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Abstract

Morningglories (Ipomoea spp.) are among the most troublesome weeds in cucurbits in the
United States; however, little is known about Ipomoea spp. interference with horticultural crops.
Two additive design field studies were conducted in 2020 at two locations in Indiana to inves-
tigate the interference of ivyleaf morningglory (Ipomoea hederacea Jacq.), entireleaf morning-
glory (Ipomoea hederacea Jacq. var. integriuscula A. Gray.), and pitted morningglory (Ipomoea
lacunosa L.) with triploid watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakai].
Immediately after watermelon was transplanted, Ipomoea spp. seedlings were transplanted into
the watermelon planting holes at densities of 0 (weed-free control), 3, 6, 12, 18, and 24 plants
27 m−2. Fruit was harvested once a week for 4 wk, and each fruit was classified as marketable
(≥4 kg) or non-marketable (<4 kg). At 1 wk after the final harvest, aboveground biomass sam-
ples were collected from 1 m2 per plot and oven-dried to obtain watermelon and Ipomoea spp.
dry weight. Seed capsules and the number of seeds in 15 capsules were counted from the
biomass sample to estimate seed production. Ipomoea spp. densities increasing from
3 to 24 plants 27 m−2 increased marketable watermelon yield loss from 58% to 99%, reduced
marketable watermelon fruit number 49% to 98%, reduced individual watermelon fruit weight
17% to 45%, and reduced watermelon aboveground biomass 83% to 94%. Ipomoea spp. seed
production ranged from 549 to 7,746 seeds m−2, greatly increasing the weed seedbank. Ipomoea
spp. hindered harvest due to their vines wrapping around watermelon fruits. The most likely
reason for watermelon yield loss was interference with light and consequently less dry matter
being partitioned into fruit development due to less photosynthesis. Yield loss was attributed to
fewer fruits and the weight of each fruit.

Introduction

Watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakai] production in the United States
averaged 1.7 billion kg between 2015 and 2019 (Kramer et al. 2020), placing it in the world’s
top 10 watermelon-producing countries (FAO 2022). In Indiana, 2,469 ha were harvested in
2019, valued at $35million (USDA-NASS 2019).Watermelon is usually transplanted into raised
beds covered with polyethylene mulch, with a between-row distance of 1.8 to 3.7 m and in-row
spacing of 90 to 180 cm (Egel 2020). Watermelon vines start covering between-row areas (row
middles) at 3 wk after transplanting (WATr) and fully cover the row middles after 7 WATr
(Andino and Motsenbocker 2004). Thus, watermelon is particularly vulnerable to weed com-
petition because of the wide row spacing required for vine growth and its slow initial growth.
The high temperatures necessary for watermelon production also enable summer annual weeds
to establish.

Adkins et al. (2010) reported that ‘Super Crisp’ triploid watermelon fields must be kept weed-
free for 3.6 wk to limit yield losses to 10%. To avoid yield losses above 5%, Bertucci et al. (2019b)
reported that ‘Exclamation’ triploid watermelon must be kept weed-free between 2.3 and 2.5
WATr, and ‘Carnivor’ between 1.9 and 2.6WATr.Weedmanagement strategies for watermelon
production involve preemergence and postemergence herbicide applications, raised beds with
drip irrigation and polyethylene mulch, in-season cultivation, hand hoeing, and hand weeding.
Ideally, watermelon fields should be kept weed-free throughout the growing season or at least
during the critical weed-free period. Unfortunately, weed escapes do occur.

Collectively, the summer annual morningglories (Ipomoea spp.) were ranked as the fourth
most troublesome weeds in the United States and Canada in cucurbits (VanWychen 2019). The
most relevant Ipomoea spp. to crops in Indiana are ivyleaf morningglory (Ipomoea hederacea
Jacq.), entireleaf morningglory (Ipomoea hederacea Jacq. var. integriuscula A. Gray), pitted
morningglory (Ipomoea lacunosa L.), and tall morningglory [Ipomoea purpurea (L.) Roth].
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Ipomoea spp. compete for resources and climb and twine
around crops, affecting harvest efficiency and yield. They find,
climb, and twine neighboring plants using several mechanisms,
including phototropism, circumnutation, and shade-avoidance
reactions. Ipomoea spp. grow toward other plants due to photot-
ropism, most likely because other plants reflect solar radiation.
Their vining habit and circumnutation allow them to twine around
these plants (Price and Wilcut 2007). Vines are considered “struc-
tural parasites,” because they lean on other plants for support,
which can cause structural damage (Paul and Yavitt 2011).
Finally, because of shade-avoidance reactions, Ipomoea spp. grow
over other plants. Ipomoea spp. are highly competitive organisms
because they increase their biomass and thus their seed production
the closer they are to other plants (Price and Wilcut 2007). As a
result, affected plants grow under stress and often die. Thus, the
presence of Ipomoea spp. negatively affects yield and harvest
and increases the weed seedbank in the soil, intensifying weed
competition in subsequent years.

Little is known about the interference of Ipomoea spp. with hor-
ticultural crops. However, Ipomoea spp. interference with soybean
[Glycine max (L.) Merr.] and cotton (Gossypium hirsutum L.) have
been studied. In soybean, full-season competition of a single
I. hederacea plant 15 cm−1 reduced yield 13% to 36% (Cordes
and Bauman 1984), and 1 I. purpurea plant m−2 reduced yield
by 26% (Pagnoncelli et al. 2017). In cotton, 1 I. hederacea var.
integriuscula plant 10 m−1 reduced yield 3% to 7% (Wood
et al. 1999), and 1 I. hederacea plant 2 m−1 reduced yield 11%
(Keeley et al. 1986). We hypothesized that the biology of
Ipomoea spp. allows them to be competitive with susceptible
crops such as watermelon and predicted that as Ipomoea spp.
density increased, watermelon production would decrease.
Thus, additive design trials were established to determine the
influence of season-long Ipomoea spp. interference on plasticul-
ture triploid watermelon.

Materials and Methods

Two additive design studies (Oliveira et al. 2018a) in which crop
density was kept constant and Ipomoea spp. density was varied
were performed in 2020 at the Southwest Purdue Agricultural
Center (SWPAC), Vincennes, IN, USA (38.73°N, 87.48°W) and
Meigs Horticulture Research Farm (MEIGS), Lafayette, IN, USA
(40.28°N, 86.884°W). Soils were a Lomax loam (coarse-loamy,
mixed, superactive, mesic Cumulic Hapludolls) with 1.5% organic
matter (OM) and pH 6.6 at SWPAC, and a Drummer silty clay
loam (fine-silty, mixed, superactive, mesic Typic Endoaquolls)
with 4.5% OM and pH 6.5 at MEIGS. ‘Fascination’ triploid water-
melon and ‘Wingman’ pollenizer watermelon seeds were planted
into 50-cell black seedling flats containing a peat-based potting
media (Metro-Mix 360, Sun Gro Horticulture, Agawam, MA,
USA) in a SWPAC greenhouse on April 20, 2020.

Fields were tilled using a disc plow before the formation of
raised beds on April 21 and 28, 2020, at SWPAC and MEIGS,
respectively. Each raised bed was covered with black polyethylene
mulch and contained a drip tape placed in the middle, near the soil
surface for irrigation. Plots were 27 m2 and consisted of three rows,
each 4.9-m long, with a between-row spacing of 1.8 m. Crop fer-
tilization, irrigation, and disease and insect management were
maintained according to commercial watermelon-growing rec-
ommendations (Egel 2020). After bed formation and before
transplanting, S-metolachlor (Dual Magnum®, Syngenta Crop
Protection, Greensboro, NC, USA) at 1.1 kg ai ha−1 at SWPAC

and a tank mix of 40 g ha−1 halosulfuron-methyl (Sandea®,
Canyon Group, Gowan Company, Yuma, AZ, USA) and 1.4 kg ha−1

ethalfluralin plus 421 g ha−1 clomazone (Strategy®, Loveland
Products, Greeley, CO, USA) were applied at MEIGS to manage
weeds in row middles. All other weeds that were not part of the
experiment were removed from all plots as necessary, either by
hand or with hoes or cultivators.

Two weeks before the watermelon transplanting date at
each location, Ipomoea spp. seeds were planted into 72-cell trays
containing a peat-based potting media (Berger BM2 Seed
Germination Mix, Hummert International, Earth City, MO,
USA) at the Purdue University Horticulture Greenhouses,
West Lafayette, IN, USA. Ipomoea spp. seeds (Azlin Seed Service,
Leland, MS, USA) contained a mixture of predominantly
I. hederacea and I. hederacea var. integriuscula, but also included
I. lacunosa. Crowley and Buchanan (1978) reported that the three
species did not differ with respect to their effect on cotton yield. For
this reason, no effort was made to select a single species for this
research, and these three species are hereafter collectively referred
as Ipomoea spp. At planting, Ipomoea spp. seedlings were 10- to
15-cm tall and at a 2-true-leaf stage. Ipomoea spp. seedlings were
used to ensure that the intended Ipomoea spp. densities were
achieved.

Transplanting occurred on May 21, 2020, at SWPAC and June
5, 2020, at MEIGS. Transplanting holes were punched in the poly-
ethylene mulch with a manual hole punch at SWPAC and a water
wheel transplanter at MEIGS. Four triploid watermelon seedlings
were transplanted 1.2 m apart in each row, resulting in 12 triploid
watermelon plants 27 m−2. Two pollenizer watermelon seedlings
were planted per row, which resulted in a 1:2 pollenizer-to-triploid
watermelon ratio per plot. Immediately after watermelons were
transplanted, Ipomoea spp. seedlings were planted into triploid
watermelon transplanting holes to achieve densities of 0, 3, 6,
12, 18, and 24 Ipomoea spp. 27 m−2. Only one Ipomoea spp. seed-
ling was transplanted per hole for the densities of 3, 6, and 12
Ipomoea spp. 27 m−2; one or two Ipomoea spp. seedlings per hole
for the density of 18 Ipomoea spp. 27 m−2; and two Ipomoea spp.
seedlings per hole for the density of 24 Ipomoea spp. 27 m−2. The
0 Ipomoea spp. 27 m−2 density was included as the weed-free
control (Figure 1). The experimental design was a randomized
complete block with four replications.

The lengths of the longest vines for all triploid watermelon and
Ipomoea spp. plants in each plot were measured with a ruler from
the soil surface in the planting hole to the vine growing point at 1, 2,
and 4 WATr. After that, it was impractical to measure vine length,
because the watermelon and Ipomoea spp. were intertwined. The
Ipomoea spp. percent canopy cover was visually estimated at 6 and
8 WATr. Watermelon fruits were harvested once per week for
4 wk, beginning July 22 at SWPAC and August 19 at MEIGS.
Fruits were picked when the tendril that developed from the same
node as the fruit peduncle was necrotic and the ground spot was
yellow. The weight of each fruit was recorded and classified as mar-
ketable (≥4 kg) or non-marketable (<4 kg). Total marketable yield
and fruit number were calculated as the sum of marketable water-
melon yield pooled across all four harvests.

At 1 wk after the last harvest, watermelon and Ipomoea spp.
aboveground biomass was cut and collected using manual hedge
shears from inside a 1-m2 quadrat in the middle row of each
plot. All biomass within a quadrat was placed inside a 114-L paper
yard waste bag in the field to record total fresh weight.Watermelon
and Ipomoea spp. biomass was separated in the laboratory.
Watermelon biomass was oven-dried at 60 C for 24 h and the
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Ipomoea spp. biomass for 7 d to get aboveground dry biomass.
After Ipomoea spp. dry weight was recorded, Ipomoea spp. seed
capsules were separated and counted from the dried samples.
Seed number from a subsample of 15 capsules was recorded
and used to determine total seeds per square meter.

Marketable yield and fruit number, average individual fruit
weight (including marketable and non-marketable fruits), and
watermelon aboveground biomass were converted to a percent
reduction of the weed-free control values using Equation 1:

Percent reduction ¼ M � B
M

� 100 [1]

where M is the mean value of the weed-free control treatments
average for each location and B is the variable value of each data
point for each location.

R software (RStudio®, PBC, Boston, MA, USA) was used to ana-
lyze our data. Data were evaluated as a linear model and subjected
to an ANOVA to determine whether statistically significant
interactions (P≤ 0.05) existed between Ipomoea spp. density and
location for each response variable. Response variables were water-
melon vine length, Ipomoea spp. canopy cover percent at 6 and 8
WATr, marketable yield loss, marketable fruit number reduction,
average individual fruit weight reduction, and watermelon above-
ground biomass reduction.

R code fromOliveira et al. (2018b) was used to graph the results,
using the nls (nonlinear least squares) function from the nlstools
library to fit the rectangular hyperbola model (Cousens 1985)
and Equation 2:

Yield loss ¼ I�x
1þ I

A

� ��x [2]

where x represents Ipomoea spp. density in plants 27 m−2, I rep-
resents yield loss per unit weed density as x approaches zero,
and A represents yield loss as x approaches infinity.

Data from the weed-free control were excluded from the seed
production ANOVA due to zero variance. Seed production with-
out the weed-free control data were then subjected Tukey’s
Honest Significant Difference (HSD) test to separate mean seed
production at a P ≤ 0.05 significance level if density was sta-
tistically significant.

Results and Discussion

Watermelon Vine Length and Ipomoea spp. Canopy Cover

Watermelon vine length was not affected by the presence of
Ipomoea spp. at 1, 2, or 4WATr at either location (data not shown).
However, by 6 and 8 WATr, percent Ipomoea spp. canopy cover
was affected by Ipomoea spp. density. Ipomoea spp. canopy cover

Figure 1. Additive design plot layout. Constant density of 12 ‘Fascination’ triploid watermelon and six ‘Wingman’ pollenizer plants, and varied densities of 0, 3, 6, 12, 18, and 24
Ipomoea spp. 27 m−2.
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data were combined across locations due to a nonsignificant
treatment-by-location interaction. As the density of Ipomoea
spp. increased from 3 to 24 plants 27 m−2, predicted Ipomoea
spp. percent canopy cover increased from 34% to 89% at
6 WATr and 52% to 100% at 8 WATr (Figures 2 and 3).

Harvest Interference

The presence of Ipomoea spp. hindered the harvest process by hid-
ing watermelon fruits and wrapping around the fruit (Figure 4).
Although harvesting efficiency was not measured, it is most likely
that Ipomoea spp. slowed the harvesting, becausemultiple Ipomoea
spp. vines had to be removed or cut to harvest the fruits. The
impact of Ipomoea spp. interference on harvesting efficiency is
well documented in other crops.

Schutte (2017) reported that the presence of I. purpurea slowed
the manual harvesting of chile pepper (Capsicum annuum L.). He
also stated that professional chile pepper harvesters typically would
avoid weedy areas, but if they did harvest weedy patches, it would
extend harvesting time. Wood et al. (1999) judged it impossible to
mechanically harvest cotton without damaging the equipment at
some locations at I. hederacea densities of 10 and 12 weeds
10 m−1. Ellis et al. (1998) reported that the combine speed to
harvest soybean was slowed slightly with I. hederacea densities
of 0.25, 0.5, 1, and 2 plants row m−1. Wilson and Cole (1966)
reported that the presence of I. hederacea and I. purpurea caused
severe soybean lodging and decreased harvest availability.
Conducting a trial to determine watermelon manual harvest effi-
ciency in the presence of various weeds could be beneficial to cor-
roborate our results.

Marketable Watermelon Yield and Fruit Number

Marketable yield loss and fruit number reduction data were com-
bined across locations due to a nonsignificant treatment-by-
location interaction. Marketable yield and fruit number of the

weed-free control were 187 kg and 26.3 fruits 27 m−2. As
Ipomoea spp. density increased from 3 to 24 plants 27 m−2, pre-
dicted marketable watermelon yield loss increased from 58% to
99% (Figure 5) and predicted marketable fruit number reduction
increased from 49% to 98% (Figure 6). These models followed
almost an identical path as that of the model for the canopy cover
percent at 8WATr (Figure 2), suggesting that Ipomoea spp. canopy
cover at 8 WATr is an indicator of yield loss.

Average Individual Fruit Weight

Individual fruit weight reduction data were combined across loca-
tions due to a nonsignificant treatment-by-location interaction.

Figure 2. Relationship between Ipomoea spp. density and Ipomoea spp. canopy
cover percent at 6 and 8 wk after transplanting (WATr) described with a rectangular
hyperbola. The model is y ¼ I�xð Þ � 1þ I � x=Að Þ½ �, where I = 15.97 and A = 115.33 at
6 WATr, and I= 31.29 and A = 115.86 at 8 WATr. Data points represent the observed
mean data with their SE bars, and the solid and dashed lines represent the predicted
values based on the model for each WATr. Data were pooled across two locations in
2020: the Southwest Purdue Agricultural Center (SWPAC) and Meigs Horticulture Farm
(MEIGS), Indiana, USA.

Figure 3. Plot canopy cover at densities of 0, 3, 6, 12, 18, and 24 Ipomoea spp. 27 m−2

at 8 wk after transplanting (WATr) at the Southwest Purdue Agricultural Center
(SWPAC), Indiana, USA, in 2020.

Weed Science 491

Downloaded From: https://bioone.org/journals/Weed-Science on 13 Jan 2025
Terms of Use: https://bioone.org/terms-of-use



The mean fruit weight of the weed-free control was 7.4 kg per fruit.
As Ipomoea spp. density increased from 3 to 24 plants 27 m−2, pre-
dicted individual fruit weight reduction increased from 17% to 45%
(Figure 7).

This study confirmed that watermelon is a poor competitor
with weeds, and these results are consistent with the severe water-
melon yield loss caused by other weeds. Season-long American
black nightshade (Solanum americanum Mill.), at a density of 2
plants m−2, reduced watermelon yield 54% to 58% (Adkins et al.
2010; Gilbert et al. 2008). A 10% watermelon yield loss was
observed with only 2 yellow nutsedge (Cyperus esculentus L.) plants
m−2 permitted to grow season-long (Buker et al. 2003). Season-
long interference of 6 smooth pigweed (Amaranthus hybridus
L.) plants m−1 reduced watermelon yield approximately 60%
(Terry et al.1997), and 1 Palmer amaranth (Amaranthus palmeri
S.Watson) per planting hole reduced the yield of three watermelon
varieties from 45% to 75% (Bertucci et al. 2019a).

Adkins et al. (2010), Buker et al. (2003), and Gilbert et al. (2008)
reported yield loss due to fruit number reduction but not
smaller fruit size. However, Terry et al. (1997) reported a 37%

reduction in individual watermelon fruit weight at a density of
6 A. hybridusm−1, and Bertucci et al. (2019a) reported a 9% reduc-
tion in individual fruit weight at 4 A. palmeri per planting hole.
In the current study, individual fruit weight reduction impacted
yield loss.

Watermelon Aboveground Biomass

Watermelon aboveground biomass reduction data were combined
across locations due to a nonsignificant treatment-by-location
interaction. Mean watermelon aboveground biomass dry weight

Figure 4. Ipomoea spp. vines wrapped around a watermelon fruit at harvest at Meigs
Horticulture Research Farm (MEIGS), Indiana, USA, in 2020.

Figure 5. Relationship between Ipomoea spp. density and watermelon
marketable yield loss described with a rectangular hyperbola. The model is
y ¼ I � xð Þ � 1þ I � x=Að Þ½ �, where I = 40.80 and A = 109.89. Data points represent
the observed mean data with their SE bars, and the solid line represents the pre-
dicted values based on the model. Fruit was classified as marketable if ≥4 kg. Data
were pooled across two locations in 2020: the Southwest Purdue Agricultural
Center (SWPAC) and Meigs Horticulture Farm (MEIGS), Indiana, USA.

Figure 6. Relationship between Ipomoea spp. density and watermelon marketable
fruit number reduction described with a rectangular hyperbola. The model is
y ¼ I � xð Þ � 1þ I � x=Að Þ½ �, where I = 29.16 and A = 113.29. Data points represent
the observed mean data with their SE bars, and the solid line represents the pre-
dicted values based on the model. Fruit was classified as marketable if ≥4 kg. Data
were pooled across two locations in 2020: the Southwest Purdue Agricultural
Center (SWPAC) and Meigs Horticulture Farm (MEIGS), Indiana, USA.
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of the weed-free control was 292 g m−2. Predicted watermelon bio-
mass reduction increased from 83% to 94% as the Ipomoea spp.
density increased from 3 to 24 plants 27 m−2 (Figure 8).

Watermelon biomass reduction has not been reported in the
studies mentioned previously, but in this study, Ipomoea spp.
significantly affected watermelon aboveground dry biomass. Dry
matter partitioning into the harvestable organs contributes to
the crop’s yield, and leaves are the primary source of dry matter.
In vegetable crops in which harvest is performed over an extended

period, a balance between dry matter partitioning into the fruits
and other vegetative organs is essential (Marcelis et al. 1998).
Because Ipomoea spp. outgrew and covered the watermelon plants,
watermelon plants could not photosynthesize at a rate high enough
to create dry matter. Consequently, biomass reduction most likely
is the primary reason for yield loss and the reduction in fruit num-
ber and fruit weight reduction in the presence of season-long
Ipomoea spp.

Ipomoea spp. Seed Production

Ipomoea spp. seed production data were analyzed by location. Pooled
across all Ipomoea spp. densities, seed production was greater at
MEIGS (6,703 seeds m−2) than at SWPAC (1,007 seeds m−2) (data
not shown). Ipomoea spp. density was significant at SWPAC but
not at MEIGS. Ipomoea spp. seed production ranged from
549 to 1,956 seeds m−2 at SWPAC and from 5,016 to 7,746
seeds m−2 at MEIGS (Table 1). Unexpectedly, at SWPAC, the low-
est density of 3 Ipomoea spp. 27 m−2 had a significantly higher seed
production (1,956 seeds m−2) than the two highest densities of 18
and 24 Ipomoea spp. 27 m−2 (549 and 555 seeds m−2, respectively).

Seed production at MEIGS is comparable to the values reported
by Crowley and Buchanan (1982) and Gomes et al. (1978): 5,000
and 14,600 seeds per one I. hederacea var. integriuscula, 10,000 and
15,200 seed per one I. lacunosa, and 6,000 and 5,800 seed per one I.
hederacea, respectively. However, seed production may have been
affected by intraspecific competition at both locations, but SWPAC
was more affected than MEIGS. Colom and Baucom (2020)
reported that intraspecific competition of two I. hederacea reduced
seed production by approximately 35% with respect to a single I.
hederacea. Another possible reason for reduced seed production at
SWPAC compared with MEIGS would be the effect of environ-
mental factors not measured.

Overall, this study demonstrated that watermelon production is
significantly affected by the presence of Ipomoea spp. that are per-
mitted to grow season-long. If Ipomoea spp. escape initial weed
control practices and grow all season, they will hinder harvest
and reduce yield, fruit number and size, and biomass because of
their propensity for climbing, vining, and twining. Ipomoea spp.
densities increasing from 3 to 24 plants 27 m−2 increased water-
melon yield loss from 58% to 99%, watermelon fruit number
reduction from 49% to 98%, watermelon fruit weight reduction
from 17% to 45%, and watermelon aboveground biomass reduc-
tion from 83% to 94%.

Figure 7. Relationship between Ipomoea spp. density and watermelon average indi-
vidual fruit weight reduction (marketable and non-marketable fruits) described with a
rectangular hyperbola. The model is y ¼ I � xð Þ � 1þ I � x=Að Þ½ �, where I= 8.05 and
A= 58.97. Data points represent the observed mean data with their SE bars, and the
solid line represents the predicted values based on the model. Fruit was classified as
marketable if ≥4 kg and non-marketable if <4 kg. Data were pooled across two loca-
tions in 2020: the Southwest Purdue Agricultural Center (SWPAC) and Meigs Horticul-
ture Farm (MEIGS), Indiana, USA.

Figure 8. Relationship between Ipomoea spp. density and watermelon biomass
reduction in 1 m2 described with a rectangular hyperbola. The model is
y ¼ I � xð Þ � 1þ I � x=Að Þ½ �, where I= 202.96 and A = 95.94. Data points represent
the observed mean data with their SE bars, and the solid line represents the predicted
values based on themodel. Watermelon biomass data were collected from a 1-m2 plot
and oven-dried at 60 C to obtain dry weight. Data were pooled across two locations in
2020: the Southwest Purdue Agricultural Center (SWPAC) and Meigs Horticulture Farm
(MEIGS), Indiana, USA.

Table 1. Ipomoea spp. seed production (±SE) at the Southwest Purdue
Agricultural Center (SWPAC) and Meigs Horticulture Farm (MEIGS), Indiana,
USA, in 2020.

Density

Ipomoea spp. seed productiona

SWPACb MEIGS

Ipomoea spp. 27 m−2 seeds m−2

3 1,956 (205) a 6,659 (2,617)
6 1,432 (404) ab 7,213 (2,067)
12 1,045 (303) ab 5,016 (1,081)
18 549 (62) b 6,880 (748)
24 555 (200) b 7,746 (1,302)

aSeed production (seeds m−2) was obtained by counting the total seed capsules in 1 m2,
counting the number of seeds in 15 capsules, and then extrapolating the total number of
seeds in that 1 m2.
bMeans separation applying Tukey’s HSD at a P≤ 0.05 significance level. Means that do not
share a common letter are significantly different.
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Despite no Ipomoea spp. density affecting watermelon vine
length at early stages, by 6 and 8 WATr, Ipomoea spp. outgrew
the watermelon, and the canopy cover of Ipomoea spp. was promi-
nent as the Ipomoea spp. density increased. The most likely reason
for watermelon yield loss in this study was due to interference
with light and consequently less dry matter being partitioned
into fruit development due to less photosynthesis. This study
also demonstrated that Ipomoea spp. seed production increases
the weed seedbank in the soil immensely, reinforcing the impor-
tance of postharvest weed control.

Acknowledgments. We thank the following individuals for assistance in
planting, maintaining, and data collection: Dennis Nowaskie, Bill Davis,
Angie Thompson, Tristand Tucker, Paul Howard, Jacob Imbus, Jessica
Conner, and Brandi Woolam. This project was funded by the Indiana State
Department of Agriculture (ISDA) through grant A337-19-SCBG-19-003. Its
contents are solely the responsibility of the authors and do not necessarily
represent the official views of the ISDA. Additionally, this work is supported
by the U.S. Department of Agriculture–National Institute of Food and
Agriculture Hatch project 7000862. No conflicts of interest have been declared.

References

Adkins JI, Stall WM, Santos BM, Olson SM, Ferrell JA (2010) Critical period of
interference between American black nightshade and triploid watermelon.
Weed Technol 24:397–400

Andino JR,Motsenbocker CE (2004) Colored plastic mulches influence cucum-
ber beetle populations, vine growth, and yield of watermelon. HortScience
39:1246–1249

Bertucci MB, Jennings KM, Monks DW, Schultheis JR, Louws FJ, Jordan, DL
(2019a) Interference of Palmer amaranth (Amaranthus palmeri) density in
grafted and nongrafted watermelon. Weed Sci 67:229–238

Bertucci MB, Jennings KM, Monks DW, Schultheis JR, Louws FJ, Jordan DL,
Brownie C (2019b) Critical period for weed control in grafted and nongrafted
watermelon grown in plasticulture. Weed Sci 67:221–228

Buker RS III, Stall WM, Olson SM, Schilling DG (2003) Season-long interfer-
ence of yellow nutsedge (Cyperus esculentus) with direct-seeded and trans-
planted watermelon (Citrullus lanatus). Weed Technol 17:751–754

Colom SM, BaucomRS (2020) Belowground competition can influence the evo-
lution of root traits. Am Nat 195:577–590

Cordes RC, BaumanTT (1984) Field competition between ivyleafmorningglory
(Ipomoea hederacea) and soybeans (Glycine max). Weed Sci 32:364–370

Cousens R (1985) A simple model relating yield loss to weed density. Ann Appl
Biol 109:239–252

Crowley RH, Buchanan GA (1978) Competition of four morningglory (Ipomoea
spp.) species with cotton (Gossypium hirsutum). Weed Sci 26:484–488

Crowley RH, Buchanan GA (1982) Variations in seed production and the
response to pests of morningglory (Ipomoea) species and smallflower
morningglory (Jacquemontia tamnifolia). Weed Sci 30:187–190

Egel D, ed (2020) Midwest Vegetable Production Guide for Commercial
Growers. West Lafayette, IN: Purdue University Extension. 264 p

Ellis JM, Shaw DR, Barrentine WL (1998) Soybean (Glycine max) seed quality
and harvesting efficiency as affected by low weed densities. Weed Technol
12:166–173

[FAO] Food and Agriculture Organization of the United Nations (2022)
FAOSTAT Statistical Database. https://www.fao.org/faostat/en/#rankings/
countries_by_commodity. Accessed: February 21, 2022

Gilbert CA, Stall WM, Chase CA, Charudattan R (2008) Season-long
interference of American black nightshade with watermelon. Weed
Technol 22:186–189

Gomes LF, Chandler JM, Vaughan CE (1978) Aspects of germination, emer-
gence, and seed production of three Ipomoea taxa. Weed Sci 26:245–248

Keeley PE, ThullenRJ, Carter CH (1986) Influence of planting date on growth of
ivyleaf morningglory (Ipomoea hederacea) in cotton (Gossypium hirsutum).
Weed Sci 34:906–910

Kramer J, Simnitt S, Calvin L (2020) Fruit and Tree Nuts Outlook.Washington,
DC: U.S. Department of Agriculture–Economic Research Service FTS-370.
26 p

Marcelis LFM, Heuvelink E, Goudriaan J (1998) Modelling biomass production
and yield of horticultural crops: a review. Sci Hortic 74:83–111

Oliveira MC, Pereira GAM, Ferreira EA, Santos JB, Knezevic SZ, Werle R
(2018a) Additive design: the concept and data analysis. Weed Res 58:
338–347

Oliveira MC, Pereira GAM, Ferreira EA, Santos JB, Knezevic SZ, Werle R
(2018b) Using R to analyse additive designs. Appendix S1 to Additive design:
the concept and data analysis. Weed Res 58:338–347

Pagnoncelli FDB, Trezzi MM, Brum B, Vidal RA, Portes ÁF, Scalcon EL,
Machado A (2017) Morning glory species interference on the development
and yield of soybeans. Bragantia 76:470–479

Paul GS, Yavitt JB (2011) Tropical vine growth and the effects on forest succes-
sion: a review of the ecology andmanagement of tropical climbing plants. Bot
Rev 77:11–30

Price AJ, Wilcut JW (2007) Response of ivyleaf morningglory (Ipomoea heder-
acea) to neighboring plants and objects. Weed Technol 21:922–927

Schutte BJ (2017) Measuring interference from midseason tall morningglory
(Ipomoea purpurea) to develop a model for teaching weed seedbank effects
on chile pepper. Weed Technol 31:155–164

Terry ER, Stall WM, Shilling DG, Bewick TA, Kostewicz SR (1997) Smooth
amaranth interference with watermelon and muskmelon production.
HortScience 32:630–632

[USDA-NASS] U.S. Department of Agriculture–National Agricultural Statistics
Service (2019) Vegetables 2019 Summary February 2020. Washington, DC:
U.S. Department of Agriculture. 101 p

Van Wychen L (2019) 2019 Survey of the Most Common and Troublesome
Weeds in Broadleaf Crops, Fruits & Vegetables in the United States and
Canada. Weed Science Society Of America National Weed Survey
Dataset. https://wssa.net/wp-content/uploads/2019-Weed-Survey_broadleaf-
crops.xlsx. Accessed: April 4, 2020

Wilson HP, Cole RH (1966) Morningglory competition in soybeans. Weeds
14:49–51

WoodML,Murray DS,Westerman RB, Verhalen LM, Claypool PL (1999) Full-
season interference of Ipomoea hederacea with Gossypium hirsutum. Weed
Sci 47:693–696

494 Arana et al.: Ipomoea spp. interference

Downloaded From: https://bioone.org/journals/Weed-Science on 13 Jan 2025
Terms of Use: https://bioone.org/terms-of-use

https://www.fao.org/faostat/en/#rankings/countries_by_commodity
https://www.fao.org/faostat/en/#rankings/countries_by_commodity
https://wssa.net/wp-content/uploads/2019-Weed-Survey_broadleaf-crops.xlsx
https://wssa.net/wp-content/uploads/2019-Weed-Survey_broadleaf-crops.xlsx

	Interference of morningglories (Ipomoea spp.) with `Fascination' triploid watermelon
	Introduction
	Materials and Methods
	Results and Discussion
	Watermelon Vine Length and Ipomoea spp. Canopy Cover
	Harvest Interference
	Marketable Watermelon Yield and Fruit Number
	Average Individual Fruit Weight
	Watermelon Aboveground Biomass
	Ipomoea spp. Seed Production

	References


