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ARTICLE DETAILS ABSTRACT

Article History: Weed management continues to be one of the major challenges faced in organic farming because synthetic
herbicides are not permitted. Organic farming systems depend on cultural, mechanical, biological, and
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ecological methods that strive to achieve a balance between productivity and environmental sustainability.
Cultural techniques, such as crop rotation, intercropping, and cover cropping, help suppress weeds by
boosting crop competitiveness and enhancing soil fertility. Mechanical strategies, including tillage, mulching,
and flame weeding, offer immediate weed control but can often be labor- and energy-intensive. Biological
and ecological practices, like allelopathy, livestock integration, and interactions with soil microbes, provide
eco-friendly solutions that enhance biodiversity, although their effectiveness can vary. Increasingly,
integrated weed management (IWM) systems that integrate these various methods are being investigated to
improve control while preserving soil health and crop yields. Recent advancements like robotic weeders,
biodegradable mulches, and precision technologies open up new possibilities for sustainable weed
management. Nonetheless, significant obstacles persist, including elevated labor expenses, reduced yields
due to inadequate weed control, and the effects of climate change on weed behavior. This review compiles
existing knowledge and underscores future possibilities, stressing the necessity for extensive field trials,
adaptive approaches in response to changing climatic conditions, and enhanced policy backing along with
farmer education. Progressing toward sustainable weed management in organic farming will be vital for
boosting crop yields, protecting biodiversity, and achieving global food security objectives.
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This review was developed through a structured survey of published
literature on weed management in organic agriculture. Scientific articles,

1. INTRODUCTION

Organic farming plays a pivotal role in promoting sustainable agricultural
practices that prioritize environmental health, biodiversity, and social
equity. This agricultural approach reduces synthetic inputs, enhancing soil
fertility, conserving water, and supporting wildlife habitats (Carrié et al.,
2022). Organic farming offers ecological benefits but struggles with weed
management due to the lack of synthetic herbicides (deNux et al,
2024).The lack of capability to use chemical treatments frequently results
in a heightened dependence on alternative approaches that may require
significant labor, be time-consuming, and could prove less effective if not
properly managed.

book chapters, and conference papers were collected from databases
including Web of Science, Scopus, ScienceDirect, and Google Scholar.
Searches were conducted using keywords such as “weed management”,
“organic farming”, “cultural weed control”, “mechanical weed control”,
“biological weed management”, “integrated weed management”, and

“sustainable agriculture”.

Publications from 2009 to 2025 were prioritized to capture recent
advancements, although earlier foundational studies were included where
relevant. Only peer-reviewed works focusing on weed management in
organic or transitioning systems were considered. Studies limited to
synthetic herbicides or conventional farming contexts were excluded.

The aim of this review paper is to examine and emphasize the essential
elements of weed management in organic agriculture. By analyzing
mechanical, cultural, biological, and ecological methods of weed control,
this review intends to clarify the advantages and disadvantages associated
with each approach. Additionally, it aims to uncover potential areas for
future research and practices, focusing on the creation of integrated weed

Relevant papers were screened and categorized according to the type of
weed management strategy discussed. Information was synthesized

management systems that enhance the sustainability objectives of organic
farming while improving crop yields and safeguarding biodiversity (Tuck
et al, 2014). Considering the urgency of tackling these issues, this review
adds to the ongoing discussion about effective weed management
strategies to establish resilient and productive organic farming systems.

2. METHODOLOGY
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thematically under cultural, mechanical/physical, biological/ecological,
and integrated approaches, with attention to both advantages and
limitations reported across studies.

3. FINDINGS

3.1 Methods of Weed Management in Organic Farming
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Figure 1. Major strategies for weed management in organic agriculture showing interrelationships among cultural, mechanical, biological, and integrated
approaches.

3.1.1 Cultural Practices
A. Crop Rotation

Crop rotation is a fundamental technique in organic agriculture that aids
in controlling weed populations by interrupting their life cycles and
reducing their competitive edge (Ock & Pyon, 2011). By rotating crops
with varying growth patterns and nutrient needs, farmers can minimize
the occurrence of weed species that flourish in particular conditions. For
instance, alternating legumes with different crops can improve soil
fertility and lower weed competition, as legumes can outperform
numerous weeds in the early part of the growing season (Johnson, 2019).

B. Intercropping

Intercropping, which involves cultivating two or more crops in close
vicinity, can greatly improve weed control. This method encourages
competition among crops and may decrease the resources accessible to
weeds (X.-B. Gao et al, 2022). Research has shown that diverse
agricultural systems, such as intercropping, result in lower weed biomass
when compared to monoculture systems (Menalled et al, 2020).
Furthermore, the different rooting depths and growth patterns found in
intercropped systems foster a more competitive atmosphere for weeds,
thereby aiding in effective weed management.

C. Cover Cropping / Green Manures

Crops planted for cover and green manures fulfill various roles in organic
agriculture, one of which is suppressing weeds. They compete with weeds
for light and nutrients while also improving soil structure and
nourishment (McNeil et al,, 2023). Adding cover crops to the cropping
system aids in physically controlling weeds and alters the soil conditions,
promoting the development of beneficial microbial communities that may
further obstruct weed growth(Lou et al, 2015). Studies show that the
effectiveness of cover crops in controlling weeds can be significantly
enhanced when they are terminated at the right times (Hammami et al.,
2025).

3.2. Mechanical & Physical Methods
A. Hand Weeding

Hand weeding continues to be an essential, albeit labor-intensive,
approach in the management of weeds organically. Although it may
require significant time and expense, hand weeding proves to be effective
in smaller operations by eliminating weeds while minimizing soil
disturbance, thereby maintaining the health and structure of the soil
(Benaragama & Shirtliffe, 2013).

B. Tillage, Harrowing, Mulching

Mechanical techniques such as tillage and harrowing are vital for
controlling weeds by physically interrupting their growth. Tillage disrupts
the weed seed bank and readies the soil for planting (Ock & Pyon, 2011).
Mulching acts as a physical barrier against weed emergence, retains soil
moisture, and improves organic matter as it decomposes (Shrestha et al.,
2024). Nevertheless, excessive tillage can negatively impact soil structure
and lead to erosion, which requires a careful equilibrium in its
implementation (Hammami et al., 2025).

C. Flame Weeding

Flame weeding is a mechanical technique that uses heat to eliminate
weeds before they become established. Research indicates it is especially
effective in the early growing season when weeds are most susceptible,
providing a non-chemical solution for controlling certain species without
damaging crops (W. Gao & Su, 2024). Nonetheless, its effectiveness can
differ depending on the species of weed and the surrounding
environmental factors (Shrestha et al., 2024).

3.3. Biological & Ecological Approaches
A. Allelopathy

Allelopathy refers to the process by which plants excrete biochemicals that
hinder the germination or development of rival plant species, such as
weeds. Some cover crops or certain traditional crops have demonstrated
effective allelopathic traits, offering a natural method for suppressing
weeds (Gannett et al., 2024). This approach utilizes ecological mechanisms
to manage weeds while enhancing biodiversity and soil quality.

B. Use of Livestock (e.g., Grazing for Weed Control)

Incorporating livestock grazing into weed management strategies can
effectively control weed populations. Grazers consume various vegetative
parts of weeds, which can prevent seed set and reduce overall weed
abundance (Cheng et al., 2020). This practice also provides organic matter
back to the soil, enhancing soil fertility and microbial diversity.

C. Soil Microbial Interactions

The significance of soil microorganisms in managing weeds has been
highlighted in recent research efforts. Robust microbial communities have
the ability to compete with weeds for available resources and might also
inhibit weed germination via different biochemical mechanisms (Bopp et
al.,, 2024). Gaining insights into these interactions between soil and weeds
can pave the way for creative management strategies that improve crop
yield and promote biodiversity.

Table 1. Summary of Common Weed Management Practices in
Organic Farming
Approach Examples Key Objective References
Cultivation,
Mechanical manual Reduce weed (Ryanetal,
Control weeding, population 2010)
brushcutters
Cover
Cultural cropping, Enhance crop (Gaba etal,
Practices crop rotation, competitiveness 2017; Kumar
competitive p etal, 2023)
cultivars
Organic (Boutagayout
. mulches, Suppress weed etal,, 2020;
Mulching polyethylene growth Fogliatto et
mulches al, 2023)
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Table 1 (cont): Summary of Common Weed Management Practices in
Organic Farming
Integrated Dlversg crop .
rotations, Combine .
Weed - : (Saile et al,,
precision techniques for
Management ) - 2023)
mechanical effective control
(IWM) .
weeding
Use O.f . (Mennan et
. . organic Utilize natural
Biological herbicides systems for al, 2009;
Control COVer cro g Sl}l/ ession Shrestha et
P PP al, 2024)
allelopathy
Managing
Preventive seedbanks, Minimize future (Fogliatto et
Techniques optimizing weed emergence al, 2023)
field layouts

3.4. Integrated Approaches

Soil Health

Cultural Methods Biodiversity

Integrated Weed
Management(IWM)

Ecological Methods
Mechanical methods

Reduced Weed Density

Figure 2. Conceptual framework of Integrated Weed Management (IWM)
in organic systems demonstrating how cultural, mechanical, biological,
and ecological methods combine to improve sustainability and
productivity.

A. Combining Multiple Practices

Integrated weed management (IWM) incorporates cultural, mechanical,
biological, and ecological methods to create a comprehensive weed
control system. This diverse approach is crucial for successful weed
management in organic systems where the use of herbicides is not
permitted. For example, implementing cover crops in conjunction with
mechanical weeding not only lessens weed competition but also enhances
soil health(Benaragama & Shirtliffe, 2013). Integrated weed management
(IWM) incorporates cultural, mechanical, biological, and ecological
methods to create a comprehensive weed control system. This diverse
approach is crucial for successful weed management in organic systems
where the use of herbicides is not permitted. For example, implementing
cover crops in conjunction with mechanical weeding not only lessens
weed competition but also enhances soil health (Johnson, 2019).
Integrated weed management (IWM) incorporates cultural, mechanical,
biological, and ecological methods to create a comprehensive weed
control system. This diverse approach is crucial for successful weed
management in organic systems where the use of herbicides is not
permitted. For example, implementing cover crops in conjunction with
mechanical weeding not only lessens weed competition but also enhances
soil health(Benaragama & Shirtliffe, 2013; Johnson, 2019).

Examples from Case Studies

Numerous case studies have demonstrated the effectiveness of integrated
approaches in organic farming. A study on organic vegetable farms
showcased how a combination of crop rotation, mulching, and timely
mechanical interventions led to significant reductions in weed
populations while maintaining high crop yields (Shrestha et al., 2024).
Such examples underline the importance of tailored IWM plans that
consider local conditions, crop types, and specific weed challenges to
enhance both productivity and sustainability.

4. ADVANTAGES & LIMITATIONS OF WEED MANAGEMENT IN
ORGANIC FARMING

4.1 Environmental Benefits

Weed management techniques in organic agriculture significantly
promote environmental health. By avoiding the use of synthetic
herbicides, organic farming can minimize chemical runoff into streams,
thus safeguarding aquatic ecosystems (Shaner & Beckie, 2014). Moreover,
strategies like crop rotation, cover cropping, and intercropping improve
soil structure and enhance biodiversity. These approaches can result in
higher soil organic matter, better water retention, and a more varied
microbial community, all of which bolster ecosystem resilience(Dittmar &
Boyd, 2014). In addition, when organic methods are applied effectively,
they can successfully inhibit weed growth, thereby conserving natural
resources and encouraging sustainable agricultural practices(Alvarez-
Iglesias et al., 2018).

Challenges

Despite the environmental benefits associated with organic weed
management, there are notable challenges linked to the implementation of
non-chemical strategies. One significant challenge is labor-intensive
practices like hand weeding, which can be cost-prohibitive and difficult to
maintain across larger farming operations(Gazoulis et al, 2021). This
reliance on manual labor increases production costs and may also lead to
fluctuating efficiency, especially during peak seasons or unfavorable
weather conditions(Silva & Delate, 2017). For instance, during wet
springs, organic farmers may struggle to maintain timely weed
management operations, which can adversely affect yields by as much as
75% in some systems under severe conditions (Shekhawat et al., 2020).

Furthermore, the risk of yield loss due to inadequate weed control remains
a pressing concern. Weeds compete for essential resources such as water,
light, and nutrients, which can significantly reduce crop yields if not
managed effectively(Soujanya et al, 2020). For example, research has
indicated that in certain agricultural systems, reliance solely on non-
chemical strategies can lead to lower immediate yields compared to
conventional methods (Yadav et al., 2025). Additionally, integrated weed
management (IWM) strategies that combine mechanical and cultural
approaches can help mitigate the risk of yield loss; however, careful
planning and implementation are crucial to achieve satisfactory results
without adversely affecting crop productivity (Benaragama & Shirtliffe,
2013; Shrestha et al., 2024).

5. CURRENT RESEARCH TRENDS IN WEED MANAGEMENT IN
ORGANIC FARMING

Table 3. Emerging Technologies and Research Trends in Organic
Weed Management
Innovat_lon / Function Potent_lal References
Technique Benefits
Precision Automated Increases
. . accuracy and (Khamare et
Mechanical weeding ..
. ; efficiency of al, 2022)
Weeding technologies
weed removal
Integrated Cg:;tbul :;?g Holistic weed
Weed ) control that (Mirsky et al.,
mechanical, L.
Management . . minimizes 2012)
and biological -
(IWM) herbicide use
methods
Useof | e and
Soil Health compost and e (Melander et
. fertility,
Management organic al.,, 2013)
suppresses
amendments
weeds
Application of Suppresses
Mulching organic and weed growth (Melander et
Techniques synthetic and maintains al, 2013)
mulches soil moisture
Diverse Disrupts weed
Crop Rotation croppin life cyclesand | (Mirsky etal.,
P s slzsmsg improves 2012)
y overall yield
- Eco-friendly
. . Application of weed (Abbas et al.,
Bioherbicides natural
. management 2021)
herbicides )
option
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5.1 Innovations in Weed Management

Recent advancements in technology have introduced innovative tools for
weed management, notably robotic weeders and biodegradable mulches.
Robotic technology has gained traction for its potential to automate the
labor-intensive task of weed removal. These systems employ machine
learning and computer vision to differentiate between crops and weeds,
allowing for precise targeting of weed species without harming the
desired plants (Fogliatto et al., 2023). Additionally, biodegradable mulches
serve as sustainable alternatives to plastic, achieving effective weed
suppression while simultaneously contributing organic matter to the soil
as they decompose (W. Gao & Su, 2024).

5.2 Studies Comparing Organic vs. Conventional Systems

Research comparing organic and conventional farming systems has
highlighted the differences in weed management efficacy and overall
ecological impact. Numerous studies have reported that organic systems
often exhibit greater weed diversity and biomass, partly due to the
restrictions on synthetic herbicides (Adhikari & Menalled, 2020). For
instance, a study revealed that tillage-based organic farming produced
more weed diversity than no-till conventional systems, emphasizing how
management systems impact weed community characteristics(Seipel et
al., 2022). However, organic systems may face challenges with yield
reductions due to weed competition, with some studies indicating losses
as high as 40% compared to conventional practices(Cox et al,, 2019).

Regional Case Studies

Regional case studies have started to shed light on the effectiveness of
various weed management strategies across different climatic and
geographical contexts. A study focused on dryland cropping systems in the
Northern Great Plains demonstrated how diverse management practices
influenced both weed and beneficial insect communities, suggesting that
organic systems can support increased biodiversity when managed
sustainably(Ishaq et al, 2020). Furthermore, research in super high-
density olive orchards has indicated that integrating alternative weed
management approaches can enhance agronomic, environmental, and
economic outcomes compared to traditional methods(Popolizio et al.,
2023). Such studies underscore the need for tailored weed management
strategies that consider local conditions and system dynamics (White et
al, 2019).

In conclusion, ongoing research in organic weed management increasingly
focuses on integrating innovative technologies and region-specific
strategies that aim to enhance sustainability while addressing the unique
challenges posed by weed competition in organic systems. This
multidisciplinary approach, encompassing robotics, ecological principles,
and comprehensive comparisons of farming systems, offers an optimistic
outlook for future advancements in sustainable agricultural practices.

6. RESEARCH GAPS & FUTURE PROSPECTS IN ORGANIC WEED
MANAGEMENT

6.1 Lack of Large-Scale Studies

Despite the increasing popularity of organic farming and its significance in
sustainable agriculture, there remains a lack of large-scale studies that
comprehensively assess the effectiveness of various weed management
strategies across different regions and types of crops. Many existing
studies are localized or focus on specific methodologies without
examining the broader implications on yield, ecosystem health, and long-
term sustainability (Kaur et al, 2024). Future research should aim to
conduct extensive, multi-site trials that integrate various organic weed
management practices, as well as compare these findings with
conventional practices on a broader scale to yield valuable insights and
best practices that can be standardized for use.

6.2 Climate Change Impacts on Weed Dynamics

Climate change poses significant challenges to weed dynamics, influencing
their distribution, growth patterns, and interactions with crops. Increased
levels of CO2 may favor certain weed species, particularly C3 plants, while
changing precipitation patterns could alter their competitive relationships
with crops(Ziska et al., 2019). Research is urgently needed to understand
how climate change affects the biology and ecology of weeds, as well as
their management in organic systems. Studies must investigate adaptive
management strategies that consider the effects of climate change on
weed populations, including shifts in species composition and the efficacy
of control methods under changing environmental conditions(Gandia et
al,, 2020).

7.0 Need for Policy Support & Farmer Training

Inadequate policy support and a lack of farmer training in sustainable
practices hinder the effective implementation of integrated weed
management strategies in organic farming. Policymakers should prioritize
the development of training programs that increase awareness and
knowledge regarding the potential benefits of diverse weed management
techniques. Empowering farmers with the skills to implement innovative
solutions, such as precision agriculture and automated weeding
technologies, can enhance operational efficiency and reduce reliance on
manual labor (Berbe¢ & Feledyn-Szewczyk, 2018). Furthermore, public
funding and incentives can facilitate research and development of eco-
friendly weed management tools, thereby promoting sustainable
agricultural practices overall.

8. CONCLUSION

This review has synthesized key findings regarding weed management in
organic farming, emphasizing its essential role in sustaining agricultural
productivity while preserving environmental health. Weed management
practices in organic systems rely on cultural, mechanical, and ecological
methods, which contribute to biodiversity and enhance ecosystem
resilience. In contrast, conventional systems predominantly utilize
chemical herbicides, often leading to negative ecological impacts.
Emerging trends in technology, such as robotic weeders and
biodegradable mulches, offer promising solutions that could further
improve the efficiency and sustainability of weed management practices
(Lapple, 2012).

However, significant challenges remain. Research indicates a pressing
need for comprehensive studies that evaluate the efficacy of various weed
control strategies across diverse geographical and climatic contexts (Lima
etal, 2012). The impacts of climate change on weed dynamics also require
urgent attention; as environmental conditions shift, the challenges
associated with managing weed populations are likely to intensify (Bloch
et al,, 2015). This underscores the necessity for integrated, sustainable
approaches that combine traditional knowledge with innovative practices
and technologies adaptable to changing climatic conditions (Duque et al.,
2023).

Moreover, policy support and effective farmer training are critical to
fostering the successful implementation of these integrated weed
management strategies. Empowering farmers with knowledge and
resources can facilitate the adoption of sustainable practices that enhance
crop yields and mitigate environmental impacts (Armengot et al., 2012).
In conclusion, addressing these challenges through research, innovation,
and collaboration across sectors will be pivotal for the future of organic
weed management and the overarching goal of sustainable agriculture.
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