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Abstract. Yellow nutsedge (Cyperus esculentus L.) is an important perennial weed in
horticultural crops that is difficult to manage due to its aggressive growth, prolific
spread, and extensive tuber network, as well as its tolerance to a wide range of moisture
and soil conditions. These characteristics make control especially challenging in organic
farming systems. Electrical weed control (EWC) is an emerging nonchemical strategy
that delivers electrical energy to plant tissues, disrupting cellular structures. This study
evaluated EWC for C. esculentus control using tractor-powered systems in 2023 and
2024: an alternating-current unit (EH30 “Thor”; Zasso™ Group AG, Zug, Switzer-
land) and a direct-current unit (XPower XPS; Zasso™ Group). Treatments included
EWC applied at different energy levels (24 to 518 kJ·m22) by varying operation
speeds (0.5 to 3 km·h21), applied singly or sequentially, as well as mowing and com-
bined mowing followed by EWC. In the 2023 Corvallis study (alternating current sys-
tem), mowing and slow-speed EWC at 0.5 km·h21 (144 kJ·m22) controlled C. esculentus
shoots (88%) at 14 days after initial treatment (DAIT), but regrowth occurred over time.
Sustained control was achieved with mowing followed by EWC (81%) and sequential
EWC applications (80%) by 56 DAIT. Three passes at 3 km·h21 (24 kJ·m22 per applica-
tion) provided 75% control at 80 DAIT. In greenhouse assays, field-treated tubers were
evaluated for viability. Mowing followed by EWC reduced shoot emergence (38%) and
shoot biomass by 42% compared with nontreated control. The 2024 study (direct current
system) confirmed the advantage of sequential EWC: three passes at 3 km·h21 (86 kJ·m22)
achieved 93% control at 80 DAIT. Sequential and combined treatments (EWC two passes
at 2 km·h21, EWC followed by mowing) reduced tuber density (52% to 57%) and weight
(46% to 56%) compared with the nontreated control. EWC demonstrated strong potential
for shoot suppression of C. esculentus, particularly when applied sequentially or combined
with mowing. Importantly, treatment order was critical: mowing followed by EWCprovid-
ing greater weed control (81%) compared with the reverse sequence (EWC followed by
mowing, 61%).

Yellow nutsedge (Cyperus esculentus L.)
is a perennial sedge widely recognized for its
invasive nature and adaptability. This species
is distinguished by an extensive network of
underground tubers, which form from the top
15 to 46 cm and serve as a reservoir for en-
ergy, facilitating rapid regeneration even after
the aboveground portions are removed (Follak
et al. 2016; Schippers et al. 1993). C. esculentus
seed production, population persistence and

spread, are driven primarily by vegetative
propagation via tubers and rhizomes; seed-
ling recruitment is considered a minor contrib-
utor (Mulligan and Junkins 1976; Stoller and
Sweet 1987; Thullen and Keeley 1979). Its ag-
gressive growth, combined with tolerance to
varying moisture levels and diverse soil condi-
tions, enables it to outcompete crop species for
essential resources such as nutrients, water,
and light (Keeley 1987; Morales-Payan et al.
2003). In the Pacific Northwest, C. esculentus
poses a significant threat to specialty crops,
including highbush blueberry (Vaccinium
corymbosumL.), cranberry (Vaccinium oxycoccus
L.), and vegetables, reducing yield and crop
quality (Rojas-Sandoval and Acevedo-Rodr�ıguez
2022).

Managing C. esculentus is particularly dif-
ficult in organic farming systems, in which the
absence of systemic herbicides restricts the
range of effective control strategies. Growers
rely on methods such as mechanical removal,
crop rotation, mulching, and cover crops to
suppress growth (Bangarwa et al. 2008). Mow-
ing, a commonly used method, often requires

repeated treatments throughout the season for
effective weed suppression and can disturb the
soil surface and increase compaction depend-
ing on equipment weight, tire traffic, slope,
and pass frequency (Patton 2025; Summerlin
et al. 2000). However, the deeply positioned
tubers and robust regenerative capabilities of
C. esculentus often limit the effectiveness of
methods consistent with organic principles,
highlighting the need to explore innovative
and integrated management strategies that tar-
get root systems.

Electrical weed control (EWC) is a technol-
ogy that delivers electrical energy to plant tis-
sues, disrupting cellular structures and leading
to plant death. In an EWC system, an electrode
transfers electric current directly into the weed
and surrounding soil, damaging plant cells, re-
ducing the ability to absorb water and nutrients,
and limiting regrowth (Diprose and Benson
1984; Diprose et al. 1980). Modern tractor-
mounted EWC equipment has been developed
for commercial use in perennial horticultural
systems, including orchards, vineyards, and
berry crops, in which in-row weed management
is particularly challenging and alternatives to
herbicides are limited (Slaven et al. 2023). By
damaging underground structures of the plants,
EWC can reduce the regenerative capacity of
perennial weeds, suggesting it may offer a
sustainable alternative to mechanical prac-
tices such as mowing (Feys et al. 2023;
Summerlin et al. 2000). Recent field studies
confirm that EWC can drastically reduce shoot
vitality in C. esculentus; however, a single
treatment does not eliminate all vegetative
propagules, emphasizing the need for repeated
applications throughout the season to deplete
underground tubers and stored resources (Feys
et al. 2023).

Despite these promising results, limited re-
search has directly compared EWC with or-
ganic practices such as mowing, particularly
for C. esculentus. This study addresses this
knowledge gap by evaluating the effectiveness
of EWC on C. esculentus, comparing single
versus sequential applications and different
operating speeds against mowing. We fur-
ther assess the combined effects of EWC and
mowing on aboveground suppression and be-
lowground tuber viability, providing practical
insights for integrated weed management.

Materials and Methods

Site description. Two field studies were
conducted in Oregon in 2023 and 2024 in
areas with a natural high density of C. escu-
lentus. The first study was conducted at the
Lewis Brown research farm in Corvallis, OR
(lat. 44.56�N, long. 123.22�W), in 2023, on a
fallow field of Chehalis silty clay loam soil
(0 to 20 cm: 20% sand, 49% silt, 31% clay).
The studies commenced in Jun 2023 in an area
where C. esculentus reached �20 to 25 cm in
height at the Biologische Bundesanstalt, Bun-
dessortenamt, and CHemical industry (BBCH)
19 stage. The second study was conducted on
a commercial organic-certified highbush blue-
berry farm in Grants Pass, OR (lat. 42.23�N,
long. 123.27�W), situated on Evans loam soil
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(0 to 20 cm: 44.3% sand, 40.7% silt, 15.0%
clay). This field had a history of unsuccessful
control of C. esculentus with plants measuring
15 to 20 cm in height in Jun 2024 at the
BBCH 19 stage.

Treatment and equipment details. The ex-
periments were arranged as a randomized
complete block design with four replicates.
Experimental units measured 3 � 6 m at both
locations. All treatments at each site received
an initial application on the same date
(site-specific as presented in Table 1).
Treatments requiring multiple passes then re-
ceived sequential applications �4 and 8 weeks
after the initial application. The treatment struc-
ture comprised: a nontreated control (NTC);
single application of mowing only; single or
multiple application of EWC only, at tractor
speeds of 0.5, 1, 2, or 3 km·h�1 (with site-
specific energy doses); EWC followed by mow-
ing [EWC at 1 km·h�1, then mowing 4 weeks
after treatment (WAT)]; and mowing followed
by EWC (mowing, then EWC at 1 km·h�1

4 WAT).
Mowing operations executed by a walk-

behind rotary mower (Premier 26; DR Power
Equipment, Waukesha, WI, USA). EWC was
performed using either alternating current
(AC) or direct current (DC) tractor-mounted
commercial units. The equipment selection was
based on availability and dimensions that
would be compatible with the cropping system.
The Corvallis study used a 30-kW unit (EH-30
Thor; Zasso™ Group, Zug, Switzerland)
connected to a 77-kW tractor (5100GN;
John Deere, Moline, IL, USA). The electrical
weeder consisted of an oil-cooled generator
producing a peak power of 30 kW of AC at
180 V and 60 Hz that is mechanically pow-
ered by the tractor engine power take-off
(PTO). For energy calculation, a power factor
of 0.8 was assumed based on the manufac-
turer’s recommendation. Electric current is

transferred to a triphase transformer that can
be configured to increase voltage from 3.5 to
12 kV. Cables transfer the high-voltage cur-
rent to an applicator mounted on the front of
the tractor. The applicator consists of metal
electrodes arranged 1.2 m in width. The elec-
trodes are the parts in contact with weed fo-
liage and soil during operations (Fig. 1A-C).

The Grants Pass study used a Zasso™
XPower XPS system, a DC electrical weed-
ing unit designed specifically for perennial
cropping systems such as orchards and vine-
yards. The system was mounted on the rear of
a 60-kW narrow tractor (T4.80; New Holland,
New Holland, PA USA) and powered via the
tractor’s PTO, which mechanically drives the
onboard generator. This generator produces
DC and can deliver a peak power of 24 kW to
the applicator. For energy calculation, a power
factor of 0.9 was assumed based on the manu-
facturer’s recommendation. The rear-mounted
applicator, measuring �30 cm in width and
equipped with metallic electrodes, features a
compact design that allows EWC application
adjacent to the planting row (Fig. 1D-F). At
Grants Pass, treatments were applied on both
sides of the blueberry planting rows.

The nominal electric energy density per
area applied was determined by the speed of
operation using the following equation:

EðkJ�m�2Þ5 Power
kJ
s

� �
� PF

� 1
speedð ms Þ

� 1
widthðmÞ [1]

where E indicates applied energy (kJ·m�2),
power indicates the generator power (kW 5
kJ·s�1), PF indicates power factor, speed indi-
cates the speed of operation (m·s�1), and width
indicates the width of the treated area (m).

Assessment timings differed slightly by
site due to logistics and alignment with opera-
tional decision windows. At Corvallis (local
site), we measured control of C. esculentus at
14, 56, and 80 d after initial treatment (DAIT),
adding an early 14-DAIT rating to capture
short-term responses. At Grants Pass, to ac-
commodate travel time, budget, and grower
scheduling, evaluations were conducted at 28,
56, and 80 DAIT. Weed control was visually
assessed on a scale from 0% (no control) to
100% (complete control). At 80 DAIT, the
aboveground biomass of C. esculentus was col-
lected at the Grants Pass site from a randomly
selected 0.25-m2 quadrat/plot, then dried, and
weighed. Biomass data were not collected in
the Corvallis study.

Tuber density and viability. Tubers of
C. esculentus were collected from experimen-
tal plots in Corvallis and Grants Pass, OR.
For both locations, one soil sample per plot
was collected to a depth of 20 cm. In the Cor-
vallis study, sampling was performed by ex-
cavating an area of �530 cm2, resulting in a
total soil volume of 10.6 dm3. In the Grants
Pass study, each sample consisted of 6 kg
of soil and 5 dm3. Collected soil was thor-
oughly washed, and tubers and roots were re-
covered in a 2-mm sieve. Tubers were then
separated from the roots and remaining soil de-
bris by a series of washes. Following recovery
and cleaning, tubers were counted and gently
dried with paper towel, and the fresh weight
was recorded. Average tuber weight (g/tuber)
was computed as the total fresh mass of tubers
divided by the number of tubers (Corvallis: 100;
Grants Pass: n). Tuber density was estimated by
dividing the number of tubers recovered by the
volume of soil sampled.

The C. esculentus tubers were planted in
flats filled with a substrate composed of sphag-
num peatmoss, perlite, pumice, dolomite, lime-
stone, and a pH-adjusted Sunshine #4 SungroV

R

professional growing mix (Sun Gro Horticul-
ture, Agawam, MA, USA). The flats were
maintained in a greenhouse with daytime and
nighttime temperatures of 24 and 15 �C,
respectively. New shoot emergence (%)
was recorded 4 weeks after planting as (number
of emerged shoots� number of tubers planted)
� 100 for each plot flat. Emerged shoots were
then clipped at the substrate surface, dried, and
weighed. To standardize across sites, total fresh
mass was also expressed on a per-tuber basis
by dividing by the number of tubers planted for
each plot.

Statistical analysis. All statistical analyses
were performed in R (version 4.3.1; R Core
Team, Vienna, Austria). Treatment was in-
cluded as a fixed effect, and blocks were in-
cluded as random effects. Weed control ratings
were analyzed using generalized linear mixed
models (GLMMs) with a b distribution imple-
mented in the glmmTMB package (Brooks
et al. 2017). Weed biomass, tuber weight, and
dry weight of emerged plants were analyzed us-
ing linear mixed models (LMMs) with square-
root transformation in the lme4 package (Bates
et al. 2015). Tuber counts and plant emergence
counts were analyzed using GLMMs with a
negative binomial distribution to account for

Table 1. Application rates, timing, and dates of electrical weed control and mowing treatments for
C. esculentus studies in Corvallis, OR, USA (2023), and Grants Pass, OR, USA (2024).

Treatment Speed (km·h�1)i Energy (kJ·m�2) Number of applications Application dates
Corvallis

NTC — — —
Mowing — 1 29 Aug
EWC 0.5 144 1 29 Aug
EWC 1 72 1 29 Aug
EWC 2 36 2 29 Aug fb 9 Oct
EWC 3 24 3 29 Aug fb 9 Oct fb 30 Oct
EWC fb 1 72 2 29 Aug fb
Mowing — 9 Oct
Mowing fb — 2 29 Aug fb
EWC 1 72 9 Oct

Grants Pass
NTC — — 25 Jul
Mowing — 1 25 Jul
EWC 0.5 518 1 25 Jul
EWC 1 259 1 25 Jul
EWC 2 130 2 25 Jul fb 26 Aug
EWC 3 86 3 25 Jul fb 26 Aug fb 23 Sep
EWC fb 1 259 2 25 Jul fb
Mowing — 26 Aug
Mowing fb — 2 25 Jul fb
EWC 1 259 26 Aug

i Speed of operation of the tractor for EWC treatments.
— 5 not available; EWC 5 electrical weed control; fb 5 followed by another treatment application
in 4 weeks; NTC 5 nontreated control.
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overdispersion (glmmTMB package). Model as-
sumptions were checked before inference. For
GLMMs, residual diagnostics were evaluated
using DHARMa plots (Hartig 2022), and for
LMMs, assumptions required for analysis of
variance were verified through residual inspec-
tion. When significant treatment effects were
detected, mean separation was performed using
Fisher’s least significant difference test at
a 5 0.05 with the agricolae package
(Mendiburu 2023). Planned contrasts were
conducted to further evaluate treatment effects
on weed control at 80 DAIT and on biomass,
comparing a single pass at 0.5 and 1 km·h�1

with the average of two sequential applications

at 2 km·h�1 and three sequential applications at
3 km·h�1. For weed control 80DAIT only, con-
trasts were also used to test the sequence of inte-
grated methods, comparing EWC followed by
mowingwithmowing followed by EWC.

Results

A significant effect of treatment (v2 5
78.39, P < 0.001) and evaluation timing
(DAIT; v2 5 64.57, P< 0.001) was observed
for C. esculentus control, with strong interac-
tions among location, treatment, and DAIT
(v2 5 26.16, P 5 0.010). Because energy
levels and treatment responses varied by

location and across evaluation timings, the data
were analyzed and presented separately by loca-
tion. Energy (kJ·m�2) differed with equipment
with EH30 at Corvallis (30 kW; 1.22-m width)
and XPS at Grants Pass (24 kW; 0.30-m width),
with the narrower applicator delivering a higher
dose at the same speed.

Corvallis (2023, AC system). In Corvallis,
both mowing and EWC treatments provided
greater control of C. esculentus compared with
the nontreated control (Tables 2 and 3). At
14 DAIT, mowing and EWC at 0.5 km·h�1

(144 kJ·m�2) achieved the highest initial
control (88%), although control from mow-
ing alone declined to 26% by 80 DAIT. In

Fig. 1. Tractor-powered electrical weed control systems used in this study. (A–C) Zasso™ EH30 “Thor” (alternating current) mounted on a 77-kW tractor
(5100GN; John Deere, USA). (A) Front overview in the field. (B) Close view of the front-mounted applicator head with metal electrodes (1.22-m work-
ing width). (C) Rear view showing the transformer cabinet mounted behind the tractor and driven via the power take-off. (D–F) Zasso™ XPower XPS
(direct current) mounted on a 60-kW narrow orchard tractor (T4.80; New Holland, USA). (D) Front/lateral view of the unit. (E) Operation in blueberry
field. (F) Rear view showing two rear-mounted applicators (0.30 m each) contacting the vegetation.

Table 2. Effect of electrical weed control and mowing on C. esculentus control in field studies conducted in Corvallis, OR, USA (2023), and Grants Pass,
OR, USA (2024).

Treatment Speedi En Number of Applications TE

C. esculentus control (%)ii

Biomass (g·m2)14 DAIT 28 DAIT 56 DAIT 80 DAIT
Corvallis

NTC — — — — — — —
Mowing — 1 88 a 56 b 41 e 26 e —
EWC 0.5 144 1 144 88 a 70 a 52 de 36 de —
EWC 1 72 1 72 70 b 51 ab 50 de 33 de —
EWC 2 36 2 72 65 b 44 ab 62 cd 42 cd —
EWC 3 24 3 72 59 b 37 c 80 ab 75 a —
EWC fb mowing 1 72 2 72 69 b 48 ab 68 bc 50 bc —
Mowing fb EWC 1 72 2 72 88 a 48 ab 81 a 57 b —

Grants Pass
NTC — — — — — 435.3 a
Mow — 1 36 a 35 d 37 d 36.5 b
EWC 0.5 518 1 518 28 ab 36 d 50 cd 51.1 b
EWC 1 259 1 259 26 ab 45 cd 52 c 29.3 b
EWC 2 130 2 260 20 b 70 a 70 b 19.6 b
EWC 3 86 3 258 18 b 63 ab 93 a 18.6 b
EWC fb mowing 1 259 2 259 19 b 59 ab 58 bc 14.3 b
Mowing fb EWC 1 259 2 259 38 a 57 cd 69 b 68.9 b

i Speed of operation of the tractor for EWC treatments in km·h�1.
iiMeans followed by the same letter within a column are not different based on Fisher’s least significant difference test (a 5 0.05).
— 5 not available; DAIT 5 days after initial treatment; En 5 energy applied in kJ·m�2; EWC 5 electrical weed control; fb 5 followed by; NTC 5
nontreated control treatment; TE 5 total energy applied in kJ·m�2.
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contrast, sequential EWC applications sus-
tained greater suppression. Three passes at
3 km·h�1 (24 kJ·m�2 per pass; 72 kJ·m�2 total)
provided 75% control at 80 DAIT, while mow-
ing followed by EWC at 1 km·h�1 and EWC
followed by mowing at 1 km·h�1 maintained
57% and 50% control, respectively.

Grants Pass (2024, DC system). At Grants
Pass, both mowing and EWC treatments (0.5
to 3 km·h�1; 86 to 518 kJ·m�2) provided some
control of C. esculentus at 28 DAIT (18% to
38%). Despite mowing treatments ranking
highest, these levels were still insufficient
(Tables 2 and 3). By 56 DAIT, control from
mowing declined to 35%, while single EWC
applications provided 45% weed control (the
difference was not significant). At 56 DAIT,
two sequential applications of EWC at 2 or
3 km·h�1 provided the higher control of
C. esculentus (70% to 63%, respectively).
Final evaluations at 80 DAIT, three-pass
EWC at 3 km·h�1 (86 kJ·m�2 per pass;
258 kJ·m�2 total) provided the greatest control
(93%; Fig. 2), followed by two-pass EWC at
2 km·h�1 (70%) and mowing followed by
EWC at 1 km·h�1 (69%). All treatments
reduced weed biomass compared with the
nontreated control.

At 80 DAIT, planned contrasts confirmed
that sequential applications were more effec-
tive than a single pass in both locations
(Tables 2 and 3). Single applications at 0.5 and
1 km·h�1 provided significantly lower weed
control than the average of two and three se-
quential applications, representing an improve-
ment of 27 percentage points (P < 0.001).
Contrast analysis also showed that the order of
integration between methods influenced weed
control outcomes. Mean control for EWC fol-
lowed by mowing was 61%, which was signif-
icantly lower than mowing followed by EWC
(81%), a difference of 19 percentage points

(P 5 0.009).Weed biomass following a single
application at 0.5 and 1 km·h�1 (40.2 g·m�2)
did not differ from the average of two and three
sequential applications (19.1 g·m�2, P5 0.322).

Tuber density and viability. In Corvallis
(2023), average tuber weight did not differ signif-
icantly among treatments (128 to 167 mg/tuber;
Table 4). However, greenhouse assays with
tubers collected from field-treated plots re-
vealed differences in regrowth potential. The
mowing followed by EWC treatment resulted
in the lowest shoot emergence (38%) and re-
duced shoot biomass (58 mg/shoot) to almost
half of the emerged shoot weight in non-
treated control. These results suggest that al-
though tuber weight was not reduced, EWC,
particularly when combined with mowing, can
limit regrowth of new shoots by reducing new
shoot emergence and aboveground biomass.

In Grants Pass (2024), tuber production was
strongly affected by treatment (Table 4). The
nontreated control averaged 69 tubers/dm3 of
soil with a mean weight of 260 mg/tuber. Single-
pass EWC at 0.5 and 1 km·h�1 produced higher
tuber counts (132 and 97 tubers/dm3) compared
with the control. In contrast, sequential and
combined strategies presented lowest counts,
with EWC followed by mowing (30 tubers/dm3)
and two-pass EWC at 2 km·h�1 (33 tubers/dm3),
although these mean differences were not statis-
tically different from the nontreated control.
Despite these decreases in tuber density and
size, greenhouse assays did not detect signifi-
cant differences in shoot emergence (4% to
13% of shoot emergence) or shoot biomass (12
to 31 mg) among treatments.

Discussion

This study demonstrates that EWC can
effectively control shoots and, at the Corval-
lis site only, partially reduce tuber viability of
C. esculentus in organic systems. These find-
ings are particularly relevant for organic and
specialty crop production, in which herbicide
options are limited and perennial weeds with
underground storage organs remain challeng-
ing to manage (Sosnoskie and Liu 2025). In
our studies, EWC consistently controlled
C. esculentus aboveground shoots, with per-
formance strongly influenced by experimental
site and number of applications. Sequential ap-
plications, particularly three passes, provided
more sustained control than single treatments.
When combined with mowing, EWC extended
control for 80 DAIT, confirming the value of
integrating weed control methods. However,
greenhouse assays of recovered tubers showed
reduced viability at Corvallis, indicating site-
dependent effects on belowground propagules.

Previous research has shown that repeated
mowing can temporarily limit regrowth of

C. esculentus when performed in weekly or
biweekly intervals at low cutting heights
(Ryck et al. 2023; Summerlin et al. 2000).
However, mowing alone only provides
temporary suppression since tubers rapidly
resprout, which aligns with reports that me-
chanical tactics such as cultivation, flaming,
mulching, and solarization can suppress
sedges and other perennial weeds above-
ground but rarely eliminate tuber viability
(Bangarwa et al. 2012; Horesh et al. 2019;
Wada et al. 2024). Our results demonstrate
that combining mowing with EWC extends
suppression beyond what either tactic achieves
alone, highlighting its role in integrated weed
management. A limitation of our trials is the
absence of repeated applications of mowing-
only program. Nevertheless, repeated mowing
is already the prevailing practice on many
farms and has not prevented the continued
spread of this perennial, which is why we
emphasize testing combinations and sequen-
ces that might improve outcomes. Importantly,
the sequence of operations also influenced out-
comes. Applying mowing before EWC re-
sulted in significantly higher weed control
compared with the reverse order (EWC fol-
lowed by mowing). This effect is consistent
with reports that high weed density and tall
biomass can shield smaller plants and reduce
per-plant energy delivery during electrical treat-
ments and that preliminary mowing can improve
efficacy by lowering biomass and ensuring more
uniform energy transfer (Slaven et al. 2023).
The stronger efficacy observed in Grants Pass
compared with Corvallis highlights the influence
of environmental and operational factors and en-
ergy levels on EWC performance. Earlier appli-
cations in July under drier soil conditions,
coupled with higher energy levels delivered by
the DC system, likely enhanced energy transfer
to underground structures compared with late-
season treatments under wetter conditions in
Corvallis. Previous research has emphasized the
sensitivity of EWC efficacy to soil properties,
moisture, and equipment configuration (Bauer
et al. 2020; Vigneault and Benôıt 2001; Vi-
gneault et al. 1990), which may explain
these site-specific differences.

EWC efficacy also varies among species.
Annual broadleaf weeds such as Amaranthus
spp., Chenopodium album, and Ambrosia
artemisiifolia are often highly susceptible to a
single application, with reported control levels
ranging from 51% to 97% in Amaranthus spp.
and 90% in A. artemisiifolia, and substantial
reductions in seed viability when treated at re-
productive stages (Schreier et al. 2022; Slaven
et al. 2023). Greenhouse studies similarly
showed that small broadleaf seedlings such
as C. album and Amaranthus spp. are easily

Table 3. Effect of electrical weed control and mowing on C. esculentus control 80 DAIT in field studies conducted in Corvallis, OR, USA (2023), and
Grants Pass, OR, USA (2024).

C. esculentus control 80 DAIT Contrasts Speed (km·h�1) Mean difference z ratio P value
Control Single vs. sequential app 0.5� 1 vs. 2� 3 127% �6.204 <0.0001

EWC fb mowing vs. mowing fb EWC 1 vs. 1 �19.8 �2.586 0.0097
Biomass Single vs. sequential app 0.5� 1 vs. 2� 3 �52% 1.015 0.3228

DAIT 5 days after initial treatment; EWC 5 electrical weed control; fb 5 followed by.

Fig. 2. Post-treatment symptoms of electrical
weed control (EWC) in C. esculentus. Orange
outlines and arrows indicate the width of treated
area. The top left panel shows the nontreated
control [28 days after initial treatment (DAIT)].
The bottom left panel shows a single EWC pass
at 1 km·h�1 (28 DAIT). The right panel shows
three EWC passes at 3 km·h�1 (80 DAIT).
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controlled with low energy inputs, whereas
grass weeds become more tolerant after tiller-
ing (Bloomer et al. 2022).

In contrast, perennial weeds such as
Canada thistle (Cirsium arvense), field
bindweed (Convolvulus arvensis), and yellow
nutsedge (C. esculentus) are notoriously diffi-
cult to manage because of their extensive un-
derground regenerative structures. Effective
control of these species typically requires re-
peated or integrated management strategies,
as single interventions rarely prevent re-
growth. For example, Bongard et al. (2022)
demonstrated that double or triple inter-row ap-
plications of electrical weeding, when com-
bined with banded herbicides in sugar beet,
achieved up to 94% control of C. arvense and
C. arvensis, outperforming herbicides alone.
Similarly, Lehnhoff et al. (2022) suppressed
C. arvensis growth using continuous electri-
cal exposure over several weeks. Nonchemi-
cal strategies such as repeated mowing and
hoeing (Graglia et al. 2006) or integrated ap-
proaches combining cultural and chemical
tactics (Davis et al. 2018) have also shown
long-term reductions in perennial weed popula-
tions. Taken together, these findings suggest
that, as with other management tactics, sus-
tained suppression of perennial weeds with
electrical weeding will likely depend on re-
peated applications and integration with com-
plementary strategies, such as mowing, as we
observed increased control (<75%).

Although tuber weight was not significantly
reduced, greenhouse assays of tubers collected
from Corvallis plots revealed reduced emer-
gence and shoot biomass, particularly following
sequential EWC and mowing–EWC combina-
tions. This contrasts with Feys et al. (2023),
who reported no impact on tuber viability but
suggest that appropriate timing and number of
applications can partially disrupt tuber

regenerative capacity. In Grants Pass, the
lack of response in tuber counts, weights, and
greenhouse emergence is plausibly linked to
site- and system-level differences: equipment
configuration/width, higher initial tuber size/
density, and soil texture–moisture conditions
that change EC and shunt current through the
soil rather than the plant. A deeper tuber
depth distribution at this site would further
buffer underground organs from lethal heat-
ing during passes. Interestingly, a single EWC
pass increased the number of tubers relative to
the untreated control, although tuber weights
remained comparable across treatments. This
compensatory response is consistent with
disturbance-tolerance strategies in perennial
weeds, where injury to shoots or underground
organs can release dormant buds and stimu-
late vegetative propagation, often producing
numerous but smaller propagules (Klime�sov�a
and Mart�ınkov�a 2022; Klime�sov�a et al. 2017;
Ott et al. 2019; Vesk and Westoby 2004).
Notably, in Grants Pass, the mean tuber
density in treated plots was 50% lower than
the control, although this difference was
not statistically significant. From a practical
standpoint, growers should consider this
magnitude of reduction when making man-
agement decisions, while also recognizing
that single interventions may trigger re-
sprouting and that repeated or integrated
approaches are more likely to yield durable
below-ground suppression.

The energy requirement for EWC in this
study ranged from 24 to 518 kJ·m�2, depend-
ing on speed and number of applications. These
requirements are similar to or lower than those
reported for thermal methods such as propane
flaming or saturated steam (365 to 740 kJ·m�2;
Moretti and Pedroso 2023). Unlike other ther-
mal control methods that are based on the indi-
rect transfer of heating through steam or air,

EWC transfers energy directly into the plants,
moving it into underground structures like tu-
bers. Literature reviews highlight that thermal
systems such as flame, hot water, and steam
typically require very high energy inputs
(1000 to 4000 MJ·ha�1), whereas electrical
weeding can operate at much lower ranges,
0.25 to 19 MJ·ha�1 depending on system
configuration and plant size, making it one of
the most energy-efficient nonchemical ap-
proaches currently available (Bloomer et al.
2024). Other emerging technologies, such as
laser weeding or autonomous spot sprayers,
may achieve lower per-plant energy require-
ments for small seedlings, but they remain
less effective against perennial weeds with
underground storage organs (Bloomer et al.
2024).

The findings presented here indicate that
EWC is most effective in sequential applica-
tions or when combined with other nonchemi-
cal tactics. Mowing combined with EWC
extended aboveground suppression and par-
tially reduced tuber viability, offering stronger
outcomes than either method alone, fitting well
within the principles of integrated weed man-
agement. EWC proved capable of providing
sustained control of C. esculentus shoots.
Importantly, while tuber viability was only
partially reduced, combined and repeated ap-
plications reduced regrowth more effectively
than single passes. EWC can be incorporated
into integrated weed management programs
for organic and specialty crop systems, in
which long-term suppression of perennial
weeds like C. esculentus remains a critical
challenge.
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