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Chapter 13 Recent Strides in Sustainable Agriculture and Organic Farming (Volume 1)

Weed Management in Organic System -
Techniques and Tools for Weed Control in
Organic Farming

Madhusree Selvakumar, Bharani .A, Selvakumar Jagasri, Annie Josphine

Weed management in organic farming presents a significant challenge due to the prohibition of
synthetic herbicides. Effective weed control in organic systems relies on an integrated approach
that combines cultural, mechanical, biological, and ecological strategies to suppress weed
growth while maintaining soil health and biodiversity. This review explores various organic
weed management techniques, including preventive measures such as crop rotation, cover
cropping, mulching, and intercropping, which create unfavorable conditions for weed
establishment. Mechanical tools, such as flame weeding and tillage equipment, provide direct
weed control, while biological methods, including allelopathy and the use of biocontrol agents,
offer natural suppression mechanisms. Allelopathic interactions between crops and weeds can
be leveraged through the strategic use of cover crops, smother crops, and green manures.
Beneficial organisms, such as insects, fungi, and bacteria, have demonstrated success in
controlling specific weed species, with ongoing research focusing on the development of
mycoherbicides. The use of approved organic herbicides, like corn gluten meal, and the
application of Integrated Weed Management (IWM) principles further enhance the
effectiveness of organic weed control. By adopting a holistic, site-specific approach that
optimizes multiple strategies, organic farmers can effectively manage weeds while promoting
sustainable crop production and enhancing agroecosystem resilience. Future research should
focus on refining weed management techniques, improving the efficacy of biological control
agents, and developing innovative, eco-friendly solutions to support the growth of organic
agriculture.
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Introduction

Weed management is a critical challenge in organic farming, as synthetic herbicides are not permitted under
organic certification standards. Weeds compete with crops for nutrients, water, light, and space, leading to
yield reduction and quality deterioration (Liebman & Davis, 2000). Additionally, weeds can serve as hosts
for pests and diseases, further threatening crop productivity. Organic farming relies on an integrated approach
that combines cultural, mechanical, biological, and ecological weed control strategies to maintain sustainable
crop production (Mohler & DiTommaso, 2012). The effectiveness of organic weed management depends on
understanding weed ecology, crop-weed interactions, and appropriate control measures. Preventive strategies
such as crop rotation, cover cropping, and mulching help suppress weed growth by limiting their
establishment and seedbank persistence (Barberi, 2002). Mechanical methods, including hand weeding,
shallow tillage, and flame weeding, provide direct weed removal while maintaining soil health. Biological
approaches, such as allelopathy and the use of weed seed predators, further enhance weed suppression in
organic systems (Gallandt, 2006). With increasing interest in sustainable agriculture, research continues to
explore innovative weed management techniques that align with organic principles. This review highlights
various organic weed control techniques and tools that support weed suppression while maintaining soil
health and biodiversity.

Tools used for weed management in organic farming

Weed management in organic farming is challenging due to the restriction on synthetic herbicides. Effective
control involves an integrated approach using cultural methods, mechanical techniques and biological
strategies to suppress weed growth while maintaining soil health and biodiversity.

Cultural practices

Cultural practices play a crucial role in organic weed management by creating unfavourable conditions for
weed growth while promoting crop health. These methods focus on preventive and competitive strategies,
reducing weed pressure without relying on synthetic herbicides. Techniques such as crop rotation, mulching,
cover cropping, and intercropping help suppress weeds by enhancing soil fertility, optimizing plant
competition, and disrupting weed life cycles. By integrating these approaches, farmers can maintain weed
control sustainably while improving overall farm productivity and biodiversity.

Crop rotation: Crop rotation is a fundamental strategy in organic weed management that disrupts weed life
cycles by altering crop competition, soil disturbance, and planting schedules. Long-term studies indicate that
diversified crop rotations can significantly reduce weed seed banks and minimize the dominance of specific
weed species. Continuous monocropping encourages weed species adapted to the crop’s growing conditions,
whereas crop rotation interferes with their establishment. For instance, growing a dense-canopy crop like
potatoes before a less competitive crop suppresses weed growth by limiting light availability (Anderson,
2005).

Cover crops: Cover crops contribute to weed suppression by outcompeting weeds for resources such as light,
nutrients, and water. Their dense growth reduces weed seed germination and establishment. Common cover
crops like rye, clover, and buckwheat act as smother crops, limiting weed emergence. Additionally, cover
crops improve soil health, enhance microbial activity, and contribute to nitrogen fixation, making them a
sustainable choice for weed management (Mirsky et al., 2012).
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Intercropping: Intercropping, or growing two or more crops together, is an effective strategy for weed
suppression. This method enhances biodiversity and resource utilization while limiting weed growth.
However, careful management is required to avoid interspecific competition that may reduce crop yields.
Research has demonstrated that intercropping legumes such as soybean and groundnut with cereals like maize
or sorghum effectively reduces weed biomass and increases system productivity.

Field scouting: Field scouting involves regular monitoring of weed populations and crop conditions to make
informed weed management decisions. Early detection of weed emergence allows for timely intervention,
reducing the risk of crop losses (Swanton & Weise, 1991). Long-term field monitoring is essential for
assessing the effectiveness of weed control strategies and adapting management practices accordingly.

Mulching: Mulching suppresses weeds by blocking sunlight, modifying soil moisture levels, and altering
temperature fluctuations (Bond & Grundy, 2001).

e Living mulch: Low-growing cover crops such as clover serve as living mulch, reducing soil erosion
and suppressing weeds while enhancing soil fertility.

e Organic mulch: Materials like straw, hay, crop residues, and compost contribute to soil health but
require proper management to prevent the introduction of weed seeds.

o Degradable plastic mulches: Photodegradable and biodegradable plastics effectively suppress weeds
and reduce labour requirements for removal at the end of the growing season.

Stale seedbed technique: The stale seedbed technique involves preparing a seedbed, allowing weed seeds
to germinate, and then eliminating them before planting the main crop. This approach reduces the weed seed
bank, giving crops a competitive advantage during early growth stages. Repeated use of this method can
significantly lower weed density in organic systems (Boyd et al., 2017).

Soil solarization: Soil solarization utilizes clear or black polyethylene plastic to trap solar radiation, raising
soil temperatures to lethal levels for weed seeds and pathogens (Stapleton et al., 2002). Research in
Mediterranean climates has shown that solarization significantly reduces weed competition and enhances
crop yields (Campiglia et al., 2000).

Sanitation and composting: Weed seeds often spread through contaminated manure, mulch, and farm
equipment. Proper sanitation practices, such as cleaning farm tools and composting manure at temperatures
above 82°C for at least three days, can minimize weed infestations. Well-managed composting systems
ensure that weed seeds and pathogens are destroyed before application to fields.

Planting strategies: Optimizing planting dates, crop density, and spatial arrangement can provide crops with
a competitive advantage over weeds. Early canopy closure through high-density planting is a proven strategy
for suppressing weeds. Additionally, using transplants instead of direct seeding accelerates crop
establishment, reducing weed competition during early growth stages.

Water management: Effective irrigation management plays a crucial role in weed control. Drip irrigation
systems deliver water directly to crop roots, minimizing moisture availability for weeds. Mulching and
intercropping further assist in moisture conservation and weed suppression. In rainfed systems, strategic
water management practices, such as adjusting irrigation schedules, can significantly reduce weed pressure
(Chauhan et al., 2012).
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Mechanical weed control

Mechanical weed control is a labour-intensive yet highly effective method for managing weeds, especially
in organic farming systems. The selection of tools, timing, and frequency of mechanical interventions
depends on the crop structure, weed species, and infestation levels. Cultivation primarily aims to disrupt
emerging weeds or bury freshly shed weed seeds to depths where germination is unlikely. Since an ecological
approach to weed management revolves around the soil seed bank the reservoir of viable weed seeds in the
soil monitoring its composition is crucial for making informed weed control decisions (Mirsky et al., 2012).
Studies indicate that burial at a depth of approximately 1 cm or cutting weed seedlings at the soil surface are
among the most effective mechanical control strategies (Swanton & Weise, 1991). Mechanical weeders
encompass a range of cultivating tools, such as hoes, harrows, tines, and brush weeders, as well as cutting
tools like mowers and string trimmers. Additionally, dual-purpose implements, such as thistle bars, serve
both cutting and cultivation functions. The effectiveness of these tools varies based on the crop’s morphology
and the weed species present. For example, fixed harrows are more suited for arable crops, while inter-row
brush weeders are particularly effective in horticultural systems. The latter is commonly used for vegetables
like carrots, beetroot, onions, garlic, celery, and leeks. The optimal timing for mechanical weed control
depends on the crop’s competitiveness and the weed growth stage (Finney & Creamer, 2008).

Flame cultivation

Broadcast flame cultivation is another mechanical weed control strategy that can be applied before seeding
to suppress weed emergence. This technique is particularly effective on smooth soil surfaces rather than
rough or cloddy ones (Ascard, 1998). Flame weeding is generally more successful in controlling broadleaf
weeds than grasses, as grasses and perennial weeds exhibit higher tolerance to heat damage (Ulloa et al.,
2010). While flaming effectively burns weeds down to the soil surface, some perennial species may
regenerate. Consequently, when implementing flame weeding, it is essential to carefully time crop seeding
or transplanting to minimize soil disturbance that could trigger weed seed germination (Bond & Grundy,
2001).

Biological weed control

Biological weed control presents a natural and sustainable approach to managing weeds in organic
agriculture. It involves the use of natural plant interactions, beneficial organisms, and biological agents to
suppress weed populations effectively.

Allelopathy in weed management

Allelopathy refers to the chemical influence of one plant on another through the release of bioactive
compounds that affect germination, growth, or development. This phenomenon is increasingly recognized as
a key component of biological weed control. Several crop species exhibit allelopathic properties, including
barley, rye, annual ryegrass, buckwheat, oats, sorghum, Sudan grass, wheat, alfalfa, red clover, and
sunflower. Additionally, certain vegetables, such as horseradish, carrots, and radishes, release potent
allelopathic chemicals from their roots, further contributing to weed suppression (Farooq et al., 2013). One
strategy for leveraging allelopathy in weed management is to screen crop genotypes for their potential weed-
suppressive abilities. Allelopathic interactions can be utilized directly by growing crops known for their
suppression capabilities or by extracting and applying allelochemicals as natural herbicides. However, the
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acceptability of such natural compounds under organic farming regulations remains a topic of debate (Scavo
& Restuccia, 2020).

Crop allelopathy and weed suppression

Crops with strong weed-suppressing abilities can be employed as cover crops, smother crops, or green
manure to enhance weed control. Phytotoxic chemicals responsible for allelopathic activity are exuded
primarily from roots and leaves, affecting weed seed germination and growth. Additionally, microbial
activity can influence allelopathic interactions by modifying the release and degradation of these bioactive
compounds (Zeng, 2014).

While allelopathy can be a valuable tool, several factors must be considered before integrating it into weed
management programs:

e Crop varietal differences: Allelopathic effects vary among crop varieties, with some exhibiting
stronger weed suppression than others.

e Specificity: The effectiveness of allelochemicals is species-specific, meaning a crop that strongly
inhibits one weed species may have little effect on another.

e Autotoxicity: Some crops can release allelopathic chemicals that suppress their own seed germination
or growth, requiring careful management.

e Crop residue impact: Allelopathic crop residues may affect both subsequent crops and weeds. A
sufficient interval must be maintained before planting sensitive crops.

e Soil fertility: Low soil fertility conditions often enhance allelochemical production. The effects of
incorporated crop residues decline more rapidly in warm, moist conditions than in cold, wet
environments (Gaba et al., 2018).

Optimizing allelopathy for organic weed control

To effectively utilize allelopathy in reducing weed pressure, crops can be grown using the following
approaches:

e Alternating between autumn- and spring-germinating crops.
e Rotating annual and perennial crops.
e Combining dense-canopy and sparse-canopy crops.

Allelopathic interactions between plants, soil, microorganisms, and plant residues play a crucial role in
enhancing crop productivity. The allelochemicals released during crop rotation can influence physiological
processes, potentially promoting crop growth and yield. Additionally, breeding programs aimed at
developing new cultivars with enhanced allelopathic potential could significantly contribute to sustainable
weed control. Research suggests that crops such as sorghum, cucumber, rice, wheat, and soybean possess
strong allelopathic properties, making them promising candidates for weed management through genetic
improvement (Jabran, 2017).
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Beneficial organisms in weed management

Although limited research has been conducted on using predatory or parasitic organisms for weed control,
biological agents offer significant potential. Several natural enemies have demonstrated success in controlling
specific weeds, including:

e Weevils (Cyrtobagous salviniae) for managing aquatic weeds like salvinia.
¢ Rust fungi (Puccinia chondrillina) for controlling skeleton weed.
¢ Cactoblastis cactorum (caterpillar species) for suppressing prickly pear infestations.

Ongoing research aims to develop myco-herbicides fungal-based biological herbicides by genetically
enhancing pathogenic fungi and bacteria to improve their weed-control efficiency. These bioherbicides,
applied using conventional spraying equipment, could serve as a promising alternative to chemical herbicides
in organic farming (Harding & Raizada, 2015).

Use of Biocontrol Agents for Weed Management
Biological control agents, including insects, fungi, and bacteria, have been successfully used to manage weed
populations in various agricultural and natural ecosystems. Below is a summary of some key biocontrol

agents and commercially available mycoherbicides used for weed control.

Table 1. Biological control agents for specific weeds

Weed species Biocontrol agent
Parthenium Zygogramma bicolorata (leaf-feeding beetle)
hysterophorus
Lantana camara Crocidosema lantana, Teleonemia scrupulosa (bug)
Opuntia dillenii Dactylopius tomentosus, D. indicus (cochineal insects)
Eichhornia crassipes Neochetina eichhorniae, N. bruchi (weevils), Sameodes albiguttalis (moth)
Salvinia molesta Cyrtobagous singularis (weevil), Paulinia acuminata (grasshopper), Samea
multiplicalis (moth)
Alternanthera Agasides hygrophila (flea beetle), Amynothrips sandersoni (thrip)
philoxeroides

(Source: Julien et al., 2022)

Table 2. Commercial mycoherbicides for weed control

Trade name Pathogen Target weed

Devine Phytophthora palmivora Morrenia odorata (Strangler vine in citrus)

Collego Colletotrichum gloeosporioides f.sp. | Aeschynomene virginica (Northern joint vetch
aeschynomene in rice and soybean)

Biopolaris Bipolaris sorghicola Sorghum halepense (Johnsongrass)

LUBAO 11 Colletotrichum gloeosporioides f.sp. | Cuscuta sp. (Dodder)
cuscuttae

ABG 5003 Cercospora rodmanii Eichhornia crassipes (Water hyacinth)

(Source: Harding & Raizada, 2015)

Approved organic herbicides: A limited number of natural substances have been approved for use as
herbicides in organic farming systems. One of the most widely used is corn gluten meal (CGM), a by-product
of corn processing, which functions as a pre-emergence herbicide. The effectiveness of CGM depends on
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precise application timing, ensuring that it is present when weed seeds begin to germinate, as it inhibits root
development (Bingaman & Christians, 1995).

Weeds susceptible to corn gluten meal include:

Highly susceptible: Redroot pigweed (Amaranthus retroflexus), Black nightshade (Solanum nigrum),
Common lambsquarters (Chenopodium album), Curly dock (Rumex crispus), Common dandelion
(Taraxacum officinale), and Smooth crabgrass (Digitaria ischaemum).

Moderately susceptible: Purslane (Portulaca oleracea), Creeping bentgrass (Agrostis stolonifera).

Less susceptible: Barnyard grass (Echinochloa crus-galli), Velvetleaf (Abutilon theophrasti).

Field studies have demonstrated that incorporating CGM before planting can reduce weed cover by up to
84% (McDade & Christians, 2000). Broadleaf weeds generally show greater sensitivity to CGM than grasses.

Integrated weed management (IWM): Integrated Weed Management (IWM) is a science-driven, decision-
making framework that combines multiple weed control strategies to optimize economic and ecological
sustainability (Rao & Nagamani, 2010). It integrates preventive, cultural, genetic, mechanical, biological,
and chemical weed control methods into a unified management system. No single approach provides
complete weed control, but the combined effect of multiple strategies significantly enhances long-term weed
suppression.

Core strategies of integrated weed management (IWM):

Crop selection & breeding: Using well-adapted crop varieties or hybrids with early-season vigor, weed
competitiveness, and resistance to pests and diseases.

Optimized planting & spacing: Adjusting row spacing, seeding rates, and planting density to minimize
weed establishment.

Nutrient management: Precisely timed and localized fertilizer application to promote crop growth while
minimizing nutrient availability to weeds.

Crop rotation & cover crops: Rotating between different crop species, including cover crops, to disrupt
weed life cycles and suppress weed populations.

Mechanical & biological control: Incorporating tillage, mulching, intercropping, and biological weed
control strategies, such as mycoherbicides and biocontrol agents.

Alternative weed control methods
Utilizing non-traditional weed control techniques like flaming, steaming, infrared radiation, and sandblasting

as supplementary strategies (Chikoye et al., 2004). The success of IWM depends on site-specific decision-
making, considering economic factors, environmental impact, and local climate conditions. When effectively
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implemented, IWM contributes to sustainable crop production, reduces reliance on chemical herbicides, and
lowers overall weed management costs.

Conclusion

Weed management in organic farming is a multifaceted challenge that requires an integrated approach
combining cultural, mechanical, biological, and ecological strategies. Without the use of synthetic herbicides,
organic farmers rely on preventive measures such as crop rotation, cover cropping, mulching, and
intercropping to suppress weed growth while maintaining soil health and biodiversity. Mechanical tools,
including flame weeding and tillage equipment, provide effective physical weed control, whereas biological
methods, such as allelopathy and biocontrol agents, offer natural suppression mechanisms. Additionally, the
use of approved organic herbicides and emerging technologies, such as mycoherbicides, continues to enhance
organic weed management options. Integrated Weed Management (IWM) serves as a comprehensive
framework that optimizes multiple weed control strategies to achieve long-term sustainability. By adopting
a holistic, site-specific approach, organic farmers can effectively manage weeds while improving soil health,
enhancing biodiversity, and promoting resilient cropping systems. Future research should focus on refining
weed management techniques, improving the efficacy of biological control agents, and developing
innovative, eco-friendly solutions to further support sustainable agriculture.
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