ABSTRACT
BLANKENSHIP, COLTON DAVID. Evaluating Alternative Weed Management Systems and
Challenges Across a Variety of North Carolina Crops (Under the direction of Dr. Katherine M.
Jennings).
Weed management is a major challenge across a variety of agronomic and horticultural crop
production systems. Palmer amaranth (Amaranthus palmeri S. Watson) is one of the most
difficult weeds to control in various crops across the United States. Electrical weed management
has potential to improve management of Palmer amaranth in systems with and without
preemergence herbicides; thus, studies were conducted to evaluate the efficacy of electrical weed
management application schedules in sweetpotato (Ipomoea batatas L.), peanut (Arachis
hypogaea L.), cucumber (Cucumis sativus L.), and cotton (Gossypium hirsutum L.). Herbicide
treatments included a preemergence herbicide or no herbicide. Application schedules included
weekly, biweekly (every two weeks), and monthly applications, as well as weedy and weed-free
checks. A similar trend in Palmer amaranth control was identified in sweetpotato, cucumber, and
cotton, wherein biweekly applications did not result in different control compared to weekly
applications. In peanut, application schedule did not result in differences in control. These results
indicate that more frequent applications do not necessarily result in better weed control;
biweekly applications and even monthly applications may provide the best weed control
depending on the cropping system.

Cover cropping and reduced tillage systems are important cultural weed management
tools. Timely cover crop termination can be challenging in systems without synthetic herbicides.
Thus, studies were conducted to evaluate the efficacy of electrical weed control for sunn hemp
(Crotalaria juncea L.) cover crop termination with and without roller crimping. Treatments

consisted of no termination, electrical termination one-pass, electrical termination two-passes,



roller crimping alone, and electrical termination one-pass followed by roller crimping. The
electrical termination two-pass treatment was the most effective termination treatment compared
to the nontreated check by 2 WAT for both visual percent kill and fresh mass.

Flumioxazin is an important and widely used preemergence herbicide in sweetpotato
production in North Carolina; however, concern exists about the safety of flumioxazin for
sweetpotato yield and quality under certain conditions such as rainfall before or after application;
thus, studies were conducted to test the efficacy and safety of flumioxazin with various simulated
rainfall treatments. Herbicide treatments consisted of no herbicide, flumioxazin at 107 g ha* and
214 g ha. Simulated rainfall treatments consisted of water applied before flumioxazin
application, water applied after flumioxazin application, and no water applied. No visual injury
from herbicide or rainfall treatments was observed. Flumioxazin at 214 g ha reduced
sweetpotato yield compared to the no herbicide treatment. However, flumioxazin at 107 g ha*
(registered rate) did not reduce yield compared to the no herbicide treatment. No interactions
between irrigation timing and herbicide were observed. The results of this study highlight both
the safety of flumioxazin when applied at registered rates as well as the importance of
appropriate application procedures to ensure that overapplication of flumioxazin does not occur.

The use of crop competition with weeds as a weed management tool has potential to
improve sweetpotato weed management. Field studies were conducted in a full factorial split-
split plot arrangement; The treatments consisted of in-row spacing, cultivar and competitive
environment. In-row spacing treatments included 20 cm, 30 cm, and 40 cm. Cultivar treatments
included ‘Covington’ and ‘Monaco’. Competitive environment treatments weedy and weed-free
environments. While competitive environment affected both no. 1 and total sweetpotato yields

across years, cultivars, and spacings, the only differences observed between spacings and



environment were detected for no. 1 yield per plant in 2023. The lack of observed interactions
between cultivar and competitive environment indicates that selected cultivars did exhibit
differential tolerance to weed competition. Thus, there is no evidence that selected spacings or

cultivars give a competitive advantage under weedy conditions.
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Abstract

Palmer amaranth is one of the most common and troublesome weeds in various cropping systems
in North Carolina and across the southeastern United States. Electrical weed management has
potential uses in a variety of crops for management of weeds including Palmer amaranth;
however, little research exists detailing the optimal frequency of electrical weed management
applications in various crops for weed control and crop yield and quality. Field studies were
conducted in crops including sweetpotato (Ipomoea batatas L.), peanut (Arachis hypogaea L..),
cucumber (Cucumis sativus L.), and cotton (Gossypium hirsutum L.) to determine the optimal

application frequency with and without preemergence herbicides. The study design consisted of



3
a split-plot that evaluated two herbicide treatments (main plot) and five Weed Zapper application
frequency treatments (subplot). Herbicide treatments included a crop-dependent preemergence
herbicide or no herbicide; frequency treatments included weekly, biweekly (every two weeks),
monthly, weedy check, and weed-free check. Palmer amaranth control data showed a similar
trend for all crops except peanut; that the weekly and biweekly frequencies were not different
from one another but were different from the monthly application frequency. In peanut, however,
there were no differences among the different application schedules for Palmer amaranth control,
potentially indicating that a less-frequent Weed Zapper application schedule may be as effective
as a weekly schedule under certain conditions. Application schedule did not affect crop injury in
sweetpotato, peanut, and cotton, indicating that more frequent applications did not necessarily
result in increased injury. More frequent Weed Zapper application schedules did not necessarily
lead to better weed control and improved yields compared to lower frequency schedules. Further
research is needed to determine how the Weed Zapper can be incorporated into existing weed
management programs and how it may perform as part of an entire management strategy that
incorporates chemical, cultural, and physical control methods.
Nomenclature: Palmer amaranth; Amaranthus palmeri S. Watson

Keywords: sweetpotato; peanut; cotton; cucumber; electrical weed management; Weed Zapper



Sweetpotato (Ipomoea batatas L.), peanut (Arachis hypogaea L.), cucumber (Cucumis sativus
L.), and upland cotton (Gossypium hirsutum L.) are economically important crops in North
Carolina and the United States. In 2023 the production values for each of these crops in North
Carolina alone were $289 million, $144 million, $24 million, and $276 million, respectively.
Nationally in the United States over the same period, the production values for each of these
crops were $673 million, $1.6 billion, $289 million, and $4.3 billion, respectively (USDA-NASS
Quick Stats 2023).

Palmer amaranth (Amaranthus palmeri S. Watson) is one of the most common and
troublesome weeds in horticultural and agronomic crop production systems throughout the
United States (Van Wychen 2022). Palmer amaranth possesses various characteristics that make
it difficult to manage, including a rapid growth rate, tall growth habit, and high fecundity (Jha
and Norsworthy 2009; Ward et al. 2013). Besides direct competition with crops for light and
nutrients, Palmer amaranth interference can also result in indirect losses for growers; in dryland
cotton, increased densities of Palmer amaranth resulted in increased harvest times (Smith et al.
2000). Palmer amaranth has also contributed heavily to the rising global challenge of herbicide
resistance by developing resistance to multiple herbicide modes of action in various regions of
the United States (Heap 2024; Ward et al. 2013).

Due to the rise of herbicide-resistant populations of Palmer amaranth and other weeds, it
is critically important to incorporate multiple management strategies into weed management
systems. Integrated weed management focuses on the incorporation of chemical, cultural, and
physical management strategies to manage weeds (Harker and O’Donovan 2013; Swanton and
Weise 1991). In many horticultural crops such as sweetpotato and cucumber, there are few

herbicides and modes of action available for weed management (Kemble et al. 2024). In organic



and reduced-herbicide systems, weed management must be achieved through the use of other,
largely non-chemical strategies.

One such potential avenue for non-chemical control is through electrical weed
management. The concept of using electricity for weed management is not novel and has been
explored in previous research (Diprose and Benson 1984; K. R. Kaufman and L. W. Schaffner
1982; Moore et al. 2023; Slaven et al. 2023). Despite this, electrical weed management remains a
relatively underexplored concept compared to other management strategies such as chemical
management and cover cropping. There are now several commercially available electric weeders
including The Weed Zapper (Old School Manufacturing, Sedalia, MO, USA), the Lasco
Lightning Weeder (Lasco Lightning Weeder, Ottertail, MN, USA), and the RootWave
(RootWave, Kineton, GB-ENG). These electrical implements require some amount of physical
separation between the crop and weeds to allow for selectivity; thus, weeds with a tall growth
habit and rapid growth rate like Palmer amaranth present an opportunity for selective control via
the use of electrical weed control implements (Figure 1.1).

Prior research has evaluated some parameters of optimal weed parameters for control via
the Weed Zapper. Weed height and plant moisture have been found to impact the efficacy of
electrical termination (Moore et al. 2023; Schreier et al. 2022). However, little information exists
about the optimal application frequency schedule for use of the Weed Zapper and other electrical
implements for control of Palmer amaranth in crops including sweetpotato, cucumber, peanut,
and cotton. Thus, studies were conducted to determine the impact of application frequency on

Palmer amaranth control and crop yield in various North Carolina crops.



Materials and Methods
Twelve field studies were conducted over the period from 2022 to 2024 at the Horticultural
Crops Research Station in Clinton, NC (35.02376, -78.28110) to determine the effect of Weed
Zapper application frequency on Palmer amaranth control and crop yield for various North
Carolina crops. All studies shared similar study designs and treatments. Studies with different
crops were independent. Treatments were applied in a 2 x 5 factorial split-plot arrangement in a
randomized complete block design with four replications. The main plot factor (2 levels)
consisted of the presence or absence of a preemergence herbicide applied before or at
planting/transplanting; the subplot factor (5 levels) consisted of Weed Zapper application
frequency treatments including weekly, biweekly (every two weeks), monthly, hand-weeded
check, and weedy check. Whole plots consisted of twenty rows 9 m long; subplots consisted of
four rows, each 1 m wide by 9 m long. The center two rows were used for data collection while
the outside rows were border rows to prevent treatment interference from other plots. Each plot
was separated laterally from other plots by an empty 5 m space. Weed Zapper treatments were
applied using a Weed Zapper Annihilator 6R30 attached to a John Deere 8230 tractor in 2022
and a John Deere 6195R tractor in 2023 and 2024, respectively (Figure 1.2); equipment
parameters were standardized to ensure uniformity across studies and years. Tractor ground
speed was set at 4 kph and power take-off RPM was set at 1070 for all treatments. The Weed
Zapper was set to the “first pass broadleaf” setting for all treatments.

All studies were conducted on raised 1.06 m beds due to equipment constraints at the
Horticultural Crops Research Station in Clinton, NC. The studies were conducted by crop; the
crops consisted of sweetpotato (3 studies: 2022, 2023, 2024), peanut (3 studies: 2023, 2024,

2024), cucumber (2 studies: 2022, 2023), and cotton (4 studies: 2022, 2023, 2024, 2024). Data



collection included weekly Palmer amaranth control ratings using a scale of 0% (no control) to
100% (plant death) (Frans et al. 1986). Visual crop injury was assessed on a scale of 0% (no
injury) to 100% (crop death). Yield was quantified differently for each cropping system studied.

For all studies, Weed Zapper schedule treatments were initiated when weeds reached an
average height of 15 cm above the crop canopy in each herbicide treatment. While weed
densities were much higher across all studies in the no herbicide treatments, Palmer amaranth
escapes in the herbicide treatments resulted in the schedule initiation being reached at the same
time in most crops; in 2024, the herbicide treatments in both peanut studies performed
exceptionally well, and thus resulted in delayed treatment initiation for those studies (Table 1.1).
Treatments were typically initiated between 3-4 weeks after planting (WAP). Weed Zapper
application treatment schedules were carried out for 5 weeks in order to ensure that the treatment
schedules were fully applied; over this period, the weekly schedule received 5 treatments (7 days
between treatments), the biweekly schedule received 3 treatments (14 days between treatments),
and the monthly schedule received 2 treatments (28 days between treatments).

Sweetpotato studies were initiated on July 1, 2022, June 8, 2023, and May 30, 2024.
Herbicide treatments were established one day prior to transplanting and were applied via a
tractor-mounted sprayer calibrated to deliver 187 liters per hectare using XR8002 flat fan spray
nozzles; herbicide treatments consisted of no herbicide and flumioxazin at 107 g hat. Nonrooted
‘Covington’ sweetpotato slips were planted into raised beds at a 0.28 m in-row spacing.
Sweetpotato studies were harvested on October 19, 2022, October 2, 2023, and October 8, 2024,
respectively, and hand-graded into canner (> 2.5 cm but <4.4 cm in diam), no. 1 (> 4.4 cm but <

8.9 cm), and jumbo (> 8.9 cm) grades (U.S Department of Agriculture 2005) before weighing.



Marketable yield was calculated as the sum of no. 1 and jumbo grades. Total yield was
calculated as the sum of canner, no. 1, and jumbo grades.

Peanut studies were initiated on May 18, 2023, May 6, 2024, and May 28, 2024.
Herbicide treatments were established directly after planting via a tractor-mounted sprayer
calibrated to deliver 187 liters per hectare using XR8002 flat fan spray nozzles; herbicide
treatments consisted of either flumioxazin at 71.3 g ha™* and S-metolachlor at 1.4 kg ha™* or no
herbicide. ‘Bailey II’ Virginia-type peanuts were planted at a target rate of 19.7 seeds m™. Yield
was not collected in 2023. Due to equipment limitations, yield was quantified in both of the 2024
studies by digging the data rows using a chain-digger and inverting the peanuts by hand; then,
plots were allowed to field-dry for several days before collection. Collection consisted of all crop
plant material (above and below-ground) from the rightmost data row (excluding weeds and non-
crop material); material was placed into paper bags and stored to continue drying for one month
at ambient temperatures before weighing as a metric of crop yield.

Cucumber studies were initiated on July 19, 2022, and July 31, 2023. Herbicide
treatments were established directly after planting via a tractor-mounted sprayer calibrated to
deliver 187 liters per hectare using XR8002 flat fan spray nozzles; herbicide treatments consisted
of either ethalfluralin at 0.34 kg ha™ and clomazone at 0.1 kg ha™* or no herbicide. ‘Calypso’
pickling cucumbers were seeded at a rate of 6.56 seeds per meter. Cucumbers were harvested
twice per week for two weeks in 2022 and three weeks in 2023 and hand-graded into U.S. No. 1,
U.S. No. 2, U.S. No. 3, and Cull grades (U.S Department of Agriculture 1997). Total yield was
assessed as the sum of all cucumber grades. Yield data were collected from a consistent 3 meter

subsection of the leftmost data row of each plot.



Cotton studies were initiated on June 29, 2022, May 18, 2023, May 6, 2024, and May 8,
2024. Herbicide treatments were established directly after planting via a tractor-mounted sprayer
calibrated to deliver 187 liters per hectare using XR8002 flat fan spray nozzles; herbicide
treatments consisted of either fomesafen at 0.21 kg ha-1 and acetochlor at 1.26 kg ha™* or no
herbicide. Deltapine® 2038 B3XF cotton was seeded at a rate of 8.2 seeds per meter.

Data analysis was performed in SAS Version 9.4 (SAS Institute, Cary, NC) using the
MIXED procedure. Residuals were plotted and examined to ensure homogeneity of variance.
Least squared means were separated using Tukey’s Honestly Significant Difference (o = 0.05).
For sweetpotato, peanut, and cotton, application schedule and herbicide were treated as fixed
effects while replication nested within year, year, and herbicide by replication nested within year
were treated as random effects. For cucumber, application schedule, herbicide, and year were
treated as fixed effects while replication nested within year and herbicide by replication within
year were treated as random effects. Visual Palmer amaranth control analysis was conducted by
treating herbicide, crop, and schedule as fixed effects while treating trial, rep nested within trial,
herbicide by rep nested within trial, and trial nested within crop as random effects; the Kenward-
Roger denominator degrees of freedom estimation method was used to compute denominator
degrees of freedom in the MIXED procedure. The hand-weeded and weedy checks were
excluded from Palmer amaranth control and injury analysis in order to meet the assumptions of

ANOVA; however, these treatments were included in tables for presentation.
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Results and Discussion
Palmer amaranth control

A similar trend was observed from the interaction of Weed Zapper schedule and crop
pooled across herbicide treatments on visual Palmer amaranth control in sweetpotato, cucumber,
and cotton at 5 weeks after schedule initiation (p = 0.0001) (Table 1.2); weekly and biweekly
application schedules did not result in different Palmer amaranth control from one another, but
were both different from the monthly application schedule. This indicates that the increase in
frequency of applications did not result in increased Palmer amaranth control. One possible
explanation is that the most frequent application schedule does not allow for Palmer amaranth to
regrow to sufficient height above the crop canopy for optimal treatment; prior research has
indicated that height over canopy is important for weed control when using the weed zapper
(Moore et al. 2023). The monthly application schedule provided the worst weed control in each
of the aforementioned crops. For peanut, there were no differences between the weekly,
biweekly, or monthly application schedules (Table 1.2). Observationally, the short and compact
nature of the peanut leaf canopy resulted in much easier and more consistent treatment
applications across all timings, which may explain the difference in trend compared to the other
tested crops. There is potential for the use of less frequent application schedules in peanut
production systems without losses in Palmer amaranth control compared to other crops. Further
research is needed to confirm these effects and further identify the responsible factors.

In these studies, control varied based on schedule application frequency and crop; in
electrical weed control studies conducted on Palmer amaranth in North Carolina, Moore et al.
(2023) reported weed control from electrical applications ranging from 72-95 % control across

various treatment application heights and crops. The visual Palmer amaranth control observed in
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these studies exhibited a wider range than that reported by Moore et al., ranging from 22-82%;
one possible explanation for this is that while Moore et al. applied treatments whenever weeds
reached treatment heights, we applied treatments based on predetermined schedules and timings.
Because these timings were independent of Palmer amaranth growth and size, overall control

may have been more variable as a result.

Crop foliar injury

Crop injury at 5 WAT was inconsistent across different crops and years (Table 1.3). Visual foliar
injury from electrical treatments consisted of necrosis. In cucumber studies, visual injury from
weed zapper treatments was not distinguishable due to the presence of disease symptoms in both
years; thus, foliar injury data were not collected. For peanut studies, visual injury at 5 WAT was
not observed across studies. For sweetpotato and cotton studies, there were no significant effects
or interactions between treatments for foliar injury data. All observed injury for sweetpotato and
cotton studies was below 5%.

Weed Zapper application frequency treatments did not result in different crop injury
between the treatments; furthermore, all observed injury was minimal in the crops in which it
was recorded. This indicates that injury related to the use of the Weed Zapper is not necessarily a
factor in determining the optimal application frequency and timing; more frequent and numerous
application schedules did not result in increased or unacceptable injury compared to other

treatments.
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Sweetpotato yield
Sweetpotato yield was assessed by grade. The main effect of Weed Zapper application schedule
for sweetpotato yield was significant (p < 0.0001) for no. 1 yield, jumbo yield and marketable
yield (Table 1.4). For no. 1 yield, the hand-weeded check, weekly, and biweekly schedules were
not different from one another; they were also each better than the weedy treatment. The monthly
schedule was not different from the weedy check and was reduced compared to the hand-weeded
check. For jumbo yield, the weekly and biweekly treatments were not different from the hand-
weeded check, but were also not different from the monthly and weedy check. For marketable
yield, the hand-weeded check and biweekly schedule were not different from one another; the
weekly treatment was better than the weedy check but not different from the monthly or
biweekly frequencies. The weedy check was worse than all treatments except for the monthly
application frequency for marketable yield.

For canner and total yields, an interaction was observed between herbicide and Weed

Zapper application schedule (p = 0.0024 and p = 0.0382, respectively) which was assessed by
herbicide (Table 1.5). The presence of this interaction for canner and total yield indicates that the
Weed Zapper application schedules performed differently for these yield metrics across the
flumioxazin and no herbicide treatments. For the flumioxazin treatments for canner yield, there
was no effect of Weed Zapper application schedule on canner yield; for the no herbicide
treatments, Weed Zapper application schedule had a significant effect (p < 0.0001). For canner
yield in the no herbicide treatments, the hand-weeded, weekly, and monthly schedules were not
different from one another. The biweekly and weedy check were not different from each other,
but were both different from the hand-weeded check. For total yield, the effect of Weed Zapper

application schedule was significant (p = 0.0019 and p < 0.0001) for both the flumioxazin and no
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herbicide treatments. For the flumioxazin treatments, the hand-weeded check, weekly, biweekly
and monthly schedules were not different from one another; the weedy check was only different
from the hand-weeded check and the biweekly application frequency. For the no herbicide
treatments, the hand-weeded check was similar to the weekly application frequency, but different
than all other treatments. The hand-weeded check, weekly, and biweekly frequencies were
different from the weedy check. The monthly application schedule was not different from the
weedy check.

The main effect of herbicide on sweetpotato yield was significant (p < 0.05) for all grades
except canners (Table 1.6). A similar trend was observed for no. 1, jumbo, marketable, and total
yield grades, in that the main effect of flumioxazin resulted in greater yield. As weed density was
greatly reduced across all treatments due to the presence of a preemergence herbicide, yields

were accordingly greater.

Peanut yield

Peanut whole plant biomass was collected and weighed for both of the studies conducted in
2024; an interaction effect was observed between herbicide and Weed Zapper application
schedule that was assessed by herbicide (Table 1.7). The effect of Weed Zapper application
frequency was not significant for the herbicide treatments (p = 0.4193) but was significant for the
no herbicide treatments (p = 0.0144). For the no herbicide treatments, the hand-weeded check
was different from the weedy check; all other treatments were not different from either the hand-

weeded check or the weedy check.
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Cucumber yield
No interactions were observed for total cucumber yield. The main effect of Weed Zapper
application frequency on total cucumber yield was significant (p = 0.0154) (Table 1.8). The
hand-weeded check, biweekly, and monthly schedules did not differ from one another for total
yield. The weekly application schedule and weedy check were not different from one another or
the biweekly and monthly schedules but were both lower than the hand-weeded check.

The interaction effect of herbicide and year for total cucumber yield was significant (p =
0.0073) and was assessed by year (Table 1.9). The effect of herbicide was not significant in 2022
(p = 0.2562) but was significant in 2023 (p = 0.0047). In 2023, herbicide had a large effect on
total yield, resulting in 1869 kg ha™* for the no herbicide treatment compared to 6794 kg ha* for

the ethalfluralin and clomazone treatment.

Cotton yield
Due to logistical limitations, cotton trials were conducted at the Horticultural Crops Research
Station in Clinton, NC. Cotton harvest equipment was not available to collect yield on these

trials; thus, cotton yield was not collected.

Palmer amaranth control data shows that all crops except peanut exhibited a similar trend; that
the weekly and biweekly frequencies were not different from one another but were different from
the monthly application frequency. In peanut, however, there were no differences among the
different application schedules for Palmer amaranth control, potentially indicating that a less-
frequent Weed Zapper application schedule may be as effective as a weekly schedule under

certain conditions. Crop injury was not affected by application schedule in sweetpotato, peanut,
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and cotton, indicating that more frequent applications did not necessarily result in increased
injury. Crop injury should not be a major concern for weed management programs incorporating
the Weed Zapper in these crops as long as operators exercise caution in avoiding electrode
contact with the crop canopy.

For marketable sweetpotato yield, the biweekly application schedule is the only
application schedule that was not different from the hand-weeded check. While weed control did
not differ between the biweekly and weekly schedules, one possible explanation for the yield
loss of the weekly treatment compared to the hand-weeded check is that the more frequent
application schedule may have resulted in more mechanical damage to vines via the grounding
coulters, which could potentially result in decreased yield. The monthly application schedule did
not result in different marketable yield compared to the weedy check, and is not sufficient for
protection of sweetpotato yield from Palmer amaranth competition. Though the weekly treatment
was better than the weedy check for marketable yield, it was still lower than the hand-weeded
check and is thus not an acceptable schedule for protection of sweetpotato yield. For marketable
sweetpotato yield, the biweekly application schedule appears to be the best of the schedules
tested.

For peanut, the only treatments that were significantly affected by Weed Zapper
application schedule were the no herbicide treatments. None of the weed zapper application
schedules yielded differently than either the hand-weeded or weedy check. That they were not
different from the weedy check indicates that none of the tested frequencies may be sufficient
alone for control of Palmer amaranth in peanut without preemergence herbicides applied at
planting. For total cucumber yield, the biweekly and monthly application frequencies were not

different from the hand-weeded or weedy check. The weekly application frequency was worse
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than the hand-weeded check. Similar to peanut, none of the tested frequencies may be sufficient
for control of Palmer amaranth in cucumber without other, supplemental weed control practices
such as hand-weeding.

More frequent Weed Zapper application schedules did not necessarily lead to better weed
control and improved yields compared to lower frequency schedules. Further research is needed
to determine how the Weed Zapper can be incorporated into existing weed management
programs and how it may perform as part of an entire management strategy that incorporates

chemical, cultural, and physical control methods.

Practical Implications

While some research has been conducted into electrical weed management in sweetpotato,
cucumber, and peanut, little information exists on the optimal application frequency for Palmer
amaranth control. These results will be used to create extension recommendations for growers to
incorporate the use of the Weed Zapper and other electrical weed management implements into

their weed management programs.
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Figure 1.1. Palmer amaranth controlled by Weed Zapper application in sweetpotato, 2 weeks
after application.

20
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Figure 1.2. Weed Zapper mounted on John Deere 6195R tractor.

(Left) Front view of pIicatlon apparatus including copper electrode and grounding coulters.
(Middle) Application apparatus as seen from tractor cab. (Right) PTO-driven generator-

transformer cart as seen from tractor cab.
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Table 1.1 Planting dates and treatment initiation for herbicide in no herbicide treatments across

all crops and years.

Schedule initiation date?

Crop Year  Plantdate No herbicide  Herbicide
2022 7/1/2022 7/21/2022 7/21/2022
Sweetpotato 2023 6/8/2023 7/6/2023 7/6/2023
2024 5/30/2024  7/3/2024 7/3/2024
2023  5/18/2023 6/28/2023 6/28/2023
Peanut 2024.1 5/6/2024 6/13/2024 71412024
2024.2 5/28/2024 6/26/2024 7/31/2024
Cucumber 2022 7/19/2022  8/11/2022 8/11/2022
2023  7/31/2023 8/28/2023 8/28/2023
2023  5/18/2023 6/28/2023 6/28/2023
Cotton 2024.1 5/6/2024 6/13/2024 6/13/2024
2024.2 5/28/2024 6/26/2024 6/26/2024

Schedule initiation was triggered when weeds reached an average height of 0.15 m above the

crop canopy for each herbicide treatment.
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Table 1.2. Interaction effect between crop and Weed Zapper application frequency on visual

Palmer amaranth control at 5 weeks after planting in each cropping system.

Cropping system

Schedule Sweetpotato  Peanut Cucumber Cotton

Hand-weeded 100 100 100 100
Weekly 67 a 80 a 76 a 59a
Biweekly 57 a 82 a 72a 55a
Monthly 22b 79a 51b 36Db
Weedy 0 0 0 0

8An interaction was observed between crop and Weed Zapper application schedule that was
assessed by crop (p =0.0001). Least squared means were separated by Tukey’s HSD at a= 0.05.
The ‘weedy’ and ‘hand-weeded’ treatments were excluded from analysis in order to meet the
assumptions of ANOVA,; they have been included here for presentation. Mean comparisons are

within each column only. Means with different letters are significantly different.
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Table 1.3. Main effect of Weed Zapper application frequency on visual Palmer amaranth control

at 5 weeks after planting in each cropping system.

Crop?

Schedule Sweetpotato  Peanut Cucumber®  Cotton

------ % foliar injury® -------------------

Hand-weeded 0 0 - 0
Weekly 5a 0 - 5a
Biweekly 2a 0 - 3a
Monthly 5a 0 - 4a
Weedy 0 0 - 0

%Least squared means were separated by Tukey’s HSD at a= 0.05. The ‘weedy’ and ‘hand-
weeded’ treatments were excluded from analysis in order to meet the assumptions of ANOVA;
they have been included here for presentation. Mean comparisons are within each column only.
Means with different letters are significantly different.

b\/isual crop foliar injury was assessed on a scale of 0% (no injury) to 100% (crop death).

“Cucumber injury was not collected due to the presence of disease, which obscured foliar injury.
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Table 1.4. Main effect of Weed Zapper application schedule for sweetpotato yield pooled across

years.

Sweetpotato yield?
Schedule No. 1 Jumbo Marketable

------ --kg ha'l- mmmmmmeenne
Hand-weeded 15300 a 2600 a 17900 a
Weekly 12490 ab 1490ab 13980 b
Biweekly 12910 a 1920ab 14830 ab
Monthly 9620 bc 1440 b 11050 bc

Weedy 7640 ¢ 870 Db 8510 ¢
¥Least squared means were separated by Tukey’s HSD at o= 0.05. Mean comparisons are within

each column only. Means with different letters are significantly different.
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Table 1.5. Interaction effect of preemergence herbicide and Weed Zapper application schedule.

Sweetpotato yield?

Herbicide Schedule Canner Total
----------- kg hal-----------
Hand-weeded 4900 26250 a
Flumioxazin 107 g ha* pre- Weekly 2970 23570 20
transplant Biweekly 5380 26520 a
Monthly 5230 21680 ab
Weedy 5200 19020 b
Hand-weeded 6040 a 20480 a
Weekly 5340ab 15710 ab
None Biweekly 4010 bc  12530b
Monthly 4870ab 10530 bc
Weedy 3300 ¢ 6490 c

Least squared means were separated by Tukey’s HSD at o= 0.05. Mean comparisons are within

each herbicide only. Means with different letters are significantly different.
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Table 1.6. Main effect of herbicide on sweetpotato yield pooled across years .

Sweetpotato yield?

Canner No. 1 Jumbo  Marketable Total
----------------------- 1 R
Flumioxazin 107 g ha 5340 a 15600 a 2470a 18070 a 23410 a
None 4720 a 7580 b 850 b 8430 b 13150 b

Least squared means were separated by Tukey’s HSD at a= 0.05. Mean comparisons are within

each column only. Means with different letters are significantly different.
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Table 1.7. Interaction between herbicide and Weed Zapper application schedule for Peanut

whole-plant biomass over two studies in 2024 in Clinton, NC.

Herbicide Schedule Peanut whole-plant biomass?
kg hat
Hand-weeded 4770
Weekly 4010

Flumioxazin 107 g ha' & S-

metolachlor 1.4 kg ha* Biweekly 5080
Monthly 4280
Weedy 4980
Hand-weeded 3780 a
Weekly 3130 ab
None Biweekly 2160 ab
Monthly 2340 ab
Weedy 1590 b

¥Least squared means were separated by Tukey’s HSD at o= 0.05. Mean comparisons are within

each herbicide only. Means with different letters are significantly different.



Table 1.8. Main effect of Weed Zapper application frequency on total cucumber yield.

Schedule Total cucumber yield?
kg hat

Hand-weeded 8780 a

Weekly 5480 b

Biweekly 5680 ab

Monthly 6920 ab

Weedy 5150 b
¥Least squared means were separated by Tukey’s HSD at o= 0.05. Means with different letters

are significantly different.

29
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Table 1.9. Interaction effect of herbicide and year for total cucumber yield.

Total cucumber yield
Herbicide 2022 2023

kg ha'l-—-
Ethalfluralin at 0.34 kg ha* and clomazone at 0.1 kg ha* 7760 6790 a

None 9180 1870D

Least squared means were separated by Tukey’s HSD at a= 0.05. Means with different letters

are significantly different.
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CHAPTER 2
Efficacy of Electricity with and without Roller Crimping for Termination of a Sunn Hemp
(Crotalaria juncea L.) Cover Crop

(In the format appropriate for submission to Weed Technology)
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Efficacy of Electricity with and without Roller Crimping for Termination of a Sunn Hemp
(Crotalaria juncea L.) Cover Crop
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Abstract

Two studies were initiated in August 2024 at the Horticultural Crops Research Station in
Clinton, NC to determine the effect of the Weed Zapper alone and combined with roller crimpers
on termination and fresh weight of a sunn hemp (Crotolaria juncea L.) cover crop. The
treatments consisted of five termination methods, including: no termination (nontreated), Weed
Zapper one-pass, Weed Zapper two-passes, crimper alone, and Weed Zapper one-pass followed
by crimping. Data collection included percent visual control ratings and cover crop fresh weights
as a measure of desiccation. At 1 WAT the Weed Zapper two-pass and crimper + Zapper
treatments provided better control than the Weed Zapper one-pass or crimper alone treatments,

providing 71 and 63% control, respectively. The Weed Zapper one-pass treatment provided
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better control than the crimper alone, providing 45 and 28.1 % control, respectively. The same
trend largely existed at 2 WAT with the exception of the crimper + Zapper treatment, which had
similar control to the Zapper one-pass treatment. For fresh weight, the only termination method
that was significantly different from the nontreated was the Weed Zapper 2-pass treatment. The
Weed Zapper two-pass treatment was the most effective termination treatment compared to the
nontreated check by 2 WAT for both visual percent control and fresh mass. The roller crimper
alone treatment resulted in the worst visual percent control of all treatments at both 1 and 2
WAT, likely indicating that roller crimping alone is not sufficient for termination of sunn hemp

when planting the cash crop immediately following termination.

Nomenclature:

Keywords: weed management; cover crop; electrical termination;
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Without access to most chemical management options, organic production systems are more
limited in their weed management programs than conventional systems. Organic production
systems rely largely on cultural, mechanical, and biological techniques as well as hand-removal
for weed management (Bond and Grundy 2001; Gallandt 2014). One potential tool for weed
management in organic production involves the use of cover crop residues for weed suppression.
The efficacy of cover crop residues as weed suppressive tools is in part related to the amount of
cover crop biomass that is produced and available (Osipitan et al. 2019). Another relevant aspect
of cover cropping for weed suppression is that some cover crop species have demonstrated
allelopathic potential for chemical suppression of weed species; this effect has been documented
in various species of cover crops (Adler and Chase 2007; Bundit et al. 2021; Dhima et al. 2006,
2006; Jabran et al. 2015; Kunz et al. 2016).

Appropriate termination timing and methodology is important in no-till systems. If cover
crops are terminated ineffectively or too close to crop planting, then cover crops themselves can
act as weeds and result in decreased yields in the next crop that is planted (Keene et al. 2017,
Nascente et al. 2013). Termination timing and method can also impact the overall biomass of
cover crop mulch, which impacts subsequent weed suppression (Wayman et al. 2015). Prior
research has examined several cover crop termination methods including roller crimping, tillage,
flame, frost, and chemical termination (Bavougian et al. 2019; Palhano et al. 2018; Wayman et
al. 2015; Wortman et al. 2013). In no-till organic systems, chemical and tillage termination
methods are less viable options than in conventional systems, as effective and commonly used
herbicides such as glyphosate are not approved by groups such as the Organic Materials Review
Institute. Roller crimping is a commonly used option for termination in no-till organic systems,

but doesn’t always result in acceptable cover crop kill (Ashford and Reeves 2003; Price et al.
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2019). Further research is needed to optimize cover crop termination for no-till organic systems
with various cover crop species.

Electricity as a weed management tool is a concept that has potential uses across a variety
of organic and conventional production systems (Moore et al. 2023; Schreier et al. 2022; Slaven
et al. 2023). The potential for electricity for cover crop termination in organic systems is
especially promising, as there are fewer chemical options available than in conventional systems.
However, little information that describes the efficacy of electrical weed management tools such
as the Weed Zapper (Old School Manufacturing, Sedalia MO) for cover crop termination is
available.

Sunn hemp (Crotalaria juncea L.) is a leguminous summer annual with some allelopathic
potential that is often planted as a summer cover crop (Adler and Chase 2007; Bundit et al.
2021). In regions such as the southeastern United States, the optimal planting dates for fall and
winter vegetable crops often come before the first frost date (Kemble et al. 2024), which would
naturally terminate most summer cover crops such as sunn hemp. In an organic no-till system,
roller crimping is a common method of terminating a cover crop while preserving as much
residue as possible for weed control. However, if crimping does not successfully kill the cover
crop, it can result in competition with the crop during the production season and increased
management difficulty (Keene et al. 2017; Nascente et al. 2013); further research is needed to
improve the availability of options for cover crop termination in no-till systems. Therefore,
studies were conducted to determine the efficacy of electrical termination with and without roller

crimping on sunn hemp.
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Materials and Methods
Two studies were initiated in August 2024 at the Horticultural Crops Research Station in
Clinton, NC (35.02376, -78.28110) to determine the effect of the Weed Zapper alone and
combined with roller crimpers on termination and fresh weight of a sunn hemp cover crop. The
study design consisted of a randomized complete block design with four replications. Treatments
consisted of five termination methods, including: no termination (nontreated), Weed Zapper one-
pass, Weed Zapper two-passes, crimper alone, and Weed Zapper one-pass followed by crimper.
Sunn hemp was broadcast seeded by hand at a uniform rate of 90 kg ha* in uniform 0.2 ha
blocks. Plots were established prior to treatment initiation; plot dimensions were 4.57 m wide by
10.67 m long. Treatments were applied at 6 weeks after cover crop planting. Weed Zapper
treatments were applied first followed immediately by roller crimper treatments. Weed Zapper
treatments were consistently applied using a John Deere 8195R tractor at a consistent speed of
3.37 kph with a power take-off RPM of 1070. Electrode height was set at 0.3 m above the
ground for all treatments. Visual percent control ratings were collected at 1, 2, and 4 weeks after
treatment (WAT). Fresh weights were collected as a measure of cover crop desiccation from
treatment from each plot in a 1 m? quadrat at 10 days after treatment (DAT).

Residuals were plotted and visually examined to ensure homogeneity of variance.
ANOVA was performed in SAS Version 9.4 (SAS Institute Inc, Cary, NC) using the MIXED
procedure. Least squared means were separated using Tukey’s Honestly Significant Difference
(o= 0.05). Treatment and run were treated as fixed effects while replication nested within run
was treated as a random effect. The nontreated was excluded from analysis of visual percent
control ratings in order to meet the assumptions of ANOVA; however, it was included in Table 1

for presentation.
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Results and Discussion

Percent Control

Percent control data were pooled across runs as no significant treatment by run interactions were
observed. Termination method had a significant (p < 0.0001) effect on visual sunn hemp control
at 1 and 2 WAT (Table 2.1). At 1 WAT the Weed Zapper two-pass and crimper + Zapper
treatments provided better control than the Weed Zapper one-pass or crimper alone treatments,
providing 71.3 and 62.5 % control, respectively. The Weed Zapper one-pass treatment provided
better control than the crimper alone, providing 45 and 28.1 % control, respectively. The same
trend largely existed at 2 WAT with the exception of the crimper + Zapper treatment, which had
similar control to the Zapper one-pass treatment (Figure 2.1). This difference in control resulted
primarily from regrowth of cover crop and recovery from the initial treatment. At 4 WAT,

percent control was unchanged from 2 WAT and thus data are not presented.

Fresh Mass

Fresh mass data were pooled across runs as no significant treatment by run interactions were
observed. A significant effect (p = 0.0272) was observed for termination treatment on fresh mass
at 10 DAT (Table 2.2). The only termination method that was significantly different from the
nontreated was the Weed Zapper 2-pass treatment, which resulted in a fresh mass of 10730 kg
hal. Fresh masses of other treatments included 15620 kg ha* from the nontreated, 12080 kg ha'
from the crimper alone, 11980 kg ha from the Weed Zapper 1 pass, and 11610 kg ha™* from the

crimper + Zapper.

While the fresh masses of each timing treatment were largely similar to one another (except the

nontreated and the two-pass treatment), a similar numerical trend was observed as in the visual
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kill ratings. The Weed Zapper two-pass treatment was the most effective termination treatment
compared to the nontreated check by 2 WAT for both visual percent kill and fresh mass. The
Weed Zapper two-pass treatment reduced fresh mass by over 31% compared to the nontreated
check, likely from increased desiccation. The roller crimper alone treatment resulted in the worst
visual percent Kill of all treatments at both 1 and 2 WAT, likely indicating that roller crimping
alone is not sufficient for termination of sunn hemp when crop planting must quickly follow
termination. In all cases, treatments that used the Weed Zapper as a termination component had
higher visual percent kill than the crimper alone. These results indicate that incorporation of
electricity for termination of sunn hemp has potential to improve termination efficacy in no-till
organic systems. Future research should examine the Weed Zapper’s potential for termination of

other cover crops and compare its efficacy to OMRI approved herbicides.

Practical Implications

These studies provide insight into how electrical termination can be incorporated into cover
cropping systems in the absence of effective synthetic herbicides. Electrical weed control has
potential for incorporation into weed management systems in organic and reduced-herbicide
production environments. The equipment for electrical weed management is highly specialized
and typically expensive; finding additional uses for electrical weed management equipment such
as cover crop termination may help to justify costs and improve the cost-benefit ratio for
growers. The results of these studies indicate that the Weed Zapper can provide equal or better

sunn hemp termination at 1 and 2 weeks after termination than roller crimping alone.
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Table 2.1. Effect of termination treatment on visual percent kill of sunn hemp pooled across both

studies in Clinton, NC in 2024.

Visual kill?
Treatment Il WAT 2 WAT
--------- % Kill---------
Nontreated 0 0
Crimper alone 28 ¢ 25¢

Crimper + Weed Zapper 63 a 46 b
Weed Zapper one-pass 45D 43 b
Weed Zapper two-passes 71 a 66 a

Least squared means were separated by Tukey’s HSD at o= 0.05. Mean comparisons are within
each column. The ‘none’ termination treatment was excluded from analysis in order to meet the
assumptions of ANOVA,; it has been included here for presentation. Means with different letters

are significantly different.
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Figure 2.1. Sunn hemp at 2 weeks after termination.

Treatments in order (from left to right followed by top to bottom) are as follows: no treatment,

Weed Zapper one-pass, Weed Zapper two-passes, roller crimper alone, and roller crimper +

Weed Zapper.
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Table 2.2. Effect of termination treatment on sunn hemp fresh mass pooled across both studies

in Clinton, NC in 2024.

Treatment Fresh mass®
kg hat

Nontreated 15630 a

Crimper alone 12090 ab

Crimper + Weed Zapper 11610 ab

Weed Zapper one-pass 11990 ab
Weed Zapper two-passes 10740 b

Least squared means were separated by Tukey’s HSD at o= 0.05. Means with different letters

are significantly different.
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Abstract

Flumioxazin is a preemergence herbicide that is widely used pretransplant on conventional
sweetpotato hectarage as part of weed management programs in North Carolina; despite this,
some concerns exist among growers that flumioxazin may be injurious to sweetpotato even at
registered rates if rainfall occurs after application. Thus, field studies were conducted in 2021
and 2022 in Clinton, NC to evaluate the performance of flumioxazin under several simulated
rainfall conditions. Studies evaluated a complete factorial of three herbicide treatments and three
simulated rainfall treatments. Herbicide treatments included no herbicide, flumioxazin at 107 g

ha, and flumioxazin at 214 g ha. Simulated rainfall treatments included 1.9 cm of simulated



48
rainfall applied before flumioxazin application, 1.9 cm of simulated rainfall applied after
flumioxazin application, and no simulated rainfall. No visual injury from herbicide or rainfall
treatments was observed. Flumioxazin at 214 g ha™* reduced sweetpotato yield by 25%, 14%, and
11% for no. 1, marketable, and total yield grades compared to the no herbicide treatment,
respectively. However, flumioxazin at 107 g ha™* (registered rate) did not reduce yield compared
to the no herbicide treatment. No interactions between irrigation timing and herbicide were
observed, and irrigation timing alone did not impact sweetpotato yield. Average length-width
ratio was calculated for no. 1 sweetpotato roots as a metric of root shape. In 2021, herbicide did
not affect LWR. In 2022, flumioxazin at 214 g ha™* reduced no. 1 LWR compared to the no
herbicide treatment, resulting in rounder sweetpotato roots. Flumioxazin at 107 g ha™* did not
reduce LWR compared to the no herbicide treatment. The results of this study highlight both the
safety of flumioxazin when applied at registered rates as well as the importance of appropriate
application procedures to ensure that overapplication of flumioxazin does not occur.
Nomenclature: sweetpotato; Ipomoea batatas (L.) Lam.

Keywords: weed management; vegetable; flumioxazin; rainfall;
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Sweetpotato is an economically important crop in North Carolina and other states, generating
over $676 million in 2023. Of the more than 51,000 ha of sweetpotato harvested in the United
States in 2023, over 31,000 ha were harvested in North Carolina alone (“USDA-NASS Quick
Stats” 2023). Sweetpotato is also produced in other states across the continental U.S; other states
with notable acreage include Florida, Mississippi, Louisiana, Arkansas, and California (“USDA-
NASS Quick Stats” 2023).

Sweetpotato is vulnerable to weed competition from a variety of weeds due in part to its
low canopy height; in particular, Palmer amaranth (Amaranthus palmeri S. Watson) interference
has been shown to reduce yield by as much as 86% under certain conditions (Barkley et al.
2016; Basinger et al. 2019; Meyers et al. 2010a; Moore et al. 2021; Smith et al. 2020). Weeds
such as Palmer amaranth can also act as hosts for pests such as nematodes and other pestiferous
organisms (Ward et al. 2013). There are relatively few herbicides registered for control of
broadleaf weeds such as Palmer amaranth in sweetpotato (Kemble 2024).

Flumioxazin is an important component of sweetpotato weed management programs in
North Carolina. Flumioxazin is classified by the Herbicide Resistance Action Committee as a
Mode of Action 14 (Inhibition of Protoporphyrinogen Oxidase) herbicide that is applied preplant
on more than 90% of conventional sweetpotato hectarage in North Carolina (KM Jennings
personal communication). Chemical management of weeds in sweetpotato relies extensively on
flumioxazin, which is one of only two MOA 14 herbicides available for residual control of
weeds within the sweetpotato production system (Kemble et al. 2024). With the growing
problem of herbicide resistance both in the United States and globally (Heap 2024), it is
important to maintain diversity in chemical weed management programs; as there are few

herbicides labeled for residual control of weeds in sweetpotato, the removal of flumioxazin from
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weed management programs would have a sizable negative impact on diversity of chemical
weed management options. Despite the critical importance of flumioxazin to sweetpotato
production in the United States, some growers have expressed concerns about the crop safety of
flumioxazin for sweetpotato yield and quality. Previous research has indicated that flumioxazin
is safe in sweetpotato when used according to label instructions (Blankenship et al. 2024; Kelly
et al. 2006; Meyers et al. 2010b; Price et al. 2004).

One area of grower concern with regard to flumioxazin is whether rainfall before or after
herbicide application can result in decreased sweetpotato yield. Rainfall after application can
impact herbicide efficacy and crop safety (Abukari et al. 2015; Walker and Roberts 1975).
However, some amount of soil moisture is necessary to activate the herbicide and achieve
acceptable residual weed control when using flumioxazin (Anonymous 2024). Thus, studies
were conducted in order to determine whether simulated rainfall application timing relative to
preplant herbicide application rate affects the crop safety of flumioxazin for sweetpotato yield

and quality.

Materials and Methods

Studies were conducted at the Horticultural Crops Research Station in Clinton, NC in 2021 and
2022. Soil at the study sites was an Orangeberg loamy sand (fine-loamy, kaolinitic, thermic
Typic Kandiudults) with 6.9 pH and 0.5% organic matter in 2021 and a Norfolk loamy sand
(fine-loamy, kaolinitic, thermic Typic Kandiudults) with 6.9 pH and 0.6% organic matter in
2022. On July 14, 2021, and June 9, 2022 nonrooted ‘Covington’ sweetpotato cuttings were
transplanted onto weed-free, bedded rows using a commercial mechanical transplanter (Checchi
and Magli, Lehi, UT) with an in-row spacing of 30 cm. Plots were three rows, each 1 m wide by

6.1 m long; plots were arranged in a randomized complete block design with four
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replications. The first and third rows were untreated borders while the second row was used for
data collection. All plots were maintained weed-free with between-row cultivation and hand
removal of weeds as needed.

Treatments were arranged according to a three by three full factorial randomized
complete block design. The first factor was herbicide: no herbicide, flumioxazin 107 g ha™*
(Valor® SX; Valent U.S.A. LLC, CA, USA), flumioxazin 214 g ha*. The second factor was
irrigation application timing relative to herbicide application: no irrigation, irrigation before
herbicide application, and irrigation after herbicide application. All herbicide and irrigation
treatment combinations were fully applied before sweetpotato planting. Irrigation treatments
consisted of 1.9 cm of simulated rainfall applied via custom irrigation units to the data (center)
row of each plot. Custom irrigation units consisted of two metal A-frames with a 6.07 meter
metal bar connecting them; a hose with three equally spaced nozzles was attached to the
horizontal bar. All treatments were applied within 24 hours before sweetpotato planting.

Data collection included visual estimates of foliar sweetpotato injury, assessed on a scale
of 0 (no visual foliar injury) to 100% (crop death) at 1, 2, 4, and 8 weeks after transplanting
(WAT) (Frans et al. 1986). Sweetpotato storage roots were harvested 110 d after transplanting
(DAP) with a commercial chain harvester, hand-sorted into jumbo (> 8.9 cm in diam), no. 1 (>
4.4 cm but < 8.9 cm), and canner (> 2.5 cm but < 4.4 cm) (U.S Department of Agriculture 2005)
grades, and weighed. Marketable yield was calculated as the sum of jumbo and no. 1 grade
yields. Total yield was calculated as the sum of canner, no. 1, and jumbo grade yields. No. 1
sweetpotato storage root dimensions were measured via a high-throughput optical grader (Exeter
Engineering, Exeter, CA) to quantify the effects of treatments on storage root shape. Average

length-width ratio (LWR) was calculated as the length divided by the diameter for each
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individual root and then averaged with other roots from the same plot. LWR has previously been
used as a metric for quantifying herbicide injury in sweetpotato (Blankenship et al. 2024; Meyers
et al. 2010b); a larger LWR value indicates a longer and thinner sweetpotato root while a smaller
LWR value indicates a shorter and more spherical sweetpotato root.

Residuals were plotted and visually examined to ensure homogeneity of variance.
ANOVA was performed in SAS Version 9.4 (SAS Institute Inc, Cary, NC) using the MIXED
procedure. Least squared means were separated using Tukey’s Honestly Significant Difference at
a = 0.05. Herbicide, irrigation timing, and year were treated as fixed effects while replication
nested within year was treated as a random effect. LWR data required a square root
transformation to meet the assumptions of ANOVA, data were back-transformed for

presentation.

Results and Discussion
Crop Injury. No visual foliar injury from herbicide or irrigation timing was observed throughout
the duration of this study. This lack of observed injury is consistent with previous research

(Blankenship et al. 2024).

Sweetpotato Yield. The main effect of herbicide treatment on sweetpotato yield was significant
for U.S. no.1, marketable yield, and total yield (p < 0.0001, p = 0.0013, and p = 0.0010,
respectively) and resulted in a yield reduction compared to the no herbicide treatment at the 214
g ha! rate of flumioxazin (2x registered rate). Flumioxazin at 214 g ha® reduced sweetpotato
yield by 25%, 14%, and 11% for no. 1, marketable, and total yield grades, respectively. The
flumioxazin treatment at 107 g ha* (label rate) showed no yield reduction compared to the no

herbicide treatment. No effect from herbicide on yield was observed for canner or jJumbo grades
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alone (Table 3.1). These results support the conclusions of previous studies and provide no
evidence to suggest that flumioxazin causes a yield reduction in sweetpotato when applied at
label rates. Despite the absence of yield reduction and observed injury at the 107 g ha* rate, a
yield reduction was observed compared to the non-treated check at the 214 g ha™* rate (Table
3.1); this reduction at twice the labeled rate was not detected in previous research (Blankenship
et al. 2024).

Irrigation timing relative to flumioxazin application did not result in a significant impact
on any sweetpotato yield metric (Table 3.2). Furthermore, no significant interaction between
irrigation timing and flumioxazin rate was observed (Table 3.3). Thus, there is no evidence to
support the hypothesis that irrigation before or after flumioxazin application prior to sweetpotato

transplanting impacts any metric of sweetpotato yield.

Sweetpotato Storage Root Shape. Average length-width ratio data required a square root
transformation to meet the assumptions of ANOVA. An interaction was observed between
herbicide and year (p = 0.0021) for LWR. In 2021, herbicide had no effect on LWR (p =
0.3763); however, in 2022, herbicide affected LWR (p = 0.0014). In 2022, the flumioxazin
treatment at 214 g ha* reduced LWR compared to the no herbicide treatment, resulting in
rounder sweetpotato roots (Table 3.4). Irrigation treatments had no effect on root shape, nor had
any interactions with other treatments. Though flumioxazin at 214 g ha reduced no. 1 LWR in
2022, the labeled rate did not reduce LWR compared to the untreated check. All treatments
exhibited lower LWR in 2022 than in 2021 (Table 3.2). These results support the current use
pattern for flumioxazin in sweetpotato and do not suggest that flumioxazin has adverse effects

when used according to label instructions.
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Because irrigation timing relative to flumioxazin application did not affect sweetpotato
yield or root shape, there is no evidence to suggest that rain or irrigation events before or after
flumioxazin application have potential to harm sweetpotato yield and quality. Furthermore, that
the main effect of flumioxazin rate on various metrics of sweetpotato yield (U.S. no. 1, total
yield, marketable yield) caused no observable differences between the standard label rate (107 ¢
ha!) and the nontreated check further supports the safety of flumioxazin as an integral part of
weed management programs in sweetpotato. The main effect of flumioxazin at the labeled rate
also did not reduce no. 1 sweetpotato LWR compared to the untreated check. The results of these
studies are consistent with previous research (Blankenship et al. 2024; Meyers et al. 2010b) and
show no evidence of a detrimental yield or shape effect from flumioxazin applied at registered
rates with or without simulated rainfall prior to transplanting. The results of these studies also
highlight the importance of using appropriate application equipment and techniques to ensure
that the registered rate is not exceeded, as crop injury can occur under certain conditions where a

higher rate is applied.

Practical Implications

Flumioxazin is critically important to weed management programs in sweetpotato production in
North Carolina. These studies were conducted in response to grower concerns about the safety of
flumioxazin under certain environmental conditions such as rainfall before or after application
timing. The results of these studies concur with the results of previous research and indicate that
flumioxazin is safe when applied at registered rates; furthermore, this study provides direct
evidence of the importance of ensuring accurate application rate and placement for the use of
flumioxazin in sweetpotato production systems, as overapplication can result in sweetpotato

injury under certain conditions.



55

Acknowledgements
The authors would like to thank Patrick Chang, Chitra, Rebecca Cooper, Rebecca Middleton,
Andrew Ippolito, Helen Nocito, and the staff at the Horticultural Crops Research State in

Clinton, NC for their assistance with the implementation of these studies.

Funding

This research was funded by the North Carolina SweetPotato Commission. This work is also
supported by USDA NIFA grant no. 2019-51300-30247. “Any opinions, findings, conclusions,
or recommendations expressed in this publication are those of the author(s) and do not

necessarily reflect the view of the U.S. Department of Agriculture.”

Competing Interests

Competing interests: The author(s) declare none.



56
REFERENCES

Abukari 1A, Shankle MW, Reddy KR (2015) S-metolachlor and rainfall effects on sweetpotato
(Ipomoea batatas L. [Lam]) growth and development. Sci Hortic 185:98-104

Anonymous (2024) Valor SX® Herbicide Product Label. Valent U.S.A. LLC, San Ramon, CA

Barkley SL, Chaudhari S, Jennings KM, Schultheis JR, Meyers SL, Monks DW (2016)
Fomesafen Programs for Palmer Amaranth (Amaranthus palmeri) Control in
Sweetpotato. Weed Technol 30:506-515

Basinger NT, Jennings KM, Monks DW, Jordan DL, Everman WJ, Hestir EL, Waldschmidt MD,
Smith SC, Brownie C (2019) Interspecific and intraspecific interference of Palmer
amaranth (Amaranthus palmeri) and large crabgrass (Digitaria sanguinalis) in
sweetpotato. Weed Sci 67:426-432

Blankenship CD, Jennings KM, Monks DW, Meyers SL, Jordan DL, Schultheis JR, Suchoff DH,
Moore LD, Ippolito SJ (2024) Effect of S -metolachlor and flumioxazin herbicides on
sweetpotato treated with and without activated charcoal applied through transplant water.
Weed Technol 38:e50

Heap | (2024) The international herbicide-resistant weed database.
https://weedscience.org/Home.aspx. Accessed January 24, 2025

Kelly ST, Shankle MW, Miller DK (2006) Efficacy and Tolerance of Flumioxazin on
Sweetpotato (Ipomoea batatas). Weed Technol 20:334-339

Kemble J, Bertucci M, Bilbo T, Jennings K, Meadows I, Melanson R, Rodrigues C, Walgenbach
J, Wszelaki A (2024) 2024 Southeastern U.S. Vegetable Crop Handbook. Southeastern

Vegetable Extension Workers. 365 p



S7

Meyers SL, Jennings KM, Schultheis JR, Monks DW (2010a) Interference of Palmer Amaranth
(Amaranthus palmeri) in Sweetpotato. Weed Sci 58:199-203

Meyers SL, Jennings KM, Schultheis JR, Monks DW (2010b) Evaluation of Flumioxazin and S-
metolachlor Rate and Timing for Palmer Amaranth (Amaranthus palmeri) Control in
Sweetpotato. Weed Technol 24:495-503

Moore LD, Jennings KM, Monks DW, Jordan DL, Leon RG, Boyette MD (2021) Evaluating
shade cloth to simulate Palmer amaranth (Amaranthus palmeri) competition in
sweetpotato. Weed Sci 69:478-484

Price AJ, Wilcut JW, Cranmer JR (2004) Flumioxazin Preplant or POST-Directed Application
Timing Followed by Irrigation at Emergence or After POST-Directed Spray Treatment
Does Not Influence Cotton Yield. Weed Technol 18:310-314

Smith SC, Jennings KM, Monks DW, Chaudhari S, Schultheis JR, Reberg-Horton C (2020)
Critical timing of Palmer amaranth (Amaranthus palmeri) removal in sweetpotato. Weed
Technol 34:547-551

U.S Department of Agriculture (2005) United States standards for grades of sweet potatoes. Page
1. Washington, DC: U.S. Department of Agriculture

USDA-NASS Quick Stats (2023) . https://www.quickstats.nass.usda.gov. Accessed January 8,
2025

Walker A, Roberts HA (1975) Effects of incorporation and rainfall on the activity of some soil-
applied herbicides. Weed Res 15:263-269

Ward SM, Webster TM, Steckel LE (2013) Palmer Amaranth ( Amaranthus palmeri ): A

Review. Weed Technol 27:12-27



Table 3.1. Main effect of flumioxazin rate on sweetpotato storage root yield pooled across

irrigation treatments Clinton, NC in 2021 and 2022.

Sweetpotato yield?

Flumioxazin rate Canner No. 1 Jumbo Marketable® Total®
ghat Kg hal-m-mmmmmmeeo e
0 4550 17220a 8460 25710 a 30280 a
107 4610 17330a 9150 26480 a 31090 a
214 4660 12990 b 9160 22150 b 26820 b

aNo significant treatment effects or interactions were present (P > 0.05). Least squared means
with different letters within each column are significantly different.
bMarketable yield is the sum of no. 1 and jumbo grades.

“Total yield is the sum of canner, no. 1, and jumbo grades
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Table 3.2. Main effect of irrigation timing relative to flumioxazin application on sweetpotato

storage root yield pooled across herbicide treatments Clinton, NC in 2021 and 2022.

Sweetpotato yield?

Irrigation timing Canner No.1 Jumbo Marketable®  Total
----------------- kg hat
No irrigation 4880 19140 9980 29120 33990
Irrigation prior to flumioxazin application 5230 16730 10510 27240 32460
Irrigation after flumioxazin application 5410 17440 9540 27000 32430

Least squared means were separated by Tukey’s HSD at o= 0.05. Means with different letters
within each column are significantly different.
®Marketable yield is the sum of no. 1 and jumbo grades.

“Total yield is the sum of canner, no. 1, and jumbo grades.
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Table 3.3. Effect of flumioxazin rate and irrigation timing relative to flumioxazin application on sweetpotato yield and quality in 2021

and 2022.
Sweetpotato yield

Ilrrigation timing IFIumioxazin rate:Canner No. 1 Jumbo Marketable Total
ghal e Kg hat-mmmmmem oo
0 4900 19740 9830 29570 34480

No irrigation 107 4720 20680 10030 30710 35430
214 5000 17000 10070 27070 32070
0 5090 18630 9520 28140 34140

Irrigation prior to flumioxazin application 107 5300 18760 10860 29620 34230
214 5280 12820 11140 23960 28900
0 5330 19570 9120 28760 33240

Irrigation after flumioxazin application 107 5490 18850 9890 28740 34920
214 5410 13890 9600 23490 29240

¥Least squared means were separated by Tukey’s HSD at o= 0.05. Means with different letters within each column are significantly

different



Table 3.4. Main effect of flumioxazin rate on sweetpotato length-to-width ratio (LWR) in

Clinton, NC in 2021 and 2022.

LWR?
Flumioxazin rate 2021 2022
g hat
0 2.15a 1.95a
107 2.18a 1.81ab
214 2.23a 1.72b

4L east squared means were separated by Tukey’s HSD at o= 0.05. Means with different letters

within each column are significantly different.
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Abstract

Weed management is a major challenge in sweetpotato production across the United States. The
use of crop competition with weeds as a weed management tool represents one possible avenue
for the improvement of sweetpotato weed management. Field studies were conducted in a full
factorial split-split plot arrangement. Treatments consisted of in-row spacing (main plot, 3
levels), cultivar (subplot, 2 levels), and competitive environment (sub-subplot, 2 levels). In-row
spacing treatments included three spacings: 20 cm, 30 cm, and 40 cm. Cultivar treatments
included two cultivars: ‘Covington’ and ‘Monaco’. Competitive environment treatments

included two environments: weedy and weed-free. In 2023 for no. 1 sweetpotato yield, there was
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no identifiable trend for either ‘Monaco’ or ‘Covington’ at different in-row spacings pooled
across competitive environment. In 2022, there were no differences between spacing treatments
for either cultivar. Total yields for ‘Covington’ treatments pooled across year and environment
were not different from one another; however, the effect of spacing on ‘Monaco’ treatments was
significant and resulted in the 30 cm spacing treatment being significantly higher than the 40 cm
spacing treatment. While competitive environment had a highly significant effect on both no. 1
and total sweetpotato yields across years, cultivars, and spacings, the only differences observed
between spacings and environments were detected for no. 1 yield per plant in 2023. The lack of
observed interactions between cultivar and competitive environment indicates that selected
cultivars did not perform differently from one another across weedy and weed-free
environments. Though there were differences in spacings across competitive environments in
2023 for total yield per plant, there were no differences for other yield metrics or in 2022. Thus,
there is no evidence that any selected spacing or cultivar treatment gives a consistent competitive
advantage under weedy conditions.

Nomenclature: sweetpotato; Ipomoea batatas (L.) Lam.

Keywords: weed management; vegetable; crop spacing;
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Sweetpotato is an economically important crop in the United States; in 2023, growers planted
over 51,000 ha of sweetpotatoes and generated over $676 million in production value nationally.
The majority of sweetpotato hectarage is planted in North Carolina, Mississippi, and California,
each accounting for 31,560, 12,140, and 7690 ha in 2023, respectively. In North Carolina,
sweetpotato is of particular economic importance, generating over $305 million and ranking as
the fourth most valuable crop by production value in the state behind soybean, corn, and tobacco
(USDA-NASS Quick Stats 2023).

Weed management is a major challenge in sweetpotato production across the United
States; competition from Palmer amaranth (Amaranthus palmeri S. Watson), one of the most
common and troublesome weeds in both horticultural and agronomic systems across the United
States (Van Wychen 2022), has been shown to reduce sweetpotato marketable yield by as much
as 86% under certain conditions (Barkley et al. 2016; Basinger et al. 2019; Meyers et al. 2010;
Smith et al. 2020). Sweetpotato growers rely heavily on preemergence herbicides, hand-weeding,
and cultivation for weed management, as limited postemergence herbicides are registered for
control of broadleaf weeds (Kemble et al. 2024). Hand weeding is a critical yet expensive
component of weed management programs in sweetpotato; North Carolina growers have self-
reported hand-weeding costs of as much as $370 per hectare (SC Smith and LD Moore,
unpublished data). In organic sweetpotato production systems, there are even fewer weed
management options without the availability of herbicides. Thus, there is a pressing need to
improve weed management systems and reduce reliance on expensive hand-labor for
sweetpotato production.

Integrated approaches to weed management systems are heavily emphasized in modern

weed science. Integrated weed management represents a multidisciplinary approach that
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incorporates multiple strategies for management of weed populations including chemical control,
crop competition, crop rotation, cover cropping, physical and mechanical control, and other
management methods (Harker and O’Donovan 2013; Swanton and Weise 1991). By necessity,
modern sweetpotato weed management represents an integrated approach that combines
chemical, mechanical, and physical management methods as chemical management options are
limited in comparison to many agronomic crops (Kemble et al. 2024). However, there is room to
incorporate additional strategies for management of weeds in sweetpotato in order to address
rising labor costs and improve the overall efficacy of sweetpotato weed management.

The use of crop competition with weeds as a weed management tool represents one
possible avenue for the improvement of sweetpotato weed management. Crop competitiveness as
a weed management tool has been evaluated for various crops in the U.S. Prior research indicates
that crop cultivar selection can impact crop yield and weed biomass under competitive
conditions for soybean (Glycine max) (Bussan et al. 1997; Rose et al. 1984), corn (Zea mays)
(Sankula et al. 2004; So et al. 2009), wheat (Triticum aestivum L.) (Blackshaw et al. 1981,
Mason et al. 2007), and other crops (Jha et al. 2017). Furthermore, seeding rate and between-row
spacing (i.e crop density) has been evaluated for weed management benefits in a variety of crops
(Jha et al. 2017). In sweetpotato, limited research has been conducted to evaluate both between-
row and in-row spacing as well as cultivar selection for weed management purposes (Cooper et
al. 2024; Harrison and Jackson 2011; Laurie et al. 2015). Cooper et al. (2024) reported that weed
density was not affected by in-row crop spacing treatments. Information on the ability of
sweetpotato cultivars to tolerate or reduce weed interference remains limited. Thus, studies were

conducted to assess the impact of three in-row spacings, two sweetpotato cultivars, and two
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competitive environments on sweetpotato yield and quality in order to evaluate their potential

utility for use in integrated weed management.

Materials and Methods
Field studies were conducted at the Horticultural Crops Research Station in Clinton, NC
(35.02376, -78.28110) starting on June 16, 2022 and June 6, 2023. Soil types were an
Orangeburg loamy sand with pH 7.0 and 0.58% organic matter in 2021 and an Orangeburg
loamy sand with pH 6.2 and 0.78% organic matter in 2022. Treatments were applied ina 3 x 2 x
2 full factorial split-split plot arrangement in a randomized complete block design with four
replications. The treatments consisted of in-row spacing (main plot, 3 levels), cultivar (subplot, 2
levels), and competitive environment (sub-subplot, 2 levels). Sub-subplots consisted of two
rows, with the first being a border row and the second being used for data collection. Subplots
and main plots consisted of four and eight total rows, respectively; plot length was 6.1 m at all
levels. In-row spacing treatments included three spacings: 20 cm, 30 cm, and 40 cm. Cultivar
treatments included two cultivars with different canopy architectures: ‘Covington’, a grower
standard in North Carolina with a lateral growth habit, and ‘Monaco’, an upright cultivar with a
compact growth habit. Competitive environment treatments included two environments: weedy
and weed-free. Weed-free plots were hand-weeded regularly to prevent weed competition; weeds
in weedy plots were not removed throughout the growing season. No herbicides were applied for
the duration of this study. Non-rooted sweetpotato cuttings were transplanted at study initiation
into weed-free 1.07 m raised beds.

Data collection included leaf counts at 2, 3, and 4 weeks after planting (WAP), visual

estimates of sweetpotato canopy coverage at 4, 6, and 10 WAP, a stand count at 2 WAP, vine
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lengths at 4 WAP, and sweetpotato yield. Leaf counts were conducted differently in 2022 and
2023; in 2022, leaf counts were collected in a 0.09 m? quadrant from each plot, centered at the
base of a representative sweetpotato plant, while in 2023 leaf counts were collected by counting
fully open leaves on 3 representative plants per plot and then converted to leaves per linear meter
of row in conjunction with stand counts. This change in methodology reflects an attempt to better
quantify the differences in leaf number and area as the season progresses; with the quadrant
method in 2022, the total leaf counts plateaued for all treatments at the 4 WAP timing, reflecting
a maximum possible leaf density within the 0.09 m? quadrant. Thus, only leaf count data from
2023 were analyzed and presented to reflect this change in methodology. All other data
collection methodology was consistent across both years. Vine lengths were collected by
measuring the length of the longest lateral vine of three plants per plot. Visual sweetpotato
canopy was assessed as an estimate of the total sweetpotato foliage from row-middle to row-
middle on a scale of 0% (no foliar coverage) to 100% (complete foliar coverage). Sweetpotato
storage roots were harvested at 110 and 107 days after planting in 2022 and 2023, respectively,
and hand-graded into canner (> 2.5 cm but < 4.4 ¢cm in diam), no. 1 (> 4.4 cm but < 8.9 cm), and
jumbo (= 8.9 cm) grades (U.S Department of Agriculture 2005) before weighing. Total yield was
calculated as the sum of canner, no. 1, and jumbo grade yields. Sweetpotato yield per plant was
calculated by dividing plot yield for a given grade by sweetpotato stand count. Standardized
sweetpotato yield (% of weed-free yield) was a metric created by dividing weedy sweetpotato
yield of each cultivar and spacing treatment by the weed-free yield of the corresponding
treatment in order to assess the potential of each treatment to achieve its weed-free yield under

weed competition.
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Residuals were plotted and visually examined to ensure homogeneity of variance in order
to meet the assumptions of ANOVA. ANOVA was conducted in SAS Version 9.4 (SAS Institute
Inc, Cary, NC) using the MIXED procedure. Least squared means were separated using Tukey’s
Honestly Significant Difference (o = 0.05). Spacing, cultivar, environment, and year were treated
as fixed effects while replication nested within year, spacing by replication within year, and
cultivar by spacing by replication within year were treated as random effects. Leaf counts were
analyzed by weeks after planting using a repeated measures analysis with a first-order
autoregressive covariance structure via the MIXED procedure. The relationship between leaf
counts and weeks after planting for each spacing treatment in 2023 could be explained by linear
modeling; thus the REG procedure was used to fit linear models to describe the relationship

between leaf counts and weeks after planting.

Results and Discussion

Sweetpotato Stand

In-row spacing had a significant effect (p < 0.0001) on sweetpotato stand count (Table 4.1).
Mean sweetpotato stands for each spacing were 26.3, 19.3 and 14.6 for 20, 30, and 40 cm
treatments, respectively. Each spacing treatment was significantly different from every other

spacing.

Leaf Count
There was a significant (p = 0.0003) interaction between spacing and WAP for leaf count in
2023 that was assessed by WAP (Figure 4.1). Least-squared means for each week were as

follows: 29, 18, 18 for 20, 30 and 40 cm at 2 WAP, 70, 44, and 37 for 20, 30 and 40 cm at 3
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WAP, and 125, 98, 71 for 20, 30, and 40 cm at 4 WAP. The relationship between leaf counts
and weeks after planting for each spacing treatment in 2023 could be explained by linear
modeling; thus the REG procedure was used to fit linear models to describe the relationship
between leaf counts and weeks after planting. For the 20 cm spacing, the linear model was
significant (p < 0.0001) and the equation was -69.98065 + 48.27069x with an R-Square value of
0.6343. For the 30 cm spacing, the linear model was significant (p < 0.0001) and the equation
was -67.01753 + 40.20633x with an R-Square value of 0.7934. For the 40 cm spacing, the linear
model was significant (p < 0.0001) and the equation was -37.54968 + 26.45101x with an R-

Square value of 0.7742.

Canopy Coverage

There was a significant interaction between environment and year for percent visual canopy
coverage at 4, 6, and 10 weeks after planting (WAP) (p = 0.0182, p < 0.0001, and p = 0.0014,
respectively) that was assessed by year (Table 4.2). At 4 WAP there was a significant effect from
competitive environment on canopy coverage in 2022 (p = 0.0004) but not in 2023 (p = 0.8175);
mean canopy coverages from the main effect of environment were 33% and 39% in 2022 and
31% and 32% in 2023 for weedy and weed-free treatments, respectively. At 6 WAP, mean
canopy coverages were 44% and 78% in 2022 and 62% and 72% in 2023 for weedy and weed-
free treatments, respectively. At 10 WAP, mean canopy coverages were 59% and 96% in 2022
and 85% and 99% in 2023 for weedy and weed-free treatments, respectively. Aside from 4 WAP
in 2023, all other timings and years had the same trend; weed-free treatments had significantly

higher canopy coverage than weedy treatments.



71

Spacing had a significant effect (p = 0.0153) on visual canopy coverage at 4 WAP (Table
4.3). Mean canopy coverages from this effect at 4 WAP were 37% for 20 cm, 35% for 30 cm,
and 30% for 40 cm. The 20 cm spacing was significantly different from the 40 cm spacing, while
the 30 cm spacing was not different from either the 20 cm or 40 cm treatments. There was no
effect observed from spacing on canopy coverage at 6 WAP or 10 WAP. By 6 WAP, all spacing
treatments had grown such that there were no longer visually distinguishable differences in
canopy coverage between different in-row spacings.

Cultivar had a significant effect (p = 0.0092) on visual canopy coverage at 6 WAP (Table
4.4). Mean canopy coverages at 6 WAP were 60% for ‘Covington’ and 68% for ‘Monaco.” No

effect was observed from cultivar on canopy coverage at either 4 or 10 WAP.

Vine Length

Cultivar had a significant effect on sweetpotato vine length at 4 WAP (p < 0.0001) (Table 4.5).
‘Monaco’ resulted in a shorter vine length than ‘Covington’: 39.3 cm compared to 63.6 cm, more
than a 38% difference. This supports commonly established information that ‘Covington’
sweetpotato grows more laterally than ‘Monaco’, which grows in a comparatively compact

configuration.

Sweetpotato Yield

Sweetpotato yield was assessed by U.S. no. 1 and total yield metrics. There was a significant
interaction between spacing, cultivar, and year for no. 1 yield which was assessed by year and
cultivar (p = 0.046) (Table 4.6). The effect of spacing was significant for both ‘Covington’ and

‘Monaco’ in 2023 but not in 2022. In 2023, no. 1 yield in kg ha™ for each cultivar and spacing
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treatment was 27014 for ‘Covington’ 20 cm, 18512 for ‘Covington’ 30 cm, 16355 for
‘Covington’ 40 cm, 16048 for ‘Monaco’ 20 cm, 28519 for ‘Monaco’ 30 cm, and 18078 for
‘Monaco’ 40 cm. No. 1 yield for ‘Covington’ was highest for the 20 cm spacing in 2023; the 30
cm spacing was not different from the 20 cm treatment or 40 cm spacing, but the 40 cm spacing
was worse than the 20 cm spacing. No. 1 yield for ‘Monaco’ at 30 cm was significantly higher
than either ‘Monaco’ at 20 cm or ‘Covington’ at 40 cm. The main effect of competitive
environment on no. 1 sweetpotato yield pooled across cultivar and spacing was significant (p <
0.0001) (Table 4.7). In kg ha'®, the mean no. 1 yields for weedy and weed-free treatments were
10475 and 23952, respectively. The main effect of weed competition reduced yield by over 56%
compared to weed-free treatments.

U.S. no. 1 yield was also assessed on a per-plant basis. There was a significant interaction
(p = 0.0318) between spacing, cultivar, and year for per plant no. 1 yield which was assessed by
year and cultivar (Table 4.6). The only cultivar with significant spacing effects was ‘Monaco’ in
2023; the 30 cm treatment and 40 cm ‘Monaco’ treatments were not different from one another
but were both different from the 20 cm treatment. There was an additional interaction (p =
0.0268) between environment, spacing, and year for no. 1 yield per-plant that was assessed by
year (Table 4.8). In 2022, no. 1 yields per plant in kg for weedy treatments pooled across cultivar
were 0.23, 0.17, 0.28 for 20, 30, and 40 cm spacings, respectively. For weed-free treatments
pooled across cultivar, no. 1 yields per plant in kg were 0.61, 0.82, and 0.79 for 20, 30 and 40 cm
spacings, respectively. In 2023, no. 1 yields per-plant in kg for weedy treatments pooled across
cultivar were 0.32, 0.65, and 0.42 for 20, 30, and 40 cm spacings, respectively. No. 1 yields per
plant in kg for weed-free treatments pooled across cultivar were 0.65, 0.89, and 1.08 for 20, 30

and 40 cm spacings, respectively.
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An interaction between cultivar and in-row spacing was observed for total sweetpotato
yield which was assessed by cultivar (p = 0.0311) (Table 4.6). Total yields for ‘Covington’
treatments in kg ha* were 32729, 27255, and 25649 for 20, 30 and 40 cm spacings, respectively.
Total yields for ‘Monaco’ treatments in kg ha™ were 26824, 33727, and 23623 for 20, 30 and 40
cm spacings, respectively. ‘Covington’ did not exhibit a significant interaction with spacing for
total yield (p = 0.1158); however, ‘Monaco’ did exhibit a significant interaction with spacing for
total yield (p = 0.0226). For ‘Monaco’, the 30 cm spacing resulted in significantly higher total
yield than the 40 cm spacing. The 20 cm spacing treatment was not different from either the 30
cm or 40 cm spacing treatment for ‘Monaco.” The main effect of competitive environment was
significant for total sweetpotato yield (Table 4.7). Mean total yields in kg ha* for weedy and
weed-free treatments pooled across cultivar and spacing treatments were 18599 and 38003,
respectively. Weed competition reduced total sweetpotato yield compared to weed-free
treatments by over 51%, a similar trend to no. 1 sweetpotato yield.

Total sweetpotato yield was additionally assessed on a per plant basis. There was a
significant interaction between spacing and competitive environment for total yield per plant (p =
0.0051) that was assessed by environment (Table 4.9). There was no effect from spacing for
weedy treatments; however, there was a significant effect from spacing on weed-free treatments,
with 0.97 kg for 20 cm, 1.34 kg for 30 cm, and 1.57 kg for 40 cm. The 30 cm and 40 cm
spacings were not significantly different from one another, but both were better than the 20 cm

spacing for weed-free treatments.
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Standardized Yield
Standardized sweetpotato yield was assessed for both U.S. no. 1 and total yield grades (Table
4.10). If a treatment effect on standardized yield was observed, it would indicate that some
combination of treatments may result in greater tolerance of weed competition compared to the
weed-free check. No significant effects were observed from any treatment on either standardized
yield metric. There was no effect of any treatment on percent of weed-free yield achieved under

weed competition.

There were various significant interaction effects between year and one or more
treatments for multiple metrics. Yields were numerically lower in 2022 than in 2023 due to
drought conditions and reduced precipitation during the sweetpotato growing season. In 2023 for
no. 1 sweetpotato yield, there was no identifiable trend for either ‘Monaco’ or ‘Covington’ at
different in-row spacings pooled across competitive environment (Table 4.6); the 30 cm spacing
treatment had the highest yield for ‘Monaco’ in 2023, while the 20 cm and 30 cm spacings were
not different from one another for ‘Covington’. In 2022, there were no differences between
spacing treatments for either cultivar. Total yields for ‘Covington’ treatments pooled across year
and environment were not different from one another; however, the effect of spacing on
‘Monaco’ treatments was significant and resulted in the 30 cm spacing treatment being
significantly higher than the 40 cm spacing treatment (Table 4.6). While competitive
environment had a highly significant effect on both no. 1 and total sweetpotato yields across
years, cultivars, and spacings (Table 4.7), the only differences observed between spacings and
environment were detected for no. 1 yield per plant in 2023 (Table 4.8). The lack of observed

interactions between cultivar and competitive environment indicates that selected cultivars did
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not perform differently from one another across weedy and weed-free environments. Though
there were differences for spacings across competitive environment in 2023 for total yield per
plant, there were no differences for other yield metrics or in 2022. Thus, there is no evidence that
any selected spacing or cultivar treatment gives a consistent competitive advantage under weedy
conditions.

Despite this lack of observed yield differences between cultivars and spacings across
different competitive environments, differences in plant architecture characteristics were
identified (Figure 4.1, Table 2, Table 3, Table 4, Table 5). As expected, the increase of
sweetpotato leaf count per meter of row could be explained linearly for each spacing treatment
from 2 to 4 WAP in 2023 (Figure 4.1). There were also differences in percent visual canopy
coverage at 4 WAP for each spacing treatment pooled across cultivar and environment, though
any such differences were not detectable at the 6 and 10 WAP timings as the sweetpotato
canopies reached closure. At 6 WAP, cultivar had a significant effect on visual canopy coverage
across year, spacing, and environment (Table 4.4). The scale of this effect was relatively small
(68.1% for ‘Monaco’ vs 60.0% for ‘Covington), and was not present at either the 4 or 10 WAP
timing, nor was it reflected in the yield data.

While there is no evidence to suggest that varied spacings provide any competitive
advantage against weeds for ‘Covington’ and ‘Monaco’ cultivars, future research should
examine other parameters of production including between-row spacing and additional
sweetpotato cultivars in order to determine whether potential weed-management benefits may be
attained through the modification of planting practices. These results are consistent with prior
research (Cooper et al. 2024) and indicate that ‘Covington’ and ‘Monaco’ cultivars do not differ

in ability to produce sweetpotato yield under weedy conditions.
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Practical Implications

There are limited weed management options in sweetpotato production beyond expensive hand-
labor (Kemble et al. 2024); thus, identifying cultural practices that can improve weed
management systems may be highly applicable to growers. The potential for cultivar selection as
a weed management tool has not been widely explored for use in sweetpotato. These results
indicate that selected cultivars do not differ in performance under weed competition; thus, there
is no evidence to suggest that growers should consider cultivar selection in sweetpotato for weed

management purposes as an important factor.
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Table 4.1. Effect of in-row spacing on sweetpotato plant stand in Clinton, NC.

Spacing Sweetpotato stand
| plants plot™

20 cm 26 a

30cm 19b

40 cm 15¢

4Spacing had a significant effect (p < 0.0001) on sweetpotato plant stand. Least squared means
were separated by Tukey’s HSD at o = 0.05. Means with different letters are significantly

different.
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Figure 4.1. Effect of in-row spacing on sweetpotato leaf count per meter of row from 2-4 weeks

after planting in 2023.
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®There was a significant (p = 0.0003) interaction between spacing and WAP in 2023 that was
assessed by WAP. Least squared means were separated by Tukey’s HSD at a = 0.05. Means
with different letters are significantly different. Mean comparisons are displayed for comparisons
within each week after planting.

bThe relationship between leaf counts and weeks after planting for each spacing treatment in
2023 could be explained by linear modeling; thus the REG procedure was used to fit linear
models to describe the relationship between leaf counts and weeks after planting. For the 20 cm
spacing, the linear model was significant (p < 0.0001) and the equation was -69.98065 +
48.27069x with an R-Square value of 0.6343. For the 30 cm spacing, the linear model was
significant (p < 0.0001) and the equation was -67.01753 + 40.20633(WAP) with an R-Square
value of 0.7934. For the 40 cm spacing, the linear model was significant (p < 0.0001) and the

equation was -37.54968 + 26.45101(WAP) with an R-Square value of 0.7742.



Table 4.2. Effect of competitive environment on visual canopy coverage at 4, 6, and 10 weeks

after planting in Clinton, NC in 2022 and 2023.

Visual sweetpotato canopy coverage?

4 WAP 6 WAP 10 WAP
IEnvironment:2022 2023 2002 2023 2002 2023
______________________________ -% ——— - ———
Weedy 33D 3la 44 62 b 59 b 85 b
Weed-free  39a 32a 78 a 72a 96 a 99 a

¥There was a significant interaction between environment and year for percent visual canopy

coverage at 4, 6, and 10 weeks after planting (p = 0.0182, p < 0.0001, and p = 0.0014,
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respectively) that was assessed by year. Least squared means were separated by Tukey’s HSD at

a = 0.05. Means with different letters within each column are significantly different.



84
Table 4.3. Effect of in-row spacing on visual sweetpotato canopy coverage at 4 weeks after

planting in Clinton, NC in 2022 and 2023.

Visual canopy

In-row spacing coverage®
| I%

20 cm 37 a
30cm 35ab

40 cm 30b

aIn-row spacing had a significant effect (p = 0.0153) on visual sweetpotato canopy coverage at 4
weeks after planting. Least squared means were separated by Tukey’s HSD at o = 0.05. Means

with different letters are significantly different.
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Table 4.4. Effect of cultivar on visual sweetpotato canopy coverage at 6 weeks after planting in

Clinton, NC in 2022 and 2023.

Cultivar Visual canopy coverage

: .% .
‘Covington’ 60 b

‘Monaco’ 68 a

Cultivar had a significant effect (p = 0.0092) on visual sweetpotato canopy coverage at 6 weeks
after planting. Least squared means were separated by Tukey’s HSD at o = 0.05. Means with

different letters are significantly different.



Table 4.5. Effect of sweetpotato cultivar on longest vine length at 4 weeks after planting in

Clinton, NC in 2022 and 2023.

Cultivar Vine length?

cm
‘Covington’ 64 a

‘Monaco’ 39b
Cultivar had a significant effect (p < 0.0001) on longest vine length at 4 weeks after planting.

Least squared means were separated by Tukey’s HSD at o = 0.05. Means with different letters

are significantly different.

86



Table 4.6. Effect of cultivar and spacing on US no. 1 sweetpotato yield in Clinton, NC in 2022 and 2023.

Sweetpotato yield
[

No. 12 Total®®
Cultivar Spacing 2022 2023 2022 2023
[ | I
----- kg hal----- -----kg plant®----- kg hat
20cm 14860 27010a 037  0.62 32730
‘Covington” 59 . 13310 18510ab 046  0.62 27260
4A0cm 11650 16360b 054  0.75 25650
20cm 15740 16050b 047  0.35b 26820 ab
‘Monaco’ 30cm 15390 28520a 053  0.92a 33730 a
40cm 11100 18080b 053  0.75a 23620 b

aThere were significant interactions between spacing, cultivar, and year for US no. 1 sweetpotato yield in kg ha® (p = 0.046) and kg
plant? (p = 0.0318) which were assessed by year and cultivar. Least squared means were separated by Tukey’s HSD at a = 0.05.
Means with different letters within each column and cultivar are significantly different.

bTotal yield is defined as the sum of canner, no. 1, and jumbo grades.

“There was a significant interaction (p = 0.0311) between spacing and cultivar for total sweetpotato yield in kg ha™* which was
assessed by cultivar. Least squared means were separated by Tukey’s HSD at a = 0.05. Mean comparisons for total yield are

comparisons within cultivar. Means with different letters within each column and cultivar are significantly different.
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Table 4.7. Effect of competitive environment on sweetpotato yield in Clinton, NC in 2022 and

2023.

Sweetpotato yield?

Environment No. 1 Total

Weedy 10480 b 18600 b

Weed-free 23950 a 38000 a
¥The main effect of competitive environment was highly significant (p < 0.0001) for both no. 1

and total sweetpotato yield. Least squared means were separated by Tukey’s HSD at a = 0.05.

Means with different letters within each column are significantly different.
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Table 4.8. Effect of spacing and competitive environment on US no. 1 sweetpotato yield per

plant in Clinton, NC in 2022 and 2023.

US no. 1 sweetpotato yield?

Environment Spacing 2022 2023
------------ kg plantt-----nnmmm--

20cm 0.23 0.32b
Weedy 30cm 0.17 0.65a

40cm 0.28 0.42 ab

20cm 0.61 0.65b
Weed-free  30cm 0.82 0.89 ab

40cm 0.79 1.08 a

®There was a significant interaction (p = 0.0268) between environment, spacing, and year which
was sliced by year. Least squared means were separated by Tukey’s HSD at o= 0.05. Means with

different letters within each column and competitive environment are significantly different.
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Table 4.9. Effect of in-row spacing and competitive environment on total sweetpotato yield per-

plant in Clinton, NC in 2022 and 2023.

Total sweetpotato yield®

Spacing Weedy  Weed-free

----- kg plantt-----
20cm 05 097b
30cm 0.7 1.34a

40cm 0.64 1.57 a
Total yield is defined as the sum of canner, no. 1, and jumbo grades.

bThere was an interaction (p = 0.0051) between in-row spacing and competitive environment for
total sweetpotato yield per plant which was assessed by competitive environment. Least squared
means were separated by Tukey’s HSD at a = 0.05. Means with different letters within each

column are significantly different.



Table 4.10. Effect of in-row spacing and cultivar on no. 1 and total standardized sweetpotato

yield for weedy treatments in Clinton, NC in 2022 and 2023.

Sweetpotato yield?

Cultivar Spacing No. 1 Total®

20 cm 48.8 32.6

‘Covington’ 30 cm 38.6 24.7
40 cm 38.6 22.6

20 cm 52.5 35.5

‘Monaco” 30 cm 36.7 20.1
40 cm 43.0 27.9

®No significant effects or interactions were observed from or between any combination of
cultivar and spacing treatments on standardized sweetpotato yield for either no. 1 or jumbo
grades across weedy treatments. Least squared means were separated by Tukey’s HSD at o =
0.05.

bTotal yield is defined as the sum of canner, no. 1, and jumbo grades.
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