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Introduction

Squash and pumpkin (Cucurbita spp.) are economically
significant crops in Florida with over 7,900 acres in produc-
tion and an estimated value of $35,412,000 (USDA NASS
2019). All varieties of squash and pumpkin are highly
dependent on insect pollination, without which crop yields
are low to nonexistent. In Florida, there are two distinct
growing seasons for squash and pumpkin: spring and fall.
Summer squash is generally grown during the late spring
and early fall, and common varieties include crookneck,
cash flow, gold rush, Zephyr, and black beauty. Acorn,
butternut, Seminole, and spaghetti are typically referred

to as winter squash and are grown in late fall and early
spring. Regardless of when the crop is grown, successful
pollination is an important step in the production of squash
and pumpkins. This publication describes the pollination
biology and requirements of Cucurbita spp., signs and
causes of poor pollination, and recommendations for
improving pollination of these crops in Florida.

Flower Structure and Pollination

Requirements

Cucurbita spp. plants produce large, bell-shaped, yellow-
orange flowers along low-lying vines or bushes (Figure

1). Plants are typically monoecious and have imperfect
flowers, meaning they produce separate, individual male
or female flowers on the same plant. Female flowers are the

only ones that develop into squash or pumpkins following
successful pollination and fertilization and can be identified
by the stigma in the center of the flower (Figure 1) and by
a wider flower stem that resembles a small, immature fruit.
Male flowers produce pollen to fertilize female stigmas and
can be identified by the anther in the center of the flower
(Figure 1) and by a narrower flower stem. When open

and receptive, female stigmas have a multifaceted shape
with multiple sticky, shiny “knobs” while male anthers

are simpler in shape with a single projection and appear
dusty when releasing pollen (Figure 1). While all species
and varieties typically produce numerous flowers over a
bloom period of several weeks, individual flowers are only
open for a few hours in the morning, typically lasting until
around noon (Tepedino 1981; Cane et al. 2011; Campbell
et al. 2013). Thus, the pollination window for an individual
flower is short.

The ratio of male to female flowers produced by plants can
vary across varieties and with environmental factors such as
day length, temperature, and precipitation (NeSmith et al.
1994; Campbell et al. 2013). This ratio can affect pollination
success because both male and female flowers need to

be open at the same time and in the same area to ensure
successful pollen transfer. Additionally, the total number of
female flowers produced by a plant can vary across plants
and with environmental factors, thereby influencing crop
yields.
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Figure 1. A squash field in bloom (left), a female flower (center), and
a male flower (right). Flower reproductive organs that can be used to
sex flowers are circled in red.
Credits: Rachel Mallinger, UF/IFAS

Pollinators of Squash and
Pumpkin

Cucurbita spp. have relatively heavy pollen and deep flow-
ers, which means that wind is not an adequate pollinator for
squash. Bees are the most frequent and effective pollinators,
though other insects such as ants, beetles, and flies may
contribute to pollination. Depending on the pollinator,
multiple visits are required to deposit enough pollen to

set optimal fruit. For example, five visits by male squash
bees, Peponapis pruinosa, resulted in significantly bigger
fruit compared to a single visit (Cane et al. 2011), and open
flowers receiving multiple pollinator visits set bigger fruit
than those receiving only single visits by either honey bees,
Apis mellifera, or squash bees (Tepedino 1981).

Wild Pollinators

Cucurbita spp. are native to North America and thus share
a long evolutionary history with a suite of native wild

bees. In particular, native bees in the genera Peponapis

and Xenoglossa specialize on pollen and nectar provided
by Cucurbita spp. flowers. As specialists, they are constant
and faithful visitors to squash and pumpkin flowers and are
effective pollinators (Adler and Hazzard 2009; Hladun and
Adler 2009). In addition, generalist native bees including
sweat bees (Halictidae) and bumble bees (Bombus spp.)
visit and pollinate squash and pumpkin (Shuler at al. 2005;
Adler and Hazzard 200; Hladun and Adler 2009; Julier and
Roulston 2009).

Wild squash and pumpkin pollinators in Florida differ
from those in much of North America, however. While the
specialist squash bees Peponapis spp. are some of the most
frequent and effective pollinators of squash elsewhere in
North America, they are not found in Florida (Tepedino
1981; Canto-Aguilar and Parra-Tabla 2000; Shuler et al.
2005; Julier and Roulston 2009). Other squash specialist
bees Xenoglossa spp. are found in Florida, but they are
limited to the northern region of the state and have forag-
ing periods that only overlap with a spring blooming crop
(Figure 2; Hall et al. 2010). Xenoglossa spp. were not found
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visiting squash in northern Florida during a fall bloom,
although they have been found in abundance on flowers
during the spring bloom (Table 1; Figure 2). Sweat bees,
however, were common visitors to squash blossoms in
Florida during the fall (Table 1; Figure 2). Foraging periods
for many sweat bees as well as bumble bees are long and
span both a spring and fall bloom. Thus, though squash
bees, Xenoglossa spp., pollinate the crop only in the spring,
sweat bees and bumble bees are potential pollinators for
both a spring and fall crop in Florida.

Figure 2. A male squash bee (Xenoglossa spp.) (left) and a female sweat
bee (Halictidae) (right) visiting squash flowers. Photographs were
taken on a farm near Gainesville, Florida, in spring 2018.

Credits: Rachel Mallinger, UF/IFAS

Managed Honey Bees

Along with a community of native, wild pollinators,
managed honey bees (Apis mellifera) are often used for
pollination in commercial squash and pumpkin fields. In
comparison to the squash specialist Peponapis limitarsis,
honey bees made fewer visits to squash flowers and de-
posited four times less pollen per visit (Canto-Aguilar and
Parra-Tabla 2000). However, in relation to another squash
specialist, Peponapis pruinosa, they were equally effective
pollinators (Tepedino 1981). On some squash and pumpkin
farms, the addition of managed honey bees did not improve
yields, likely because ample native wild bees were already
present to pollinate the crop (Shuler et al. 2005).

Certain behaviors of honey bees can compromise their
efficacy as pollinators. For instance, honey bees may not
show a strong affinity for squash flowers, instead preferring
to visit other flowers (Shuler et al. 2005). Secondly, when
honey bees do visit Cucurbita spp. flowers, they typically
show a strong preference for female flowers and do not as
frequently collect pollen compared to other native bees
(Tepedino 1981; Table 1). However, bees that prefer male
flowers and infrequently visit female flowers, such as sweat
bees observed in Florida, may also be relatively ineffective
pollinators (Table 1). More research is needed to determine
how bee preferences for male and female flowers affect their
pollination value. Regardless, honey bees may still be useful
pollinators due to their sheer numbers, particularly in areas
where wild pollinators are scarce. For example, in northern



Florida during a fall bloom, honey bees were the dominant
visitors to squash flowers (Table 1).

Managed Bumble Bees

Adding commercially available bumble bee colonies
(Bombus impatiens) may significantly improve yields (Artz
and Nault 2011). Bumble bees can be purchased from two
North American companies (Biobest Canada Ltd., Leam-
ington, ON and Koppert Biological Systems Inc., Howell,
MI) in field-ready quads consisting of four colonies each.
The commercially available species, Bombus impatiens, is
native to Florida, and showed high attraction to Cucurbita
spp. flowers in other parts of the southeastern United States
(Julier and Roulston 2009). Bumble bee colonies only live
for one year and thus need to be restocked for pollination
each growing season.

Signs and Causes of Poor

Pollination

Signs

Pollination problems can be identified by low fruit set and/
or small, misshapen fruit. It is important to differentiate
between male and female flowers and assess fruit set as the
proportion of female flowers setting fruit because only the
female flowers have the potential to set fruit. Fruit set can
be determined by counting the number of developing fruit
relative to the number of female flowers after the bloom
period (e.g., 10 female flowers in a crop row resulting in 4
marketable fruit in that row = 40% fruit set).

Causes

Pollination problems can be the result of limited pollinator
activity on crop flowers. Limited pollinator activity can
occur if few pollinators are present in the field but can also
occur even when pollinators are abundant if: (1) pollinators
are visiting other competing flowers on or near the farm;
and/or (2) weather is not conducive to pollinator activity.
Extreme weather, including very high or low temperatures,
high humidity, fog, or continuous precipitation can reduce
pollinator visitation to flowers (Dorjay et al. 2017).

In addition to pollinator activity, pollination success is
dependent on flower sex ratio and physiology. If ratios

of male to female flowers in a field are highly skewed in
either direction, pollination and fruit set can be reduced
(Campbell et al. 2013). For example, observations on a farm
near Gainesville, Florida, showed high variability in the
proportion of female flowers across three varieties and over
the bloom period, including times when certain varieties
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were producing nearly all female or all male flowers (Figure
3). Many plants will produce predominately male flowers at
the beginning of bloom and predominately female flowers
towards the end of bloom, but there is variation in this pat-
tern across varieties (Figure 3). The total number of female
flowers produced by these same plants also varied across
varieties (Figure 3) and can be a factor influencing overall
yields. Finally, pollination is dependent on the quality of
pollen available for fertilization. Extreme weather, including
high temperatures and high humidity, may reduce pollen
viability and therefore pollination success (Herrero and
Johnson 1980).
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Figure 3. The proportion of female flowers within a crop row across
three different summer squash varieties grown in fall 2018 (top) and
the number of female flowers per crop row for these same varieties
(bottom). Squash was grown at a farm near Gainesville, Florida, with
organic management.

Improving Pollination

Pollination for squash and pumpkins in Florida can be
improved by adding managed bees, increasing wild bee



populations, or employing certain horticultural practices
that assist pollination.

Managed Bees

Managed honey bees can be added to the farm during
bloom at a typical density of 1-2 hives per acre. Honey

bee rental costs can vary considerably but are generally in
the range of $40-$100 per hive per bloom period. While
previous studies outside of Florida suggest that adding
honey bees does not always result in increased pollination
and yields (Shuler et al. 2005; Walters and Taylor 2006),
they may be particularly useful when there are few wild
pollinators available. Along with honey bees, growers could
consider the addition of managed bumble bees. Bumble
bees have been shown to be effective pollinators, even
more so than honey bees, and pumpkin fields stocked

with managed bumble bees had greater yields than those
without managed bumble bees (Artz and Nault 2011; Julier
and Roulston 2009). However, there are few guidelines for
bumble bee colony density and placement in Cucurbita spp.
crops. Growers in other crops typically use a recommended
1 quad per acre at a cost of app. $300 per quad.

Attracting and Increasing Wild Pollinators

Growers may be able to enhance wild pollinator popula-
tions in and around their farms by planting supplemental
floral resources. Flower strips have increased pollinator
activity and crop yields in other agroecosystems (Blauuw
and Isaacs 2014; Venturini et al. 2017; Giffiths-Lee et al.
2020). Bumble bees and many sweat bees that contribute
to Cucurbita spp. pollination are generalists with nearly
year-round forage activity, requiring floral resources
throughout most of the year. Wildflowers, other flowering
crops, or even flowering weeds in and around the farm can
provide floral resources for these bees outside of squash
bloom. Ideally, flower strips will provide floral resources
for pollinators when the target crop (squash and pumpkin)
is not blooming but minimize competition during target
crop bloom. In Florida, this would mean providing flowers
in the summer from June-September. Numerous resources
exist to guide farmers in planting floral resources for bees,
including the UF/IFAS publication A Guide to Planting
Wildflower Enhancements in Florida (https://edis.ifas.ufl.
edu/in1180).

Many squash and pumpkin pollinators, including the
squash specialists, such as Xenoglossa spp., nest below-
ground and require suitable nesting habitat consisting
of relatively bare, sun-exposed soil. Significant ground
disturbance through tilling or other practices can reduce
bee emergence and abundance (Ullmann et al. 2016),
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though tilling does not necessarily destroy bee nests (Julier
and Roulston 2009; Ullmann et al. 2016). The presence

of relatively bare ground that is not frequently tilled in

the area around the crop could therefore encourage and
support ground-nesting bees.

Finally, minimizing pesticide exposure can help to maintain
abundant and diverse pollinator communities (Tuell and
Isaacs 2010; Chan et al. 2012; Stoner and Eitzer 2012;
Mallinger et al. 2015). Bees may be exposed to pesticides
through interactions with treated flowers as well as through
direct contact to treated nest materials including soil or
contaminated water. For generalist bees with long foraging
periods, such as bumble bees and some sweat bees, expo-
sure to pesticides can occur both during and outside of the
Cucurbita spp. growing season. Guidelines to reduce bee
exposure to pesticides include the following:

1. Avoid treating crops when they are blooming and remove
flowering weeds from the treatment area before applying
pesticides.

2.Spray late in the day or at night, especially if applying
pesticides to plants in bloom.

3.Select pesticides with a low toxicity to bees especially if
applying pesticides to plants in bloom (Stoner and Eitzer
2012). Note: When possible, avoid using systemic pesti-
cides including neonicotinoids because these chemicals
can be found in squash pollen and nectar as well as in the
soil where bees nest (Chan et al. 2012).

4. Triple-rinse spraying equipment with water after applica-
tion to prevent unintended contamination of pesticide
mixtures with previous pesticides used.

Horticultural Practices

To ensure successful pollination, both male and female
flowers need to be open on the same day within the same
general area. Therefore, the ratio of male to female flowers
can influence pollination. Because some varieties produce
skewed ratios of male to female flowers during periods of
bloom (Figure 3), planting multiple varieties within the
same field could help to ensure the presence of both sexes
for pollination. However, squash and pumpkins do not
require cross-pollination between varieties for successful
fruit set. Additionally, increasing the number of female
flowers produced by plants can increase overall yields
provided that there are still adequate numbers of male flow-
ers to pollinate. Female flower production may be enhanced
by treating plants with hormones and growth regulators
including auxin and ethephon as well as by soaking seeds



in garlic extract prior to planting (Glala et al. 2012; Mancini
and Calabrese 1999). However, very high female-to-male
sex ratios can reduce pollination rates and subsequent
yields (Campbell et al. 2013), so the goal should be to
maintain some male flower production. Finally, while bee
attractants have been developed to increase bee visitation,
studies in related crops (watermelon and cucumber) found
them to be ineffective in increasing pollinator visits and/or
yields (Schultheis et al. 1994; Ellis and Delaplane 2009).

Summary

Squash and pumpkins are highly dependent on bee pollina-
tors for adequate yields. In Florida, managed honey bees,
managed and wild bumble bees, and sweat bees provide
pollination for both a spring and fall bloom, while the
highly effective squash bees pollinate the spring crop. If
signs of poor pollination are present (low fruit set and/or
small and misshapen fruit), consider adding or increasing
densities of managed bees (honey bees and bumble bees),
evaluating female-to-male flower ratios throughout bloom,
planting multiple varieties in the same field, and supporting
abundant wild bees through supplemental floral resources
and pesticide stewardship.
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Table 1. Flower visitors to summer squash during fall 2018 on a farm near Gainesville, Florida. Observations recorded include the
percentage of visits made by each pollinator group, the proportion of visitors within each group that were found on male vs.

female flowers, and the proportion of visitors collecting pollen.

Pollinator Percentage of total Proportion visits by Proportion visits by Proportion visitors
pollinator visits each group to male each group to female collecting pollen
flowers flowers
Honey bee (Apis mellifera) 82% 0.22 0.78 0.09
Green sweat bees (Agapostemon, 14.5% 0.75 0.25 0.62
Augochlora, Augochloropsis, and
Augochlorella spp.)
3.5% 0.6 04 0.40

Other bees
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