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Introduction
Dale Ila Miles Riggs

Purpose of This Guide
Pumpkins have emerged from the backwaters of
vegetable production to become a crop of major
economic importance and a staple in fall farmstand
displays and roadside markets. Pumpkin acreage in
the United States increased approximately 300%
between 1982 and 2000. In 2000, almost 75,000
acres were planted, resulting in the production of 1.8
billion pounds of fruit with a crop value of $171.66
million.
In the United States, Illinois has the most pumpkin
acreage, although most pumpkins produced there are
used in pie filling. For pumpkins grown for the fresh
market, Pennsylvania, New York, and California
grow the most acreage, while New York, California,
and Michigan lead the list for the highest crop value.
Table I-1 lists the top six states in terms of crop
value and acres planted.
Much of the growth in pumpkin production is
driven by the growth in popularity of Halloween.
Halloween is the second largest retail holiday in the
United States behind Christmas. Consumer demand
for several pumpkins per family and the popularity

of agritourism activities have spurred a large increase
in the number of growers raising pumpkins.
This guide is designed to help both new and experienced pumpkin growers and the agricultural professionals who assist them. It is intended primarily for
growers in the Northeast, mid-Atlantic states, and
eastern Canada, but pumpkin growers in the northern tier of the United States and southern Canada
will benefit from the guide as well.

History of This Guide
This guide came to fruition because of years of methodical research conducted by a team of dedicated
extension and research staff. Prior to 1990, very little
research-based knowledge was available regarding
pumpkin production. Through some risk-taking,
ever-questioning minds, true teamwork, and a commitment to soliciting input from growers, extension
and research staff in the Northeast developed new
varieties, new cultural practices, and new ways to
deal with all categories of pests. Consequently, very
recent research and grower observations are an integral part of this guide.

Table I-1. Pumpkin acreage and value from the top six pumpkin-producing states in 2001
State

Crop value
(millions of dollars)

Acres Planted

Acres Harvested

New York
California
Illinois
Michigan
Pennsylvania

23.92
14.74
10.51
8.06
7.40

7,400
6,000
9,000
4,000
8,000

6,400
6,000
8,500
3,600
6,500

6.33

4,400

3,700

Ohio

Source: U.S. Department of Agriculture, National Agricultural Statistics Service.
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What’s Inside
This guide is designed to familiarize growers with
all aspects of growing pumpkins. It starts with
the historical background and botanical basis of
pumpkin production, helps growers choose suitable
sites for pumpkin production, and then moves into
considerations for varietal selection. The chapter on
cultural practices gives growers “food for thought”
on different ways to produce pumpkins. The fruit
set and pollination chapter is truly groundbreaking work that should help growers maximize fruit
set in their fields. The chapters on pest control
emphasize the importance of accurately identifying
pests before applying strategies to most economically control weeds, insects, diseases, and vertebrate
pests. Finally, a beautiful pumpkin crop is not
worth much if it is not harvested and stored safely
and marketed at a price that returns a profit to the
grower. The last three chapters cover these critical
considerations.

2

Over 115 color photos are included in the guide
beginning on page 112. Photos are referenced
throughout the text by number. A glossary begins
on page 132 to help readers who may be unfamiliar
with terms used throughout the guide. References
and conversion tables are presented in the back of
the guide as well.
The editor and authors hope that the passion and
enthusiasm that went into the research presented for
growers in this guide approaches the zeal that many
pumpkin growers experience upon the first fruit set
of the season. As one grower said, “The great thing
about growing pumpkins is that it’s like the holidays.
You never know what you’re going to find until the
end of the season, when the canopy opens up and all
these presents of gorgeous colorful fruit are waiting
there for you to pick them up.”
May profitable pumpkin production and marketing
be yours to enjoy!

Introduction

CHAPTER 1

The History and Biology
of Pumpkins
Richard W. Robinson
The word pumpkin is derived from an Old English
word, variously known as pompion, pumpion, or
pompeon. The root of these words is the Latin word
pepo, which is also a botanical term for fruit with a
hard rind and a fleshy interior, as in pumpkins and
other cucurbits.
The scientific name for the pumpkins described in
this book is Cucurbita pepo, but not all pumpkins
are this species. Canned pumpkin pie mix may be
processed from varieties such as
‘Libby Select’ (Cucurbita moschata)
and ‘NK 580’ (Cucurbita maxima)
as well as from Cucurbita pepo fruit.
Every year there are contests to find
the largest pumpkin, and the winner
is invariably a Cucurbita maxima
winter squash, but any Cucurbita
fruit with an orange rind is considered a pumpkin.
There is no botanical difference between squash and pumpkin, and the
terms are used differently in various countries. The distinction used
here between pumpkin and squash
is based on appearance and usage.
In the United States, any variety of
Cucurbita pepo used in baking, for
stock food, or as jack-o’-lanterns for
Halloween is considered a pumpkin.
Cucurbita pepo also includes summer squash, ‘Acorn’ and some other
varieties of winter squash, and some
ornamental gourds. Each of these
can be crossed with each other and
with pumpkin, but the effect of
1: The History and Biology of Pumpkins

cross-pollination will not be evident until the next
generation. Growers should not be concerned about
cross-pollination in their fields unless they save
open-pollinated seed.

History of the Pumpkin
Pumpkins and all other members of the genus Cucurbita originated in the Western Hemisphere. Centuries ago, Native Americans domesticated squash
and pumpkins from a wild, late-maturing gourdlike species from Mexico that had
small, tennis-ball-sized fruit with
a green, very hard rind and bitter,
white flesh. American Indians did a
masterful job of breeding pumpkins
and squash long before the time of
Mendel and the advent of scientific
plant breeding. Key developments
were their selection for early maturity, large fruit size, orange color of
the flesh and rind, tender fruit rind,
and freedom from fruit bitterness.

Figure 1-1. Illustration from an herbal
by Fuchs published in 1542. The fruit,
considered then to be a cucumber,
was later identified by T. W. Whitaker
as a Cucurbita pepo pumpkin.

Some pumpkin varieties grown
today are comparable to those
grown by Native Americans in
pre-Columbian times. A pumpkin
similar to the variety ‘Small Sugar’
was brought from this continent
to Europe in the sixteenth century
(figure 1-1). ‘Connecticut Field’ is
one of the oldest pumpkin varieties.
Pumpkins similar to ‘Connecticut
Field’ were bred by Native Americans before the arrival of Columbus,
and this variety is still listed in seed
catalogs today. It is a rather variable
3

variety, but varieties with more uniform size and
shape of fruit have been developed from selections
of ‘Connecticut Field.’
Captain John Smith wrote in 1614 about the Native Americans planting pumpkins in corn fields.
They provided pumpkins for the first Thanksgiving
feast with the Pilgrims, and pumpkin pie has been
a staple at Thanksgiving dinners in America ever
since. Lyrics from a Pilgrim song testify to the importance of pumpkins as a source of food during the
Pilgrims’ first winter in America: “We have pumpkin
at morning, and pumpkin at noon. If it were not for
pumpkin, we would be undoon.”

Botany and Utilization of
Pumpkins
Pumpkin plants have large, palmately lobed leaves
with prickly trichomes (hairs). The leaves are borne
singly at each node. The stem is hard, angular, and
branched. Fruit are produced on the lateral branches
as well as the main stem. Taproots of mature pumpkin plants may extend 6 feet downward, and lateral
roots may spread more than 17 feet. Adventitious
roots may form at nodes of the stem. Figure 1-2
illustrates various parts of a pumpkin plant.
Pumpkin plants are monoecious, meaning that the
female flowers and the more numerous male flowers are borne on the same plant. Young pumpkin
plants have no flowers. After a period of vegetative
Male
bud

Female
bud

development, they produce a single male or female
blossom at each node. The first flowers to develop on
a pumpkin plant are generally male. Insects, usually
squash bees or honeybees, bring pollen from the
male to the female blossoms.
Both male and female flowers are quite large, with
five orange petals united at the base and alternating with five green sepals (figure 1-3). The male
flowers have fused anthers in their centers, with an
abundance of very large, sticky pollen. Styles of each
female flower are joined together and culminate
in a lobed stigma. The ovary beneath the petals of
the female flower develops into the pumpkin fruit.
The ovary’s size and shape at blossoming time is an
indication of the mature fruit that will be produced
in the fall. Nectaries ring the styles or stamens at
the bases of the female or male flowers. The pedicel
(stem) of the female flower develops into the peduncle (“handle”) of the fruit. The seeds are large
and flat. They contain an embryo and two large
cotyledons but little endosperm, since it is consumed
during seed development. Varieties vary in seed size,
but there are generally about 185 seeds per ounce.
Pumpkins are typically orange, but varieties with
white fruit, such as ‘Lumina’ (Cucurbita maxima)
and ‘Baby Boo,’ have been bred so that children and
others can paint and decorate them more readily. A
“precocious yellow” gene from a bicolor ornamental
gourd has been bred into varieties such as ‘Wizard’
to impart an intense orange color to the fruit.
Male
flower

Developing
fruit

Leaves

Growing
tip
Branch
stem

Main stem

Petiole

Adventitious
root
(just forming)

Cotyledonary
leaves
Tendril

Female
flower

Secondary
root
Primary
root

Figure 1-2. The parts of a pumpkin plant
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Petal
Petal

Basal
nectary

Stigma

Fused
anthers
Sepal

Style
Basal nectary
Ovary

(contains
the ovules)

Sepal

Pedicel

Male flower

Pedicel

Female flower

Figure 1-3. Female (left) and male (right) pumpkin flowers

Pumpkins are a good source of vitamin A. The
orange color of the flesh is from beta carotene, a
precursor to vitamin A that is an antioxidant and has
nutritional and health benefits. Pumpkins with the
“precocious yellow” gene for intense orange color are
especially high in beta carotene.
Being rich in protein, calories (from oil), niacin,
phosphorus, potassium, and iron, pumpkin seeds
are nutritious, but they are often discarded in the
United States. In Austria, however, oils are pressed
from pumpkin seeds and used in salad dressings and
for other culinary purposes. Seeds of varieties used
for edible oil do not have the thick, tough seed coat
of most pumpkin varieties grown in North America.
“Naked-seeded” pumpkin varieties (those without a
tough seed coat) such as ‘Snackjack’ are being bred
in the United States for snack food.
Pumpkins have traditionally been used in pies. They
are also used to make other baked goods, soup, and
even ice cream. However, most pumpkins in the
United States are used not for food but for ornamental value at Halloween. The market for jacko’-lantern pumpkins has increased considerably in
recent years. Miniature fruit of varieties such as ‘Jack
Be Little’ are popular as table decorations.
Most pumpkin varieties, including those with the
largest fruit, produce very large vines when growing
conditions are favorable. Bush pumpkin varieties
are more compact, with short internodes and more
closely spaced leaves. Some first generation (F1)
hybrid varieties are crosses between a bush and a
1: The History and Biology of Pumpkins

vining parent, and they are intermediate or “semibush” in plant habit, being bushes when young and
vines when older. Tendrils develop at the leaf axils of
vining varieties but may be lacking in bush varieties.
A large canopy of leaves is needed to produce (by
photosynthesis) the food reserves required to sustain
fruit development and produce good yields. Inadequate vine growth may yield small, poor-quality
fruit. Excessive vine growth may result when fruit
set is restricted by poor pollination or other conditions. A limited number of fruit will develop on an
individual plant even when growing conditions are
favorable. After the first fruit develop, insufficient
food reserves may be left to support development of
additional marketable fruit. The number of fruit per
plant depends on the variety, spacing, and growing
conditions. Large-fruited varieties generally produce
fewer fruit per plant than small-fruited varieties.
Pumpkin and other members of the Cucurbita genus
have 20 pairs of chromosomes, receiving one chromosome of each pair from the male parent and the other
from the female parent. Pumpkins are considered to
be tetraploids, which means they are derived from an
ancestor with doubled chromosome numbers.
Genes occur on the chromosomes in pairs and determine all characteristics of the pumpkin plant and
fruit. Alleles are different forms of the same gene
and may be dominant or recessive. If a plant has
one dominant and one recessive allele, it is heterozygous for that gene. Plants with the same alleles of
a gene, either both dominant or both recessive, are
homozygous for that gene. Heterozygous plants may
resemble their dominant parent for a characteristic
or they may be intermediate, depending on the degree of dominance for that gene. F1 hybrid varieties
are heterozygous for all genes that distinguish their
parents. Hybrid varieties are usually quite uniform
and may be early due to hybrid vigor.
Open-pollinated pumpkin varieties are still quite
important, but hybrid varieties are becoming increasingly popular. An important recent innovation
is disease-resistant pumpkin varieties. Powderymildew-resistant varieties developed by seed companies from Cornell University germplasm have been
introduced, and disease-resistant varieties are being
bred (see chapter 3).
5

CHAPTER 2

Soil and Nutrient
Management
John C. Howell, Stephen Reiners, and Dale Ila Miles Riggs
Soil is one of the most important resources in agriculture. Soil quality is of major importance to crop
health and productivity. Soil management practices
should strive to protect soil from wind and soil erosion, maintain or increase organic matter, provide an
environment that promotes a diverse microbial population, and create and maintain good soil tilth.
The goals of a sound nutrient management program should be to (1) supply sufficient nutrients to
achieve the maximum yield that is realistic for the
site and is economically justified; (2) avoid excess
application of nutrients, especially nitrogen and
phosphorus, which can degrade water quality;
(3) avoid excess nutrient levels, which are economically unsound and can lower yield, quality, or both;
(4) time applications of nutrients to correspond with
crop demand; and (5) apply lime as recommended
by soil tests to achieve the desired soil pH, which
ensures all nutrients are readily available to the crop.

groups as clays, silts, sands, and gravel (table 2-1).
Soils consist of mixtures of various particle sizes.
Texture is the proportional amount of each of these
groups. A soil textural triangle (figure 2-2) is used to
determine the textural class of soil according to the
percentages of sand, silt, and clay. These percentages
are determined by a mechanical analysis, which can
be done by most soil-testing laboratories.
To use the textural triangle, draw a line parallel to
the appropriate arrows through the percentage of
sand, silt, and clay. These three lines will intersect at
a point inside the triangle, indicating the soil textural type. For example, a soil composed of 40% sand,
15% clay, and 45% silt is classified as a loam. Note
that the word “loam” does not refer to a specific
group of particles but is used to describe mixtures of
sand, silt, and clay.

Physical Properties of Soil
Soils are composed of solid particles with spaces
between them. The soil particles consist of tiny bits
of minerals and organic matter. The spaces between
them, called pore space, are filled with air and water.
An agricultural soil should consist of about one-half
soil particles and one-half pore space by volume.
Ideally, organic matter will account for up to 5–8%
of the weight of soil particles. Moisture content
varies considerably with factors such as soil drainage and the amount and frequency of rain or irrigation. For most crops, conditions are best when the
pore space is filled about equally with water and air
(figure 2-1).
Mineral soil particles are grouped according to size.
Beginning with the smallest, they are classified into
6

Air
20–30%
Mineral
45%

PORE
SPACE

SOIL
SOLIDS

Water
20–30%

Organic
5%

Figure 2-1. The composition of soil. For most crops, conditions are
best when pore space is filled about equally with water and air.
Source: Edaphos: Dynamics of a Natural Soil System by Paul D. Sachs,
©1999. Reprinted by permission of Edaphic Press, Newbury, Vermont.
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Soil texture is determined solely by the sizes of the
mineral particles and has nothing to do with organic
matter. Weathering can change the size of these
particles, but only over thousands or millions of years.
For all practical purposes, the texture of the soil does
not change.
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The texture of soil can also be determined using the
ribbon method. The soil sample for this test needs
to be moistened with water, a little at a time, until
it makes a ball that just fails to stick. Squeeze the
ball hard to note if it forms a cast, is durable, or
falls apart. Then use a sliding motion to make
a ribbon of soil between your forefinger and
thumb. Compare the length of self-sup20
porting ribbon that is formed to table 2-2
to determine the soil texture.
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Soil texture has a major effect on the
physical and chemical characteristics of
soil. Sandy soils have large particles and
large pore spaces (macropores). Clay
soils have very tiny particles with very
small pore spaces (micropores). But because they have many times more pore
spaces, clay soils have greater total pore
space than sandy soils.
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Figure 2-2. The soil textural triangle can be used to determine the textural class
of soil according to the percentage of sand, silt, and clay.
Source: U.S. Department of Agriculture.

Table 2-1. Classification of soil particle sizes
Soil particle size classes (diameter, millimeters)
2.0

0.05

Gravel

Sand

Particles visible with 		
the naked eye		

0.002

0

Silt

Clay

Particles visible under
microscope

Particles visible
under electron

			 microscope
Source: U.S. Department of Agriculture.

Table 2-2. Soil texture determination using the ribbon method
Soil type

Cast

Ribbon

Sand

No Cast

No ribbon, single grains of sand

Loamy sand
Fragile cast
		

Short ribbon that breaks easily; ribbon 1⁄3 inch long
or less

Sandy loam

Forms cast that will just stand handling;
crumbles easily

Ribbon 2⁄3 to 1 inch long

Silt loam

Forms cast; will crumble

Ribbon 1 inch or longer

Clay loam

Forms coherent cast with spongy feel

Ribbon up to 3 inches long

Clay

Smooth, plastic cast

Ribbon longer than 3 inches

Source: The Nature and Properties of Soils, 12th edition, by Nyle C. Brady and Ray R. Weil, ©1999. Reprinted by permission of Pearson Education, Inc.,
Upper Saddle River, New Jersey.
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Water adheres to soil particles. The force of this can
pull water through a soil, even against gravity. This
is called capillary action and acts in the same way
water is lifted in a straw or narrow tube. In this case,
water is lifted farther as the tube becomes narrower.
Capillary action is greater among micropores. However, if a soil is compacted, all water movement—including capillary movement—is limited.
Clay soils absorb and retain more water than sandy
soils but are typically poorly drained and not wellaerated. Sands are well-drained as a rule but retain little
water. Loams combine some of the moisture-retention
characteristics of clays with the aeration of sands and
are widely considered the best agricultural soils.
Sandy soils are coarse-textured and often referred
to as “light,” because they are easy to work. Clay
soils are fine-textured, and their particles will bond
tightly together when they dry out after being wet.
These soils can become very hard and difficult to
work and are often called “heavy.” The terms “heavy”
and “light” do not refer to weight; sands actually
weigh more per unit volume than clays.
Structure is another term used to describe physical
attributes of soils. While texture refers to the sizes
of mineral particles, structure is the overall arrangement or aggregation of soil particles. Terms such as
loose, hard-packed, granular, and cloddy are among
those used to describe structure. Soil structure can
be modified by activities such as tillage, moisture
levels, freezing and thawing, root growth, earthworms and other soil-inhabiting animals, and driving or walking on the surface.
An aggregated soil consists of granules that resemble
crumbs. A granule consists of many clay or silt
particles clumped together. A well-granulated soil
has micropores within the granules and macropores
between them and is both moisture-retentive and
well-aerated. Very sandy soils nearly always have a
loose structure, because they don’t form aggregates or
become hard-packed or cloddy. Fine-textured soils
can become hard-packed. This condition interferes
with root growth and inhibits water movement into
(infiltration) and through (percolation) the soil. The
micropores in fine-textured soils can easily be filled
with too much water to the exclusion of air, thus
limiting the exchange of oxygen and carbon dioxide.
The macropores of coarse-textured soils facilitate
8

infiltration and percolation of water and the exchange
of gases, but they retain little water for crop use. By
loosening and aggregating a fine-textured soil, we
can improve water infiltration, percolation, and gas
exchange and still maintain the ability to retain water
for plant growth.
Soils should be managed to create and maintain soil
aggregates as much as possible. Natural activities
such as freezing and thawing and the movement
of roots contribute to granulation of soils. Tillage
at proper levels of soil moisture causes granulation.
Excessive tillage when soils are dry destroys soil
aggregates. This sometimes occurs when growers try
to prepare a fine seedbed. It is very easy to overwork
a soil with a rototiller. Rain or irrigation can also
destroy soil aggregates. Biological activities are important to the granulation process. Earthworms pass
soil through their digestive systems, adding viscous
juices that bind particles together. Snails and other
organisms leave a trail of slime behind them, which
acts as a glue.
Organic matter is an important factor in the formation of soil aggregates, and it adds greatly to their
stability. Soil organic matter, particularly if it is welldecomposed (humus), is a binding agent that holds
clay particles together. This is believed to occur from
chemical unions between humus and clay particles.
The end result is that soil organic matter plays a major role in granulation. By increasing the stability of
soil aggregates, the soil becomes easier to work and
doesn’t compact as easily.
Organic matter not only improves the structure of
fine-textured soils, but it is equally beneficial for
coarse-textured soils. Coarse soils have a high proportion of macropores, facilitating gas exchange and
water movement. However, due to a low proportion
of micropores, these soils do not retain moisture or
nutrients. This makes frequent irrigation and fertigation a necessity during dry periods. Organic matter
substantially increases the proportion of micropores,
greatly improving the water-holding capacity of a
coarse-textured soil.

Chemical Properties of Soil
A soil test provides information about a soil’s
chemical properties. The soil test report indicates
the levels of nutrient elements that are necessary in
2: Soil and Nutrient Management

crop nutrition. It also provides information about
cation exchange capacity, base saturation, soil pH,
buffer pH, and organic matter. If this sounds a bit
intimidating, the following discussion should be
helpful.

Essential Elements
Thirteen mineral elements are essential for plant
growth, and all are absorbed from the soil. Six are
called major or macroelements, because the plant
uses them in comparatively large amounts. They
are nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg), and sulfur (S). The
other seven are called minor, trace, or microelements.
These elements include iron (Fe), manganese (Mn),
zinc (Zn), boron (B), copper (Cu), molybdenum
(Mo), and chlorine (Cl). They are just as important as major elements but are used in very small
amounts. Nickel (Ni) is accepted by many scientists
as the fourteenth nutrient element derived from
soils. The level of crop production can be no greater
than that allowed by the most limiting of the essential elements.
In addition to mineral elements, carbon (C), hydrogen (H), and oxygen (O) are essential elements.
Plants take these elements from air and water. They
are not applied as fertilizer materials, but soil management practices affect their availability to roots.

the soil solution, they are available for root uptake
but are also subject to leaching (figure 2-3).
Cation exchange capacity (CEC) is a measure of
the number of adsorption sites in a soil and is an
important indicator of the soil’s ability to retain and
supply cations for plant use. CEC is reported as
milli-equivalents per 100 grams of soil (meq/100 g).
The CEC of agricultural soils ranges from below 5
in some sandy soils with little organic matter to over
20 in certain clay soils and those high in organic
matter. A soil with a low CEC has little ability to
store nutrients and is susceptible to cation nutrient
loss through leaching.
Cation exchange capacity is related to soil texture.
Of the mineral particles, clay is the only group that
makes a significant contribution to CEC. However,
there are several types of clays, and they vary considerably in their CEC.
Pumpkins are grown on a wide range of soil types,
including many that are sandy and low in clay. In
many areas of the Northeast, the types of clay present have a low CEC. In most of the region’s soils,
organic matter is the primary contributor to CEC.
This is true even of soils with low organic matter.
Not only does organic matter improve the physical properties of soil, it also plays a vital role in soil
chemistry by increasing CEC.

Cation Exchange Capacity
Ions are atoms or groups of atoms (molecules) that
have an electrical charge. Anions have a negative
charge, and cations have a positive charge. Normally, plants take up nutrients from the soil either
as cations or anions. Many of the nutrient elements
are cations, including Ca+2, Mg+2, K+1, Fe+3, Mn+2,
Zn+2, Cu+2, and ammonium (NH4+1), which is a form
of nitrogen. Other cations of importance are H+1
and Al+3 (aluminum). Anions of importance include
nitrate (NO3-1), a highly leachable form of nitrogen.
Cations are attracted to negatively charged surfaces
of small clay and organic (humus) particles called
colloids. This attraction is called adsorption. Generally, cations are held tightly enough on adsorption
sites to restrict their loss through leaching. These
cations can move from the adsorption sites on colloids into the soil water solution and vice versa. In
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Figure 2-3. Cations can move from adsorption sites on colloids
into the soil–water solution and vice versa.
Source: Edaphos: Dynamics of a Natural Soil System by Paul D. Sachs,
©1999. Reprinted by permission of Edaphic Press, Newbury, Vermont.
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Base Saturation
The cations Ca , Mg , K , and H normally account for nearly all cations adsorbed on soil particles, although trace element cations are also present
in minute quantities. Ca+2, Mg+2, and K+1 are called
bases, and H+1 and Al+3 are acidic cations that lower
soil pH. If all of the adsorbed cations are bases and
none are acidic, there would be a 100% base saturation, and the soil pH would be about 7 (neutral) or
above. In acidic soils, acidic cations are present, and
the percent base saturation is less than 100. Besides
having sufficient quantities of Ca+2, Mg+2, and K+1,
it is important that these cations are in balance with
each other, because an excess of one can suppress
the uptake of another. As a general rule, a Ca:Mg:K
ratio of about 20:4:1 is desirable. When expressed
as percent base saturation, desired levels are Ca,
65–80%; Mg, 5–15%; and K, 2–5%.
+2

+2

+1

+1

Soil pH
One of the most important aspects of nutrient management is maintaining proper soil pH. Soil pH is a
measure of soil acidity. A pH of 7.0 is neutral. If the
pH is below 7.0, the soil is acid; above 7.0, it is alkaline. Most soils in the Northeast
are naturally acidic and need to
Strongly acid
be limed periodically to neutralize
excess acidity.
Soil pH is important because it
affects the availability of nutrient
elements for plant uptake (figure
2-4). Availability of macroelements and molybdenum is restricted in acidic soils. Under alkaline conditions, with the exception
of molybdenum, the availability of
microelements is reduced. Under
acidic conditions, calcium and
magnesium are frequently low,
and toxic levels of iron, aluminum,
and manganese may exist.
Pumpkins, like most vegetable
crops, grow best when the soil pH
is in the range of 6.0–6.8. At this
pH, the availability of macro- and
microelements is maximized, and
accumulation of toxic elements is
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minimized. Most soils in the Northeast have sufficient amounts of microelements, but growers may
find deficiencies in some sandy soils. A soil pH of
6.0–6.2 is more appropriate for these soils. Clearly,
growers cannot expect a maximum return on dollars
spent on fertilizer when pH is not at an optimum
level.

Buffer pH
In addition to soil pH, many soil tests provide a
reading called buffer pH (sometimes called lime
index). Soil pH is a measure of the H+1 concentration in the soil solution. This is called active acidity.
It is an indicator of current soil conditions. When
lime is added to a soil, active acidity is neutralized
by chemical reactions that remove H+1 from the soil
solution.
However, there are also H+1 ions adsorbed onto soil
colloids that can be released into the soil solution to
replace those neutralized by lime. This is called reserve acidity. Soils high in clay and humus have high
cation exchange capacities and a potential for high
reserve acidity. To effectively raise the soil pH, both
active and reserve acidity must be neutralized.
Medium Slightly
acid
acid

Very
Very
slightly slightly Slightly Medium
acid alkaline alkaline alkaline

Strongly alkaline

NITROGEN
PHOSPHORUS
POTASSIUM
SULFUR
CALCIUM
MAGNESIUM

IRON
MANGANESE
BORON
COPPER and ZINC
MOLYBDENUM
4.0

4.5

5.0

5.5

6.0

6.5

7. 0

7. 5

8.0

8.5

9.0

9.5

10 . 0

pH

Figure 2-4. Nutrient availability as affected by soil pH. The wider the band, the greater
the availability.
Source: The Nature and Properties of Soils, 12th edition, by Nyle C. Brady and Ray R. Weil, ©1999.
Reprinted by permission of Pearson Education, Inc., Upper Saddle River, New Jersey.
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Buffer pH is a measure of reserve acidity and is used
by most soil-testing laboratories to estimate lime
requirement. Low buffer pH readings indicate high
reserve acidity and, therefore, high amounts of lime
will be recommended. Some laboratories calculate
lime requirements from cation exchange capacity
and base saturation rather than using buffer pH.

Soil Organic Matter
Soil organic matter (SOM) is the chief contributor to cation exchange capacity in many soils and
is an important factor in all soils. As already noted,
SOM improves the moisture-holding capacity of
sandy soils, improves aeration of clay soils, and helps
the overall structure of any soil. The breakdown or
decomposition of SOM releases nutrients that can
be used by plants.
By definition, organic matter contains carbon. Carbon
is a source of energy for microorganisms (microbes)
in the soil. These are microscopic plants and animals
such as bacteria and fungi. Some are pathogens that
cause plant disease, but in a healthy, well-managed
soil, the vast majority are beneficial. Organic matter
provides food for a diverse population of microbes in
the soil, which helps prevent any one type of organism, such as a pathogen, from dominating.

Composition
Soil organic matter is continually being produced
and broken down by living plants and animals. Dr.
Fred Magdoff of the University of Vermont coined
an appropriate phrase: “There are three kinds of soil
organic matter: the living, the dead, and the very dead.”
The living fraction of SOM is made up of living
soil-dwelling plants and animals, including microbes.
When they die, stalks, leaves, and other plant parts
retain recognizable characteristics for a while. This is
the dead fraction of SOM. It is also called the active
fraction, because it supports microbial activity. The
dead organic matter decays due to microbial activity,
soon cannot be recognized for what it once was, and
eventually becomes humus. This is very dead organic matter. It is also called inactive organic matter,
because it will no longer support microbial activity.
In addition, animals eat plants or other animals and
pass some of their food through their bodies as manure, which is rich in nutrients and organic matter.
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Organic matter consists of numerous compounds that
vary greatly in their ease of decomposition. Sugars,
starches, and proteins are rapidly decomposed by
microbes, while lignin, fats, and waxes are resistant to
decomposition. Fresh organic residues consist mostly
of easily decomposed compounds that break down
rapidly under favorable conditions. This results in a
rapid reduction in the volume of SOM. The resistant
materials remain and form the dark-colored material
called humus. Humus continues to decompose but
at a very slow rate. Carbon dating has shown some
humus to be thousands of years old. Humus forms
the colloids that contribute to increased cation exchange capacity and good soil structure.

Microbial Activity
Soil organic matter is broken down by microbes as
they consume it for food. Any factor that affects soil
microbial activity also affects SOM breakdown. In
the microbe, respiration combines most of the carbon
from SOM with oxygen to form carbon dioxide gas.
For this process to continue, there must be an exchange of oxygen and carbon dioxide between the atmosphere and the soil pore spaces. Gas exchange can
be restricted if the soil is compacted or saturated with
excess water. This slows the rate of SOM decomposition. While excess water inhibits decomposition,
a certain amount is necessary to support microbes.
Therefore, conditions of moisture stress can slow the
decomposition of SOM.
Soil microbes are also influenced by soil pH and
temperature. This is especially true of bacteria. Under acidic conditions, bacterial activity in breaking
down organic matter is greatly reduced. Soil fungi
responsible for the breakdown of SOM are generally less affected by low pH. In most cases, however,
bacteria are responsible for most of the decomposition of SOM, and as a rule this process is markedly
slowed if the soil pH level drops below 6.0. The optimum soil temperatures for bacterial activity are in
the 70˚–100˚F (21˚–38˚C) range. Activity occurs as
low as 40˚F (4˚C), although at greatly reduced rates.
A moist, warm, well-aerated soil with a pH between
6.0 and 7.0 provides ideal conditions for decomposition of SOM. These are the conditions that promote
optimum growth of most crops. Productive farming
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practices can be quite destructive to SOM. This may
seem frustrating if you are trying to build SOM, but
decomposition is a beneficial process. It provides
energy for a diverse group of soil microbes, releases
nutrients for plant growth, and produces humus. The
challenge is to continuously replace what is lost and,
if practical, increase SOM.

Carbon-to-Nitrogen Ratio
Soil organic matter is broken down by microbes
that use carbon for energy. Microbes also have a
requirement for nitrogen at a rate of about one
part nitrogen for every 25 parts of carbon. This is a
carbon-to-nitrogen ratio (C:N) of 25:1 or 25. If the
organic matter has a higher C:N ratio, microbes will
need more nitrogen and will take it from the soil.
Microbes are more efficient than crops in obtaining nitrogen from the soil. If there is not enough
nitrogen for both the microbes and the crop, then
the crop will not obtain what it needs. Eventually, there will be a net gain in nitrogen in the soil
solution, but crops can suffer in the short term. If
organic matter with a high C:N ratio is applied to
soil shortly before planting a crop, additional nitrogen may be needed to ensure that the needs of both
the microbes and the crop are met. Organic matter
with a C:N ratio of less than 25:1 (25) should not be
a problem and in some cases can contribute nitrogen for crop use. See table 2-3 for examples of C:N
ratios of some sources of organic matter.

Site Preparation
The field(s) that will be used for pumpkin production should be chosen at least a year before planting. A soil sample should be collected and sent to a

soil-testing laboratory for analysis. Use a soil probe,
soil auger, or garden shovel to collect samples from
throughout the field. Use a “V” or “W” pattern to
ensure that the sample is representative of the field
(figure 2-5). Areas of the field that appear to be a
different soil type, have been managed differently,
or have exhibited poor growth should be sampled
separately.
Scrape away surface litter from the chosen sites, and
then collect a core of soil to the plow depth, usually
about 8–10 inches. If using a shovel or spade, remove a shovel full of soil and set it aside. Then take
a uniform slice representing the soil profile from the
surface down to plow depth. Collect a sample from
10 to 15 different sites, and place them in a plastic
bucket. Mix the samples well, and then take about
1 pint of soil from this mixture to send to the lab. It
is best to air dry the sample before sending it to the
lab.
The report from the lab should indicate soil nutrient
levels of most of the macronutrients and some of the
micronutrients, pH, and organic matter. Some labs
also include cation exchange capacity, buffer pH,
and/or base saturation.
It takes several years or more to increase soil organic
matter. It takes from a few months to a year or more
to change soil pH, depending on the materials and

Field transect
1 acre

Table 2-3. Typical carbon-to-nitrogen (C:N) ratios
Material

C:N ratio

Agricultural soil
Legume hay
Finished compost
Cow manure
Nonlegume hay
Corn stalks
Oat straw
Rye straw

8–14:1
15–19:1
17–20:1
18:1
24–41:1
42:1
70:1
82:1

Hardwood sawdust

500:1

Source: Adapted from Knott’s Handbook for Vegetable Growers, 4th edition, by Maynard and Hochmuth, ©1997. Material used by permission of
John Wiley & Sons, Inc.
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Figure 2-5. Use a “V” or “W” pattern to ensure that a soil sample
is representative of the field.
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techniques used (see the discussion on adjusting pH
below). Some nutrient levels can be changed within
one year, depending on the nutrient source used.
Others may take several years and may depend on
changes in soil pH.

Adjusting pH
Lime is used to correct the pH of acidic soils. The
amount of lime needed depends on several factors, including current and desired pH, buffer pH,
soil texture, and soil organic matter. See “Soil pH”
and “Buffer pH” on page 10 for more information.
Growers should follow the recommendations of the
soil-testing lab.
The speed with which lime reacts in the soil is
dependent on particle size and distribution in the
soil. To determine fineness, lime particles are passed
through sieves of various mesh sizes. A 10-mesh
sieve has 10 openings per linear inch, or 100 openings per square inch (10 x 10), and a 100-mesh
sieve has 10,000 openings per square inch (100 x
100). Lime particles that pass through a 100-mesh
sieve are fine and react rapidly—within a few weeks.
Coarser material in the 20- to 30-mesh range will
react over a longer period like one to two years or
more. Agricultural ground limestone contains both
coarse and fine particles. About half of a typical
ground limestone consists of particles fine enough
to react within a few weeks or months, but to be
certain, obtain a physical analysis from the supplier.
Superfine or pulverized lime is sometimes used for a
quick fix, because all of the particles are fine enough
to react rapidly. Hydrated lime, “quick lime,” and
pelleted lime react very quickly, but their effects are
short-lived and the materials are expensive. Hydrated
lime can react with ammonium fertilizers to release
ammonia gas. If applied at the same time as fertilizer
or fresh manure, plant injury can result. Liquid lime
is also quick-acting but expensive.
For the most rapid results, thoroughly mix lime with
the soil. Plowing turns lime under fairly well to the
plow depth but does not mix it with the soil. Harrowing can do a good job of mixing but generally
incorporates lime to a depth of only 2–3 inches. A
split application can be used in which half the lime
is plowed under, and the remainder is applied after

2: Soil and Nutrient Management

How Much Lime?

T

he neutralizing power of lime is determined by its
calcium carbonate equivalence (CCE). In some
states, this is referred to as the effective neutralizing
value, or ENV. Recommendations are based on an
assumption that lime is pure calcium carbonate, which
has a CCE (ENV) of 100%. If lime has a lower CCE
(ENV), then more than the recommended amount is
needed; if it is higher, as with some dolomitic limes,
less is required.
To determine the amount of lime to apply, divide
the recommended amount by the percent calcium
carbonate equivalence of the lime to be used
and multiply by 100. For example, if the lime
recommendation is 2 tons per acre and the lime has
a CCE of 72%, apply 2.8 tons per acre according to the
following calculation:
(Recommended amount ÷ 72% CCE) x 100 =
(2 tons/acre ÷ 72) x 100 = 2.8 tons/acre

plowing and harrowed in. A rototiller is effective for
soil incorporation. Weather permitting, it is best to
apply lime when the soil is somewhat dry. If lime
is spread on damp soils, it tends to cake and will
not mix as well with soil particles. If the soil pH is
already at a reasonable level and rapid results are not
needed, lime may be recommended to maintain current levels. In this case, plowing or simple harrowing
is sufficient for incorporation.
Besides raising soil pH, lime is the most economical
source of calcium and magnesium for crop nutrition.
Select liming materials based on calcium and magnesium content, with the aim of keeping these nutrients in balance. If the magnesium level is low, use a
lime high in magnesium (dolomite). If magnesium is
high and calcium is low, a lime high in calcium (calcite) is preferable. “High Mag” lime contains about
5% magnesium and 35% calcium by weight. Use this
if both calcium and magnesium are needed. Continual use of one type of lime over several years can lead
to an imbalance between calcium and magnesium.
Because dolomitic lime is the most readily available
liming material in some areas, many growers have
used it continuously. As a result, many fields are low
in calcium and very high in magnesium. Choose
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liming materials to achieve and maintain appropriate base saturation levels. Shop around for and insist
on the appropriate material, even if you must pay for
increased hauling costs.

acidification will not occur. Many common fertilizers, especially those containing ammonium or urea,
will often lower soil pH. Nitrate fertilizers tend to
raise pH. See table 2-4 for details.

Wood ashes can also be used to raise soil pH. The
calcium carbonate equivalence of wood ashes varies considerably, typically ranging from 30 to 50%.
They are chemically similar to quick lime and supply potassium as well as calcium and magnesium.
CAUTION: Do not overapply wood ashes. Wood
ashes spread in a concentrated area cause the soil pH
to become extremely high, inhibiting plant growth.

Adding to Soil Organic Matter

On some soils, it may be necessary to lower the pH.
Elemental sulfur can be used for this purpose. Like
limestone, particle size and thoroughness of mixing
affect the speed of reaction. Typically, six months to
a year is required to lower pH to the desirable range.
The ability of sulfur to lower pH varies among soils.
Sulfur must be oxidized to be acidifying. This process is carried out by certain bacteria. If the bacteria
are not present in the soil, oxidation and hence

Compost
Compost is an excellent source of organic matter.
Compost results from the decomposition of fresh
residues of mixed plant materials. Composting is
usually done by placing the residues in a pile and
turning the pile periodically. Turning introduces
oxygen, which is required by the microorganisms
that decompose the organic materials.
Farmers can make compost, but most pumpkin
growers don’t have enough raw materials to satisfy
their compost needs. Some growers bring in additional materials such as municipal yard waste to
compost on-site. Others purchase compost from
the increasing number of commercial composters.
Regardless of the source, compost should be finished

Table 2-4. Effect of common fertilizers on soil pH
Pounds of limestone needed to counteract acidity
Fertilizer

%N

Per pound of N

Per 100 pounds of the fertilizer

Acidity-forming
Ammonium nitrate
Monoammonium phosphate
Ammonium phosphate sulfate
Ammonium sulfate
Anhydrous ammonia
Aqua ammonia
Aqua ammonia
Diammonium phosphate
Urea

33.5
11.0
16.0
21.0
82.0
24.0
30.0
16–18
46.0

1.80
5.35
5.35
5.35
1.80
1.80
1.80
1.80
1.80

60
59
88
110
148
44
54
70
84

Fertilizer

%N

Per pound of N

Per 100 pounds of the fertilizer

Alkalinity-forming
Calcium cyanamide
Calcium nitrate
Potassium nitrate
Sodium nitrate

22.0
15.5
13.0
16.0

2.85
1.35
1.80
1.80

63
20
23
29

Pounds of limestone equivalents produced

Neutral
Calcium sulfate (gypsum)
Potassium chloride
Potassium sulfate

Superphosphate
Source: Adapted from Knott’s Handbook for Vegetable Growers, 4th edition, by Maynard and Hochmuth, ©1997. Material used by permission of John Wiley
& Sons, Inc.

14

2: Soil and Nutrient Management

before use. Finished compost has no recognizable
pieces of the original raw materials, has an earthy
smell, and will not heat up after turning.

composting. Composting manure stabilizes the
nitrogen, and composted materials will likely have
fewer potential pathogens than fresh manure.

Compost should be tested for nutrient content.
Finished compost should have a low ammonium
content, a high nitrate level, and a pH near neutral.
Repeated use of a compost that is high in a particular element may cause a nutrient imbalance and
result in excess levels of certain elements. This can
easily be avoided by soil testing on a regular basis (at
least every three years). Composts can also contain
herbicide residues; ask your supplier about the possibility of herbicide use on the raw materials before
purchasing compost.

Incorporate all manure after application. Never
sidedress manure during the growing season. Document all rates, dates, and locations of manure applications. Taking these simple precautions will minimize the chances of anyone contacting pathogens on
farm visits.

Manure
Animal manure is an excellent source of nutrients and
organic matter. About half of the nitrogen in fresh
dairy manure and 75% of the nitrogen in poultry
manure is in the form of ammonia. Ammonia is subject to loss through volatilization if not incorporated
immediately after spreading. In the soil, ammonia
is converted to nitrate and is available for plant use.
However, since nitrate is subject to leaching, large
applications should generally be avoided. Standard
manure application rates are 6–12 tons per acre.
Fresh manure should be applied with caution,
because it may expose humans to pathogens if not
handled correctly. Most pumpkins are for decoration
only and not eaten—even those that are consumed
are cooked or baked, which kills any human pathogens—so the crop would seem an unlikely source
of pathogens. However, many farms are visited by
preschool children on school outings. These children may put soil in their mouths or even lick small
pumpkins like ‘Jack Be Little.’ In addition, very
young children are more susceptible to becoming sick from bacterial contamination than older
children or adults with stronger and more mature
immune systems. For these reasons, growers should
take a few precautions when using fresh manure on
pumpkins.
If using manure, try to allow 120 days between the
time of application and harvest. If this is not possible, use aged manure or compost in the spring.
Manure can be mixed with other materials for

2: Soil and Nutrient Management

Cover Crops
Cover crops can be an excellent way to increase soil
organic matter. Winter cover crops have been used
in many areas of the country for years, primarily
to protect soil from erosion. Seeding a cover crop
the year prior to planting pumpkins is an excellent way to add organic matter to soils, improve soil
tilth, remediate compaction, protect soil from both
wind and water erosion, add or recycle plant nutrients, increase the biological activity of soil, retain
soil moisture, and, in some cases, suppress weeds
and other pests. Winter cover crops can also take
up much of the nitrogen left over at the end of the
growing season.
When cover crops are used, crop residues should
be incorporated at least two to four weeks prior to
planting. Fresh, decomposing cover crops mixed into
the top few inches of soil will encourage seedcorn
maggot adults to lay eggs on pumpkin seeds (see
chapter 8).
Cover crops can be either a winter cover crop,
seeded in the fall and plowed under the following spring, or a summer cover crop, seeded in the
spring or summer and normally plowed under in
late summer or early fall. Cover crops that growers
may consider using prior to planting pumpkins are
discussed below.
Winter Rye is a popular cover crop in the Northeast. Normally seeded from late August to early
October at a rate of 100–140 pounds per acre (2
bushels/acre), it can germinate and make substantial growth if planted in early fall. Winter rye is
used extensively in northern areas, because it can be
planted later than any other cover crop. If sown early
enough in the fall, winter rye is efficient at taking up
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leftover nitrogen. It remains green over the winter
and resumes growth early in the spring. It adds little
organic matter if plowed under in early spring while
still small. If allowed to grow until late May, it can
reach 6 feet and contribute a substantial amount of
organic matter. Tall rye can be difficult to incorporate, and the resulting clumps may interfere with
seeding.
Winter rye is likely to be high in carbon (see table
2-3, page 12) and may necessitate application of
some nitrogen before plowing. As winter rye resumes growth in the spring, it takes moisture from
the soil. This can be detrimental when soil is dry but
may be helpful if it is wet.
Oats should be planted in August to early September to make good growth in the fall. The standard
seeding rate is 80–120 pounds per acre. Some growers prefer oats as a winter cover, because they winterkill in all but the mildest areas of the Northeast. The
lack of spring growth facilitates soil incorporation.
If a thick stand is established and left untilled, an
oat cover crop will leave a dead mulch residue in the
spring, which suppresses weeds. If there is time to
make good growth in the fall, oats can contribute
several tons of organic matter per acre. Oats also
work well when grown in a mixture with hairy vetch.
Hairy Vetch is a legume that some farmers use as a
winter cover crop. The seeding rate should be 35–40
pounds per acre. Better stands result from drilling
the seed (and the seeding rate can be cut to 25–30
pounds per acre) rather than broadcasting and rolling. In northern areas (New England, New York,
New Jersey north of Trenton and New Brunswick,
and Pennsylvania north of Interstate 80), hairy
vetch planted in mid-August and allowed to grow
well into May before plowing under can contribute
100 pounds or more of nitrogen per acre. Trials in
Maryland demonstrated that pumpkins can reach
top yields relying on nitrogen from a previous vetch
cover crop.
Hairy vetch can be planted as late as mid-September
in southern regions, but it won’t grow much in the
fall and must be allowed to grow until late May to
reach its potential for nitrogen contribution. Planting dates and growing times will vary with location.
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Check with Cooperative Extension or a crop consultant for recommendations suitable to a specific
area. Most farmers plant vetch in combination with
rye or oats.
Hairy vetch and rye mixtures have several advantages over growing either cover crop by itself. Advantages include quicker establishment and better
winter survival of the vetch than when grown alone,
potential for greater biomass than with either crop
grown alone, easier mowing in spring, and reduced
risk of nitrogen immobilization in the spring. However, a mixture may not provide as great a nitrogen
contribution than if vetch is grown alone. When a
mixture is used, rye is seeded at 50–60 pounds per
acre and the vetch at 30 pounds per acre between
August 15 and September 1 in northern areas. In
southern areas, the mixture is seeded between September 1 and September 20. As with vetch alone, a
better stand will result from drilling the seed rather
than broadcasting.
Wheat can be seeded from mid-September to early
October at a rate of 80–110 pounds per acre. It is
frequently used in northern areas, since it is winter hardy and can be planted fairly late. The spring
regrowth is not as vigorous as with rye.
Ryegrass (either annual or perennial) is a quickgrowing cover crop, seeded at 10–12 pounds per acre
in August to early September. Perennial ryegrass
types have a more extensive root system that can
grow fairly well in compacted soils. Annual ryegrass
will not survive most winters in northern areas;
perennial ryegrass survives more frequently, but not
every winter. If ryegrass does not winter-kill, abundant regrowth can occur the following spring.
Summer cover crops can be grown in rotation with
pumpkins to increase soil organic matter. This may
involve taking a field out of production for a season,
but an early vegetable crop can be grown and followed by a summer cover crop.
Sorghum-Sudangrass hybrids and sudangrass are
fast-growing plants that can produce very large
amounts of organic matter in two to three months.
They are also fairly successful at penetrating compacted soils. Sorghum-sudangrass hybrids and
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sudangrass are planted from late spring to mid-July
at a seeding rate of 50–90 pounds per acre. Soil
temperatures must be at least 65˚F (18˚C) before
planting.
With adequate fertility, these grasses can grow up
to 12 feet high and may be difficult to turn under.
However, mowing two to three times during the
season when the cover crop reaches 3–4 feet makes
the crop more manageable and easier to incorporate. If incorporated when green, sudangrass may
suppress some diseases and nematodes. However,
these grasses are extremely frost-sensitive, and once
frosted, the disease-suppressing abilities are greatly
diminished. Incorporation before mid-September
allows some time for the cover crop to decompose.
A winter cover crop should be sown following incorporation of the sorghum-sudangrass.
Buckwheat is a summer cover crop characterized by
very rapid growth (four to six weeks to flowering),
moderate biomass accumulation, fine extensive root
systems, and the ability to thrive on poor soils. It is
seeded in late spring to summer at 60–70 pounds
per acre. Two successive buckwheat cover crops in
the summer followed by winter rye can effectively
reduce weed pressure in a field. Buckwheat is also
known for its ability to improve soil aggregation,
which results in improved soil tilth.
Recommended planting dates for cover crops vary
greatly with area climatic conditions. Extension staff,
private consultants, or other reliable sources can suggest dates for a specific area.

Nutrient Management
Macronutrients
Nitrogen is perhaps the most limiting nutrient in
pumpkin production. Deficiency symptoms include
yellow plants and stunted, weak growth. Pumpkins
are able to absorb most of their nitrogen in the nitrate (NO3-1) form, but they can absorb some in the
ammonium (NH4+1) form.
In most soils, a considerable amount of nitrogen is
tied up in organic matter (crop residues, soil organic
matter, microbes, and so forth) and is not immediately available to plants. This organic nitrogen must
be released by microbes as they consume organic
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matter—a process called mineralization. Microbes
are most active when the soil is warm, moist, and
well-aerated, and the pH is 6.0 or above. Cool
conditions, dry or waterlogged soils, low pH, or
compaction will slow the conversion of nitrogen to
available forms. Under favorable conditions, 20–40
pounds of nitrogen per acre are mineralized for
every 1% of soil organic matter.
Pumpkins require about 120–130 pounds of total
nitrogen per acre under most conditions. Organic
residues in the soil will provide some of this. The
rest can be provided by added fertilizer. A typical
recommendation is to apply about 75–100 pounds
of nitrogen per acre for pumpkins. However, this
can be reduced if organic sources such as legume
cover crops, manures, or composts are providing
substantial amounts of nitrogen. Heavier soils (clay
loams, silt loams) will need less fertilizer than lighter
(sandy) soils.
The pre-sidedress soil nitrate test (PSNT) can be
used to determine nitrogen requirements during
the growing season (see the discussion on PSNT
on page 21). This can be very helpful, because excess
nitrogen may encourage foliar growth, resulting in
shading of flowers and a possible reduction in fruit
set. Be especially careful if planting pumpkins into
fields where a legume cover crop has been grown.
Little, if any, additional nitrogen may be needed.
Phosphorus, like nitrogen, can be found in organic and inorganic portions of the soil. The typical deficiency symptom is a purplish color on a leaf
underside. Soil tests may reveal high levels of phosphorus in soils, yet deficiency symptoms may still be
observed. Phosphorus is found in three forms in soil,
two of which are unavailable to plants. The unavailable forms include phosphorus in organic matter
and phosphorus fixed or bound to either iron and
aluminum at low pH or calcium and magnesium at
high pH. Added fertilizer phosphorus is fixed with
other elements and is only very slowly made available. Since this is a chemical reaction, it is faster in
warmer soils than in cooler soils. Banding phosphorus
rather than broadcasting is a more efficient way to
apply this nutrient when it is needed.
Potassium is the third of the “primary elements.”
Deficiency symptoms are categorized as “hidden
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hunger,” meaning that a potassium deficiency does
not usually show obvious signs. In severe cases, leaf
edges may be scorched (photo 2-1). Plants absorb
potassium in the ion form (K+1). Potassium can be
leached from sandy or gravelly soils and be fixed and
unavailable in the clay portion of soil.
Calcium is absorbed by roots in the ion form (Ca+2).
Deficiency symptoms include young leaves that are
stunted, distorted, and spotted and necrotic at the
leaf edge. Blossom-end rot has been seen in watermelon and cucumber and could potentially occur in
pumpkin. Although calcium may be present in high
levels in the soil, dry conditions will limit its uptake
by plants and cause deficiency symptoms. High
levels of sodium, potassium, magnesium, and ammonium may inhibit calcium uptake.
Magnesium is absorbed in the ion form (Mg+2).
Deficiencies appear on older leaves as regions between leaf veins that become yellow and sometimes
a reddish color (interveinal chlorosis), progressing to
brown. Deficiency is most common on acidic, highly
leached soils or soils high in potassium or calcium.
Sulfur is cycled through soil in a very complex
fashion, similar to nitrogen. Deficiency symptoms
first appear as a yellowing of the younger leaves (as
compared to older leaves with nitrogen). Sulfur deficiency is usually seen in acidic, sandy soils that are
low in organic matter.

Micronutrients
Iron deficiency appears as a white or yellow area
between the veins of youngest leaves. It is most
commonly seen on soils with higher pH and is often
worsened by liming.
Copper deficiency causes wilting, yellowing, and
browning of plants. It may limit vine growth in
watermelons, but this has not been observed in
pumpkins. This deficiency may occur on many types
of soil, both acidic and alkaline.
Manganese deficiency can result in yellowing of the
interveinal areas of young leaves (as compared to
older leaves for magnesium). It is most common on
soils with pH above 6.8 and may be a problem on
coastal sandy soils with a pH above 6.2.
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Zinc deficiency often shows as small, abnormally
shaped leaves and stunted plants. This may occur on
a wide range of soils and is usually most severe if
pumpkins are grown under cool, wet conditions and
low light intensity.
Molybdenum deficiency is usually a problem only
on very acidic soils with pH below 5.0 or highly
leached alkaline soils. Early deficiency symptoms
resemble a nitrogen deficiency with a yellowing of
older leaves. As it progresses, leaves will become
cupped, twisted, or distorted in some way.
Boron deficiency may result in browned, distorted,
brittle plants. Fruit may be affected by cracks,
necrotic spots, and internal breakdown. Although
this deficiency is rare in pumpkins, it may occur on
alkaline, highly leached, or low-organic-matter soils.
Caution: Some crops are sensitive to high levels of
boron; don’t apply more than 2 pounds per acre per
year.
Chloride deficiency is rarely if ever seen in the field.
Many fertilizers contain this element as a byproduct.

Fertilizer Guidelines
For pumpkins grown in the Northeast, the fertilizer
program in table 2-5 is recommended. Micronutrients are not normally added for pumpkins. Specific
conditions when pumpkins would benefit from
added micronutrients may exist, but in most cases,
adjusting the pH to the optimum level will solve
micronutrient deficiencies.
Smaller growers may wish to think about applying
fertilizer in terms of pounds per 1,000 feet of row.
To determine how much to apply, divide the square
feet in an acre (43,560) by the row spacing (see
example below). The resulting number is the number
of feet of row per acre; divide it by 1,000. The number of pounds of nutrient to be banded is divided by
this number. That will yield the number of pounds
of nutrient needed per 1,000 feet of row. Then factor
in the percentage of nutrient that the fertilizer mix
contains to calculate the number of pounds of fertilizer material to apply per 1,000 feet of row.
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Table 2-5. Fertility recommendations for pumpkins grown in the Northeast
Nitrogen, N
(pounds/acre)

Soil phosphorus, P2O5
(pounds/acre)

Soil potassium, K2O
(pounds/acre)

		
Broadcast and disk 1
0
Band place with planter 2
20

Low
100
20

Med
50
20

High
0
20

Very high
0
0

Low
100
20

Med
50
20

High
0
20

Very high
0
0

Sidedress when vines
begin to run 3

0

0

0

0

0

0

0

0

40–60

1

If P2O5 and K2O levels are high, skip the broadcast application and apply 20 pounds/acre P2O5, K2O, and N in the band at planting and
40–60 pounds of N sidedressed. If tall rye or cornstalks have recently been plowed down, a broadcast application of 30 pounds/acre N
is advised to avoid a temporary N deficiency.

2

When banding fertilizer on wide row spacings (6 feet or greater), avoid placing more than 40 pounds per acre of N and K2O combined
to avoid salt damage to developing seedlings. Remember, 40 pounds per acre at a 6-foot spacing is equivalent to 80 pounds per acre at
a 3-foot spacing. Bands placed farther away from the seed furrow than the 2-inch standard are less likely to burn plants. Some growers
place one band 2 inches from the seed furrow and a second band 4 inches from the seed furrow.

3

Use a pre-sidedress soil nitrate test (PSNT) to determine the need for N sidedressing. Fields with PSNT levels over 30 probably do not
need additional N.

Example:
You have 1 acre of pumpkins that you are growing
on 6-foot row spacing. Your soil test levels for P2O5
and K2O are high, so you want to apply 20 pounds
of nitrogen, 20 pounds of P2O5, and 20 pounds of
K2O in the band at planting. To keep things simple,
you want to use 19-19-19 as your fertilizer material.
43,560 square feet per acre
6-foot rows
7,260 feet of row per acre
1,000 feet
20 pounds N per acre
7.26

= 7.26

= 2.75 pounds of N
per 1,000 feet of row

20 pounds P2O5 per acre
7.26
20 pounds K2O per acre
7.26

= 7,260 feet of
row per acre

= 2.75 pounds of P2O5
per 1,000 feet of row
= 2.75 pounds of K2O
per 1,000 feet of row

If you use 19-19-19 for a fertilizer material, it contains 19% nitrogen, 19% P2O5, and 19% K2O.
2.75 pounds N
0.19 (19%) N

= 14.47 pounds of 19-19-19

To doublecheck yourself, multiply the pounds of
fertilizer (in this case 14.47 pounds) by the percentage of nutrient in the mix:
14.47 pounds
2.75 pounds of
x 0.19 (19%) =
fertilizer
N, P2O5, and K2O
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So, using 14.47 pounds of 19-19-19 per 1,000 feet
of row will provide 2.75 pounds each of nitrogen,
P2O5, and K2O per 1,000 feet. This equals 20 pounds
per acre of nitrogen, P2O5, and K2O.
When sidedressing, most growers prefer using ammonium nitrate or urea. Both are efficient, but care
should be taken if sidedressed fertilizer remains on
the soil surface and is not incorporated. Urea left on
the surface has a tendency to volatilize, and nitrogen
will be lost. If urea cannot be incorporated, ammonium nitrate should be used. If the sidedressed
fertilizer is incorporated into the soil, either nitrogen
fertilizer will be effective.

Foliar Analysis
Soil test recommendations for pumpkins are good
estimates of what you will need to produce a crop.
However, the crop response will vary based on soil
type, environmental conditions during the season,
previous cropping history, and previous soil management practices.
Plant tissue analysis is another tool to determine the
nutritional status of plants. Fertilizer recommendations based on foliar analysis have not been worked
out in detail for pumpkins in the Northeast. However, some recommendations can be made based on
results from other states.
To conduct foliar analysis, collect 12 to 15 newly
mature leaves no later than fruit set from a uni-
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form area of the field. Wash them in distilled water,
and remove the stems. Dry them in a paper bag,
and send them to the lab for analysis. The samples
should be representative of the entire field. If one
area of the field looks different or has been fertilized
differently from the rest, sample it separately. Compare the sample analysis results with the ranges in
table 2-6 to determine whether a particular nutrient
is within the sufficiency range.
Petiole sap tests are currently being used on some
other vegetable crops to determine if there is a need
for additional nitrogen fertilizer. Research done
in the Northeast region to date has not found any
correlation between the petiole sap test and crop response to sidedressed nitrogen. At this time, petiole
sap tests to determine sidedressed nitrogen needs are
not recommended for use on pumpkins.

Table 2-6. Sufficiency ranges for foliar nutrient analysis of pumpkin sampled in early summer

Organic fertilizers often improve soil organic matter and generally have a positive impact on soil
tilth. Unfortunately, they are often released slowly
and may not provide for all the nutrient needs of
pumpkins. Concentrated fertilizers may be easier to
apply, be more consistent in composition, and release
nutrients quickly. On the down side, they can injure
plants if applied too closely to plants, and they are
subject to leaching. Whether applying organic or
synthetic fertilizers, care must be taken to ensure
that the nutrients are applied in the most effective
manner.
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Micronutrients (ppm)

Nitrogen
Phosphorus
Potassium
Calcium
Magnesium

4.0–6.0
0.60–0.70
3.0–5.0
1.2–2.5
0.30–2.5

Iron
Manganese
Boron
Copper
Zinc

50–200
50–250
25–75
7–25
20–200

Sulfur

Data unavailable

Molybdenum

> 0.50

Source: Plant Analysis Handbook II, by Harry A. Mills and J. Benton Jones Jr.,
©1997. Used by permission of MicroMacro Publishing, Inc.

Table 2-7. Organic fertilizers and their approximate composition
Approximate composition
(% dry weight)
K 2O
Source
N
P 2O 5
Manure 1			
Dairy
1.0–2.5
0.9–1.6
2.4–3.6
Feedlot
1.7–3.0
0.7–1.2
1.2–2.2
Poultry
2.0–4.5
4.5–6.0
1.2–2.4
Sheep
3.0–4.0
1.2–1.6
3.0–4.0
Swine
3.0–4.0
0.4–0.6
0.5–1.0
Blood meal
10
4.0
2.0
Bone meal, steamed
1.0
15
—
Cottonseed meal
6.6
3.0
1.5
Fish meal
10
6.0
—

Organic Fertilizers
Nutrients must be added to fields to achieve optimum production. Growers have the option of adding organic or inorganic fertilizers to fields. Organic
fertilizers include animal manures, compost, green
manures, and other “natural” materials that decompose slowly in the soil. Growers who wish to raise
“organically grown” pumpkins should consult with
their state organic certifying agency to determine
what fertilizer materials are allowed. If animal manures are used, be sure to take precautions to ensure
food safety (see page 15). Some common organic
fertilizers are listed in table 2-7, along with typical
nutrient values.

Macronutrients (%)

Soybean meal

7.0

1.2

1.5

Source: Adapted from Knott’s Handbook for Vegetable Growers, 4th edition, by Maynard and Hochmuth, ©1997. Material used by permission of
John Wiley & Sons, Inc.
1

Manure composition will vary greatly. To avoid over- or underapplying manure for nutrient management, large growers should
have manure tested. Consult a local Cooperative Extension office or
private consultant for details.

Fertigation
Some growers fertilize pumpkins through trickle
irrigation systems (see chapter 4 for information on
irrigation management). The cost effectiveness of
this method has not been evaluated, but the system
will effectively deliver fertilizers as needed through
the season. If fertigation is used, growers should first
apply 20 pounds per acre of nitrogen, P2O5, and K2O
from standard fertilizer sources in a band at planting, at least 2 inches below and to the side of the
seed. Soluble nitrogen fertilizer may then be applied
through the drip irrigation system several times
throughout the season. Apply 10 pounds per acre of
actual nitrogen weekly, starting when the vines begin
to run. Do not exceed total nitrogen applications of
50–60 pounds per acre through the drip system, for
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a total applied nitrogen rate of 70–80 pounds per
acre. Heavier soils will need less fertilizer than sandy
soils. Growers planning to use fertigation are strongly encouraged to use the pre-sidedress soil nitrate
test (PSNT, see below) to avoid overfertilization.

Pre-Sidedress Soil Nitrate Test (PSNT)
The pre-sidedress soil nitrate test (PSNT) was
developed to improve nitrogen management in field
corn. It has since been adapted for vegetable crops
like sweet corn and, more recently, pumpkins. The
test is best used in fields that have the potential for
significant mineralization of nitrogen from various
organic sources (including manure, legume cover
crops, or plowed-under sod) or in fields where the
organic matter content is over 2%.
A small amount of nitrogen banded at seeding
should be sufficient until the vines start to run. At
this time, a PSNT can be used to determine the
level of nitrogen. Fields with nitrate-nitrogen levels
of 30 parts per million (ppm) or greater do not need
to be sidedressed with nitrogen, and yields may be
reduced if additional nitrogen is applied. Fields with
soil nitrate concentrations less than 30 ppm should
have 30–60 pounds per acre of nitrogen applied.
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Total applied nitrogen should not exceed 100
pounds per acre. Multiple studies have shown yield
declines and reduced fruit production when excess
nitrogen is applied.
To sample for the PSNT, collect 15 to 20 subsamples from the top 12 inches of soil about one
week before the pumpkin vines begin to run. Mix
the subsamples, and retain about one cup of soil for
the test. Soil samples should be spread on a nonporous surface to air dry soon after sampling. Follow
the general directions for collecting soil samples
described on page 12 in this chapter. When the soil
is dry, send the sample to a soil-testing lab for a
nitrate-nitrogen test. Before submitting the sample,
be sure to check first to see if the soil-testing laboratory does the PSNT.
The PSNT is an excellent tool that allows growers to improve nitrogen management in pumpkins,
increase the profitability of their pumpkin crop,
and reduce nitrate contamination of water supplies.
Although it is hard to find time to take samples at a
busy time of year, the benefits are worth the effort.
Many private consultants will collect samples as well
as conduct the test.
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CHAPTER 3

Pumpkin Varieties
Dale Ila Miles Riggs and Richard W. Robinson

The list of pumpkin varieties has expanded exponentially during the last decade, as seed companies
have greatly expanded their breeding programs in
pumpkins. As a result, pumpkin growers have gone
from having only a few well-known open-pollinated
varieties available to having over one hundred hybrid
and open-pollinated varieties available today.
Plant habits vary from vining to semi-bush to bush
varieties. A single gene governs internode length.
Bush varieties have short internodes; consequently,
they bear fruit close to the crown of the plant and
do not spread substantially, allowing growers to use
closer row spacing. Closer row spacing enables the
pumpkin plants to produce a ground-shading leaf
canopy more quickly, which makes weed control
easier.
Semi-bush varieties grow more uniformly, produce a
crown set of fruit on short internodes when the plants
are young, and may also set fruit on vines with long
internodes that are produced later in the season. The
vining habit later in the season results in more photosynthetic area, and thus more food reserves, than with
bush varieties. This may make the semi-bush varieties
more tolerant than bush varieties to stress conditions
that can reduce fruit size.
Vining varieties have long internodes, spread profusely, and set fruit along the length of the vine. The
large photosynthetic area of a vining variety produces the most food reserves, and thus the largest
pumpkins come from vining varieties. Observations
show that female flowers are rarely produced before
node number 12 on a pumpkin vine.
Advances in breeding are also resulting in the development of disease-resistant varieties. These varieties
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have potential to reduce applications of synthetic
or organic chemical controls for disease management. Pumpkin varieties can differ in their degree of
disease resistance. Immunity, in which plants are exempt from a disease affecting other pumpkin plants,
is rare. Resistant plants are less affected by a disease
than susceptible plants. They can have a high degree
of resistance and not be significantly affected in yield
or quality by a disease. Even if they do fall victim to
a disease, plants with a lower level of disease resistance (sometimes called tolerance or field tolerance)
may still produce more marketable yields than more
susceptible plants.
When choosing varieties, growers need to refer to
both their production plans and their marketing
plans. What size pumpkins do customers want?
What row spacing will work best with the available equipment? What size pumpkins will the labor
force be able to harvest? How will the pumpkins be
delivered? If marketing through wholesale channels, is the necessary equipment available to load
and unload extra large pumpkins? Are sufficient soil
and water resources available to maximize the size
of large, extra large, and giant pumpkins? What are
plans for disease control? Should disease-tolerant
varieties be part of the planting plans?
Less obvious factors also need to be considered, depending on the marketing channels used. Pumpkins
bound for a wholesale market usually have shorter
stems than pumpkins for retail markets. Uniform
sizes produced by a hybrid semi-bush are useful for
shipping, but retail farm marketers will probably want
a variety of shapes and sizes. Flesh thickness has an
effect on pricing. Varieties with very thick flesh can
be harder to sell by the pound, since a larger pumpkin
with thinner flesh will appear to be more economi3: Pumpkin Varieties

cal. How will rind color affect the marketability of a
pumpkin? Medium orange pumpkins may look fine
when displayed among other fruit of the same color
but will probably not sell as well when displayed next
to a deep orange fruit.
When choosing varieties, market demand should
be considered foremost. Production schedules and
equipment needs can be centered around the needs
of specific varieties, but there is no point in growing varieties for which there is no market demand.
Medium standard-size pumpkins are very popular
with families who want to buy fruit for each family
member. Some producers grow only large standardsize pumpkins with the philosophy that there will
always be late-maturing small ones. However, the
quality of late-set, immature pumpkins of a large
variety is much inferior to mature, well-developed
healthy varieties that are genetically smaller. Producers who want a mix of sizes should consider growing
several varieties to maximize quality.
The following list of variety descriptions is not a complete listing. Rather, it contains varieties that are representative examples of a size class, have been widely
grown, were in replicated trials, and/or appear to be
promising. Varieties are listed by category: giant (over
50 pounds), extra large standard (30–50 pounds),
large standard (15–30 pounds), medium standard (5–
15 pounds), small standard (1–5 pounds), miniature
(less than 1 pound), and specialty (unique features of
all sizes). This small sampling of varieties is intended
to give growers “food for thought” concerning desirable and undesirable traits to evaluate when growing
new varieties.
Growers should test new varieties every year and
determine which varieties are most suitable for their
production and marketing systems (photo 3-1). The
major seed companies currently carrying and developing pumpkin varieties are listed in table 3-1. The
varieties developed by these companies are also carried by many other seed companies and suppliers.

Giant (Over 50 Pounds)
Giant pumpkins tend to be Cucurbita maxima rather
than Cucurbita pepo, the species of the traditional pie
and jack-o’-lantern pumpkins (photo 3-2). Cucurbita
maxima varieties have a fleshy stem on the fruit and
a rounder, more pubescent leaf. They also appear to
3: Pumpkin Varieties

Table 3-1. Seed companies currently with an active pumpkin
variety development and sales program
Seed company

Contact Information

Abbott & Cobb, Inc.

4151 Street Road
PO Box 307
Feasterville, PA 19053-0307
(800) 345-7333
(215) 245-6666
www.acseed.com

Harris Moran Seed Co., Inc.

PO Box 4938
Modesto, CA 95352
(209) 579-7333
www.harrismoran.com

Johnny’s Selected Seeds

184 Foss Hill Road
Albion, ME 04910
(207) 437-9294
www.johnnyseeds.com

Rupp Seed, Inc.

17919 County Road B
Wauseon, OH 43567
(800) 700-1199
(419) 337-1841

Seedway, Inc.

1225 Zeager Road
Elizabethtown, PA 17022
(800) 952-7333
www.seedway.com

have delayed onset of powdery mildew infections.
All Cucurbita maxima are vining varieties.

Big Max
A Cucurbita maxima, this open-pollinated, vining
variety has been used for years in “giant pumpkin”
contests. Orange to orange-pink with rough, irregular skin, the fruit often weigh 50–100 pounds. They
often have a pronounced flat side.

Dill’s Atlantic Giant
Developed by Howard Dill of Nova Scotia, this
open-pollinated Cucurbita maxima variety is widely
grown by hobbyists throughout North America.
Pale pink to pale orange in color, it will range in
size from 50 pounds to several hundred pounds.
It is produced on vining plants, is usually round to
oblong in shape and irregular in texture, and has a
pronounced flat side where it lays on the ground.

Prizewinner
This Cucurbita maxima hybrid vining variety was
developed to provide a brighter orange pumpkin
color in a giant pumpkin. It consistently produces
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reddish orange fruit that range in size from 30 to
100 pounds. It is often globe-shaped with a smooth
skin and little ribbing.

Extra Large Standard
(30–50 Pounds)
Standard pumpkins are Cucurbita pepo and include
all the typical jack-o’-lantern-type varieties. Several
seed companies are developing extra large standard pumpkins to satisfy the demand for very large
pumpkins that look like a stereotypical jack-o’-lantern. Growers should expect more extra large varieties to be developed in the future.

Howden Biggie
Developed by John Howden in Sheffield, Massachusetts, in the 1980s, this open-pollinated,
vining variety has a very deep orange color with
moderate to strong ribbing. The size ranges from
30 to 70 pounds. Most fruit are globe-shaped, but
some taller fruit are produced. This variety does not
respond well to stress conditions. It may drop some
female flowers when excessive leaf canopy produces
very shady conditions at ground level where the female flowers are, so do not crowd individual plants.

Large Standard (15–30 Pounds)
Open-Pollinated Varieties
Connecticut Field
This is an old vining variety that has existed since
colonial days. It has highly variable fruit size, shape,
color, and stem size. This variety does not perform
well in southern areas. Most fruit are lightly ribbed.
Howden
Perhaps the most widely grown variety in the northern states, this vining variety was developed by John
Howden of Sheffield, Massachusetts. It has very
deep orange color with strong ribbing. Many fruit
are in the 15- to 25-pound range, with very thick
flesh. Most are globe-shaped, but some tall fruit can
be produced. The stem attachment is very broad.
Stems tend to be stout, long, and very dark green.
The variety is sometimes marketed as black rot–tol-
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erant, but research has
hen choosing
not proven that claim.
varieties,
The variety is sensitive
to shading, causing
market demand
some female flowers to
should be
drop before opening.
considered
Avoid conditions that
foremost. Production
result in an excessively
schedules and
lush canopy. Recent
equipment needs
research also shows
a tendency to drop
can be centered
female flowers duraround the needs
ing extended periods
of specific varieties,
of night temperatures
but there is no point
greater than 70˚F
in growing varieties
(21˚C). Growers and
for which there is no
researchers in southern
areas have seen poor
market demand.
fruit set and erratic
fruit set with this variety. This is most likely
the result of dropping female flowers due to warm
nights. Observations indicate this variety may be
slightly more susceptible to powdery mildew.

W

Tom Fox
Developed by Tom Fox of New Hampshire, this
vining variety is relatively new on the market. It has
a deep orange color with moderate ribbing. Fruit
are globe-shaped to a slightly flattened globe shape
and are dense for their size, weighing from 12 to 24
pounds. This variety has extremely thick stems that
are deep green in color.

Hybrid Varieties
Appalachian
A relatively new variety with a semi-bush habit,
‘Appalachian’ has deep orange color with moderate ribbing. The fruit weigh 15–30 pounds and are
globe-shaped to slightly upright globe-shaped with
thick green stems.
Magic Lantern
A new variety with a semi-bush habit, this is one of
the first varieties developed with powdery mildew tolerance. The fruit weigh 12–22 pounds, are very deep
orange with moderate ribbing, and are globe-shaped
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to a slightly flattened globe shape with a strong green
stem. The foliage will get powdery mildew infections,
but the stems stay relatively free of disease colonies.
Recent observations indicate that the disease tolerance on the handles may be breaking down. There
can be some shriveled stems on this variety, particularly when the plants are stressed.

moderate ribbing. The fruit are globe-shaped to a
slightly flattened globe shape with thick, dark green
stems. Observations indicate that this variety may be
slightly more susceptible to powdery mildew. Both
fruit and stems hold up well under cold conditions
after harvest.

Wizard

Merlin
A sister of ‘Magic Lantern,’ this new vining variety
also has powdery mildew tolerance. The fruit weigh
15–25 pounds, are deep orange with moderate
ribbing, and are globe-shaped to a slightly upright
globe shape with deep green stems. Powdery mildew
colonies can infect the foliage, but the stems stay
fairly free of the disease. Observations indicate it
may be more susceptible to bacterial wilt.

One of the first semi-bush hybrid varieties, ‘Wizard’ produces 8- to 15-pound fruit with a very deep
orange color and slight to moderate ribbing. The fruit
are very uniform; are globe-shaped; and have long,
somewhat slender, deep green stems. The stems of
this variety are prone to shriveling, resulting in most
seed companies recently taking it off the market.

Pro Gold 510
A relatively new vining variety, this slightly upright
globe-shaped pumpkin produces 15- to 22-pound
fruit. The fruit are moderately dark orange with
moderate to deep ribbing. This variety has performed well in southern areas and has been variable
in northern areas.

Baby Bear

Rocket
A relatively new variety with a vining habit, ‘Rocket’
has a moderately deep orange color with slight ribbing on the main part of the fruit and pronounced
ribs on the shoulder of the fruit. The fruit are heavy
for their size, weighing from 12 to 20 pounds. The
upright, slightly pear-shaped fruit have long, solid
green stems.

Medium Standard (5–15 Pounds)
Mystic
This hybrid vining variety produces 5- to 10-pound
fruit with dark orange flesh and tan stems. The fruit
is globe-shaped to a flattened globe shape and has
moderate ribbing. It has performed particularly well
in southern areas.

Racer
This new semi-bush hybrid variety has 8- to
18-pound fruit with a bright deep orange color and
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Small Standard (1–5 Pounds)
Relatively new, this open-pollinated vining variety
produces small pie pumpkins that weigh from 1 to
2.5 pounds. The fruit are a flattened globe shape and
have long slender stems and moderately deep orange
flesh. They are fairly prolific, producing five to ten
fruit per plant.

Baby Pam
A widely grown pie pumpkin, this open-pollinated
vining variety produces flattened globe fruit in the
2- to 4-pound range. The color is bright orange
and the skin is quite smooth, making it a popular
variety for painting for Halloween decorations. The
stems are long, of moderate thickness, and wellattached.

Hybrid Pam
This relatively new variety is a larger, more highly
colored hybrid version of ‘Baby Pam.’ The semibush plants produce dark orange, slightly flattened,
medium-ribbed fruit in the 3- to 6-pound range.
The stems are sturdy, moderately thick, and moderately long.

Lil’ Ironsides
A new variety, this small globe-shaped hybrid produces many medium orange fruit on a vining plant.
The fruit are uniformly in the 2-pound range and
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very hard. Its smooth skin makes this variety suitable
for painting. The stems are sturdy and of moderate
length.

Oz
This relatively new hybrid semi-bush variety produces smooth, globe-shaped fruit in the 3- to 5-pound
range. Some growers are using them for painting.
This variety has the precocious yellow gene, which
produces fruit that are yellow when first formed,
then turn medium orange as they mature. They start
to color earlier than varieties that have immature
green fruit. Stems are thick, dark green, and hard.

Spookie
An older open-pollinated pie pumpkin, this vining
variety produces 4- to 6-pound fruit that are smooth
and globe-shaped with a medium orange color.
Stems are slender and of moderate length. The fruit
is multipurpose (used for painting, carving, and in
pies).

Miniature (Less Than 1 Pound)
Jack Be Little and Munchkin
These are prolific, open-pollinated, vining varieties that bear 10 to 20 fruit per vine, each weighing 8 ounces or less. The fruit are moderately deep
orange in color, very flattened, and heavily ribbed
with long, slender stems. They are used for both
decorative and food purposes. Some chefs have
found them very popular as serving dishes for
pumpkin soup. They have a long storage life. Virus
infection can cause the fruit to have green spots
and never fully color.

Wee-B-Little
This new semi-bush, open-pollinated variety produces baseball-size fruit in the 8- to 14-ounce
range. The fruit are smooth and globe-shaped with
a bright, medium orange color and sturdy, mediumlength stems. They have become popular as a “kidsize” pumpkin for school tours and as a teaching tool
in classrooms.
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Specialty
Baby Boo
This is an open-pollinated, white-skinned version
of ‘Jack Be Little’ and ‘Munchkin’ with orange flesh,
long stems, and deeply ribbed fruit. The fruit are
produced on prolific vining plants. Growing truly
white fruit can be a challenge, as skin imperfections
from disease and mechanical damage are highly visible. They are mostly sold through retail markets as a
novelty item.

Casper
This open-pollinated Cucurbita maxima vining
variety has white skin and orange flesh. The 8- to
10-pound fruit are globe-shaped to slightly flattened
globe-shaped. This variety has performed better than
other white-skinned varieties in southern areas.

Lumina
This variety produces white-skinned, orange-fleshed,
slightly ribbed, mostly globe-shaped fruit on vining plants. This open-pollinated Cucurbita maxima
variety is relatively new, and the medium-size (10to 18-pound) fruit are mostly sold as a unique item
through roadside markets. Grower reports indicate
that it can be difficult to obtain truly white fruit, as
stress can cause bluish patches, and disease lesions
stand out more than on orange fruit.

Rouge Vif D’Etampes
This open-pollinated Cucurbita maxima vining variety is also known as ‘Cinderella.’ The variable fruit
are 7–30 pounds in size, are very flat, and ribbing
ranges from smooth to medium. Stems are short to
long. The striking red color is making this variety
popular at retail markets.

Valenciano
This white-skinned, orange-fleshed, open-pollinated
Cucurbita maxima variety produces fruit on vining
plants. Fruit are a flattened globe of medium size (6–
14 pounds) with moderately short stems and light
ribbing. Fruit are heavy for their size and can have a
greenish cast when grown under stressful conditions.
Skin imperfections are much more obvious than
on orange varieties. It is mostly sold through retail
markets.
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Breeding Disease-Resistant
Pumpkins
The development of disease-resistant varieties of
pumpkin has lagged far behind that for many other
vegetable crops. A watermelon variety resistant to Fusarium wilt was introduced more than 80 years before
there was a disease-resistant pumpkin variety. Melons
resistant to powdery mildew and cucumbers resistant
to scab and cucumber mosaic virus have been available since the 1930s, but a pumpkin resistant to any
disease was not grown until the late 1990s.
Breeders were able to find sources of disease resistance for watermelon, melon, and cucumber in introductions of those species, but initial attempts to find
disease resistance in Cucurbita pepo, the species that
includes pumpkin, were unsuccessful. Disease resistance for pumpkin had to be transferred from wild,
distantly related Cucurbita species, and it is much
more difficult to breed a variety by crossing different
species than when resistance can be found within the
species being bred.
The species Cucurbita pepo includes squash as well
as pumpkin. The late Tom Whitaker, noted cucurbit
authority of the U.S. Department of Agriculture,
suggested that a wild species from Mexico, Cucurbita
okeechobeensis subspecies Martinezii, could be used as
a source of powdery mildew resistance for squash. Dr.
Henry Munger, vegetable breeder at Cornell University, and Max Contin, his graduate student, transferred the powdery mildew resistance from the wild
species into Cucurbita pepo, but it wasn’t easy.
The wild species was so late in maturity that it did
not flower in the field in Ithaca, New York, until
September, when it was almost too late to make
pollinations. Cross-pollinations of it with summer
squash (Cucurbita pepo) were unsuccessful. Crosses
were successful, however, with ‘Butternut’ winter
squash (Cucurbita moschata), which is more closely
related to and more easily crossed with the wild species than summer squash. The resulting hybrid was
then crossed with a summer squash (Cucurbita pepo).
This successful breeding technique used butternut
squash (Cucurbita moschata) as a bridge to transfer
resistance from the wild species to summer squash. A
similar three-way interspecific cross was made at the
New York State Agricultural Experiment Station at
Geneva by Dr. Richard W. Robinson.
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Dr. Margaret Kyle Jahn at Cornell transferred the
powdery mildew resistance of the summer squash
germplasm developed by Dr. Munger to pumpkin
(photo 3-3). Powdery mildew–resistant pumpkin
varieties recently introduced by seed companies,
such as ‘Magic Lantern’ and ‘Merlin,’ derive their resistance from germplasm developed at Cornell (photo
3-4).
Dr. Munger discovered that the wild species he used
as a source of resistance to powdery mildew is also resistant to another important disease—cucumber mosaic virus (CMV). Resistance to still another disease,
gummy stem blight (or black rot), was found in the
same wild species by Cornell researchers. CMV-resistant pumpkins have been bred at the Geneva Experiment Station by Dr. Robinson from crosses with the
wild species, and this germplasm has been provided
to seed companies to enable them to develop virusresistant varieties of pumpkin. Dr. Margaret Tuttle
McGrath of Cornell’s Long Island Horticultural
Research Laboratory has found that the small pie
pumpkin variety ‘Lil’ Ironsides’ is resistant to Phytophthora fruit rot. This variety is named for the very
hard, durable rind of its fruit, and its resistance may
be related to this characteristic.
Although disease-resistant varieties have not been
an option for pumpkin producers until very recently,
growers can look forward to rapid developments in
the near future. All disease-resistant pumpkin varieties currently available were developed by conventional breeding, and this method of varietal development should continue to be important for breeding
pumpkin varieties with disease resistance. Genetic
engineering may soon accelerate the development of
disease-resistant varieties, if there is public acceptance of genetically modified organisms.
Pumpkin varieties with resistance to additional diseases and with combined resistance to several diseases are now being developed. Dr. Rosario Provvidenti
at the Geneva Experiment Station has discovered
sources of resistance to many viruses of pumpkin
and other vegetable crops. Dr. Robinson cooperated
with him to breed the ‘Whitaker’ variety of summer
squash, which combines resistance to three important viruses (zucchini yellow mosaic virus, papaya
ringspot virus, and cucumber mosaic virus) and also
powdery mildew, and they are now transferring
resistance to those four diseases to pumpkin.
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CHAPTER 4

Cultural Practices
Charles A. McClurg, Stephen Reiners, Dale Ila Miles Riggs, and Robert Rouse

Pumpkins are a frost-sensitive annual cucurbit crop
with very little or limited cold tolerance. Generally
speaking, they need warm air and soil temperatures,
a long growing season, adequate soil moisture, and
maximum sunshine.
A variety of cultural practices are used to produce
pumpkins, depending on grower preference, available equipment, soil, microclimate, and a variety of
other factors. Many “production systems” are available to growers. This chapter presents techniques
and concepts that growers can adapt to their unique
situations to improve efficiency and profitability.

Plant Establishment
Seeding Rates and Depths
Pumpkins are normally direct-seeded in the field,
but as the price of seed increases, more growers are
using transplants (see below). Pumpkins should not
be planted until the soil temperature has reached a
minimum of 65˚F (18˚C). Seeding in soil temperatures below 60˚F (16˚C) will likely result in poor
stands due to poor emergence. Small-seeded varieties are best planted on the shallow side at a 0.5- to
1-inch depth, while large-seeded varieties can be
planted 1–2 inches deep. At optimum soil temperatures, plants should emerge in four to seven days.
With ideal soil temperature, moisture, and tilth,
high-quality seed can emerge in as little as two to
three days. In northern areas (New England, New
York, New Jersey north of Trenton and New Brunswick, and Pennsylvania north of Interstate 80), fields
are usually not planted until early June. Warmer,
more southerly areas may plant earlier. Since the
market for the crop is minimal until after Labor Day
(the first Monday in September), earlier plantings
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in southern areas are not recommended even if soil
temperatures are optimum.
Typically, 2–4 pounds of seed per acre are needed
for a direct-seeded crop. Seed amounts depend on
spacing, planter efficiency, and the seed size of the
variety being planted. Precision seeders use much
less seed per acre. Typically, giant-fruited varieties
(those in excess of 40 pounds) have the largest seeds,
with 1,000 to 1,500 seeds per pound. Mid- and
large-size fruit have between 2,500 and 3,000 seeds
per pound, and small pumpkins between 3,000 and
5,000. Mini pumpkins have the smallest seed, with
7,000 to 8,000 seeds per pound.

Transplant Production and Use
More growers are considering transplants as a way
to make the best use of increasingly expensive seed.
To achieve the same plant population, direct-seeding
requires approximately two to three times as much
seed as transplants. Transplants can also produce a
more uniform stand, resulting in easier mechanical
weed control. However, a transplant will develop a
much shallower root system than a direct-seeded
plant. The large tap root on a direct-seeded pumpkin plant may exceed 4 feet in length, making the
crop somewhat drought-tolerant. Transplants lack a
taproot and develop a more fibrous root system that
remains in the top 12–18 inches of the soil. For this
reason, transplants should only be used in fields that
can receive supplemental irrigation.
For transplants, plant seeds about three weeks prior
to the desired time of field planting. Avoid seeding transplants too early, as overmature transplants
produce poorly. Plants should not be allowed to grow
past the first true-leaf stage. Flats should be new or,
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if reused, thoroughly disinfected. Transplant cell
size will affect the plant’s ability to reroot in soil and
actively grow. Pumpkins require a large cell (about
2 inches in a 50-cell tray, about 3 inches in a 32-cell
tray) with lots of room to grow. Place the seed about
0.5 inch deep in a lightweight, disease-free growing
media made from a mixture of peat moss and vermiculite. The recipe for a mix is given in table 4-1.

Growers who are considering transplants need to
carefully examine the economics of the switch. If a
change to transplants is being made to save on seed
costs, carefully consider the cost of transplanting
equipment, transplant production facilities, increased
labor costs, and the potential for weather delays in
setting plants, which can result in poor production
from overmature plants.

Prior to field planting, reduce the amount of water
used. If the transplants were grown in a greenhouse,
lower the temperature slightly to no lower than 55˚F
(13˚C) and limit fertilizer to harden the plants. Minimize transplant shock by planting on a cloudy, cool
day, preferably when these conditions are forecast to
continue for a couple of days. If this is not possible,
plant in the late afternoon to minimize potential
drying from the sun. Use plenty of water to set the
transplants, and add a starter fertilizer high in P2O5
to ensure that plants recover quickly.

Spacing

Table 4-1. Mixture for a lightweight, disease-free growing mix
Materials

Amount

Shredded sphagnum peat moss

1 bushel (10 gallons)

Vermiculite1
No. 2, 3, or 4 domestic
or horticultural-grade
(dust-screened) or
African vermiculite

1 bushel (10 gallons)

Pulverized limestone 2
Use dolomitic lime for mixes
made with domestic vermiculite
or
Use calcitic lime for mixes
made with African vermiculite
Superphosphate (20% P2O5)
or
Triple superphosphate (46% P2O5)
Sulfate or muriate of potash
(50–60% K2O)

1 pound (11⁄4 cups)
9 ounces (3⁄4 cup)
4 ounces (1⁄2 cup)
2 ounces (1⁄4 cup)
1 ounce
(2 tablespoons)

Micronutrient mix

Follow manufacturer’s
recommendations

Wetting agent

Follow manufacturer’s
recommendations

Source: Rutgers Cooperative Extension.
Note: Thorough mixing is important. If facilities are not available to properly prepare the mix, it may be better to purchase prepared commercial
growing media. Try to determine the pH of the commercial media before
purchasing it.
1
Vermiculite should be approximately pea-size and relatively free from
fines and dust.
2
The final mix should have a pH of 6.0–6.5.
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Growers in the Northeast use a wide variety of both
in-row and between-row spacings for pumpkins. In
general, large-vined varieties with big fruit require
more space than semi-bush types with smaller fruit.
The recommendations in table 4-2 are intended to
provide general guidelines.
Research conducted in New York State indicates
that higher plant populations will result in greater
fruit numbers per acre and sometimes more tons per
acre. The fruit, however, may be of a smaller size.
In addition, research has shown that yields will be
maximized with more narrow rows and wider spacing within the row. To take maximum advantage of
higher plant populations, growers need to optimize
all inputs to minimize competition between plants.
Traditionally, many growers leave more than one
plant at each “hill.” Research conducted in New
York State shows that there is no yield loss by having two plants per hill rather than one. Two plants
will behave essentially as a single plant and may only
slightly increase yield, if at all. The use of more than
one plant per hill may decrease fruit size. However,
Table 4-2. Recommended between-row and in-row spacings for
various fruit and vine sizes
Fruit and
vine size

Between-row
spacing

In-row
spacing

More than 50 pounds,
large vine

10–12 feet

5–6 feet

18–30 pounds,
medium to large vine

7–9 feet

4 feet

15–25 pounds, medium
vine to semi-bush

6–7 feet

4 feet

6–15 pounds, medium
vine to semi-bush

6 feet

3 feet

Less than 6 pounds,
medium vine to semi-bush

6 feet

2 feet
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two plants can serve as insurance in case one plant
is lost. With the high cost of seed, growers need to
determine if it is worth the expense to have more
than one plant per hill.

Water Management
Short-term deficiencies in rainfall during critical
crop-growing periods occur in some parts of the
Northeast almost every year. To maximize their
return on a planting of pumpkins, growers must pay
attention to water management and irrigation. Too
much or too little water reduces the potential to produce a profitable crop. Long periods (greater than 48
hours) of saturated soil can increase the likelihood
of soilborne diseases such as Phytophthora blight
(see chapter 7). Too much soil moisture, coupled
with high nitrogen, can cause excessive vine growth,
adversely affecting fruit set (see chapter 5).
Dry conditions after planting but before fruit set
will affect the plant’s growth and yield potential for
the rest of the season. Before seeding, there must
be enough soil moisture to germinate the seed and
establish the plant. Transplants must have enough
moisture to get the plant off to a fast start and avoid
transplant shock. Plant stress from too little water
can cause female flowers to drop before opening,
thus reducing yields. Moisture stress during fruit
sizing can be particularly damaging to total and
marketable yield.
Variety trials conducted on irrigated fields have
produced fruit up to twice as large as the same
varieties planted on unirrigated fields. Field observations show that some varieties respond to moisture
stress not only by producing smaller fruit but also by
producing fruit with poorer color and stem quality.
Proper water management through drainage and
irrigation management is critical to success.
The glacial origin of soils in the Northeast makes
almost every field variable. Even growers with
loamy sands for soils may have wet spots. Since
soilborne diseases can be particularly devastating
and do not have short-term solutions, all wet areas
in fields should be identified, and drain tile should
be installed to improve drainage. Growers have lost
pumpkin plantings to Phytophthora blight, even in
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dry years, because irrigation water was not able to
drain quickly enough.
In dry seasons, soil moisture management can require
a lot of time. However, experience and some soilmoisture-monitoring tools can result in less timeconsuming water management and a more profitable
pumpkin crop. Four basic rules that form the foundation for every water management plan are:
1. Know your soils. Soils differ in their water-holding
capacity and infiltration rate.
2. Remember that water flows downhill. The soil
type and its drainage and irrigation class are critical. Natural drainage and water flow paths must
be considered when laying out field designs and
irrigation systems. Field drainage may need to
be improved with field tiles, ditches, grass waterways, or a combination of these methods. Raised
beds placed across a natural water flow area in
a field with some slope can create a mini dam.
Proper attention to this detail can prevent severe
erosion problems and crop loss.
3. Know your water supply. How much irrigation
water capacity do you have? Do not overextend
your supply or system. There are 27,154 gallons
of water per acre inch. This is the number of
gallons of water required to cover 1 acre of land
with 1 inch of water. The local Soil and Water
Conservation District, Natural Resources Conservation Service office, or Cooperative Extension office should be able to help in determining
the volume of water in an irrigation pond or
other slow-moving surface water body.
If your irrigation water comes from a well, order
a pump discharge test or get a copy of the well
driller’s log to determine the long-term flow
rate. It is also important to determine the recharge time for either a pond or a well.
4. Monitor soil moisture. Monitor soil moisture
levels to know how much soil moisture is available to the plants at any given time.

Soil Water-Holding Capacity
To effectively manage soil moisture for pumpkin
production, growers must understand the concepts
involved in soil water-holding capacity.
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Each soil differs in its ability to hold soil moisture
and allow water infiltration. Tables 4-3 and 4-4 illustrate these two differences.
Soil factors must be considered in determining irrigation frequency. Available water refers to the amount
of water that a plant is able to withdraw from the
soil. Soils with high available water-holding capacities require less frequent irrigation than soils with
low available water-holding capacities. As table 4-3
illustrates, soils having high levels of silt and clay
have greater available water-holding capacities than
sandy soils. Soils that have more organic matter will
also hold more water than a similar soil type with low
organic matter. Compacted soils hold less available
water than similar soils that are not compacted.
Another soil factor that influences irrigation practices is the soil infiltration rate. Water should not
be applied to soils faster than the rate at which soils
can absorb water. Doing so will cause ponding of the
water on the soil surface, which can cause disease
problems. It may also destroy soil structure, reducing
soil tilth and enhancing soil compaction problems.
Table 4-4 lists the infiltration rates of several soils.
Irrigation scheduling should not be based on plant
cues, such as a change in foliage color or wilting
(photo 4-1). Well before such visible symptoms appear, mild water stress will have slowed the rate of
leaf expansion and, depending on the crop’s growth
Table 4-3. Influence of soil texture on available water-holding
capacity
Soil texture

Available water-holding capacity
(inches of water per foot of soil)

Sand
Loamy sand
Sandy loam
Loam and silt loam
Clay loam

0.25–1.00
0.75–1.50
1.25–1.75
2.00–2.75
1.75–2.50

Clay

1.50–2.25

Table 4-4. Soil infiltration rate based on soil texture
Soil texture

Soil infiltration rate
(inch/hour)

Coarse sand
Fine sand
Fine sandy loam
Silt loam

0.75–1.00
0.50–0.75
0.35–0.50
0.25–0.40

Clay loam

0.10–0.30

4: Cultural Practices

stage, may have affected reproductive development.
Monitoring soil water status directly is the best way
to determine when to irrigate. Soil monitoring does
not have to be complicated or expensive, but it does
involve checking soil moisture near the roots. Looking at the top inch or two of the surface soil is not
enough. In addition, parts of the field with different
soil types, slopes, and drainage characteristics must
be monitored separately.

Methods for Soil Moisture Measurement
Soil moisture levels are critical to proper water
management. Growers can use several different tools
to measure soil moisture to most effectively manage
water for the crop.

Soil Hand Feel Test
One tool that all growers can use is a soil hand feel
test (table 4-5, page 32). This tool works well with a
little practice. The only requirements are a soil probe
and knowledge of the soil type in the field (see
chapter 2). If the soil type is unknown, local Cooperative Extension or Natural Resources Conservation Service offices can supply this information.
Depending on the stage of growth, irrigation method, and soil type, irrigation should be started when
the soil is at 50–75% field capacity in the root zone.
Soil moisture should not drop to less than 50% field
capacity, or wilting can occur.

Tensiometers
Tensiometers are excellent tools to monitor soil
moisture to determine
irrigation frequency (figure 4-1). They usually
cost between $45 and
$80 and measure soil
dryness using a vacuum-based system that
measures soil tension, an
indicator of how tightly
water is held in the soil.
This force also draws
water out of the tensiometer through a porous
tip, creating a vacuum

Liquid
reservoir

Vacuum gauge
Soil surface

Porous
ceramic
tip

Figure 4-1. Tensiometers are
excellent tools for measuring
soil moisture.
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Table 4-5. Soil moisture levels using the soil hand feel test
Feel or appearance of soil
		
Coarse-textured
Available
soils (sand); gritty
moisture
when moist, almost
in soil
like beach sand

Moderately coarse-		
textured soils (sandy
loam); gritty when
Medium-textured
moist, dirties hand;
soils (silt loam);
some silt and clay
sticky when wet

Fine- and very finetextured soils (clay
loams and clay); sticky
when moist, behaves
like clay

0–50%

Dry, loose, and singleDry and loose; flows
grained; flows through
through fingers. Appears
fingers. Appears to be
to be dry; does not form
dry; does not form a
a ball under pressure.1
1
ball under pressure.
			

Powdery dry; in some
places slightly crusted
but breaks down easily
into powder. Somewhat
crusty but holds together
under pressure.1

Hard, baked, and
cracked; has loose
crumbs on the surface in
some places. Somewhat
pliable; forms a ball
under pressure.1

50–75%

Appears to be dry; does
Forms a ball under
not form a ball under
pressure but seldom
pressure.
holds together.
			

Forms a ball under
pressure; somewhat
plastic; sticks slightly
under pressure.

Forms a ball; ribbons out
between thumb and
forefinger.		

75%
to field
capacity

Sticks together slightly;
Forms weak ball that
may form a very weak
breaks easily; does not
ball under pressure.
stick. Upon squeezing,
Upon squeezing, no free
no free water appears.
water appears.		

Forms ball; very pliable;
sticks readily if relatively
high in clay. Upon
squeezing, no free water
appears.

Ribbons out between
fingers easily; has a slick
feeling. Upon squeezing,
no free water appears.

100%
to field
capacity

Same as above and upon
squeezing, no free water
appears on soil, but wet
outline of ball is left on
hand.

Same as above and upon
squeezing, no free water
appears on soil, but wet
outline of ball is left on
hand.

Same as above and upon
squeezing, no free water
appears on soil, but wet
outline of ball is left on
hand.

Same as above and upon
squeezing, no free water
appears on soil, but wet
outline of ball is left on
hand.

Above
field
capacity

Free water appears
when soil is bounced in
hand.

Free water is released
with kneading.

Free water can be
squeezed out.

Puddles, free water forms
on surface.

		

Source: National Engineering Handbook, U.S. Department of Agriculture, Natural Resources Conservation Service.
Note: Depending on the stage of growth, irrigation method, and soil type, irrigation should be started when the soil is at 50–75% field capacity in
the root zone. Soil moisture should not drop to less than 50% field capacity, or wilting can occur.
1
A ball is formed by squeezing a handful of soil very firmly.

inside the tensiometer. This negative pressure, or
tension, is registered on the tensiometer’s vacuum
gauge. The unit of measurement is a centibar (cb),
and the drier the soil, the greater the soil tension and
the higher the number of centibars. The soil tension
measured with tensiometers is an indirect indication
of soil moisture content and can be used as an indicator of irrigation need.
The texture of the soil influences the soil tension
range measured by tensiometers. Table 4-6 contains
guidelines for using soil tension data to schedule irrigation events. Irrigation should be started when no
more than 50% of available water has been depleted.
When a tensiometer breaks tension, the gauge will
either remain at 70–80 cb or drop to a deceptively
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Table 4-6. Irrigation guidelines for using tensiometers
Soil moisture and 		
irrigation status
Soil texture

Soil tension
(centibars)

Soil at field capacity;
no irrigation required

5–10

50% of available
water depleted;
irrigation required

Sand, loamy sand
Sandy loam, loam,
silt loam
Clay loam, clay

10–20
20–40

Sand, loamy sand
Sandy loam, loam,
silt loam

20–40

Clay loam, clay

50–100

40–60

low value. In either case, the tension reading is
meaningless, and the tensiometer must be serviced
before readings can again be made. The only reliable
method for judging when a tensiometer has broken
tension is to observe the water column near the
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vacuum gauge. If a break in the water column can be
seen, the gauge has broken tension.
The placement of tensiometers in the field is extremely important. They should be placed where
plant roots are actively growing, usually at a depth of
6–12 inches and within 6–12 inches from the plant’s
base. When using trickle irrigation, place the tensiometer close to the tape. It may be useful to place
tensiometers at various depths to determine how
deeply the irrigation or rainfall has penetrated (photo
4-2). Be sure to flag the location of each tensiometer.
One caution when using tensiometers: They go off
scale easily if the soil dries (above 80 cb), and they
must be refilled with water and vacuum-pumped by
hand to become functional again.

Gypsum Blocks and Ceramic Sensors
Gypsum blocks and ceramic moisture sensors operate on an electrical principle. They are not expensive,
but a voltmeter (usually $150 to $250) is required to
use them. Like tensiometers, they are placed in the
root zone. The location of blocks in the field should
be flagged. Ceramic sensors have a narrower operating range than gypsum blocks and therefore tend
to be more accurate. Gypsum blocks have limited
usefulness in very humid regions. A disadvantage of
both electrical types is that their calibration may lose
accuracy with time, particularly if they are used for
more than one season.
Water Budget Method
Another approach to scheduling irrigation, usually
referred to as the “water budget” method, is much
like balancing a checkbook and involves keeping track
of “deposits” (rain and irrigation) and “withdrawals”
(crop water use). Weather records or evaporation pan
data can be used to derive useful approximations of
potential crop water use. Estimates of water evaporation can be used to calculate the amount of water
used each day through soil evaporation and plant
transpiration. This is known as potential evapotranspiration, or ET. An evaporation pan is basically a
big pan with a wire cover to prevent birds or animals
from drinking or bathing in the water. The pan is
placed in an open, unprotected part of the field, and
one can measure the depth of water and compare it
with the depth from prior days.
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The amount of water lost by evapotranspiration is
about the same as that lost from a swimming pool or
pond. Losses increase with higher sunshine intensity,
air temperature, and wind speed and decrease under
higher humidity. The plant growth stage affects
the amount of moisture the plant transpires; consequently, less than a full plant canopy means less
transpiration.
Water loss from plants is much greater on clear, hot,
dry, windy days than on cool, overcast days. During periods of hot, dry weather, evapotranspiration
can reach 0.25 inch per day or higher. During the
months of July and August, expect evapotranspiration rates of 1–2 inches of water per week. Values
will be lower during other months. A newly seeded
crop might use only 20–30% of these values, but as
the crop matures, it will typically reach a maximum
between 90% and 110% of potential evapotranspiration. Maximum water use can be much lower (for
example, 50–60% of potential evapotranspiration)
if plants are widely spaced, plastic mulch and drip
irrigation are used, temperatures are cool, or humidity is high.
Estimated historical evapotranspiration figures for
a specific area can be obtained from a local Natural
Resources Conservation Service or Cooperative Extension office. While these historical figures should
not be used as a method for determining irrigation
frequency in a given season, they are very helpful for
designing and sizing an irrigation system.

Water Management Guidelines
Knowing how much water to apply during a specific
irrigation set requires an estimate of the crop’s rooting depth and the water-holding capacity of the soil.
Pumpkin rooting depth can vary. Under good soil
tilth conditions, direct-seeded plants can have a depth
approaching 4 feet or more. Transplant roots will
be found in the top 18–24 inches. Plants grown on
plastic mulch have a much shallower root zone than
those grown on bare soil. Light irrigation is needed
more frequently at early seedling stages, because the
plant has only a small soil water reservoir. Later in the
season, less frequent but deeper irrigations are used to
replenish a larger rooted volume.
Use information on water-holding capacity to avoid
adding more water at any one time than the soil can
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hold. Since light-textured soils hold less water than
heavy clay (and most muck) soils, sandy soils need
to be irrigated more frequently and with less water
applied during each irrigation. Mulches, both organic and plastic, can reduce soil water loss through
evaporation, possibly reducing the need to irrigate.
Irrigation scheduling for plants grown on plastic
mulch is more difficult if using overhead irrigation
rather than drip irrigation, because there is slow
lateral movement from the bare soil to the soil under
the mulch.
The best water management system uses at least
two soil-moisture-monitoring tools combined with
knowledge of the water-holding capacity and infiltration rate of a soil. Crops perform best when stress
is avoided. Keeping soil moisture at a level at which
plants can easily extract water will definitely improve
the likelihood of producing a profitable pumpkin
crop.

Irrigation
Most vegetable growers in the Northeast currently
irrigate with hand-portable or traveling gun sprinkler systems. When designing any of these systems,
it is important to consult a reputable engineer who
can help select the correct pump, pipe size, nozzle
spacing (or timing system), and nozzle size for your
water supply, crops, acreage, and soil type. The goal is
to complete an irrigation cycle in a reasonable time
period, apply water uniformly, and achieve a water
delivery rate that does not exceed the infiltration
rate of the soil.

Trickle Irrigation
Trickle irrigation involves placing drip tubing along
the plant rows to allow frequent application of small
amounts of water (or, in the case of fertigation, nutrients) directly to the root zone (figure 4-2; photo
4-3). It is highly efficient, often using half the water
used by sprinkler systems. There is less potential for
leaching of nutrients and pesticides into groundwater. Foliar and fruit disease pressure is often lower
than when using sprinklers, because humidity is
lower and the leaves and fruit do not become wet
during irrigation. Additionally, weeds outside of the
pumpkin root zone do not get watered. Drip irrigation is particularly effective when used in combination with black plastic mulch (see the plasticulture
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section later in this chapter). Its use in pumpkins
is currently limited, but more growers are experimenting with it each year. The economics of using a
trickle system must be evaluated carefully.
The primary disadvantage of trickle irrigation is
the cost for hardware, drip tubing, and a manager
to run the system. The initial investment in permanent equipment is probably less than for a sprinkler
system, but drip tubing lasts only one year and may
cost $100 to $150 per acre to replace. Total labor
hours are usually less than those required for a handportable sprinkler system, but more management
time is necessary, at least in the first few years, until
an effective approach to irrigation scheduling and
equipment maintenance is developed.
The basic rules of trickle irrigation/fertigation management that every grower should use to ensure cost
efficiency and environmental protection are:
1. Every system must contain a backflow suppression or prevention device in the drip system
to avoid contaminating the water source with
nutrients or crop-protection materials.
2. All systems should have a dependable injector
pump or injection system.
3. Fertilizer injection takes place prior to the
filter. Drip systems using surface water (ponds,
streams, and so forth) need sand filters. If the
water source is a well, filters are still necessary.
4. Use compatible, completely water-soluble
fertilizer.
5. Before injection, the irrigation system should be
completely charged so that all lines are full of
water and working properly. Check the soil to
ensure that it is moist before applying fertilizer.
Then inject the fertilizer. After injection, allow
the system to flush out before shutting down.
A general guideline, depending on the system
and soil moisture levels, is to use one-third of
the time the drip system is operating to fill and
run the system, the second third of the time to
inject fertilizer, and the last third of the time set
to flush the system. For example, with a one and
one-half hour run time, the first half hour would
be used to fill and run the system, the second
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Submain line
Main line
Pump

Check valve
Gauge

Drip tubing
Fertilizer
injector

Water source

Primary
filter

Pressure
regulator

Secondary
filter
(if necessary)

Lateral

Submain line
Valve

Figure 4-2. Components of a trickle irrigation system
Note: Every system must contain a backflow suppression or prevention device in the drip system to avoid contaminating the water source with nutrients or crop-protection materials.

half hour to inject the fertilizer, and the third
half hour to flush the system.
6. Monitor soil moisture levels with a tensiometer
or a soil probe—a combination of both is best.
Research and grower experience shows that
having three tensiometers—one at 6 inches, one
at 12 inches, and one at 18 inches deep—gives
the best picture regarding the soil moisture
levels that the roots are experiencing. Growers
need to avoid leaching the fertilizer below the
crop root zone. The 6- and 12-inch tensiometers can be used for water management. The
18-inch tensiometer can be used as a check of
the system to avoid leaching fertilizer below
the 18-inch level. If the deepest tensiometer
indicates less soil water content than the upper
tensiometers, irrigation and fertigation are in
the optimum zone. If an 18-inch tensiometer
indicates soil saturation, fertilizer is being
leached beyond the root zone and lost for plant
growth.
7. A potential problem with trickle irrigation is
the clogging of emitters by algae, bacteria, and
iron. This can be controlled by chlorination of
the trickle system. Periodic treatment, before
clogging occurs, will keep the system running efficiently. The frequency of treatment will depend
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on the quality of the irrigation water. Two to
three treatments during the season may be sufficient. Using a chlorine concentration of 10–20
parts per million (ppm) for 30–60 minutes is
usually adequate. See the sidebar on page 36 for
equations used to determine how much chlorine
to inject.
More treatments are needed for poorer quality water. Chlorine treatment should occur
upstream of filters to remove the contaminants
from the system. Be cautious to avoid chlorine
toxicity when flushing the system. Excess chlorine in the irrigation water (above 30 ppm) can
damage plants.

Growing Pumpkins in a
Double-Crop Plasticulture System
In the southern mid-Atlantic area (New Jersey,
Delaware, Maryland, Virginia, and North Carolina),
growers who raise both pumpkins and strawberries
have a unique opportunity to double-crop pumpkins
after strawberry harvest from the annual strawberry
plasticulture system. Annual strawberry plasticulture
systems are becoming more common with strawberry growers from North Carolina to southern New
Jersey.
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How Much Chlorine?

A

potential problem with trickle irrigation is the
clogging of emitters by algae, bacteria, and iron.
This can be controlled by chlorination of the trickle
system. Periodic treatment, before clogging occurs, will
keep the system running efficiently. The frequency of
treatment will depend on the quality of the irrigation
water.
To determine how much chlorine to inject, use the
following formulas:
Gallons of liquid
material per hour = (0.006 x ppm x gpm) ÷ Y
Pounds of dry
material per hour = (0.05 x ppm x gpm) ÷ Y
Where:
ppm = parts per million of chlorine
Y = percentage of chlorine in the material
gpm = water flow rate in gallons per minute
Example: Household bleach, which contains 5.25%
sodium hypochlorite, is being used as a chlorine
solution. If a grower wants to inject 10 ppm of chlorine
in a system that has a 50-gallon-per-minute flow rate,
the calculation is as follows:
(0.006 x 10 ppm x 50 gpm) ÷ 5.25 = 3 ÷ 5.25 =
0.57 gallon of chlorine bleach per hour
If using solid chlorine granules or tablets (65% calcium
hypochlorite), the calculation is:
0.05 x 10 ppm x 50 gpm ÷ 65 =
0.38 pound of chlorine granules per hour

The strawberries are planted in the fall and produce
fruit in the spring, generally April through early
June, depending on location. Research in Maryland
has investigated double-cropping annual strawberry
beds with pumpkins. Economically viable crops of
strawberries and pumpkins have been raised in the
same year using the original plastic mulch and drip
tape. Research shows it may be possible to grow
three crops in two years from the same plastic, with
the third crop being grown the next year. Eight
seasons of double-crop plasticulture research in
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Maryland have produced an average pumpkin yield
of 20 tons per acre. The pumpkins perform well in
a plasticulture system and need minimal fertigation
during the season.

Timeline
Following the last strawberry harvest, the annual
strawberry plants are sprayed twice with a contact
herbicide three days apart. Check with a local Cooperative Extension agent, private consultant, or cropprotection-material supplier to learn which contact
herbicides are currently registered in a particular area.
Follow the label instructions carefully to achieve good
coverage on the leaves and crowns of the strawberry
plants to ensure effectiveness. Glyphosate (Roundup
Ultra or Glyphomax) is not a contact herbicide,
since it is translocated through the strawberry plant.
Glyphosate is ineffective when the strawberries are
dormant after harvest. Additionally, glyphosate residual can wash off the plastic mulch and cause severe
herbicide injury to pumpkins.
The dead strawberry plants are left in place, except
where they interfere with seeding or transplanting
a pumpkin plant. No major planting problems have
occurred by doing this. There is evidence that the
shade and cover the dead strawberry plants provide keep the black plastic cooler, resulting in less
extreme soil temperatures. Removal of the strawberry plants may allow more weeds or grass to grow
through the old planting hole, so leaving the dead
plants in place has worked as an in-row weed-control method in this system.

Seeding
Where the season is long enough, two seeds per
hole can be planted on the desired in-row spacing. These can later be thinned to one plant. Most
annual strawberry plasticulture rows are on 5-foot
or 6-foot row centers with two rows of strawberries
on the bed and the drip tape running between the
two strawberry rows. Care must be taken to offset
the seeding or transplant holes from the drip tape to
avoid punching holes in the drip tape.

Transplants
Transplants of pumpkin plants grown in plugs can
be used effectively. Transplants are often used in areas where the length of the growing season needs to
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be ten days to two weeks longer than that provided
by direct-seeding. Both direct-seeding and using
transplants have worked in the plasticulture system. Make sure the transplants are not root-bound
and have not overgrown their container size before
planting.

Spacing
Spacing requirements vary with the size potential
of the pumpkin variety. Table 4-7 provides general
guidelines that have produced good yields in research plots in Maryland. The values in the table can
be used until growers develop their own experience
with individual varieties in this system.

Fertigation
A key to success with this production system is
the ability to fertigate (add supplemental fertilizer
through the drip system). The strawberry crop beds
may have some residual nitrogen, phosphorus, and
potassium. A soil test of the beds just before the last
strawberry harvest may be helpful. A pre-sidedress
nitrogen test (PSNT, see page 21) can be used to determine whether there is any residual nitrogen in the
strawberry beds. Three to four fertilizer applications
through the drip irrigation system can apply enough
nutrients to produce a good pumpkin crop without
wasting fertilizer and causing nutrient pollution
problems through leaching.
Research shows that if soil P2O5 and K2O levels are
optimum before the beds are made, fertilizer rates
for the pumpkin crop can be reduced. Typically,
Table 4-7. General guidelines for spacing pumpkins in a
double-crop plasticulture system
In-row spacing (in feet) when
distance between rows is:
			
Type of pumpkin
5 feet
6 feet

Square feet
per plant

Small vine,
fruit less than 8 pounds

2–3

2

10–15

Medium vine,
fruit 8–15 pounds

3–4

3

15–20

Semi-vine,
fruit 15–20 pounds

3–4

3

15–20

Large vine,
fruit 15–25 pounds

5–7

4–6

24–36

Fruit larger than
30 pounds

10–12

10

50–60
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pumpkins grown in this double-cropping system
are produced with 50% of the fertilizer rates recommended for a conventional pumpkin crop.
For a direct-seeded crop, the recommended fertilizer is applied in three to four applications. The
first application is made either before or just after
seeding. Two to three more applications are made
at 10- to 14-day intervals. It is often useful for the
first application to be a complete fertilizer containing nitrogen, phosphorus, and potassium. The
fertilizer needs to be completely water soluble with
a 1-1-1 or 2-1-2 ratio (for example, 19-19-19 or
20-10-20). Later applications can be just nitrogen,
and perhaps potassium. Possible deficiencies can be
detected with tissue testing; the fertility program
should be adjusted accordingly.
If transplants are used, apply a starter fertilizer at
planting. One week later, fertigate. If needed, two
more applications of fertilizer can be applied at approximately two-week intervals. Rates should not
exceed 80 pounds per acre of total applied nitrogen.
PSNTs, coupled with some tissue testing, may be
particularly useful in a plasticulture system to monitor the pumpkin planting’s nutritional status. Research conducted in Maryland indicates that 30–40
pounds per acre of actual nitrogen is the norm for
pumpkin production in this double-crop system. In
some seasons, PSNTs showed no need for additional
nitrogen fertilizer, and full crops were produced with
zero nitrogen applications.

Weed Control
Weed control in double-crop plasticulture systems
may be similar to that with other vegetable plasticulture systems. If there are escapes, the row middles
can usually be treated with approved herbicides by
using a shielded sprayer prior to the vines running.
When using a labeled pumpkin herbicide directed
with a shielded sprayer, avoid drift onto the plastic
bed. Researchers in the mid-Atlantic states have used
straw and chopped switch grass as a mulch between
the rows during strawberry season. In most cases,
the mulch has adequately suppressed weeds. Once
the pumpkin vines cover the row middles, little weed
growth comes through. A combination of herbicide
and mulch is also a possibility.
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A Few Cautions
A few pitfalls in a multiple-crop plasticulture system
may not be obvious. Knowledge of the natural water
flow patterns in a field is critical. The annual strawberry system uses raised beds 8–12 inches high—substantially higher than most growers use in vegetable
plasticulture systems. If the beds are arranged perpendicular to the natural water or drainage flow, the beds
can become a set of mini dams. If grass waterways or
diversions are needed because of slope and drainage
patterns, make sure they are designed and built before
beds are made. In areas where the slope and drainage
patterns create only a minimal amount of water flow,
after bedding, drive plastic 6-inch pipe under each
bed at ground level (figure 4-3). This must be done to
each bed in the drainage path. Make every effort to
minimize soil erosion.

Growing Pumpkins in a SingleCrop Plasticulture System
Small-scale growers who already use plasticulture
systems for other vegetable crops are experimenting with growing pumpkins in a yearly plasticulture
system (photo 4-4). Benefits include in-row weed
control, warmer soils that contribute to earlier maturity in short-season growing areas, and the ability
to fertigate the crop. Disadvantages include much
higher costs of production, the need for higher
management skills, the expense of specialized equipment if it is not already owned, and the potential for
increased fruit disease problems if water lays on the
soil surface between beds.
Raised bed
8–12 inches high

6-inch pipe

Slope
(flow of water)

Figure 4-3. Drive plastic pipe under raised beds to facilitate
drainage in sloped areas.
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The system appears to work best for those who sell
pumpkins through retail outlets and already have the
proper equipment. Retail operators who have small
acreage; command high prices; have a weed-control
problem every year; and already own mulch layers,
specialized planters, or both may want to experiment with a plasticulture system. Some growers use
raised beds, others use flat beds. If raised beds are
used, they should be domed to avoid water puddling
on top of the bed (figure 4-4). As beds increase in
height, so does soil warming and drainage.
Weed control between the beds must still be a priority to make this system truly economical. Work done
in North Carolina on other vegetable crops showed
that weeds between plasticulture beds still greatly
reduced yields. Because they compete outright for
water, nutrients, and light and help create a microclimate in which diseases can flourish, interbed weeds
must be controlled through cultivation or approved
herbicides. Many different pieces of cultivation
equipment can be set up for use between beds of
plastic to control weeds. To gain experience growing
crops in a plasticulture system, growers should visit
others who use plasticulture and learn what cultivation equipment works for them.
Variety selection is also a valuable tool for weed
control in plasticulture systems. Semi-bush cultivars
tend to have uniform development and rapidly produce a leaf canopy cover following a final cultivation.
Rapid leaf canopy development is an inexpensive,
effective weed-control method (photo 4-5).
A few growers are experimenting with colored plastic mulches for pumpkin production. Observations
so far suggest earlier emergence, and thus slightly
faster canopy coverage, with red mulch over standard
black plastic mulch. Final pumpkin yields
Raised bed is domed
to prevent water from
puddling on top

Figure 4-4. A good raised bed is domed to prevent water
from puddling on top.
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were no different, so at this time, the increased cost
of red mulch is difficult to justify. Recent research in
Pennsylvania shows that silver mulch produced the
highest yields with pumpkins, compared to black
and red mulch; therefore, it may be economical to
use in pumpkin production.

Growing Pumpkins in a No-Till
Production System
No-till culture of pumpkin is similar to no-till
production of other vegetable or agronomic crops.
A cover crop, although not required, is often used
in the system. The cover crop can be killed chemically or mechanically during the late spring prior
to planting the pumpkins. Pumpkins may also be
planted into the stubble of a harvested small grain
if the grain is harvested prior to normal pumpkin
planting time. Growers who are considering no-till
with a cover crop should weigh all the advantages
and disadvantages before committing to the system
on a large scale. A number of growers are using the
no-till cultural system with excellent results (photos
4-6 and 4-7).

Benefits of No-Till
The many benefits of using a no-till system in
pumpkin production include:
1. Cover crops provide several benefits, including
erosion control, nutrient retention, and early
field access. Cover crops may reduce erosion
during noncrop periods from fall through planting, or even in spring if a cover crop is seeded
then. This may be beneficial on fields subject to
wind or water erosion. Fall-seeded grasses often
reduce nutrient losses, particularly nitrogen,
during the winter and spring. Untilled fields may
dry sooner in the late spring or allow equipment
onto the field for planting when conventionally
tilled fields are still too wet. The residue from
the cover crop may provide part or all of the nitrogen needed by the pumpkins, especially if the
cover is a legume that produces lots of biomass.
2. A heavy mulch from the cover crop suppresses
annual weed growth. Much of the weed-control
activity in a no-till system comes from the
organic mulch that prevents light from stimulating weed seed germination. This appears to
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be particularly true for fields with small-seeded
annual weeds (photo 4-8).
3. Cover crop residue will often help keep fruit
cleaner and more disease-free by limiting soil
contact with the fruit and reducing the splashing
of soil onto fruit by rainfall or irrigation. Many
growers who use the no-till system field-pack
pumpkins and winter squash and deliver from
the field directly to chain stores. Research in
Maryland indicates that Plectosporium, powdery
mildew, and fruit rots (see chapter 7) are all
significantly reduced in no-till culture using a
killed hairy vetch plus rye cover compared to
bare-ground culture.
4. A cover crop combined with no-till culture often
facilitates harvest during wet weather in the
fall. Pick-your-own customers appreciate the
improved footing and cleaner pumpkins, and
wagons, trucks, and harvest crews are better able
to negotiate wet conditions with a dead plant
cover on the surface.

Disadvantages of No-Till
While no-till offers some distinct advantages, there
are disadvantages as well.
1. Growers in more northern regions and those
who have a crop in the field until late in the
season may not have time to establish a fallseeded cover crop before winter ends the growing season.
2. Northern growers also need to be cautious of
cool springs when it is time to seed the pumpkins. Cover crops will keep soil temperatures
lower, which may reduce pumpkin seed germination.
3. Seeding a cover crop adds expense and may
require more planning and effort in the fall to
select and prepare a field to be fall-seeded. Some
additional work will be needed in the spring to
kill the cover prior to planting, and water management of the cover may take some additional
time.
4. If weeds are not controlled by the mulch or by
herbicides, cultivation will not be practical.
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Types of Cover Crops
In general, cover crops are legumes, strong-growing
grasses, or small grains. The species that are used
most often germinate and grow quickly, have winter hardiness (although they will go dormant in the
winter), and provide large amounts of vegetative
material (biomass) at the time of pumpkin planting. Species whose residues decompose slowly will
offer soil mulch for the entire pumpkin growing and
harvest season. Spring-seeded cover crops might
also be used. Research is being conducted to identify
specific types that are best suited as spring-seeded
mulches.

Hairy Vetch
Hairy vetch has worked well in areas from central
Maryland to farther south. It should be seeded in
September in the mid-Atlantic states for best winter
hardiness. Since pumpkins are usually not planted
until June in this region, the vetch can be allowed to
reach a flowering stage before being killed.
Residues from a thick cover of hairy vetch (photo
4-9) will usually last through the harvest season, and
the vetch provides the nitrogen needed for a pumpkin crop without supplemental nitrogen applications.
Therefore, it fits nicely into production of organically
grown pumpkins.
Hairy vetch is usually seeded at a rate of 25–40
pounds per acre, and seed should be inoculated for
maximum nitrogen fixation. For improved erosion
control in the fall and greater mulch biomass, seed
rye or spring oats at up to 40 pounds per acre in
addition to the vetch. Spring oats will winter-kill in
colder areas, leaving the vetch for spring growth.

Rye
Rye, by itself or in combination with a legume such
as hairy vetch, is often used as a cover crop in northern and southern areas. Since rye will germinate
and grow at cooler temperatures, it can be seeded
where there is insufficient time to establish a legume
in a fall seeding. For a no-till system, seed rye at a
heavier rate of 3 bushels per acre (168 pounds per
acre). This gives a thicker, more weed-suppressive
cover. The rye must be allowed to grow to a height
of at least 30 inches to produce enough biomass for
effective weed control.
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The rye produces weed-free mulch when it is harvested just as it begins to flower. The rye is baled and
sold for mulch, and then pumpkins are planted into
a field with very few weeds. The allelopathic effects
from the rye often last long enough for the pumpkin
crop to get well-established and smother any annual
weeds that eventually sprout.

Crimson Clover
Crimson clover can also be used as a fall-seeded
cover in some areas, especially in combination with
rye. Crimson clover does not usually have the winter
hardiness of hairy vetch, so its use as a winter cover
is limited to areas from Virginia to farther south.
Seed about six to eight weeks before the average frost
date at a rate of 15–18 pounds per acre drilled, or
22–30 pounds per acre broadcast. When crimson clover and rye are used in combination, seed the clover
at two-thirds of the recommended rate and rye at half
its recommended rate. When crimson clover is seeded
too early in the fall, it may go to seed and not resume
growth in the spring. Late seeding may result in loss
of stand during a harsh winter.
4: Cultural Practices

Crimson clover may be more attractive to flower
thrips and tarnished plant bug than other legumes.
Prior to planting of pumpkins, the clover can be
killed mechanically with a mower or rolling stalk
chopper at the time it begins to flower, or killed
chemically by appropriate herbicides. Since crimson
clover may provide less nitrogen to the crop than
hairy vetch, some additional nitrogen may be needed
by vigorous, large-vined varieties.

Small Grains
Small grains such as wheat, barley, and spring oats
may also be used as cover crops. Spring oats are not
usually winter-hardy, so a fall planting of oats may
not provide a heavy residue. If a small grain reaches
maturity early enough in the late spring, it can be
harvested as a cash crop and the stubble used as a
mulch for no-till pumpkins. Be sure that the combine used for harvesting the grain distributes the
straw uniformly over the surface. Grain seedlings
may be a problem if grain is harvested, so factor this
into a weed-control program (see chapter 6).

Water Management
In a no-till system, soil moisture prior to planting
is a critical factor for successful establishment of
pumpkins. Cover crops often help water infiltrate
into a soil. This can be beneficial when rainy conditions occur at the desired planting time. A no-till
field may be ready for planting sooner after rain than
a conventionally tilled field.
An actively growing cover crop will help remove
moisture during wet periods and may facilitate
timely planting. Therefore, if rain is predicted near
planting time, it may be possible to allow the cover
to continue growing for several more days prior to
killing to help remove soil moisture. Conversely, if
dry conditions prevail, the cover crop may remove
soil moisture and prevent pumpkin germination and
growth. Irrigation prior to planting pumpkins may
be necessary to improve soil moisture for germination and early growth.

Killing the Cover Crop
Actively growing cover crops can be killed chemically using herbicides or mechanically through mowing
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or rolling. Regardless of the cover species, the cover
crop needs to be killed prior to seed formation.
If herbicides are to be used, apply contact or translocated materials about 10 to 14 days prior to planting. Check Cooperative Extension recommendations and the label for formulations and rates. Some
growers use two applications about two weeks apart,
especially on very dense hairy vetch covers. Harvested small-grain fields and standing small grains may
need only one application of a contact herbicide for
control of established weeds and/or the cover. Check
labels for rates and any cautionary statements.
Mechanical killing of covers is also possible through
mowing. A flail-type mower works much better than
rotary “bush hog” types. The mowing should be done
as the cover begins to flower. Earlier mowing may
cause unwanted regrowth, especially if contact herbicides are not applied. After mowing, the residues
should be spread uniformly over the soil surface.
Recent research indicates that some cover crops
such as hairy vetch can be killed using a roller (“stalk
chopper”) about 15–20 inches in diameter with
bars along the surface. Used at the time of flowering, such a roller will damage plants without chopping them into small pieces. Rolling can also be
done prior to application of contact herbicides. If
the cover has been rolled, the seeder or transplanter
needs to travel in the same direction as the roller
through the field.

Planting
No-till seeding of pumpkins is similar to no-till
seeding of other row crops and can use the same
equipment (photo 4-10). Planting is easier and the
plant stand is better if the seeder is designed for
no-till work, but regular planters have been adapted
with no-till coulters and work satisfactorily under
certain soil conditions. The residues from hairy
vetch are very tough soon after killing, so the seeder
must have sharp coulters and enough weight to cut
through these residues. Planters used in rye mulches
need at least 600 pounds of pressure at each coulter. Bubble-style coulters should be used if the soil
is somewhat dry. Wavy coulters should be used in
heavier soils that have ample moisture.
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No-till planters with air/vacuum or finger pickup
units have worked well for seeding pumpkins. As
with any seeder, furrow closure and proper soil contact are very important for good stands. If the soil is
very dry, it may be necessary to apply irrigation prior
to seeding for better furrow closure and germination.
If soil temperatures are still cool, pumpkin germination may be reduced, so the seeding rate should be
increased slightly.
No-till transplanters are also available that do an
excellent job of setting transplants through residues
from cover crops (photo 4-11). Although few producers grow pumpkins from transplants, there may
be situations in which pumpkin transplants could be
set immediately after harvest of a late spring crop.

Fertility Management for No-Till
A dense cover of hairy vetch will normally supply
the nitrogen needed by a pumpkin crop. If nitrogen
deficiency does occur before fruit production, an
additional 20–30 pounds of nitrogen per acre can be
topdressed. Any phosphorus or potassium needed
(based on soil tests) can be applied to the soil surface
prior to planting the cover crop or applied in a band
through the planter.
When planting pumpkins into nonlegume cover
crops or grain stubble, apply the recommended
phosphorus and potassium (based on soil tests)
before planting pumpkins. Growers in northern
areas who have used the rye mulch system with
success have topdressed the rye with 30 pounds per
acre of nitrogen in late April and used 40 pounds
each of nitrogen, phosphorus, and potassium banded
through the planter. Some growers have not needed
to add any supplemental nitrogen; others topdress
the pumpkins with 30 pounds per acre of nitrogen.
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Observations show a higher likelihood of weed
“breakthroughs” when additional nitrogen is topdressed on the pumpkin crop. Higher nitrogen rates
appear to encourage more weed problems. This is
probably related to nitrates from the fertilizer priming weed seeds to germinate.

Weed Management for No-Till
A heavy cover crop will help suppress weed growth
during the pumpkin season. The cover, combined
with some hand weeding, may be sufficient for
production of pumpkins in an organic program.
Mechanical cultivation is not usually possible in a
no-till production system. Avoid using fields with
infestations of perennial weeds (photo 4-12).
Growers who choose to use herbicides often apply a
residual preplant or preemergence herbicide, even if
a contact herbicide is used. Check current Cooperative Extension recommendations and labels for the
most recent information. The combination of a thick
organic mulch and a residual herbicide can be a very
effective weed management program in a no-till
production system.

Making the System Work
The no-till production system works very well for
some growers. Working out the equipment details
and adjustments takes a conscious investment of
time by the grower. Most growers who adopt this
system take one to three years to work out modifications to their equipment, their crop rotations, and
their production system. During this transition time,
they tend to have a small percentage of their pumpkin acreage in a no-till system. Once the system
components mesh for them, they move all their
pumpkin production into a no-till system, with very
satisfactory results.
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chapter 5

Flowering, Pollination,
and Fruit Set
H. Christian Wien, Roberta J. Glatz, and Roger D. Morse
What a pleasure it is to look at a pumpkin field
on a July morning—a canopy of dark green leaves
interspersed by showy, bright yellow flowers (photo
5-1). Pause a moment and observe the bees flying from blossom to blossom, drinking the nectar
from the bottom of the cup and gathering pollen to
take back to their nests. But the processes of flower
development, flower opening, and pollination are
not automatic. They are influenced by many factors,
some under grower control. Flowering and fruit
set are also vitally important in the production of
the pumpkin crop, because the fruits arise from the
successful pollination and fertilization of the female
flowers. This chapter will describe the processes from
flower development to fruit set and how they are
influenced by environmental and grower-managed
factors, as well as by insect pollinators.

ies, most buds don’t make it to the open-flower stage
but stop developing and fall off (photo 5-3). If for
some reason the first-formed female flowers don’t set
fruit, the later females may complete development
and be pollinated.

Flower Development

Varieties differ in their sensitivity to the heatinduced flower inhibition. In general, large-fruited
varieties with abundant vine growth, such as ‘Howden,’ are quite susceptible, while varieties with
compact vines, such as ‘Appalachian,’ are more
tolerant. Nevertheless, producers of pumpkins in
areas of summer heat can expect significant delays
in fruiting and, therefore, harvest. Breeding and
selection in southern parts of the United States
may soon overcome these problems, so keep aware
of new varietal releases. Another way to overcome
the varietal susceptibility to high temperatures is to
use a variety of a different species of pumpkin. For
instance, comparisons have shown that ‘Prizewinner,’
a pumpkin variety in the species Cucurbita maxima,
is considerably more resistant to high-temperature
flower development problems than the common
pumpkin (Cucurbita pepo).

Like most vegetables in the vine crop family (the
cucurbits), pumpkin plants produce separate male and
female flowers (figure 1-3, page 5; photo 5-2). Male
flowers are produced first, within four or five weeks of
planting, followed by female flowers at higher nodes
on the plants. Under the climatic conditions of the
northeastern United States, pumpkins sown in early
June will begin flowering in mid-July and start setting
fruit by the end of that month.
The plants generally produce 30 times as many male
as female flowers, and typically only one or two
female flowers per plant are set and produce pumpkin fruits. Fruit number varies with fruit size, with
miniature-fruited varieties having as many as ten to
20 fruit per plant. Female flower buds arise at every
fifth or sixth node of the plant, so the potential exists to produce many fruit. On large-fruited variet5: Flowering, Pollination, and Fruit Set

The ratio of male to female flowers can be altered by
environmental conditions, especially temperature. If
pumpkins are grown under high temperatures [such
as 90˚F (32˚C) days and 70˚F (21˚C) nights] for a
week or more, the flowers that form during that period will almost all be male. So during and just after
a heat wave, growers should expect to find fewer or
no female flowers opening on the plants. This may
delay fruit production on the plants for two weeks
or more, depending on the length of the hot spell.
Once cool weather returns, normal flower production should also resume.
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Another factor that contributes to a reduction of
female flowers and fruits in the field is the degree of crowding that the plants experience while
growing. Experiments in New York State indicate
that when vining varieties of pumpkins are grown
at close spacings (for example, 2 feet by 5 feet, or
4,356 plants per acre), the mutual shading of adjacent plants will reduce the number of female flowers per plant. Similar effects can occur if pumpkins
are grown on land to which high levels of nitrogen
fertilizer or manure have been applied, especially
during seasons of abundant rainfall (photo 5-4).

Pumpkins produce big, bright yellow flowers; an
abundance of sticky pollen (photo 5-6); and large
amounts of nectar to attract insects. The methodical foraging behavior and hairy bodies of bees make
them superior to beetles, flies, and wasps as pollinators. In the northeastern states, research shows that a
native ground-nesting bee, Peponapis pruinosa, ranks
above the honeybee as the most important pollinator
of pumpkins. Honeybees are, however, very effective pollinators and remain the only readily available
species that can be moved in large numbers to where
they are needed.

High temperatures and high plant populations can
sometimes act together to complicate the situation.
If exposed to high temperatures early during the
flowering period, the plants could fail to set fruit and
continue vine growth to produce a mutually shading
canopy that might further delay fruit set. Shading
from other plants such as weeds in the field can have
the same effect as plant crowding. Therefore, in areas
where summer temperatures are in the 90s for long
periods, pumpkins should be grown at populations
of less than 3,000 plants per acre, with total nitrogen
fertility levels not exceeding 120 pounds of nitrogen
per acre (including organic residues). Good weedcontrol practices, especially against tall-growing
weeds like velvetleaf and pigweed, are essential in
high-temperature growing areas.

The Honeybee

Flower Opening
The flowers of the pumpkin plant typically open at
dawn and start to close in late morning. Both male
and female flowers open only once, so the transfer
of pollen has to be accomplished during that short
period. High temperatures shorten the duration of
flower opening, with closure coming as much as an
hour earlier on hot days.

Pollination
Pollination is one of the most critical factors that
affect crop yield. Unless insects transfer pollen from
the male flowers to the female (photo 5-5), there can
be no fruit set. Optimal pollination is essential to
profitable production.
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Pumpkin growers have long depended upon the
free pollination services of the familiar and reliable
honeybee (photo 5-7). With recent heavy losses
of local honeybee colonies to mite infestations,
pollination can no longer be left to chance. Growers may consider renting honeybee colonies as crop
insurance.

Honeybee Pros and Cons
Advantages of Honeybees as Pollinators
• They can be delivered in large numbers whenever
and wherever needed.
• Populations can be manipulated to be in peak
pollinating condition.
• They are widely available at reasonable cost.
• They are versatile and will pollinate additional
crops blooming at the same time, such as melons,
cucumbers, and sunflowers.

Disadvantages of Honeybees as Pollinators
• Farm machinery, workers, or animals disturbing the
hives can provoke a stinging incident.
• Honeybees require an experienced and reliable
keeper who can supply a sufficient number of
strong colonies on time and in condition to do an
optimal job of pollination.
• They must be manipulated to remain focused on
the pumpkin flowers.
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Assessing the Need for Additional Pollinators
In fields smaller than 10 acres on farms where pumpkins or squash were grown successfully the previous
year, supplemental pollination is probably unnecessary. For large acreage, new plantings, and farms
where the previous year’s harvest was small or had
misshapen fruit, bringing in honeybee colonies can be
beneficial. Growers can arrange with a beekeeper to
move bees into a crop or keep bees on-site all season
or year-round. It is good business practice to have a
written contract with the beekeeper.
Locating the Hives
Place hives at the edge of the field, accessible to
the beekeeper’s vehicle but away from machine and
worker traffic. They may be placed in clusters around
very large fields (photo 5-8). A clean water source
and shelter from pesticide drift are important. Early
morning sun will increase bee flights.
Timing
Wait until flowering has begun (four to five weeks
after planting) to place hives. Bees moved to a new
location forage first near the hive. If no pumpkin flowers are available, they will find other food
sources and may ignore the pumpkin bloom later.
Number of Hives and Bees
The usual practice is to provide one to three honeybee colonies per acre. One strong, healthy colony
filling a two- or three-story hive will provide many
more foragers than three weak colonies in separate
hives. The size of the field, the strength of the colony,
and the size of resident bee populations must be
considered.
Two additional factors can increase the need for bees:
weather and the presence of other flowers. Prolonged
cool, dark, or rainy mornings will reduce pollinator
activity. Purple loosestrife, thyme, clovers, goldenrod,
and other summer wildflowers compete successfully
with pumpkins for honeybee pollinators.

The Squash Bee
The principal pollinator of pumpkins in New York
State, and possibly the Northeast, is the squash bee.
A little-known but highly efficient pollinator of
5: Flowering, Pollination, and Fruit Set

Do You Need Additional Bees?

T

here are three ways to make field observations that
can confirm a need for more bees:

1. Between 8:00 and 9:00 a.m., count the number
of bees working in about 100 squash or pumpkin
flowers. (You do not need to identify the kind of
bee.) The U.S. Department of Agriculture suggests
a minimum of one bee per hundred blossoms,
but you will probably see many more.
2. Between 8:00 and 9:00 a.m., count all bees seen
flying among nearby flowers in a one-minute
period. One bee per minute is adequate, but
counts of ten or more are common. (Counts at
other hours of the morning are usually lower.)
3. Check 20 male flowers for unused pollen around
10 a.m. by rubbing the stamens with your fingers.
If only the occasional flower dusts your fingers with
bright yellow pollen and you have also seen bees
flying in the field, more pollinators are not needed.

squash, pumpkins, and gourds, Peponapis pruinosa is
widely distributed across the pumpkin-producing
areas of the Northeast. It is a wild, solitary, groundnesting bee native to the Americas and an attractive
alternative pollinator for pumpkin growers.

Identifying Squash Bees
The squash bee resembles the honeybee in size
and general appearance (photo 5-9). It is darker in
color, with its broad abdomen lacking the orange
hue typical of the familiar Italian honeybee (photos
5-10 and 5-11). The honeybee and squash bee are
so much alike that it is probably easier to tell them
apart by their behavior than by their appearance.
At least three easily observed behaviors differentiate
squash bees from honeybees. Each behavior can be
seen at a specific time of day.
Early Morning. Squash bees begin visiting flowers
at first light, about 30 minutes before honeybees arrive. They dart rapidly from flower to flower seeking
nectar and pollen. They zigzag over the flower, then
land directly on the stigma in the center of the blossom. Honeybees hover a moment over a flower, then
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Maintaining a Squash Bee
Population

S

quash bees and pumpkin plants have coexisted in
the Americas for thousands of years without human
help. Nevertheless, a few simple measures can protect
and foster a resident squash bee population.
1. Plant pumpkins, squash, or gourds every year to
provide a reliable food source. An interruption in
the annual supply of suitable pollen will reduce
future populations.
2. Spray pumpkins and adjacent upwind crops after
noon, when bees will be sheltered in closed
blossoms or underground nests.
3. Protect nest sites from flooding or deep plowing,
if possible. Observations on other ground-nesting
bees indicate that populations will increase if
existing nests are preserved or appropriate nesting
sites are provided.
4. Encourage nest building in August by spreading
a single thin layer of dead cornstalks over a few
square yards of bare ground where squash bees
are already digging nests.

usually land on the petals and walk down into the
flower cup.
Midmorning. Male squash bees show a marked
change in their flight pattern by about 8:00 a.m.
While honeybees continue to forage as before, male
squash bees fly rapidly at this time of day from
flower to flower, rarely landing but zigzagging erratically over each before dashing off to the next. This is
mate-seeking behavior.
Afternoon or Evening. Male squash bees enter
pumpkin flowers as they wilt (by noon, or earlier on
hot days) and spend the night there. To determine
if they are present, open freshly wilted flowers and
look for bees. Male bees cannot sting. From one to
70 or more bees may be found in every 25 flowers.
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Squash Bee Biology
Squash bees are…
Solitary. A single female builds the nest, gathers
and stores food for her young, and then lays the
eggs—all without help from other bees. She is the
sole adult occupant of the nest, because her brood
does not reach adulthood until the next year.
Specialists. Unlike the honeybee, which pollinates
a great variety of the world’s food and fiber crops,
the squash bee concentrates its foraging activities on
squashes, pumpkins, and gourds, since it can raise
brood only with the pollen from these plants. As
a specialist, it is a very efficient pollinator of these
crops. The life cycle of the bee is closely synchronized with that of the plants it pollinates. Active as
an adult for only a few short weeks, it dies at the end
of pumpkin and squash blooming periods, leaving
behind brood to provide next year’s adults.
Ground-nesting. Squash bee nests, often located
under vines or in adjacent cornfields, resemble holes
poked in the ground with a pencil. They are sometimes ringed with a little pile of freshly excavated
soil (photos 5-12 and 5-13). The nest consists of a
vertical shaft with a cluster of small chambers at its
base. Each chamber contains one egg and its food
supply. Nests range in depth from 3 to 25 inches or
so, with 50% of the nests at a depth of 10 inches or
less.
Gregarious. Many individuals may use one attractive nest site, forming a dense aggregation of nests in
a small area.
Nonaggressive. Female squash bees are able to sting
but rarely do because they have no honey stores or
family to protect.

Fruit Set
Fruit set is the process that allows the developing
ovary on the female flower to form a fruit rather
than wither and fall off (photo 5-14). For fruit set in
pumpkins, pollen must be transferred from the male
to the female flowers, usually by bees. Recent studies
at Cornell University indicate that female flowers
need to be visited repeatedly to have the best chance
of setting fruit. The studies show that only about
200 pollen grains are deposited on the female flower
5: Flowering, Pollination, and Fruit Set

Squash Bee Pros and Cons
Advantages of Squash Bees as
Pollinators
• Foraging squash bees remain focused on the
target crop.
• Both male and female squash bees are active
pollinators.
• Squash bees are commonly present in pumpkingrowing areas of the Northeast.
• Squash bees begin pollination flights earlier in the
morning than honeybees.
• Squash bees need no special care. They remain
dormant underground until late June and are
active in the fields through August.
• They do not interfere with other farm activities by
swarming or stinging.

Disadvantages of Squash Bees as
Pollinators
• Populations fluctuate from year to year and can
crash without warning.
• Squash bees cannot be relied on to pollinate the
earliest bloom of summer squash. Emergence
dates in Albany County, New York, range from June
20 to July 8, which is in time for pumpkin and later
squash pollination.
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by one or two bee visits. For maximum fruit set,
between 1,500 and 2,000 pollen grains are needed,
so from seven to ten visits should be adequate. Problems in getting enough pollen produced by pumpkin
plants are rare, since there are many more male than
female flowers, and each male flower produces about
40,000 pollen grains.
The fruit set process can be disrupted by environmental factors such as rain, especially if a morning shower fills the female flower with water. Such
events are seldom prolonged enough that fruit set
would be delayed more than one or two days. Hot
weather during flowering may also reduce the fruit
set during that period, especially if it is accompanied
by drought stress and plant wilting.

Summary
The production of pumpkin fruit can succeed only if
the plants flower and the female flowers are pollinated, set fruit, and develop to maturity. Flower
development requires moderate temperatures and
moisture sufficient for rapid growth.
Once the flowers have reached full bloom, pollen
transfer from males to females requires the activity of bees. On fields smaller than 10 acres, the wild
honeybee and squash bee populations found in the
northeastern United States are probably adequate to
do the pollinating. On larger fields, or in areas where
pumpkins and squash are not regularly planted, it
may pay to place honeybee hives in the field during
flowering. This provides peace of mind and inexpensive insurance that this crucial process of fruit
formation will be accomplished.
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CHAPTER 6

Weed Management
Dale Ila Miles Riggs

Weed management is one of the most challenging
jobs of any pumpkin producer. Weeds can reduce
yields through competition for water, light, and nutrients. They increase harvest costs by reducing picking efficiency and reduce the likelihood of a pleasant
experience for U-pick customers. They can also play
a major role in reducing quality due to increased
disease occurrence (photo 6-1). Weedy fields create a microclimate where diseases can flourish due
to higher humidity levels, slower drying conditions,
and reduced fungicide coverage.
Weed management requires an integrated approach, as each management option is unable to
achieve total control. Cultivation may not control
perennial weeds, continues to bring new weed seed
to the soil surface to germinate, may not control
weeds in the row, and is highly dependent upon
favorable weather conditions for timeliness. Hand
hoeing several times is cost-prohibitive. Herbicides
do not control all weeds, and few herbicides are
registered for use on pumpkins. Cover crops do not
suppress all weeds, and there can be weed breakthroughs on no-till systems. A combination of
management tools will achieve the highest degree
of weed control (photo 6-2).
When planning a good weed management program, growers must be able to correctly identify
weeds on their farms and understand their life
cycles. A good weed identification guide is highly
recommended. Perennial weeds live year after
year and can reproduce by seeds, roots, rhizomes
(underground stems), bulbs, tubers, stolons, and
spores. Summer annual weeds germinate, grow,
and produce seed in one growing season. Winter
annuals germinate and grow vegetatively in the fall,
then produce seed the following spring. Bienni48

als germinate and grow vegetatively one year, then
produce seed the following year.

Reducing Weeds Prior to Planting
Reducing the weed and weed seed population the
year before planting can help achieve satisfactory
weed control in the planting year. Perennial weeds
can be controlled with translocated herbicides such
as glyphosate by making an application in late summer the year prior to planting. Some weeds such
as clover and field bindweed are less susceptible to
glyphosate and may need a different translocated
herbicide or a combination of glyphosate and another translocated herbicide.
Growers who do not want to use herbicides can use
repeated cultivations (every ten days) throughout the
year prior to planting. Caution should be used with
this technique when the main problems are perennial
weeds that reproduce by rhizomes, such as field bindweed. Repeated cultivation can spread the problem
by chopping the rhizomes into smaller pieces, each
of which can form a new plant. Repeated cultivations
can be effective against annual weeds, as long as they
are totally killed before they set seed. Cultivation to
control annual weeds prior to planting will be most
effective when the weeds are small to prevent regrowth and subsequent seed set.
Smother crops, or very densely planted cover crops
such as buckwheat and sorghum-sudangrass, can
compete with perennial weeds to reduce their vigor
the following year. Smother crops generally need
to be used for multiple years to be highly effective
against perennial weeds. Smother crops that grow
quickly and produce a dense canopy can be effective
against annual weeds with short-lived seed.
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Growers who raise other vegetable crops can use
vegetable rotations to their advantage for pumpkin
weed control. Pumpkins can be planted the year
following vegetable crops, such as sweet corn, which
have more weed-control options than other vegetable crops. Growers may also want to consider planting pumpkins in fields that had vegetables raised on
plastic mulch the previous year, provided that good
weed control was achieved between rows and that
the rotation is acceptable from a disease management aspect (see chapter 7).

Weed Control Using Herbicides
Weed control using herbicides is a constantly changing system. Relatively few materials are currently
registered for use in pumpkins, and companies are
unlikely to develop and register many in the future.
If herbicides are used as part of an integrated weedcontrol system, the herbicides should be selected
based on the known weed problems in a particular
field. Herbicide selectivity charts and a list of current herbicide recommendations can be obtained
from a Cooperative Extension specialist or private
consultant. Herbicides are sometimes referred to
in the context of when they are applied. A preplant
herbicide is applied before the crop is planted. A
preemergence herbicide is applied after the crop is
planted but before weeds emerge. A postemergence
herbicide is applied after the weeds have emerged.
There are three general weed management strategies
to use for pumpkin production. Always read and follow the label for a specific herbicide.
1. For bare-ground, direct-seeded crops: Use an approved preplant-incorporated herbicide prior to
seeding and/or apply a preemergence herbicide
to the soil surface after seeding. Use a selective
postemergence herbicide for emerged grasses.
Supplement with cultivation and/or hand weeding on an as-needed basis.
2. For bare-ground transplants: Use an approved
preplant-incorporated herbicide prior to transplanting. Use a selective postemergence herbicide for grasses. Supplement with cultivation
and/or hand weeding, if needed. Transplants
managed to avoid “transplant shock” and that
put out vigorous growth soon after transplant-
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ing can often shade out any small annual weeds,
successfully outcompeting and smothering the
weeds. For best results, use a vigorous well-rooted transplant, and plant when soil temperatures
are at least 60˚F (16˚C).
3. For plasticulture: After the plastic is applied, apply an approved preemergence herbicide to the
soil surface between the plastic. Use a selective
postemergence herbicide to control grasses, or
use an approved contact herbicide (which kills
only the portion of the plant that it directly
contacts) in a shielded application to control
emerged broadleaf weeds and grasses between
the plastic. Be sure not to spray any herbicide on
the plastic or emerged crop.

Weed Control Using Cultivation
A wide variety of cultivation equipment has come on
the market in recent years, providing more options
for killing weeds before they emerge (while they
are in the “white thread” stage) and young, newly
sprouted weeds. However, one fact remains constant:
To adequately control weeds through cultivation, the
cultivations must be timely. Cultivation that occurs
after weeds reach the two true-leaf stage is less likely
to kill the weeds and more likely to injure the crop.
Cultivation should be done when weeds are still
in the cotyledon stage, if at all possible. Cultivation should also be shallow. Deep cultivation brings
more weed seeds to the soil surface for germination,
reduces soil moisture, and injures crop roots. If possible, cultivate on a bright sunny day to maximize
drying of weeds. Timing the last cultivation so that
weeds are cleared from between the rows just prior
to vining can reduce the severity of weed problems
late in the season (photo 6-3).
Cultivation combined with variety selection is effective in both bare-ground and plasticulture systems.
Growing semi-bush varieties at a closer spacing than
vining varieties results in rapid canopy development
that will shade out weeds. Cultivation is usually
supplemented by hand weeding to remove weeds
in the row or those that escaped from the cultivation equipment. Hand weeding should be done to
remove young weeds as well as those that are ready
to set seed. Weeds close to the seed-setting stage
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should be removed from the field to reduce weed
problems for future crops.

Stale Seedbed Technique
The stale seedbed technique attempts to reduce the
weed seed reservoir that is in a position to germinate
and interfere with crop growth. Using this technique, the seedbed is prepared long before planting
(four to six weeks). Weeds are allowed to germinate,
then killed with either herbicides or flaming without
disturbing the soil. If there is enough time before
planting, it can be advantageous to do a very shallow
cultivation to encourage more weed seed germination, and then repeat the cycle. Growers in northern
and cool-season growing areas should plan on just
one weed germination cycle. For the stale seedbed
system to be effective, cultivation after planting
should be extremely shallow, no more than 3⁄4 inch
deep, to avoid moving weed seeds to a depth where
they can germinate.
This technique can be effective when done properly,
because most weed seeds that germinate are in the
top 1–2 inches of soil. With warm soil temperatures,
good soil moisture, and a lack of soil disturbance after the emerged weeds are killed, much of the weed
seed reservoir will be depleted. This also enables
residual herbicides, if used, to be more effective.
To use the stale seedbed technique, follow these
steps:
1. Prepare the soil for seeding or transplanting. If
a soil-incorporated herbicide will be used, apply
and incorporate at this time. The soil must have
good soil moisture to promote weed seed germination. Irrigate if necessary.
2. Wait until as close to planting as possible to
promote weed germination and growth. Having
weeds reach the third leaf stage is best, but they
must at least reach the first leaf stage. Some soils
may crust from spring rains and may interfere with seeder operation. Before you try this
technique, make sure equipment can successfully
place the seed under crusty soil conditions.
3. For transplants, apply a contact or translocated
herbicide or flame the weeds prior to transplanting. Transplant the crop, disturbing the soil as
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little as possible. If a preemergence herbicide
will be used, apply it at this time.
4. For seeded crops, apply a contact or translocated
herbicide or flame the weeds just before seeding.
Seed the crop, disturbing the soil as little as possible. If a preemergence herbicide is also used,
apply it after seeding.

Weed Control in No-Till Systems
No-till systems use a killed cover crop for weed
control. No-till systems for pumpkin production
are gaining in popularity and are used widely in the
mid-Atlantic states. Research in New York State
has shown that a well-managed no-till system can
provide adequate to superior weed control, reduce
insect and disease pressure, and increase fruit size.
Details for using a no-till production system are in
chapter 4.

Problem Weeds
Every pumpkin grower has different weed problems,
depending on pH, cultivation practices, previous
crops, previous weed-control practices, and weed
seed reservoirs in the soil. There are some weeds,
however, that are problems in a majority of pumpkin
fields. These are listed below.

Crabgrass
An annual grass that reproduces by seed, crabgrass
can grow quite large and, when prostrate, can root
at the joints of the stems. It tends to sprout quite
late (when soil temperatures are warm) and grows
rapidly in hot, dry conditions. This weed can be
particularly troublesome late in the season and can
interfere with disease protection programs if allowed
to grow very tall. Most preemergence and preplantincorporated herbicides have excellent activity
against crabgrass. Postemergence grass herbicides
(graminicides) are also effective but can be difficult
to apply due to the late emergence of this weed.

Field Bindweed
A perennial broadleaf that reproduces by seeds and
root cuttings, field bindweed can be difficult to
control by cultivation, as root pieces will sprout and
create new plants. Cultivation needs to be repeated
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at no more than
ten-day intervals
to reduce the
plant’s reserves and
avoid the establishment of new
plants. Repeated
fall applications of
translocated herbicides are usually
most effective.

Foxtail

W

hen planning a
good weed
management program,
growers must be able
to correctly identify
weeds on their farms
and understand their
life cycles. A good weed
identification guide is
highly recommended.

These are annual
grasses (of multiple species) that reproduce by seed.
They can be controlled by cultivation, but late-sprouting plants (after vining starts) and plants not removed
from within the row can produce large amounts of
seed. Postemergence graminicides are usually effective
when proper conditions for application are followed.
Some preemergence herbicides have high activity
against foxtails.

Galinsoga
A short, vigorous, prolific annual broadleaf that reproduces by seeds, galinsoga has the ability to grow
rapidly, smother young crops, and produce huge
quantities of seed. It can produce five generations
per year. Remove infestations from fields prior to
flowering, since viable seeds can still develop even if
the plant is uprooted soon after flowering. Cultivation can be effective, but plants have a high ability to
reroot after disturbance. Most preplant-incorporated
and preemergence herbicides used in pumpkin production have little activity against this weed.

Lambsquarter
An annual broadleaf that reproduces by seed, lambsquarter responds well to ideal crop-growing conditions and can reach a height of 8 feet with copious
seed production. Plants that germinate after the last
cultivation and those growing within rows can compete very effectively and drastically reduce fungicide
coverage. Lambsquarter is fairly easily controlled
with a combination of preplant-incorporated and
preemergence herbicides, as long as the herbicide
“cap” on the soil is not disturbed by cultivation.
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Nutsedge
Nutsedge is a perennial weed that is neither a
broadleaf nor a grass, thus most herbicides have
little impact. It reproduces by seeds and tubers.
The tubers can lay dormant in soil for many years.
Repeated cultivations can reduce the plant’s reserves,
ultimately killing it. The plant is most susceptible to
herbicides at flowering.

Pigweed
An annual broadleaf that reproduces by seed, pigweed is similar to lambsquarter in growth habit, seed
production, and potential impact on the pumpkin
crop. It is not susceptible to some of the preplantincorporated herbicides, but some preemergence
herbicides have excellent activity against it.

Quackgrass
Quackgrass is a perennial grass that reproduces by
seeds and rhizomes. It is somewhat resistant to postemergence graminicides and requires a concerted
effort over multiple years to bring it under control.
An application of a nonselective translocated herbicide in the fall can provide good control of quackgrass.

Ragweed
Ragweed is a vigorous annual broadleaf that reproduces by seed. This weed can reach 6 feet in height
and is a severe allergen for some workers. Ragweed
starts to germinate when soil temperatures are still
relatively cool, so a stale seedbed can reduce weed
populations. Timely cultivation and/or shielded applications of a contact herbicide in the seedling stage
can further reduce populations. Preemergence and
preplant-incorporated herbicides used in pumpkin
production have little activity against this weed.

Velvetleaf
Velvetleaf is a vigorous annual broadleaf that reproduces by seed. This weed often reaches 8 feet in
height. The seeds can survive in the soil for up to
100 years, so eradication is highly preferred. Viable
seeds can still develop even if the plant is pulled
soon after flowering, so remove all plants with
flowers from the field. Some preplant-incorporated
herbicides have excellent activity.
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CHAPTER 7

Disease Management
Thomas A. Zitter, Margaret Tuttle McGrath, Kathryne L. Everts, and Dale Ila Miles Riggs

The best disease management programs are based
on an understanding of the biology of the disease
cycle. Diseases affecting pumpkin are caused by a
variety of organisms (pathogens), including fungi,
bacteria, viruses, and nematodes. Abiotic (nonliving) agents, such as the air pollutant ozone, excessive
moisture (oedema, photo 7-1), and hail (photo 7-2),
also affect pumpkin. Disease develops only when
the pathogen is present, the variety grown is susceptible, and environmental conditions are favorable for
a sufficient period of time, which depends on the
pathogen.
Many management practices target at least one of
these three requirements for disease development
(the pathogen, host, or environment). For example,
seed treatment reduces pathogen numbers, resistant
varieties decrease host susceptibility, and the use of
drip irrigation instead of overhead irrigation minimizes the length of time leaves are wet.
Disease will not occur when a management practice
is completely effective, since it eliminates either the
pathogen, the presence of a susceptible host, or a
favorable environment. When the practice is partially effective, development of the disease will be
slowed. Table 7-1 rates the effectiveness of management practices for many of the pumpkin diseases
discussed in this chapter.
Identifying practices appropriate for a particular
disease requires understanding of the pathogen
life cycle. Rotation, for example, is recommended
when the pathogen can survive in soil for a few
years, such as with scab and gummy stem blight
(also known as black rot). Rotation will not affect
occurrence of powdery mildew, because the spores
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are blown into the Northeast each year. Information on races (or strains) of a pathogen likely to
occur in an area is needed to select varieties with
race-specific resistance.
Applying pesticides is the main practice used to slow
disease development after infection. Accurate disease
identification and an understanding of biology are
needed to select appropriate pesticides. Fungi and
bacteria can both cause leaf spots, for example, but
most broad-spectrum fungicides such as chlorothalonil will only control fungal pathogens. Applying
fungicides will have no benefit in controlling some
fungal diseases, such as white mold and Fusarium
crown and fruit rots, because available fungicides
cannot be applied directly to the affected plant part,
and they cannot move through the plant to that area.
Some diseases, such as bacterial wilt, can only be
managed with insecticides that affect the insect that
vectors the pathogen (cucumber beetles).
The most effective disease management programs
begin with cultural practices that reduce initial
pathogen numbers, combined with timely, accurate
disease identification and timely, effective application of controls. Growers should consider appointing
an employee, themselves, or a private consultant to
scout the fields regularly for disease detection. Once
a disease is identified, immediate action is necessary
to prevent further disease development and possible crop loss. Research conducted throughout the
northeastern and mid-Atlantic states shows that an
effective disease-control program often increases
yields and improves profitability (photo 7-3).

7: Disease Management

7: Disease Management

53

++

+

+++

++

++

+

+/–

++

?

++
++

?
++
++

Host
resistance
++

+/–

+++

+

+

+
+

Irrigation
management

after planting

++

+++

++

+/–

+/–

+

++

+++

+++
+++
+++

++

++
++
+
+++

* Root knot nematode populations are reduced when a suppressive cover crop such as sorghum-sudangrass is incorporated into the soil as a green manure.

Note: Efficacy of the management practice is high (+++), moderate (++), low (+), erratic (+/–), or unknown (?) for the disease listed in the first column.
Practice is ineffective when blank.

Phytoplasma disease
Aster yellows

Nematodes
Root knot nematode

Bacterial wilt
++

++

++

++

++
++

++
++

+++

+

Eradication of
overwintering
hosts

Bacterial leaf spot

++

Sanitation
++
+++

Soil fumigants
or nematicides
+++

++*

++

++
++
++
++
++
++

++

+++
++

Crop
rotation
++

No-till
cover crop

++
++

Pathogen-free
seed

Bacterial diseases
Angular leaf spot

Fungal diseases
Alternaria leaf blight
Anthracnose
Damping-off
Downy mildew
Fusarium crown and fruit rot
Gummy stem blight
(also known as black rot)
Phytophthora blight
Plectosporium blight
Powdery mildew
Scab
Sclerotinia white mold
Septoria leaf spot
Southern blight

Seed
treatment

preplant
Soil moisture
management

preseason	

Copper
fungicide

Table 7-1. Effectiveness of management practices on foliar and fruit diseases of pumpkins

Targeted
fungicides

Key to Identifying Pumpkin
Diseases
Accurate and early diagnosis of a disease problem
is essential for effective disease management. The
following diagnostic key is divided into three sections based on symptoms affecting the whole plant,
leaves, or fruit. It includes diseases of pumpkin that
occur in the northeastern and mid-Atlantic United
States.

While symptoms are very helpful, conclusive diagnosis in the field requires clear-cut evidence of the
pathogen’s presence (such as observing bacterial
material and streaming or fungal structures). Bacterial
material can be seen with bacterial wilt. Fungal structures include spores (powdery and downy mildews),
sporangia (Phytophthora blight), and pycnidia (Septoria leaf spot, anthracnose, and gummy stem blight).
A hand lens is useful for observing pycnidia, which
are small, black, specklike objects.

Table 7-2. Key to identifying pumpkin diseases
Visible symptom

Symptom details	Possible disease

u Wilt and General Plant Decline

Wilt and death of seedlings. Stem tissues
at soil line or roots are often discolored
and rotten.
Wilt initially affecting single leaves or
runners of a plant; roots appear healthy.

Damping-off
(page 57)
Leaf tissue between the main veins dies, while veins
themselves remain green in color. Wilt progresses to
individual runners of a plant. Cucumber beetles present
or previously present on leaves or in flowers. Bacterial
strand is evident. (To look for strand, cut a stem, squeeze
sap from the cut ends, put the two pieces together, then
slowly pull them apart while looking for thin strands of
sticky bacterial material. Strands do not always form, so
repeat several times.)

Bacterial wilt
(page 67)

Crown may be girdled or have distinctive dark brown
decay at base of stem with white or pinkish fungal
growth. Stem base becomes soft and mushy. Yellow,
orange, or brown discoloration in water-conducting
tissue at base of plant. (Fruit rot may or may not be
present.) Localized occurrence in the field and region.

Fusarium crown rot
(page 59)

Wilting and rapid plant decline despite
healthy-looking roots. Vines collapsed
and brown.  

Symptoms started in areas with poor drainage after the
soil was saturated with water. Fruit rot present, also.
Dark leaf spots occur rarely. Localized occurrence in field
and region.

Phytophthora crown
rot (page 61)

Wilting on hot days. Plants stunted.

Elongated and round swellings on roots. Localized
occurrence in region.

Root knot nematode
(page 71)

White powdery spots.

Spots are white and powdery, appearing first on the
undersides of older leaves. May be prevalent on upper
leaf surfaces.

Powdery mildew
(page 62)

White or beige leaf spots.

Spots are circular, 1–2 millimeters or larger in diameter,
with narrow brown borders. Brown water‑soaked spots
under wet conditions. Older spots are usually cracked
and have a few pycnidia (small black-pepper-like spots).
Fruit symptoms may also be present.

Septoria leaf spot
(page 65)

u Leaf Symptoms Present

continued on next page u
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Table 7-2. Key to identifying pumpkin diseases (continued)
Visible symptom

Symptom details	Possible disease

u Leaf Symptoms Present
(continued)
White or beige leaf spots
(continued).

Spots are circular, 1–3 millimeters in diameter,
and distributed throughout the crop on leaves actively
transpiring when ozone concentrations are high (consult
your local weather station). Sudden uniform presence of
symptoms on leaves of similar age across the field.
Affected leaves may appear skeletonized when dead
tissue disintegrates. Localized to regions near or downwind from urban areas. Often misdiagnosed.

Ozone injury

Light tan spots.

Lesions are small, spindle‑shaped, sunken, dry, scabby.
Spots on main leaf veins and sometimes leaf blades;
also on stems, petioles, fruit stems, and sometimes fruit.

Plectosporium blight
(page 62)

Lesions are tan to brown, oval, and have pycnidia.
Spots may have light centers. Shallow, elongated, tan  
spots occur on stems and petioles and also on fruit.

Anthracnose
(page 57)

Young spots are pale green, then become yellow on
the upper surface. Purplish or gray spores form on
undersides of leaves. Leaves turn brown and die but
remain erect. Resembles frost injury.

Downy mildew
(page 58)

Lesions are 1–3 millimeters in diameter, often with  
yellow halos. Young spots are water‑soaked. Older spots
have holes in the center. (Scab causes similar symptoms
on leaves.) Stems, petioles, and fruit develop water‑
soaked spots that become covered with a white crust.

Angular leaf spot
(page 66)

Spots often have yellow halos. Young spots are pale
green and water‑soaked. Older spots have holes in center.
Angular leaf spot causes similar symptoms. Symptoms
also occur on petioles, stems, and fruit.

Scab
(page 64)

Brown spots. Lesions are angular in  
shape; however, veins do not define
the lesion shape and the yellow margin
is indefinite.

Lesions are smaller than those of angular leaf spot
and initially may be overlooked.

Bacterial leaf spot
(page 67)

Brown spots. Lesions are circular,
irregular, or wedge-shaped, but not
angular.

Brown spots are 0.5–5 millimeters or larger in
diameter with yellow halos. Spots often have concentric
rings (a “target” appearance). Uncommon.

Alternaria leaf blight
(page 57)

Occasional marginal necrosis and large, wedge‑shaped
necrotic areas; however, leaf spots are uncommon on
pumpkin. Yellow halos may occur. Older spots are often
dry and cracked. Spots and streaks on stems,
sometimes with a gummy exudate. Pycnidia on leaves
and stems. Fruit rot phase called black rot. Localized
occurrence in region.

Gummy stem blight
(page 60)

Dark brown leaf spots up to 5 centimeters in diameter.
Plant decline and fruit rot are more common symptoms.
Localized occurrence in field and in region.

Phytophthora crown
rot (page 61)

Brown spots. Lesions are angular in
shape (restricted by small veins).

Leaves mottled, distorted (sometimes
fernlike), wrinkled, curled, dwarfed.
Plant stunted. Fruit symptoms, also.

Viruses
(pages 68–70)

Yellowing of young leaves; proliferation
of secondary shoots; and rigid, erect
growth habit. Fruit symptoms, also.
Uncommon.

Aster yellows
(page 71)

continued on next page u
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Table 7-2. Key to identifying pumpkin diseases (continued)
Visible symptom

Symptom details	Possible disease

u Fruit Symptoms Present
Black spots on fruit.

Fruit lesions are circular or irregular and can be large.
Spots are initially water-soaked and pinkish, then turn
black. Fruit often collapse due to other rotting organisms.
Symptoms often develop in storage. Pycnidia may be
present. Foliar phase called gummy stem blight.

Black rot
(page 60)

Brown spots present.

Fruit lesions are dark brown, circular, 2–5 millimeters
or larger in diameter, sunken, and initially gray with
salmon‑colored fungal growth (under moist conditions)
or tiny black specks. Spots often develop in storage.
Leaf and stem symptoms may also be present.

Anthracnose
(page 57)

Fruit lesions are 1–4 millimeters in diameter, circular,
water‑soaked, often with a raised white center. Leaf
symptoms, also.

Angular leaf spot
(page 66)

Fruit lesions vary greatly in size (up to the size of a halfdollar). Can develop into a water-soaked rot that leads
to fruit collapse. Leaf symptoms may also be present.

Bacterial leaf spot
(page 67)

Fruit lesions may be light to dark brown, dry and corky,
small, circular. Initially sunken; can become raised. Leaf
and stem symptoms, also.

Scab
(page 64)

Lesions are circular, 1–2 millimeters in diameter, and
raised like a rash. Leaf symptoms may also be present.

Septoria leaf spot
(page 65)

Tan or white circular spots occur on the surface side
touching moist soil. Firm, dry rot. Lesions are sunken
and may have white fungal growth.

Fusarium dry rot
(page 59)

Light tan spots are small, flecklike, raised, and dry, often
forming a large scabby area. Spindle-shaped lesions on
fruit stems, stems, and leaves are more common than
fruit symptoms.

Plectosporium blight
(page 62)

Yeastlike fungal growth often starting on the undersides
of fruit; symptoms on the top side are initially sunken
and water-soaked. They enlarge to encompass the
entire fruit, which eventually collapses. Leaf and stem
symptoms occur, also. Localized occurrence, especially
in poorly drained areas of fields.

Phytophthora fruit rot
(page 61)

Odorless rot. The pathogen produces a white, thick,
cottony fungal growth with black, hard, irregular (0.5to 2-centimeter) bodies. Spots are initially on the
undersides of fruit, progressing to watery rot. Develops
in the field or in storage. Localized occurrence, especially
where beans or cabbage were grown.

Sclerotinia white mold
(page 65)

Initially small, sunken lesions with white mycelia
develop on the side of fruit in contact with the soil. Rot
enlarges and mycelia may contain small tan to brown
overwintering structures that look like tiny seeds (1–2
millimeters in diameter).

Southern blight
(page 66)

Fruit mottled, discolored (perhaps with
green blotches), distorted, bumpy, malformed.

Plant stunted. Leaf symptoms, also.

Viruses
(pages 68–70)

Fruit are smaller and lighter in color than
normal.

Leaf symptoms, also.

Aster yellows
(page 71)

Lesions are white to light tan.

Watery rot or water-soaked lesions.

56

7: Disease Management

Fungal Diseases
Alternaria Leaf Blight
Alternaria cucumerina
Alternaria leaf blight is a foliar disease that can affect
most cucurbit crops. It is less common on pumpkin
and squash, perhaps because the particular host-specific species is uncommon in the northeastern states.

Symptoms
Lesions (damaged areas) first appear on the older
leaves near the plant crown. They are initially small
brown spots (0.5 millimeter) with a yellow halo but
expand into large brown necrotic areas that usually
show concentric rings of different colors.
Causal Organism and Disease Cycle
Alternaria leaf blight is caused by Alternaria cucumerina. The disease is most prevalent with conditions
of frequent rainfall, high humidity, and warm temperatures. Conidiophores (spore-bearing structures)
bearing conidia (spores) may be produced on both
the upper and lower surfaces of leaf lesions. Airborne and rain-splashed spores serve as secondary
inoculum for spread of the disease within a field.
Control
Crop rotation out of cucurbits for at least two years
reduces the potential for carryover of inoculum.
Regular applications of protectant fungicides delay
the onset of disease and slow its development. Overhead irrigation late in the day, which lengthens the
duration of leaf wetness periods, should be avoided.

Anthracnose
Colletotrichum orbiculare
Anthracnose is an important disease on many cucurbit crops such as watermelon, muskmelon, and
cucumber. Pumpkins are less susceptible. Several
races of the anthracnose pathogen (Colletotrichum
orbiculare) vary in virulence on a range of cucurbit
hosts; however, no strain (or race) has been observed
to have a high level of virulence on pumpkins or
squash.
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Symptoms
Symptoms of the pathogen are tan oval-shaped
lesions (photo 7-4). The lesions contain fruiting
bodies of the fungus that are visible with a hand
lens. The fungal structures are small, black, and
round with black setae (hairs or bristles) protruding.
In humid weather, the lesions will appear pink to
salmon-colored as the fruiting bodies of the fungus
sporulate.
Causal Organism and Disease Cycle
Anthracnose is caused by the fungus C. orbiculare,
which persists in a field on crop refuse or cucurbit
weeds. The fungus is also seedborne. Spores are
disseminated primarily by splashing water and to a
lesser extent by wind and on people and machinery.
Infection requires a 24-hour period of high relative
humidity.
Control
In pumpkin fields where anthracnose is a problem,
cultural measures are often adequate for control. For
example, growing pumpkins on a no-till cover crop
(see chapter 4) reduces fruit rots such as anthracnose, possibly because fruit have less contact with
the soil.
To reduce disease pressure, use certified, treated seed
and rotate away from cucurbits for at least one year.
Avoid or minimize overhead irrigation and irrigate
only at times when the foliage will quickly dry.
Work in the field only when the foliage is dry. Plow
crop refuse under as soon as possible after harvest
to reduce the ability of the pathogen to overwinter. Anthracnose is also controllable with a good
foliar disease management program. For example,
many protectant fungicides applied to control other
diseases (such as chlorothalonil or strobilurin fungicides) also control anthracnose.

Damping-Off
Caused by Various Fungi
Damping-off is a seedling disease. Although the
fungi that cause this disease are common, dampingoff typically occurs only when environmental conditions are favorable. It is more common with other
cucurbit crops. Pumpkins are rarely affected, because
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they are planted during late spring when soil has
warmed, and pumpkin seedlings are larger and grow
faster than other cucurbits.

Symptoms
Affected seedlings wilt, collapse, and die. Stem tissue at the soil line is water-soaked or tan to reddish brown, depending on the causal fungus (photo
7-5). Roots are often discolored and rotten. The
outer layer of roots tends to fall off when the fungus
Pythium is responsible. Seedlings can die before they
emerge.
Causal Organisms and Disease Cycle
Pythium species and Rhizoctonia solani are common
soil fungi that can cause damping-off. This disease
can also be caused by Thielaviopsis basicola, Fusarium
equiseti, Phytophthora capsici, other Phytophthora species, and Fusarium oxysporum, which causes Fusarium
wilt. Disease development is favored by cool, wet soil
and poor aeration. These conditions can be common
with compacted soil.
Control
Use sterilized soil mix and containers for growing
transplants. Use fungicide-treated seed. Keep the
greenhouse clean to minimize the chance of contamination, and do not crowd plants. Discard trays
with affected plants to avoid spread to other trays.
Select fields with good drainage. Do not overirrigate.
Where damping-off has occurred previously, apply
fungicide to soil at the time of direct field seeding.

Downy Mildew
Pseudoperonospora cubensis
Downy mildew is an important disease of cucurbits
throughout the world. However, in the northeastern
United States, downy mildew is severe primarily in
years of high rainfall or locations where cool nighttime temperatures and long dew periods occur.

Symptoms
The symptoms of downy mildew on pumpkin begin
as angular yellow or chlorotic areas on the upper
surfaces of leaves. Sporulation occurs on the un-
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dersides of the leaves and appears brown to gray.
The sporangia can be seen with a 10x hand lens
and appear as barely distinguishable black or purple
spots (photo 7-6). Initially, lesions are delineated
(restricted) by the leaf veins (photo 7-7). Under conducive conditions, they expand and cause extensive
defoliation of the pumpkin plant. Leaf petioles may
remain upright with brown, wilted leaves attached.
Yield loss occurs due to rapid defoliation, loss of
photosynthetic area, and exposure of pumpkin fruit
to sunscald.

Causal Organism and Disease Cycle
Downy mildew is caused by the fungus Pseudoperonospora cubensis, which survives only on cucurbit hosts. It overwinters in the southern United
States where cucurbits are grown during the winter
months. Spores are carried on wind in the spring to
newly planted cucurbits. Downy mildew generally
does not occur in the mid-Atlantic or northeastern
states until early to mid-August, and in some years
it does not occur at all. In areas where cucurbits are
grown in the greenhouse during winter, the greenhouse crop may serve as a reservoir of inoculum for
field-grown plants.
The life cycle of the pathogen is complex and
requires a period of high relative humidity or free
moisture for sporangial production followed by dispersal of sporangia on air currents. A second period
of free moisture is needed for sporangia to continue
their development and for penetration of the host to
occur. Once penetration has occurred, the pathogen
can produce sporangia in as little as four days to
initiate another infection cycle. Several specialized
pathotypes (strains) of P. cubensis are known to occur
in different geographical regions. One pathotype
(strain five) in the United States is highly virulent
on pumpkin. In areas of the world where this pathotype does not exist, downy mildew infects other
cucurbits but not pumpkin.

Control
Cultural practices to reduce mildew pressure are
limited to measures that reduce leaf wetness duration on pumpkins through plant spacing and by
avoiding overhead irrigation. Because downy mildew
is not present throughout the northeastern United
States every year, pumpkin fields should be scouted
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Fungicide Resistance

A

relatively recent concern in disease management
programs is the development of fungicide resistance.
Fungicide resistance is the ability of a fungus to adapt
to a fungicide, resulting in reduced susceptibility of the
fungus to the fungicide. This ability is obtained through
genetic changes. Systemic fungicides (fungicides that can
move from the application point to another plant part)
are generally more at-risk for resistance development
than contact (protectant) fungicides. Systemic fungicides
typically have specific, single-site modes of action, which
means they are active against only one point in one
metabolic pathway in a pathogen.
When resistance results from changes in a single major
gene, pathogens are either resistant or susceptible to the
fungicide, and resistant pathogens survive. Resistance
in this case is seen as complete loss of disease control
that cannot be regained by using higher rates or more
frequent fungicide applications. This type of resistance is
commonly referred to as “qualitative resistance.”
When resistance results from changes in several interacting genes, pathogens exhibit a range in susceptibility to
the fungicide depending on the number of gene changes.
Resistance in this case is a reduction in disease control
that can be regained by using higher rates or more frequent applications. Additional selection in the pathogen
may eventually result in complete loss of control. This
type of resistance is commonly referred to as “quantitative resistance.”

Current recommendations for managing fungicide
resistance include using a diversity of fungicides in an
integrated disease management program that includes
nonchemical practices, such as using resistant cultivars
and separating early plantings from late plantings. It is
critical to use an effective program in order to delay the
buildup of resistant strains.
Fungicides at risk for quantitative resistance should be
used at the highest labeled rate and shortest application
interval. Using high rates is expected to reduce selection
of strains with intermediate fungicide susceptibility. Fungicides with risk of resistance (at-risk fungicides) should
be used in alternation with other at-risk fungicides with
different modes of action, and they should be combined
or alternated with contact fungicides that have a low
resistance risk.
Maximize spray coverage on leaf undersides to increase
control by contact fungicides. At-risk fungicides should
be used only when needed most. The most critical time
to use them is early in an epidemic when the pathogen
population is small. Contact fungicides should be used
alone late in the growing season, where they have been
shown to provide sufficient disease control to protect
yield.
For more information about fungicide resistance, visit the
Fungicide Resistance Action Committee (FRAC) web site
at < www.frac.info >.

regularly for disease onset. A web site from North
Carolina State University tracks the progress of the
disease and predicts new outbreaks of downy mildew based on likely spore movement in upper air
currents. See the reference section (page 145) for the
web site address. Access the web site periodically to
get advance warning on potential outbreaks.

on the leaf underside; however, they are more at risk
for resistance development. Manage resistance by
using systemic fungicides with protectants. Consult
a Cooperative Extension educator, a current state
vegetable recommendation guide, or a consultant for
information on specific fungicides that are effective
on downy mildew.

When downy mildew is present, fungicide spray
schedules should be reviewed. The effectiveness of
protectant and systemic fungicides in controlling
downy mildew varies. If fungicides that control
downy mildew are not in the spray program, add
them on a weekly or biweekly basis. Among fungicides with activity against downy mildew, those with
systemic activity tend to be more effective than protectants. This is because they provide better control

Fusarium Crown and Fruit Rot of
Pumpkin and Squash
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Fusarium solani f. sp. cucurbitae
A soilborne fungus, Fusarium solani causes stem
and root rot of pumpkin and squash. The disease has
been described by various names, including wilt, root
rot, foot rot, cortical rot, and Fusarium fruit rot.
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Symptoms
The first symptom noticed in the field is wilting of
the leaves. Eventually, the entire plant wilts and dies.
If the soil is removed from around the base of the
plant, a very distinct dark brown rot of the crown
and upper portion of the taproot is evident (photo
7-8). Often the stem has a white to pink color from
fungal sporulation and mycelial growth. Fruits are
attacked on the side in contact with the soil surface.
A dry crater rot develops, making the fruit unmarketable (photo 7-9).
Causal Organism and Disease Cycle
Fusarium crown and fruit rot of pumpkin and
squash is caused by Fusarium solani f. sp. cucurbitae.
Two races have been described. Race 1 causes a root,
stem, and fruit rot and occurs worldwide. Race 2
causes only a fruit rot and has limited distribution in
the United States. Both races can be seedborne, internally or externally. The fungus apparently survives
for only one to two years in seed. Infection does not
appear to affect seed viability or germination. The
fungus survives for only two to three years in soil,
which is much less than other Fusarium species.
Control
Fusarium crown and fruit rot occurs sporadically
in most areas, and severity is dependent upon soil
moisture and the amount of soilborne inoculum.
Because the fungus survives in the soil for only two
to three years, a four-year rotation is usually adequate for disease control. Fungicide-treated seed is
also effective in reducing the fungus from externally
infected seed.

Gummy Stem Blight and Black Rot
Didymella bryoniae
This disease is known as gummy stem blight (GSB)
when it attacks the foliage and stems and as black
rot when it affects fruit. It can be found on leaves,
stems, and fruits of all cucurbits.

Symptoms
Lesions do not always appear on the leaves of
pumpkin and squash, which is unlike the prominent
infection of melon and watermelon. If present, spots
60

are circular, tan to dark brown, and may have small
fruiting bodies (pycnidia and pseudothecia, defined
below) that appear as black-pepper-sized specks
(photo 7-10). These fruiting bodies also appear on
stem cankers. Black rot on fruit is very evident and
consists of water-soaked lesions and dark mycelial
growth; the fruiting bodies are often present (photo
7-11).

Causal Organism and Disease Cycle
Gummy stem blight is caused by Didymella bryoniae,
the sexual stage of the fungus, which produces black
pseudothecia (flask-shaped sexual structures bearing sexual spores called ascospores). Dark pycnidia
(asexual fruiting bodies containing spores) of the
asexual stage, Phoma cucurbitacearum, also form
on the surface of leaves, stems, and fruits. Recent
studies in New York State have discovered that the
asexual pycnidial structures of Phoma can represent
three species: those representing true D. bryoniae,
a less pathogenic variant of D. bryoniae, and other
Phoma species that are nonpathogenic. Positive separation and identification would require microscopic
observations and pathogenicity tests on pumpkin or
other cucurbits.
The pathogen survives between seasons on diseased
vines and crop debris and is also seedborne. Moisture is more important for disease development than
temperature. Leaves are penetrated either directly
through the cuticle or through intercellular spaces
around the bases of trichomes (leaf hairs). Stem
penetration is through wounds or the extension of
leaf lesions. Fruit penetration is either direct, through
wounds, or through flower scars at pollination. Fruit
rot begins to develop about three days after infection,
beginning first as a water-soaked lesion.

Control
Use of treated seed should be a standard procedure. A
two-year rotation out of cucurbits is essential. Satisfactory chemical control may be obtained by regular
applications of protectant fungicides. Fungicides
with systemic activity can be highly effective but are
more at risk for development of resistance. Isolates
of D. bryoniae resistant to benzimidazole fungicides
(benomyl and thiophanate-methyl) or strobilurin
fungicides (azoxystrobin) have been detected in
cucurbit fields in the eastern United States.
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Phytophthora Blight
Phytophthora capsici
All cucurbit growers should be concerned about
Phytophthora blight, which is also known as Phytophthora crown rot and Phytophthora fruit rot. It
has been described as the most destructive disease
of cucurbits, because nothing causes greater loss.
It has been increasing in importance in the United
States. Fruit rot was first reported in Colorado and
California in the late 1930s. The disease was found
sporadically in most of the United States until the
1980s, except in California, where it had occurred
more regularly. Then incidence increased notably in
Florida, Georgia, Michigan, and the northeastern
states. The increase followed a hurricane in some
areas.

Symptoms
The pathogen causes seedling damping-off, root and
crown rot, vine collapse (photo 7-12), stem lesions,
foliar blight, leaf spots (photo 7-13), and fruit rot
(photo 7-14). Total crop loss has occurred in some
fields. All cucurbits are susceptible; squash, cucumber, and pumpkin seem to be affected most commonly. Cantaloupe are least susceptible. Phytophthora
crown rot causes the entire plant to completely
collapse and die in a short period of time. Summer
squashes often die back from the growing tip.
Initial symptoms of Phytophthora fruit rot are a
water-soaked or depressed spot. The underside of
the fruit that is in contact with the ground is often
affected first. Symptoms can also begin around the
stem due to systemic infection from the vine. Fruit
can become completely affected and collapse. Fruit
symptoms can also develop rapidly after harvest. The
fungus produces a white yeastlike growth (photo
7-14) that contains many sporangia, especially under
moist conditions. Sporangia are lemon-shaped fungal structures that cause new infections when they
are spread to healthy fruit, leaves, or vines. Either
sporangia germinate and grow into these tissues,
or several zoospores form inside each sporangium.
These are both asexual spores, which means they are
produced by an individual. Zoospores are released
from sporangia in water and are able to swim for
hours using their two flagella. They are capable of
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directional movement to a host based on chemical
attraction.
Two diseases that can be confused with Phytophthora
fruit rot are Pythium fruit rot, which is characterized by white fluffy growth that when new resembles
fine cotton and when old resembles shaving cream
(photo 7-15), and Sclerotinia white mold, which is
characterized by white, dense, cottony growth with
black, hard, pealike structures (photo 7-16).

Causal Organism and Disease Cycle
Phytophthora capsici survives in soil between crops
for at least two years. Soil moisture conditions are
important for disease initiation. Sporangia form
when soil moisture is at field capacity (within 24
hours under controlled conditions), and they release
zoospores when soil is saturated (in five to six hours
under controlled conditions). Further disease development in a crop can occur rapidly, because sporangia are produced abundantly on affected fruit, and
they are dispersed under a wider range of conditions.
Control
Phytophthora blight is difficult to control. Management practices currently include selecting fields
where Phytophthora diseases have never occurred.
The fungus that affects cucurbits also causes blight
(crown and fruit rots) in pepper, eggplant, and tomato. Late blight is caused by a different fungus. An
effective rotational period has not been identified.
However, two years is insufficient.
Selected fields should be isolated from fields where
Phytophthora diseases have occurred to avoid the
potential of the fungus being moved (in water or
on farm equipment) from the infested field into the
cucurbit crop. Plantings of susceptible crops should
be physically separated. Plantings should be located
so there is no opportunity for water to move from
one planting to another. Soil should be cleaned from
farm equipment between fields. Movement in soil
on equipment is probably an important means by
which Phytophthora spreads between fields and may
account for the occurrence of Phytophthora blight in
fields with no previous history of susceptible crops.
When growing small-fruited pumpkins, select varieties that produce hard, gourdlike rinds such as ‘Lil’
61

Ironsides.’ These are substantially less susceptible
than varieties with conventional rinds.
Managing soil moisture to avoid saturated conditions is extremely important to prevent the disease
from getting started (see chapter 4). Select welldrained fields. Minimize hardpans and plowpans
by subsoiling and by not driving through wet fields.
Subsoiling between rows after planting is recommended. Do not plant in low-lying areas. Plant a
cover crop in place of the pumpkins in these areas.
Avoid overirrigating. Normal irrigation practices
usually do not encourage Phytophthora blight, except
when leaks frequently occur. Do not use pond water
draining from an infested field for irrigation. Some
plant pathology diagnostic labs have procedures for
determining if pond water is already infested with
Phytophthora. Contact a local lab or consultant for
details.
Routinely scout fields for symptoms, especially after
major rainstorms, in low areas, and near the end of
irrigation pipe. When symptoms are localized in a
small area of a field, disking the area plus a border
of plants that appear to be healthy is worthwhile.
Healthy fruit should be removed from infested
fields as soon as possible and checked routinely for
symptom development. Fruit that develop symptoms
after harvest should be discarded before the fungus
spreads further. If possible, fruit should be examined
for about one week before they are put in bins. Do
not discard cull fruit in production fields.
Do not display fruit for sale in a field where Phytophthora blight developed in previous years. Healthy
fruit have developed fruit rot in these situations.
None of the fungicide programs evaluated in New
York State and elsewhere in the United States provided the level of control considered necessary for
commercial production. Therefore, chemical control
should not be used alone without the practices described above. Broad-spectrum fungicides, which are
labeled for controlling other diseases, may provide
some suppression of Phytophthora blight.
Other management practices evaluated and found
to be ineffective or only slightly effective are amending soil with yard waste compost at 60–120 tons
per acre, planting a sorghum-sudangrass cover crop,
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practicing soil solarization (solar heating) following
incorporation of a mustard crop, using rye and oat
straw mulches, and using ryegrass living mulch.
Resistant or tolerant varieties may be a solution in
the future. Potential sources of host resistance have
been identified in Middle Eastern squash types.

Plectosporium Blight
Plectosporium tabicinum
Plectosporium blight (originally called Microdochium
blight) was first identified in Tennessee in 1988.
Since then, it has been observed in Maryland, New
Jersey, Pennsylvania, Louisiana, and Virginia. The
disease causes damage on yellow squash and zucchini as well as pumpkin. Plectosporium blight will
reduce the number and size of fruit, stem quality,
and fruit quality.

Symptoms
Typically, damage is minimal and confined to a few
spindle-shaped lesions on stems, petioles, leaf veins,
and peduncles (fruit stems) of pumpkin plants (photo
7-17). However, in years of conducive weather, a profusion of lesions appear on leaf veins, causing leaves to
appear puckered, and small tan lesions develop on fruit.
These lesions may be numerous and coalesce to form a
continuous scabby surface (photo 7-18).
Causal Organism and Disease Cycle
The pathogen Plectosporium tabicinum is a common
soil fungus, but little information exists on its disease cycle. It is thought to grow on several hosts and
is favored by rainy weather.
Control
Pumpkins grown on no-till cover crops (see chapter
4) have lower disease levels than pumpkins grown
on bare ground. Plectosporium blight is controlled
with applications of protectant fungicides such as
chlorothalonil.

Powdery Mildew
Podosphaera xanthii and Erysiphe cichoracearum
Powdery mildew is a common disease of cucurbits
under field and greenhouse conditions in most areas
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of the world. Although all cucurbits are susceptible,
symptoms are less common on cucumber and melon,
because many commercial cultivars have resistance.
This disease can be a major production problem.
Quantity of yield is reduced due to a decrease in the
size or number of fruit or a decrease in the length
of the harvest period. Premature death of infected
leaves can result in reduced market quality, because
vines die prematurely. Early vine death results in
shriveled, discolored stems that often detach from
the fruit and may also cause fruit to sunburn or ripen prematurely or incompletely. Pumpkin fruit that
ripen prematurely or incompletely have poor rind
color that is yellowish orange or partly green. Stress
from disease can lead to imperfections on fruit rind,
such as speckling and small raised spots. In addition, powdery mildew infection predisposes plants to
other diseases, gummy stem blight in particular.

Symptoms
White, powdery fungal growth develops on both
leaf surfaces, petioles, and stems (photo 7-19). The
growth is primarily asexual spores called conidia.
It usually develops first on crown leaves, on shaded
lower leaves, and on leaf undersides. Yellow spots
may form on upper leaf surfaces opposite powdery
mildew colonies. Older plants are affected first.
Infected leaves usually wither and die. Plants may die
prematurely. Late in the growing season, the pathogen often produces cleistothecia, which are small,
dark brown structures that are barely discernible
without a hand lens (they have a diameter of about
0.003 inch). Sexual spores form within cleistothecia
and are protected from adverse conditions.
Causal Organisms and Disease Cycle
Podosphaera xanthii (previously known as Sphaerotheca fuliginea) is the main fungus that causes powdery
mildew. Erysiphe cichoracearum was considered to be
the primary causal organism throughout most of the
world before 1958. Today, P. xanthii is found more
commonly worldwide. A shift in the predominance
of these two fungi may have occurred, or the causal
organism may have been misidentified. P. xanthii is
a more aggressive pathogen than E. cichoracearum.
During recent surveys, E. cichoracearum was found
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rarely and only at the start of disease development in
New York and other eastern states.
Sources of initial inoculum for powdery mildew
development in the Northeast have not been determined. The primary initial inoculum is believed to
be airborne conidia dispersed over long distances
from southern states, where cucurbit crops are
grown earlier in the year. Conidia remain viable for
seven to eight days based on results from laboratory
studies. The causal fungi are obligate parasites and
cannot survive in the absence of living host plants,
except as cleistothecia. Possible local sources of
initial inoculum include conidia from greenhousegrown cucurbits, cleistothecia, and alternate hosts
such as verbena. Cleistothecia contain sexual spores
that are protected by the thick cleistothecial wall.
Spores are not released until environmental conditions are favorable for them to germinate and grow.
Powdery mildew develops quickly under favorable
conditions, because the length of time between
infection and symptom appearance is usually only
three to seven days, and a large number of conidia
can be produced in a short time. Favorable conditions include dense plant growth and low light
intensity. High relative humidity is favorable for
infection and conidial survival; however, infection
can take place at a relative humidity as low as 50%.
Dryness is favorable for the pathogen to grow and
produce spores and for the spores to be dispersed.
Rain and free moisture on the plant surface are
unfavorable. However, disease development occurs
in the presence or absence of dew.
Mean temperatures of 68–80˚F (20–27˚C) are favorable; infection can occur at 50–90˚F (10–32˚C).
Powdery mildew development is stopped when daytime temperatures are at least 100˚F (38˚C). Plants
in the field often do not become infected until after
fruit set initiation. Susceptibility of leaves is greatest
16–23 days after unfolding.
Pathogenically distinct races of P. xanthii on cucurbits have been detected. Three races have been
differentiated on muskmelon in the United States.
Race 1 has been most common in the eastern
United States. Race 2 also occurs. Races 1 and 2
have been identified on pumpkin.
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Control
A few pumpkin varieties are available with genetic
resistance or tolerance to powdery mildew. The first
ones developed have a moderate level of resistance,
thus control can be improved with a few timely fungicide applications. Some varieties in development
have a higher level of resistance.
Successive cucurbit plantings should be physically
separated, because older plants can serve as a source
of conidia. If the disease is detected through a scouting program, apply fungicides to susceptible varieties every seven to ten days beginning early in the
disease development. A 14-day interval can be used
with resistant varieties. Inspect plants weekly beginning in July and after fruit initiation (when plants
become more susceptible). Examine both surfaces of
five older leaves at each of ten sites, or until symptoms are found. Start a weekly spray program when
symptoms are found. A spring planting of summer
squash will become infected first; therefore, when
available, it can be used as an indicator of when to
begin scouting pumpkins. If there is no scouting
program, then use a preventive schedule, starting applications when plants begin to produce fruit.
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the potential of
resistant pathounder favorable condigen strains being
tions, because the length
selected. Such
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plant growth and low
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(which is usually at the start of
disease development); (3) using the highest labeled rates (the highest rates kill the most disease pathogens, resulting
in fewer pathogens that develop resistance and then
reproduce); (4) alternating between systemic fungicides with different modes of action;
(5) maximizing spray coverage; and (6) using nonchemical control practices such as planting resistant
varieties and separating early and late plantings.
Resistance management is essential and must be
implemented before resistance develops. More
information about fungicide resistance can be found
at the Fungicide Resistance Action Committee
(FRAC) web site, <www.frac.info>.

P

To obtain adequate control, good fungicide coverage
is needed on the undersides of leaves and on leaves
low in the plant canopy, because the fungus develops
best on these surfaces. This can be most effectively
accomplished by using systemic materials. Another
approach is to improve efficacy of contact materials
by maximizing spray coverage on the undersides of
leaves. Use an air-assist or electrostatic sprayer, or
modify a hydraulic boom sprayer. Coverage produced by traditional hydraulic boom sprayers can be
improved by decreasing nozzle spacing (10 inches is
better than 20 inches), increasing volume (75 gallons
per acre has worked well), increasing pressure (at
least 80 pounds per square inch), and changing to
smaller nozzle tips that direct sprays at an angle to
the canopy. Use water-sensitive paper to check spray
coverage.

Scab

Development of fungicide resistance and consequent
control failure is always a concern with systemic
fungicides. It is especially a concern with powdery
mildew, because the pathogen has demonstrated
high potential to develop resistance. Therefore,

Although scab is rarely a problem now for cucumbers because of the availability of many resistant
varieties, it remains a problem for pumpkin and
squash. The disease was first described in the United
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Several different contact fungicides are labeled for
powdery mildew. These include conventional materials such as chlorothalonil, copper, and sulfur. Additional materials that are considered to be potentially
more environmentally friendly include oil, potassium bicarbonate, and monopotassium phosphate.
There are also biofungicides that contain an organism antagonistic to the powdery mildew pathogen.
Cladosporium cucumerinum
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States in New York and has been reported from
many cool, temperate parts of North America.

Symptoms
The fungus can attack any aboveground portion of
the plant, including leaves, petioles, stems, and fruits.
Initial symptoms on leaves are pale green, watersoaked areas. These spots gradually turn brown and
may become “shot-holed” in appearance. A chlorotic
halo appears around the lesion (photo 7-20). On
pumpkin, fruit lesions may appear as sunken craters and can lead to misshapened areas on the fruit
(photo 7-21).
Causal Organism and Disease Cycle
Scab is caused by Cladosporium cucumerinum. A
hand lens or microscope is needed to observe the
limited sporulation of the fungus on the leaves and
stems (unlike the profuse sporulation on fleshy
fruit). The scab organism survives in soil on pumpkin and squash vines. The fungus may also be seedborne. The spores can survive long-distance spread
in moist air. The most favorable weather conditions
for disease development are wet weather (valley fogs,
heavy dew, and light rains) and temperatures near or
below 70˚F (21˚C).

forms sclerotia, which are hard black structures
resembling small raisins (photo 7-16). Fruit are typically infected where they are in contact with soil. A
wet rot develops that eventually causes affected fruit
to collapse. Fruit rot can develop in storage.

Causal Organisms and Disease Cycle
Sclerotinia sclerotiorum can infect more than 300
different plant species. The fungus survives in soil
as mycelium on plant debris and as sclerotia, which
have hard rinds enabling the fungus to survive in
soil for several years. A sclerotium either germinates
and produces mycelia that infect a plant, or produces
a specialized structure (apothecium) that contains
sexual spores (ascospores) that are dispersed by wind.
Disease development is favored by wet conditions.
Control
Plant in a field with good drainage. Use overhead
irrigation during the day when leaves will dry before
dew forms. Plow as soon as possible after harvest. If
white mold occurs, rotate with resistant crops such
as beet, onion, spinach, or a grass cover crop. Corn is
also resistant to white mold; however, Fusarium fruit
rot can be a problem when pumpkin is rotated with
corn.

Control
Use of disease-free seed is important. Because scab
appears to overwinter well, a crop rotation schedule of
two years between cucurbit crops and nonhost crops
is necessary. Protectant fungicides are recommended
for control once the disease is detected by scouting.

Septoria Leaf Spot

Sclerotinia White Mold

Symptoms
Lesions first appear as small, dark brown, watersoaked spots measuring 1–2 millimeters in diameter. Under dry conditions, the lesions become beige
to nearly white in color (photo 7-22). A narrow
brown border surrounds the lesion and, with age,
the tissue may crack. On older lesions, small blackpepper-sized specks appear, which are the fruiting
bodies (pycnidia) of the fungus (photo 7-23). Small
(1- to 2-millimeter) raised whitish spots appear as
a “rash” on the surface of infected pumpkin fruit
(photo 7-24).

Sclerotinia sclerotiorum
This disease is a greater problem with vegetable
crops other than pumpkin. The pathogen is common
and attacks many different plants. In fields where
substantial losses occurred to other vegetable crops,
significant losses may occur to pumpkins.

Symptoms
White, cottony fungal growth develops on affected
stems and fruit. Within this growth, the pathogen
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Septoria cucurbitacearum
This disease occurs primarily in the Northeast. It
affects the marketability of pumpkin and winter
squash.
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Causal Organism and Disease Cycle
Septoria cucurbitacearum overwinters on crop debris
and can survive for two years. The fungus most likely
survives as dormant mycelium (threadlike fungal
growth). In the spring, pycnidia are produced, which
give rise to conidia that serve as primary inoculum.
The needle-shaped conidia are expelled and are disseminated by splashing or windborne rain. Rainfall
and temperatures between 61˚ and 66˚F (16˚ and
19˚C) are ideal for infection and further disease
development. It is unknown when initial fruit infection occurs, but it is likely to be in the early stages
of development before the outer rind becomes fully
mature.
Control
A minimum two-year rotation out of all cucurbits
should be followed. If cool and moist conditions
persist well into June, lesions will probably appear.
Scouting at this time will allow for early detection
and scheduling of protectant fungicide sprays to prevent further disease spread. No resistant varieties are
available.

Southern Blight
Sclerotium rolfsii
Southern blight, caused by Sclerotium rolfsii, is a
disease of pumpkins in warm, temperate, subtropical,
and tropical regions. In the eastern United States,
it occurs from the mid-Atlantic region to farther
south, where warm, wet conditions are common.

Symptoms
Symptoms initially appear as a soft water-soaked area
in contact with the soil. Subsequently, dense white
mycelia (threadlike fungal growths) develop, often
with a fanlike appearance. Mycelia grow primarily
at the edge of the lesion, where the surface of the
pumpkin curves away from the ground. Particularly
diagnostic is the presence of small (1–2 millimeters
in diameter) spherical sclerotia that range in color
from white or tan to brown (photo 7-25). The disease
may develop before harvest or in storage. When an
infected pumpkin is picked up from the field, the
infected portion remains on the soil.
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Causal Organism and Disease Cycle
Optimum growth of the fungus Sclerotium rolfsii
occurs at 86˚F (30˚C). The fungus has a wide host
range, including other cucurbits, beans, carrots,
cassava, lettuce, onions, tomatoes, potatoes, sweet
potatoes, and many other crops. While it causes rot
in the field, it may not be observed until storage,
where it damages fruit under warm storage temperatures. The sclerotia persist in the soil up to four years.
Mechanical damage, including insect feeding, results
in greater disease development.
Control
Several cultural practices such as plowing to bury
plant debris and sclerotia reduce damage. The field
selected for the pumpkin crop should previously
have been planted to a nonhost such as a cereal.
Avoid fields where southern blight has occurred in
the past. In small-scale plantings, a barrier may be
placed between the fruit and soil. In addition, cool
storage of harvested fruit will reduce postharvest
damage. Fungicides are generally ineffective, because
coverage of the affected area is difficult to achieve.
Fumigation and solarization have been successful in
some fields.

Bacterial Diseases
Angular Leaf Spot
Pseudomonas syringae pv. lachrymans
Angular leaf spot is an occasional problem for
pumpkins and winter squash. The disease first appears on the leaves and later infects fruit and contaminates seed.

Symptoms
The disease first appears as small water-soaked
lesions on the leaves. Lesions usually expand and
are delineated by larger secondary veins in the leaf,
which gives an angular appearance to the lesion
(photo 7-26). Accompanying the water-soaked
appearance at high relative humidities is the appearance of a clear to milky exudate with a tear (lachrymans is Latin for tear) forming on the lower surface
of the lesions. The exudate dries to form a thin
white crust adjacent to the lesion. Lesions on leaves
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become dry, turn tan, and may drop out. Lesions
also develop on petioles, stems, and fruit, where
the white crusty exudate can also be seen. On fruit,
spots appear as small, circular, water-soaked lesions
1–3 millimeters in diameter, often with a light tan
center (photo 7-27). Fruit rot can penetrate deeply
into the rind.

Causal Organism and Disease Cycle
Angular leaf spot is caused by Pseudomonas syringae
pv. lachrymans. The bacterium is seedborne, with
infestation occurring within the seed coat so that
upon germination, cotyledons are infected. The bacteria are carried from leaf to leaf and from plant to
plant by splashing rain and by insects, humans, and
farm machinery. Spread is enhanced when the foliage is wet. The bacteria enter stomates, hydathodes
(specialized leaf structures through which water is
discharged from the leaf to the surface), and small
wounds caused by abrasion. The bacteria overwinter
in infested crop residues and can live for up to two
and a half years in dry leaves.
Control
Control begins with the use of pathogen-free seed.
Treatment of cucurbit seed for 20 minutes with
water at 122˚F (50˚C) containing tartaric acid or
acidic cupric acetate reduces but does not entirely
eliminate bacteria from the seed. Practice rotation
out of cucurbits for at least two seasons. Spraying
with copper is generally ineffective once an epidemic
is underway. No pumpkin varieties are known to be
resistant to angular leaf spot.

Bacterial Leaf Spot
Xanthomonas campestris pv. cucurbitae
Bacterial leaf spot of cucurbits was first described
on Hubbard squash in a New York garden in 1926.
Disease outbreaks have been sporadic on pumpkin and
winter squash in the northeastern United States, but
when the disease occurs, it is particularly devastating.

Symptoms
Symptoms on leaves and fruit are similar to those
of angular leaf spot, with some exceptions. Veins
do not define the lesion shape as with angular leaf
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spot lesions. Lesions are small (1–2 millimeters) and
rather inconspicuous. They are water-soaked, brown
in color, and develop an indefinite yellow margin
(photo 7-28). Many lesions grow together to form
larger necrotic (dead) areas, usually on leaf margins.
The size and appearance of lesions on affected fruit
vary greatly, due in part to the maturity of the rind
when infection occurs and the amount of moisture
present during this critical period. Lesions may
remain as small as on the leaf or enlarge greatly, develop a crusty appearance, or progress into a watersoaked rot that quickly spreads into the fleshy core
(photo 7-29). Affected fruit are generally lost in the
field due to rotting (photo 7-30).

Causal Organism and Disease Cycle
Bacterial leaf spot is caused by Xanthomonas campestris pv. cucurbitae. The organism is seedborne. The
bacteria are easily spread from leaf to leaf and from
plant to plant by splashing rain. Spread is enhanced
when the foliage is wet from rain, dew, or overhead
irrigation. The bacteria enter stomates, hydathodes,
and small wounds caused by abrasion. This bacterium seems to spread more quickly and infect plants
more aggressively than angular leaf spot.
Control
Use of disease-free seed is critical. Use of seed treatments has been reported, but they do not eliminate
all the bacteria. General sanitation and control
practices similar to those used for angular leaf spot
should be effective. The bacterium probably survives
in woody stems of pumpkin and squash for at least
one year, but it is not known to survive in soil by
itself. Spraying with copper is ineffective once an
epidemic is underway.

Bacterial Wilt
Erwinia tracheiphila
Bacterial wilt is a serious threat to commercial
melon and cucumber production in parts of North
America. It has recently become more damaging to
pumpkin and summer squash. Watermelons, citron,
and loofah and calabash gourds are not affected by
the disease.
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Symptoms
Bacterial wilt symptoms vary with different cucurbits grown. The description here is for pumpkin and
squash. Summer squash and pumpkin plants may
wilt dramatically during the heat of the day but partially recover by morning. Interveinal areas of leaves
become chlorotic, even whitish, and eventually die,
but the main veins remain green (photo 7-31). Necrosis eventually develops on leaf margins before the
entire plant collapses and dies (photo 7-32). Plants
may have shortened internodes and leaves have a
“tufted” appearance when present at nodes (photo
7-33), suggesting herbicide damage or aster yellows
phytoplasma disease (which is described later on
page 71). Young pumpkin plants normally lose vigor
and die within two weeks of the initial signs of wilt.
If pumpkins are infected later, they may continue to
grow for weeks after wilt symptoms first appear.
A common diagnostic test for bacterial wilt involves
cutting a wilted runner close to the crown of the
plant, rejoining the cut surfaces for a moment, then
slowly drawing apart the cut ends. The presence of
bacterial strands (masses of bacteria streaming from
xylem tissues) extending from one cut surface to the
other indicates a positive test for bacterial wilt.

Causal Organism and Disease Cycle
The causal agent of bacterial wilt is Erwinia tracheiphila. The bacteria are transmitted by insect
vectors, primarily the striped cucumber beetle
(Acalymma vittatum, also called A. vittata) and the
spotted cucumber beetle (Diabrotica undecimpunctata
howardi). The western spotted cucumber beetle (Diabrotica undecimpunctata undecimpunctata) and the
banded cucumber beetle (Diabrotica balteata) also
may transmit the bacteria (see chapter 8).
Cucumber beetle vectors are responsible for bacterial
movement within and among fields. The pathogen
is transmitted mechanically through contact with
contaminated beetle mouth parts and does not
reproduce within the insects. The adult beetles feed
on cotyledons, leaves, stems, and fruit. The bacteria
multiply at the wound site, enter the xylem vessels,
then move down the petiole and stem. Vascular
plugging by masses of bacteria and subsequent formation of gums and resins are the primary mechanisms of wilting. Infected plants serve as the source
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of inoculum for subsequent infections.
Massing of beetles
and their subsequent
feeding damage
greatly increases the
level of spread within
a field.

B

acterial wilt is a
serious threat to
commercial melon
and cucumber production in parts of
North America. It has
recently become more
damaging to pumpkin
and summer squash.

Recent studies have
clarified the overwintering of E.
tracheiphila. Previous
studies suggested
that symptomless weed hosts played a major role
in the survival of the wilt bacteria, but recent evidence does not support this assumption. Serological
tests (utilizing the bacterial antibodies produced
in warmblooded animals) identified the cucumber
beetle, A. vittatum, as the overwintering reservoir
for E. tracheiphila bacteria. E. tracheiphila remains
viable in dried plant debris for only a very short
period of time. Death of the pathogen accompanies
the deterioration of plant stems. The bacteria are not
seed-transmitted, and there is no evidence that E.
tracheiphila survives by itself in soil.

Control
Control of bacterial wilt depends on control of the
cucumber beetle vectors. Currently, there are no
resistant varieties, and recent studies suggest that
some of the newly released varieties may be more
susceptible. In areas where bacterial wilt is a problem, well-timed applications of contact or systemic
insecticides are used for commercial pumpkin
production. The insecticides may be of organic or
inorganic origins. Bait formulations, which consist
of volatile attractants, a feeding stimulant, and a
small amount of insecticide, are being developed and
show promise.

Viral Diseases
The main viral diseases affecting pumpkin and other
cucurbits grown in the northeastern and mid-Atlantic states are similar in that they are transmitted by
aphids in a nonpersistent manner. A nonpersistent
manner means that the virus is acquired within a
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minute or less and can be transmitted immediately
(in less than 60 seconds), but the ability of the
aphid to retain the virus is lost within an hour or
less. Aphids must reacquire the virus from another
infected crop plant or weed host for transmission to
resume.

Cucumber Mosaic Virus
Cucumber mosaic virus (CMV) occurs wherever
cucurbits are cultivated.

Symptoms
CMV does not cause severe plant stunting, prominent mosaic, or malformation in pumpkin as it does
in other cucurbits, but foliar symptoms and mottled
(multicolored, dappled) fruit are still evident. The
intensity of fruit symptoms depends upon the age
of the plants when infection occurs. If plants are infected before fruit are set, then some fruit mottling
is likely (photo 7-34).
Causal Organism and Disease Cycle
CMV can infect about 800 plant species, including
both monocots and dicots. The host range includes
many well-known vegetable crops (carrot, celery,
cucurbits, legumes, lettuce, onion, pepper, spinach,
tomato, and so forth); ornamentals (anemone, aster,
delphinium, geranium, lilies, periwinkle, petunia,
primula, viola, zinnia, and so forth); and woody and
semiwoody plants. Many weeds and cultivated crops
are reservoirs of this virus.
CMV is transmitted by more than 60 aphid species,
including the green peach aphid (Myzus persicae)
and the melon aphid (Aphis gossypii).

Control
Insecticides will not prevent virus transmission.
Eradication of weed hosts is often an impossible
task because of the extensive host range of this virus.
The development of resistant pumpkin varieties is
progressing; resistant summer squash already exist.

Papaya Ringspot Virus, Type W
This disease is caused by papaya ringspot virus type
W (PRSV-W), which was formerly called watermelon mosaic virus 1 (WMV-1). It occurs common7: Disease Management

ly in southern states, but it has infected pumpkins in
mid-Atlantic and northeastern states.

Symptoms
Pumpkins respond to infection with very prominent
foliar symptoms and severe plant stunting. Foliage
of infected plants shows mosaic, malformation, and
fern-leaf appearance. Fruits of infected plants show
color breaking (green color replaces normal yellow
or orange color) and are often malformed (photo
7-35).
Causal Organism and Disease Cycle
The natural host range of PRSV-W is confined
to the Cucurbitaceae. The virus is often found in
association with watermelon mosaic virus (WMV,
formerly called WMV‑2), zucchini yellow mosaic
virus, and cucumber mosaic virus. PRSV-W is efficiently transmitted by more than 20 aphid species
in a nonpersistent manner. There is no evidence of
seed transmission.
Control
Insecticides can control the aphid populations,
but they are ineffective in preventing virus spread.
Resistance genes have been identified and are being
incorporated into commercial varieties.

Squash Mosaic Virus
Squash mosaic virus (SqMV) differs from the other
viruses discussed, because cucumber beetles transmit
it. In the past, SqMV was of common occurrence
in squash and melons, but the use of virus-free seed
has greatly reduced its economic importance for all
cucurbits.

Symptoms
Symptoms caused by SqMV are variable and consist
of dark green banding along the leaf veins, mosaic,
mottle, and prominent blisters. Plants are often
stunted, producing malformed and mottled fruits.
Causal Organism and Disease Cycle
Two SqMV groups (SqMV-I and SqMV-II) have
been distinguished: Group I (melon strain), which
causes prominent symptoms on melon but mild
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symptoms on squash and pumpkin, and Group II
(squash strain), which causes prominent symptoms
on squash and pumpkin but mild symptoms on
melon.
SqMV-I has been shown to be seed-transmitted
in squash, melon, and watermelon, but SqMV-II
appears to be seedborne only in squash. The major
vectors are the striped and spotted cucumber beetles,
Acalymma trivittatum (also called A. vittata) and
Diabrotica undecimpunctata howardi (see chapter 8).
These species acquire the virus within five minutes
and can retain it for about 20 days. SqMV does not
multiply in the vector but can be recovered from
regurgitation fluid, feces, and hemolymph (blood
fluids).

Control
Use of virus-free seed is an important control measure. Field spread of the virus can be reduced with
the application of insecticides for the control of the
beetle vectors.

Watermelon Mosaic Virus
Watermelon mosaic disease is caused by watermelon
mosaic virus (WMV), formerly called WMV-2. This
virus can infect most of the Cucurbitaceae and many
leguminous species. It readily occurs in the midAtlantic and northeastern states.

Symptoms
Foliar symptoms consist of green mosaic, leaf roughness, and green bands along the veins (photo 7-36).
Fruits are not distorted, but green ringspots and
mottling are common (photo 7-37).
Causal Organism and Disease Cycle
WMV is distantly related to zucchini yellow mosaic
virus and a few other viruses. The virus overwinters mostly in wild legumes (Trifolium species), but
it can survive also in Malvaceae species (mallow,
velvetleaf ); Chenopodiaceae species (lambsquarter);
and Amaranthaceae species (pigweed). WMV is
spread efficiently in a nonpersistent manner by more
than 20 aphid species. There is no evidence that this
virus is seedborne in cucurbits or legumes.
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Control
Because of the nonpersistent nature of spread by
aphids, insecticides cannot prevent virus spread.
Resistance genes have been identified and have been
incorporated into summer squash; they will soon be
incorporated into pumpkins.

Zucchini Yellow Mosaic Virus
Zucchini yellow mosaic virus (ZYMV) was first recognized in 1981 and has been a problem for cucurbit
production since then. It has occurred sporadically
in pumpkin in both the mid-Atlantic and northeastern states.

Symptoms
The virus causes yellow mosaic, severe malformation, extreme fernlike appearance of leaf tissue,
and bumpy and mottled fruit (photo 7-38). Symptoms may closely resemble those caused by papaya
ringspot virus type W (PRSV-W).
Causal Organism and Disease Cycle
ZYMV is serologically related to WMV but not
PRSV-W. A few strains of ZYMV have been reported. The major strains represented in the United
States are referred to as Connecticut (ZYMV-CT)
and Florida (ZYMV-FL). ZYMV-CT causes the
characteristic symptoms associated with the type
strain, whereas ZYMV-FL causes symptoms that
can be easily attributed to PRSV-W.
ZYMV is spread by a number of aphid species in
a nonpersistent manner. Although there is circumstantial evidence of seed transmission, it has been
very difficult to prove. Very little is known regarding
the overwintering hosts of this virus between growing seasons.

Control
As with all the other aphid-transmitted viruses,
ZYMV is extremely difficult to control by using insecticides. Development of resistant varieties is progressing, and they already exist for summer squash.
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Nematodes
Several nematode genera cause damage on pumpkins, including Heterodera, Nacobbus, Rotylenchulus,
and Meloidogyne. Root knot nematodes (Meloidogyne
species), especially M. incognita, M. arenaria, and M.
javonica, cause the most widespread damage. The
mid-Atlantic is a transition zone, with states to the
north having greater prevalence of northern root
knot nematode M. hapla, and states to the south
having a greater prevalence of M. incognita. Nematode injury to pumpkin is greater in southern states,
where M. incognita is prevalent and where higher
temperatures result in many generations and large
population increases over the growing season.

Symptoms
Root knot infection reduces the ability of the plant
to take up water. Infected plants appear stunted and
sometimes wilted. Symptoms are most severe under
drought conditions or in sandy soil. Infected plants
may die early, and nematode-infected plants are at
greater risk of developing Fusarium wilt or root rot.
The most characteristic and diagnostic symptom of
root knot is small spherical galls developing on roots
of infected pumpkin plants (photo 7-39). These
knots or galls contain the white pear-shaped female
nematode. The male is microscopic and shaped like
a worm.
Causal Organism and Disease Cycle
Nematodes survive from year to year in roots of
weeds or as eggs in pieces of infected root from previous crops. These eggs hatch and go through several
juvenile stages and can complete a life cycle in 21–
28 days when soil temperatures are favorable. While
these stages are not able to move extensively on their
own, nematodes are disseminated on windblown
soil, runoff water, or soil clinging to machinery.
Control
Reducing nematode damage in pumpkins begins
with accurate identification of nematodes and assessment of the number present. Fields that will be
rotated to pumpkin should be monitored for nematode buildup. Sample both soil and roots in several
locations in a field (10–20 samples from throughout
the field). Sample from a depth of 8–10 inches (the
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root zone) and include roots of symptomatic but
not dead plants. Mix the soil thoroughly, and seal a
pint subsample in a plastic bag to prevent desiccation. The sample should be protected from heat and
freezing and sent to a nematode diagnostic laboratory. Sampling results will be most accurate if the
sample is taken during the growing season ( June
through October). Nematode numbers will decrease
after postharvest tillage and during winter months
so that sampling after tillage or in the spring is not
as accurate.
Several nonchemical methods have been successfully used to reduce the number of nematodes
present or to reduce plant damage. Crop rotation is
very effective when a nonhost crop is included in a
rotation. However, root knot nematode has a wide
host range (more than 2,000 plant species). Crops
such as oats, rye, or sorghum are poor hosts. Other
strategies such as incorporating a green manure or
organic amendments or maintaining fallow periods
will reduce nematode numbers. Crops suppressive to
southern root knot nematode include French marigold cultivar ‘Tangerine,’ rapeseed cultivars ‘Humus’
or ‘Dwarf Essex,’ and others. Proper identification
of the nematode present is necessary to choose the
appropriate nonhost. Nematode resistance has not
been successfully introduced to pumpkin varieties.
Soil fumigants and nonfumigant nematicides can
be highly effective in reducing nematode numbers
and subsequent pumpkin yield loss. Each method
has some advantages. Fumigants will control other
pests as well as nematodes, but some fumigants are
under review because of environmental concerns.
Nematicides are not as volatile as fumigants and
will be effective over a wider range of soil conditions
(temperatures). For specific chemical recommendations, consult a Cooperative Extension educator, a
current state vegetable recommendation guide, or a
consultant.

Phytoplasma Disease
Aster Yellows
Aster yellows (AY) is caused by the aster yellows
phytoplasma group. Phytoplasmas are simple microorganisms lacking a cell wall (this distinguishes
them from bacteria). Phytoplasmas are found exclu-
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sively within the phloem tissue of plants and thus
require an insect vector that probes in the phloem.
Phytoplasmas have been associated with more than
200 plant diseases around the world. Because of
its sporadic occurrence in the northeastern United
States in cucurbits, serious losses do not occur.

Symptoms
AY-infected plants are easily detected because of the
conspicuous yellowing of the young leaves; the proliferation of secondary shoots; and rigid, erect habit
of the plants (photo 7-40). Fruit may be small with a
lighter than normal color.
Causal Organism and Disease Cycle
The AY phytoplasma species have variable shapes
with a cell membrane but no cell wall. AY overwinters in infected weeds (thistle, wild lettuce, plantain,
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dandelion, galinsoga, and so forth) and is transmitted to cucurbits by the six-spotted leafhopper, Macrosteles fascifrons, and several other phloem-feeding
leafhoppers. At least 11 days must pass after feeding
on infected plant hosts before the leafhopper can
transmit the phytoplasma, which it retains for life.
The leafhopper vectors can be carried by winds from
one region to another.

Control
Eradication of overwintering hosts of the phytoplasma from ditches, roadways, and fences can be
helpful, but in many instances, the leafhopper vector
comes from distant fields. Application of insecticide
can drastically reduce leafhopper populations, but
the applications are often ineffective in reducing
disease.

7: Disease Management

CHAPTER 8

Insect and Mite Management
Michael P. Hoffmann

Several insect pests infest pumpkins. Some appear
every year, while others are only occasional pests.
The striped cucumber beetle is probably the most
important because of the damage it causes to young
plants early in the season and because it is a vector
of bacterial wilt, an important disease of pumpkins
in some areas. Aphids are important because they
spread viral diseases and because high populations
can stress plants and affect the marketability of fruit.
Occasional pests include the squash bug and squash
vine borer, spotted cucumber beetle, spider mites,
and the western corn rootworm.
This chapter will help growers keep insect pests
from exceeding acceptable levels using a variety of
integrated pest management (IPM) tactics. These
tactics include accurately identifying insect pests and
their natural enemies; using pest-sampling methods
and action thresholds (the level of insect pest population at which control is necessary); and combining
cultural, biological, and insecticidal controls. Using
IPM tactics enables growers to economically control
insect pests.

Identification of Pests and
Life Cycles
Striped and Spotted Cucumber Beetles
Acalymma vittatum and Diabrotica undecimpunctata
howardi
Adult striped cucumber beetles are 1⁄4 inch long
and yellow-green with three distinct black stripes
extending to the tip of the abdomen (figure 8-1;
photo 8-1). The head and abdomen are black. The
larval stage, which feeds on roots of pumpkins, is
about 3⁄8 inch long when full grown, is pale with a
8: Insect and Mite Management

dark head and “tail,” and has three pairs of short
legs (photo 8-2).
The adults overwinter in and around fields of cucurbits and may rapidly colonize pumpkin plantings
soon after emergence or transplanting. They remain
relatively abundant through mid-July. Once striped
cucumber beetles infest pumpkins, the females lay
clusters of orange eggs at the bases of plants. Eggs
hatch and produce larvae that develop underground,
feed on the roots, and may bore into stem tissue
below the soil line (photo 8-3). The larvae develop
and emerge as second-brood adults in mid-August.
These adults remain active until fall and then overwinter until the next spring.
The spotted cucumber beetle adult is also 1⁄4 inch
long and yellow-green with 12 black spots (photo
8-4). This species is not always as important as the
striped cucumber beetle, because it usually appears later in the season. Occasionally, it is abundant enough to cause economic damage. In central
New York, this species typically is most abundant
in midseason and when pumpkin plants are well
established. Their appearance in midseason may be
the result of migration
from southern latitudes or
emergence from corn and
other host plants.
The spotted cucumber
beetle is also called the
southern corn rootworm,
because the larvae damage
Figure 8-1. Striped cucumber beetle
Drawing by Tracy LaProvidenza.
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roots of corn. Spotted cucumber beetle females lay
eggs in corn and probably other plant hosts during
mid- to late summer. These eggs overwinter and develop as larvae on corn the following season. About
midsummer, the larvae become adults and disperse,
especially as the corn begins to senesce. These dispersing beetles often aggregate in pumpkins, especially in blossoms.

extends between the cut ends, the plant has bacterial wilt. (For more information on bacterial wilt, see
page 67.)

Striped cucumber beetle damage appears as shot
holes in cotyledons or young leaves (photo 8-5).
Leaves may also be netlike (photo 8-6). They often
scour the undersides of cotyledons (photo 8-7).
Research has shown, however, that where there is
little risk of bacterial wilt (see below), pumpkins can
tolerate relatively high levels of feeding (more than
50% leaf area loss) without an effect on yield or crop
quality. Plants at the cotyledon stage and with up to
four true leaves are the most susceptible.

Trap crops of highly preferred cucurbits (table 8-1)
planted adjacent to less preferred varieties of pumpkins can aggregate beetles for more efficient control
and reduced damage in pumpkins. The presence
of cucurbitacins stimulates cucumber beetle feeding, and varieties with less cucurbitacin show less
damage. Sticky yellow traps can also help suppress
infestations. Adding an attractant to the sticky trap
greatly increases catches. Sticky traps can be dispersed throughout the crop or placed in trap crops
where they help kill aggregated beetles. Row covers
will provide protection from beetles early in the season, but they must be removed when blossoms appear to permit pollination. Deep plowing and clean
cultivation after harvest may reduce overwintering
populations of beetles.

On more mature plants, both striped and spotted
cucumber beetles will feed on blossoms (photo 8-8),
leaves, vines, and fruits. They are attracted to the
blossoms by the yellow color and because of attractant odors released by blossoms. Damage to blossoms is important if it affects yield; however, most
varieties have set their fruit by the time secondbrood striped or spotted cucumber beetles become
common in blossoms.
The importance of root feeding by striped cucumber
beetle larvae is not well understood. Generally, the
plant tolerates such damage. But if it is excessive and
under drought conditions, plants may be injured and
yield may be reduced. If plants collapse during the
season, pull up the roots and check for small white
larvae (smaller than 1⁄2 inch) and holes or channels in
the main roots. Feeding by the larvae may also open
up the tissue for invasion by some pathogens.
Adult beetles transmit the bacterium Erwinia
tracheiphila, which causes bacterial wilt. Historically,
bacterial wilt was primarily a problem in cucumbers
and melons. But starting in 1998, a new strain of the
pathogen was reported causing losses in pumpkins
and winter squash. Plants or runners of plants that
are wilted may indicate the presence of bacterial
wilt. To determine if a plant is infected with bacterial wilt, press together two freshly cut sections of
a stem and slowly pull them apart. If a “stringy” sap
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Natural enemies including tachinid flies, parasitoid
wasps, and predacious nematodes help suppress cucumber beetles. Recent research has shown that up
to 80% of the adult beetles may be parasitized.

Management of striped cucumber beetles involves
scouting twice a week, especially when plants have
less than five leaves. Examine the undersides of
cotyledons, young leaves, and stems. At each of five
sites in a field, inspect five plants (one per hill). Pay
special attention to field edges.
Recommended thresholds vary depending on risk
of bacterial wilt and size of plant. In areas where the
more virulent strain of bacterial wilt is not affecting
pumpkins, the threshold is greater than or equal to
five beetles per plant for plants with less than five
leaves. Where the more virulent strain of bacterial
wilt is a problem, start treatment if the average number of beetles per plant is one or more. The likelihood that feeding damage will affect yield decreases
as plants mature. Treatment may be necessary when
there are more than five leaves per plant if feeding
damage is apparent throughout the field, blossoms
are heavily infested and being damaged during peak
bloom, or young fruit are being fed upon. Treatment
may also be warranted if feeding on mature fruit or
fruit stems is a concern.
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Table 8-1. Ranking of cucurbits by cucumber beetle preference
Variety	Ranking	Type

Cucurbita species

Sunbar
Slender Gold
Scallop
Seneca Prolific
Gold Bar Straightneck

1
2
3
4
5

Summer squash, yellow straightneck
Summer squash, yellow straightneck
Summer squash, scallop
Summer squash, yellow straightneck
Summer squash, yellow straightneck

C. pepo
C. pepo
C. pepo
C. pepo
C. pepo

Table Ace
Carnival
Yellow Crookneck
Peter Pan
Baby Pam
Munchkin
Table King
Zenith
Tay Belle
Seneca Harvest Moon
Butternut Supreme
Jack Be Little
Jackpot
Tom Fox
Early Prolific Straightneck
Baby Bear
Howden
Spirit
Wizard
Early Butternut
Ghost Rider
Big Autumn
Waltham
Autumn Gold
Jack-Of-All-Trades
Rocket
Goldie Hybrid
Sundance
Frosty
Spookie
Multipik
Connecticut Field
Gold Rush
Zucchini Select
Ambassador
Happy Jack
Honey Delight
Buttercup Burgess
President
Black Jack
Big Max
Cocozelle
Black Jack Zucchini
Green Eclipse
Seneca Zucchini
Senator
Baby Boo
Ambercup
Dark Green Zucchini
Embassy Dark Green Zucchini
Caserta

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
55
56
57
58

Winter squash, acorn
Winter squash, acorn
Summer squash, yellow crookneck
Summer squash, scallop
Pumpkin
Pumpkin
Winter squash, acorn
Winter squash, butternut
Winter squash, acorn
Pumpkin
Winter squash, butternut
Pumpkin
Pumpkin
Pumpkin
Summer squash, yellow straightneck
Pumpkin
Pumpkin
Pumpkin
Pumpkin
Winter squash, butternut
Pumpkin
Pumpkin
Winter squash, butternut
Pumpkin
Pumpkin
Pumpkin
Summer squash, yellow crookneck
Summer squash, yellow crookneck
Pumpkin
Pumpkin
Summer squash, yellow straightneck
Pumpkin
Summer squash, zucchini
Summer squash, zucchini
Summer squash, zucchini
Pumpkin
Winter squash, buttercup
Winter squash, buttercup
Summer squash, zucchini
Summer squash, zucchini
Pumpkin
Summer squash, zucchini
Summer squash, zucchini
Summer squash, zucchini
Summer squash, zucchini
Summer squash, zucchini
Pumpkin
Winter squash, buttercup
Summer squash, zucchini
Summer squash, zucchini
Summer squash, zucchini

C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. moschata
C. pepo
C. pepo
C. moschata
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. moschata
C. pepo
C. pepo
C. moschata
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. maxima
C. maxima
C. pepo
C. pepo
C. maxima
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. pepo
C. maxima
C. pepo
C. pepo
C. pepo

Note: The higher the ranking, the more preferred the variety. Rankings: 1–14, nonpreferred; greater than 45, highly preferred.
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Treat hot spots if possible. Insecticide applications
made between dusk and dawn, when the striped
cucumber beetle is most active, will be more effective. Striped cucumber beetles colonize pumpkins
and continue to build up over a two- to three-week
period early in the season. Waiting until the field is
fully colonized and at threshold will result in adequate control with one or two applications. Baits
composed of cucurbitacin (feeding stimulant),
attractant, and insecticide are another option to consider for control of striped cucumber beetles.

Western and Northern Corn Rootworm
Diabrotica virgifera virgifera and D. barberi
Corn rootworms are important pests of corn, but
late in the season, some leave maturing corn and
aggregate in pumpkins. The southern corn rootworm
is usually called the spotted cucumber beetle and is
discussed above. The female western corn rootworms
(photo 8-9) are similar in appearance to the striped
cucumber beetle, except they have a yellow abdomen
and their stripes are less distinct and do not extend
to the tip of the abdomen. Males are mostly black
and do not have stripes (photo 8-10). Northern corn
rootworms (photo 8-11) are pale green and slightly
smaller than western corn rootworms. The western
corn rootworm can be very abundant in pumpkins,
especially in blossoms, from mid-August to the end
of the season.
Beetle feeding may destroy blossoms, but this damage typically occurs after the majority of the crop is
set. They may also feed directly on fruit (photos 8-12
and 8-13) or on pumpkin stems, resulting in cosmetic damage that may be important to some markets. Feeding directly on fruit may permit invasion
by decay-causing organisms and loss of fruit (photo
8-14). They cannot reproduce in pumpkins; therefore,
the immatures do not feed on roots.

Squash Bug
Anasa tristis
The squash bug is a common pest of squash and
pumpkins throughout the northeastern United
States. Adults are flattened in shape, grayish or yellowish brown, and about 5⁄ 8 inch long (photo 8-15).
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The edges of the abdomen, which protrude from
beneath the wings, are striped orange and brown.
The adults overwinter in a variety of outdoor habitats and in buildings. As temperatures warm in the
spring, the adults feed on wild host plants and eventually appear in pumpkins. Female squash bugs lay
orange-bronze eggs (photo 8-16) in orderly masses
of a dozen or more. These masses can be very common and are easily seen on the tops and/or undersides of leaves. At first, nymphs are pale green, but
as they mature they become dark greenish gray or
brown (photo 8-17). Young nymphs feed in clusters.
Nymphs reach adulthood in four to six weeks, and
these are the adults that overwinter. There is one
generation per year in most of the Northeast. When
crushed, squash bugs give off a disagreeable odor.
Young plants may be attacked by overwintering
adults. If wilting is observed, check the undersides
of plants for bugs. On more mature plants, extensive
sucking of sap from leaves and stems by adults and
nymphs results in blackened and wilted stems and
leaves. With severe feeding, the leaves will become
black and crisp, appearing burned. The bugs also
feed directly on developing fruit.
Young plants are
susceptible to
feeding damage
by squash bugs
(even a few), and
if severely wilted
by feeding, they
often do not
recover. If young
plants are wilted,
look carefully
around the plants
and soil for bugs.
If squash bugs
are suspected of
causing damage
to more mature
plants, first look
for egg masses or
nymphs, which
may be very
common. Also,

U

sing IPM (integrated
pest management)
tactics enables growers
to economically control
insect pests. These tactics
include accurately identifying insect pests and
their natural enemies;
using pest-sampling
methods and action
thresholds (the level of
insect pest population at
which control is necessary); and combining
cultural, biological, and
insecticidal controls.
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carefully look near the bases of plants where older
nymphs and adult squash bugs hide, as well as under
plant debris, mulches, and dirt clods under and
around the plants. Infested plants may have several
dozen bugs each. Squash bug adults can also be detected and killed by placing boards between plants.
Turn the boards over early in the morning and
destroy the bugs that have aggregated beneath them.
Insecticides should be considered if squash bugs are
causing wilting of young plants. On more mature
plants, insecticides should be considered if there is
more than one egg mass per plant. Time the spray to
kill the small nymphs. Large nymphs and adult bugs
are difficult to control with insecticides. By nature,
they are secretive and difficult to reach with insecticides. Thorough coverage is important. Older plants
that were wilted because of squash bug feeding
should recover following control with insecticides.
Removal or thorough destruction of crop debris and
other field trash after harvest will help remove overwintering shelter for the bugs. Deep tillage will bury
and kill overwintering adults. If pumpkin plantings
are small, hand picking and trapping with boards
may provide adequate control.
A tachinid fly, Trichopoda pennipes (Fabricius), is a
very common parasitoid of squash bug nymphs and
adults. This brightly colored fly (photo 8-18) lays its
cream-colored oval eggs on the squash bug’s cuticle
(photo 8-19). Sometimes many such eggs can be
seen on a single bug. The fly maggot hatches from
the egg, then bores into and develops within the
squash bug. As it matures, the fly maggot consumes
the contents of the bug and kills it. Eventually, the
maggot pupates and another fly emerges. Parasitism
rates greater than 80% have been reported in the
northeastern United States.

Aphids
Mainly Melon Aphid, Aphis gossypii
Several species of aphid infest pumpkins, and these
may vector diseases such as cucumber and watermelon mosaic viruses. The best means of managing
aphid-vectored viral diseases is to use resistant varieties, control alternate hosts of the virus, and minimize aphid infestations with cultural and biological
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controls. Insecticide treatments for the prevention of
aphid-vectored viral diseases are rarely effective.
The melon aphid, the most important aphid pest of
pumpkins, can vector viral diseases and cause damage to the crop. The melon aphid is relatively small
(1/16 inch long) and egg-shaped. Wingless forms
vary considerably in color: they may be yellow, green,
black, or dark green (photo 8-20). Winged individuals have black heads and antennae and dark red or
black eyes. The abdomen is green to dark green with
dark patches. The cornicles (tail pipes) are almost
black and always darker than the body (photo 8-21);
they distinguish this species from other species.
Melon aphids overwinter in the egg stage on weeds.
In the spring, wingless females hatch from the eggs
and feed on weeds. The females produce live young,
some of which have wings. The winged forms disperse to other hosts, including crops, where several
generations can occur during the season. With the
approach of fall, winged forms become common and
males appear. Mating occurs and eggs are laid on
weeds, where they overwinter.
Damage to the plant results from nymphs and adults
removing plant sap. This causes stunted growth,
distorted leaves, and reduced yield or plant death.
Under heavy infestations, leaves will become covered
with honeydew, resulting in the growth of sooty
mold. The presence of honeydew or sooty mold on
fruit reduces its marketability. Excessive fertilization
with nitrogen can cause higher populations of melon
aphid, and hot dry weather can cause populations to
rapidly increase.
A variety of natural factors help suppress melon
aphid. The fungal pathogen Entomophthora spp.
(photo 8-22) will occasionally decimate aphid populations. Predators such as lacewings (photo 8-23),
syrphid flies, lady beetles (photo 8-24), and parasitoids are frequently found in melon aphid infestations. Parasitized aphids (mummies) appear bloated
and, upon emergence, the wasp parasitoid cuts a
large exit hole through the abdomen of the aphid
(photo 8-25).
Where feasible, reflective mulches can be used to
delay colonization of pumpkins by aphids. Direct-
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seeding through the reflective mulch is most effective for protection from viruses. Removal of weeds
that are alternate hosts of aphids or viruses may be of
value; however, melon aphid has so many alternate
hosts that such a tactic may not be cost-effective.
To prevent the spread of viruses, do not plant later
plantings of pumpkins near virus-infected, earlyseason plantings. Likewise, other crops susceptible
to viruses, such as tomato and pepper, should not
be planted near virus-infected cucurbits. Removal of
virus-infected plants is recommended. Transplants
grown in greenhouses should be isolated from potential alternate hosts of viruses, such as geraniums, lilies,
and petunias. Weeds, especially perennials, should be
controlled inside and outside greenhouse facilities.
Melon aphid infestations can be difficult to control
with insecticides, because the aphids occur most
frequently on the undersides of leaves, they are
distributed throughout the plant canopy, and some
populations have developed resistance to insecticides. Thorough coverage is essential.
To sample for melon aphid, examine ten leaves at
five sites and record the number of leaves with five
or more live aphids. If more than 20% of the leaves
have live aphids, treatment may be required. If
scouting indicates localized infestations, spot spraying should be considered.
Careful examination of infestations should show the
presence of a variety of natural enemies, including
lady beetles, syrphid flies, lacewings, and mummified aphids (those parasitized by wasps). If natural
enemies are common, consider delaying the decision
to treat and reevaluate at the next field sampling.
Unnecessary use of insecticides will decimate natural
enemies that are important in suppressing melon
aphid infestations.

Squash Vine Borer
Melittia cucurbitae
The squash vine borer often causes damage in home
gardens and is an occasional pest in commercial
plantings of pumpkins. The adult squash vine borer
is a wasplike moth with a 1- to 11⁄2-inch wingspan
and metallic green forewings (figure 8-2). The
mature larva or caterpillar is a thick, white, wrinkled
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worm with a brown head and is about 1 inch in
length.
Squash vine borer damage often goes undetected
until the larvae begin to feed within the vines in July
and August. Infested vines at first exhibit wilting
and later may be completely girdled and rot beyond
the point of attack. An infestation may be detected
by the presence of coarse, yellowish grains of frass
(fecal matter) that collect at the base of stems or on
the ground under the vines (photo 8-26). Later the
frass becomes moist and shiny and may be seen oozing from holes in the stems.
Adult moths emerge from the pupae about the time
pumpkins are emerging. In New York State, this
is usually mid- to late June. The moths are active
daytime flyers and are often mistaken for wasps.
The dull red eggs are laid singly and glued to stems
and leaf stalks near the base of the plant. The young
borers enter the plant about two weeks later and
feed on the inner tissues for about one month. If an
infected vine is split open, it will be hollowed out
and partially filled with frass. Late in the season,
borers may be found throughout the plant stem and
in the fruits. When fully mature, the larvae leave the
stems and make cocoons in the soil. The larvae usually overwinter in the cocoons, changing to pupae
the following spring.
To best manage the squash vine borer, begin scouting fields in early to mid-June. Fields heavily infested the previous year are more likely to have
infestations in the current year. If frass is seen, stems
should be cut open to confirm the presence of borer
larvae (photo 8-27).
It is important to control larvae before they enter
the stem, because once they enter the stem, insecticides have little effect. Starting in June, watch closely
for early signs of larval feeding. If found, apply two
insecticide applications
five to seven days apart. If
possible, direct the spray
to the stems of the plants

Figure 8-2. Squash vine borer
adult
Drawing by Tracy LaProvidenza.
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near the base for good control. If blossoms are present, treat late in the day to minimize harm to bees.
Lightweight row covers can also be used to protect plants until the vines come into flower. Covers
should be removed at bloom time to allow for pollination. To reduce the number of borers for the next
year, destroy crop residue after harvest and rotate the
planting site.

Spider Mites
Tetranychus urticae
Spider mites are an occasional problem on pumpkins, usually late in the summer. All stages are very
small (around 1⁄64 inch) and reddish brown (photo
8-28). The two-spotted spider mite has two large
black spots on the top of its abdomen (photo 8-29).
Adults have eight legs and are capable of dispersing
over large areas. Under optimal conditions of high
temperature and low humidity, the mite life cycle
can be completed in five to seven days, resulting in
a rapid population buildup. Both immatures and
adults have sucking mouthparts and cause damage
to pumpkins.
Infestations typically begin at the crown of the plant
and spread. The first evidence of a mite infestation
is clusters of yellow spots on upper leaf surfaces.
Webbing may be present on the undersides of leaves,
where mites feed, and heavily infested leaves may
“cup” inward. Heavy infestations may cause leaves to
turn yellow and die.
Excess dust can induce mite problems. The dust interferes with mite predators, making them less able
to control the spider mites. Low humidity results in
decreased mortality from naturally occurring mite
pathogens. Some fungicides can also reduce the effectiveness of these beneficial pathogens.
Mites can be detected by shaking leaves over a white
sheet of paper and looking for moving specks on
the paper or by inspecting leaves with a 10x hand
lens. Mite infestations generally begin around field
margins and grassy areas. Do not mow or maintain
these areas after midsummer, since this forces mites
into the crop.
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Localized infestations can be spot-treated. Begin
treatment when 10–15% of the crown leaves are infested early in the season or when 50% of the terminal leaves are infested later in the season. Watch for
crown leaves that are yellowed or speckled. Focus on
the field edge; if there are no mites there, the center
of the field should not have mite problems.
Good coverage is important. If a miticide is used
and the weather is hot and dry, a second application
should be considered five to seven days later to kill
immatures that have emerged since the first application. Miticides do not kill mite eggs. Spot-treat
isolated infestations.
Repeated use of insecticides such as carbaryl or the
pyrethroids can cause mite outbreaks. Pyrethroids
are known to increase the reproductive rate of mites
and cause them to disperse. In addition, many insecticides used for control of cucumber beetles will
kill beneficials (predatory thrips, minute pirate bugs,
predatory mites) that help control mites. Heavy rain
or overhead sprinkling can reduce mite infestations.

Seedcorn Maggot
Delia platura
Seedcorn maggots damage and kill sprouting seeds
and emerging plants. Seedlings damaged by maggots
will wilt and rapidly die.
Adult seedcorn maggots are slender, 1⁄5 inch long,
gray-black in color, and resemble houseflies. Maggots are legless, pointed toward the head end,
yellowish white, and up to 1⁄4 inch long when full
grown (photo 8-30).
In the northeastern United States, there are up to
three generations of seedcorn maggots, but only the
first generation is important, because it coincides
with planting and emergence of pumpkins. Female
flies prefer to lay their eggs in fields high in decomposing organic matter. Cool, wet weather makes
matters worse, because it slows down seed germination, increasing the time seeds are at risk from
maggots.
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The risk of losses from seedcorn maggot can be reduced by using transplants instead of direct-seeding
and by delaying planting until the first generation of
maggots is in the pupal stage and no longer laying
eggs. In New York State, this is about June 10. Shallow planting and other means to speed up germination and emergence will also reduce damage.
In addition, because root maggots prefer soil with
high organic matter, do not spread manure or incorporate crop residues just before planting. Green
cover crops should be incorporated three to four
weeks before seeding pumpkins. The use of insecticide-treated seed is a cost-effective means to control
seedcorn maggot. Soil-applied insecticides may also
be used at planting.
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Springtails
Collembola Species
Springtails are small (less than 1 ⁄ 8 inch) wingless
insects that live in the soil. They are called
“springtails” because they jump when disturbed.
Springtails are an occasional pest that cause
damage under moist conditions when their food
(decaying vegetation, fungi, and algae) is readily
available. They generally do not tolerate dry
conditions.
Springtails have chewing mouthparts and make
irregular holes (pits) in cotyledons (photo 8-31), and
extensive damage can occur if populations are high.
Because they are mostly a pest of seedlings, the
risk to crops will decline as crops grow and mature.
Watch for damage under wet, cool conditions.
Treatment thresholds have not been developed for
this pest.
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CHAPTER 9

Wildlife Management
Paul D. Curtis and Dale Ila Miles Riggs

Relatively little information is available concerning
the economic impacts of wildlife to pumpkin production. A survey of fresh-market vegetable growers in
New York State indicated that woodchucks, whitetailed deer, and rodents such as meadow voles and
mice caused most of the wildlife-related damage
to pumpkins. Actual economic losses are unknown,
but anecdotal reports from growers indicate wildlife
impacts may be increasing, particularly in areas with
high deer densities.
Damage levels caused by wildlife are often quite
variable, with some farms experiencing few problems
and other growers losing thousands of dollars. Much
depends on the quality of habitat adjacent to crop
fields and the density of wildlife that woodlands
or hedgerows can support. Additional information
concerning the management of wildlife problems in
vegetable crops can be found in the Vegetable Production Handbook (Pohl 1994) and the Pest Management
Recommendations for Control of Vertebrates (Curtis,
Richmond, and Frantz 1999), both produced by
Cornell Cooperative Extension (see references, page
145).

Deer
White-tailed deer are an important component of
our wildlife heritage and are avidly sought by hunters, photographers, and nature observers. Each fall,
millions of big-game hunters spend countless hours
and billions of dollars in pursuit of deer, providing
a significant economic boost to many rural communities. Vegetable farmers, nursery operators, and
orchard owners—people who are most often negatively affected by deer—may tolerate serious crop
damage because they enjoy deer and consider them
aesthetically valuable.
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Deer consume a variety of natural vegetation and
show considerable preferences for individual plants
and plant parts. Commonly eaten foods include
grasses, fruits, nuts, and mushrooms, as well as leaves
and stems from trees and shrubs. Deer may eat a variety of vegetable and field crops during the growing
and harvest season.

Legal Status
Deer are classified as game animals and can be
killed only during legal hunting seasons by persons
holding a valid big-game license. Many states issue
permits allowing landowners to destroy deer when
they become a nuisance or are destructive to property. These “crop damage permits” allow landowners
to kill a specified number of deer outside the regular
hunting season if sufficient damage is documented.
However, the use of damage permits may be timeconsuming, provide limited damage reductions,
and occur after damage has already happened and
income has already been lost.

Description of Damage
Deer damage to pumpkins is a serious problem in
many states. Deer may occasionally trample crops;
however, the primary form of damage consists of
feeding on various plant parts and fruits. Without
control measures, damage may severely reduce crop
yields.
Deer feeding damage to foliage is easily distinguished from that caused by rodents. Deer leave a
ragged, broken end on leaves and stems compared
to the cleanly nipped stems left by woodchucks or
voles. Deer have no upper incisors and must tear
leaves from the plant. In contrast, rodents will leave
a very clean cut on plant stems with their upper
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and lower teeth. Deer will eat developing pumpkin
fruit while it is still green and tender (photos 9-1,
9-2, and 9-3) and will also eat mature orange fruit.
Anecdotal evidence supports that they preferentially
feed on green fruit as opposed to mature orange
fruit. When pumpkin fields are at full maturity, it
appears that if other food sources are available, deer
eat fewer mature orange fruit.

deer, as removing breeding-age females from the
local herd is essential to lowering deer numbers and
economic losses.

Physical Barriers
Fencing provides the most cost-effective deer damage
control in many circumstances. Woven-wire fences 8
feet high are the most effective barriers for protecting
valuable crops and ornamental plantings (figure 9-1).
High-tensile electric fence designs have been developed that are less costly and nearly as effective as tall
woven-wire fences. A variety of multistrand, hightensile, vertical or sloped electric fence designs may
effectively exclude wildlife (figure 9-2). Electric hightensile fences can be complete physical barriers or,
more often, act as psychological deterrents. Deer can
be excluded from crops with a 5- to 6-foot electric
fence, even though they can easily jump over fences
of this height. When prorated over their expected
lifespans, fences are often more cost-effective than
repellent spray programs.

Damage Management Methods
Population Control
Removing deer from crop fields and adjacent forests
annually via sport hunting is one method for reducing damage. Deer have the potential to double their
population every two to three years if no hunting
mortality takes place and quality forage is available.
Buck-only harvests do not reduce or stabilize deer
numbers. Where legally possible, landowners suffering damage should require hunters to shoot female
Four to
six wires
(optional)

20'
(or, with wire
spacer, 30')
Wire spacer
(optional)

96"
to
120"
(varies)

Deer side

Line post—10' to 16' length,
minimum 3' depth
Corner/end post—12' to 16' length,
minimum 4' depth
With woven wire less than 6' height,
add top wires to provide minimum
8'-high fence

Figure 9-1. High-tensile, woven-wire deer fencing
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Temporary electric fencing can provide protection
for small fields (up to 10 acres in size) during the
growing season. Simple fence designs, such as single
strands of electric polytape about 30 inches above
ground level, will work because deer have many
alternative foods available during summer. Research
has shown that applying odor-based attractants
(peanut butter) or repellents (such as Big Game
Repellent or Deer Away) to electric fences will improve their effectiveness (figure 9-3). Electric fences
modify deer behavior and are most reliable if set up
before deer develop feeding patterns in a crop field.

Chemical Repellents
Repellents are most effective when applied before
feeding damage occurs and in situations where damage is expected to be light to moderate. None of the
existing repellents provides reliable protection when
deer densities are high. As with any repellent, some
damage must be tolerated, even if browsing pressure
is low. One commercial repellent is labeled for direct
application to food crops. The repellant Hinder has
been shown to reduce deer damage for about four to
five weeks. Reapplication is necessary if feeding continues. Sprays may need to be reapplied during the
growing season to cover new plant growth.
60' maximum

20–30'

10"
10"
10"

5'

10"
Wire spacers

10"
8"

Deer side

Line post
8' length

Figure 9-2. High-tensile, six-wire vertical electric fencing

Electric fencer

110 volt
or 12 volt

Piece of foil
3" x 4"

Hot wire

Foil stuck
to tape

Cloth tape

Finished flag

3'
Mixture of peanut
butter and peanut
oil

21/2'

50'
Ground rod

Figure 9-3. Peanut-butter-baited, single-wire electric fence
Source: University of Nebraska Cooperative Extension.
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Repellents should be applied before damage is likely
to occur, when precipitation is not expected for 24
hours, and when temperatures will remain between
40˚ and 80˚F (4˚ and 27˚C) for that period. Handsprayed applications may be cost-effective for small
fields, while machine sprays will reduce costs for
larger areas. If the materials are compatible, application costs may be reduced by adding deer repellents to other crop protectants. Consult the label for
compatibility information.

Scare Devices
A variety of scare devices including propane exploders, whistles, loud noises, and scarecrows have been
used in an attempt to prevent crop losses. However,
deer quickly habituate to these devices and resume
foraging. In addition, many of the devices are expensive and have high maintenance requirements. Scare
devices are usually not a satisfactory method for
reducing deer damage.
If browsing pressure is severe, a long-term damage
management program should be designed and put
into place. To be successful, this program should include reducing deer numbers and evaluating fencing
alternatives.

Woodchucks
Woodchucks (also known as groundhogs or whistle
pigs) often construct their burrows in or near crops.
However, these rodents may also be found in woodlands, on abandoned farms, and occasionally in
suburban areas where the combination of food and
cover provides satisfactory habitat.
The woodchuck has a compact, chunky body supported by relatively short, strong legs. Its tail is short
and bristly, and its forefeet have long, curved claws
adapted for digging ground burrows. Its color is usually a grizzled brownish gray, although fur color varies. Woodchucks have chisel-like incisor teeth that
enable the animal to gnaw through bark or wood.
Woodchucks seek refuge and hibernate during winter months. They generally emerge from hibernation
in early February and mate in March and April. A
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single litter with two to six (usually four) young is
produced each season. Young animals are weaned by
late June or early July and soon after strike out on
their own, usually occupying abandoned dens. The
numerous new burrows that appear during late summer are dug by older woodchucks.

Legal Status
Woodchucks are a small-game species in many
states; however, animals causing damage can often
be killed throughout the year without limit. In most
states, a small-game hunting license is required for
sport harvest of woodchucks. Consult a state wildlife agency for answers to questions about a specific
situation.

Description of Damage
The feeding and burrowing habits of woodchucks
may conflict with other land uses. Woodchucks eat
a variety of plants and especially favor domestic legumes and certain vegetable crops, including pumpkins. In the early mornings and evenings during
the summer, woodchucks feed on succulent, green
vegetation. A single animal can do tremendous damage to a pumpkin planting or other vegetable field.
Damage is usually most severe along field edges, as
woodchucks seldom venture far from hedgerows or
other escape cover. Cleanly cut stems and runways
to burrow systems are telltale signs of woodchuck
presence.

Damage Management Methods
Habitat Modification
Modification of habitats in and around fields can
help reduce their attractiveness to woodchucks and
can increase the effectiveness of other control techniques. Woodchucks are seldom found far from their
burrow systems. Removing brush piles and mowing
ditch banks will make areas less suitable for woodchuck burrows and may expose animals to predators.
In addition, all ground-level openings in building
foundations and beneath porches or crawl spaces
should be sealed with concrete, sheet metal, or heavy
wire to prevent woodchucks and other animals from
becoming established in areas where they are not
wanted.
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Physical Barriers
Woodchuck-proof fences offer practical protection
for small plantings a few hundred square feet in size.
Woodchucks may be excluded from pumpkin plantings by a 24-inch-high fence of 1-inch mesh galvanized wire. The bottom of the fence should be bent
outward in an “L” shape and buried a few inches below ground. A single strand of electric fencing about
6 inches above ground is needed on the outside of
the fence to prevent animals from climbing over or
digging under the barrier.
A two-strand electric fence with wires 6 and 12
inches above ground can provide an effective deterrent for larger commercial pumpkin fields up to 4
or 5 acres in size. High-visibility electrified polytape
or polywire is easy to attach to fiberglass poles. It
is best to use UL-approved, high-voltage chargers (5,000–9,000 line volts) similar to those used
for deer fences. Add a third electric wire about 30
inches above ground to reduce deer damage to the
crop. Solar-powered chargers can provide sufficient
current in remote locations where no electrical outlets are available.
Well-maintained fences offer assurance that woodchucks will be excluded when crops require protection. Applying an odor-based repellent to the
electric fence will increase its effectiveness for both
deer and woodchucks. Bobcat urine sprayed on
cloth strips hung on the fence at 4-foot intervals has
reduced woodchuck damage to cabbage, sweet corn,
and other vegetable crops.

Lethal Control
Growers usually rely on shooting, trapping, or fumigation to reduce woodchuck damage. Spring is the
best time for using lethal controls, because adults are
active and young animals may remain near their burrows. In addition, burrows are more evident before
annual vegetation conceals their entrances, and other
wildlife may be less likely to use burrows as shelter
at this time.
In most states, woodchucks that cause damage in
crop fields can be killed by trapping or shooting,
regardless of the season. Lethal control can provide
short-term relief. However, abandoned burrows are
often quickly reoccupied by young woodchucks.
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Studies have shown that nearly 80% of abandoned
burrows may be reactivated during the summer
within a few weeks after a woodchuck has been
removed.
Check current hunting regulations for dates and
times of legal shooting. Landowners and hunters
should agree on arrangements that will be mutually beneficial and that will avoid unsafe shooting
practices.
Landowners may trap woodchucks causing property
damage with steel foot-hold traps, body-gripping
traps, or wire cages. If a cage trap is used, apples or
other fruit provide attractive baits. Lightly bury foothold traps in front of the burrow entrance by sifting
dirt over the set. Number 220 body-gripping traps
can be placed over the burrow entrance to capture animals as they enter or leave. Be sure that all traps are
firmly staked to prevent the animal from dragging the
trap into the burrow. In some states, there are limitations on trap types and/or locations (such as near
bike paths or other public walkways). In any situation
where there is concern about capturing other animals
or pets, cage traps should be used.

Pesticides
There are no repellents or toxic baits registered
for controlling woodchuck damage in pumpkin
fields. None of the deer or rabbit repellents tested
to date has provided reliable protection for pumpkins. Rodent smoke bombs are available that are
used as fumigants in woodchuck burrows. The rodent smoke bombs are general-use pesticides registered by the U.S. Environmental Protection Agency
and can be purchased by growers and home owners
who are not certified pesticide applicators. When
using a rodent smoke bomb, identify and block all
escape holes from the burrow system. Smoke bombs
may pose a fire hazard, so do not use them within 30
feet of buildings.

Voles
Two species of vole typically cause damage in the
Northeast. Meadow voles probably inhabit every
old field, road edge, and other area with suitable
ground cover. Pine voles cause problems in areas
with soils that are suitable for their burrow systems.
The contrasting living habits of meadow and pine
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voles have important implications for their detection and control. Meadow voles usually live on the
surface and clip off plants at ground level or higher.
Runways 1 to 2 inches wide through the vegetation,
often with droppings and plant cuttings 1⁄4 to 1⁄2 inch
long, are good indications of their presence. Small
openings to underground burrows are evidence of
pine voles. Pine voles usually damage plant root systems below ground level, which makes their control
more difficult.
Voles often leave small angled cuts on plant stems
with tooth marks 1–2 millimeters wide. Tooth marks
for woodchucks or rabbits will be much larger, in the
range of 4–5 millimeters wide. Voles seldom forage
far from their runways. During summer, nests made
of balled-up grass in areas with dense vegetation are
evidence of voles. Fields that are mulched will have
greater likelihood of vole damage, because the mulch
is often used to make tunnel systems at the ground
surface.

Damage Management Methods
Cultural Practices
Cultural practices to reduce the density of ground
cover will aid vole control. Meadow voles are attracted to sites with greater than 40% ground cover.
Research in orchards has shown that mulching
can increase vole numbers and damage, as mulches
provide adequate cover for tunneling and nesting.
Synthetic mulches (such as black plastic or nylon
materials) also provide suitable habitat. Growers
experiencing severe damage can reduce meadow
vole problems by removing the mulch and tilling
between rows to increase the amount of bare ground.
Trapping
It may become necessary to lower vole numbers
within a pumpkin planting. Intensive trapping
during a five-day period can reduce meadow vole
numbers by more than 90%. Snap-back mouse traps
baited with apple cubes are very effective if placed
under a shingle or other type of overhead cover.
Place trapping stations in active vole runways within
rows in a systematic pattern. Allow 15–20 feet
between traps. Bait field borders with rodenticide
during trapping efforts to reduce the possibility of
re-invasion. Clean cultivation and herbicide ap86

plications should help keep vole numbers low and
lengthen the time between trapping and/or baiting
operations.

Population Assessment
Monitoring crop fields for signs of vole activity
enables growers to know when vole populations
increase. It also helps in evaluating the effectiveness of control programs and the need for follow-up
treatments. Feeding damage on apple slices placed
under a shingle or other overhead cover can provide a reliable measure of rodent numbers and the
potential for damage. Voles are notorious for sudden
population buildups every few years, and growers
should monitor their fields even in years of low vole
densities. A lack of monitoring may lead to population explosions and increased damage problems.
Pesticides
There are currently no toxic baits registered for
vole or mouse control in fields containing vegetable
crops. Habitat modifications and trapping provide
the primary means for reducing vole numbers and
damage.

Mice and Rats in Storage Areas
Norway rats (Rattus norvegicus, figure 9-4) and
house mice (Mus musculus, figure 9-5) are omnivorous, eating nearly any type of food (although each
population has its own preferences). Rats and mice
usually begin searching for food shortly after sunset.
When hungry or under crowded conditions, they
may also be seen in daylight. Water requirements
vary with rodent species and diet, but most rats and
mice drink water regularly if it is available. Norway

Figure 9-4. Norway rat, Rattus norvegicus (actual size 9 inches)
Source: Purdue University.
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rats usually require water daily, and house mice can
live without free water, unless the diet is high in
protein.

Description of Damage
The Norway rat and house mouse are widespread
and abundant throughout the United States. These
rodents cause substantial economic losses annually
by consuming and contaminating food as well as
damaging property. Pumpkins in storage bins may
be partially consumed by either mice or rats. Chewing damage may make damaged fruit unmarketable
and may lead to premature fruit spoilage.

Damage Management Methods
Cultural Practices
Growers must examine the circumstances that initiated a rodent problem, and then make basic changes
in the environment and human behaviors that resulted in food, water, and shelter for the pests. These
measures include improved sanitation, better storage
practices, and rodent-proofing of buildings. When
the habitat is modified to reduce the basic factors
needed for rodent survival, the control program has
a much greater chance of long-term success.
Pesticides
The use of toxicants has often been the primary
treatment or intervention in most rodent-control
programs. However, rodenticide applications should
be considered as only one of numerous potential
interventions in an integrated program.
Probably 95% of all rodent-control operations in
the United States use multiple-dose anticoagulant

Figure 9-5. House mouse, Mus musculus (actual size 3 inches)
Source: Purdue University.
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baits. The effects of anticoagulants are cumulative,
and most of the materials must be consumed over
a number of days to produce death. Anticoagulants
act by interfering with blood clotting. Rodent death
results from internal bleeding.
Anticoagulants are usually applied as dry pellets
or bait blocks. For greatest effect, rats and mice
should feed on the treated bait each day. The intervals between feedings should not exceed two days.
Depending upon the anticoagulant and the amount
consumed, the first deaths should be apparent about
the fourth day after exposure. Keep fresh bait available continuously for at least two weeks or until all
feeding ceases. Always follow label instructions for
rodenticide applications.
Placing baits in the rodent’s normal travel lanes is
best, and toxicants should be placed under cover so
the animals will feel secure when they feed. Tosstype packets containing about 4 ounces of anticoagulant baits are commercially available from farm
supply and hardware stores. Rats will readily gnaw
into these bags to get at the bait. These packets have
the advantage of easy placement beneath pallets and
in other small places where bait boxes are unsuitable
because of their size.
Bait boxes or other types of enclosed bait stations
should be large enough to accommodate several
rodents at once. Each station should have at least
two openings at least 21⁄ 2 inches in diameter. Boxes
should be placed next to walls or in places where the
rodents will intercept them during normal travel.
Bait boxes are available commercially in a variety of
sizes and shapes. They may be constructed of waterresistant cardboard, wood, plastic, or metal. Locks,
seals, and concealed latches are often used to make
boxes nearly tamper-proof. All bait boxes and other
permanent bait stations should be clearly labeled
with “Rat Bait” or other appropriate wording. When
first put out, bait boxes should be checked daily. After a while it will be necessary to check the stations
only once every other week to replenish or replace
old bait with fresh. They must be visited often
enough so that there is always ample fresh rodenticide available.
Paraffin blocks for rat and mouse control are available from several bait manufacturers and pest87

control suppliers. Some firms offer bait blocks in
several flavors or with different ingredients. Bait
blocks can be fastened to poles, fences, or the rafters
of a building. Such baits should be placed out of the
reach of dogs, other curious domestic animals, and
children. Because cereal or pellets are accepted more
readily than paraffin baits by Norway rats and mice,
use of blocks should be limited to situations where
loose baits pose a hazard to nontarget species.

Traps
Trapping can be an effective method of controlling
rats and mice, but this requires more skill and labor
than baiting. Traps alone may not be completely
effective for rodent removal, but they can be very
useful in conjunction with habitat modification.
Trapping is recommended where rodenticide use
is inadvisable (such as in structures where there are
few rodents and greater risk to nontarget species).
Trapping has several advantages: (1) it does not rely
on inherently hazardous rodenticides, (2) it permits
the user to view his/her success, and (3) it eliminates
rodent deaths in inaccessible locations, which can
create odor problems when poisoning is done in
structures.
Snap-back or multiple-capture traps can be very
effective for mice and rats. Mix peanut butter and
rolled oats as bait. Place traps along wall edges
behind pallets and other protected areas. Rats often
avoid new devices in their home areas, so it may take
several days for them to approach a trap. Mice are
far less wary and much more easily captured.

Crows
The coal-black plumage and familiar “caw caw”
sound of the American crow (Corvus brachyrhynchos)
make it easy to identify. Crows are widely distributed throughout the Northeast and are among the
most intelligent of birds. Experiments indicate that
American crows can count to three or four, are good
at solving puzzles, have good memories, employ a
diverse and behaviorally complex range of vocalizations, and quickly learn to associate various noises
and symbols with food. Consequently, managing
crow damage to crops can be very difficult.
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American crows do best in diverse habitats, including open areas for foraging and woodlots for nesting and roosting. They commonly use wooded areas
along streams and rivers, farmlands, orchards, parks,
and suburban areas. Crows are omnivorous, eating
almost anything, and they readily adapt their food
habits to changing seasons and available food supply.
They belong to a select group of birds that appear
equally adept at live hunting, pirating, and scavenging. Studies show that crows consume over 600
different food types.

Legal Status
Crows are protected by the federal Migratory Bird
Treaty Act. However, under this act, crows may be
controlled without a federal permit when found
“committing or about to commit depredations upon
ornamental or shade trees, agricultural crops, livestock, or wildlife, or when concentrated in such
numbers and manner to constitute a health hazard or
other nuisance.” States may require permits to control
crows and may regulate the method of take. Most
states also have hunting seasons for crows. Regulations or interpretation of depredation rules may vary
among states, and state or local laws may prohibit
certain control techniques such as shooting or trapping. Check with local wildlife officials if there is any
doubt regarding legality of control methods.

Description of Damage
Complaints associated with crow damage to agriculture are highly variable from place to place and year
to year. Several variables enter into the complex picture of crow damage, including season, local weather,
time of harvest, amount of crop production, and
distribution of wild mast, insects, and other foods.
Crows may damage seedling pumpkin plants by
pulling the sprouts and consuming the seeds. Crows
may also damage ripening pumpkins.

Damage Management Methods
Exclusion
Exclusion generally is not practical for most crow
problems but might be useful in some situations.
Nylon or plastic netting can exclude crows from
high-value crops or small areas. The concept of
stretching widely spaced lines or wires over or
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around sites needing protection from certain birds
has received increased attention. Stretching cord
or fine wire at intervals across the field at heights
about 6–8 feet above the ground has been used to
exclude crows from small fields and home gardens.
The reason this technique has worked for certain
birds is not completely clear, but the wires appear to
represent an obstacle that is difficult for a flying bird
to see, especially when rapid escape may be necessary. Various species respond differently to lines,
and generally adult birds are more repelled by lines
than juveniles. Other factors, such as season and/or
biological activity of the birds, type of lines or wires,
spacing, and height, need further research and development to better understand the potential usefulness
of lines in bird management.

Scare Techniques
Scare techniques are effective in dispersing crows
from roosts, some crops, and other troublesome
sites. In a recent study in California, crows were
successfully dispersed from urban roosts using taperecorded “squalling” calls (given by a crow struggling
to escape from a predator) and a portable tape player
commonly used by hunters to attract animals. In
addition to recorded distress or alarm calls, frightening devices include gas-operated exploders, batteryoperated alarms, pyrotechnics (shell-crackers, bird
bombs), and various other noisemakers. Vary the
location, intensity, and types of scare devices to improve their effectiveness.
Animated “crow-killing” owl models can frighten
crows from gardens and small fields. These are made
from a plastic owl model with a crow model attached in such a way that the crow appears to be in
the owl’s talons. Movement is supplied by mounting
the model on a weather vane and by adding windor battery-powered wings to the crow.

Pesticides
No repellents or toxicants are registered for crow
control in pumpkin fields.
Shooting
Shooting is more effective as a dispersal technique
than as a way to reduce crow numbers. Crows are

9: Wildlife Management

wary and thus
rows are protected by
difficult to shoot
during daylight
the federal Migratory
hours. They may
Bird Treaty Act. However,
be attracted
under this act, crows may
to a concealed
be controlled without a
shooter, howevfederal permit when found
er, by using crow
“committing or about to
decoys or calls,
or by placing an
commit depredations upon
owl model in a
ornamental or shade trees,
conspicuous loagricultural crops, livestock,
cation. Generalor wildlife, or when conly, the number of
centrated in such numbers
crows killed by
and manner to constitute
shooting is very
a health hazard or other
small in relation
to the numbers
nuisance.” States may
involved in pest
require permits to control
situations. Howcrows and may regulate
ever, shooting
the method of take.
can be a helpful
technique to
supplement and
reinforce other dispersal techniques when the goal
is to frighten and disperse crows rather than reduce
numbers.

C

Crow hunting during open season can be encouraged in areas where crows cause problems. The
helpfulness of hunting as a control technique varies depending on crow movements, the season in
which the damage occurs, and other factors. Another
consideration is that crows tend to be more wary of
people when they are hunted and thus more easily
dispersed from roosting or other areas where their
presence is a problem.
At times, individual farms or crops do suffer severe
damage. Growers experiencing losses should weigh
the costs of control against the amount of damage,
then work with the proper authorities to develop a
control program. On the beneficial side, the crow
diet includes large numbers of insects considered
harmful to agriculture, as well as mice and carrion. Overall, crow and other bird problems can
be difficult or frustrating to resolve satisfactorily.
Persistence and use of a variety of techniques may be
necessary to help prevent damage.
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CHAPTER 10

Harvest and Postharvest Handling
Dale Ila Miles Riggs and Robert Rouse

Pumpkin quality is influenced just as much by
harvest and postharvest handling as it is by care and
maintenance of the pumpkin while it is growing. A
pumpkin’s quality is at its peak when it is cut from
the vine. A poor-quality pumpkin at harvest will not
improve after harvest, but a high-quality pumpkin
can be maintained through harvest and handling, or
it can deteriorate because of the harvest and handling procedures.

Characteristics of Mature
Pumpkins
To ensure that customers receive a high-quality
fruit, first start with a healthy pumpkin that has a
green, solid stem (handle) (photo 10-1). With most
varieties, mature fruit will have hard skin that cannot be cut with a fingernail. Fruit will reach full size
by about 20 days after fruit set, often start to show
color by 30 days after fruit set, and should be fully
colored by 45 days after fruit set. Varieties such as
‘Howden’ and many of the newer hybrids will be
very dark orange at maturity. Other varieties will be
a much lighter orange or yellowish orange.
Stem quality at maturity varies among varieties
and is also affected by vine health and the ratio of
vine growth to fruit number and fruit size. Recent
research suggests that, for most varieties, stem hardening peaks 20–35 days after fruit set and does not
appear to change significantly beyond 30–35 days
after fruit set. If stems shrivel on a pumpkin after
harvest, then stem hardening never occurred because
of plant stress, too little vegetative growth to support
the fruit load, or perhaps a genetic deficiency (photo
10-2).
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Even though pumpkins are ready for use as a jacko’-lantern by 50 days after fruit set, seed fill is not
complete until about 70 days after fruit set (in
northern areas). If vines die when pumpkin fruit
are only 40 days old, the seeds will not be mature
even though the fruit may be fully orange and have
strong stems. Since the plant’s purpose of producing
fruit is to ensure survival of the species, the fruit will
redistribute dry matter in the flesh to the seeds to
finish seed development. This can lead to a substantial decrease in flesh quality, resulting in premature
fruit breakdown.

Harvesting
Fruit should be cut from the vine while the vine is
still healthy and before frost. Long-handled loppers, such as those used in fruit orchards, work well.
Some growers cut the fruit and windrow them in
the field to speed the gathering process. If possible,
remove the fruit from the field soon after cutting
and put them in a dry, ventilated area. Fruit left
in the field after cutting are susceptible to disease
infection. Pick-your-own operations may want to
consider having a storage area for pumpkins that
mature early, and then “reseed” the field with fruit
when marketing season arrives.
Only mature, sound, disease-free fruit should be
harvested. Diseased fruit will infect healthy fruit
placed next to it. Fruit need to be handled carefully
to prevent injury. Any break in the skin will provide
a way for diseases to enter. Sloppy, rough harvest
practices can negate almost all the benefits of a good
disease management program. Picking the fruit up
from the bottom is the preferred way to lift pumpkins to avoid damaging the stem. However, some
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growers prefer to “grade” their fruit by picking them
up by the stem to ensure that the fruit has a sound,
quality stem. Picking fruit up by the stem does increase the likelihood of damaging the stem. Gentle
handling of the fruit needs to be emphasized, no
matter what technique is used to lift the fruit.
Harvest workers should wear gloves to avoid puncturing fruit with their fingernails. Gloves also protect the workers from the many small spines often
found on pumpkin stems. Workers must be trained
to carefully place the fruit on a wagon or truck or
in a bin. When placing fruit in a bin, workers must
be careful to arrange the fruit so that the stem from
one pumpkin does not puncture the skin of another.
When possible, pad wagons or bulk bins used to
transport fruit to reduce puncture wounds, rubbing,
or other mechanical injury.

Postharvest Handling
Several factors affect postharvest quality of fully
mature pumpkins. The most important one is temperature. Pumpkins are sensitive to chilling and can
be damaged by temperatures below 50˚F (10˚C).
Chilling injury is cumulative and depends on both
temperature and time. The number of hours required
to induce injury at 35˚F (2˚C) is considerably less
than the number of hours at 45˚F (7˚C). For example, a pumpkin fruit that is exposed to 35˚F (2˚C)
temperatures for ten hours will suffer more injury
than a fruit exposed to 45˚F (7˚C) temperatures for
12 hours. The hours add up regardless of whether
the pumpkin is in the field or in storage. Temperatures above 70˚F (21˚C) can reverse some of the
effects of chilling injury.
The ideal long-term storage temperature for pumpkins that have not been subjected to chilling injury
is between 50˚ and 60˚F (10˚ and 16˚C). However,
trying to attain “ideal” storage conditions for a crop
that is mostly marketed within a six-week period
may not be economically feasible. Healthy, diseasefree, fully mature pumpkins that are exposed to
fluctuating daily temperatures between 35˚ and 70˚F
(2˚ and 21˚C) generally store quite well. Temperatures over 80˚F (27˚C) increase the respiration rate
of pumpkins and can cause weight loss.
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The optimum humidity for holding pumpkins is
50–70% relative humidity. Pumpkins should be dry
when they are put into a storage area. Low relative
humidity will cause dehydration of the fruit, but
it is preferred over high relative humidity, as high
humidity encourages disease organisms to attack.
If the fruit tend to have condensation on them by
morning, the humidity needs to be lower and/or air
circulation needs to be increased.
Controversy exists regarding the need for curing
pumpkin fruit and the temperatures at which to
do so. Curing heals injuries by allowing the fruit to
produce corky tissue in the injured area. High temperatures will shorten storage life, so if pumpkins are
fully mature and do not have any wounds that need
to heal, it may be best to just put them in moderatetemperature storage conditions. Fruit that were
injured in the harvest and handling process or that
are not fully orange can benefit from being placed in
75˚–85˚F (24˚–29˚C) conditions.
Some growers have had success with a postharvest
dip in a chlorine solution to reduce surface contamination and enhance storage life. On-farm research
in Maryland showed no benefit (nor any harmful
effect) from chlorine dips.
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Storage
Many pumpkin growers are also retail marketers
and/or fruit growers. For these growers, one uniform rule applies for storing pumpkins: Do not
store them near apples. Apples give off ethylene gas,
which speeds the ripening process. If pumpkins are
stored near apples, they will continue to ripen and
quickly become overmature, leading to premature
breakdown. If pumpkins must be stored in the same
building as apples, provide plenty of ventilation to
avoid ethylene buildup.
Healthy, disease-free, mature fruit that are handled
carefully and placed in good storage conditions can
last up to six months. More typically, high-quality
fruit will store in good condition for three to four
months. This means that early-maturing fruit,
harvested in good health and treated well, will last
through the Halloween marketing season.
Every grower has different storage options, depending on their marketing system, scale of production,
infrastructure available, and other crops produced.
Rather than describing one “ideal” storage situation
in this guide, and mindful of the fact that labor in
handling pumpkins is a major expense, several options that established growers currently use are presented below. Growers should choose the techniques
that are most useful for their own situations.

Storage Scenarios
Small-Scale Retail
Pumpkins are cut from the vines in early to midSeptember while the vines are still green and
healthy. The fruit are carried to wagons, which are
the same wagons used to display the fruit for sale.
The wagons are taken to a washing area, where the
fruit are washed, if muddy, or brushed, if dry. These
wagons are used in front of the retail stand to sell
the pumpkins. The wagons are moved into barns
on weekend nights, when frost or other cold nights
threaten, and when there is a surplus. If barns or
empty greenhouses (which can be left open during
the day to avoid temperature buildup) are not available, the wagons are covered with large tarps and/or
row cover to trap ground heat and reduce the number of hours and temperatures at which the fruit are
subject to chilling injury.
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Fruit that are not immediately removed from the
field (including pick-your-own) are grouped together, but not stacked, and covered with tarps or large
sheets of plastic. The fruit in the field are uncovered
on warm, sunny days. All fruit, those on retail display and those still in the field, are covered when the
temperature is forecast to go below 45˚F (7˚C).

Small-Scale Wholesale
Pumpkins are cut in early to mid-September when
the vines are still green and healthy. The fruit are
windrowed in the field, but they are not stacked in
the windrow. The fruit are put into bins as needed
and shipped to market directly from the field. If
cold temperatures or a rainy period is forecast, the
windrows are covered with tarps or large sheets of
plastic. The last fruit are moved into bins and under
cover when frost or near-frost temperatures are
likely. Growers who use this scenario, or a similar
technique, readily admit that they have a higher loss
on the last windrows than the first. Even small-scale
growers will benefit from getting pumpkins under
cover and out of the elements sooner rather than
later.
Mid-Size (25-Acre) Retail/Wholesale
The fruit are cut in early to mid-September while
the vines are still green. Since the fruit are cut
while the vines are still green, the fruit is in the
field between one day and three weeks. Fruit are
windrowed if possible; if not possible, a roadway is
cleared through the field. Fruit are harvested every
three to four days, 30–50 bins at a time. The fruit are
harvested on a dry day so they are clean when they
are picked up. Sugar pumpkins and smaller fruit
are harvested into apple bins, while jack-o’-lantern
varieties go into cardboard bins on wooden pallets
(photo 10-3). Suspect fruit and immature fruit are
left in the field. Bins are placed in barns, where they
are rotated within the barn and checked for breakdown before shipping or placement in the retail area.
Fruit that are left in the field for two to three weeks
may be of a lower quality (depending on temperature and rainfall) than those that are picked up soon
after cutting. Growers with similar situations and
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who have plenty of storage facilities can benefit
from making a concerted effort to get all cut pumpkins out of the field and under cover within 10–14
days after cutting.

Large-Scale Wholesale (Over 50 Acres)
Harvest starts soon after Labor Day (the first Monday in September) when the vines are still green. If
the vines have more than 30% dieback, fruit are not
harvested from those vines. The fruit that are cut are
picked up on the same day or windrowed for one day
at most. Small standard (pie) pumpkins are harvested into bushel baskets or apple bins in the field,
washed with water in a packing house, and packed
into 11⁄9-bushel wax cartons that are then palletized
(50 cartons per pallet). Jack-o’-lantern varieties are
wiped when loaded into cardboard bins that are
placed on pallets. All fruit is stored in barns or in
metal box trailers until shipment.
Growers who have used a system similar to this have
run into difficulties with fruit quality in wet years
and in years when harvest labor is difficult to find.
Picking up all fruit within one day of cutting is best.
However, at some point in the season, vines start to
die faster than harvest crews can cut, and fruit quality is compromised. Growers who find themselves
in such a situation should concentrate on cutting
jack-o’-lantern varieties first, as pie pumpkins tend
to have less of a problem with poor stems and subsequent fruit breakdown.

Six Basic Concepts for Maintaining
Quality
Regardless of the scale of the operation, there are
six basic concepts for keeping high-quality pumpkins through harvest and storage. How each grower
chooses to implement the concepts will differ. The
six basic concepts are:
1. Maintain vine health during the growing season. An unhealthy plant will not produce a
high-quality fruit with storage ability. Research
conducted in many states consistently shows an
increase in marketable tons per acre and improved stem quality when a good disease management program is in place.
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2. Observe vine health when the stems are cut. If
the plant has started to die from disease, the
stem has likely already been affected. Fruit with
less than healthy stems are not as marketable
and are more likely to break down before the
customer is done with them.
3. Increased handling increases the risk of damage.
Each time a pumpkin is moved, there is potential for the stem to break or for the skin to be
damaged. Handle the fruit as little as possible to
minimize damage and reduce labor expenses.
4. Stacking increases damage potential. Whenever
possible, avoid piling or stacking fruit. When
placing fruit in bins, be careful to arrange the
fruit so the stem of one fruit will not puncture
another fruit.
5. Dry fruit and no chilling injury lead to longer
shelf life and better looking fruit. The fewer
hours that a pumpkin spends below 50˚F (10˚C),
the more likely it will stay in good condition.
Grower observations indicate that repeated exposure to cold temperatures will cause a sound,
green stem to turn brown. The stem will remain
firm and well-attached, but pumpkins with
brown stems are less marketable than those with
green stems. Dry fruit are much less prone to
disease breakdown, as most disease spores need
moisture to germinate. Whenever possible, store
and display pumpkins on something where they
can remain dry or fully shed water when they
get wet. Storage and display on pallets allows
air circulation under the fruit and reduces the
number of hours fruit stay wet.
6. Varieties differ in their holding ability and chilling susceptibility. Pay close attention to varietal
differences during harvest, display, and storage.
Varieties that appear to be more susceptible to
breakdown need to be given the best possible
harvest, storage, and display conditions.
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CHAPTER 11

Economics of Pumpkin Production
Dale Ila Miles Riggs and Stephen E. Hadcock

Can you make a profit growing pumpkins? The question may not be as easy to answer as you think.
A variety of expenses need to be considered. They
may be combined into two general categories: operating expenses and fixed expenses. Operating expenses are the expenses needed to grow and market
the crop and include seed, fertilizer, labor, transportation, and electricity. Fixed expenses do not change
with the quantity of pumpkins produced; examples
include land costs, building ownership, and liability.
There are many ways to evaluate the costs of production in a pumpkin enterprise. Remember that
assumptions used in your evaluation are only as good
as the research that goes into them. Overestimating
yields or underestimating labor expenses will not
help you determine the true financial viability of a
pumpkin enterprise. Contact private consultants,
Cooperative Extension educators, and other growers
(outside your marketing area) to gather information
that will help you put together realistic estimates.
Established growers should have records to draw
from to gather much of the information. If there are
information gaps, devise a plan to gather the missing
information in the upcoming production season. The
most important task a grower can do for determining financial viability of an enterprise is to ask lots of
questions. Some questions to ask include:
1. Will you be marketing pumpkins wholesale,
retail, or both?
2. How many different varieties and sizes of pumpkins will you grow?
3. What type of production system will you be
using?
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4. How much will seed, fertilizer, crop protection
materials, cover crop seed, plastic mulch, drip
irrigation tape, specialized equipment, and other
necessities cost?
5. Are there large capital investments such as irrigation systems, larger tractors, or storage facilities that you will need to purchase or lease?
6. Do you have a hired labor force and what are the
complete costs of hiring them (including worker’s compensation insurance, disability insurance, unemployment insurance, Social Security,
Medicare, and so forth)?
7. For each acre of pumpkins, how many hours will
it take to plant, weed, fertilize, control diseases
and insects, cut, harvest, pack, load, and deliver?
8. Are there regulations and/or fees in your town
regarding marketing and advertising?
9. What has been the range of pumpkin prices in
your area?
10. What type of service and quality was provided
for that price?

Two Budget Scenarios:
Retail and Wholesale
To aid in the discussion of enterprise budgeting for
pumpkins, two different budget scenarios are presented as tables 11-1 and 11-2 (page 97). The first
scenario (table 11-1) is a farm that retail-markets
most of its vegetables on the farm. The second scenario (table 11-2) is based on a farm that predominantly wholesales its products.
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5HWDLO3XPSNLQ&RVWV

E\'DOH5LJJV

Table 11-1. Sample enterprise budget for a retail farm scenario
$QQXDO2SHUDWLQJ([SHQVHV*URZLQJ
$FUHV
6HHG
/DUJH6WDQGDUG23

0HG6WDQGDUG+\EULG

/DUJH6WDQGDUG+\EULG
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6PDOO6WDQGDUG+\EULG
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5DWH$FUH 3ULFH8QLW
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&URS

<RXU$

 
 
 
 
 
 
7RWDO6HHG([SHQVH

















 
 







)HUWLOL]HU /LPH
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/LPH
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7RWDO)HUWLOL]HU /LPH







JDOORQV
JDOORQV
RXQFHV
JDOORQV
JDOORQV
JDOORQV

 
 
 
 
 
 
7RWDO&URS3URWHFWLRQ






















7RWDO,UULJDWLRQ
0DQKRXUV$














7RWDO/DERU





































0DFKLQHU\3ODQWLQJ 5HSDLUDQG0DLQWHQDQFHSOXVIXHO OXEULFDQWFRVWV
+RXUV$
FRVWKRXU
3ORZ


'LVN


)HUWLOL]HUVSUHDGHU


3ODQWHU


6SUD\HU


&XOWLYDWRU6LGHGUHVVHU


7RWDO0DFKLQHU\

















7RWDO*URZLQJ&RVWV





&URS3URWHFWLRQ
%UDYR
4XDGULV
1RYD
$GPLUH
&XUELW
&RPPDQG(&

$SSO







,UULJDWLRQ
(OHFWULF&RVW
(TXLSPHQW&RVW7UDFWRU SXPS
(TXLSPHQW&RVW3LSH ILWWLQJV
(TXLSPHQW 5HHO5DLQ
/DERU
)LHOG3UHSDUDWLRQ
3ODQWLQJ
6SUD\LQJ
&XOWLYDWHDQGVLGHGUHVV
,UULJDWLRQ SHRSOH
+DQGZHHGLQJDQGWKLQQLQJ
6FRXWLQJ

<RXUFURS

KRXUV



2SHUDWLQJ,QWHUHVW  RQVXEWRWDORI
PRQWKV

continued on next page u
Note: The farm represented here grows 5 acres of pumpkins. Part of the crop is marketed via U-pick, part through a retail farm stand, and a
small amount is wholesaled to other local retail stands.

These examples are to guide you through the process of setting up an enterprise budget and assessing
profitability. Your own budget will probably have
different categories, based on the type of records you
keep. The most important thing about setting up an
11: Economics of Pumpkin Production

enterprise budget is to actually put one together and
evaluate the results. Remember that pumpkins are
one enterprise, or potential enterprise, on your farm.
Other enterprises should be evaluated as well.
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Table 11-1. Sample enterprise budget for a retail farm scenario (continued)
+DUYHVWLQJDQG0DUNHWLQJ([SHQVHV
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8WLOLWLHV
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7RWDO$QQXDO2SHUDWLQJ([SHQVHV *URZLQJ +UYVWJ
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/DQGUHQWDORUWD[HV
&URSLQVXUDQFH
'HSUHFLDWLRQEXLOGLQJV
/LDELOLW\LQVXUDQFH
0RUWJDJH



















/DERU
+DUYHVWLQJ
+DUYHVW7UDQVSRUWDWLRQ
/RDGLQJ
7UXFNLQJ
0DUNHWLQJ)LQGLQJEX\HUV
83LFN SHRSOH
5HWDLOPDUNHWLQJ

8QLWV
5DWH+RXU
0DQ+RXUV$














7RWDO/DERU

2SHUDWLQJ,QWHUHVWRQVXEWRWDORI
PRQWKV
(TXLSPHQW+DUYVWLQJ 0DUNWJ
7UDFWRU :DJRQ+DUYHVW
7UDFWRU :DJRQ7UDQVSRUW
)RUNOLIW
7UDQVSRUWWRPDUNHW
5HQWOHDVHKLUH

+RXUV$





FRVWKRXU




7RWDO(TXLSPHQW

7RWDOIL[HGH[SHQVHV
727$/(;3(16(6JURZLQJKDUYHVWLQJPDUNHWLQJ
0DUNHWHG<LHOG 7RQV$
WRQV
WRQV
WRQV
WRQV
WRQV
WRQV
WRQV

<RXU$

<RXUFURS

%UHDNHYHQ&RVWSHUOE








Note: The farm represented here grows 5 acres of pumpkins. Part of the crop is marketed via U-pick, part through a retail farm stand, and a
small amount is wholesaled to other local retail stands.

The budgets are broken into four parts:
1. Growing expenses are calculated for all of the
pumpkin enterprise.
2. Harvest and marketing expenses are included in
operating expenses.
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3. Fixed expenses are then calculated and added to
the operating expenses.
4. The break-even price for pumpkins is estimated.
If the price you receive is the same as the breakeven cost, then you are not making any money
growing pumpkins. The break-even cost is usually
expressed on a per-unit basis (per pound, per bin).
11: Economics of Pumpkin Production
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Table 11-2. Sample enterprise budget for a wholesale farm scenario
$QQXDO2SHUDWLQJ([SHQVHV*URZLQJ
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6HHG
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0DFKLQHU\3ODQWLQJ 5HSDLUDQG0DLQWHQDQFHSOXVIXHO OXEULFDQWFRVWV
+RXUV$
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&XOWLYDWRU6LGHGUHVVHU
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&URS3URWHFWLRQ
%UDYR
4XDGULV
1RYD
$GPLUH
&XUELW
&RPPDQG(&

$SSO







,UULJDWLRQ
KRXUV
(OHFWULF&RVW


(TXLSPHQW&RVW7UDFWRU SXP
(TXLSPHQW&RVW3LSH ILWWLQJV

(TXLSPHQW 5HHO5DLQ
/DERU
)LHOG3UHSDUDWLRQ
3ODQWLQJ
6SUD\LQJ
&XOWLYDWHDQGVLGHGUHVV
,UULJDWLRQ SHRSOH
+DQGZHHGLQJDQGWKLQQLQJ
6FRXWLQJ

2SHUDWLQJ,QWHUHVW  RQVXEWRWDORI
PRQWKV

7RWDO*URZLQJ&RVWV

<RXU$

<RXU&URS

continued on next page u
Note: The farm represented here grows pumpkins on a wholesale basis, and good market outlets are established. They have grown 50
acres of pumpkins for the last several years.

The assumptions used for scenario one (table 11-1,
pages 95–96) are as follows: This farm grows 5 acres
of pumpkins as part of a diversified fresh-market
vegetable operation that markets most of its produce through a roadside stand. The retail farm stand
already exists and is paid for. Part of the crop is
11: Economics of Pumpkin Production

marketed via U-pick, part through the retail stand,
and a small amount is wholesaled to other local
retail stands. The U-pick patch is open three days
per week for a six-week period for a total of 18 days
during the fall marketing season. Two employees per
eight-hour day (16 man-hours per day) are sufficient
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Table 11-2. Sample enterprise budget for a wholesale farm scenario (continued)
+DUYHVWLQJDQG0DUNHWLQJ([SHQVHV
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7RWDOIL[HGH[SHQVHV
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0DUNHWHG\LHOG 7RQV$








<RXU$

<RXU&URS

%UHDNHYHQ&RVWWRQ








Note: The farm represented here grows pumpkins on a wholesale basis, and good market outlets are established. They have grown 50
acres of pumpkins for the last several years.

to staff the U-pick patch to transport customers and
collect payments. Existing farm stand staff can easily
handle the pumpkin sales at the roadside market.
Wholesale sales are picked up at the farm and require the buyers to bring their own bins or trucks for
transporting the pumpkins.
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The following assumptions were applied to scenario
number two (table 11-2, pages 97–98): This farm
grows pumpkins on a wholesale basis. They currently operate a large wholesale vegetable farm, and
their equipment reflects this. They have a full line of
planting, growing, and harvesting equipment for the
farm. They have grown 50 acres of pumpkins for the
11: Economics of Pumpkin Production

last several years. Good market outlets are established.
They focus on growing jack-o’-lantern-type pumpkins.

Operating Expenses
Growing Expenses
Crop Inputs. Both farms work closely with a crop
consultant. In general, they use the chemical and
fertilizer recommendations published by Cooperative Extension. Two fertilizer applications are used.
One is applied through the planter at planting, and
the other is applied as a sidedressing.
Irrigation Expenses. Irrigation costs vary, depending on the type of irrigation equipment used.
Mobile irrigation systems (reel or center-pivot-type
systems) tend to have higher equipment expenses
per acre than labor expenses. Irrigation pipe, which
must be moved in and out of the field, usually has

higher labor expenses than equipment expenses.
Machinery expenses in tables 11-1 and 11-2 include
fixed and operating expenses. The irrigation expense
was estimated by how long it would take to irrigate 1
acre, multiplied by the number of times it would be
irrigated. Moving time from one field to another is
included. If it is difficult to determine the total machinery expenses, custom rates for your area may be a
good place to start. These are often published yearly
in many of the popular agricultural magazines.
Labor Expenses. Labor expense is the total expense
for using hired labor. It includes the cash wage, plus
a share of worker’s compensation insurance, other
insurance coverage, Social Security, and Medicare
taxes. Estimate how long it takes to do each task.
Devising a system to track how long it takes to do
each task will help improve your budgets (see figures
11-1 and 11-2, page 100, for sample time sheets).

Figure 11-1. Sample employee time card “A”
5/25–5/31
John Smith
1DPH'DWHV

&URS

-RE

3XPSNLQV

6TXDVK

7RPDWRHV

/DQGSUHS

2.0 M

1.0 M

3.0 W

/D\SODVWLF

2.5 T

3.0 T

2.0 F

3HSSHUV

2.0 W
5.0 M

6ZHHWFRUQ

&RYHUFURS

5HWDLOVWDQG

2.5 T

3.0 F
3.0 W/1.0 F

6HHGLQJ
7UDQVSODQWLQJ

0HORQV

1.5 H/2.0 F

2.0 H

4.5 H

5RZFRYHU
)HUWLOL]LQJ
,UULJDWLRQ
6FRXWLQJ
:HHGPDQDJHPHQW
+RHLQJ
&XOWLYDWLQJ
6SUD\LQJ
'LVHDVHPDQDJHPHQW
,QVHFWPDQDJHPHQW
:LOGOLIHPDQDJHPHQW
3ROOLQDWLRQ
+DUYHVW
&XWWLQJ
3LFNXS
8QORDG'LVSOD\
3DFNLQJ
/RDGLQJ
'HOLYHU\
5HWDLOVDOHV
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Figure 11-2. Sample employee time card “B”
Jane Smith

1DPH
'DWH $0LQRXW 30LQRXW /DQG3UHS &XOWLYDWH +DQG:HHG 3ODQW

 5/25
 5/26





5/27

5/28
5/29

5/30

7:00/12:00 1:00/4:00

7:00/12:00 1:00/4:00

8:00/12:00
7:00/12:00
7:00/12:00

7:00/12:00

3.0 VP

2.0 VPep

1:00/5:00
1:00/6:00

1:00/6:00

1:00/5:00

2.0 VE

2.0 VL
1.0 F

2.0 B

2.0 B

3.0 VT

)HUWLOL]H +RH

+DUYHVW ,UULJDWLRQ /D\3ODVWLF 6SUD\
2.0 VM

2.0 F
4.0 VP

4.0 VP

3.0 VPep

2.0 B

2.0 F

2.0 VL

2.0 S
2.0 T

6DOHV 2WKHU

5.0 VP

2.0 VPep

2.0 VP,T




















6 6EHUU\% %EHUU\5 5EHUU\7 WXQQHO9 ILHOGYHJJLHV FURS ) IORZHUV5HW UHWDLO* JHQHUDO
9HJJLH / OHWWXFH3 SXPSNLQ0 PHORQ7 WRPDWR( HJJSODQW3HS SHSSHU

Interest Expenses. Interest on operating expenses
should be thought of as a loan, even if to yourself.
If you had to borrow all the money to cover the
expenses of growing pumpkins, what interest rate
would you be charged? For how long will you borrow the money? Even if you do not borrow all the
money to grow the pumpkins, the money is still tied
up in the crop during the growing season, not earning any income.
Machinery Expenses. As with irrigation machinery
expenses, the cost of machinery used in growing
pumpkins represents the total machinery expense
(fixed and operating expenses). The total cost is
determined by a cost per operating hour. Similar to
the irrigation equipment, if it is difficult to calculate
the ownership costs, use custom rates in your area
as a start. An equipment cost calculator for typical
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equipment used in a pumpkin enterprise is shown in
table 11-3.

Harvest and Marketing Expenses
Labor Expenses. Your marketing plans will have a
big impact on the harvest and marketing expense
portion of the budget. If you plan to market some or
all of your pumpkins wholesale, you need to calculate how long it takes to harvest each acre of pumpkins. Major growers who have an efficient harvest
system established believe it takes approximately 20
man hours to harvest 1 acre of jack-o’-lantern-type
pumpkins. Try to estimate this for your own operation by considering the equipment and the amount
of experience you and your labor force have. The
labor cost for transporting the pumpkins to market
and the time that someone spends marketing the

11: Economics of Pumpkin Production

Table 11-3. Equipment cost calculator for typical equipment used in a pumpkin enterprise
Machinery
description
60 hp tractor
30 hp tractor
Boom sprayer
PTO airblast sprayer
7-foot rotary mower

Purchase
price

Years to
trade

Cost per hour of use
Annual		
8.00%
hours
Depreciation interest

1.00%
insurance

2.00%
housing

Total fixed
costs

$25,000
18,500
4,000
5,000
3,500

15
15
15
15
10

400
250
100
150
100

$3.00
3.48
2.10
1.84
2.70

$2.50
2.96
1.60
1.33
1.40

$0.28
0.33
0.18
0.15
0.16

$0.56
0.67
0.36
0.30
0.32

$5.78
6.77
3.88
3.32
4.26

1,500
2,000
800
1,000
5,000

15
10
10
10
15

40
60
20
20
20

1.95
2.25
3.15
3.60
14.40

1.50
1.33
1.60
2.00
10.00

0.17
0.15
0.18
0.23
1.13

0.34
0.30
0.36
0.45
2.25

3.62
3.73
4.93
5.83
25.53

PTO rototiller
Utility trailer
Half-ton pickup
Misc. tools
Gas irrigation pump

1,500
2,500
12,000
2,500
2,000

10
15
6
10
15

5
100
350
100
500

25.20
1.44
3.43
2.25
0.24

12.00
1.00
1.37
1.00
0.16

1.35
0.11
0.15
0.11
0.02

2.70
0.23
0.31
0.23
0.04

38.55
2.55
4.95
3.36
0.42

Electric pump
3-inch irrigation pipe
Mulch spreader
Distribution lines

500
1,500
3,000
60

15
15
10
15

100
100
40
9

0.30
0.90
6.08
0.40

0.20
0.60
3.00
0.27

0.02
0.07
0.34
0.03

0.05
0.14
0.68
0.06

0.52
1.57
9.41
0.70

Spreader
7-foot plow
8-foot harrow
9-inch disc
Planter

Cost to the farm business
			Hourly
Machinery		
Fuel and
variable
description
Repair
lube
cost

Hourly		Annual
total
Annual
fixed
cost
costs
cost

variable
cost

60 hp tractor
30 hp tractor
Boom sprayer
PTO airblast sprayer
7-foot rotary mower

Annual
Salvage
value

$2.06
0.88
1.31
1.92
2.04

$3.20
1.60
0.05
0.10
0.05

$5.26
2.48
1.36
2.02
2.09

$11.04
9.25
5.24
5.34
6.35

$4,417
2,313
524
802
635

$2,313
1,693
388
499
426

$2,104
620
136
303
209

$5,000
4,000
500
400
500

Spreader
7-foot plow
8-foot harrow
9-inch disc
Planter

0.70
2.47
0.42
1.66
1.66

0.05
0.05
0.05
0.05
0.05

0.75
2.52
0.47
1.71
1.71

4.37
6.25
5.40
7.54
27.24

175
375
108
151
545

145
224
99
117
511

30
151
9
34
34

200
500
100
200
200

PTO rototiller
Utility trailer
Half-ton pickup
Misc. tools
Gas irrigation pump

5.99
0.10
0.63
0.01
1.63
0.89
0.91		
0.25
0.05

6.09
0.64
2.52
0.91
0.30

44.64
3.19
7.47
4.27
0.72

223
319
2,616
427
359

193
255
1,734
336
209

30
64
882
91
150

100
100
4,000
0
0

Electric pump
3-inch irrigation pipe
Mulch spreader
Distribution lines

0.10		
0.15		
0.15		
0.15		

0.10
0.15
0.15
0.15

0.62
1.72
9.56
0.85

62
172
383
8

52
159
377
6

10
15
6
1

0
0
300
0

Annual cost to farm business u				

$14,941

$10,045

$4,896

Cost of owning and operating machinery per acre u		

$149.41

$100.45

$48.96
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crop is included here. Be sure to use the total cost of
hired labor.
Retail businesses using U-pick should factor in labor
costs for running the U-pick operation in this section. Any portion of retail stand labor used in pumpkin sales should be estimated and added. For example, say that during a typical fall weekend, 20% of
gross sales is from pumpkins. Determine how much
labor was used during a typical weekend and allocate
20% of those labor costs to the pumpkin budget.
The time that a manager or farm owner spends on
the phone taking orders and doing other marketing
activities (arranging for advertising, public relations,
and so forth) is also included here. This management time—and work that is done by skilled labor
or those requiring licenses (like truck drivers)—is
charged at a higher rate per hour.
Utility and Transportation Expenses. Utility
expenses for marketing pumpkins are also included
in this section. Typical machinery used in the harvesting and marketing of pumpkins is listed here,
including the machinery expense for transporting
the pumpkins to market.

Fixed Expenses
Land costs include all of the ownership costs of
using land. If you have a mortgage, include yearly
payments here. Taxes must be included. If the land
is entirely paid for, consider using an area rental rate,
since you could rent the land out to another farmer
rather than raising crops yourself. Part of the liability
insurance was allocated to the pumpkin enterprise in
this section.

Estimating Yields
Pumpkin yields in the field can usually be estimated
during the second half of August or when pumpkin
fruit start to turn orange. There are different ways to
estimate yields, but for vining varieties, perhaps the
simplest and fastest is to measure 1⁄100 of an acre (approximately 20 feet x 22 feet) and count how many
marketable pumpkins of the same variety are in that
area. Make an educated guess of the average weight
of the fruit in the area, and then calculate how many
pounds you can reasonably expect to harvest in the
1
⁄100 of an acre. Multiply by 100 to get an estimate of
pounds per acre. Do this in at least three very differ102

ent locations in a field (more for a very large field),
and be sure to include areas with few pumpkins,
drive rows, and so forth. For semi-bush varieties,
calculate how many total feet of row is in an acre.
Count the number of fruit and estimate the weight
of pumpkins in a 100-foot length of row. Do this in
at least three locations throughout the field. Then
extrapolate the yield data per 100 feet of row to a
per-acre yield estimate. Average the estimates to determine your estimated average yield per acre. Revise
it downward based on the percentage of fruit that
you can reasonably expect to market. The sidebar at
right shows some example calculations.
Since environmental factors play such an important
part in fruit set and fruit development, growers with
historical yield data should still do yield estimates
each year. To be most useful, do the estimates before
setting your price.

Calculating Net Income and BreakEven Costs
Add the operating and fixed expenses together to
determine the total pumpkin expense. Then calculate the break-even cost. This is the total expense,
divided by the estimated yield that you can reasonably expect to market. This is the break-even cost per
pound. Gross profit will be anything that exceeds
the break-even price. This can also be considered as
“return to management.”
Once these budgets are complete, it is easy to try
some “what-if ” scenarios. What if we reduce our
acreage by 20% and do a better job so we increase
our yields per acre by 15%? What if we market 10%
of our pumpkins through retail channels? What if
we sell only 50% of what we grow? What if we raise
our retail price by $0.05 per pound or the wholesale
price by $0.02 per pound?
Another calculation that should be made is return
per hour of time invested. Determine your gross
profit and divide it by the number of hours that
you spent running the pumpkin operation. Was it a
worthwhile use of your time? Can you make more
money spending your time on another crop?
Crop budgets are rarely thought to be one of the fun
or interesting activities in a farm operation. But they
are certainly among the most critical. There is not
11: Economics of Pumpkin Production

Estimating Pumpkin Yields: Example Calculations
Vining Varieties

Semi-Bush Varieties

A 20-foot x 22-foot section in Field A had 17 pumpkins
of a size that should mature by September 10. Based on
past experience, the pumpkins looked like they would
weigh about 15 pounds each.

A semi-bush pumpkin variety is planted on 6-foot centers
for row spacing, which gives 7,260 feet of row per acre
(43,560 square feet in an acre ÷ 6-foot rows = 7,260
feet of row per acre).

17 pumpkins x 15 pounds = 255 pounds
255 pounds x 100 = 25,500 pounds per acre
or 12.75 tons per acre
Section 2 in the same field had 10 pumpkins in a 20-foot
x 22-foot area, with an estimated average weight of 12
pounds each.
10 pumpkins x 12 pounds = 120 pounds
120 pounds x 100 = 12,000 pounds per acre
or 6 tons per acre
Section 3 in the field had 23 pumpkins with an estimated
weight of 15 pounds each in a 20-foot x 22-foot area.
23 pumpkins x 15 pounds = 345 pounds
345 pounds x 100 = 34,500 pounds per acre
or 17.25 tons per acre
12.75 tons per acre + 6 tons per acre +
17.25 tons per acre = 36 tons
36 tons ÷ 3 locations = 12 tons per acre estimated
Considering that (1) the tractor may destroy some fruit
during harvest, (2) a few fruit may have disease problems
that are not detected in August, (3) some fruit may be
lost in the display, and (4) some may not sell, apply a
65% marketing/loss factor. So…
12 tons per acre x 0.65 = estimated 7.8 marketable
tons per acre

much point in raising a crop that is not profitable.
Continuing to raise a crop that loses money can
have long-term consequences for your entire farm.
Use the sample budgets in this chapter as a starting
point to evaluate your existing or potential pumpkin
enterprise. Fill in realistic figures for your farm, and
modify them where needed. If you are not using irrigation, then omit that section, but you will probably
need to modify yields downward. Or make a budget

11: Economics of Pumpkin Production

Section 1 has 40 pumpkins in 100 feet of row with an
estimated average weight of 14 pounds each.
40 pumpkins x 14 pounds = 560 pounds
560 pounds x (7,260 feet of row ÷ 100 feet of row) =
560 x 7.26 = 40,656 pounds per acre
or 20.33 tons per acre
Section 2 has 38 pumpkins in 100 feet of row with an
estimated weight of 10 pounds each.
38 pumpkins x 10 pounds =
380 pounds x 72.6 = 27,588 pounds per acre
or 13.79 tons per acre
Section 3 has 25 pumpkins in 100 feet of row with an
estimated weight of 11 pounds each.
25 pumpkins x 11 pounds =
275 pounds x 72.6 = 19,965 pounds per acre
or 9.98 tons per acre
20.33 tons per acre + 13.79 tons per acre +
9.98 tons per acre = 44.1 tons
44.1 tons ÷ 3 locations = 14.7 tons per acre estimated
14.7 x 0.65 marketing/loss factor = 9.55 marketable
tons per acre
At harvest and the end of the marketing season,
check your estimates so that you can improve them in
subsequent years.

with both scenarios and determine the payback time
of a particular irrigation system. Do you market every pumpkin you grow? If not, determine how much
net income may be added by adding a different marketing channel or cutting back on acreage and giving
the land more rotation time. These budgets can give
you the tools to turn an unprofitable enterprise into
a profitable one or to identify an unprofitable crop
that should be dropped from your farm mix.
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CHAPTER 12

Marketing Pumpkins
Dale Ila Miles Riggs and Robert Rouse

The most successful pumpkin marketers are those
who have a marketing plan. A marketing plan
defines who your customers are (or who you want
them to be), a method for finding customers, and a
method or set of methods to learn your customers’
needs and wants to help you keep your customers. The plan should also define where you are in
your business development, where you want to go
with your business, and how you plan to get there.
Do some homework before planting pumpkins. If
pumpkins will be a new item in your current enterprise, start small. You can add pumpkins to existing operations without immediately growing large
amounts. Starting small and gradually developing
a market is one way. Buying good pumpkins from
another grower and reselling them is another option.
The exact elements of a marketing plan will vary
among farms. Marketing plans can answer simple
questions such as, Should I add pumpkins to my
product mix? Marketing plans can also answer more
complex questions such as whether a farm retail
market should be established or whether entertainment agriculture should play a major role. A good
marketing plan is flexible; adjustments will be necessary as the plan is implemented.
When drafting a marketing plan, consider a number of factors. Among them, include options available for selling products, operator preference for
marketing techniques, available resources already
on the farm, the target market (both demographic
characteristics and demand for products), trends in
consumer preference, and price objectives necessary
to achieve profits. This data will help you decide
whether to proceed with the enterprise.
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Some topics to consider when drafting a marketing
plan include:
1. Determine the objectives. What are your goals?
Why are you thinking about growing pumpkins?
Are you trying to pay the entire farm mortgage
with the proceeds or just make enough for a
family vacation? Do you want to work with the
public every weekend in the fall, or would you
rather sell the crop as a commodity?
2. Determine the geographic size of the market
or trade area. If you are investigating retailing
your pumpkins, what is the population in a 5-,
10-, or 20-mile radius from your potential sales
site? What are the weekday and weekend traffic
counts on the road?
3. Evaluate the competition. Are there farms
nearby that you can complement, or will you
compete with them? If you will be competing
with them, what are their weak areas? Can you
give much better customer service? Can your
market look better? For the wholesale market,
are there potential buyers nearby? How far away
can you deliver? Are there truckers nearby that
will carry loads for you?
4. Determine the customer profile—characteristics
such as present and potential income, lifestyle,
and demographics. Are there a lot of families in
the area that are looking for weekend entertainment? Are you near retirement communities?
What is the median income of the towns in a
30-mile radius? Are there a lot of second home
owners in the area?
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5. Determine products and service demanded.
Survey your customers or potential customers
to determine what type of pumpkins they want.
Are they looking for giant, large, or mediumsize pumpkins? Do they want to be entertained
as part of their visit? How many times a week
do they need a truckload of pumpkins delivered?
Are there specific times that a delivery must be
made?
6. Determine market trends. Are fewer families
spending weekends together? Are there fewer
children at an age that want to be entertained
on a hayride? Are there more pumpkin growers
in your immediate area, resulting in less market
share potential? Are Halloween celebrations losing favor?
7. Forecast potential sales. If you find farm markets
that want to buy pumpkins from you on a wholesale basis, what are their estimates regarding
the number of bins they will need? Make some
educated guesses on the number of customers at
a farm market that will bring their children on a
hayride or pumpkin-picking outing. How many
teachers in the area are interested in bringing
their classes on a field trip?
8. Identify opportunities. What can you do that
your competitors are not doing? Can you offer
mixed loads of pumpkins, gourds, ornamental
corn, and other fall decorative items to chain
stores? Are you the only farm near a major tourist attraction? Does everybody in the area offer
entertainment agriculture and therefore miss out
on the customers who want pumpkins but don’t
want to be entertained?
9. Select appropriate marketing techniques (onfarm, off-farm, retail, wholesale). Doublecheck
yourself and your employees to make sure you
are being honest about the type of marketing
you want to do.
10. Establish strategies for implementing the plan.
How much area do you need to plant to provide
the desired yields? How much additional time
will it take to grow and sell the crop? Will you
need more employees at critical times? Do you
have the necessary equipment? How will you let
customers know that you are ready for business?
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11. Implement the plan; modify and change it as
needed. Keep notes during each marketing season about what worked versus what didn’t work,
what you liked versus what you didn’t like, how
much net income you received versus time spent,
and so forth. Ask your customers and employees
for their input and suggestions.
Market research to evaluate the market potential
for a pumpkin enterprise is extremely valuable.
Many businesses or enterprises within a business
fail because the owner learned after investing in a
product that the market was already saturated or
didn’t exist. Pumpkin acreage continues to expand
throughout the country. Spend some time doing some serious market research before planting
pumpkins. If you learn something that you don’t
want to know, don’t discard it, as it will probably
be your most important information. To be profitable, decisions must be based on profitability, not
emotion or guesswork. Using a plan to establish a
business or enterprise greatly improves the chances
for success.
Several publications can help you develop a marketing plan. Some are listed in the references section on
page 145.

Customer Relations
Knowing your customer is critical to the success or
failure of your operation. How you sell your pumpkins will vary with the customer. If you are selling
wholesale to a chain store or terminal market, the
customer is the buyer or broker. They have specific
requirements for the pumpkins they are buying in
bulk. These may include:
1.
2.
3.
4.
5.

Transportation
Delivery
Containers
Pricing
Size

6. Shelf life
7. Color
8. Timing
9. Labor
10. Specific varieties

Specific requirements of buyers can be especially
true when a wholesale grower is selling to another
grower/direct marketer who purchases a large
number of pumpkins to meet festival and tour
needs. Purchased pumpkins need to be a certain size,
quality, variety, and so forth. In many cases, these
pumpkins may need to be delivered and placed in
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an existing U-pick pumpkin patch after the direct
marketer’s customers are gone for the day.
The customer of a direct marketer is the one who
buys a pumpkin for a particular need—a Halloween
decoration, a pumpkin for the family to carve into
a jack-o’-lantern, or a small pumpkin for a child to
have for their very own. Sometimes the product sold
does not meet the need and can create problems.
Some pumpkin varieties are actually too hard to
carve. Customers have broken carving knives on
thick, hard-skinned pumpkins and resorted to using
portable saws. Besides making a mess, frustration
levels rise, and unhappy children no longer want to
carve pumpkins. In this case, a pumpkin-painting
kit may have been better for the children. Listen to
your customers’ wants and needs and provide them
accordingly.
Most pumpkin growers who do school group tours
want a small pumpkin with a good stem (handle)
that they can provide to the tour participants. They
may provide one larger pumpkin to the teacher for
the class. School bus drivers don’t want large pumpkins rolling on the bus. Also, not many children can
lift or carry a 10-pound pumpkin.
Nothing can be more demoralizing than having
pumpkins rot before Halloween. Will you get a
return visit from someone whose pumpkin disintegrates three weeks before Halloween? Probably not.
Think about how you will handle customer complaints. Cultivating customers is extremely important, and here are a few rules that may help:

Customer Service:
Take It from the Pros

S

ome of the giants of retailing give very good advice
regarding business management and customer
service. These commonsense statements are often
cited by successful businesses:
L.L. Bean:
“Sell good merchandise at a reasonable profit, treat
your customers like a human being, and they will
always be back for more.”
Sam Walton, the founder of Wal-Mart, had these rules:
1. Give customers what they want.
2. Guarantee satisfaction.
3. Provide friendly, knowledgeable service.
4. Maintain convenient hours.
However, the reality of how owners and staff follow
through on customer service can be a very different
situation. Marketers may want to consider having a
“customer relations audit” done by somebody who is
not involved in the business. This person must be totally
honest about what they experience in their interactions
with the business. And owners must be willing to listen
to both compliments and criticism.

7. Make your customers’ experiences at your business such positive, memorable experiences that
they want to come back for more.

1. The customer is always right.

8. Good word-of-mouth advertising is free and
can go a long way. The opposite is also true and
can be extremely detrimental to your operation.

2. If a customer is truly wrong, find a way for the
customer to save face.

The two main types of marketing available to pumpkin growers are wholesale and retail outlets.

3. Listen to what the customer has to say about
your products or service.

Wholesale Marketing

4. The customer is never an interruption to business. They are the reason you are in business.
5. Treat the customer with courtesy and respect at
all times.
6. Make the customer feel like he or she is the
most important person in the world.
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Wholesale marketing is a challenging way to make
a profit growing pumpkins. When sold wholesale,
pumpkins are a commodity and are subject to all the
supply (or oversupply) and demand price fluctuations of any other commodity. Because of this, longterm relationships should be developed with several
possible outlets. Growers should make sure they
have a market for what they are growing and expand
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with the market. Wholesale markets are generally
broken into four categories:
1. Auction sales
2. Sales to direct marketers and other pumpkin
growers
3. Direct sales to supermarkets and retail chains
4. Sales to wholesale terminal markets directly or
through commission brokers
With these sales avenues, supply, demand, and quality of product are critical. Viable produce auction
markets that have a reputation for pumpkin sales
can be good outlets, particularly if they are close
to your farm. Produce auctions are driven by supply and demand, and pumpkin size and quality are
important.
Growers who provide high-quality pumpkins have
been able to supply pumpkins to direct marketers
to restock their displays (photo 12-1). Wholesalers
must cultivate a good business relationship with a
retail marketer and provide the quantity and quality that the marketing customer demands. Retail
marketers will often have a good idea of typical
quantities of pumpkins sold throughout a season, so
wholesale suppliers can plan ahead a little more than
with other wholesale outlets.
Direct sales to supermarkets and retail chains is a
volume business and involves delivery to a store or
warehouse. In many cases, this is a low-price, highquality marketing situation. Growers must find out
the exact requirements and specifications that must
be met, including delivery details. Some growers
have had to get into trucking and materials handling to satisfy exacting customers. Investigate all
requirements when researching your market in this
type of wholesale marketing. Supermarket chains
may require that the pumpkins have a price-look-up
(PLU) sticker on each individual fruit. The common
PLUs for pumpkins are:
3130—Jumbo
4734—Mini

3134—Pie pumpkin
4735—Regular

Every region in the country, especially where there
is a large city, has some type of wholesale terminal
market with produce brokers and food purveyors
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located at the facilities. Similar to other business
relationships, many of the contacts and connections were developed over time. In short, someone
else is probably filling the supply need. A grower
must provide either a better product or more reliable
service to break into this type of market. This is the
lower price end of the market, as you will be dealing
with a wholesale buyer. In most cases, the buyer will
take the pumpkins on a consignment basis. If the
wholesaler sells them, he/she will charge a commission and handling fee. If they do not sell, the grower
may still get charged a handling fee and maybe a
dumping or tipping charge to dispose of the pumpkins.
Decorative pumpkins are shipped in bulk, semis,
or field bins. Eating/pie varieties are shipped in
11⁄9-bushel crates or cabbage bags. Mini pumpkins
are shipped in 1/2- to 5⁄8-bushel crates or boxes. Approximate weights for filled shipping containers are
listed below.
1. 1,000-pound bins (Pie pumpkins will weigh
more per bin than jack-o’-lantern types.)
2. 50-pound cartons/crates/sacks
3. 25-pound, 1/2-bushel cartons/crates

Retail Marketing
If your business will be involved in retail marketing,
everyone interacting with customers must truly like
people, believe in the business and the products it
carries, and realize that a smile and friendly, positive disposition will go a long way towards positive
customer service.
The major types of farm retail marketing fall into
the following categories: U-pick, mobile markets,
farm stands, roadside markets, and farmers’ markets.

U-Pick
The U-pick operation involves customers harvesting their own pumpkins in the field. This alternative
eliminates most harvest labor expenses and expenses
associated with packaging and marking prices. It
is conducive to areas where labor is in short supply
and/or an urban or suburban nonfarm clientele is
fairly close by.

107

Mobile Markets
A mobile market provides greater flexibility than a
U-pick operation. The term “mobile” comes from the
fact that produce is sold from the back of a truck or
wagon, thus avoiding a large capital expenditure associated with erecting a permanent facility. Because
mobile operations are portable, they can be moved
to desirable locations for seasonal markets. Mobile
marketing requires high customer traffic to be effective. Mobile markets tend to have smaller sales
volumes than permanent markets. Some growers
have created quite sophisticated mobile markets to
sell pumpkins and other fall items. This type of retail
marketing can be very effective for a small-scale
pumpkin grower who is not located in a highly traveled area.

Farm Stands
The farm stand is more permanent than a mobile
market and requires more management and labor
input. Farm stands are typically seasonal and housed
in an inexpensive structure. Like the mobile market, product must be harvested, carefully assembled,
sorted, and packaged. Although farm stands are
generally located at the farm, incorporating a farm
stand as a sales method is not advisable unless the
farm is on a highly traveled road. Pumpkins can
be marketed very effectively out of a seasonal farm
stand, especially when combined with winter squash,
ornamental corn, fall fruit, and other fall items.

Roadside Markets
The roadside market is generally more elaborate than
the farm stand. The building structure is permanent,
requiring a larger capital outlay. Roadside markets
generally offer a wide variety of items. Many roadside markets establish several key profit centers,
depending upon the customers’ wants and needs.
In-store bakeries, delis, gifts, produce, condiments,
and bedding plants are common. Roadside markets
abound with pumpkins in the fall, and pumpkins
make very attractive displays for the market. Customers who regularly frequent roadside markets
often buy their pumpkins at the same market when
they buy their weekly produce.
Farm market retailers starting a roadside market
business must be clear on their objectives. The commitment to own and operate the market becomes a
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full-time endeavor. Heating, air conditioning, lighting, displays, product handling, and cooling systems
that go into the structure of a market require financing and thorough management. Year-round markets offering a wide variety of items demand more
managerial know-how and input and increased labor
for preparing items for sale. Promoting the market through advertising and special events requires
investments of time and money. Since roadside
markets must incorporate more marketing functions,
roadside market operators have increased risks but
also a chance to earn increased profits.

Farmers’ Markets
The farmers’ market can be described as a collection
of farm stands or mobile markets at one location.
The grower rents space along with other marketers.
Each stand is operated independently; the collection
of stands offers customers variety and convenience.
Farmers’ markets have several advantages. First, the
grower has flexibility and is shielded from risk by
renting space rather than erecting a facility. In years
when yields are reduced, the grower can forego space
rental. Customers are likely to be drawn by variety
and convenience, thereby greatly reducing advertising costs. In terms of disadvantages, farmers’ markets
place sellers in direct competition, the market may
limit a vendor to a specific set of items, and space is
generally limited. The space limitation and, generally,
truck size limitations reduce the quantities of pumpkins that can be sold through an individual market.
However, many growers retail at multiple markets
each week, which can add up to substantial sales of
pumpkins.

More Retail Marketing Ideas
All of the above retail marketing techniques are
highly dependent on location. Many growers have
fields near stands where they grow a small quantity of pumpkins so customers can pick their own
pumpkins. Generally, these pumpkins are cut from
the vines to make harvest easier for the customer.
A common practice for these fields is called “seeding.” This is when growers replace sold pumpkins
from these fields with more pumpkins from other
larger production fields. The major advantage of this
system is that customers can feel like they are on a
family outing to pick their own pumpkin from the
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field, without having to travel very far from their car
or the farm market.
Retail marketers should strive to actively merchandise their pumpkins. Placing them out on the side of
the road will certainly sell some, but good merchandising techniques will help sell many more (photos
12-2 and 12-3). Some merchandising tips to keep in
mind for pumpkin marketing include large displays,
themes, promotion, and entertainment farming.

Large Displays
Remember the basics—sales run high for Halloween. Capitalize on color and creativity. Use displays
to create a lighthearted atmosphere. Pumpkins add
ambiance to any retail market outlet. Retail markets
require the movement of pumpkins from the field to
display areas. Because of the size of large pumpkins,
inside displays tend to be minimal (photo 12-4).
Themes
Tie in with other fall items—apples, apple cider, and
popcorn. Create a festive mood by using cornstalks,
Halloween masks, costumes, or cutouts. Try a jacko’-lantern display. Make fairytale characters out of
pumpkins.
Promotion
During the Thanksgiving season, push the traditional pumpkin pie and recipes for pumpkin soup, pudding, and stuffing. Make some recipes for customers
to sample. Help shoppers distinguish between eating
and ornamental pumpkins.
Entertainment Farming
This type of marketing includes all the activities and
events associated with drawing customers to the
farm. Examples are hayrides, craft shows, petting
zoos, scarecrow-making, and Halloween exhibits
(haunted houses, “boo” barns, and so forth). Many
of the pumpkins that are marketed in the Northeast and mid-Atlantic regions of the United States
are marketed through on-farm festivals and school
tours. Many pumpkin growers who retail a large
portion of their crop use entertainment farming as
their primary marketing technique.
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Moosewood Restaurant’s
Tunisian Pumpkin Soup
2 cups chopped onions
2 tablespoons olive oil
1⁄2 cup peeled and sliced carrots
1⁄2 cup peeled and sliced parsnips
11⁄2 teaspoons salt
21⁄2 cups water or vegetable stock
11⁄4 cups unsweetened apple juice
1⁄2 cup tomato juice
1 teaspoon ground cumin
1⁄2 teaspoon ground nutmeg
1⁄2 teaspoon ground cinnamon
1⁄2 teaspoon paprika
13⁄4 cups cooked pumpkin
Spice Swirl
2 tablespoons olive oil
1 teaspoon minced or pressed garlic
4 teaspoons ground coriander
1 teaspoon ground caraway seeds
1⁄4 teaspoon cayenne
2 tablespoons fresh lemon juice
2 tablespoons minced fresh cilantro
1⁄8 teaspoon salt
In a soup pot, sauté the onions in the oil until they
become translucent, about 10 minutes. Stir in the
carrots, parsnips, and salt and continue to sauté for
about 5 minutes. Add the water or stock, apple and
tomato juices, cumin, nutmeg, cinnamon, and paprika.
Cover the pot and bring to a boil; then reduce the heat
and simmer until the vegetables are tender. Stir in the
pumpkin. In a blender, purée the soup until smooth.
Gently reheat, if necessary.
To make the swirl, heat the oil in a small skillet and
sauté the garlic on medium heat for 1 minute. Add the
coriander, caraway, and cayenne and continue to cook,
stirring constantly. When the mixture begins to bubble,
2 to 3 minutes, remove it from the heat and transfer to
a small bowl. Stir in the lemon juice, cilantro, and salt.
Ladle the soup into bowls and top each with some
spice swirl.
From Moosewood Restaurant Daily Special by The
Moosewood Collective, ©1999 by Moosewood, Inc. Used
by permission of Clarkson Potter/Publishers, a division of
Random House, Inc.
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School tours have become a very popular way for
direct marketers to sell their pumpkins. This is generally done by coordinating with local schools and
using this as a field trip to provide information to
the school class about agriculture and farm life. Usually an admission or tour fee is charged per student,
which includes a free pumpkin and refreshment.
When the class comes to the farm pumpkin patch,
the experience should be educational and fun (photo
12-5). Good marketers give the children bags with
the farm’s name and address or promotional flyers
to help the children convince their parents to come
back on a weekend.
Weekend fall festivals can provide an outstanding
opportunity to sell not only pumpkins and fall seasonal decorations but many other seasonal fruits and
vegetables. A number of direct marketers will carry
this further and do fall hayrides, haunted houses,
and more.
If you are thinking about including entertainment
agriculture as part of your marketing plan, keep in
mind:
1. You and your staff must like people and crowds.
2. You must have an excellent relationship with
your insurance agent and have proper coverage.
Among other things, this includes a personal injury liability policy, product liability, and adequate dollar coverage. Have your insurance agent
tour the farm before you open for the season to
identify potential hazards.
3. You must train your employees in crowd management, dealing with large numbers of people,
and a protocol to follow in case of an accident.
4. You should have good working relations with
the local police, fire, ambulance, health department, and so forth.
5. You need adequate parking.
6. Make sure that all equipment, such as wagons
and tractors used to pull the wagons, is in good
working order. Safety chains and other safety
devices need to be in place and used.
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7. All tractor operators who move people need to
be trained and properly certified or licensed, if
needed.
8. All farm roads and lanes must be in good repair.
9. All pesticide regulations and labels must be followed.
10. You and your staff need to follow good food
safety and food handling practices.
11. Keep good records.
These are just a few suggestions. A farm owner
needs to look at every aspect of the business carefully, thinking about what a reasonable and prudent
person would do so there is no hint of negligence.

Niche Markets
The majority of pumpkins today are produced and
marketed in the northeastern and mid-Atlantic
states as a Halloween ornamental. So, how does
one extend the marketing season effectively? For
most pumpkin growers, a great field of high-quality
pumpkins on November 1 cannot be sold.
Be creative and see if there is some way you can
establish a niche and extend your marketing season
past the traditional Halloween cut-off. Remember,
this crop was developed by Native Americans as a
food crop. They ate both the seeds and flesh. There
are varieties on the market that can be used as a
jack-o’-lantern Halloween decoration, the flesh can
be used for pies, and the seeds can be roasted. Think
about techniques you can use to make these attributes work for you.

Pumpkins as Works of Art
Pumpkins as a work of art—this can be the ultimate
way to develop a niche market with this crop. Every
year, more and more painted pumpkins are sold.
Some large-scale farm operations are supplying major retail chains with painted pumpkins. If there are
artistic people in your operation, there may be some
opportunity for doing personalized pumpkins for
certain segments of the community. This can give a
grower a marketing opportunity throughout the fall.
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Pumpkins as Advertising and in Displays
In its simplest form, growing large (or the largest)
pumpkins for an advertising client is truly a niche
opportunity and can be of interest to certain businesses in an area. A number of farm marketers have
expanded on this concept. They decorate storefronts,
business offices, and hotel lobbies with seasonal Halloween, Thanksgiving, or fall harvest displays. These
niches are all value-added enterprises, and all the
costs involved to provide the product or service need
to be calculated.

Mail Order and E-Commerce
This is a rapidly expanding marketing technique for
growers. Orders for food and/or ornamental items,
such as pumpkins, can be placed by mail or through
a web page. Growers who use this technique should
carefully investigate shipping costs and staff time for
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preparing an order. This technique can be particularly useful for marketing value-added items, especially
during gift-giving holidays.

Community-Supported Agriculture (CSA)
This type of direct marketing enterprise includes
participation by the customer (physically and
financially) in the farming operation. Shares are sold
to customers prior to the farming season, and in
return, a variety of produce is delivered each week
for a specified number of weeks. Customers often
help with a “harvest day” during pumpkin season.
Niche markets are available to anyone with a
creative mind. Be creative, do some brainstorming
followed by market research, and see what is
possible. Niche markets tend to have limited
demand but can be very profitable for the right
marketer.
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Thomas A. Zitter

Dale Ila Miles Riggs

Photographs

Photo 3-1. New variety evaluations.

Note scorched leaf margins.

Note the differences in size, shape, color, and stem quality.

H. Christian Wien

Dale Ila Miles Riggs

Photo 2-1. Potassium deficiency.

Photo 3-2. “Giant” pumpkins are normally in the species
Cucurbita maxima.
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Photo 3-3. Powdery mildew-tolerant plant (front);
powdery mildew–susceptible plants (rear).

Photographs

Thomas A. Zitter

Dale Ila Miles Riggs

Photo 3-4. Powdery mildew–tolerant variety (now called
‘Magic Lantern’).

Photo 4-1. Water stress symptoms in pumpkins.

John C. Howell

Dale Ila Miles Riggs

Note the disease-free stems.

Photo 4-2. Tensiometers placed at three soil depths.

Dale Ila Miles Riggs

Photo 4-3. Drip irrigation tubing placed along pumpkin
rows.

Photographs

Dale Ila Miles Riggs

Photo 4-4. Newly seeded field of pumpkins on
plastic mulch.

Photo 4-5.
Plasticulture
system with drip
irrigation.
Rapid canopy
coverage with
a semi-bush
variety gives
good weed
control.
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Dale Ila Miles Riggs

Charles A. McClurg

Photo 4-7. No-till
pumpkins on rye
mulch.

Photo 4-8. Seedling pumpkins emerging through
no-till rye mulch.

Charles A. McClurg

Dale Ila Miles Riggs

Photo 4-6. No-till pumpkins on hairy vetch mulch.

Photo 4-10. Planter used in no-till rye mulch.
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Charles A. McClurg

Dale Ila Miles Riggs

Photo 4-9. Thick cover of hairy vetch residue.

Photo 4-11. No-till transplanter.

Photographs

H. Christian Wien

Dale Ila Miles Riggs

H. Christian Wien

Photo 5-1. Male flowers in a pumpkin field.
Note flower petals starting to curl at the edges, a sign that the
flower will soon close.

Photo 5-2.
Female (left) and
male (right) pumpkin flowers.
Note the developing ovary at the
base of the female
flower.

Photo 5-3. Normal (left) and senescing (right) female
flower buds.
Yellow buds like the one on the right do not develop into fruit.

Photo 5-4. Close spacing and high nitrogen result in overly
lush growth.
This field produced very few fruit due to shading of the female
flowers.

Photographs

Dale Ila Miles Riggs

Dale Ila Miles Riggs

H. Christian Wien

Photo 4-12. Breakthroughs of annual and perennial weeds.
Do not use no-till mulches where perennial weeds exist. Annual
weeds will sprout in areas that do not have a thick mulch.

Photo 5-5. Male (left) and female (right) pumpkin flowers.
Male has pollen-bearing anthers; female has stigma and
nectary cup.
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Photo 5-10. Female squash bee (Peponapis pruinosa).
Note hairy hind legs used for pollen storage.
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Dale Ila Miles Riggs

Photo 5-9.
Squash bee
feeding at
nectary cup of
female flower.
Note black and
gray stripes.

Bryan Nicholas Danforth

Bryan Nicholas Danforth

Photo 5-8. Honeybee hives.
Note clustered arrangement for large field.

Photo 5-7. Honeybee feeding in nectary cup of female flower.
Note orange and black stripes of honeybee in contrast to
black and gray stripes of squash bees.

Dale Ila Miles Riggs

H. Christian Wien

H. Christian Wien

Photo 5-6.
Pollen grains on
anther of male
flower.

Photo 5-11. Male squash bee.
Males are slightly smaller than females and have longer antennae than females.

Photographs

Dale Ila Miles Riggs

Photo 6-1. Poor-quality pumpkins produced in a weedy field.
Note poor color and stem quality.

Dale Ila Miles Riggs

Time of open flower (right) to about one week later (left).

Arrows show
nests. Nests
are often
found near
edges of sweet
corn fields.

Dale Ila Miles Riggs

Photo 5-14. Progression in growth of pumpkin ovary.

H. Christian Wien

H. Christian Wien
H. Christian Wien

Photo 5-12. Female squash bee near its nest.
Arrows show nests. Note the freshly excavated soil at the bottom right nest.

Photo 5-13.
Group of
squash bee
nests.

Photo 6-2. Combinations of weed management techniques
result in weed-free fields.

Photographs

Photo 6-3. Cultivation used just prior to vining.
This technique can improve late-season weed control.
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Thomas A. Zitter

Thomas A. Zitter

Photo 7-2. Hail damage to pumpkin.

Kathryne L. Everts

Dale Ila Miles Riggs

Photo 7-1. Oedema on pumpkin.

Photo 7-3. Pumpkins not harvested due to disease problems.
Note poor color and stem quality.

James G. Kantzes

Rosemary Loria

Photo 7-4. Anthracnose lesion on stored pumpkin.

Photo 7-5. Damping-off caused by Pythium.
Photo 7-6. Downy mildew lesions.
Arrows show the gray spores that are released (sporulation).
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Photographs

James G. Kantzes

Photo 7-8.
Fusarium crown
rot.

Photo 7-10. Gummy stem blight.
The arrow shows the fruiting bodies in the middle of this
single leaf lesion.

Margaret Tuttle McGrath

Note the dry
crater rot on the
fruit surface.

Thomas A. Zitter

Thomas A. Zitter

Photo 7-9.
Fusarium crown
rot on fruit.

Thomas A. Zitter

Thomas A. Zitter

Photo 7-7. Downy mildew lesions (dark) versus powdery
mildew lesions (white).

Note the discolored stem area
and suppressed
root growth (left
is infected, right is
healthy).

Photo 7-11. Black rot on fruit.
Photo 7-12. Vine collapse of plant with
Phytophthora blight.

Photographs
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Margaret Tuttle McGrath

Margaret Tuttle McGrath

Photo 7-13. Large, dark leaf spot due to Phytophthora blight.

Photo 7-14. Fruit affected by Phytophthora blight.

Photo 7-15. Pythium fruit rot.

Photo 7-16. White mold on pumpkin fruit.

Note that the white fungal growth resembles cotton or
shaving cream rather than yeastlike growth.

Note the small tan spindle-shaped lesions and resulting leaf
distortion.
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Kathryne L. Everts

The hard black structures (arrows) are the sclerotia
(fruiting bodies) of the fungus.

Kathryne L. Everts

Photo 7-17. Plectosporium blight.

Margaret Tuttle McGrath

Margaret Tuttle McGrath

Note the typical white, yeastlike fungal growth that started
where the fruit contacts soil.

Photo 7-18.
Plectosporium
blight lesions on
pumpkin stem and
fruit.

Photographs

Thomas A. Zitter

Margaret Tuttle McGrath

Photo 7-19. Powdery mildew.

Photo 7-20. Foliar scab lesions.

The lesions develop on both surfaces of leaves, as well as
on stems.

Thomas A. Zitter

Thomas A. Zitter

Note the “shot-hole” appearance of developing lesions.

Photo 7-21. Scab on pumpkin fruit.
Photo 7-22. Septoria leaf spot on leaves.

Sunken lesions are common and can lead to fruit
disfiguration.

Photo 7-23. Septoria leaf spot.

Thomas A. Zitter

Thomas A. Zitter

The lesions are very small, are water-soaked and necrotic when
newly infected, and are whitish when mature.

Photo 7-24. Septoria infection on pumpkin fruit.
Fruit can appear to have a whitish “rash” on the surface.

Arrows show the black-pepper-sized specks that are the
fruiting bodies (pycnidia) of the fungus.

Photographs
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Thomas A. Zitter

Kathryne L. Everts
Thomas A. Zitter

Note the fanlike mycelia; the arrow shows the small fruiting
structures (sclerotia).

Thomas A. Zitter

Photo 7-26. Angular leaf spot.
The beige and necrotic lesions are first delineated by veins
and later “fall out” as leaves mature.

Photo 7-25. Southern blight on pumpkin fruit.

Photo 7-27. Angular leaf spot on pumpkin fruit.
The lesions are first sunken and water-soaked, later
becoming enlarged craters.

Photo 7-28. Bacterial leaf spot.
The lesions are small but coalesce to form necrotic areas.
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Fruit lesions
may remain
small and
crusty.

Thomas A. Zitter

Thomas A. Zitter

Photo 7-29.
Bacterial leaf
spot on
pumpkin fruit.
Photo 7-30. Bacterial leaf spot on pumpkin fruit.
Fruit lesions may penetrate the rind to cause fruit rot.

Photographs

Thomas A. Zitter

Thomas A. Zitter

Photo 7-32. Bacterial wilt.

Infected leaves may show interveinal chlorosis and become
necrotic.

Note the leaves in different stages of decline.

Thomas A. Zitter

Photo 7-31. Bacterial wilt.

Note the “tufted”
appearance of
leaves, especially
at the nodes
(arrows).

Photo 7-34. Cucumber mosaic virus causes mottled fruit.

Thomas A. Zitter

Dale Ila Miles Riggs

Thomas A. Zitter

Photo 7-33.
Bacterial wilt.

Photo 7-35. Papaya ringspot virus.

Photo 7-36. Watermelon mosaic virus leaf symptoms.

Note distorted fruit (bottom left corner).

Note the mottled leaves and veins that are darker green
than the rest of the leaf (green veinbanding).

Photographs
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Thomas A. Zitter

Thomas A. Zitter

Photo 7-38. Zucchini yellow mosaic virus.

Photo 7-37. Watermelon mosaic virus fruit symptoms (color
breaking).

Photo 7-39. Root knot nematode–infected roots
(right) versus uninfected roots (left).

Thomas A. Zitter

James G. Kantzes

Note the severe malformation of foliage and fruit.

Photo 7-40. Aster yellows.

Michael P. Hoffmann

J. Ogrodnick / NYSAES / Cornell University

Note the stunted, erect, rigid leaves.

Photo 8-1. Adult striped cucumber beetle.

Photo 8-2. Larval stage of striped cucumber beetle.

Note the distinct black stripes that extend to the tip of the
abdomen.

Note the dark head and “tail” and three pairs of short legs.
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Michael P. Hoffmann

J. Ogrodnick / NYSAES / Cornell University

Photo 8-4. Adult spotted cucumber beetle.

Photographs

Photo 8-7.
“Scoured”
undersides of
cotyledons from
striped cucumber
beetles.

Michael P. Hoffmann

Photo 8-5.
“Shot-hole”
feeding
damage
from striped
cucumber
beetles.

Photo 8-6. Netlike feeding damage from striped cucumber
beetles.

Michael P. Hoffmann

Michael P. Hoffmann

Michael P. Hoffmann

Photo 8-3. Cucumber beetle larval feeding damage.

Photo 8-8. Blossom feeding by striped cucumber beetles.
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Michael P. Hoffmann

Note the absence of stripes.

Photo 8-12. Striped cucumber beetles and corn rootworm
feeding on immature fruit.

Thomas A. Zitter

Michael P. Hoffmann

Photo 8-11.
Northern corn
rootworm.

Photo 8-10. Male western corn rootworm.

Michael P. Hoffmann

Note that the
stripes do not
extend the length
of the body.

Michael P. Hoffmann

Michael P. Hoffmann

Photo 8-9.
Female western
corn rootworm.
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Photo 8-13.
Striped cucumber beetle and
corn rootworm
feeding damage.

Photo 8-14. Striped cucumber beetles and corn rootworm
feeding on mature pumpkin fruit.
Decay-causing organisms can enter through these wounds
and cause the fruit to rot.

Photographs

Michael P. Hoffmann

Michael P. Hoffmann

Photo 8-15. Squash bug.

Michael P. Hoffmann

J. Ogrodnick / NYSAES / Cornell University

Photo 8-16. Squash bug eggs.

Photo 8-17. Squash bug nymph.

Photo 8-19. Parasitoid eggs on squash bugs.

This is a tachinid
fly, Trichopoda
pennipes.

J. Ogrodnick / NYSAES / Cornell University

J. Ogrodnick / NYSAES / Cornell University

A larva will hatch from the white parasitoid egg on the bug’s
back and ultimately kill the bug.

Photo 8-18.
Common parasitoid of squash
bug.

Photo 8-20. Melon aphids.
Note the variations in color.

Eggs are from Trichopoda pennipes.

Photographs
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J. Ogrodnick / NYSAES / Cornell University

J. Ogrodnick / NYSAES / Cornell University

Photo 8-21. Black cornicles (“tail pipes”) of melon aphid.

Photo 8-22. Entomophthora fungal pathogen.

Only melon aphids have cornicles (see arrow) that are
always darker than the body.

J. Ogrodnick / NYSAES / Cornell University

J. Ogrodnick / NYSAES / Cornell University

This fungal pathogen will infect and decimate aphid
populations.

Photo 8-24. Lady beetle.

Lacewings are predators of melon aphids.

Lady beetles are predators of melon aphids.

T. Jude Boucher

J. Ogrodnick / NYSAES / Cornell University

Photo 8-23. Lacewing.

Photo 8-25. Parasitized aphid mummy.

Photo 8-26. Squash vine borer damage.

The aphid parasite lived inside the aphid’s body,
consuming the aphid before hatching.

Note the evidence of frass “sawdust” (arrow).
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Clark/ University of CA Statewide IPM Program

T. Jude Boucher

Photo 8-27. Squash vine borer larvae.

Photo 8-28. Spider mites.

Cut open the stem to find larvae.

Clark/ University of CA Statewide IPM Program

Clark/ University of CA Statewide IPM Program

Note the reddish brown color and thin strands of webbing.

Photo 8-30. Seedcorn maggot.

Photo 8-29. Two-spotted spider mite.

Photo 8-31. Springtails.
Note the gray, wingless springtail (arrow) and the irregular
holes they eat in the cotyledons.

Photographs

Dale Ila Miles Riggs

Michael P. Hoffmann

Note the two black spots on the top of the abdomen.

Photo 9-1. Initial deer feeding damage.
Damage is partly healed over.
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Dale Ila Miles Riggs

Thomas A. Zitter

Photo 9-2. Deer feeding damage.

Dale Ila Miles Riggs

Dale Ila Miles Riggs

Photo 9-3. Healed deer feeding damage.

Photo 10-2. Shriveled stem.

Photo 10-1. High-quality, solid stem.

Dale D. Moyer

Dale Ila Miles Riggs

May be due to disease, plant stress, or genetic deficiency.

Photo 10-3. Wooden apple bins used for storage
and sales.
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Photo 12-1. Wholesale pumpkins sold to a local
direct marketer.

Photographs

Joseph B. Sieczka

Dale Ila Miles Riggs

Photo 12-3. Colorful, multilevel “stadium” display.

Photo 12-4. Massed outdoor sales display.

Photographs

Dale Ila Miles Riggs

Dale Ila Miles Riggs

Photo 12-2. Large covered, multilevel display.

Photo 12-5. Fun, attractive displays please everyone.
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Glossary

Abiotic. Nonliving
Acidic. Having a pH less than 7
Adsorption. The attraction of ions to the surface of a
colloid, such as clay or humus
Adventitious root. A root that grows from somewhere other than the primary root; for example,
roots that arise from stems or leaves
Aerate. To loosen by mechanical means to allow air
to enter
Aggregate. Many fine soil particles held in a single
mass or cluster; aggregates can occur naturally and
can be produced or destroyed by tillage
Alkaline. Having a pH greater than 7
Allele. One of two or more alternative forms of a
gene that exist at a specific gene location on a chromosome
Allelopathy. Situation in which one plant detrimentally affects the growth of a nearby plant, presumably
through exudation of toxic or growth-inhibiting
substances through the roots and decomposing
shoots
Anion. A negatively charged ion; chlorine (Cl–) is an
example
Annual. A plant that completes its life cycle (vegetative growth, flower, and seed) in only one year
Anther. The pollen-bearing sack at the outer end of
a stamen
Antioxidant. An enzyme, vitamin, or other organic
molecule that can counteract the damaging effects of
oxygen in tissues; beta carotene is an example
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Apothecium (plural, apothecia). A structure containing ascospores produced by some fungi; it is
open and more or less concave or convex; may be
disklike, saucer-shaped, or irregular
Ascospore. A fungal spore resulting from sexual
reproduction that is borne in a specialized structure
such as an apothecium or cleistothecium
Asexual. A type of reproduction involving only one
parent that produces genetically identical offspring
by budding or division of a single cell or the entire
organism into two or more parts
Axil. The point at which a leaf or branch is attached
to the main stem
Bacterial strands. Thin strands of sticky material
that form between cut ends of a stem due to the
presence of bacteria in the vascular tissue; they are
diagnostic for bacterial wilt; to observe bacterial
strands, cut through a wilted stem, squeeze sap from
the cut ends, put the two pieces back together, then
slowly pull them apart while looking for thin strands
of sticky material; strands do not always form, so the
process might have to be repeated several times
Band. To apply fertilizer or pesticide to crop rows
and not to areas between the rows
Base saturation. The portion (percentage) of the
cation exchange capacity of a soil that is occupied
by basic cations; the remainder is occupied by acidic
cations
Beta carotene. A carotenoid (yellow-orange pigment) found in many fruits and vegetables, including pumpkins; beta carotene is an antioxidant used
by the body to produce vitamin A
Glossary

Biennial. A plant that requires two growing seasons
to complete its life cycle; vegetative growth occurs in
year one, followed by flower and seedhead formation
in year two

Chromosome. A structure that is found in the nucleus of a cell and that contains the genes; chromosomes usually come in pairs, and different kinds of
organisms have different numbers of chromosomes

Biofungicide. A fungicide derived from a living
organism

Cleistothecium (plural, cleistothecia). A completely
closed structure containing ascospores produced by
powdery mildew fungi; spores are liberated by decay
or rupture of the wall

Biomass. The quantity of living matter, expressed as
a concentration or weight per unit area; vegetative
material
Blight. A disease characterized by rapid and extensive death of leaves, stems, and/or flowers; a general
term applied to any of a wide range of unrelated
plant diseases
Broad-spectrum. Describes a pesticide effective
against a wide range of organisms, often including
beneficial organisms as well as pests
Bulb. An underground, shortened stem or modified
bud with scales; serves as a food storage organ
Canker. A sharply defined area of dead tissue on a
stem
Canopy. All leaves, stems, and other aboveground
parts of a plant
Capillary action. The force that results from the
greater attraction of water to a solid surface than the
internal cohesion of the water itself; the force can
pull water through a soil, even against the force of
gravity
Cation. A positively charged ion; potassium (K+) is
an example
Cation exchange capacity (CEC). The total amount
of negative charges in the soil that can attract (adsorb) cations; it is expressed in terms of milliequivalents per 100 grams of soil at neutrality (pH 7) or at
some other stated pH value
Chlorosis. An abnormal condition in the plant stem
and leaves where the synthesis of the green pigment
(chlorophyll) is inhibited, resulting in a pale yellow
color; can be indicative of nutrient deficiency or
other stress such as pests or root diseases
Chlorotic. Exhibiting chlorosis
Glossary

Colloid. A particle so small that it will remain
suspended in water for a very long time; particles are
between 1 nanometer and 1 micrometer in size; a
particle with a large surface area per unit of mass
Compost. Organic material (such as plant remains
or manure) broken down by microorganisms to a
relatively stable intermediate stage; compost is used
as a soil conditioner
Conidiophore. A specialized hypha on which conidia form
Conidium (plural, conidia). Asexual reproductive
spore produced by certain fungi
Cornicle. One of a pair of “honey tubes” that extend
from the abdomen of an aphid
Cotyledon. The first pair of leaves that grow from
seed plants after sprouting; they are usually much
different in appearance than the next set of leaves, or
true leaves
Cover crop. A crop used to help control weeds, protect soil from erosion, and sometimes add nutrients;
is usually planted to a fallow field
Cross-pollination. Pollination of the flower of one
variety with the pollen of a different variety
Crown. The growing point of a perennial plant at or
below the ground where the root and stem join and
new shoots are produced
Cucurbit. A plant in the Cucurbitaceae family,
including melon, gourd, cucumber, squash, and
pumpkin
Cucurbitacin. A substance found in cucurbits that
acts as a feeding stimulant for certain pests, including corn rootworms and cucumber beetles; cucur133

bitacins are responsible for bitterness, such as that
sometimes found in cucumbers
Cull fruit. Fruit unsalable for fresh market that is
usually discarded or used for processing
Cultivar. A “cultivated variety”; a group of plants
that are roughly identical, arising from or maintained in cultivation, and, when reproduced, maintain their similarities
Cultivation. Loosening or breaking up of the soil
around plants, usually for the purpose of weed control
Cultural practices. Nonchemical manipulations for
enhancing the quality or yield of a crop
Curing. Holding pumpkins at a temperature and
humidity favorable for healing cuts and scratches
and for forming a protective corky layer over injuries
and cut surfaces of the stem
Cuticle. The waxy layer on the surface of a leaf or
fruit
Defoliation. The removal of leaves from a plant
Desiccation. Dehydration or loss of water
Dicot. Short for dicotyledonous, which describes
plants having more than one cotyledon (seed leaf ),
nonparallel veins, and other traits
Dominant gene. A gene that produces an effect
when a plant is heterozygous as well as when it is
homozygous for that gene
Dormancy. A state of rest and reduced metabolic
activity in which plant tissues remain alive but do
not grow
Endosperm. Embryonic tissue in the seed that
serves as a food source for the embryo
Erosion. A process caused by gravity, wind, and water wearing away the soil surface and moving the soil
from where it was formed; erosion can be greatly
accelerated by vegetation removal and unsuitable
land use
Ethylene. A gas produced by plants that speeds fruit
ripening
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Evapotranspiration. The loss of water from the soil
by both evaporation and uptake followed by transpiration by the plant
F1 hybrid. First-generation offspring resulting from
a cross mating of different parents; the “F” in F1
hybrid stands for filial
Family. The grouping of plants between order and
genus; Latin family names end in –aceae, such as
Cucurbitaceae for the family of cucurbits
Fertigation. The delivery of nutrients using an irrigation system
Field capacity. The percentage of moisture remaining in a soil horizon two to three days after being
saturated (by rainfall or irrigation) and after free
drainage has ceased
Flagellum (plural, flagella). A long whiplike structure used in cellular locomotion by bacteria and
zoospores
Flaming. Using a propane or other fossil-fuel-burning device to control weeds
Foliar analysis. The process whereby leaves are dried,
ground, and chemically analyzed for their nutrient
content; foliar analysis can help determine what
nutrient(s) need to be applied to a crop
Frass. Solid larval insect excrement
Frost ring. A zone of injured plant tissue caused by
frost
Fruiting body. A fungal structure containing spores
produced through either asexual or sexual reproduction
Fruit set. The onset of fruit formation, often referring to pollination as well as fertilization of the
ovules and subsequent development of the fruit
Fungicide. A pesticide used to kill fungi
Gene. A discrete unit of hereditary information that
is located on the chromosomes and controls the
appearance of a physical, behavioral, or biochemical
trait

Glossary

Genus. Grouping of plants below family and above
species that unites a group of species with distinctive characteristics in common; it is the first name in
Latin plant names and is capitalized and italicized
Germination. Activation of growth in a seed, culminating in the appearance of the primary root
Germplasm. Often synonymous with “genetic material,” it is the name given to seed or other material
from which plants are propagated
Girdle. To restrict or remove tissue around the stem
or other parts of a plant; girdling reduces water and
nutrient flow through the girdled plant part
Graminicide. An herbicide that kills grasses
Green manure. A cover crop turned back into the
soil to add nutrients and organic matter
Hardpan. An impervious soil layer that limits root
penetration and restricts water movement
Heavy soil. Soil that drains slowly and usually contains a lot of clay
Herbicide. A pesticide used to kill or inhibit plant
growth
Heterozygous. Having two different alleles of a
particular gene
Homozygous. Having two identical alleles of a
particular gene
Honeydew. A sweetish secretion produced by some
sucking insects, particularly aphids; also a cultivar of
melon
Host. The plant on or in which an organism lives
and from which it derives its energy needs
Humus. The more or less stable fraction of soil
organic matter that remains after the major part
of residues have been decomposed by soil organisms; humus is dark in color, crumbly/soft in texture,
sweet-smelling, and contributes greatly to cation
exchange capacity
Hybrid. A plant having different parents, unlike
a plant produced by self-pollination; an F1 hybrid
cultivar may be very uniform and have hybrid vigor
Glossary

Hydathode. Specialized structure at leaf margins
through which water can move in and out of leaf
tissue
Hypha (plural, hyphae). A threadlike structure that
is part of the body of a fungus; the hyphae absorb
water and nutrients to sustain the fungus
Infiltration. Movement of one substance into another, as water into soil
Inoculum. Reproductive material, such as fungal
spores or virus particles, that can infect plants and
cause disease; usually a minimal amount is needed
Inorganic. Not organic; not containing carbon
Integrated pest management (IPM). An approach
to the management of pests in which all available
control options, including physical, biological, and
chemical controls, are evaluated and integrated into
a unified program; seeks to minimize the disruption
of natural mortality factors and maintain a healthy
plant
Internode. The segment of a stem between two
nodes (leaves)
Ion. An element (as in a nutrient) with either a
positive or negative charge
IPM. See integrated pest management
Larva (plural, larvae). An immature stage through
which some types of insects must pass before developing into adults; caterpillars are the larvae of moths
and butterflies, and grubs are the larvae of beetles;
larvae are typically wormlike in appearance
Lateral branch. A side branch growing out from the
main stem
Lateral root. A root that originates from the primary root
Leach. To apply water in excess of the amount retained by the soil to promote drainage of excess salts
and fertilizer residues from the root zone
Legume. A family of pod-bearing plants that includes peas, beans, alfalfa, and clover
Lesion. A localized area of diseased plant tissue; a
wound
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Light soil. Soil that drains quickly and usually contains a lot of sand
Macroelements. Essential nutrient elements needed
in largest amounts by plants; these include nitrogen
(N), phosphorus (P), and potassium (K)
Macropore. A pore (hole) in the soil profile that includes channels created by cracking, old plant roots,
and soil fauna (for example, earthworms); macropores indicate good soil structure
Mast. The nuts of forest trees, such as pine nuts and
acorns, that accumulate on the ground and provide
food for wild animals
Microelements. Essential nutrient elements needed
in very small amounts by plants; may be called trace
or minor elements; examples are iron (Fe), zinc (Zn),
and manganese (Mn)
Micropore. Relatively small soil pore, generally having a diameter less than 30 micrometers
Monocot. Short for monocotyledon, a type of plant
having a single cotyledon (seed leaf ) and other characteristics such as parallel veins; examples include
lilies, iris, and grasses
Monoecious. Having male and female flowers on
the same plant
Mosaic. Disease symptom characterized by nonuniform leaf coloration, with intermingled normal, light
green, and yellowish patches, usually caused by a
virus; often used interchangeably with mottle
Mottle. Disease symptom comprising light and dark
areas in an irregular pattern, usually caused by a
virus; often used interchangeably with mosaic

Necrosis. Dead plant cells
Nectary. A nectar-secreting gland in a flower
Nematode. A tiny wormlike organism that may feed
on or in plants, including roots; they may be referred
to as roundworms, threadworms, or eelworms
Niche. A unique attribute or product of a business
that sets it apart from other businesses
Node. A place on a stem where a leaf is or was attached
Nonpersistent manner. In regard to virus transmission, a nonpersistent manner means that the virus
is acquired quickly and can be transmitted immediately, but the ability of the vector (such as an aphid)
to retain the virus is soon lost; the vector must
reacquire the virus from another infected crop plant
or weed host for transmission to resume
No-till. Planting crops without prior seedbed preparation into an existing cover crop, sod, or crop residues and eliminating subsequent tillage operations
Nymph. The immature stage of insects that gradually acquire adult form through a series of molts; the
nymph resembles the adult minus the wings
Obligate parasite. A parasite that requires living
host tissue for sustenance, as distinct from a facultative parasite, which has the ability to survive on dead
tissue
Oedema. An accumulation of fluid between cells,
causing swelling
Open-pollinated. Refers to seeds from plants that
have been naturally pollinated in the field

Mycelium (plural, mycelia). The mass of threadlike
filaments that form the body of a fungus

Organic. Derived from living organisms; containing
carbon

Mycoplasma-like organism. A microorganism
found in the phloem of some diseased plants and
believed to be the cause of the disease; currently
referred to as phytoplasma

Organic matter. Plant and animal residue in the soil
in various stages of decomposition

Naked-seeded. Having a seed coat that is very thin
in contrast to the thick, hard, and close-fitting hulls
of normal pumpkin seeds
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Ovary. The female part of a flower that contains the
ovules; fertilized ovules develop into mature seeds,
and the ovary develops into the fruit

Glossary

Palmate. Divided as the palm and fingers of a hand
Parasite. An organism that lives and feeds in or on a
plant (the host) and obtains all of its nutrients from
the host
Pathogen. An organism that causes disease
Pathotype. Subdivision of a pathogen species distinguished from others of the species by its pathogenicity on a specific host(s)
Pathovar. A subcategory of a fungal or bacterial
species that can cause disease only in a certain plant
genus or species
Pedicel. The stalk of an individual flower
Peduncle. The stalk of a flower; the stem or handle
of a cucurbit fruit
Percolation. The downward movement of water
through soil
Perennial. A plant that has a life span of more than
two years
Petiole. The stem of a leaf
pH. A measure of the acidity (pH less than 7) or
alkalinity (pH greater than 7) of a solution; a pH
of 7 is neutral; pH is known to influence nutrient
availability
Phloem. Tissue in the vascular system of plants
that moves dissolved sugars and other products of
photosynthesis from the leaves to other regions of
the plant
Photosynthesis. The plant process where energy
from sunlight converts carbon dioxide (CO2) and
water into carbohydrates used by the plant as food
Phytoplasma. A plant parasitic microorganism that
lacks a cell wall; it is found in the phloem of affected
plants
Pistil. The female part of the flower that contains
the ovary, style, and stigma
Plasticulture. The process of growing plants on top
of a plastic mulch

Glossary

Plowpan. A compacted layer in the soil caused by
repeated plowing to the same depth
Pollen. Yellow, powdery substance that is produced
in the anthers of flowers and that fertilizes the
ovules to make seeds
Pollination. The transfer of pollen from the anthers
to the stigma by a pollinating agent such as wind,
insects, birds, or the opening of the flower itself
Postemergence herbicide. An herbicide that is applied after weed seedlings have emerged
Preemergence herbicide. An herbicide that is applied prior to weed seedlings emerging
Preplant herbicide. An herbicide applied before
planting seeds or transplanting a crop, either as a
foliar application to control existing vegetation or as
a soil application
Primary root. The initial root formed after seed germination; the primary (or first) root produces lateral
roots
Pseudothecium (plural, pseudothecia). Tiny, round
to flask-shaped fruiting bodies produced by some
fungi
PSNT (pre-sidedress soil nitrate test). A test that
measures the concentration of nitrate-nitrogen in
the top 12 inches of soil; used to determine the need
for any additional nitrogen fertilizer
Pycnidium (plural, pycnidia). A tiny, dark, round
fruiting body produced by some fungi
Race. A subgroup of a pathogen that is characterized by its inability to infect varieties with specific
major resistance genes
Recessive gene. A gene that is expressed only when
its counterpart allele on the matching chromosome
is also recessive (not dominant)
Relative humidity. The amount of water vapor in the
air, compared to the amount the air could hold if it
were totally saturated; expressed as a percentage
Resistance. The development of a characteristic
within an organism whereby it becomes able to
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protect itself from the effects of a particular substance (such as an insect being protected from an
insecticide or a plant being protected from a disease
or insect)
Rhizome. A specialized stem under the soil surface
from which aerial parts arise; rhizomes are only
underground, while stolons are aboveground
Runner. See stolon
Scouting. The process of systematically searching
for pests; it is the cornerstone of any integrated pest
management (IPM) program

Stolon. A horizontal stem at or above the ground
Stomate. Tiny pores located mainly on the undersides of leaves; oxygen, carbon dioxide, water vapor,
and other gases, as well as some pathogens, move in
and out of the leaf through these pores
Strain. A subgroup of a pathogen that is distinguished by, for example, host specificity in the case
of viruses or resistance to a fungicide in the case of
fungi and bacteria
Structure (of soil). Refers to the overall arrangement
of the soil particles

Senesce. To decline with maturity or age, often hastened by stress from environment or disease

Style. The narrow stalk of the pistil between the
ovary and the stigma

Sepal. The outermost parts of a flower that enclose
the bud

Subsoil. The soil underneath topsoil

Seta (plural, setae). Bristlelike part or organ of an
insect
Sidedress. To incorporate fertilizer into the soil near
a growing plant
Smother crop. A dense and fast-growing cover crop
capable of outgrowing weeds
Species. The grouping of plants below a genus of
closely related, morphologically similar plants; usually the second word in a plant’s Latin name; it is
not capitalized but is italicized

Sunscald. Injury of plant tissues caused by exposure
to direct sun
Systemic. Moving internally in a plant; used to
describe pathogens and also the mode of action of
some pesticides; many systemic pesticides have limited mobility, moving only within the leaf on which
they are deposited
Tendril. Threadlike clinging part of a climbing plant
Tensiometer. A device for measuring soil moisture,
consisting of a buried tube of water that develops a
partial vacuum as the surrounding soil dries out

Sporangium (plural, sporangia). A specialized fungal structure containing asexual spores

Tetraploid. A plant or tissue whose cells have four
sets of chromosomes rather than the usual two

Spore. The general term for a fungal dispersal unit
that results from sexual or asexual reproduction

Texture (of soil). The relative proportions of sand,
silt, and clay particles in a mass of soil

Sporulation. The production of spores

Threshold. The number or level of a pest that can be
tolerated or accepted before applying control measures

Stale seedbed. An area prepared as if for planting,
where weeds are allowed to emerge and then are
controlled by flaming or herbicide
Stamen. The part of a flower that includes the anthers with the pollen
Stigma. The terminal portion of the pistil of a flower
that receives the pollen grains and upon which the
pollen germinates
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Tilth. The physical condition of the soil as related to
tillage, seedbed preparation, seedling emergence, and
root penetration
Topdress. To broadcast a material such as fertilizer
over the top of growing crops and on top of the soil

Glossary

Topsoil. The upper part of the soil, where most of
the organic matter is found
Translocated herbicide. An herbicide that is taken
up by plants through the leaves and moves throughout the plant system, killing the entire plant, including the roots; also called systemic herbicide
Transpiration. Evaporation of water from plant tissue to the atmosphere; transpiration occurs mainly
through the stomates in the leaves
Transplant shock. A stage a plant may go through
when transplanted; the plant may be stressed while
adjusting to its new environment

Variety. A group of organisms within a species, having similar characteristics but not distinct enough to
be a separate species; often used interchangeably but
incorrectly with cultivar
Vector. An insect or other animal that transmits a
pathogen from an infected plant to a healthy one
Virulence. The degree of pathogenicity of a given
pathogen
Wetting agent. A material used to improve wettability by reducing surface tension

Trichome. A hair or hairlike gland on the surface of
a leaf or stem

Wilt. Drooping of plants due to inadequate water
supply (too little or too much), excessive transpiration, or a vascular disease that interferes with water
utilization

True leaf. Any leaf that emerges on a plant following the cotyledons

Xylem. Tissue that conducts water and inorganic
nutrients from the roots up through the plant

Tuber. A swollen, usually underground stem that
stores food for the plant; a potato is an example; the
weed nutsedge is another example

Zoospore. A fungal spore with flagella, capable of
locomotion in water

Glossary
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Table C-1. Conversions between Fahrenheit (˚F) and Celsius (˚C) temperature
Known temperature
(in ˚C or ˚F)

Converted to
˚C

Converted to
˚F

–40
–35
–30
–25
–20
–15
–10
–5
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

–40.0
–37.2
–34.4
–31.7
–28.9
–26.1
–23.3
–20.6
–17.8
–17.2
–16.7
–16.1
–15.6
–15.0
–14.4
–13.9
–13.3
–12.8
–12.2
–11.7
–11.1
–10.6
–10.0
–9.4
–8.9
–8.3
–7.8
–7.2
–6.7
–6.1
–5.6
–5.0

–40.0
–31.0
–22.0
–13.0
–4.0
5.0
14.0
23.0
32.0
33.8
35.6
37.4
39.2
41.0
42.8
44.6
46.4
48.2
50.0
51.8
53.6
55.4
57.2
59.0
60.8
62.6
64.4
66.2
68.0
69.8
71.6
73.4

75.2

57

13.9

134.6

58
59
60
61
62
63

14.4
15.0
15.6
16.1
16.7
17.2

136.4
138.2
140.0
141.8
143.6
145.4

84
85
86
87
88
89

28.9
29.4
30.0
30.6
31.1
31.7

183.2
185.0
186.8
188.6
190.4
192.2

24

64

–4.4

17.8

147.2

Known temperature
(in ˚C or ˚F)
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

90

Converted to
˚C
–3.9
–3.3
–2.8
–2.2
–1.7
–1.1
–0.6
0
0.6
1.1
1.7
2.2
2.8
3.3
3.9
4.4
5.0
5.6
6.1
6.7
7.2
7.8
8.3
8.9
9.4
10.0
10.6
11.1
11.7
12.2
12.8
13.3

32.2

Converted to
˚F
77.0
78.8
80.6
82.4
84.2
86.0
87.8
89.6
91.4
93.2
95.0
96.8
98.6
100.4
102.2
104.0
105.8
107.6
109.4
111.2
113.0
114.8
116.6
118.4
120.2
122.0
123.8
125.6
127.4
129.2
131.0
132.8

194.0
continued on next page u
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Table C-1. Conversions between Fahrenheit (˚F) and Celsius (˚C) temperature (continued)
Known temperature
(in ˚C or ˚F)
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

83

Converted to
˚C
18.3
18.9
19.4
20.0
20.6
21.1
21.7
22.2
22.8
23.3
23.9
24.4
25.0
25.6
26.1
26.7
27.2
27.8

28.3

Converted to
˚F

Known temperature
(in ˚C or ˚F)

149.0
150.8
152.6
154.4
156.2
158.0
159.8
161.6
163.4
165.2
167.0
168.8
170.6
172.4
174.2
176.0
177.8
179.6

91
92
93
94
95
96
97
98
99
100
105
110
115
120
125
130
135
140

181.4

Converted to
˚C
32.8
33.3
33.9
34.4
35.0
35.6
36.1
36.7
37.2
37.8
40.6
43.3
46.1
48.9
51.7
54.4
57.2
60.0

Converted to
˚F
195.8
197.6
199.4
201.2
203.0
204.8
206.6
208.4
210.2
212.0
221.0
230.0
239.0
248.0
257.0
266.0
275.0
284.0

Temperature Conversion Formulas
• To convert ˚C to ˚F: (˚C x 9/5) + 32 = ˚F
• To convert ˚F to ˚C: (˚F – 32) x 5/9 = ˚C
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Table C-2. Useful conversions
Type of
measurement
Length

Area

To convert:

Into:

centimeters (cm)

inches (in)

0.394

feet (ft)

centimeters (cm)

30.48

feet (ft)

inches (in)

12

feet (ft)

yards (yd)

0.33

inches (in)

feet (ft)

0.083

inches (in)

millimeters (mm)

25.4

inches (in)

centimeters (cm)

2.54

meters (m)

inches (in)

39.37

meters (m)

feet (ft)

3.281

meters (m)

yards (yd)

1.094

yards (yd)

feet (ft)

3

yards (yd)

centimeters (cm)

91.44

yards (yd)

meters (m)

0.9144

acres

square feet (ft2)

43,560

acres

square yards (yd2)

4,840

acres

hectares (ha)

0.4047

hectares (ha)

acres

2.471

square meters (m2)

hectares (ha)
square inches (in )

square centimeters (cm )

6.452

square inches (in2)

0.155

square feet (ft )

square centimeters (cm )

929.09

square feet (ft2)

square meters (m2)

0.0929

square meters (m )

square feet (ft )

10.76

square meters (m2)

square yards (yd2)

1.196

2

2

2

2

Volume, solids

10,000

square centimeters (cm2)

2

Weight

Multiply by:

2

grams (g)

ounces (oz)

0.0353

kilograms (kg)

pounds (lb)

2.205

metric tons (megagrams)

short tons

1.1023

ounces (oz)

pounds (lb)

0.0625

ounces (oz)

grams (g)

28.35

pounds (lb)

ounces (oz)

16

pounds (lb)

grams (g)

453.6

short tons

metric tons (megagrams)

0.9078

bushels (bu)

cubic feet (ft3)

1.24

bushels (bu)

cubic meters (m )

0.352

bushels (bu)

liters (L)

35.24

cubic feet (ft3)

liters (L)

28.32

cubic feet (ft3)

U.S. gallons (gal)

7.48

cubic feet (ft3)

cubic inches (in3)

1,728

cubic feet (ft )

cubic yards (yd )

0.037

cubic feet (ft3)

bushels (bu)

0.804

cubic inches (in3)

milliliters (ml)

16.39

cubic meters (m3)

cubic yards (yd3)

1.308

cubic meters (m )

U.S. gallons (gal)

3

3

3

3

264.2
continued on next page u
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Table C-2. Useful conversions (continued)
Type of
measurement

To convert:

Volume, solids (continued)

Volume, liquids

Into:

Multiply by:

cubic meters (m )

cubic feet (ft )

cubic yards (yd3)

cubic feet (ft3)

27

cubic yards (yd3)

liters (L)

764.6

cubic yards (yd3)

cubic meters (m3)

0.765

cubic yards (yd3)

bushels (bu)

21.7

gallons, U.S. dry (gal)

cubic inches (in3)

269

liters (L)

cubic inches (in3)

61.02

milliliters (mL)

cubic inches (in )

0.0610

quarts, dry (qt)

cubic inches (in3)

67.2

3

35.3

3

3

cubic centimeters (cm or cc)

milliliters (mL)

1

cups (c)

fluid ounces (fl oz)

8
16

3

gallons, U.S. (gal)

cups (c)

gallons, U.S. (gal)

cubic inches (in3)

231

gallons, U.S. (gal)

quarts (qt)

4

gallons, U.S. (gal)

liters (L)

3.785

gallons, U.S. (gal)

gallons, Imperial (gal)

0.833

gallons, Imperial (gal)

cubic inches (in3)

277.42

gallons, Imperial (gal)

liters (L)

4.546

gallons, Imperial (gal)

gallons, U.S. (gal)

1.20

liters (L)

pints (pt)

2.113

liters (L)

quarts (qt)

1.057

liters (L)

gallons, U.S. (gal)

0.2642

milliliters (mL)

fluid ounces (fl oz)

0.0338

pints (pt)

fluid ounces (fl oz)

16

pints (pt)

cups (c)

2

pints (pt)

quarts (qt)

0.5

pints (pt)

cubic inches (in3)

28.87

pints (pt)

liters (L)

0.4732

fluid ounces (fl oz)

cubic inches (in3)

1.805

fluid ounces (fl oz)

tablespoons (Tbsp)

2

fluid ounces (fl oz)

teaspoons (tsp)

6

fluid ounces (fl oz)

milliliters (mL)

29.57

quarts (qt)

fluid ounces (fl oz)

32

quarts (qt)

cups (c)

4

quarts (qt)

pints (pt)

2

quarts (qt)

U.S. gallons, liquid (gal)

0.25

quarts (qt)

cubic inches (in3)

57.7

quarts (qt)

liters (L)

0.9463

tablespoons (Tbsp)

teaspoons (tsp)

3

tablespoons (Tbsp)

milliliters (mL)

15

teaspoons (tsp)

milliliters (mL)

5
continued on next page u
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Table C-2. Useful conversions (continued)
Type of
measurement

To convert:

Weight per volume

Into:

Multiply by:

grams/cubic centimeter (g/cm )

pounds/cubic foot (lbs/ft )

62.3

tablespoons/bushel (Tbsp/bu)

pounds/cubic yard (lbs/yd3)

1 (approx.)
0.6

3

3

pounds/cubic yard (lbs/yd )

ounces/cubic foot (oz/ft )

ounces/cubic foot (oz/ft3)

pounds/cubic yard (lbs/yd3)

1.67

pounds/cubic yard (lbs/yd3)

grams/liter (g/L)

0.595

kilograms/cubic meter (kg/m3)

pounds/cubic yard (lbs/yd3)

1.6821

3

3

Parts per Million (ppm) Conversions
• 1 milligram/liter = 1 ppm
• 1 ounce/gallon = 7,490 ppm
• 1 ounce/100 gallons = 75 ppm
percent fertilizer element x 75 = ppm of element in 100 gallons of water per ounce of fertilizer

For example, for a 9-45-15 fertilizer, the ppm nitrogen (N) in 100 gallons of water per ounce of fertilizer would be:
0.09 (percent N) x 75 = 6.75 ppm N in 100 gallons of water per ounce of 9-45-15
If you want 150 ppm N, and each ounce gives 6.75 ppm, then you need:
150 ÷ 6.75 = 22.22 ounces of 9-45-15 fertilizer in 100 gallons of water
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