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Weeds significantly reduce crop productivity by competing for nutrients, water, light and
space. Continuous use of chemical herbicides has created problems such as herbicide
resistance, environmental pollution and soil health deterioration. Therefore, chemical-free
weed management techniques are gaining importance in sustainable agriculture. Ecological
approaches such as mulching, soil solarization, live mulching, cover cropping, smother
cropping, stale seedbed, suicidal germination and allelopathy help suppress weeds naturally
through physical, biological and biochemical mechanisms. These methods not only reduce
weed infestation but also improve soil fertility, conserve moisture, enhance biodiversity and
support environmental sustainability. Integration of these techniques under Integrated Weed
Management (IWM) provides an effective, eco-friendly and sustainable alternative to
chemical weed control in modern agriculture.

Introduction

Weeds are among the most severe biological constraints limiting agricultural productivity
worldwide. They compete aggressively with crop plants for nutrients, soil moisture, sunlight,
space, and carbon dioxide, thereby reducing crop growth, yield and quality. In many cropping
systems, uncontrolled weed infestation may cause yield losses ranging from 30 to 80 percent
depending upon crop species, weed flora and environmental conditions. Apart from direct
competition, weeds also serve as alternate hosts for insect pests and pathogens, interfere with
harvesting operations, and increase the overall cost of cultivation. For decades, chemical
herbicides have been extensively used because they provide rapid and economical weed
control. However, continuous and indiscriminate use of herbicides has resulted in several
ecological and agronomic problems such as herbicide resistance, environmental
contamination, residual toxicity, biodiversity loss and deterioration of soil health. These
concerns have shifted scientific attention toward ecologically sustainable and chemical-free
weed management strategies. Chemical-free weed management emphasizes prevention,
suppression, ecological balance, and enhancement of crop competitiveness rather than
complete weed eradication. Such techniques are increasingly important in organic farming,
regenerative agriculture, conservation agriculture and climate-smart production systems.

Mulching

Mulching is one of the most effective and widely adopted non-chemical weed management
practices. It involves covering the soil surface with organic or inorganic materials to suppress
weed emergence and conserve soil moisture. Organic mulches include crop residues, straw,
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dry leaves, compost and sugarcane trash, whereas inorganic mulches mainly consist of
polyethylene sheets and biodegradable films. The weed suppressive effect of mulching is
primarily attributed to light interception. Most weed seeds require adequate light for
germination and the mulch layer restricts sunlight from reaching the soil surface. Mulches
also create a physical barrier that inhibits emergence of weed seedlings.
Major advantages of mulching:
e Reduces weed emergence significantly
e Conserves soil moisture
e Moderates soil temperature
e Improves soil organic matter
e Reduces soil erosion

In horticultural crops, black polyethylene mulch is highly effective in reducing weed
growth while improving water-use efficiency and crop productivity. Organic mulches
additionally contribute to soil fertility through decomposition. However, availability of
sufficient mulch material and disposal of plastic residues remain major practical constraints.

Soil solarization

Soil solarization is an environmentally safe hydrothermal method of weed control that utilizes
solar energy to increase soil temperature to lethal levels. In this technique, moist soil is
covered with transparent polyethylene sheets during hot summer months for several weeks.
Solar radiation passes through the plastic sheet and becomes trapped beneath it, creating a
greenhouse effect. As a result, soil temperature rises substantially, often reaching 45-60°C in
the upper layers. Such temperatures destroy weed seeds, vegetative propagules, nematodes
and several soil-borne pathogens.

Important features of soil solarization:

e Eco-friendly and non-polluting

Effective against annual weeds

Reduces pathogen and nematode population

Improves soil microbial balance

Suitable for nurseries and vegetable crops

The effectiveness of solarization depends on:

e Duration of treatment

e Soil moisture content

e Intensity of solar radiation

e Thickness of polyethylene sheet

Although highly effective in tropical and subtropical climates, solarization may not be
economically practical for large-scale field crops due to the requirement of plastic sheets and
fallow periods

Live mulching

Live mulching involves growing living companion plants alongside the main crop in order to
suppress weeds and maintain continuous soil cover. Leguminous crops such as clover,
cowpea, lucerne and mungbean are commonly used because of their rapid growth and
nitrogen-fixing ability. Live mulch suppresses weeds by occupying ecological niches before
weeds can establish. Dense vegetative growth reduces sunlight availability at the soil surface
and limits weed seed germination.

Ecological benefits of live mulching:

e Biological weed suppression

Improvement of soil fertility

Nitrogen fixation

Reduction in soil erosion

Enhancement of microbial activity
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This practice is particularly valuable in sustainable and conservation agriculture systems
where maintenance of soil cover is essential for ecological stability. However, improper
management may lead to competition between live mulch and the main crop for water and
nutrients, especially under moisture-limited conditions.

Cover cropping

Cover cropping is an important ecological weed management strategy in which crops are
grown primarily for soil protection and weed suppression rather than economic yield. These
crops are generally cultivated during fallow periods or between successive cash crops. Cover
crops suppress weeds through rapid canopy development, competition for resources and
allelopathic interactions. Their residues form a protective mulch layer after termination,
which continues to inhibit weed emergence. Besides weed suppression, cover crops improve
soil structure, enhance carbon sequestration, increase organic matter and promote nutrient
recycling. Commonly used cover crops: Rye, Mustard, Sunnhemp, Cowpea and Sorghum
Weed suppressive mechanisms:

e Shading effect

e Resource competition

e Allelopathic chemical release

e Reduction in weed seed establishment

Smother crops

Smother crops are fast-growing and highly competitive crops specifically cultivated to
suppress weeds through dense canopy formation and rapid ground coverage. Crops such as
cowpea, buckwheat, sunnhemp and sorghum are commonly used as smother crops. The
aggressive growth habit of smother crops deprives weeds of sunlight, moisture and space,
thereby reducing weed establishment and biomass production. Smother cropping is especially
useful in organic farming systems where herbicide use is restricted.

Advantages of smother crops:

e Suppression of annual weeds

e Addition of organic biomass

e Improvement of soil fertility

e Reduction in weed seed production

Suicidal germination

Suicidal germination is an innovative ecological technique aimed at exhausting the weed seed
bank present in the soil. In this method, weed seeds are stimulated to germinate in the
absence of a suitable host crop, resulting in death of the emerged seedlings before they
reproduce. This technique is particularly effective against parasitic weeds such as Striga and
Orobanche. Germination is induced using irrigation or synthetic germination stimulants and
the emerged weeds are subsequently destroyed mechanically. Although promising, this
method requires precise timing, adequate moisture and careful field management.
Significance of suicidal germination:

e Depletes weed seed reserves

e Reduces future weed infestation

e Minimizes herbicide dependence

e Environmentally sustainable

False and stale seedbed

False seedbeds are so-called because the first seedbed is not the true seedbed as it is
destroyed by tillage while stale seedbeds are so-called because the seedbed is no longer
freshly tilled at the time of crop planting/sowing, rather it has aged or become ‘stale’ by
planting time. Next, the main differences between the two techniques are how the weeds are
killed - tillage for false seedbeds and non-tillage techniques for stale seedbeds. For non-
chemical weeding a thermal weeder, e.g. flame or steam is used, or where chemical control is
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an option a broad-spectrum herbicide, typically a quick acting contact, would be used. The
next difference is the when the crop is drilled (stale seedbeds are not typically used with
transplanted crops). For false seedbeds, the crop is planted after the weeds are killed, while in
the stale seedbed the crop is drilled into the emerging weeds. At a practical level both false
and stale seedbeds can be used for any crop both sown and transplanted. However, the cost
difference between them, especially when thermal weeders are used, mean in practice their
use varies considerably: (i) False seedbeds are practical and cost effective for anything that is
sown or planted, from establishing pasture, through arable crops to vegetables. (ii) Stale
seedbeds, implemented with thermal weeders are mostly the preserve of high-value, direct
sown and especially slow germinating, vegetable crops, due to the high capital and running
cost of thermal weeders. Where herbicides are used, their lower cost, makes them economical
for a wider range of situations.

False seedbeds: For false seedbeds (Figure 4) the seedbed is prepared ready for planting, (a),
non-dormant weed seeds in the top 5 cm / 2” of soil germinate (b-c) and then emerge (c-d),
weedlings are killed by tillage (), the crop is then sown or planted (f) crop germinates and
emerges (g).
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Figure 1. lllustrative scheme of a false seedbed

Stale seedbeds: For stale seedbeds, the seedbed is prepared the same as for false seedbeds
(a), non-dormant weed seeds in top 5 cm of soil germinate (b-c), the crop is sown (d), weed
seedlings emerge (c-e), immediately prior to crop emergence (g) weed seedlings are killed
without disturbing the soil (), crop emerges (g).
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Figure 2. lllustrative scheme of a stale seedbed

Benefits of stale seedbed technique:

e Reduces initial weed flush

e Provides crop competitive advantage
e Minimizes weed seed bank buildup
e Highly suitable for organic farming
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The technique is particularly effective against annual weeds but less successful against
perennial species with underground propagules.

Allelopathy

Allelopathy refers to the biochemical interaction in which certain plants release secondary
metabolites called allelochemicals that inhibit germination and growth of neighboring weed
species. Several crops including sorghum, rye, sunflower, mustard and rice possess strong
allelopathic potential. These crops release compounds such as phenolics, terpenoids,
alkaloids and benzoxazinoids through root exudation, residue decomposition, or
volatilization.

Biotic factors Abiotic factors

——_
e
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Figure 3. lllustrative scheme of allelopathy mechanism.

Allelopathic effects include:
e Inhibition of weed seed germination
¢ Reduction in root elongation
e Suppression of nutrient uptake
e Restriction of weed growth and development

Allelopathy has gained significant importance in sustainable agriculture because it
offers a natural mechanism for weed suppression while reducing dependence on synthetic
herbicides. However, the magnitude of allelopathic effects varies depending on
environmental conditions, soil microorganisms, residue management and crop species.

Importance of Chemical-Free Weed Management

Chemical-free weed management techniques contribute significantly toward sustainable
agricultural production systems. Major contributions include: Reduction in environmental
pollution, Improvement of soil health, Conservation of biodiversity, Prevention of herbicide
resistance, Enhancement of ecological sustainability and Promotion of climate-resilient
agriculture. These approaches form the foundation of Organic farming, Conservation
agriculture, Regenerative agriculture and Integrated Weed Management (IWM)

Conclusion

Chemical-free weed management techniques offer a sustainable and ecologically balanced
approach for suppressing weeds while minimizing dependence on synthetic herbicides.
Practices such as mulching, soil solarization, live mulching, cover cropping, smother
cropping, stale seedbed preparation, suicidal germination and allelopathy effectively utilize
ecological interactions, crop competitiveness and natural biological processes to reduce weed
infestation and improve soil health. These methods not only help in conserving biodiversity,
enhancing soil fertility and reducing environmental pollution, but also contribute toward
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long-term agricultural sustainability and herbicide resistance management. Although no
single technique provides complete weed control, their integration within an Integrated Weed
Management (IWM) system can ensure efficient, economical and environmentally safe weed
suppression, making them highly valuable for sustainable and climate-resilient agriculture.
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