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ABSTRACT 

Plant parasitic nematodes (PPNs) pose a severe threat to global 

agriculture, leading to substantial crop yield reduction and financial losses. 

Effective nematode management relies on accurate and rapid diagnosis. 

However, morphological identification encounters challenge due to 

interspecific overlays and intraspecific morphological variation among 

PPNs. Molecular strategies have emerged as a solution, successfully 

identifying various PPN species. Recent breakthroughs in isothermal 

amplification technology and remote sensing techniques enable on-site 

diagnosis, enhancing pest management. This review explores recent 

advancements in plant nematode disease diagnosis, emphasizing methods 

such as improved imaging technologies, remote sensing, polymerase chain 

reaction (PCR), and next-generation sequencing (NGS). These developments 

empower researchers, agronomists, and farmers to better understand 

nematode populations, species diversity, and interactions with plants. 

INTRODUCTION 

Plant parasitic nematodes (PPNs) pose a significant threat to global agriculture, causing substantial 

crop yield reduction and financial losses. Accurate and rapid diagnosis is crucial for effective nematode 

management. Morphological identification faces challenges due to interspecific overlays and intraspecific 

morphological variation among PPNs. Molecular strategies have emerged as a solution, complementing or 

circumventing morphological issues. Biochemical and molecular methods have successfully identified 

various PPN species. Recent breakthroughs in isothermal amplification technology and remote sensing 

techniques have enabled on-site diagnosis of PPNs, enhancing our ability to manage these pests effectively. 

The recent advancements in plant nematode disease diagnosis have significantly improved our 

ability to detect and manage these destructive pests. PPNs pose a serious threat to global agriculture, 

necessitating early and accurate detection for efficient control methods, reduced financial losses, and 

sustainable agricultural practices. Modern diagnostic methods have transformed the recognition and 

monitoring of nematode-related issues in plants. 
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Historically, nematode diagnosis involved time-consuming techniques like microscopic 

examination of soil and root samples, and visual observation of root symptoms. These methods lacked 

sensitivity and quickness, hindering prompt decision-making for disease management. Recent 

developments in molecular biology, genetics, and technology have introduced novel diagnostic methods 

providing rapid, precise, and in-depth information about nematode infestations. 

This review aims to explore the latest developments in worm disease diagnosis, emphasizing crucial 

methods and their applications. Various methods have been developed to overcome nematode detection 

challenges, including improved imaging technologies, remote sensing, and molecular techniques such as 

polymerase chain reaction (PCR) and next-generation sequencing (NGS). These advancements empower 

researchers, agronomists, and farmers to better understand nematode populations, species diversity, and 

their interactions with plants. 

BIOCHEMICAL DETECTION METHODS FOR PPNS 

Isozyme Analyses 

Isozyme analysis, utilizing enzyme electrophoresis, is a technique for assessing population genetic 

diversity and variation. Through the separation and analysis of different enzymes (isozymes) based on 

electrophoretic mobility, this method provides insights into a species' genetic makeup and social 

interactions. 

Mass Spectral Analyses 

Mass spectrometry in nematode research offers valuable insights into the composition of molecules 

present in nematode samples, including proteins, lipids, metabolites, and small molecules. This versatile 

technique contributes to understanding nematode biology, physiology, and interactions with their 

environment. 

Molecular Diagnosis of PPNs 

Molecular methods leverage the genetic makeup of PPNs for precise identification and 

characterization. These highly sensitive techniques facilitate accurate species and population identification, 

essential for implementing effective agricultural control tactics. 

Direct Detection of PPNs in the Field 

Agricultural management solutions must include on-site detection of PPNs. Traditional methods are 

time-consuming, but molecular techniques enable quick and precise in-field detection. Various methods for 

direct PPN detection include remote sensing techniques, hyperspectral photography, and drones with 

multispectral cameras, providing a comprehensive view of nematode-induced stress in plants. 
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Considerations for field application include sample collection, preparation, equipment reliability, 

and data interpretation. The choice of strategy depends on factors such as target nematode species, available 

resources, and the urgency of detection. Validation is crucial to ensure the correctness and reliability of 

these methodologies in real-world settings. 

Anticipated advancements in technology are expected to bring forth more portable and user-friendly 

technologies for direct PPN detection, enhancing our capacity to monitor and control nematode infestations 

in agricultural settings. 

CONCLUSION 

The evolving landscape of nematode diagnosis reflects a transformative shift towards more efficient 

and precise methodologies. Molecular techniques, including isozyme analyses, mass spectral analyses, and 

molecular diagnosis, offer insights into genetic diversity, composition of molecules, and precise 

identification of PPN species. The integration of on-site detection methods, such as remote sensing 

techniques, has revolutionized the field by providing quick and accurate assessments of nematode-induced 

stress in plants. However, successful implementation requires careful consideration of factors like sample 

collection, preparation, equipment reliability, and data interpretation. As technology advances, the 

anticipation of more portable and user-friendly technologies for direct PPN detection promises to further 

enhance our ability to monitor and control nematode infestations in agricultural settings. 
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