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

gl Hrticles

(e-Magazine for Agricultural Articles)

Volume: 05, Issue: 02 (MAR-APR, 2025)
Available online at http://www.agriarticles.com
°Agri Articles, ISSN: 2582-9882

Integrated Nematode Management: A Holistic Approach to
Crop Protection

("Swadhin Kumar Swain)

M.Sc. Scholar (Nematology), College of Agriculture, OUAT, Bhubaneswar, Odisha
“Corresponding Author’s email: rkswadhinkumar@gmail.com

lant-parasitic nematodes (PPNs) are microscopic worms that attack plant roots, causing

significant agricultural losses worldwide. These pests often go unnoticed due to their
subterranean nature, leading to misdiagnosis and ineffective management. The economic
impact of PPNs is substantial, with global losses exceeding $77 billion annually. Effective
management strategies are crucial to minimize crop damage and ensure sustainable
agricultural production.

Nematode Biology and Economic Impact

» Nematodes belong to the phylum Nematoda and have existed for over a billion years,
adapting to diverse ecological niches. Among the 15% that are plant-parasitic, the most
notorious species include:

e Root-knot nematodes (Meloidogyne spp.) - These nematodes cause gall formation on
plant roots, stunting growth and reducing yield. For example, Meloidogyne incognita
affects tomatoes, leading to 30-50% vyield loss.

e Cyst nematodes (Heterodera spp. and Globodera spp.) - These form protective cysts
around their eggs, making them difficult to control. Heterodera glycines, the soybean cyst
nematode, is a major pest in soybean-producing regions like the United States.

e Lesion nematodes (Pratylenchus spp.) - These cause root lesions that promote secondary
infections by fungi and bacteria. Pratylenchus penetrans severely impacts carrot and
potato crops in Europe and North America.

e Nematodes weaken plants by disrupting nutrient uptake, making them more susceptible to
drought and other pathogens. In India, root-knot nematodes are a major problem in
vegetable crops like brinjal, okra, and chili, reducing productivity significantly.

Management Strategies

» Since nematodes are soil-borne and highly resilient, their control requires a multi-faceted
approach that integrates various management strategies.

1. Regulatory Measures

» Quarantine regulations help prevent the spread of nematodes through infested soil,
planting material, and irrigation water. For instance:

e Golden cyst nematode (Globodera rostochiensis) was introduced to the United States
through imported seed potatoes from Europe. Strict quarantine measures, including soil
testing and movement restrictions, have helped contain its spread.

e Burrowing nematode (Radopholus similis), which affects banana plantations, has spread
from Kerala and Tamil Nadu to other Indian states due to a lack of domestic quarantine
measures.

e Countries like the U.S. and Australia have strict phyto-sanitary regulations requiring
nematode-free certification for imported plant materials.
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2. Cultural Practices

>

w

>

>

Agricultural practices play a crucial role in managing nematodes. Effective cultural
methods include:

Crop Rotation: Growing non-host crops breaks the nematode life cycle. For example:
Rotating tomatoes with marigold (Tagetes erecta) helps reduce root-knot nematode
populations due to the nematicidal compounds in marigold roots.

Rotating rice with mustard (Brassica juncea) suppresses Hirschmanniella oryzae, a major
rice nematode.

Fallowing and Ploughing: Exposing soil to high temperatures and desiccation during
summer helps kill nematodes. In India, deep plowing during April-May, when
temperatures exceed 40°C, is an effective strategy against Meloidogyne spp.

Organic Amendments: Adding organic matter like neem cake, mustard cake, and
compost enhances soil microbial activity, which suppresses nematodes. For instance:
Neem cake application at 1 ton per hectare has been shown to reduce Meloidogyne
populations in eggplant fields.

Incorporating mustard residues releases isothiocyanates, which have nematicidal
properties.

Resistant Varieties: Using nematode-resistant crop varieties is a cost-effective approach.
Examples include:

Heterodera glycines-resistant soybean varieties such as 'Peking' and 'Hartwig' in the U.S.
Meloidogyne-resistant tomato varieties like 'Nemaguard' and 'Rotam 7' developed in
India.

. Physical Control

Physical methods alter soil conditions to suppress nematodes. Common techniques
include:
Soil Solarization: Covering soil with transparent plastic sheets for 4-6 weeks in summer
raises soil temperature above 50°C, killing nematodes. This method is widely used in
India for vegetable nurseries.

Hot Water Treatment: Treating seeds and planting material in hot water effectively
eliminates nematodes:

Rice seeds treated at 55°C for 10-15 minutes prevent the spread of Aphelenchoides
besseyi, the white-tip nematode.
Citrus rootstocks dipped in hot water at 50°C for 10 minutes help control Tylenchulus
semipenetrans, the citrus nematode.
4. Chemical Control

Nematicides are highly effective but pose environmental risks. Common chemical control
methods include:
Soil Fumigation: Methyl bromide was widely used for nematode control but is now
banned in many countries due to its ozone-depleting properties. Alternative fumigants
include:
1,3-Dichloropropene (Telone) used in potato and tobacco fields.

Metham sodium, which decomposes into a biocidal gas in soil.

Nematicidal Insecticides: Some insecticides also act as nematicides:
Carbofuran (Furadan) is used in rice and sugarcane fields but is highly toxic.

Oxamyl (Vydate) is applied as a foliar spray in tomato and cotton fields.

Due to health and environmental concerns, many countries are shifting towards
alternative methods.

5. Biological Control

>

Biological control is a promising alternative to chemical nematicides. Several natural
enemies of nematodes have been identified, including:

Fungal Biocontrol Agents

Arthrobotrys spp. trap nematodes using adhesive networks

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g_e 9

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

Swain (2025) Agri Articles, 05(02): 08-10 (MAR-APR, 2025)

e Verticillium chlamydosporium parasitizes root-knot nematode eggs.

e Paecilomyces lilacinus has been commercially formulated (e.g., "Paecilomyces"
biopesticide) for nematode control in banana plantations.

= Bacterial Biocontrol Agents

e Pasteuria penetrans infects nematodes and prevents reproduction. It is used in peanut and
tomato fields.

e Pseudomonas fluorescens produces hydrogen cyanide, which is toxic to nematodes.

e Field trials in India have shown that applying P. lilacinus in papaya plantations reduces
Meloidogyne populations by 60%.

Future Perspectives

» Sustainable nematode management requires integrating biological, cultural, and resistant
crop-based strategies. Recent advancements include:

= RNA Interference (RNAI): Gene silencing technology to develop nematode-resistant
crops, Scientists are working on RNAI-based resistance in potatoes against Globodera
pallida.

= Botanical Nematicides: Extracts from neem, garlic, and mustard plants have shown
nematicidal properties. Neem-based formulations like 'NeemAzal' are commercially
available.

Conclusion

Plant-parasitic nematodes pose a major challenge to global agriculture. While chemical
control remains effective, its environmental drawbacks necessitate the adoption of integrated
pest management (IPM). A combination of cultural practices, biological control, and resistant
crop varieties offers a sustainable approach to nematode management. Future research into
gene-editing technologies and plant-derived nematicides will further enhance our ability to
control these hidden agricultural threats.
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