
HORTSCIENCE 43(1):276–278. 2008.

Effects of Perimeter Trap Crop Pollen
on Reproduction in Butternut Squash
(Cucurbita moschata)
Kristen R. Hladun
Plant Biology Program, Department of Plant, Soil, and Insect Sciences,
University of Massachusetts, Amherst, MA 01003

Lynn S. Adler1

Department of Plant, Soil, and Insect Sciences and Graduate Program
in Organismic and Evolutionary Biology, University of Massachusetts,
Amherst, 209E Fernald Hall, 270 Stockbridge Road, Amherst, MA 01003

Additional index words. blue hubbard squash, Cucurbita maxima, butternut squash, Cucurbita
moschata, heterospecific pollen transfer, perimeter trap cropping

Abstract. Perimeter trap cropping (PTC) uses an attractive crop to concentrate pests at
borders and reduce pesticide use while maintaining yield. A possible disadvantage of
PTC could be pollen flow between border and main crops that are not interfertile. The
effects of pollen composition and amount on seed and fruit production were investigated
between a main crop species, butternut squash (Cucurbita moschata Duch. ex Poir), and a
PTC species, blue hubbard (C. maxima Duch.). Butternut squash plants were hand polli-
nated in the greenhouse with three pollen composition treatments crossed with four
pollen amounts. Pure butternut squash pollen and mixed pollen produced more seeds per
fruit and heavier seeds than pure blue hubbard pollen, revealing some incompatibility
between butternut and blue hubbard. Saturating pollen amounts produced up to six
times more seeds than lower pollen amounts. Pollen composition did not influence fruit
set or fruit weight, which are of central importance for crop yield. This study suggests
that pollen flow between blue hubbard borders and butternut squash should not interfere
with crop production as long as sufficient conspecific pollen is deposited on stigmas.

Perimeter trap cropping (PTC) is an
effective method of integrated pest manage-
ment to control herbivores in cucurbit crops
(Boucher and Durgy, 2004). Trap crops that
are attractive to herbivores are planted
around the main crop, concentrating pests at
borders. Although PTC has the advantage of
reducing pesticide use (Boucher and Durgy,
2004), the close proximity of PTC and main
crops may increase heterospecific pollen
transfer through shared pollinators. Pollen
transfer between incompatible species can
interfere with fertilization (Heinrich, 1981;
Waser and Fugate, 1986) and thereby reduce
fruit and seed production. Currently, there are
no investigations of the potential for PTC

pollen interference to influence main crop
yield.

Blue hubbard squash (Cucurbita maxima)
is an effective PTC for the main crop, butter-
nut squash (C. moschata), because it is an
attractive food source for a major cucurbit
pest, the striped cucumber beetle (Acalymma
vittatum F.) (Andersen and Metcalf, 1987;
Boucher and Durgy, 2004). Blue hubbard
produces more cucurbitacins and higher flo-
ral volatiles than butternut squash (Andersen
and Metcalf, 1987), making it a preferred
food source for several cucumber beetle
species (Andersen and Metcalf, 1987; Fronk
and Slater, 1956; McGrath, 2002).

Pollen flow between blue hubbard and
butternut squash could interfere with polli-
nation. Blue hubbard can cross with butternut
squash, but the resulting fruits contain a high
proportion of nonviable seeds (Whitaker and
Bemis, 1964; Whitaker and Bohn, 1950;
Whitaker and Davis, 1962), suggesting that
pollen transfer between these two species
may reduce crop yield. Squash bees (Pepo-
napis spp.) transfer pollen between wild and
domesticated Cucurbita species (Hurd et al.,
1971; Kirkpatrick and Wilson, 1988) and
thus may facilitate pollen transfer between
cucurbit PTC and main crops. In a recent
PTC study on butternut squash at 21 farms in
western Massachusetts, squash bees (Pepo-
napis pruinosa Say) constituted over one-
third of pollinator visits to both blue hubbard
and butternut squash (Cavanagh et al.,

unpublished data). Squash bees are also the
main pollinators of Cucurbita crops in Mary-
land, Virginia, and West Virginia (Shuler
et al., 2005). The first objective of this study
was to examine the impact of conspecific,
heterospecific, and mixed pollen transfer be-
tween blue hubbard and butternut squash
on fruit and seed production.

Crop yield may be influenced by pollen
amount as well as composition. Pollen depo-
sition can limit reproduction in many cucur-
bits (Robinson and Decker-Walters, 1997).
Low pollen deposition can result in lighter
fruits or fruit abortion (Stanghellini et al.,
1997; Stephenson et al., 1988; Walters and
Taylor, 2006). Although fruit number and
size were pollen-limited in a field study with
C. moschata (Walters and Taylor, 2006), the
pollen requirements of this species are un-
known. The second objective of this study
was to determine how pollen amount influ-
enced butternut fruit and seed production.

Materials and Methods

Experimental design. This experiment
was conducted at the University of Massa-
chusetts at Amherst greenhouses from Feb-
ruary through Aug. 2005. On 16 Feb., 240
butternut squash plants were planted (cultivar
‘Waltham Butternut’; Johnny’s Selected
Seeds, Winslow, ME) and transplanted after
1 month to 22-L pots containing Metromix
360 soil (The Scotts Co., Marysville, OH)
with 9.5 g per pot of slow-release fertilizer
(Osmocote 14N–4.2P–11.6K; Scotts-Sierra
Horticulture Products Co., Marysville, OH).
Twenty blue hubbard plants were grown as
pollen sources.

The experiment had 12 treatment combi-
nations with 20 replicates each for 240 plants
total. Butternut squash were randomly as-
signed to three pollen composition treat-
ments (butternut pollen, blue hubbard pollen,
or mixed pollen) crossed with four pollen
amounts [low (two applications), medium
(four applications), high (six applications)
and saturation]. In the low, medium, and high
treatments, pollen was applied to stigmas
using a thin wire applicator (Impex Systems
Group, Miami, FL) with a 1-mm diameter.
One application contained 109 ± 8 butternut
pollen grains (X ± SE, n = 50) or 58 ± 4 blue
hubbard grains (n = 40). Because the pol-
len requirements of C. moschata were not
known, we chose these pollen amounts for
two reasons. First, they closely approximate
the pollen deposited by one, two, or three
visits by a single squash bee (250 grains) or
honeybee (Apis mellifera; 232 grains) to the
congener C. pepo in a field study (Tepedino,
1981). Second, these amounts are compara-
ble to those used in previous studies exam-
ining effects of pollen load on fruit
maturation in C. pepo (Winsor et al., 1987).
For the saturation treatment, pollen was
applied to one stigma lobe using a paintbrush
depositing an average of 4088 ± 711 butter-
nut grains (n = 10) or 2651 ± 657 blue
hubbard grains (n = 8). Although butternut
stigmas have three lobes, only one lobe was
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covered because this applied nearly an order
of magnitude more pollen than the next
highest treatment and nearly 40 times more
pollen than the maximum seed production
(Fig. 1). The differences in the number of
pollen grains applied in the blue hubbard
compared with butternut treatments were
likely the result of the larger size of blue
hubbard pollen grains (butternut 130.15 ±
0.87 mm, blue hubbard 150.35 ± 1.78 mm, n =
20 grains, P < 0.0001). Although different
pollen amounts may introduce a treatment
bias in terms of pollen number, field pollen
deposition per stigma area by bees may also
be lower for blue hubbard compared with
butternut as a result of pollen size. Thus, our
experimental treatments control for pollen
deposition area rather than number.

Treatments began on 2 May 2005 and
continued until 29 July 2005. Butternut and
blue hubbard squash are both monoecious
cucurbits and produce actinomorphic, self-
compatible unisexual flowers that last a
single day. Three newly opened butternut
and blue hubbard staminate flowers were
collected between 0600 and 0700 HR every
morning to ensure pollen freshness. Applica-
tors and paintbrushes were cleaned with
100% ethanol between applications to pre-
vent contamination. Up to two flowers were
pollinated per plant. We concentrated our
efforts on treating more plants rather than
more flowers per plant because plant is the
unit of replication and so pollinating addi-
tional flowers per plant would not increase
our statistical power to test treatment effects.

We also note that in the field, the congener C.
pepo (pumpkin) produced an average of only
3.4 and 5.4 female flowers per year across a
2-year study (Stapleton et al., 2000), and
potted butternut in the greenhouse produced
4.4 + 0.52 female flowers over a 3-month
period (n = 15; Hladun, unpublished data).
Thus, low female flower and fruit production
is not unusual. Fruits were collected on
5 Aug. 2005. Of 240 butternut plants, 123
plants had at least one female flower treated;
39 of these plants produced one fruit and
three plants produced two fruits. The
responses measured were fruit set (fruit or
aborted), fruit fresh weight, seed number,
proportion developed seeds, and dry weight
per seed.

Data analysis. Two-way multivariate
analyses of variance (MANOVAs) and sub-
sequent univariate analyses of variance
(ANOVA) using SAS (2003; SAS Institute,
Cary, NC) were used to determine the effects
of pollen composition, pollen amount, and
their interaction on butternut squash fruit and
seed production. All data were averaged
within plant to use plant as the unit of
replication. Logistic regression was used to
predict the probability of fruit set, including
the continuous variable pollination date as a
covariate. Because fruit set was relatively
rare, plants that set fruit in either flower were
counted as having fruit. Although fruits have
an inhibitory effect on subsequent fruit pro-
duction in the congener C. pepo (Stephenson
et al., 1988), in our study, only three plants
produced multiple fruits. Removing these
plants did not change our results, and we
report results including all plants that pro-
duced fruit.

Results

Pollen composition. Pollen composition
affected butternut reproduction (MANOVA,
P < 0.0001), largely through seed production.
Butternut pollen and mixed pollen produced,
respectively, 53% and 38% more seeds and
75% and 83% higher seed weights than blue
hubbard pollen (ANOVA, seed number: P <
0.006; seed weight: P < 0.0001; Fig. 1A, C).
Pollen composition did not affect fruit weight
or the proportion of developed seeds per fruit
(ANOVA, P > 0.13 for both) and did not
affect fruit set [logistic regression, P = 0.57;
butternut pollen: 16 of 48 plants produced
fruit (33%), mixed pollen: 14 of 33 (42.4%),
blue hubbard pollen: 11 of 42 (26.2%)].

Pollen amount. Pollen amount affected
butternut reproduction (MANOVA, P <
0.0001), again driven by seed production.
Saturating amounts of pollen produced two
to six times more seeds than lower pollen
amounts (ANOVA, P < 0.0001, Fig. 1B).
Pollen amount did not affect fruit weight,
weight per seed (Fig. 1D), or the proportion
of developed seeds per fruit (ANOVA, P >
0.10 for all). Pollen amount had a marginally
significant effect on fruit set with the lowest
pollen amount producing half as many fruit
as the other treatments [logistic regression,
P = 0.08; low: six of 34 plants produced fruit

Fig. 1. Influence of pollen composition (pure butternut pollen, a mix of both pollens, and pure blue hubbard
pollen) and pollen amount (low, medium, high, and saturating applications) on (A) and (B) number of
seeds per fruit and (C) and (D) weights per seed in butternut squash (C. moschata). Least significant
means (± SE) with a common letter are not significantly different (P # 0.05) using Tukey’s honestly
significant difference test.
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(17.6%), medium: 11 of 24 (45.8%), high: 10
of 29 (34.5%), saturation: 14 of 36 (38.9%)].

Interaction between pollen composition
and pollen amount. Pollen amount and com-
position had additive effects on butternut
reproduction (MANOVA, interaction term:
P = 0.93).

Pollination date. Plants pollinated later in
the season were significantly less likely to
produce fruit (logistic regression, P < 0.0001).

Discussion

The primary goal of this study was to
determine if blue hubbard as a PTC could
reduce butternut squash yield through heter-
ospecific pollen deposition. Perimeter trap
crop design can encourage pollinator-medi-
ated pollen flow between main crop and PTC,
especially if pollinators move between con-
generic crops as squash bees do. This study
found that blue hubbard pollen can reduce
butternut seed numbers and weight, but not
fruit weight. Our results indicate some in-
compatibility between the two cucurbit spe-
cies, as was found previously (Whitaker and
Bemis, 1964). However, mixed blue hubbard
and butternut pollen did not significantly
reduce seed or fruit set, indicating that blue
hubbard pollen did not interfere with conspe-
cific ovule fertilization. In the field, PTC
design requires far fewer PTC plants than
main crop plants, and pollen deposition in the
main crop would likely be primarily conspe-
cific. Thus, pollen transfer from blue hubbard
to butternut squash should not reduce yield
provided that butternut squash pollen is also
deposited on stigmas.

Another goal of this study was to deter-
mine the pollen requirements for full fruit and
seed production in butternut squash. Saturat-
ing amounts of pollen produced substantially
more seeds than the three lower treatments,
indicating that butternut squash flowers
required more than 654 pollen grains, or
three visits from a squash bee or honeybee
(Tepedino, 1981), to achieve maximum seed
set. Fruit set was halved in the lowest pollen
treatment compared with higher pollen
amounts, although this effect was only mar-
ginally significant. This result is consistent
with studies on several other cucurbit crops,
which require multiple pollinator visits to
achieve full fruit set (Adlerz, 1966; Kremen
et al., 2002; Stanghellini et al., 1997). Ade-
quate pollinator visitation may be needed to
maintain crop yield in butternut squash as has
been found in other cucurbits such as cucum-
ber (Gingras et al., 1999; Stanghellini et al.,
1997), watermelon (Adlerz, 1966; Kremen
et al., 2002; Stanghellini et al., 1997),

zucchini (Stephenson, 1981; Stephenson
et al., 1988; Winsor et al., 1987), and pump-
kin (Walters and Taylor, 2006). Fruit set was
relatively low in this study (42 of 123 plants
produced fruit as compared with 50% and
75% fruit set in a field study with C. pepo;
Stapleton et al., 2000). It seems unlikely that
our pollen amounts contributed to the low
fruit set, because all treatments but the lowest
amount produced equivalent fruit set. Sur-
prisingly, pollen composition did not affect
fruit set, suggesting that heterospecific pollen
is capable of initiating fruit development.
Although pollinating more flowers per plant
could have increased the numbers of fruits for
analysis, concerns about the effect of initial
fruit set on subsequent abortion would have
made these data difficult to interpret (e.g.,
Stephenson et al., 1988). Flowers pollinated
on later dates were more likely to abort, sug-
gesting that high greenhouse temperatures
later in the experiment or limiting resources
as plants grew larger may have contributed
to our low fruit set. Future research could
assess the role of pollen amount on fruit
set in field studies where resources and tem-
peratures reflect conditions most relevant
to growers.

In summary, our results suggest that
pollen from blue hubbard as a PTC is unlikely
to reduce yield in butternut squash as long as
plants also receive conspecific pollen. How-
ever, pollen transfer may affect ecological
parameters such as seed number and quality.
Using blue hubbard as a PTC for butternut
squash should thus provide growers with a
valuable method for reducing reliance on
pesticides without loss of yield as a result of
heterospecific pollen transfer.
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