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llelopathy is a natural plant interaction where allelochemicals released through roots,

residues, or volatilization influence nearby plants. Crops like sorghum, rye, sunflower,
and rice help suppress weeds, reducing herbicide use and supporting sustainable farming.
Practices such as cover cropping and mulching enhance these benefits. However, improper
management may cause autotoxicity or affect subsequent crops. Its effects vary with
environment and soil conditions. When carefully integrated, allelopathy improves
productivity, soil health, biodiversity, and long-term agricultural sustainability.

Introduction
In every cropping system, plants are constantly interacting with one another- sometimes
helping, but often competing for survival. These interactions, whether within the same
species or between different species, ultimately determine how well crops grow and how
productive a field becomes. While farmers usually notice visible competition for light, water,
and nutrients, there is also an invisible chemical interaction taking place beneath the surface
that plays an equally important role. This hidden interaction, known as allelopathy, involves
the release of chemical substances by plants that can influence the growth and development
of their neighbours. These naturally produced compounds, called allelochemicals, may
suppress competing plants such as weeds, or in some cases, unintentionally affect crops
themselves. Alongside allelopathy, plants also communicate through subtle chemical signals
a process referred to as allelobiosis- which can help them recognize neighbouring plants and
adjust their growth and defence responses. Together, these chemical interactions shape plant
communities and influence how crops coexist in agricultural systems. The idea that plants can
chemically affect each other is not new. Observations dating back to ancient times
highlighted how certain plants could hinder the growth of others. Today, with advances in
scientific research, we understand that these effects are caused by a wide range of naturally
occurring compounds produced during plant metabolism. These discoveries have opened new
possibilities for using allelopathy as a tool in sustainable agriculture. At the same time,
managing weeds has always been a major challenge for farmers. Traditional methods such as
hand weeding and mechanical control, along %

with modern herbicides, have played a crucial
role in  maintaining crop productivity. Allelopathic Growth
Plant Inhibition

However, these approaches come with
limitations- including high labour costs,
environmental concerns, soil disturbance, and S, Pty

Weed

the growing problem of herbicide resistance. Cas =i B .
This has created a strong need for alternative, AT el

eco-friendly weed management strategies. In Alelochemicals__ Ateochemical

this context, allelopathy is emerging as a Fig 1: Mechanism of Allelopathy
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promising solution. By harnessing the natural ability of certain crops to suppress weeds and
pests, farmers can reduce their dependence on chemical inputs. Yet, this approach is not
without risks. If not properly understood and managed, allelopathic effects can also lead to
reduced crop growth, soil fatigue, or negative interactions within cropping systems. This
raises an important question for modern agriculture: Can allelopathy be effectively used as a
sustainable tool, or does it pose hidden challenges for farmers? Exploring this balance is
essential to unlocking its full potential in cropping systems.

Allelopathy as “Friend”: Nature’s Green Shield for Weed and Crop

Management

Allelopathy is the natural ability of certain plants to influence the growth and development of
surrounding plants through the release of bioactive compounds known as allelochemicals.
These compounds enter the soil through root exudates, decomposing residues, leaching, or
volatilization, where they actively interact within the soil environment. In crop management,
this natural phenomenon plays a crucial role in shaping plant interactions, particularly
between crops and weeds, making it an effective and eco-friendly tool for sustainable
agriculture. One of the most important benefits of allelopathy is its role in natural weed
management. Certain crops such as wheat, rice, barley, sorghum, sunflower, and rye possess
strong allelopathic properties that help suppress weed germination and growth. These plants
release phytotoxic substances, including phenolic acids and other secondary metabolites,
which act as natural herbicides. As a result, weed seed germination is inhibited, root and
shoot growth are reduced, and overall weed competition is minimized, allowing crops to
grow more efficiently. In practical farming systems, this natural weed control is enhanced
through various agronomic practices. Cover cropping and mulching with allelopathic species
create both physical and chemical barriers that suppress weeds. Crop rotation and
intercropping further reduce weed pressure by disrupting weed life cycles. Additionally, the
application of plant extracts, such as sorghum or sunflower water extracts, has shown
promising results in reducing weed populations and even lowering the required doses of
synthetic herbicides. Table 1 highlights several examples of allelopathic cover crops and their
effectiveness in suppressing a wide range of weeds across different cropping systems.
Beyond weed control, allelopathy also contributes significantly to overall crop management.
It enhances crop competitiveness, supports better resource utilization, and improves
productivity. Within the rhizosphere, allelochemicals interact with soil microorganisms,
influencing nutrient availability, soil fertility, and plant health. This not only strengthens crop
growth but also promotes soil biodiversity and long-term agroecosystem sustainability.
Importantly, the use of allelopathy reduces dependence on chemical herbicides, thereby
lowering production costs, minimizing environmental pollution, and helping manage
herbicide-resistant weeds. However, its effectiveness depends on proper crop selection,
residue management, and environmental conditions such as soil type and microbial activity.
In conclusion, allelopathy serves as a powerful “green shield” for farmers by harnessing the
natural defence mechanisms of plants. When integrated with appropriate agronomic practices,
it offers a sustainable, cost-effective, and environmentally friendly approach to weed
management and crop production.

Table 1: Allelopathic cover crops, main crops and the weeds suppressed by cover crops

Wheat Cotton Eleusine indica, Amaranthus palmeri, Ipomoea lacunosa
Rye Cotton Eleusine indica, Amaranthus palmeri, Ipomoea lacunosa
Rye Soybean Chenopodium album, Abutilon theophrasti
Annual ryegrass, rye, bristle Common bean, Brachiaria plantaginea, Ipomoea grandifolia, Bidens
oat, common vetch, radish Tomato pilosa, Euphorbia heterophylla

Digitaria sanguinalis, Eleusine indica, Amaranthus

Hairy vetch, oat Maize retroflexus, Datura stramonium
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Sorghum sudangrass

(Sorghum bicolor x S. Broccoli Broad-leaved weeds
sudanense)
Bristle oat, hairy vetch Cotton Amaranthus palmeri, Portulaca oleracea, Helianthus
annuus
Rye, hairy vetch, barley x Organic maize— Chenopodium album, Amaranthus hybridus, Thlaspi

arvense, Taraxacum officinale, Stellaria media, Elymus

triticale, Austrian winter pea  soybean system X . -
repens, Panicum crus-galli, Setaria glauca

White mustard Olive (Olea Amaranthus blitoides, Chenopodium album
europaea)
Hairy vetch, subterranean Tomato Amaranthus retroflexus, Chenopodium album

clover, oat/hairy vetch

Allelopathy as “Foe”: When Nature Turns Against Crop Growth

Allelopathy, while beneficial in many cropping systems, can also become a serious limitation
when not properly understood or managed. The same natural chemicals that help suppress
weeds can sometimes harm crops, soil health, and overall productivity, making allelopathy a
true double-edged sword in agriculture. One of the major concerns is autotoxicity, where
crops release substances that inhibit their own growth - especially in continuous cropping
systems where the same crop is grown repeatedly. Over time, these chemicals build up in the
soil, leading to poor seed germination, weak root and shoot development, and ultimately
reduced yields. This build-up can also result in soil sickness, where the accumulation of toxic
compounds creates an unfavourable environment for plant growth. For instance, soils from
fields with long-term growth of certain plants like Tithonia diversifolia or weed-infested
areas (such as barnyard grass) have been shown to suppress the growth of new crops.
Allelopathy can further complicate farming by causing negative crop interactions, where
chemicals released by one crop affect the growth of neighbouring or subsequent crops,
reducing the effectiveness of intercropping and crop rotation systems. When these effects are
not carefully managed, they can lead to significant yield losses, as phytotoxic compounds
interfere with germination, nutrient uptake, and overall plant development, often intensified
by environmental conditions like soil type and moisture.

Scientific studies using soil samples and laboratory 35, 0 Wiy of —
bioassays have confirmed that these allelochemicals persist Nt R
in the soil and actively inhibit plant growth. Attempts to N

manage these effects, such as using activated carbon to b

absorb toxic compounds, have shown mixed results, as it
may also remove beneficial nutrients and disrupt soil N =See
microbial activity. Altogether, while allelopathy holds great T e N
potential, its negative impacts highlight the need for careful
planning and management to avoid unintended harm in

cropping systems. Fig 2: Possible pathways for release of
allelochemicals into the environment

Allelochemicals

Conclusion

Research on allelopathy has advanced, making its use in farming more practical through crop
rotation, cover cropping, and intercropping. It involves complex interactions influenced by
soil, climate, and microbes. Allelopathic crops release chemicals that suppress weeds and
enhance soil health. Genetic and biotechnological developments aim to strengthen these
traits. Though not a complete alternative to herbicides, integrating allelopathy with weed
management systems offers an eco-friendly, cost-effective approach, reducing herbicide
dependence, resistance, and supporting sustainable agriculture.

References
1. Jabran, K., Mahajan, G., Sardana, V., and Chauhan, B. S. (2015). Allelopathy for weed
control in agricultural systems. Crop protection, 72, 57-65.

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g.e 1215

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Sidhu and Korav (2026) Agri Articles, 06(02): 1213-1216 (MAR-APR, 2026)

2. de Albuquerque, M. B., dos Santos, R. C., Lima, L. M., Melo Filho, P. D. A., Nogueira,
R. J. M. C., Da Cémara, C. A. G., and de Rezende Ramos, A. (2011). Allelopathy, an
alternative tool to improve cropping systems. A review. Agronomy for Sustainable
Development, 31(2), 379-395.

3. Scavo, A., and Mauromicale, G. (2021). Crop allelopathy for sustainable weed
management in agroecosystems: Knowing the present with a view to the
future. Agronomy, 11(11), 2104.

4. Batish, D. R., Singh, H. P., and Kaur, S. (2001). Crop Allelopathy and Its Role in
Ecological Agriculture. Journal of Crop Production, 4(2), 121-161.
https://doi.org/10.1300/J144v04n02_03

5. Cheng, F., and Cheng, Z. (2015). Research progress on the use of plant allelopathy in
agriculture and the physiological and ecological mechanisms of allelopathy. Frontiers in
plant science, 6, 160714.

PRgri grticles ISSN: 2582-9882 Page 1216

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



