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The need to reduce the use of agrochemicals in order to work towards sustainable
farming systems has influenced scientific research on weeds in recent years. From 2018
to 2023, Agronomy published 323 papers in the areas of weed science and weed manage-
ment. We divided the total number of published papers (PPs) in different sub-sections
and topics as follows: Weed Science (WS): “Effects of herbicide on weeds” (HE), “Weed
Resistance to herbicide” (WR), “Weed morphological, genetic and botanical characteristics,
physiology and competition ability” (WC), and “Alien, invasive and new weeds” (NW).
Weed Management (WM): “Chemical management with herbicides application” (CHM),
“VRA application of Herbicides” (VRM), “Use of Bio-Herbicides” (BHM), “Agronomical
(crop rotation, fertilization, irrigation, density and spacing of plants, use of cover crops and
allelopathy) and direct physical (mechanical and thermal) weed management” (APM), and
“Integrated management” (INM). The distribution of the PPs is shown in Figure 1. The
main topics are APM (30%) and WR (20%). Other topics, like VRM (3%), BHM (6%), and
INM (7%), confirm the current interest within weed science research towards alternative
methods within an integrated and sustainable management approach. The aim of this
Editorial is to briefly describe the current trends for a modern integrated and sustainable
approach to weed management.
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Figure 1. Number and percentual incidence of the total of published papers (PPs) in the “Weed
Science and Weed Management” section of Agronomy, divided into different sub-sections and topics.
Weed Science: “Effects of herbicide on weeds” (HE), “Weed Resistance to herbicide” (WR), “Weed
morphological, genetic and botanical characteristics, physiology and competition ability” (WC), and
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“Alien, invasive and new weeds” (NW). Weed Management: “Chemical management with herbi-
cides application” (CHM), “VRA application of Herbicides” (VRM), “Use of Bio-Herbicides” (BHM),
“Agronomical (crop rotation, fertilization, irrigation, density and spacing, use of cover crops and al-
lelopathy) and direct physical (mechanical and thermal) weed management” (APM), and “Integrated
management” (INM).

Weeds represent one of the main challenges for agricultural practices and constitute
the highest potential for yield loss among several key food crops [1–3]. However, adopting
an ecological approach, weeds should be considered as an important source of biodiversity,
providing several important services to the agroecosystem [4]. In addition, in orchards,
weeds can provide soil cover during the rainy season, contributing to the reduction in soil
erosion [5].

For these reasons, a modern integrated weed management concept should comprise
not only the integration of different techniques for weed control, but also a completely
new design of the cropping system aiming at managing weed communities at a level
that does not significantly affect crop yields [6]. MacLaren and colleagues [7] argued
that, in current weed management, there is an excess of “techno-fixes”, i.e., techniques
and technical solutions that can effectively control the unwanted plants in the short term.
However, in the long term, their continuous use in simplified agroecosystem management
could be counterproductive, as there is a tendency to postpone, rearrange, and transfer
problems, as well as creating new ones. A classic and didactic example of a techno-fix is
the simplified use of chemical herbicides, which stimulated the onset of the weeds that
had acquired resistance to their active ingredients [7]. The use of biotechnologies related
to genetic engineering in weed control, creating crops resistant to glyphosate, led to a
simplified management of agroecosystems [8]. Recently, several bioherbicides and natural
herbicides have been studied as environmentally friendly tools that should be included in
sustainable and integrated weed control strategies [9–11].

Research into an innovative weed management approach should focus on a long-term
ecological approach, taking into account the interaction between weed communities, crops,
management actions, and environmental and socio-economic aspects for each specific
agroecosystem [7,12]. Research into sustainable weed management should provide so-
lutions by integrating different information, technologies, and tools related to ecology,
biology, chemistry, agronomy, and aeroengineering, as well as electronic and informatic ICT
(information and communication technologies) [13,14], and more recently, the applications
of AI [15]. In modern agriculture, physical weed control methods should be synergically
integrated into weed control strategies, adopting the approach of “many little hammers”
and the use of technological advancement in order to form a mixture of connected weed
control tactics that has a cumulative effect on weed abundance and weed competitive-
ness, with the final goal of a balanced and profitable coexistence in the agroecosystem
between crops and spontaneous flora [13]. Non-chemical weed management is mandatory
in organic farming, and can be performed focusing on preventive, cultural, and direct
physical weed control methods [16]. The adoption in agriculture of direct physical weed
control methods should be consistent to the punctual verification of their effectiveness
and their economic and energetic sustainability. In this regard, Coleman and colleagues
compared energy requirements and effectiveness for chemical, mechanical, and thermal
weed control [1]. The thermal weed control methods taken into account for the energy
consumption estimation included some innovative technologies such as ultraviolet light,
infrared weeders, flame weeding, hot water, hot foam, electrical weeding, laser weeding,
and microwave weeding [11,17].

The energy consumption estimation of these technologies was conducted when ap-
plied in both broadcast (whole field) and site-specific treatments [1]. The results of the
estimations highlighted that a broadcast approach to mechanical weed control (such as
flex-tine harrow) consumed the least amount of energy per unit surface [1]. Regarding the
site-specific approach, the performed estimation indicated that a conspicuous reduction
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in energy consumption (ranging from 97% to 99%) can be obtained for all the exanimated
weed control techniques [1,14]. These last results confirmed the importance of the adoption
of new electrotonic, computer, and communication technologies in agricultural research in
order to obtain a sustainable and integrated weed control management approach [14].

In conclusion, research into weed management mainly addresses the definition of
alternative agronomical strategies to herbicide application through the use of reduced doses
of chemicals combined with the adoption of mechanical and thermal means (VRM and
INM). Moreover, this research focuses on the definition of strategies for weed management
based on the use of agronomical and direct physical means (APM and BHM) and the
application of bioherbicides (BHM) according to the increasing demand for efficient and
sustainable strategies.
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and Environment: Ecological Integrated Weed Management (EIWM). Agronomy 2022, 12, 1091. [CrossRef]
13. Korres, N.E.; Burgos, N.R.; Travlos, I.; Vurro, M.; Gitsopoulos, T.K.; Varanasi, V.K.; Duke, S.O.; Kudsk, P.; Brabham, C.; Rouse, C.E.;

et al. Chapter six—New directions for integrated weed management: Modern technologies, tools and knowledge discovery. In
Advances in Agronomy, 1st ed.; Sparks, D.L.A., Ed.; Elsevier Science: Amsterdam, The Netherlands, 2019; Volume 155, pp. 244–319.
[CrossRef]

14. Gonzalez de Santos, P.; Ribeiro, A.; Fernandez Quintanilla, C.; Lopez Granados, F.; Brandstoetter, M.; Tomic, S.; Pedrazzi, S.;
Peruzzi, A.; Pajares, G.; Kaplanis, G.; et al. Fleets of robots for environmentally-safe pest control in agriculture. Precis. Agric. 2016,
18, 574–614. [CrossRef]

15. Sportelli, M.; Apolo-Apolo, O.; Fontanelli, M.; Frasconi, C.; Raffaelli, M.; Peruzzi, A.; Perez-Ruiz, M. Evaluation of YOLO Object
Detectors for Weed Detection in Different Turfgrass Scenarios. Appl. Sci. 2023, 13, 8502. [CrossRef]

16. Melander, B.; Liebman, M.; Davis, A.S.; Gallandt, E.R.; Bàrberi, P.; Moonen, A.-C.; Rasmussen, J.; van der Weide, R.; Vidotto, F. 9
Non-Chemical Weed Management. In Weed Research Expanding Horizons, 1st ed.; Hatcher, P.E., Froud-Williams, R.J., Eds.; John
Wiley & Sons Ltd: Hoboken, NJ, USA, 2017; pp. 245–264.

17. Peruzzi, A.; Martelloni, L.; Frasconi, C.; Fontanelli, M.; Pirchio, M.; Raffaelli, M. Machines for non-chemical intra-row weed
control in narrow and wide-row crops: A review. J. Agric. Eng. 2017, 48, 57–70. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1017/wet.2019.32
https://doi.org/10.3389/fagro.2019.00003
https://doi.org/10.3390/agronomy12081808
https://doi.org/10.3390/agronomy12010118
https://doi.org/10.3390/su13158639
https://doi.org/10.1016/j.eja.2021.126443
https://doi.org/10.1007/s13593-020-00631-6
https://doi.org/10.1007/s00267-015-0589-7
https://www.ncbi.nlm.nih.gov/pubmed/26296738
https://doi.org/10.3390/plants11172242
https://www.ncbi.nlm.nih.gov/pubmed/36079623
https://doi.org/10.3390/agronomy13061511
https://doi.org/10.3390/agronomy10010129
https://doi.org/10.3390/agronomy12051091
https://doi.org/10.1016/bs.agron.2019.01.006
https://doi.org/10.1007/s11119-016-9476-3
https://doi.org/10.3390/app13148502
https://doi.org/10.4081/jae.2017.583

	References

