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ABSTRACT
Agricultural crops face constant threats from various pests and pathogens, yet one of the
most overlooked enemies is the plant-parasitic nematode. Nematology, the study of these
microscopic roundworms, plays a vital role in understanding and managing their impact. The
nematodes are found everywhere in nature, from the top of mountains to thousands of
meters beneath the ocean and even in the polar regions under the brightness of Antarctica.
Generally, nematodes do not have any inherent colour, instead adopting pigmentation
based on their food intake. Their morphological and biological variability enables them to
adapt to nearly every environmental condition. Plant-parasitic nematodes (PPNs) have
consistently proven to be critical hazards to agricultural ecosystems globally. Despite their
importance, nematology remains a relatively young and emerging science compared to
other disciplines in plant protection. Among the wide array of crop threats—from fungal
pathogens to insect pests—nematodes remain the most ignored. As the renowned
nematologist Dr. J. N. Sasser once remarked, “Nematodes are the unseen enemy beneath our
feet—quietly diminishing the productivity of our crops.” The science of nematodes is,
therefore, essential to understand their impact and devise integrated strategies for their
management. However, their role in plant health is often underestimated due to the non-
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specificity of symptoms, frequently mistaken for nutrient deficiencies or drought stress.
Effective nematode management must include a combination of resistant cultivars,
biological agents and sustainable agronomic practices. With global climate change amplifying
food security challenges, nematology will inevitably gain prominence in future plant
protection paradigms (Nicol et al., 2011). Despite its relevance, nematology continues to be
seen as underdeveloped and undervalued, especially in practical agriculture and policy

implementation..

INTRODUCTION

ematology is the scientific discipline
study of

nematodes or roundworms, one of the
most abundant multicellular organisms on
Earth. While its academic relevance is
unquestionable, the discipline is relatively

concerned with the

obscure among agronomists and farmers,
despite being a key protector of crops.
Nematodes every conceivable
ecosystem—ifrom deserts and croplands to

occur in

oceanic trenches, serving diverse ecological
functions. Although many species contribute
to soil fertility and nutrient cycling, plant-
parasitic nematodes are pathogens of concern
due to their destructive feeding habits. They
infest the root systems of key food crops like
rice, wheat, bananas, soybeans and potatoes,
siphoning off water and nutrients. Some also
serve as vectors for viruses, worsening crop
losses.

According to Jones et al. (2013), the global
yield loss due to plant-parasitic nematodes
exceeds $80 billion annually a staggering
figure that places nematodes among the most
economically damaging pests in agriculture.
What makes their impact more insidious is
their subterranean and microscopic nature,
earning them the title of “invisible enemies.”
These pests often go

significant crop loss has

unnoticed until

occurred, and
symptoms such as yellowing, stunted growth
or poor yield are commonly misdiagnosed as
water-related  issues.

other nutrient or

However, not all nematodes are harmful, many
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are beneficial and contribute positively to soil
ecosystems by feeding on bacteria, fungi and
other pests. Their diversity, resilience and
ecological roles make them excellent
indicators of soil health. Management of
harmful nematodes has become increasingly
complex, particularly with the phasing out of

many  chemical nematicides due to
environmental and health concerns.
Contemporary nematode management

strategies now focus on biological control,
host resistance and organic amendments
(Stirling et al., 2021). Molecular diagnostics,
such as qPCR and DNA barcoding, have also
emerged as precise tools for early detection
and species identification. As Dr. Howard
Ferris aptly stated, “The soil is not just a
living  organism, and
nematodes are its nervous system.” Indeed, to
understand nematodes is to understand the

medium—it’s a

underground complexity of life upon which
agriculture depends.

The Ubiquity and Biology of Nematodes

Nematodes are morphologically simple yet
ecologically versatile organisms. Their global
distribution is  unparalleled, occupying
environments ranging from polar ice to
equatorial forests. Their simplicity masks a
stunning diversity of feeding behaviors,
reproductive mechanisms, and ecological
interactions. Plant-parasitic nematodes such as
Meloidogyne, Heterodera, Pratylenchus, and
Radopholus use needle-like stylets to penetrate

plant cells, creating wounds that interfere with
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nutrient uptake and render the host susceptible
to secondary infections.

Their cryptic habits, high fecundity and soil-
borne lifestyles allow them to thrive
unnoticed, complicating their management.
These features, combined with their ability to
survive in adverse conditions, contribute to
their classification as some of the most
challenging pests to control in modern
agriculture (Moens et al, 2009). The
biological nuances of nematodes underscore
the need for rigorous scientific attention, not
only for damage mitigation but also for the
preservation of beneficial species.

Institutional Neglect and Fading Academic
Interest

Despite its scientific importance, nematology
remains marginalized in academic and
institutional settings. A glaring concern is that
very few agricultural universities in India and
globally offer dedicated M.Sc. or Ph.D.
programs in nematology. In most institutions,
the discipline is merged under the umbrella of
other departments, diluting its identity and
reducing its visibility in academic discourse.
This has direct implications: lack of
independent departments results in fewer
faculty members specializing in nematology,
inadequate research funding and poorly
equipped laboratories.

Furthermore, students are often discouraged
from pursuing the subject due to the limited
career prospects it offers. Government
recruitment rarely prioritizes nematology and
private sector demand is negligible, especially
when compared to entomology or plant
pathology. As a result, students either switch
disciplines or pursue unrelated careers after
graduation. According to Nicol ef al. (2011),
“The chronic underinvestment in nematology
research has created a feedback loop of low
visibility,  low  funding, and  limited
innovation.” Without intervention, this trend
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threatens to erode the scientific base necessary
for tackling nematode-related agricultural
issues.

Challenges in Detection and Management

Detection of nematodes is inherently difficult
due to their minute size and subterranean
habitat. Conventional identification methods
microscopic examination and morphological
keys require highly trained personnel. Though
molecular methods like qPCR and LAMP
offer rapid and specific diagnosis, their
deployment in field conditions remains limited
due to cost and technical barriers.

Moreover,  effective = management  of
nematodes requires multi-season, system-level
changes, such as crop rotation, use of resistant
cultivars, and application of bio-nematicides.
Biological agents like Pasteuria penetrans and
Pochonia  chlamydosporia  have  shown
promise, but their performance is often
inconsistent in different soil and climatic
conditions. Climate change is expected to
worsen nematode infestations by expanding
their range and reproduction cycles. This
reality necessitates an urgent investment in
predictive modeling, breeding for resistance,
and farmer education programs tailored to
local needs (Stirling et al, 2021). Effective
nematode management is not a singular act but
a continuous, integrated process that requires
institutional support and scientific innovation.

The Underrepresentation of Nematology in
Education and Policy

A deeper problem lies in the systemic
underrepresentation  of  nematology  in
agricultural education and policy. Despite the
growing evidence of nematode-induced losses,
most extension services and national pest
control frameworks continue to prioritize
insects and fungal pathogens. In many Indian
states, pest forecasting models do not include
nematode risks, and crop insurance schemes
fail to recognize nematode-induced yield
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losses. This disconnects results in misinformed
farmers, misallocated resources, and missed
opportunities for sustainable management.

For instance, without affordable diagnostic
tools and trained extension officers, farmers
often overapply fertilizers or fungicides,
worsening soil health without solving the root
problem. Educational reform is essential.
Introducing nematode biology and
management modules at the undergraduate
level, developing online learning tools, and
incorporating nematode risk into national IPM
packages could help bridge this knowledge

gap.
CONCLUSION

Nematology, though scientifically rich and
increasingly relevant, continues to occupy a
peripheral space in the ecosystem of
agricultural research and practice. This
paradox, where knowledge exists but
application lags- is both a challenge and an
opportunity. To build a resilient and
sustainable agricultural future, nematology
must be mainstreamed across research
agendas, curricula, and policy instruments.
The subterranean nature of nematodes does not
lessen their threat it magnifies it, as damage
goes unnoticed until too late. As we strive for
food security amid environmental uncertainty,
the message is clear: to protect what grows
above, we must understand what lives below.
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