganisms such as E. coli. There-
fore, a stronger solution, in the range of 500 or
greater ppm with a longer contact time of 20
minutes or more may be recommended for
equipment cleaning. As with hypochlorite, a
potable water rinse is required when concentra-
tions greater than 200 ppm active quaternary
compound are used on food contact surfaces.

Iodophors
Iodophors are iodine-containing sanitizers.

They have several advantages as sanitizing
agents. Iodophors are effective against a very
wide range of microorganisms and are gener-
ally non-irritating. They have good penetrating
power and work well to prevent biofilm forma-
tion. In addition, unlike many other sanitizers,
they maintain their killing power over a wide
pH range and work well in hard water. They
are expensive compared to many other
sanitizers. While iodophors are less corrosive
than hypochlorite solutions, they may still be
unsuitable for sanitizing iron or galvanized-iron
equipment. These compounds may be slower
acting at typical concentrations than either quats
or hypochlorites. A potable water rinse is re-
quired when concentrations greater than 25 ppm
iodine are used on food contact surfaces.
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General Cleaning Tips
Pre-rinsing with water will often help in

overall cleaning. The use of an acid-detergent
cleanser may also help clean certain types of soil
such as mineral deposits. Cleaning supply ven-
dors are a good resource for specific informa-
tion on cleaning needs. Cleaning, sanitizing, and
rinsing should always be done from the top
down, to avoid recontaminating cleaned areas.
Also, cleanser should not be allowed to dry on
surfaces as this may lead to incomplete cleanser
removal and product contamination.

Recommendations for
Documentation

Documenting any food safety program es-
tablishes diligence in case of suspected problems
or foodborne illness outbreaks. The basic ele-
ments of a food safety plan should be written
down and records of compliance should be kept.

These do not need to be elaborate, but they
should include basic information on what was
done, who did it, when it was done, and the re-
sults of any tests performed, for example chlo-
rine strength in wash water. Records should be
dated and signed. Such records are typically kept
for 3 years. Periodically review these records in
order to identify and fix any consistent problem
areas that may turn up. These practices form the
basis of a HACCP plan that can be formalized if
needed or desired.

Conclusions
Above all, a useful food safety program for

packing shed facilities is based on common
sense. Keep things clean, keep things sanitary,
and look for possible problems before they be-
come food safety issues. On-going training and
awareness of food safety issues, from the work-
ers on up, can help protect producers, proces-
sors, retailers, and the public. Safer, more whole-
some food is in everyone’s interest.
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Table 3. Glossary of food safety terms1

Term What it means

Case The illness of one person associated with food

Clean or Removing soils and residues from surfaces by washing and scrubbing with soap or detergent
cleaning and rinsing with clean water

Cold chain The maintenance of proper cooling temperatures throughout the food system (farm to fork) for fruits
and vegetables to assure product safety and quality

Contaminate To transfer impurities or harmful microorganisms to food surfaces or water

Foodborne illness An illness or disease transmitted to people through food products that result from ingesting foods that
contain pathogens, their toxins, or poisonous chemicals

Good agricultural The basic environmental and operational conditions that are necessary for the production of safe,
practices (GAPs) wholesome fruits and vegetables

Hepatitis A virus A virus that causes a disease of the liver called infectious hepatitis. Hepatitis A can be found in water
that has been contaminated with raw sewage and in shellfish that have been harvested from fecally
contaminated waters. Infected workers also can transmit hepatitis A

Microorganism Bacteria, molds, viruses, and other organisms so small that they cannot be seen without the aid of a
microscope, another word for microorganism is microbe. Some microorganisms are beneficial and help
create desirable food products, some cause foods to spoil, and some harmful microorganisms can cause
sickness and even death

Nonpotable water Water that is not safe to drink. Nonpotable sources of water may include lakes, ponds, rivers, and
stream water that has been polluted by human sewage or animal wasted runoff, or contaminated with
pest-control chemical runoff from agricultural fields and urban landscapes

Outbreak A foodborne disease outbreak is defined by the Centers for Disease Control and Prevention (CDC) as
an incident in which two or more persons experience a similar illness after ingestion of a common food,
and epidemiological analysis implicates the food as the source of the illness

Pathogen Any microorganism that causes disease in humans

pH (Acidity/ pH is the measure of the acidity or alkalinity in a food product. It is expressed on a scale from 0 to
Alkalinity) 14, with 7 being neutral. Below pH 7 is considered acid (e.g., citrus fruits) while above pH 7 is defined

as alkaline (e.g., peas and corn)

Potable water Clean water that is safe to drink

Produce contact Surfaces of equipment with which fruits and vegetables come into contact.
surfaces

Rinsing Removal of residues, soil, grease, soap, and detergents from surfaces by flushing with potable water

Sanitizer A chemical compound designed to kill microorganisms. Two of the most commonly used sanitizers are
chlorine bleach and quaternary ammonium compounds (“quats”). A sanitizer solution is made by
mixing a small, measured amount of the sanitizer with potable water according to the directions given
by the manufacturer or by agencies that deal with farms and food

Sanitizing Treatment to kill microorganisms. Includes rinsing, soaking, spraying, or wiping the surface with a
sanitizing solution. Surfaces should be properly washed and rinsed before they are sanitized. An un-
clean surface cannot be effectively sanitized because soap and soil inactivate sanitizing solutions

Total titratable The amount of chlorine determined by an acidified starch iodide and thiosulfate titration
chlorine

Traceback The ability to trace a fruit or vegetable back to its field of origin. A common practice used by health
officials to investigate foodborne illness outbreaks

Washing Removing all solid soil or food residues from surfaces by scrubbing with soap or detergent

1 Glossary of food safety terms was taken from “Food Safety Begins on the Farm, A Grower’s Guide, Good Agricultural Practices for Fresh
Fruits and Vegetables” by the Cooperative State Research, Education, and Extension Service, the United States Department of Agriculture,
and United States Food and Drug Administration.
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Cucurbit Crop Management

melons to extremely hot summer weather.
Squash, pumpkin, and cucumber can be

grown throughout the state. Low humidity is
best for production due to the lower incidence
of both foliar and fruit disease in drier areas. Pro-
ducers grow squash in Oklahoma for both the
fresh and processing market. High labor require-
ments for harvesting and difficulty in control-
ling virus diseases limits squash production
within the state. Light, sandy loam soils are best
for early production. High temperatures may
cause light green fruit color and bitterness in
many cucumber varieties, so producers should
consider this when selecting which variety to
produce.

Expected Yield
Expected yields vary considerably for

different cucurbit crops, but with good
management and ideal conditions, yields given
in Table 5 may be achieved. Yield estimates
assume that producers are using irrigation and
other management practices that work together
to provide for the most profitable production of
cucurbits.

Management Intensity
When using a low-intensity management strat-
egy, commercial growers should over-seed
relatively inexpensive varieties and plan to tol-
erate moderate levels of damage to seedlings

Introduction

Cucurbit crops grown in Oklahoma include
watermelon, cantaloupe, squash, pumpkin, and
cucumber. All are warm season crops and pro-
duce well in many areas of the state. Cucurbits
are sensitive to chilling injury and frost dam-
age. Grown on nearly 19,000 acres, these crops
generate an estimated $14 million annually in
farm income to Oklahoma producers (Table 4).
Production is scattered across the area, with acre-
age concentrations located in the south-central
and southwestern regions of the state.

Watermelon is a warm, long-season crop,
with production acreage concentrated in the cen-
tral and south-central areas of Oklahoma. Wa-
termelon can be grown in most areas of the state.
A producer must produce good yields of high
quality melons to earn a profit. This can only be
attained with careful management of the crop.

Cantaloupes are the most important type of
muskmelon grown in Oklahoma. Other types
of muskmelons grown in the state include hon-
eydew, casaba, and crenshaw. These other types
are becoming more popular and could increase
in importance. Cantaloupe and other muskmel-
ons adapt better to the drier, southwestern ar-
eas of the state where foliage diseases are less
apt to occur. Although hot, dry weather is fa-
vorable for cantaloupes, they can be grown suc-
cessfully in most areas if diseases are managed.
Cantaloupes are not as well adapted as water-

Table 4. Estimated acreage and value of vine crops in Oklahoma 2000-2001*

Crop Acreage Yield
per acre Units                          Farm value millions

Cantaloupe 1,100 438 40lb crtns $2.9
Cucumber 500 436 55lbs crtns 2.4
Pumpkin 1,800 30,000 lbs 2.7
Squash 1,200 1,000 20lb crtns 6.9
Watermelon 22,000 18,000 lbs 23.8
Total farm value $39.0

*Acreage and dollar values are estimates since official production statistics were not available.
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Table 5. Potential yields of cucurbit crops

Crop State average Ideal

Watermelon 5 tons 15 tons
Cantaloupe 8 tons 10 tons
Summer squash 8 tons 10 tons
Winter squash and
     pumpkin 12 tons 15-20 tons
Cucumber 7.5 tons

and young plants prior to thinning stands. In-
dividual seeds and plants have relatively low
value due to the low cost of the seed and of pro-
duction. Low to moderate levels of pest infesta-
tion and damage can be tolerated, and pests
should be treated only when numbers increase
to the upper thresholds of tolerance.

When using high-intensity management
strategies, commercial growers typically pur-
chase expensive seed or transplants and plant
them into well-cultivated fields with abundant
nutrients and irrigation systems installed. Indi-
vidual seeds and plants have a relatively high
value due to the invested value in the seed, nu-
trients, cultivation, mulch, and irrigation. Thus
each plant has a high value for protection and
economic thresholds for pest abundance are low.

Crop Rotation
Manage pests by avoiding them altogether.

Planting the same type of crop in the same field
year after year can allow build-up in that field
of insects, nematodes, and diseases. Weeds can
become a problem because the same herbicides,
labeled for that crop, are used repeatedly. Break-
ing the cycle by planting alternative crops on a
rotating 3- or 4-year cycle can reduce pest num-
bers. Examples of non-cucurbit crops grown in
rotations are grasses, such as wheat, sorghum,
and oats, or legumes, such as peas or alfalfa.

Sanitation
Field sanitation complements crop rotation

in breaking the cycle of pest infestation. Many
insects, such as squash bug, overwinter in crop
debris. Diseased plant parts, including foliage,
roots, and fruit, can provide the source of dis-

ease, such as Alternaria leaf spot, for next year’s
crop, even if the cucurbit crop is in an adjacent
field. Destroy plant residue after harvest to re-
duce this source of pest problems. In addition,
diseased fruits should not be put back into the
field and left on the soil surface. Shredding and
disking crop debris after harvest will eliminate
many pests.

Keeping equipment clean plays a key role
in sanitation. Many diseases can be carried from
an infested field into a clean field in the soil and
crop debris carried on equipment or workers’
shoes. Equipment should be washed before
moving it to the next field and before storing it
at the end of the season. Finally, keep storage
facilities and packing areas free of culled fruit
and crop debris, and thoroughly clean these ar-
eas before the next field season.

Site and Soil Selection
Selecting the proper growing site is one of

the most important decisions to make in cucur-
bit production. Choosing the field carefully pre-
vents many crop and pest problems. This deci-
sion cannot be made in hindsight, and while
some remedial steps can lessen the impact of
planting in a poor site, advanced planning can
save money in the long run.

Most cucurbits grow best on sandy loam,
sand, or silt loam soils with a pH of 6.5 to 7.
Growth on acidic or poorly drained soils often
results in increased incidence of diseases such
as Fusarium wilt and fruit rots.

Consult management records for past prob-
lems in the desired field, such as weedy areas,
low spots, areas of significant soil compaction,
disease, or soil insects. If this field will be used,
then correct these problems in advance with till-
age, targeted herbicide applications, or soil in-
secticides before planting. In addition, test the
soil for nutrient and pH composition before
planting. Correct nutrient deficiencies and pH
problems before or at planting.

Soil Testing
Taking a soil sample accurately determines

fertility requirements. A minimum of 20 cores/
40 acres, taken to a 6-inch depth is suggested.
With smaller fields, a minimum of 10 cores per
field is necessary. These cores should be collected
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in a plastic bucket (never use a galvanized
bucket) and mixed thoroughly by hand. The soil
sample bag should be filled with the mixture.
Soil sample bags and sampling tools are avail-
able at local Cooperative Extension Service of-
fice. For further information, see OSU Fact Sheet
F-2207.

On-Farm Testing of New
Products and Methods

Farm testing provides an excellent way for
producers to have a first hand look at new prod-
ucts and methods and to fine-tune them to their
operations. Many producers would be more
than happy to have university people involved,
but there are not enough  resources to allow for
university involvement in each research project
that needs to be carried out. Therefore, produc-
ers should learn the basics of on-farm testing so
they can perform their own testing.

Most research and extension specialists
would agree that the following points will help
a producer learn the basics about on-farm test-
ing.

1. Keep it simple. People have a tendency to
want all questions answered and problems
solved with one giant test, but do not be
tempted to do this. Often the results of too
many treatments in a test will just cause con-
fusion.

2. Decide on what treatments to include.
Whether it’s 5 new varieties of watermelon
or one new wetting agent for sprays, sit and
think about the end result and pick reason-
able treatments.

3. Always include a check. Compare the old
way and the new treatment. As an example:
If testing new varieties of watermelon, in-
clude “Old Reliable” that has been used for
20 years as a check to compare with the “new
and improved” varieties. This provides
proof to see if they are actually  better or not.

4. Replicate and randomize: the two R’s of
field testing. Replicating simply put means
to repeat the treatments several times. Most
research people will repeat their treatments
at least three times, preferably four or five
times to reduce the effect of differences

within the field. Those differences could in-
clude such things as different soil types,
watering differences, dogs and kids stepping
on the plants, pivot irrigation tire tracks, etc.
Randomize by randomly picking where dif-
ferent treatments will be placed in the field.
This helps reduce the effect of differences
within the field.

5. Make a plot map and label the plots. Be-
fore setting foot in the field, be sure to make
a plot map to follow (Table 6). After orga-
nizing the plots in the field according the plot
map, label the plots with some type of
marker (i.e., plot stakes or something easy
to see). This is important, because like an old
field researcher once found out, not know-
ing which treatment is in which plot, he’ll
never know which one worked best.

6. Keep good records of results. Date and
record what happens in the field test. It will
be difficult to remember in six months what
happened. This could be particularly criti-
cal when planning the next season’s crop and
needing to utilize some of the new discov-
eries.

Table 6. Plot map example

Plot 401 Plot 402 Plot 403 Plot 404
Treatment Treatment Treatment Treatment

2 4 3 1

Plot 301 Plot 302 Plot 303 Plot 304
Treatment Treatment Treatment Treatment

1 3 2 4

Plot 201 Plot 202 Plot 203 Plot 204
Treatment Treatment Treatment Treatment

4 2 3 1

Plot 101 Plot 102 Plot 103 Plot 104
Treatment Treatment Treatment Treatment

3 1 4 2

Treatment list
Treatment 1 = Old Reliable used for 20 years

(this will be our check for comparison)
Treatment 2 = Super-AB
Treatment 3 = Not So Great-J7
Treatment 4 = Lots of Hot Air-LTY
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Soil pH
and Crop Nutrient Needs

Soil pH
Cucurbit crops perform best when the soil

pH is between 6.5 and 7.0. If the soil test indi-
cates a more acidic soil (< 6.5), lime should be
applied at the recommended rate to neutralize
soil acidity. Lime requires several months to fully
offset soil acidity and should be applied several
months prior to planting time. Applying lime
later is better than making no application at all
(when no advanced application could be made).

Cantaloupe is particularly sensitive to acid
soils. Soils that are more acid than pH 6.0 cause
the “acid yellowing” disorder, which may pro-
duce weak plants with yellowish leaves that do
not set or properly mature the fruit. The man-
agement of diseases section describes this dis-
order in more depth. Most fertilizers, particu-
larly those containing ammonium or urea nitro-
gen, will offset the benefits of lime. If heavy ap-
plications of these fertilizers are made, frequent
applications of lime may be needed to maintain
the desired soil pH. Test the soil on a regular
basis.

Phosphorus (P) and Potassium (K)
Phosphorus (P) and potassium (K) can be

applied pre-plant, either broadcast or banded,
or the application can be divided with part be-
ing broadcast while the remainder banded. Rates
for phosphorus and potassium vary from crop
to crop and recommended amounts are given
in Table 7. In soils with medium or high levels
of P and K, broadcasting all of the fertilizer is an
acceptable practice. Broadcasting can be done
prior to plowing or disking, and the fertilizer
can be incorporated into the soil during normal
field preparation.

When soils are acidic or contain low levels
of phosphorus, banding may be preferable to
broadcasting. Banding lessens the chance that
phosphorus will be “tied up” by the soil and
made unavailable to the plant. Banding in or
near the row provides abundant fertilizer to the
young plant with a limited root system. Also,
when planting a crop with wide row spacing,
banding in or near the row will make the fertil-

izer available to the crop plant in the row instead
of being available to weeds in the row middles.

Some growers band fertilizer by opening a
6-inch-deep furrow or trench with a lister (a
double-moldboard plow), applying the fertilizer
in the trench, and then filling the trench and
forming a raised seedbed above the trench with
a pair of listers or a disk bedder.

Fertilizers may also be placed in a band 3
inches beside and 3 inches below the seed. Plac-
ing the band close to the seeds can result  in the
fertilizer salts damaging seedling roots.

If phosphorus and potassium are applied in
a band, pre-plant nitrogen may be combined
with the phosphorus and potassium. The com-
bined amount of nitrogen and K2O should not
exceed 100 pounds/acre. If amounts greater than
100 pounds are banded near the plant roots, salt
injury can occur. When combined nitrogen and
K2 O exceeds 100 pounds, the amount above 100
should be broadcast and incorporated into the
soil to avoid seedling injury.

If plants are to be transplanted instead of di-
rect seeded, a starter solution high in phospho-
rus should be applied at a rate of 1/2 pint of
solution per plants. This will be beneficial if soil
phosphorus is very low or if plants are seeded
early in the year when the soil is cool. Three
pounds of soluble 15-30-15 in 50 gallons of wa-
ter can be used in making starter solution. The
starter fertilizer is in addition to the fertilizer ap-
plied to the soil.

Nitrogen (N)
Nitrogen can leach from the soil after a heavy

rain or excessive irrigation. Soil tested in the fall
may contain a nitrogen level that will not be
present the following spring. Also, nitrogen ap-
plied early in the season may be leached from
the soil before the crop can use it. Nitrogen leach-
ing is particularly true in deep, sandy soils.
Growers should closely observe their crops for
indications of nitrogen deficiency after heavy
rains have occurred. Slow growth, sparse foli-
age, and light green or yellow older leaves gen-
erally indicate nitrogen deficiency. Additional
applications of N may need to be made if the
plant is nitrogen deficient. However, too much
nitrogen can cause excessive foliage develop-
ment, poor fruit set, and can be leached into the
water table as a pollutant. Therefore, additional
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N should not be applied unless the need has
been established.

With each cucurbit crop, apply 50 pounds
of nitrogen/acre pre-plant if nitrate levels are
near zero at 0-6 inch soil depth. Otherwise, de-
duct surface nitrate level from the recommended
nitrogen. As previously mentioned, N can be ap-
plied in the band along with P and K, as long as
the combined amount of N and K2O applied in a
band does not exceed 100 pounds/acre.

Extra N will be needed with each crop in ad-
dition to the total 50 pounds/acre pre-plant.
With watermelon, sidedress with an additional
40 to 60 pounds of nitrogen/acre 3 weeks after
plants have emerged. Cantaloupe and cucum-
ber require a sidedress with an additional 50 to
60 pounds nitrogen/acre when young plants are
about to “tip-over” and run. With squash and
pumpkin, sidedress with an additional 30 to 40
pounds of nitrogen/acre 3 weeks after plants
have emerged. For extended harvest of summer
squash or cucumber, an additional 25 pounds
of nitrogen/acre may be needed to keep plants
growing vigorously.

With all crops and nutrients, the amount of
fertilizer applied may need to be adjusted to ob-
tain maximum yields under different manage-
ment systems. Plant spacing will affect the num-
ber of plants per acre, and closely spaced plants
will require more fertilizer per acre than will
widely spaced plants. Also, the expected yield
and level of management will affect the level of
fertilizers needed.

Soil Preparation
Properly tilling the soil several days prior to

planting will allow the soil time to settle and
provide for improved seedbed moisture and
firmness. In addition to plowing and disking,
sub-soiling beneath the row promotes deeper
rooting in soils having a compacted layer.

Vine crops are usually grown on the flat. Un-
der ideal conditions, there is no advantage in
bedding a well-drained sandy soil. On low,
tighter bottom ground, bedding can be benefi-
cial. If a soil is not well drained, bedding will
promote soil warming and thus increase early
growth of vine crops.

Mulches
Black plastic mulch and drip irrigation has

become increasingly popular with cucurbit pro-
ducers. There are several reasons to use black
plastic mulch and drip irrigation including in-
creased earliness, weed control, water conser-
vation, and cleaner fruit at harvest. Plastic mulch
and drip irrigation have been adopted prima-
rily by cantaloupe and honeydew producers
because of higher yields from these technologies.

Some watermelon producers have utilized
plastic mulch to warm soils in the spring to pro-
vide for crop earliness, but most mid- to late-
season watermelons are currently grown on bare
soil. This technology has also been used to a
lesser extent to produce early season crops of
fresh market squash and cucumbers. Plastic
mulches are available in different colors and each
type possesses different attributes (Table 8).

Black mulches and Green Infrared Transmit-
table (IRT)  mulches control weeds and reduce
herbicide use by cutting off light to the soil sur-
face. Without a source of light, few weeds will
sprout or grow. Some weeds, particularly yel-
low and purple nutsedge, are not controlled by
plastic mulch. They will puncture and grow
through plastic. This creates problems from weed
competition and makes plastic removal at the end
of the season very difficult. Therefore, producers
with these problem weeds should consider utiliz-
ing other fields or use an effective herbicide for
controlling them.

Reflective mulches can deter aphids from
landing in, feeding on, and transmitting viruses
to susceptible cucurbit varieties.

Table 7. The following amounts of P2O5 and
K2O are recommended based on OSU soil test
results

P2O5  per acre for Watermelon, Cantaloupe, Cucumber,
Squash, and Pumpkin
Test shows 0-19 20-39 40-69 70-99 100+
Add lbs P2O5/acre 100 75 50 25 0

K2O per acre for Watermelon, Cantaloupe, and Cucum-
ber
Test shows 0-99 100-149 150-199 200-249 250+
Add lbs K2O /acre 250 150 100 50 0

K2O per acre for  Squash and Pumpkin
Test shows 0-99 100-149 150-199 200-249 250+
Add lbs K2O /acre 200 100 50 25 0
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Table 8. Plastic mulch types and properties

Heat Weed
Mulch type absorbance control Notes

Clear High None Lowest cost

Green IRT High Good High cost

Black, low Medium Good Rips
  density easily

Black, high Medium Good Lighter &
  density stronger

White Low Poor Reduces
heat buildup

White on
  black Low Good High cost

Reflective Low Good Insect
  Silver deterrence

When producers are considering the use of
drip irrigation and plastic mulch, they need to
be aware of both the potential benefits and costs
of utilizing this technology. The obvious costs
include the mulch and drip tape, but additional
costs also include installation, additional ma-
chinery, labor, and removal and disposal costs
for the mulch and drip tape following the grow-
ing season. Producers should understand that
it takes a high level of management for drip and
plastic mulch production, and it will take time
to learn, so initial work with these technologies
should be kept on a small scale and increase as
experience is gained. For more information on
mulches contact the American Society for
Plasticulture at www.plasticulture.org.

Windbreaks
Wind stress slows plant development, in-

creasing the days to harvest. Windbreaks are an
effective method to reduce wind exposure and
to hasten plant development. Windbreaks still
standing during flowering improve fruit set by
reducing water loss at this critical time.

Windbreaks should be planted well in ad-
vance of the cucurbit crop, so that sufficient
height and width of the windbreak exists to re-
tard the wind speed. Windbreaks are needed

most when cucurbits are young and tender. A
wind break planted at the same time as the crop
will be of little or no use for slowing the wind
during the establishment period when the crop
is most vulnerable to wind damage.

Fall-planted wheat or rye is a commonly
used windbreak. Spring-planted windbreaks
usually do not have enough growing time to
reach a sufficient height.

Many different windbreak widths and spac-
ings have been used. A narrow windbreak strip
can be left standing every 25 to 50 feet for wind
protection. Crop row spacing and the number
of rows planted in one tractor-pass are used to
determine windbreak patterns. Future drive
rows for harvest are an ideal place to establish a
windbreak. Plants used in the windbreaks can
be killed mechanically or with an appropriate
herbicide before vines enter the windbreak area.

Cultivar Selection
Selecting the best cultivar (variety) of a crop

is one of the most important decisions made by
a producer.

In addition to market acceptability, a vari-
ety must yield well, be adapted to the produc-
tion area, and have the highest level of needed
pest resistance available. Another factor to con-
sider when selecting varieties is that diversity
in the number of varieties used will provide
some protection from pests and adverse condi-
tions.

Seed companies are very diligent in releas-
ing new varieties that have improved disease
resistance and fruit qualities. There are many
sources of cultivar information available from
seed companies and most of these were utilized
to develop the crop variety tables in this guide.
We hope the reader understands that this infor-
mation is generally correct but should be taken
as an estimate, not as the absolute, particularly
when considering days to harvest, fruit size, etc.
Producers would be wise to study the Oklahoma
State annual “Vegetable Trial Report,” which
contains variety trial results for several vegetable
crops and other pertinent research reports. The
trial report is available from Oklahoma State
University by contacting the department of hor-
ticulture at 405.744.5404.
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Watermelon
Watermelons can be genetically classified as

diploid open pollinated, diploid hybrid, and
triploid hybrid types. Triploids are commonly
referred to as seedless watermelon. A triploid
hybrid is a cross between a common diploid va-
riety and a tetraploid line. Triploids occasionally
contain a few seeds. Triploids can be produced
anywhere conventional watermelons are grown,
although seed and establishment costs for them
are considerably higher than seeded types.

Light-green and gray-green watermelons are
less subject to sunburn injury than dark green
and striped varieties. Resistance to races of
Fusarium wilt and Anthracnose disease are an
important varietal characteristic to consider.
Most varieties have varying levels of resistance
to one or more races of Fusarium wilt and or
Anthracnose. It is important to note that black
diamond, texas giant, florida giant, and
tendergold watermelon varieties are not disease
resistant. None of the watermelon varieties are
resistant to all races of Fusarium or Anthracnose,
therefore these diseases can occur even though
a cultivar is commonly referred to as being re-
sistant. No cultivar is known to have insect or
nematode resistance.

Brief descriptions of several varieties
grouped as diploid open pollinated, diploid
hybrid, and triploid are listed in Table 9.

Cantaloupe
The shipping market prefers a smaller,

heavily netted, broadly oval or round, and
slightly ribbed type of variety. Short-distance
shipping, local markets, and roadside stands
desire the larger, more deeply ribbed, and lightly
netted varieties. Varieties vary greatly in disease
resistance. Disease resistance should be consid-
ered, particularly resistance to powdery mildew.
Resistance to Fusarium wilt is also very impor-
tant. Otherwise, Fusarium cannot be controlled
unless fumigation is practiced. Listed in Table
10 are varieties and brief descriptions of the vari-
ous types of muskmelons that have performed
well in Oklahoma. No varieties have shown in-
sect or nematode resistance.

Squash
Both summer and winter types of squash are

grown in Oklahoma. Summer squash are mar-

keted when soft and immature. Winter squash
are marketed when the skins are hard and the
seeds mature. Hybrids with increased vigor and
high yields are recommended. Processors will
require specific varieties for their use. Table 11
lists varieties that have some level of disease
resistance. Disease resistance is very important,
particularly to the virus diseases of squash.

Pumpkin
No pumpkin variety claims resistance to ma-

jor diseases, but several do have resistance to
powdery mildew. Table 12 lists varieties that
have some level of disease resistance. Most va-
rieties will require 100—120 days to mature and
have vine type plants.

Cucumber
Cucumber varieties producing all female

flowers (gynoecious types) produce fruit earlier
and have more concentrated production than
monoecious types. Many cucumber varieties
have resistance to several important diseases,
including Anthracnose, downy mildew, and
powdery mildew. Table 13 lists disease resistance
varieties. No varieties have shown insect resis-
tance. Each cultivar listed has uniform green
fruit color required in the market place.

Winter Melon Types and Varieties
Winter melons are not as well adapted to

Oklahoma growing conditions as cantaloupes.
Except for some honeydew varieties, winter
melons are susceptible to most melon diseases,
but some varieties do have resistance to pow-
dery mildew and Fusarium wilt. Winter melon
production should only be attempted with a
careful foliar disease management program.
Without a protective spray program against dis-
ease, complete crop loss can result. Winter melon
varieties are given in Table 14.

Irrigation
Vine crops will not reach their full produc-

tion potential if subjected to moisture stress.
About 8 to 10 inches of water from rain or irri-
gation on a deep, sandy soil will produce a good
crop of watermelons, pumpkins, or winter
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 Table 9. Cultivar characteristics and disease reactions of some watermelon varieties grown in Okla-
homa (R=resistant, subscript denotes race, S=susceptible)

Crop/ Rind Days to Flesh Fusarium
Variety  Shape1 color2  Weight3 harvest4 color5  Anthracnose6  wilt7

Watermelon -diploid - open pollinated
Charleston Gray OBL GG 25-35 85 R R1 R1
Crimson Sweet R-OBL GS 20-30 85 R R1 R1
Sunsugar OBL GS 18-21 85 R R R
Jubilee OBL GS 25-45 95 R R1 R1
Jubilee II OBL GS 25-30 90 R R1 R1
Juliett OBL GS 23-28 90 R R R
Mickylee R GG 10 89 R R1 R1
Allsweet OBL GS 25-35 90 R S R1
Orangeglo OBL GS 30-50 85 O S S
Sugar Baby R DG 6-10 80 R S S
Tendergold OBL GS 22-28 80 O S S
Black Diamond R DG 30-50 95 R S S
Desert King R LG 20-30 85 Y S S

Watermelon - diploid - hybrid
Crimson Tide R GS 20 84 R R R
Fiesta R/OBL GS 22-26 88 R R R
Jubilation OBL GS 22-26 84 R R R
Mardi Gras OBL GS 20-25 87 R R R
Regency OBL GS 18-22 83 R R1 R1
Royal Jubilee OBL GS 25-30 95 R R1 R1
Royal Majesty OBL GS 30 90 R R1 R1
Royal Sweet OBL GS 20-25 87 R R1 R1
Sangria OBL GS 22-26 87 R R1 R1
StarBrite OBL GS 22-28 85 R R1 R1
StarGazer OBL GS 24-28 85 R R1 R1
Stars n’ Stripes OBL GS 22-31 85 R R1 R1
Yellow Rose OBL GS 20-26 88 Y R R
Royal Flush OBL GS 30 92 R S R1
Summer Flavor  800 OBL GS 22-26 87 R S S

Watermelon - triploid – hybrid (seedless)
Millionaire R GS 18-22 85 P R R
Crimson Trio R GS 14-16 85 R S S
Tri-X-313 R GS 15-18 85 R S S
Tri-X Shadow R DGS 15-18 89 R S S
Scarlet Trio R GS 15-18 87 R S S
Sugar Shack R GS 18 85 R S S
Sugar Time R GS 16 80 R S S

1 Shape=R for round, OBL for oblong.
2 Rind color=DG for dark green, GS for green stripe, GG for gray green, LG for light green, DGS for dark green stripe.
3 Weight=Average fruit weight in lbs.
4 Days to harvest=Average days from planting to harvest.
5 Flesh color=R for red, Y for yellow, O for orange, P for pink.
6 Anthracnose=Resistant to one or more races unless specified, specific race resistance is given as a subscript number. Watermelon varieties
resistant to one or more races are all susceptible to race 2, the predominent race in Oklahoma.
7 Fusarium wilt=Resistant to one or more races unless specified, specific race resistance is given as a subscript number. Race 1 is the predominent
watermelon race while race 2 is the predominent cantaloupe race. No watermelon variety is resistant to race 2 which is has been found in
Oklahoma but is rare.
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Table 10. Cultivar characteristics and disease reactions of some cantaloupe varieties grown in Okla-
homa (R=resistant, subscript denotes race, S=susceptible)

Crop/  Days to Powdery Fusarium
Variety Shape1 Sutures2 Weight3 harvest4 mildew5 wilt6

Cantaloupe (Muskmelon) - open pollinated
TAM Uvalde O N 3 85 R R
Top Mark F.R. O N 3.5 90 S R0,2
PMR 45 O L 3 88 R1 S
Planters Jumbo O L 5 88 S S
Topmark O N 3.5 87 S S

Cantaloupe (Muskmelon) - hybrid
Athena O L 4 80 R1,2 R0,1,2
Caravelle R N 3.5 77 R1,2 S
Cordele R D 6-8 85 R1,2 R2
Hy-mark R to O N 3 83 R1 S
ImPac O N 4 75 R1,2 R2
Magnum 45 O L 2-3 80 R1 S
Mission R to O N 4 80 R1 S
PacStart O N 5 81 R1,2 R2
Primo R N 5-9 79 R1,2 S
Saticoy O L 4 90 R1 S
ValleyPac O N 3-4 85 R1,2 R2
Ambrosia R N 4-5 86 S S
Burpee Hybrid O M 4.5 82 S S
Classic O L 4.5 86 S S
Gold Star O D 3-5 87 S S
Super 45 O N 3 80 NA NA

1Shape=R for round, O for oval.
2Sutures=L for light, D for deep, M for medium, N for none.
3Weight=Average fruit weight in lbs.
4Days to harvest=Average days from planting to harvest.
5Powdery mildew=Resistance to one or more races of powdery mildew unless specified, specific race resistance is given as a subscript
number. Currently, race 1 is predominant.
6Fusarium wilt=Resistance to one or more races unless specified, specific race resistance is given as a subscript number. Race 2 is the predomi-
nant cantaloupe race.
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Table 11. Cultivar characteristics and disease reactions of some squash varieties grown in Oklahoma
(R=resistant, S=susceptible)

Crop/ Fruit size Days to Powdery                      Mosaic Viruses4

Variety at maturity 1 harvest2 mildew3 CMV PRSV WMV ZYMV

Squash-yellow crookneck
Destiny III* 5-7 41 S R S R R
Prelude II* 4-6 40 R S S R R
Sunglo VP 6-7 40 R S S S S

Squash-yellow straightneck
Cougar 5-7 43 S S R S R
General Patton 5-7 42 R S S S S
Liberator III* 5-7 41 S R S R R
Patriot II* 5-6 40 R S S R R
Sunray 5-7 45 R S S S S

Squash-zucchini
Bobcat 8.5 42 S S R R R
Declaration II* 7-8 40 S S S R R
Dividend 7.5-8.5 48 S R S R R
Golden Delight
(yellow) 7-8 47 S S S R R
Hurakan (gray) NA NA R S S S R
Independence II* 6-7 40 S S S R R
Jaguar 7 52 S S S R R
Lynx (HMX 8714) NA NA S S R R R
Revenue 7-8 46 S R S R R
Tigress 7-8 42 S S S R R

Squash-winter butternut
Bugle 10 80 R S S S S

Squash-winter acorn
Taybelle PM 6 x 5 70 R S S S S

* = Transgenic resistance using biotechnology.
1 Fruit size at maturity=Length of squash at ideal harvest time, except for winter acorn squash which is given as length and height.
2 Days to harvest=Average days from planting to harvest.
3 Powdery mildew=Resistance or susceptibility to powdery mildew.
4 Mosaic Viruses=Resistance or susceptibility to different viruses, where CMV is cucumber mosaic virus, PRSV is papaya ringspot virus,
WMV is watermelon mosaic virus, ZYMV is zucchini yellows mosaic virus.



Oklahoma Cooperative Extension Service 25

squash. Growers with limited irrigation
capabilities can often increase yields substan-
tially with 1 or 2 irrigations.

Moisture stress is most harmful before seed-
ling emergence, at early bloom, and the last 10
days before harvest. Inadequate moisture at
planting will result in poor and uneven emer-
gence. Moisture shortage at bloom reduces fruit
set and increases the number of misshapen fruit.
Moisture stress close to harvest can bring on
rapid vine decline and reduce fruit size.

When producers  irrigate, they should ap-
ply 1 to 2 inches of water.  Irrigation of water-
melons should be limited as they approach rip-
ening. Excessive moisture at this time can pro-
mote white-heart, hollow-heart, lower sugar
content, and cause fruit bursting.

Because root systems are not as deep as wa-
termelon, cantaloupes, cucumbers, and summer
squash will need moderate amounts of water
more frequently. Apply adequate moisture while
plants are growing rapidly and fruits are sizing.
Moisture stress during fruit set of summer
squash and cucumbers can seriously reduce
marketable fruit yield. Heavy irrigation or rain-
fall just before or during cantaloupe harvest will
cause reduced sugar content, stem-end crack-
ing, and fruit rot.

Irrigating vine crops in the late afternoon or
at night can increase the risk of foliage disease.
This risk primarily happens in the spring, fall,
and during periods of cool or cloudy weather.
During hot, dry spells in the summer, nighttime
irrigation often does not pose a high disease
threat.

Avoid sprinkler irrigation during flowering
when bees are most active, usually between 7
and 11 A.M. Overhead irrigation during this
time may reduce bee activity and result in
reduced fruit set, misshapen fruit, and/or small
fruit.

Table 12. Cultivar characteristics and disease
reaction of some pumpkin varieties grown in
Oklahoma

Crop/ Fruit Days
Variety size at to Powdery

maturity 1 harvest2 mildew3

Pumpkin
HMX 6689 30-50 105-110 R
Gold Bullion 18 110 R
Merlin 15-25 115 R
Magic Lantern 16-24 115 R
Mystic Plus 7-8 105 R
Touch of Autumn 2-3 95 R

1Fruit size at maturity=Average fruit size in lbs.
2Days to harvest=Average days from planting to harvest.
3Powdery mildew=Resistance or susceptibility to powdery mil-
dew.

Table 13. Cultivar characteristics and disease reactions of some cucumber varieties grown in Okla-
homa (R=resistant, S=susceptible)

Fruit size Days to Downy Powdery
Crop/Variety  at maturity 1 harvest2 Anthracnose3 mildew4  mildew5 CMV6

Cucumber Gynoecious types
Dasher II 8 x 2.5 58 R R R R
General Lee 8 X 2.5 58 S R R R
Slice Master Select 8.5 X 2 61 S R R R
Turbo 9.25 X 2.25 67 R R R R
Ultra Pack 8.5 X 2 58 R R R R

Cucumber Monoecious types (open pollinated)
Marketmore 86 8-9 68 S R R R

1Fruit size at maturity=Length x diameter in inches of mature fruit.
2Days to harvest=Average days from planting to harvest.
3Anthracnose=Resistance or susceptibility to anthracnose.
4Downy mildew=Resistance or susceptibility to downy mildew.
5Powdery mildew=Resistance or susceptibility to powdery mildew.
6CMV=Resistance or susceptibility to cucumber mosaic virus.
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Table 14. Cultivar characteristics and disease reactions of some winter melon varieties grown in
Oklahoma (R=resistant, subscript denotes race, S=susceptible)

Days to Powdery Fusarium
Crop/Variety Shape1 Sutures2 Weight3 harvest4  mildew5 wilt6

Honeydew
TAM-Dew Improved R N 3-4 100 R S
Earlybrew R to O N 6 93 R 1,2 R 0,2
Morning Ice R to O N 4-5 90 R 1 R 0,2

Casaba
Golden Beauty T M 7-7.5 110 S S

Crenshaw
Honey Shaw T N 8-9 85 S R 0,2
Crenshaw A L 10-12 110 S S
Early Hybrid O N 12-14 90 S S

1Shape=R for round, O for oval, T for teardrop, A for acorn.
2Sutures=L for light, D for deep, M for medium, N for none.
3Weight=Average fruit weight in lbs.
4Days to harvest=Average days from planting to harvest.
5Powdery mildew=Resistance to one or more races of powdery mildew unless specified, specific race resistance is given as a subscript
number. Currently, race 1 is predominant.
6Fusarium wilt=Resistance to one or more races unless specified, specific race resistance is given as a subscript number. Race 2 is the predomi-
nant cantaloupe race.

Most cucurbits in Oklahoma are grown with
overhead irrigation, but drip irrigation is used
on some fields. Furrow irrigation is rarely used
on cucurbit crops in the state.

Overhead irrigation is widely used in Okla-
homa, especially in areas with less uniform ter-
rain. It is also used to reduce irrigation labor.
Systems can be designed for high- or low-pres-
sure water application based on the type of
nozzle used. Center-pivot, wheel-move, and
hand-move systems use sprinklers to deliver
water to the crop. Center pivots have the lowest
labor requirement, but have the highest capital
cost. OSU Fact Sheet F-1207, “Managing Cen-
ter-Pivot Irrigation Systems,” provides a more
detailed look at center-pivots. Hand-moveable
aluminum pipe requires the highest labor input,
while having the lowest capital cost for a sprin-
kler system.

Drip irrigation improves water use effi-
ciency and uniformity of water applications.
Drip irrigation is being used on more melon
acres in the United States, although its use is still
minimal in Oklahoma. The most common drip

irrigation system for cucurbit use is drip-tape.
Drip-tape is a long, thin, plastic tape with minute
holes usually spaced at distances of 12, 18, or 24
inches.

Water is pumped through the inside of the
drip-tape, seeping out in small droplets. Water
pressures for drip-tapes are usually in the range
of 8 to 12 pounds per square inch. To prevent
plugging, drip systems require excellent water
filtration, occasional additions of chlorine to con-
trol algae, and/or acid to prevent mineral accu-
mulation.

Drip systems have a high initial cost. How-
ever, increased crop yield, improved fruit qual-
ity, and superior water application efficiency are
making drip irrigation systems more attractive
to cucurbit growers.

Planting
Seeding

Use only fresh, high quality, vigorous seed
that has been treated with an approved seed-
treatment fungicide.
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Watermelon
Watermelon planting begins in late March

in southern Oklahoma and mid-April in north-
ern areas. Seed will not germinate at soil tem-
peratures below 60°F, and the most rapid ger-
mination occurs at 80-95°F. Seedless watermelon
varieties have comparatively weak seeds; be-
cause of this and high seed cost, they are nor-
mally transplanted. Planting should be delayed
until soil temperature at seed depth reaches
above 70°F. Soil temperatures can be estimated
using a soil thermometer or are available at 111
sites statewide through the Oklahoma Mesonet
system. County Extension offices have instant
and free access to Mesonet.

Research suggests that over-watering creates
germination problems with triploid watermel-
ons. The planting medium should be moist but
not overly wet. If water can be squeezed from
the planting medium, it is too wet.

Plant seed of open-pollinated varieties at 1
to 2 pounds per acre at a depth of 1/2 to 11/2
inches, with deeper planting in sandy or dry
soils. The cost of watermelon seeds varies
greatly, depending upon the type of plant being
grown. Open-pollinated seeds average about 0.2
cents per seed, hybrid diploids average about
3.5 cents per seed, and triploids average about
18 cents per seed. Therefore, reduced seeding
rates of hybrid varieties are used to reduce costs.
Planters and planter plates can be modified to
plant single seeds at desired in-row plant spac-
ing. With this technique, 1 pound of seed can
plant several acres with a good chance of achiev-
ing an acceptable stand. Extreme weather con-
ditions, including frosts and heavy rains dur-
ing the spring, may necessitate replanting.

The type and size of available equipment,
the availability of irrigation water, and the avail-
ability of land determines plant spacing. Typi-
cal in-row plant spacing ranges from 1 plant
every 4 to 6 feet in the row on irrigated land, to
1 plant every 6 to 10 feet on dry land. Typical
row spacing varies from 6 to 18 feet apart. High
yields in tons per acre are being reported with
spacing as close as 9 to 18 square feet per plant.
Cultural practices involving soil fertility, plant dis-
eases, and insect control may need to be adjusted
according to the plant spacing. Growers should
adjust their plant spacing to obtain the best size,
quality, and quantity of melons for their market.

Oklahoma growers market an average of 1
melon per plant. Very few growers market more
than 2 melons per plant. Thus, higher numbers
of plants per acre will usually result in more
marketable fruits per acre.

Some growers seed in twin rows 36 inches
apart. This allows young plants to vine together
and provides some additional protection from
wind damage.

Cantaloupe
Plant cantaloupe seed 1/2  to 11/2 inches deep.

Use deeper planting on sandy and drier soils.
Planting begins in late March in southern Okla-
homa and mid-April in northern areas. Seed will
not germinate at soil temperatures below 60°F,
and the most rapid germination occurs at 90°F.

Plant cantaloupe seed at the rate of 11/2 to 2
pounds per acre in single rows 6 to 8 feet apart,
or in twin rows 3 feet apart on 9 to 15 foot cen-
ters. After plants are well established, thin to 12
to 15 inches between plants in the seeded row.
If irrigation is not going to be used to supple-
ment rainfall, thin to 24 to 30 inches in the row.

Squash and Pumpkin
Bush-type squash and pumpkin are usually

seeded in single rows at the rate of 2 to 3 pounds
per acre. Vine-type squash and pumpkin require
1 to 2 pounds of seed per acre. Row spacings
vary from 3 to 6 feet for bush-type varieties and
6 to 15 feet for vine-type squash and pumpkin
varieties. In-row plant spacing will vary from 1
to 3 feet for bush types and 3 to 5 feet for vine
types. Plant seeds at a depth of 1/2 to 1 inch. Thin
seedlings to desired in-row spacing when plants
have 3 or 4 leaves.

Squash and pumpkin seed will not germi-
nate at soil temperatures below 60°F, and the
most rapid germination occurs at 90°F, so delay
planting until after the date of the last spring
frost. Larger pumpkins grown for Halloween
should be planted in mid-to-late June for
harvesting and marketing in October.

Cucumber
Cucumbers are usually seeded in single rows

at 1 to 2 pounds per acre at a depth of 1/2 to 1
inch. Row spacing varies from 3 to 6 feet. Final
plant spacing should be 9 to 12 inches in the row
on irrigated land and 15 to 18 inches on dry land.
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Plants should be thinned before the 4-leaf stage
if the stand is too thick. Cucumber seed will not
germinate at soil temperatures below 60°F, and
the most rapid germination occurs at 95°F, so
delay planting until after the date of the last
spring frost. Seedlings are very sensitive to chill-
ing injury. They will be stunted, and leaves will
become brittle and turn white under cold grow-
ing conditions.

Transplanting
All vine crops can be transplanted in bare

soil or through plastic mulch. Cucumbers,
pumpkins, and squash are rarely transplanted,
while transplanting of cantaloupe and water-
melon has increased substantially in the past few
years. Though transplanting is becoming more
common, watermelons are not well suited to this
practice. The fact remains that watermelon roots
systems are easily damaged and do not recover
quickly when broken or bruised. Take care to
ensure that the roots are not damaged during
the transplanting operation. Containers should
be selected so transplants can be planted with
minimal root disturbance. Transplanted water-
melon plants have a shallower and more re-
stricted root system than direct seeded water-
melon plants. The use of transplants increases
the cost per plant and labor costs per acre. The
grower must have an increased yield or price or
a reduced per-acre seed cost to offset these in-
creased costs,.

Consult OSU Fact Sheet F-6020, “Growing
Vegetable Transplants,” to find out how to grow
transplants. In many cases, it is cheaper to pur-
chase plants than to grow them. If purchased,
transplants should be obtained from a reliable
greenhouse grower. Plants should be inspected
upon delivery for disease and insects. Yellowed
or flowering plants should be rejected. Seedlings
must not have more than 4 leaves at planting.

Vine crops have been grown in containers from
1 to 3 inches in width. Large 3-inch containerized
plants need to be hand-planted. Many growers
have gone to 1.5-inch containers to allow as much
root area as possible, while creating a transplant
that can still be mechanically planted.

Transplants may need to be hardened-off be-
fore transplanting under certain conditions. If
necessary, limit the amount of water or lower
the temperature, but fertilizer should not be

withheld. If weather conditions are good at the
time of transplanting, do not harden the plants.
Overly hardened or stressed plants may never
fully recover and will rarely meet the growth
rate of the plants that were never stressed or
hardened. Hardening may be required if envi-
ronmental conditions at the time of planting are
overly cold, hot, windy, or dry. If plants are pur-
chased, transplanting should be done as soon
as possible following arrival of the plants.

The use of a starter solution at transplant-
ing will speed plant establishment. Starter fer-
tilizers are water-soluble and contain a high rate
of phosphorus, which stimulates root develop-
ment. Plants should be irrigated immediately
after planting to remove air pockets around the
roots. Newly transplanted fields need to be
monitored closely for adequate soil moisture in
the seedling root-balls.

Fruit Pruning
When producers prune fruit, they should be-

gin as soon as defective melons are noted. Re-
move misshapen and blossom-end-rot fruit to
promote additional fruit set and better size of
remaining melons. If a market demands larger
melons, remove all but 1 or 2 well-shaped mel-
ons from each plant. To avoid disease spread,
do not prune melons when vines are wet. Care
should be taken to avoid bending the vines, as
bent vines will break easily.

Proper harvesting of cucumbers, summer
squash, and cantaloupe usually eliminates any
need for fruit pruning. Defective fruit are cut
from the plant along with good fruit and then
left in the field or culled before packing. Be sure
to disk under the culled fruit to limit disease
problems during the next growing season. Win-
ter squash and pumpkins rarely have cull fruit
removed, because removal of defective fruit is
not cost effective.

Management of Weeds
Management of weed pests begins prior to

planting, cultivation, or the application of her-
bicides. It begins in the planning stage with
proper site selection including weed surveys of
potential sites and a review of production goals
and technologies available for the control of
weeds in a given crop.
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Weeds interfere with cucurbit production by
competing for light, nutrients, and water, thus
reducing the yield and quality of the crop. Weeds
can further complicate production by providing
habitat for insect and disease pests, and may also
provide cover for vertebrate pests that damage
maturing fruit. In situations where weeds are
not controlled, serious yield losses may occur
because of reduced water availability to the crop
and from difficulty in harvesting the crop.

Control practices are site specific and depen-
dent upon what weeds are present. Table 15 lists
weeds common to Oklahoma production fields.
Consult the County Extension office for assis-
tance in weed identification. Weed control prac-
tices include cultural, mechanical, and chemi-
cal control measures.

Cultural controls for weeds include proper
field selection, crop selection, crop rotational
schedules, mulching, mechanical control, and
drip irrigation. Avoid fields known to have
weed problems or those infested with difficult-
to-control weeds. Crop selection is important
because cucurbits vary in the speed of develop-
ment with fast growing cucurbits, such as wa-
termelon, shading the soil earlier to reduce weed
growth. Crop rotation can be used to rotate to
other crops whose culture can reduce weed spe-
cies not easily controlled in cucurbits. Black and
IRT plastic mulches can reduce the need for other
weed control measures by shading the soil sur-
face and preventing weed seed germination.
This works except for controlling nutsedge, since
nutsedge can easily penetrate plastic mulches.
When using plastic mulch, weed control may
be needed at plant holes and between plastic
strips. Drip irrigation may reduce weed infesta-
tion by limiting soil moisture to the area of the
crop row. However, this benefit may be elimi-
nated by untimely rainfall.

Mechanical controls include cultivation, hoe-
ing, and hand pulling. Close cultivation and
hand hoeing are usually performed before plants
vine or begin setting fruit. Cultivation should
never be so deep or close to the plant that roots
or vines are pruned. Root pruning slows plant
and fruit development, reduces yield, and may
lead to blossom end rot in watermelon. Roots
normally extend past the area covered by vines
and are often very shallow. Cultivation of row
middles with aggressive implements, such as

disk harrows, must be done with care to mini-
mize root injury. Root depth can be determined
by sifting through soil at different distances from
the plants prior to cultivation. Hoeing removes
weeds that survive cultivation, and may be es-
pecially important for difficult-to-control weeds.
Hand pulling, in some instances, may be a prac-
tical means of removing large weeds and nut-
sedge, but is a costly practice.

Chemical control plays a valuable role in
overall weed control strategy. There are few her-
bicides approved for use with cucurbits. Those
approved for weed control in cucurbits are given
in Publication E-832 “Oklahoma  Extension
Agents’ Handbook of Insect, Plant Disease, and
Weed Control.” The Oklahoma Cooperative
Extension Service Current Report CR-6008 also
provides information on vegetable herbicides.
A listing of materials that were labeled for use
at press time can be seen in Appendix 2. Gener-
ally, no single herbicide will be effective on the
entire spectrum of weeds found in a crop. For
some weeds commonly found in Oklahoma,
none of the herbicides approved for cucurbits
are effective.

Therefore, weed control in cucurbits usually
requires a combination of cultural, mechanical,
and chemical practices.

Planting method often dictates which chemi-
cal control methods may be used. Be certain to
read and follow herbicide label instructions
closely as time and methods of application can
have serious effects upon the effectiveness and
crop safety aspects of these materials.

Management of Insects
and Mites in Cucurbit

Production

Introduction
Insects serve a critical role in cucurbit crop

production by pollinating flowers so the fruit
develops correctly to a marketable size and
shape. However, there are species of insects that
can cause reductions in fruit production when
abundant. These pest insects and mites must be
controlled. In addition, there are beneficial in-
sects and mites that feed on pest insects and
mites and limit pest populations.
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Table 15. Weeds commonly found in Oklahoma cucurbits and suggested management (refer to pages
46-47 for weed photos)

                     Weed                 Management Suggestions
Type Examples Control measures Comments

Small-seeded Palmer Amaranth, Pre-emergence Check herbicide labels
annual broadleaf Tumble Pigweed, herbicides, carefully for weeds controlled.
and sedge Tall waterhemp, Cultivation

Lambsquarter,
Carpetweed,
Eclipta*, Sedges,
Buffalobur*,
Groundcherry*

Large-seeded Tropic croton*, Stale seedbed Selective herbicides
annual broadleaf Common sunflower*, techniques, are not usually very

Devil’s claw*, Cultivation, effective.
Morningglory*, Mulch
Toothed spurge*

Perennial broadleaf Horsenettle*, Cultivation, Plastic mulch, Heavy infestations are
Bindweed* Hand hoeing, Use difficult to control in a crop.

non-selective systemic Horsenettle may puncture
herbicides during drip irrigation tape.
fallow years

Annual grass Large crabgrass, Pre-emergence herbicides, Cultivation is most
Goosegrass, Cultivation, effective while grasses
Broadleaf Post-emergence are small.
signalgrass grass herbicides

Perennial grass Johnsongrass, Use non-selective systemic Control of heavy
Bermudagrass herbicides during fallow infestations during

periods. Use post- cropping may require
emergence grass repeated applications.
herbicides during
cropping. Cultivation

Sedges Yellow nutsedge*, Use non-selective Avoid heavily infested
Purple nutsedge* systemic herbicides areas. Nutsedge can

during fallow periods. puncture plastic mulch.
Use deep cultivation
while crops plants
small. Plastic mulch
gives partial control.

*Weeds not readily controlled in cucurbit crops with herbicides.

Pollination
Cucurbit crops are primarily pollinated by

insects and various species of bees. The polli-
nating insects can and should be managed to
provide effective and efficient pollination.

Effective pollination results in increased
yield, earliness, and quality of crops with the

exception of some cucumber varieties. Male
flowers, separate from female flowers, produce
pollen and insects (especially bees) are essential
to production by spreading the pollen. Wind
does not effectively move cucurbit pollen. There-
fore, pollinating insects are essential for carry-
ing the pollen between flowers.
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Factors Affecting Pollination
The following factors affect management of

domesticated honey bees that are moved into
production fields in hives. These factors affect
other bees as well.

Weather:  Cloud cover, temperatures below
60°F, and wind speeds above 15 mph reduce
honey bee activity. When these weather condi-
tions occur and persist during flowering and
fruit set periods, additional bee hives may be
required for adequate pollination.

Competing bloom:  Honey bee hives should
be located around or in fields as soon as the first
fruit-producing flowers appear (see section on
monitoring plant growth and scouting for in-
sects). A delay in introduction of bees may re-
sult in a delay in peak fruit production and re-
duce the crown set of fruit. Flowers on melon
crops tend to be less attractive to bees than cot-
ton and alfalfa flowers. When cotton or alfalfa
grows adjacent to melons, a large percentage of
bees will work cotton and alfalfa flowers at the
expense of the melons. Crops that attract bees
away from the target crop during the blooming
period should not be planted nearby (a half-mile
buffer is desirable). Similarly, many weed spe-
cies are very attractive to bees and can draw bees
away from the target crop. If weeds in bloom
are present in or around the field, they should
be destroyed before the crop begins to bloom.

Flowers:  Cucurbit crop flowers are open for
one day. Bees are most active in mid-morning
during the summer months. They generally col-
lect pollen during the morning and may con-

tinue activity in the afternoon but focus on col-
lecting nectar. Male flowers appear before female
flowers, produce pollen, and then fall from the
plants. Female flowers that are not pollinated
fall off the plant and do not produce fruit. Plants
should be monitored after flowering to deter-
mine number and location of fruit set on plants.

Placement of hives: beehives should be placed
in clusters around the perimeter of the field. Hives
close to the field will have bees that more readily
work flowers on the plants closest to the hives.
Placing hives in clusters results in competition
among the bees from hives and acts to push the
bees further into and throughout the field.

Pesticides and irrigation: Pesticides (espe-
cially insecticides) can kill wild and domesti-
cated bees. Therefore, pesticide applications to
control insects, diseases, and weeds should be
completed prior to the critical time of the crop
flowering and fruit set. If a pesticide application
must be made during the flowering stage, ap-
ply the pesticide late in the evening so that flow-
ers are not open and bees are less likely to be
active in the field. Overhead irrigation may de-
crease pollination because the flowers fill up
with water and are less attractive to bees. Over-
head irrigation should be avoided during peak
pollination periods.

The Importance of Wild Bee Pollinators
By far, domesticated honey bees (Apis

mellifera) are the most effective insects for polli-
nating crops. However, for crops grown in Okla-
homa, wild bees can be extremely important as

Insect Pest Occurrence

Cucurbit Integrated Crop Management
Crop Time Line

Pre-plant Planting Seedling Vining Flowering Fruit Set Fruit
Development

Harvest Post
Harvest

soil insect
pests —

wireworms
and grubs

thrips,
cucumber
beetles,
squash

bugs, and
cutworms

cucumber
beetles,
squash
bugs,
aphids

DO NOT
APPLY

INSECTI-
CIDES

cucumber beetles (larvae), squash
bugs, aphids, mites, melonworms

and pickleworms, squash vine borers



Cucurbit Integrated Crop Management32

pollinators. Wild colonies of honey bees appear
to be important, but populations have declined
in recent years due to introduced parasitic mites
that have destroyed honey bee populations.
Other bee species are present in the state and
may contribute significantly to crop pollination.
The more common types of wild bees include
bumble bees, alkali bees, leafcutter bees, and
carpenter bees. Many wild bees are ground nest-
ing and some are solitary, not living in colonies
as do honey bees. The major limitation of using
wild bees in pollination of crops is the inability
to manipulate them to focus on the target crop.
In addition, the abundance of wild bees varies
greatly by location and from year to year and
thus they are less dependable. Honey bee colo-
nies can be used to supplement wild bee activity.

Monitoring Pollination
During flowering, pollinating bee popula-

tions should be monitored by observing 100 in-
dividual flowers between 8 A.M. and 10 A.M.
Note whether a bee is present in the flower. Be-
cause crops differ in the way pollination occurs
and thus their pollination requirements, a sepa-
rate discussion of the major cucurbit crops follows.

Watermelon—0.25 to 2 hives per acre: Be-
cause of their flower structure, watermelons are
dependent on bees for pollination. Nearly all va-
rieties of watermelon have separate male (stami-
nate) and female (pistillate) flowers. Watermelon
pollen tends to be sticky, requiring bees to move
the pollen from one flower to another. The source
of the pollen, be it from a male flower on the
same or a different plant, is not important for
effective pollination to occur.

Watermelons have a very distinct flowering
pattern. Male flowers appear first, followed by
female flowers 7 to 10 days later. Female flow-
ers are open for only one day and must be polli-
nated on that day, or they will abort and drop
off. The ratio of male-to-female flowers ranges
from 4-to-1 up to 20-to-1, depending on the va-
riety and growing conditions. Flowers open
shortly after sunrise and may remain open into
the afternoon. Flowers do not reopen after clos-
ing, whether or not pollination has occurred.

Each seed forms from the union of the con-
tents of a single pollen grain and a single ovule.
Successful fruit production requires the trans-
fer of about 500 to 1,000 of the large, sticky pol-

len grains from a male flower to the stigma of a
female flower. Although seedless watermelon
does not require pollination for production of
seed, it has been shown that the proper devel-
opment of marketable fruit depends upon pol-
len stimulation of the female flower stigma. If
the female flower receives an inadequate
amount of pollen, the resulting melon will be
lopsided or smaller on one end. For elongate
varieties, a poorly pollinated melon will be
smaller on the stem end of the fruit and will not
contain seeds inside on the stem end. Such wa-
termelons are usually considered culls. In addi-
tion, watermelons that are poorly pollinated are
usually undersized and presence of these cull
melons may inhibit the setting of additional fruit
for several weeks.

Adequate numbers of honey bees must be
available at the right time to provide sufficient
pollination. A premium price is paid for early
production, so it is best to get bees to the field
within a week after the appearance of male flow-
ers. Bees should remain in the field for approxi-
mately 1 month to ensure fruit set. In most cases,
leaving bees in the field for more than a month
does not substantially improve the yield but only
increases the risk of pesticide contamination of
the beehives.

Research indicates that about 8 bee visits per
flower are necessary to obtain proper fruit set
and development. In order to get this level of
activity, 1 honey bee colony per acre should be
adequate. However, this  depends on the abun-
dance of wild bees. For dry land watermelon
production, which utilizes a relatively low plant
population, 1 strong hive for every 2 to 4 acres
ensures good fruit set. Irrigated watermelons
may require a slightly higher bee population and
growers should place 1-2 hives per acre. Field
surveys, in which the numbers of bees and flow-
ers are counted along a diagonal in the field
during mid-morning, are probably the best
means to determine if an adequate number of
bees are present. In general, a minimum of 1 bee
per 100 flowers is needed to get good fruit set.

Muskmelons—1 to 2 hives per acre: Canta-
loupe and honeydew melons are depend on bee
pollination for good production. Nearly all in-
formation available on muskmelons comes from
studies on cantaloupe. Flower structure of can-
taloupes differs somewhat from watermelons,
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in that the “female” flowers are actually her-
maphroditic (contain both male and female
parts). In practice, these flowers are incapable
of self-pollination, and thus pollen must be
transferred from the male flowers to the “fe-
male” flowers. If no pollen is transferred to these
hermaphroditic flowers, flowers shed without
setting fruit. In cantaloupe, melon size is strongly
related to the number of seeds present in the
fruit; the more seeds, the larger the fruit. At least
1 pollen grain is required for each seed that is
produced; therefore as bee activity is increased,
seed production and fruit size is improved. In
general, cantaloupe with fewer than 400 seeds
per fruit fail to size properly and are considered
culls. Increased bee activity also improves the
likelihood of early fruit set (known as crown set).
Crown set fruit are normally larger and higher
in sugars, commanding greater market prices.

The honey bee stocking rate for muskmelons
is higher than that of watermelon. In general, 1
hive per acre is needed to get good fruit set and
obtain large size melons. During a midmorning
survey, 1 bee per 10 “female” flowers is the mini-
mum level of activity to maximize production.
Previous research has demonstrated the economic
benefit of using up to 2 hives per acre.

Cucumbers—1 hive per acre:  The pollina-
tion requirements for cucumber do not differ
substantially from those of muskmelon. If cu-
cumber fruit are inadequately pollinated, de-
formed fruit usually result and may appear as
“crooks” or “nubbins.”  In addition, if cucum-
bers are to be machine harvested (for pickle pro-
cessing), good pollination maximizes uniform
production. Research indicates a honey bee
stocking rate of 1 good hive per acre, but this
may vary depending on variety and end use of
the cucumbers (pickles or fresh-market).

Squash and Pumpkin—1 to 3 hives per acre:
Squash and pumpkin have similar pollination
needs because of the similar flower structure.
Male and female flowers are separate; therefore
movement of pollen to female flowers by insects
is essential for a fruit to be produced. Like can-
taloupe, fruit size and seed set of squash and
pumpkin are strongly related to bee activity.
Flowers are open for one day and with squash,
are usually open only in the morning. Because
squash and pumpkin flowers are large, honey
bees are not as efficient in pollinating them as

larger, wild bees. In particular, bumble bees
serve as excellent pollinators where their popu-
lations are sufficient. However, honey bees serve
as the only means to increase bee activity levels
where wild bee activity is inadequate. A mini-
mum of 1 hive per acre is normally necessary
although yield increases have been noted with
up to 3 hives per acre.

Insect Pest Management Concepts
Recommendations for managing insect and

mite pests vary depending upon the type of pro-
duction. Differences in tolerance levels for pests
and damage will exist for large commercial wa-
termelon growers producing open-pollinated
watermelon without irrigation, in contrast to
growers that transplant seedless watermelon
plants into plastic mulch with drip irrigation.
Thus, we offer a few general recommendations
based on production level and additional spe-
cific recommendations for each pest listed in
Appendix 3.

Several insect and mite species reduce plant
growth and productivity when their numbers
are abundant and at a time when the plants are
susceptible to damage. These insect and mite
populations must be monitored using common
scouting techniques to determine species occur-
rence and population abundance. When the
populations become too numerous, then the in-
sects and mites must be controlled. Managing
pest insect and mite populations has been shown
to be most successful when producers follow
IPM strategies.

Basic Steps for IPM Insect
Management

1. Monitor crop growth and insect and
mite pest abundance

Monitoring or scouting for insect and mite
pests should be conducted in conjunction with
a weekly monitoring of the fields for pollinat-
ing bees, weeds, diseases, and plant growth.
Record the numbers of insects or mites per plant
or leaf and average the numbers after complet-
ing the scouting of the field. Compare these num-
bers from week to week and among fields to de-
termine whether pests are increasing in abundance
or are greater problems in specific fields.
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Early in the production season, when plants
have fewer than 5 leaves or prior to vining,
samples may consist of 50 plants per field. As
the plants increase in size, sampling should fo-
cus on individual leaves and 100 leaves per field
should be examined. Both small and large plants
and old and young leaves should be included
in samples each week. Scout the field by start-
ing in a corner of the field and taking the first
sample, then walk a pre-determined number of
steps across the field before taking the next
sample. Walking across the field in an X or Z
pattern usually provides a representative idea
of what is in the field. Take care to include edge
as well as middle areas of the field. A hand lens
or good-quality magnifying glass is a useful aid
to see small pests such as aphids, thrips, or spi-
der mites.

Germinating, seedling, and vining stage
plants - Check fields twice per week by examin-
ing 50 plants per field when plants are small (up
to 5 leaves).

Vining stage to harvest—As plants get larger,
change the sampling plan to 100 leaves per field.
Take care to check the undersides of leaves, the
preferred site for aphids, worms, and other in-
sects, but also check the base of plants where
squash bugs are likely to be found.

Flowering stage—In addition to checking for
pests, observe 100 flowers and record number
of flowers with active bees to determine whether
sufficient pollinators are present (see section on
pollination).

Monitoring plant growth and fruit set—The
weekly or biweekly scouting program for each
field should include scouting for and recording
plant growth and fruit set (see section on cul-
tural practices).

Evaluating yield and harvest dates—After
fruit is set, monitor the growth of the fruit dur-
ing the weekly pest scouting to better project har-
vest dates.

2. Identify insect and mite pests
Use this reference manual or one indicated

in the reference section to assist in identifying
insects and mites found feeding on plants. When
a question arises as to identification, collect the
insect and/or plant part with the insect and the
plant damage and place in a plastic bag, seal the
bag, and place in a cool location. Take the sample

to the county Cooperative Extension Service of-
fice for assistance in identification.

3. Decisions to take management actions
Use this manual to assist in determining

whether to spend resources managing a pest.
The main issue is whether the cost of the
management action will result in returns greater
than the cost of the control. For example, low
population numbers of mites that are not in-
creasing in number from week to week will not
significantly reduce yield especially if present
late in the growing season close to harvest.
Therefore, the cost of application of a miticide
to control the mites may simply add to the cost
of production and not result in a net return to
the producer.

4. Taking action
When deciding to control pests, choose the

most cost effective method. Application of in-
secticides or acaricides is the most commonly
chosen and most effective method for control-
ling pest populations when they are so numer-
ous as to affect plant growth. Consult the Okla-
homa Cooperative Extension Service for recom-
mendations for pesticide applications for spe-
cific pest problems or see Appendix 3. Make
applications as directed to ensure best control.

5. Evaluating controls
Within one week of applying a control mea-

sure, monitor the field to determine whether the
pest population has been reduced to a level as
desired. Compare the number of insects or mites
per plant or leaf as recorded prior to applica-
tion of the control measure with the number of
insects or mites present 3 to 7 days after appli-
cation of the control measure.

Insect-Mite Damage
and Control

Cultural Control
Generally, plants that are weakened by poor

growing conditions are more susceptible to in-
sect pest damage and may be more attractive to
pests than healthy, vigorously growing plants.
Cultural methods greatly influence the extent of
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pest problems by 1) the selection of a good site
for production, 2) the proper fertilization and
irrigation, 3) the use of varieties that are less
susceptible to pest attack, 4) the proper arrange-
ment of crop plantings, 5) the consideration of
crop planting dates, 6) the use of effective weed
management practices in and around the cucur-
bit field, and 7) the timely destruction of crop
residue from previous cucurbit plantings.

Biological Control
Beneficial insects and mites, diseases, and

other animals feed on and kill many pest insects
and mites. Many of these beneficial insects and
mites occur naturally in fields. Application of
broad spectrum insecticides, fungicides, and her-
bicides can kill many of the beneficial insects and
mites and thus pesticides should only be applied
if the beneficials are unable to maintain the de-
sired level of pest control.

Plant Resistance
Many cucurbit crops have been developed

to be resistant to diseases but currently there are
no recommended varieties with significant re-
sistance to insect and mite pests. However,
aphids are carriers of viruses that cause devas-
tating diseases, which cannot be controlled with
pesticides. Research has shown that controlling
the aphids is not effective in preventing these
viral diseases. Therefore, plant virus-resistant
varieties instead of trying to control aphids.
These viruses and the resistant varieties are de-
scribed in Tables 9-14.

Chemical Control
Applying effective insecticides or acaricides

to control insects and mites provides a cost ef-
fective method of managing pest populations.
A Cooperative Extension Service educator can
make specific recommendations. Guidelines for
safe and effective pesticide application are found
in the last chapter of this manual.

Soil Insects
Insects living in the soil become significant

pests when planting a crop into a field with high
organic matter, especially in a newly broken pas-
ture. Soil-inhabiting insects feed on seeds, seed-
lings, and roots of plants and destroy large ar-

eas of newly planted crops. Treating these pests
is not routinely required; rather, the decision to
treat a field before planting should be made on
the basis of field cropping history and the po-
tential of the field to have pest problems. If crops
are planted in an area that was previously pas-
ture or had a significant weed problem, apply a
pre-plant insecticide to control soil insect pests.
A soil insecticide works best when lightly incor-
porated (with a heavy chain or light cultivator)
into the soil before planting. Keep the insecti-
cide in the upper 6 inches of soil.

Seed or Root Maggots
Adults resemble small houseflies and lay

eggs in the soil in early spring when soil tem-
peratures are below 70ºF. Eggs hatch into larvae
(maggots) (Figure 1) and feed on seeds, germi-
nating seeds, and developing seedlings. They are
primarily a problem in soils with high organic
matter; therefore, if a cover crop precedes a cu-
curbit crop, especially if planted in cool weather,
then preventative measures should be taken.

Threshold – No treatment threshold has been
developed based on scientific research. High
value crops such as irrigated seedless water-
melon should be treated with a soil-applied in-
secticide prior to planting.

Control – Plow cover crops into the soil 3 to
4 weeks prior to planting and plant after soil
warms to 70ºF. Apply a pre-plant application of
insecticide, such as carborfuran, when planting
early in cool soil, and in high organic matter.
(Appendix 3).

Wireworms
The wireworm adults are called click beetles

and are harmless to most crops. However, the
larvae are called wireworms; these are brown
yellow in color, cylindrical in shape, and grow
to 1-1.5 inches long (Figure 2). These larvae feed
on seeds, germinating seeds, and plant roots,
and when abundant, they can destroy large ar-
eas of new plantings. Monitor wireworms by
placing 5 bait stations in each field 3 weeks prior
to planting: dig 6-inch-deep holes and place
wheat or rye seed in the bottom. Cover the hole
with soil and mark with a flag. After 2 weeks,
uncover the seed and check for wireworms.

Threshold – One wireworm per bait station
(see preceding for bait station monitoring).


