& frontiers | Frontiers in

@ Check for updates

OPEN ACCESS

EDITED AND REVIEWED BY
Shibu Jose,
University of Missouri, United States

*CORRESPONDENCE
Thomas R. Butts
buttst@purdue.edu

RECEIVED 08 January 2026
ACCEPTED 12 January 2026
PUBLISHED 23 January 2026

CITATION

Butts TR, Virk S, Wolf T and Canella Vieira B
(2026) Editorial: Innovative technology and
techniques for effective weed control.
Front. Agron. 8:1783794.

doi: 10.3389/fagro.2026.1783794

COPYRIGHT

© 2026 Butts, Virk, Wolf and Canella Vieira.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Agronomy

TYPE Editorial
PUBLISHED 23 January 2026
pol 10.3389/fagro.2026.1783794

Editorial: Innovative
technology and techniques
for effective weed control

Thomas R. Butts™, Simerjeet Virk?, Tom Wolf*
and Bruno Canella Vieira*
‘Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN, United States,

2Department of Biosystems Engineering, Auburn University, Auburn, AL, United States, Agrimetrix Research
and Training, Saskatoon, SK, Canada, “Syngenta Crop Protection AG, Muenchwilen, Switzerland

KEYWORDS

allelochemical activity, drones (UAV), machine learning (ML), optical spot spraying,
remote sensing, site-specific weed management (SSWM), survey, weed biology

Editorial on the Research Topic
Innovative technology and techniques for effective weed control

Weeds continue to be one of the greatest challenges faced by agricultural producers
globally due to a variety of concerns including, but not limited to, increasing herbicide
resistance, high labor requirements, and increased input costs (Fennimore, 2014;
Fennimore et al., 2014; Soltani et al., 2016, 2017; Heap, 2025). In addition to these
concerns, the regulatory environment is ever-changing, with added constraints on weed
management strategies in the U.S (US EPA, 2025). This has been a direct response to rising
concerns over herbicide off-target movement, thereby negatively impacting our
environmental stewardship (Butts et al., 2022). In Europe, increasing societal and
political pressure has led the European Commission to implement stricter legislation on
pesticide use to address concerns over food safety, ecosystems, and human health
(European Commission, 2020). Meanwhile, agricultural regions in Latin America,
Australia, and Southeast Asia face their own challenges, including widespread herbicide
resistance and the need to reduce operational costs (Casimero et al., 2022; Merotto et al.,
2022; Thompson and Chauhan, 2022). Adding to these pressures, evolving pesticide
regulations not only affect local management practices but also directly impact global
trade because of pesticide residue limits in agricultural commodities (Gerhards et al., 2022).

As a result of the aforementioned challenges, farmers and the agricultural industry
worldwide are compelled to explore and adopt innovative weed management solutions to
enhance agricultural productivity, environmental stewardship, and economic profitability
(Gerhards et al., 2022; Spaeth et al., 2024). One possible solution that can aid in these efforts
is to implement innovative technological tools and techniques to precisely target areas of
concern (Fennimore et al., 2016; Avent et al., 2024, 2025; Sosnoskie et al., 2025).
Furthermore, “Cultural and Preventive Weed Management” along with “Precision Weed
Management and Robotics” were recently listed as top research priorities among weed
scientists, exemplifying the need for these innovative and integrated approaches for
effective weed control (Brainard et al., 2023).

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fagro.2026.1783794/full
https://www.frontiersin.org/articles/10.3389/fagro.2026.1783794/full
https://www.frontiersin.org/articles/10.3389/fagro.2026.1783794/full
https://www.frontiersin.org/research-topics/59346
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fagro.2026.1783794&domain=pdf&date_stamp=2026-01-23
mailto:buttst@purdue.edu
https://doi.org/10.3389/fagro.2026.1783794
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/agronomy#editorial-board
https://www.frontiersin.org/journals/agronomy#editorial-board
https://doi.org/10.3389/fagro.2026.1783794
https://www.frontiersin.org/journals/agronomy

Butts et al.

10.3389/fagro.2026.1783794

2025 CROP ROBOTICS LANDSCAPE 2&-0h%
ng : ) Foo
fw] E:;\Irl Ventures
AUTONOMOUS MOVEMENT CROP MANAGEMENT HARVEST
Navigation Permanent Drone Permanent Permanent Permanent
& Autonomy Tractor & Platform Application Application Crop Care Harvesting
g .FleldBee > FIELORS  @vamaa iTBOT ©OXIN  VINERGY FRUMACH Hhylio MARUT HADA [JGUSS Becle qesen @ Qoo
w N
z T o [N B ek shire. SFYANMAR  inesonolilt  BOSON ToPHG Ganeraln spgyiclies - Sment@hvey wvmnoven #Alero
< 575 agtonomy STEV Aeronautics )
E [ Herculano  PEILENC SAB! 0 RGRICOBOTS £ (43 = & fieldin @JACTD‘- wlmsnui AR o & P enre
a armertbnics MDA R Do Pision SIFLY farm: L & wen probotics _BRAUN & TEveL
&\'! GOtracke @aonic Ja@v‘(s
= o S &%?haer: ig:i‘g‘ﬁ‘on
raganFLy
N i e
§RroraiEr ‘ ' IGyhota FARMDRUID naio Q@D microdrones® A IMWA“QN\ @ ecorobotix - D msoms mswm FeldKlasse Sautopickr
a MR e ”:"‘“"N BURR® ool Woudbreak || e EIH rarmfie) Qechneat gorFord o550 @ Farm A
i orecl - f—— ;
i ~ . gathsr AAlLand e Pl ®wi"gtra = vantea? TRic  XKilter  Legmin
= ©-surve o (CrorrimaL | PARABUG RN upp
> =S VL R @eereen | | Rotate8 agrisonc || T T Asconone RUMZX OSIRIS  BerTHOUD -
: s ol
E farm(x) Bart TRA siza N xmAcHIngs ~ \‘gji”f‘d' BRGlAY MANTES FLUX #srecimrenx ‘ll"'mv[mm
=] H9MBURG noveon ) = Droned Agrikola Al g o & souNFTEC i LRSI
9 autoagri (ggen Ao O SAVERARY FRATL CATERRA & Dailobotics
w 0 Dsweaveden REEL BFromae DA arthie Y
& majow LIARS 2% DRENE e ’ “BBLEA? o8 i PoeLraRGRosorICS Crsviexns
EYmack | e Sosiymont | pman L8| weEDSTE fhous  @TRABOTYX
9 HDynomics @ rcxeEED rERRY Ponchon @rec {H} Actecnic  ONTAR: PR i
4 HEXAGON % PYKRA® DAT  Anacco [BST Agze PR &5 SAMI
E INTELUI HSKA O = i
- wodaries AN R - DroneTechnology R BLUE RIVER - WEEDBOT. MiFood
e ) - EARM 03 i i o ‘@ bilberry  HAGIE sy o X (PREFIRO
PHENIX HoLLAND > 4 — DeepAgro N harvested F
LD-Agre® ABOVOR || wernosorcs  agREtech SV”F'HE N HevEn Plantitim @ GoLDACRes TERRA avested  BEF J¢ rorrer achmes
g & Topcon Qoo o || @ osecons KAG | wEsroson s | | SHREYe ypscon OHORSCH <2 “Jsamo
CHCNAV v g+ =V €sCARDA
5 Ag Leader A Roboton BpA (DaENe " (@ Elemental e @ e
FENDST cre < ]ﬁ.“ PerPlant GLEMKENZ ~ Orbiba Rabotics.
3 Y kingman ag pran= [P zouverzeug £ Carbon R ooe
o As VAT robotics THANGS ROTOR L > [ amazone CYCLAR
JAgriRobot @ P o A :
Yeerea S o earmsense A seronors. K RObOUSS o pmomushint e | ANRELA e, [ERTERR
- i votbanch P rascisionn 7 || EEUER ¥ INIEEN
S sneanto
© BOSCH Indoor Indoor Indoor Indoor Indoor
« @ SDF Pt AGV Scouting Application & Protection Crop Care Harvesting
8 “QBerkvens runu ®sogaerts UM.:emon 2 Naispria TTAISO ‘& certhon 4 AGRIST
= DENSO coRVUS '“‘ Orouvs esmA arugga drupeck i Dosiooth €3 405
= metazet —r pu‘rs” COOCTIVA /D= K= M\ & mrcioncs
vegey || Dmams polybee bloCrops o5 npvzstx Panasoic 10 o siraris
www.mixingbowlhub.com Michael Rose M, Sasomma Chris Taylor UNIVERSITY OF CALIFORNIA
© Chris Taylor / Michael Rose & THE MIXING BOWL michael@betterfoodventures.com AR adance chris@mixingbowlhub.com Agriculture and Natural Resources
FIGURE 1
Image depicting the 2025 agricultural technology market landscape aiming to provide innovative technology and techniques for crop production,
including weed management, moving forward. Reproduced with permission from "The 2025 Crop Robotics Landscape, Mapping Progress and
Possibility" by Michael Rose, Chris Taylor, Better Food Ventures (https://betterfoodventures.com/) and The Mixing Bowl (www.mixingbowlhub.com).

Significant business capital has been invested recently in various
agricultural technology enterprises (Figure 1). As these innovations
continue to expand in the marketplace, it is imperative to thoroughly
understand these technological tools and techniques, and their
potential for implementation into weed management programs, and
economic and social viability of adoption. As such, this Research Topic
was created to highlight innovative research delving into these futuristic
options and to establish a resource for foundational technological weed
management literature components.

Innovative technologies comprised five separate manuscripts
within this Research Topic. Baccin and Moretti explored the use of
electrical weeding equipment in highbush blueberry. They
identified reducing equipment speed and using sequential
applications improved season-long weed control, and concluded
electrical weeding served as an effective, non-chemical management
option. Mwitta et al. designed a specialized, autonomous robotic
platform and incorporated a deep learning, machine vision
algorithm for the detection and laser diode elimination of weeds
in cotton. They reported that their proprietary system could achieve
nearly 73% weed mortality with an optimal operational setup, and
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would be a low-cost, reduced labor alternative for innovative
weed management.

With the rapid increase in drone adoption, the global
agricultural drone market is forecasted to grow to $11.9 billion
USD by 2028 from an approximate worth of $1.4 billion USD in
2021 (Research and Markets, 2023). Butts et al. explored the
combined effects of various hydraulic nozzle types and spray
volumes on coverage and deposits from remotely piloted aerial
application systems (spray drones). They observed increased spray
recovery in the center of the spray swath compared to ground spray
equipment, and identified specific nozzles to improve deposits while
mitigating off-target movement potential. Paul et al. observed
similar weed control in rice from a spray drone application
compared to a knapsack manual sprayer despite significant
reductions in spray volume, coverage, and droplet deposits. Their
findings highlighted the potential of spray drones to reduce both
labor and pesticide exposure in direct-seeded rice production.

Proper weed identification is a critical first step towards effective
weed management efforts. Venkataraju et al. explored multiple
algorithms, including machine learning, deep learning, and object
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detection, to correctly identify troublesome weeds such as Palmer
amaranth (Amaranthus palmeri S. Wats.) and waterhemp
[Amaranthus tuberculatus (Moq.) J. D. Sauer]. Their deep
learning model was most successful, achieving 93% accuracy in
identifying the two species.

Innovative techniques also involve viable strategies for
improving future weed management efforts. Somala et al.
explored the capabilities of a fungal extract (Diaporthe spp.) to
reduce growth characteristics of barnyardgrass (Echinochloa crus-
galli P. Beauv.). Their laboratory research demonstrated greater
than 80% reduction in barnyardgrass seed germination, root length,
and shoot length. In other laboratory allelochemical research,
Trespidi et al. identified that root exudates from Baccharis
halimifolia L. reduced germination by 50-75% and reduced root
length by more than 85% across all tested species. However, they
noted the challenges of consistently translating laboratory
allelochemical results to field applications, and thus further
research is needed to refine the use of allelochemicals for effective
weed management. Nikolic et al. investigated biological
characteristics, including germination thresholds and seed
properties, of common ragweed (Ambrosia artemisiifolia L.)
across different European climatic conditions. Their research
demonstrated high adaptability of common ragweed to varying
weather patterns, further exemplifying the need for site-specific
weed management strategies.

Finally, understanding practitioners’ perceived needs, current
practices, and thoughts about novel technologies is vital for
establishing stakeholder-driven research and providing
meaningful outreach. Ugljic et al. surveyed 128 stakeholders across
the U.S. Midwest to assess these values. Results revealed more than 75%
of respondents were unsure of adopting innovative targeted spray
technologies. Survey results also showed that nearly 50% of
respondents indicated they needed additional information on targeted
spray equipment, underscoring the importance of further innovative
technology research in conjunction with effective outreach efforts.

This Research Topic collection of works serves as a critical
example of the innovative weed management research being
conducted globally, and the need for continued exploration.
Long-term career forecasts have predicted that there will be a
need for professionals who understand weed biology, ecology, and
management principles, while simultaneously comprehending
sensors, automation, and engineering technologies (Westwood
et al, 2018). Additional funding resources and support are also
required in this critical agricultural research crossroad.
Collaborations with industry partners are a necessity, but there is
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