
SPATIAL TRANSCRIPTOMICS REVEAL 

NOVEL INSIGHTS INTO PLANT-NEMATODE 

INTERACTIONS [Transcriptómica espacial 

revela nuevas perspectivas en la interacción 

planta-nematodo]. Pijnacker¹, Y. Wang¹, J-J. 

Willig1,3, J. Mars2, S. Werner4, K. Adema5, G. Smant¹, 

H.C. Korswagen2,6, J. L. Lozano-Torres¹. 

Laboratory of Nematology, Wageningen University 

& Research, 6708PB Wageningen, The Netherlands. 
1Hubrecht Institute, 3584 CT Utrecht, The 

Netherlands Agrosystems Research, Wageningen 

University & Research, 6708PB Wageningen, the 

Netherlands. 2Experimental Zoology, Wageningen 

University & Research, 6708WD Wageningen, the 

Netherlands. 3Laboratory of Cell and Developmental 

Biology, Wageningen University & 

Research,6708PB Wageningen, The Netherlands. 
4Department of Biology, Institute of Biodynamics 

and Biocomplexity, Developmental Biology, Utrecht 

University, 3584 CH Utrecht, the Netherlands. 

jose.lozano@wur.nl.   

Obligate parasites pose a significant threat to plant 

health by affecting host gene expression through 

mechanisms that are poorly understood. 

Understanding the spatial dynamics of plant-microbe 

interactions at a cellular resolution is crucial for 

deciphering complex host responses. However, 

current gene expression methods lack the necessary 

spatial resolution or require previous knowledge for 

such investigations. To overcome these limitations, 

my team adapted RNA tomography, an untargeted 

spatial transcriptomics technique, to map gene 

expression in plant roots infected with cyst and root-

knot nematodes. Utilizing 20-micrometer sections, 

we generated high-resolution spatial gene expression 

maps, revealing the precise location of the 

nematode’s pharyngeal glands. We identified 

multiple uncharacterized nematode genes specifically 

expressed within this gland region alongside multiple 

known marker effector genes. Furthermore, we 

mapped the dynamic plant transcriptional response to 

nematode infection, providing novel insights into the 

initiation of permanent feeding cells induced by 

sedentary plant-parasitic nematodes. In my talk, I will 

showcase this powerful spatial transcriptomics tool 

for investigating plant-pathogen infections, and I will 

discuss the path I took to become a PI at Wageningen 

University & Research, hoping to inspire a new 

generation of nematologists. 

 

CURRENT AND FUTURE TRENDS IN 

SYSTEMATICS AND DIAGNOSTICS OF 

PLANT-PARASITIC NEMATODES [Tendencias 

actuales y futuras en sistemática y diagnóstico de 

nematodos fitoparásitos]. S.A. Subbotin¹.1Plant 

Pest Diagnostic Center, California Department of 

Food and Agriculture, 3294. Meadowview Road, 

95832, Sacramento, CA 95832, USA. 

sergei.a.subbotin@gmail.com. 

A comprehensive and well-organized systematics for 

nematodes plays a crucial role in enhancing 

communication among researchers and advancing our 

understanding of comparative and evolutionary 

biology. The field of systematics is dedicated to 

inferring the evolutionary relationships among 

species, establishing their taxonomic identities and 

classifications, and describing their key 

morphological and genetic traits. The integration of 

various data types, such as morphology and 

molecular data, within a formalized framework is 

becoming increasingly important for defining robust 

species hypotheses in Nematology. With the advent 

of next-generation sequencing technologies, the 

landscape of systematics has been dramatically 

transformed. These advancements enable researchers 

to rapidly and affordably generate large quantities of 

genomic data, providing a deeper and more detailed 

understanding of nematode phylogeny and 

evolutionary processes. This supports the 

construction of more reliable and comprehensive 
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phylogenetic trees that reflect the true relationships 

between species. In addition to genomic sequencing, 

molecular diagnostic techniques such as PCR, 

isothermal amplification methods (e.g., RPA and 

LAMP), and CRISPR-based detection are now 

foundational in the identification and diagnosis of 

nematode species. These methods offer high 

sensitivity and specificity, making it easier to detect 

nematodes in a variety of environments, whether in 

soil samples, plant tissues, or other substrates. Recent 

advances in species descriptions, species delineation, 

and molecular diagnostics have been particularly 

notable within the nematode families Anguinidae and 

several key genera, including Bursaphelenchus, 

Hemicycliophora, Heterodera, Globodera, 

Meloidogyne and Paratylenchus. 

SCIENCE AND INNOVATION IN 

AGRICULTURAL NEMATOLOGY IN CUBA: 

BRIEF HISTORY, MAIN ACHIEVEMENTS 

AND CURRENT CHALLENGES [Ciencia e 

innovación en nematología agrícola en Cuba: 

breve historia, principales logros y retos actuales]. 

G. Rodríguez Hernández¹. 1Centro Nacional de 

Sanidad Agropecuaria (CENSA). Apdo 10. San José 

de las Lajas, Mayabeque, Cuba. 

mayrag2531961@gmail.com 

 

Agriculture constitutes one of the primary sectors of 

the Cuban economy, as it is a source of food and raw 

materials. Nematodes have been organisms linked to 

this sector throughout history in three areas of 

research and innovation. The first is related to plant-

parasitic nematodes; their negative impacts have been 

recognized since the mid-twentieth century in 

important crops such as rice (Oryza sativa) and 

sugarcane (Saccharum spp.). The second concerns 

the development of native strains of 

entomopathogenic nematodes (EPNs) as biological 

control agents against various pests, and the third 

involves the study of nematode groups as 

bioindicators of soil health within the "One Health" 

approach, adopted as part of the country's National 

Health Strategy. Research carried out since the 1960s 

made it possible to determine that root-knot 

nematodes (Meloidogyne spp.) represented the most 

important pests. More than 200 cultivars of about two 

dozen species were studied to determine their 

resistance/susceptibility to root-knot nematodes, 

which made it possible to issue recommendations to 

farmers. Bionematicides whose active ingredients are 

native strains of fungi and bacteria were developed 

and are in use. Tactics such as the use of trap crops, 

solarization, and others were evaluated and are in use. 

Integrated Nematode Management (INM) Programs 

were designed and implemented, at different 

production and geographical scales, in tobacco 

(Nicotiana tabacum), Musa spp., vegetables under 

protected production systems, coffee (Coffea spp.), 

tubers, and medicinal plants, among others. For 

EPNs, an in vivo mass reproduction methodology 

was established and transferred to about 30 

laboratories, allowing the production of infective 

juveniles that are used in the management of pests 

affecting vegetables, tubers, coffee, and other crops. 

Nematodes as bioindicators are being evaluated to 

contribute to soil conservation/improvement studies, 

drawing the attention of decision-makers to the 

importance of beneficial soil biota. International 

collaboration has contributed to the development of 

these studies and their practical application. 

Currently, in a very complex economic context for 

Cuba, research, innovation with the participation of 

farmers, and the training of human resources in the 

specialty continue, with the fundamental challenge of 

contributing to increased agricultural production. 

 

GLOBAL CHALLENGES AND 

TECHNOLOGICAL ISSUES IN THE 

SUSTAINABILITY OF FOOD PRODUCTION 

SYSTEMS [Desafíos globales y avances 

tecnológicos en la sostenibilidad de los sistemas de 

producción de alimentos]. A. Ciancio¹ 1 CNR, 

Istituto per la Protezione Sostenibile delle Piante, 

Bari, Italy. aurelio.ciancio@cnr.it  

 

Actual issues in world agrifood systems depend on 

variables that on the long term affect the production 

of food and commodities.They include land fertility 

and availability, as well as changes in climate, 

influencing water and athmospheric cycles. 

Technological progress significantly sustained food 

production thus far, allowing advancements in 

genetics, crop protection, management of soil fertility 

and irrigation. However, the anthropic perspective 

does not yet match the future objectives of global 

ecosystem sustainability. Demography and industrial 

intensification are processes that progressively 

impact agroecosystems, not only through energy and 

food consumption but also for indirect issues such as 

urbanization, loss of environment quality, epidemics 

and conflicts. A key contribution to food production 

is given by the conservation of soil fertility through 

different approaches, including use of microbials that 

sustain plant productivity. They play a fundamental 

role in rhizosphere ecosystem services, including 

growth promotion or pest regulation. Soil should 

hence be considered as a renewable resource, 

conserving and regulating microbials and eukaryote 

biodiversity. Nematodes are a further, key component 

of soil and rhizosphere food webs. They should be 

seen not only as pests but also as useful ecosystem 
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builders and as indicators of soil and environment 

quality. Replacing effective but unsustainable 

technologies such as the use of chemical biocides also 

implies additional direct and indirect costs, both in 

terms of information and energy. For this purpose a 

quantitative approach is always necessary to evaluate 

new technologies and their application range, facing 

the rapid changes in food and commodity demands. 

Moreover, the loss of scientists’ expertise and 

knowledge may be difficult to replace in the short 

term. What we expect from cutting edge technologies, 

such as high throughput sequencing or ethic AI 

advancements, may not be sufficient hence to feed an 

overpopulated world. Their rapid and free 

availablility will be, however, required to benefit of 

their outputs, where and when needed. 

 

BRIEF HISTORY OF NEMATOLOGY IN 

COLOMBIA [Breve historia de la Nematología en 

Colombia]. F.E. Varon de Agudelo1, C. Castaneda-

Alvarez2. 1Universidad Nacional de Colombia, 

Facultad de Ciencias Agropecuarias, Palmira, 

Colombia. 2Universidad de Chile. Facultad de 

Ciencias Agronómicas, Santiago, Chile. 

franciavaron@gmail.com 

 

Nematology in Colombia has evolved from specific 

interventions aimed at addressing phytosanitary 

problems in strategic crops to a discipline with 

significant contributions in diagnostics, taxonomy, 

molecular biology, and biological control. This paper 

presents a historical review of its development, 

highlighting milestones such as the initial approach to 

red ring disease of coconut palms in the 1960s and the 

country's subsequent participation in international 

programs focused on the study of nematodes of 

agricultural importance. Institutions such as the 

Colombian Agricultural Institute, the Colombian 

Corporation for Agricultural Research, the 

International Center for Tropical Agriculture, the 

National Coffee Research Center, the Oil Palm 

Research Center Corporation, the National Center for 

Sugarcane Research, among others, as well as 

universities including the National University of 

Colombia, the University of Caldas, the University of 

Nariño, and the Pontifical Xavierian University, have 

played a fundamental role in advancing 

nematological knowledge in different areas of the 

discipline. Finally, the structural challenges facing 

the discipline are addressed, including its limited 

visibility within institutional agendas and the need to 

consolidate sustainable education and research 

programs. This review seeks to recover the historical 

memory of Nematology in Colombia and contribute 

to its future development within the Latin American 

context, highlighting its strategic role in the country's 

plant health and in strengthening more sustainable 

agriculture. 

 

BRIDGING SCIENCE AND PRACTICE: 

TACKLING Aphelenchoides fragariae 

THROUGH COLLABORATIVE EXTENSION 

PROGRAMS IN CENTRAL CHILE [Conectando 

ciencia y práctica: abordando a Aphelenchoides 

fragariae mediante programas de extensión 

colaborativa en Chile central]. E. San-Blas1,2, P. 

Fuentes3, C. Castaneda-Alvarez4. 1Universidad de 

O’Higgins, Instituto de Ciencias Agroalimentarias, 

Animales y Ambientales (ICA3), San Fernando, 

Chile. 2Universidad de O’Higgins, Centro de 

Biología de Sistemas para la Sanidad Vegetal 

(BIOSAV-UOH), San Fernando, Chile. 3Blue Oak 

Corp Santiago, Chile. 4Departamento de Sanidad 

Vegetal, Universidad de Chile, Santiago, Chile 

esanblas@uoh.cl 

 

Two extension and outreach projects were 

implemented in central Chile to address the emerging 

threat of Aphelenchoides fragariae, an invasive foliar 

nematode impacting strawberry production. This pest 

causes characteristic angular leaf lesions, reduces 

plant vigor, and leads to significant yield losses in 

commercial strawberry crops across the region. 

Technical workshops were organized to improve 

participants’ ability to recognize nematode 

symptoms, with an emphasis on early detection 

protocols and integrated pest management (IPM) 

strategies. Training addressed cultural practices such 

as crop rotation, resistant cultivar selection, and 

sanitation measures to suppress nematode 

populations. Additionally, pilot demonstration units 

were established in smallholder strawberry farms to 

promote good agricultural practices and showcase 

accessible technologies for sustainable production. 

These included the application of bio-inputs to reduce 

reliance on conventional agrochemicals, 

improvements in hygiene during crop handling, water 

use efficiency strategies, and the implementation of 

low-cost weather stations. Farmers were also trained 

in the identification of other pests and diseases, the 

use of traps to reduce plant stress, and the application 

of biostimulants to enhance plant resilience. 

Comprehensive IPM courses were delivered to 

diverse audiences, including high school students, 

university undergraduates, farmers, and agricultural 

professionals from public and private institutions, 

offering both theoretical foundations and hands-on 

applications of sustainable nematode management. 

Knowledge transfer activities included the 

development and distribution of technical bulletins, 

field guides, and digital resources, reaching more than 
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200 producers. Pre- and post-training assessments 

revealed significant gains in participant knowledge 

related to nematode biology, damage recognition, and 

sustainable control methods. The projects have 

fostered collaborative networks among researchers, 

extension agents, and growers, creating a long-term 

framework for nematode management support 

throughout central Chile’s agricultural regions. These 

results were funded by Gobierno Regional de 

O’Higgins through the project IDI 40059110-0. 

 

CHARACTERIZATION OF SYMPTOMS 

CAUSED BY Bursaphelenchus cocophilus IN 

HYBRID OxG OIL PALM CULTIVARS 

INTERSPECIFIC IN THE EASTERN 

COLOMBIAN REGION [Caracterización de 

síntomas causados por Bursaphelenchus 

cocophilus en cultivares híbridos interespecíficos 

OxG de palma de aceite en la zona oriental 

colombiana]. D. C. Vélez1, D. Riascos2, F. Varón3, 

A. Morales1, G. A. Sarria1. Programa de plagas y 

enfermedades, Centro de investigación en Palma de 

Aceite (Cenipalma), Bogotá D.C., Colombia 
1Universidad Tecnológica y Pedagógica de 

Colombia-UPTC, Tunja, Boyacá, Colombia. 
2Universidad Nacional de Colombia, sede Palmira, 

Valle del Cauca, Colombia dvelez@cenipalma.org 

 

Red ring disease caused by Bursaphelenchus 

cocophilus is one of the main phytosanitary problems 

affecting oil palm cultivation in Colombia. Since its 

first appearance in 1986, it has been restricted to 

Elaeis guineensis cultivars. Recently, in the Eastern 

oil palm-growing region, interspecific hybrid 

cultivars (Elaeis guineensis × Elaeis oleifera) have 

shown symptoms of excessive shortening of young 

leaves accompanied by oily spots on the rachis of 

some leaves, especially those closest to the spear leaf. 

Therefore, the objective of this study was to 

characterize the symptoms observed in this cultivar 

and to diagnose this disorder. To achieve this, 

plantations reporting this disorder were visited, where 

the observed symptoms were characterized, and 

samples were collected from different types of tissue 

(petiole bases, rachis, stem, immature spear, 

immature inflorescences, and meristematic region) 

for the extraction and identification of B. cocophilus. 

Light microscopy was used for the quantification and 

morphometric identification of nematode 

populations. The most frequently observed symptoms 

were shortening and crowding of the upper leaves, 

without the presence of chlorosis. On the rachis and 

petiole base, especially in young leaves (H1), salmon-

reddish and brown oily spots were observed. In palms 

at advanced stages, leaf malformation and 

suberization of the rachis were observed. Internally, 

rotting of immature tissues (spear, petiole bases, 

inflorescences, and meristematic region) was 

detected. Inside the stem, tissue degradation was 

observed near the meristem, and in advanced stages, 

the characteristic red ring associated with the disease 

was present. Bursaphelenchus cocophilus was found 

in the highest concentrations in immature tissues and 

the meristematic region. The morphometric 

characteristics confirmed the presence of B. 

cocophilus associated with the red ring symptoms 

observed in hybrid oil palm cultivars. 

 

PERSPECTIVES FOR EMERGING 

NEMATOLOGISTS IN LATIN AMERICA 

[Perspectivas para nematólogos jóvenes en 

Latinoamérica]. P. Agudelo1. 1College of 

Agriculture, Forestry and Life Sciences, Clemson 

University. Clemson, SC. United States. 

pagudel@clensum.edu 

 

Many practicing nematologists in Latin American 

countries are also general plant pathologists or 

agronomists. Those who can continue their education 

by obtaining advanced degrees in universities outside 

their countries, often go through an adjustment 

process when they return to practice in their native 

countries. A major aspect of this adjustment is the 

realization that strict adherence to reductionist 

thinking can obscure critical social, environmental, 

and political dimensions, and may unintentionally 

reinforce external models that lack local relevance. 

This presentation critically reflects on the limitations 

of reductionism in nematology, with a focus on the 

lived experiences of nematologists in Latin American 

countries. In these contexts, scientific solutions must 

often navigate multifaceted challenges—including 

limited infrastructure, cultural diversity, economic 

constraints, and institutional fragmentation—that 

demand integrative and context-aware approaches. 

Nematology students must develop scientific literacy 

that includes a commitment to context-sensitive 

innovation. Early-career researchers must engage 

with systems thinking, participatory methods, and 

indigenous knowledge systems as complementary or 

alternative paradigms. Finally, the role of education, 

mentorship, and international collaboration in 

fostering scientific approaches that are both rigorous 

and responsive to local realities is discussed. 

 

KEEPING NEMATODES RELEVANT 

THROUGH GLOBAL EDUCATION AND 

COLLABORATION [Mantener nematodos 

relevantes a través de educacion y colaboracion 

mundial]. J. Desaeger1, D. Porazinska1. University 

of Florida, Dept. of Entomology and Nematology, 

Gulf Coast Research and Education Center, 
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Wimauma, FL, United States. jad@ufl.edu  

 

Nematodes have a widespread global impact, both as 

animal and agricultural pests, and as model organisms 

for biological, medical and ecosystems research. 

While our knowledge of nematodes has grown a lot 

in recent years, the science of nematology remains 

relatively unknown and education in nematology is 

limited. There is also often a big disconnect between 

fundamental and applied nematology research. 

Especially in the past decades, applied nematology 

has been neglected with few nematology graduates 

receiving applied training and therefore unable to 

connect with farmers and other stakeholders. A re-

alignment of priorities in nematology science with 

more focus on applied nematology is therefore 

needed. Applied nematology is time-consuming with 

no quick solutions, and while nematode problems are 

often very similar across the globe, nematode 

management can be very site specific, which stresses 

the need for regionally adapted research. 

Unfortunately, the regions that have the highest need 

and suffer the most severe nematode crop losses, such 

as much of the tropics and subtropics, often have no 

trained nematologists or grower support systems on 

hand. To help bridge the gap between fundamental 

and applied nematology, and to advance nematology 

in regions where the need is the highest, more 

collaboration is essential. Areas of collaboration 

should include diagnostics, nematode biology and 

integrated nematode management relevant to the 

region. Developed countries with advanced 

nematology programs can contribute critical 

expertise, tools, and technologies through joint 

research initiatives. Such partnerships need to be 

combined with capacity building, technology 

transfer, and training of local students and 

professionals in nematology. Most nematode crop 

losses in the world can be attributed to a relatively 

small group of cosmopolitan nematodes (e.g root-

knot and cyst nematodes), and much of the 

knowledge generated in one region is transferable to 

other regions. Nematologists therefore need to 

become more effective at exchanging ideas and 

findings, preferably through global collaborative 

projects (such as the International Meloidogyne 

Project in the 1980s, and more recently 

NEMEDUSSA in Africa). These initiatives can serve 

as a model for collaborative research and 

implementation of practical, scalable solutions for 

growers across the world.  

YIELD LOSSES ASSOCIATED WITH 

Radopholus similis, Meloidogyne spp. AND 

COMBINED PARASITISM ON Musa AAB 

(PLANTAIN SUBGROUP) ‘DOMINICO 

HARTÓN’ PLANTS IN COLOMBIA [Pérdidas 

en rendimiento asociadas a Radopholus similis, 

Meloidogyne spp. y su parasitismo combinado en 

plantas de Musa aab (subgrupo plátano) 

‘Dominico hartón’ en Colombia]. Ó. A. Guzmán-

Piedrahita, C. Zamorano-Montañez, and H. D. 

Lopez-Nicora. 1Profesor Titular, Departamento de 

Producción Agropecuaria, Universidad de Caldas, 

Manizales, Caldas, Colombia. 

oscar.guzman@ucaldas.edu.co. 2Profesor Asociado, 

Departamento de Producción Agropecuaria, 

Universidad de Caldas, Manizales, Caldas, Colombia. 
3Department of Plant Pathology, Ohio State 

University, Columbus, OH 43210, U.S.A. 

oscar.guzman@ucaldas.edu.co 

In Colombia, plantains (Musa AAB) are grown in 

more than 434,723 ha with an average yield of 10,26 

t/ha and contribute to the food security as 

carbohydrates source. The damage caused by plant-

parasitic nematodes on Musa AAB ‘Dominico 

Hartón’ under field conditions has been measured 

indirectly by the observation of toppled plants or low 

yield in infested areas. The objectives of this research 

were to evaluate the individual effect of different 

populations of R. similis, and Meloidogyne spp. and 

their interaction on yield of Musa AAB ‘Dominico 

Hartón’ crops. The study was conducted under field 

conditions at the Montelindo Research Farm, a 

research facility of the Universidad de Caldas, 

Colombia. Forty days after planting plantain seeds 

(corms) in sterilized soil, seedlings with uniform 

height were infested with 750, 1,500, and 3,000 R. 

similis/plant by delivering the nematode inoculum 

suspension to drench the area around the seedling 

roots. Using the same nematode densities, other 

seedlings were infested with Meloidogyne spp. alone; 

the mixture of 750 R. similis + 750 Meloidogyne spp.; 

or the mixture of the same species, but in different 

proportions (750, 1,500, and 3,000 of each species of 

nematode). Noninfested plants with and without 

nematicide were included as controls. One-month 

post infestation, plants were moved to the field for 

evaluation across two consecutive crop cycles. The 

experiment included a total of 14 treatments arranged 

in a completely randomized block design with ten 

replicates, and five plants per replicate. Across two 

consecutive crop cycles, nematode treatments did not 

significantly (P > 0.05) affect plant height, number of 

functional leaves, pseudostem circumference at 

flowering, or crop cycle duration. However, control 

plants produced significantly (P > 0.05) heavier 

bunches compared to those inoculated with R. similis, 

Meloidogyne spp., or their combination. In the first 

crop cycle, bunch weights were 25% to 60% higher 
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in control plants, while in the second cycle, the 

increase ranged from 65% to 82% (P <0.05). 

Moreover, plant toppling incidence was considerably 

lower in control plots, ranging from 6.6% to 10% and 

30% to 33% during the first and second cycles, 

respectively, compared to significantly higher 

toppling rates observed in plots inoculated with R. 

similis (20% to 70%) or the R. similis + Meloidogyne 

spp. mixture (40% to 83%). These findings indicate 

that toppling caused by R. similis is the primary factor 

contributing to yield loss in Musa AAB ‘Dominico 

Hartón’. The results provide valuable insights for the 

long-term management of plant-parasitic nematodes 

and understanding their interactions in limiting 

plantain productivity.  

 

BIONEMC (Heterorhabditis amazonensis CEPA 

HC1): DESARROLLO HISTORICO E 

INVESTIGACIONES ACTUALES EN CUBA 

[Bionemc (Heterorhabditis amazonensis strain 

HC1): historical development and current 

research in Cuba]. M. G. Rodríguez Hernández1, 

R. Enrique Regalado1, B. Peteira Delgado-Oramas1, 

O. Pino Perez1, D. García-Perera1, G. Calabuche 

Gómez1, D. Hernández-Ochandía1, I. Miranda 

Cabrera1, D. M. Soler1, L. Sánchez1, A. Gómez 

Canales1, M. Vidal Alvarez2. 1 Centro Nacional de 

Sanidad Agropecuaria (CENSA). Apdo 10. San José 

de las Lajas, Mayabeque, Cuba. 2Centro Nacional de 

Referencia del Control Biológico, Instituto de 

Investigaciones de Caña de Azúcar (INICA), Cuba. 

mayrag2531961@gmail.com  

 

The development of entomopathogenic nematodes 

(EPNs) as a bioproduct encompasses prospecting, 

isolation, identification/characterization, 

pathogenicity evaluations against various insect 

species, mass production, and formulation, among 

other stages. The objective of this presentation is to 

provide a brief overview of the research conducted in 

Cuba for the development and use of BionemC, 

whose active ingredient is Heterorhabditis 

amazonensis strain HC1. At the National Center for 

Animal and Plant Health, EPNs have been studied 

since 1992, and strain HC1 was selected and 

identified more than a decade ago. Its sequence is 

available in GenBank (GenBank-BankIt1899363 

Hamaz_HC1 KU870321). However, in the case of the 

bacterial symbiont, it was only possible to determine 

that it belongs to Photorhabdus luminescens, while 

the molecular characterization of the strain is still 

pending, for which international collaboration is 

required. An in vivo mass reproduction methodology 

was developed using Galleria mellonella. The strain 

and the methodology were transferred to the National 

Reference Center for Biological Control of the 

Ministry of Sugar (currently the AZCUBA Business 

Group of the Ministry of Agriculture) in 1994, from 

where they were expanded to all the Entomophagous 

and Entomopathogen Reproduction Centers (CREE) 

of that ministry; these experiences were also 

transferred to other countries. Over the past 30 years, 

numerous laboratory, semi-controlled, and field 

studies have been conducted against dozens of insect 

pest species. In recent years, basic studies have been 

carried out to achieve in vitro liquid mass production 

and to develop new solid pre-formulations, 

determining the effects of abiotic factors and 

compatibility or incompatibility with essential oils, 

selected components, and pesticides. The 

compatibility of the strain with other biological 

control agents was also determined. The product is 

used for pest management in protected cultivation 

systems and open-field crops in both lowland and 

mountainous regions. New surveys were conducted, 

leading to the discovery of five new EPN isolates. 

Currently, studies are beginning to determine the 

production of secondary metabolites by the bacterial 

strain, as well as their characterization and their 

effects on new targets of agricultural and public 

health interest. 

 

MASS PRODUCTION OF NATIVE 

ENTOMOPATHOGENIC NEMATODES: THE 

IMPORTANCE OF PARTNERSHIP BETWEEN 

ACADEMIA, INDUSTRY, AND 

GOVERNMENT AGENCIES TO THE 

DEVELOPMENT OF COMMERCIAL 

PRODUCTS [Producción masiva de nematodos 

entomopatógenos nativos: la importancia de la 

asociación entre la academia, la industria y las 

agencias gubernamentales para el desarrollo de 

productos comerciales]. P. Navarro1, A. Monje, J1. 

Taladríz, F. Rivas1. 1Laboratorio Ciencia de Insectos, 

Instituto de Investigaciones Agropecuarias (INIA), 

Vilcún, Región de La Araucanía, Chile. 

patricia.navarro@inia.cl 

 

The use of entomopathogenic nematodes (EPNs) for 

pest control has increased over the past few decades, 

due to their efficacy in finding soil pests and the need 

to reduce the use of synthetic insecticides and their 

residues. Previous studies recommend the use of 

native EPN species because they are better adapted to 

local soil conditions, temperature, and host range, 

maintaining the equilibrium belowground. However, 

the mass production of local species is a major 

challenge worldwide due to the specific requirements 

and knowledge of native EPN´s species and strains 

biology, their life cycle, as well as their interaction 

with the symbiotic bacteria. Moreover, fermentation 

mailto:mayrag2531961@gmail.com
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and specialized personnel dedicated to producing 

monoxenic cultures, as well as bioprocesses, scaling 

up to bioreactors, formulation, and meeting 

regulatory requirements, are necessary. All the 

previous steps take a long time and require significant 

investments to be settled. Since 2018 in Chile, a 

tripartite partnership comprising academia, Industry, 

and Government has supported the R&D of EPN 

mass production for native species, with the objective 

of commercially producing local strains for pest 

management of economically important pests. 

Experiences and challenges are shared and discussed. 

EFFECT OF Aphelenchoides pseudobesseyi ON 

THE GROWTH AND YIELD OF Glycine max IN 

COLOMBIA [Efecto de Aphelenchoides 

pseudobesseyi en el crecimiento y rendimiento de 

Glycine max en Colombia]. Ó. A. Guzmán-

Piedrahita1, C. Zamorano-Montañez2, and H. D. 

Lopez-Nicora3. 1Profesor Titular, Departamento de 

Producción Agropecuaria, Universidad de Caldas, 

Manizales, Caldas, Colombia. 2Profesor Asociado, 

Departamento de Producción Agropecuaria, 

Universidad de Caldas, Manizales, Caldas, Colombia. 
3Department of Plant Pathology, Ohio State 

University, Columbus, OH 43210, U.S.A. 

oscar.guzman@ucaldas.edu.co 

 

In Colombia’s Altillanura region, the area planted 

with soybean (Glycine max) has nearly tripled over 

the past fifteen years, increasing from 29,034 ha in 

2006 to 83,850 ha in 2024. Aphelenchoides 

pseudobesseyi, a foliar parasitic nematode, has 

emerged as a significant pathogen causing significant 

yield losses in soybean fields. The objectives of this 

study were: (i) to evaluate the damage caused by A. 

pseudobesseyi on soybean growth, and (ii) to assess 

its impact on yield under semi-controlled conditions. 

To assess the effect of A. pseudobesseyi on soybean 

plants, two pathogenicity experiments were 

conducted using a completely randomized design 

with two treatments: inoculated with 200 A. 

pseudobesseyi per soybean seedling, and non-

inoculated (control) plants. Individual soybean plants 

served as the experimental units. Six days post-

inoculation, 100% of leaf primordia exhibited 

malformations, and blisters along with central vein 

twisting became visible five days later. Forty-five 

days after inoculation, an average of 2,351 

nematodes/plant were recorded in experiment one, 

while experiment two yielded an average of 2,807 

nematodes/plant. Compared to control plants, those 

infested with nematodes showed a reduction in aerial 

dry weight by 28.39% and 24.74% in experiments 

one and two, respectively, and a decrease in seed dry 

weight by 50.30% and 53.24%. This study is the first 

to quantify the yield losses in soybean due to A. 

pseudobesseyi under controlled conditions in 

Colombia. Understanding the impact of A. 

pseudobesseyi on soybean growth and yield is 

essential for developing effective management 

strategies to mitigate these agricultural losses. 

 

INFLUENCE OF ROOT-KNOT NEMATODE 

(Meloidogyne sp.) ON GROWTH AND 

PHYSIOLOGY OF SEEDLING OF 

EGGPLANTS (Solanum melongena L.) IN 

MONTERÍA, CÓRDOBA, COLOMBIA 

[Influencia de nematodos agalladores 

(Meloidogyne sp.) en el crecimiento y fisiología de 

plántulas de berenjena (Solanum melongena l.) en 

Montería, Córdoba, Colombia]. J. D. Jaraba-

Navas1, A. Jarma-Orozco1, L. Rodriguez-Páez1. 
1Facultad de Ciencias Agrícolas, Departamento de 

Ingienería Agronómica, Universidad de Córdoba, 

Colombia, jjaraba@correo.unicordoba.edu.co 

Eggplant (Solanum melongena L.) cultivation is of 

economic and social importance in the Colombian 

Caribbean region. This crop is affected by 

microorganisms, such as root-knot nematodes 

(Meloidogyne spp.). However, the impact of these 

nematodes on plant growth and physiology is 

unknown. Therefore, the influence of Meloidogyne 

spp. on the growth and physiology of eggplant 

seedlings was evaluated under screenhouse 

conditions in Montería, Córdoba. Eggplant seedlings 

(cv. 015) at different developmental stages (from 

seedlings with cotyledonary leaves to seedlings with 

six fully expanded leaves) were inoculated with 10 

eggs and/or second-stage juveniles (J2) of 

Meloidogyne spp. per gram of soil. Non-inoculated 

plants were used as controls. Plant height, number of 

internodes and leaves, fresh weight, dry weight, and 

galling index (GI) were evaluated. Additionally, net 

photosynthesis (Pn), internal CO₂ concentration (Ci), 

transpiration (E), stomatal conductance (Gs), and 

vapor pressure deficit (VPD) were determined. Plants 

inoculated at the cotyledonary leaf stage and those 

with the first true leaf died. Significant differences 

were observed in fresh weight and plant height. The 

galling index was 5 in all treatments. Photosynthesis 

(Pn), internal CO₂ concentration (Ci), transpiration 

(E), and stomatal conductance (Gs) were lower in 

inoculated plants, and significant differences were 

observed among treatments. The greatest effect of the 

nematode occurred in the youngest plants. These 

results suggest that Meloidogyne spp. can cause 

disease at any developmental stage of eggplant 

seedlings, with the impact being greater during early 

growth stages. 

mailto:jjaraba@correo.unicordoba.edu.co
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INTERACTION BETWEEN Meloidogyne 

javanica AND Bradyrhizobium spp. IN SOYBEAN 

CROPS: IMPACTS ON BIOLOGICAL 

NITROGEN FIXATION AND PLANT 

DEFENSE [Interacción entre Meloidogyne 

javanica y Bradyrhizobium spp. en el cultivo de 

soya: impactos en la fijación biológica de 

nitrógeno y en la defensa vegetal]. E.T. Sonda1, L. 

Yamashita1, L.Z. Alves1, T. Inoue1, C.R. Dias-

Arieira1. 1State University of Maringá, Graduate 

Program in Agronomy, 87020-900, Maringá, Paraná, 

Brazil. eduarda-thais@hotmail.com 

Bradyrhizobium spp. are among the major symbiotic 

bacteria responsible for biological nitrogen fixation 

(BNF). This reaction supplies over 90% of the 

nitrogen absorbed by soybean crops in Brazil. In the 

2019/2020 growing season, BNF resulted in savings 

of US$15.2 billion in nitrogen fertilization. However, 

certain nematodes can impair the efficiency of this 

symbiosis. Therefore, this study aimed to evaluate the 

effects of the interaction between Meloidogyne 

javanica and Bradyrhizobium japonicum + B. elkanii 

in soybean, focusing on physiological and 

biochemical variables. Three greenhouse experiments 

were conducted. Each experiment comprised three 

treatments: M. javanica (control), B. japonicum + B. 

elkanii, and co-inoculation (M. javanica + B. 

japonicum + B. elkanii). The evaluated parameters 

included nematode reproduction, activity of the 

defense-related enzymes peroxidase (POX) and β-

1,3-glucanase (GLU), and ureide concentration 

[nitrogen uptake ratio (NUR) and percentage of 

nitrogen derived from biological fixation (Ndfa)]. No 

differences were observed in total nematode number. 

However, the number of nematodes per gram of root 

was 17.65% higher in co-inoculated plants than in the 

control. At 7 and 15 days after inoculation (DAI), 

POX activity was detected only in the control (30.59 

and 45.67, respectively). At 10 DAI, POX activity 

was observed in plants inoculated with 

Bradyrhizobium (18.66) and in co-inoculated plants 

(22.34), although at lower levels than in the control 

(32.47). No significant differences among treatments 

were found for GLU activity at 7 or 10 DAI, and, at 

15 DAI, only the control exhibited detectable activity 

(0.74). The nematode negatively affected both NUR 

and Ndfa. Plants inoculated only with 

Bradyrhizobium showed the highest means for NUR 

(66.8) and Ndfa (75.2%), reflecting high BNF 

efficiency. By contrast, nematode inoculated plants 

exhibited the lowest values (NUR = 45.9, Ndfa = 

51.2%). Co-inoculated plants (Bradyrhizobium + M. 

javanica) had intermediate values (NUR = 57.1, Ndfa 

= 64.5%), corresponding to a reduction of 14.6% in 

NUR and 14.2% in Ndfa compared to 

Bradyrhizobium only treatments. These results 

indicate that M. javanica affects BNF efficiency, even 

in the presence of Bradyrhizobium spp., negatively 

influencing nitrogen uptake and assimilation. The 

findings also reveal the physiological cost of 

symbiosis under biotic stress. It is important to note 

that, although rhizobial inoculation provides 

important physiological benefits to soybean, the 

establishment of symbiosis requires temporary 

suppression of the plant defense system, which 

explains the observed reduction in POX and GLU 

activities. This suppression may increase the 

vulnerability of plants to nematode infection. 

Therefore, this study highlights the importance of 

nematode management in preserving beneficial 

symbiotic interactions, maintaining BNF efficiency, 

and ensuring balance between nutrition, defense, and 

yield.  

CHARACTERIZATION OF THE SOIL-PLANT-

NEMATODE INTERACTION IN THE 

TOMATO Meloidogyne MODEL. 

[Caracterización de la interacción suelo-planta-

nematodo en el modelo Tomate-Meloidogyne]. L. 

Pizarro1,2, M. González-Arriagada1,2, B. Bastidas1,3, 

P. Morales-Montero1,3, U. Aceituno1,2, P. 

Fuenzalida4, H. Aponte1,4, M. Latorre1,5,6,8, E. San 

Blas1,3. 1Centro UOH de Biología de Sistemas para la 

Sanidad Vegetal (BioSaV), Universidad de 

O’Higgins, San Fernando, Chile. 2Laboratorio de 

Inmunidad Vegetal, Instituto de Ciencias 

Agroalimentarias, Animales y Ambientales (ICA3), 

Campus Colchagua, Universidad de O’ Higgins, San 

Fernando, Chile. 3Laboratorio de Nematología, 

Instituto de Ciencias Agroalimentarias, Animales y 

Ambientales (ICA3), Campus Colchagua, 

Universidad de O’ Higgins, San Fernando, Chile. 
4Laboratorio de Ecología Microbiana y 

Biogeoquímica de Suelos. Instituto de Ciencias 

Agroalimentarias, Animales y Ambientales (ICA3), 

Campus Colchagua, Universidad de O’ Higgins, San 

Fernando, Chile. 6Centro de Biología de Sistemas 

para el estudio de comunidades extremófilas de 

relaves mineros (SYSTEMIX), Universidad de O’ 

Higgins, Rancagua, Chile. 7Centro de Biologia de 

Sistemas para el estudio de comunidades extremófilas 

de relaves mineros (SYSTEMIX), Universidad de O’ 

Higgins, Rancagua, Chile. 8Laboratorio de 

Bioinformática y Expresión Génica, INTA, 

Universidad de Chile, Santiago, Chile. 

lorena.pizarro@uoh.cl 

 

The interaction between the phytoparasitic nematode 

Meloidogyne spp. and tomato plants represents an 

ideal model for studying how soil properties influence 

disease expression. This study aimed to determine 
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whether the microbiological and biochemical 

characteristics of the soil modulate disease severity in 

tomato plants under controlled Meloidogyne 

infestation. We employed high-throughput 

sequencing (meta-barcoding) of soil microbiomes, 

biochemical assays of soil enzymatic activity, gene 

expression analysis of tomato defense markers, and 

quantification of nematode load and disease 

symptoms. Our results revealed distinct differences in 

the microbial communities associated with plants 

exhibiting varying levels of disease severity. 

Although overall bacterial community composition 

remained relatively stable across plant health 

categories, diversity declined progressively in more 

affected plants, with a few dominant ASVs becoming 

increasingly prevalent. Of the 27,647 ASVs shared 

across all groups, plants with low disease severity 

exhibited 41 unique ASVs. Across all conditions, the 

microbiome was primarily composed of four major 

bacterial phyla: Actinobacteria, Chloroflexi, 

Firmicutes, and Proteobacteria. Soils associated with 

less affected plants showed higher expression of 

defense related genes, including PR genes, and 

greater sulfatase activity. Furthermore, bacteria 

isolated from the rhizosphere of these plants were 

able to trigger plant immune responses and induce 

systemic resistance when inoculated into tomato 

plants. These findings underscore the importance of a 

holistic soil–plant–nematode perspective for 

understanding disease dynamics. Characterizing the 

complex biological and biochemical interactions 

within this system provides valuable insights for 

developing integrated management strategies against 

root-knot nematodes, emphasizing the critical role of 

the soil microbiome in promoting plant health. 

 

EXPLORING NATIVE POTATO DIVERSITY 

FOR NEMATODE RESISTANCE AND 

TOLERANCE IN THE COLOMBIAN 

HIGHLANDS [Exploración de la diversidad de 

papas nativas para la resistencia y tolerancia a 

nematodos en los Andes colombianos]. D. Peña¹,², 

L. F. González¹,², D. Riascos², J. E. Pacheco³. 
1Laboratorio de Cultivo de Tejidos Vegetales 

BIOPLASMA. 2Universidad Pedagógica y 

Tecnológica de Colombia, Tunja, Colombia. 
3Laboratory of Nematology, Wageningen University 

& Research, Wageningen, The Netherlands. 

daniela.pena01@uptc.edu.co 

 

Native potato genotypes from the Andigena and 

Phureja groups possess a high degree of genetic 

diversity and have evolved natural mechanisms of 

resistance and tolerance to plant-parasitic nematodes, 

particularly Globodera spp., a major constraint in 

potato producing regions as Boyacá. Resistance refers 

to a plant’s ability to suppress nematode 

reproduction, while tolerance is the capacity to 

sustain yield despite infection. These traits are critical 

for breeding resilient cultivars and promoting 

sustainable production systems. This study aims to 

identify genotypes exhibiting resistance and/or 

tolerance to Globodera spp. through in vitro and 

greenhouse evaluations. Three native genotypes, 

Mora, Quincha, and Alcarrosa (Andigena group), 

were selected for their genetic diversity, while Criolla 

Colombia (Phureja group) was included due to its 

commercial relevance and widespread cultivation in 

Colombia. The nematode population used for 

inoculation was isolated from infested soils in 

Boyacá, Colombia, previously cultivated with potato 

and carrot. 15 explants of four native potato varieties 

were grown in sterile Petri dishes containing 15 ml of 

Murashige & Skoog (1962) medium. Roots were 

inoculated with 15 J2 per Petri dish and incubated at 

24°C in darkness for two months. Simultaneously, 

this same methodology was replicated with plants 

under greenhouse conditions. Preliminary results 

reveal that Mora and Quincha exhibit reduced galling 

and nematode reproduction rates, indicating potential 

tolerance. Alcarrosa and Criolla Colombia displayed 

intermediate susceptibility. These results support the 

use of native germplasm as a phytogenetic reservoir 

for integrated nematode management. Beyond 

varietal selection, incorporating resistant or tolerant 

potatoes into sustainable agricultural practices, such 

as crop rotation and organic systems, can minimize 

pest build-up, improve soil structure, and reduce 

chemical dependency. This integrative approach 

enhances yield stability, preserves biodiversity, and 

strengthens ecosystem resilience in highland 

agroecosystems. Ongoing analyses involve molecular 

assays to characterize resistance mechanisms at the 

cellular and genetic levels. This research contributes 

to understanding nematode-host dynamics and offers 

practical pathways for the development of improved 

potato cultivars suitable for nematode-prone, low-

input environments. 

 

MORPHOLOGICAL DETECTION AND 

PRELIMINARY DISTRIBUTION OF Globodera 

spp. ASSOCIATED WITH POTATO IN 

PUPIALES, NARIÑO, COLOMBIA [Detección 

morfológica y distribución preliminar de 

Globodera spp. asociada a cultivos de papa en 

Pupiales, Nariño, Colombia]. E.D. Gómez-López¹, 

C.A. Urbano-Muñoz², J.A. Ceballos-Muñoz². 
1Facultad de Ciencias Agropecuarias, Departamento 

de Ciencias Biológicas, Universidad Nacional de 

Colombia, Sede Palmira. 2Facultad de Ciencias 

Agropecuarias, Grupo de Investigación “Protección 

Vegetal para el Mejoramiento de la Productividad”. 
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Universidad Nacional de Colombia, Sede Palmira. 

curbanom@unal.edu.co 

 

Cyst nematodes of the genus Globodera, particularly 

G. pallida and G. rostochiensis, are among the most 

damaging pathogens of potato Solanum tuberosum 

L., worldwide and are subject to strict phytosanitary 

regulation due to their quarantine status and economic 

importance. In Colombia, their spread has been 

associated with informal seed systems, suboptimal 

management practices, and environmental changes. 

This study aimed to detect, identify, and assess the 

distribution of Globodera spp. in potato-growing 

areas of Pupiales, Nariño, a key production zone in 

the Andean region. Soil samples were collected from 

seven located in the villages of Inchuchala, Calputan, 

Miraflores, and Tres Esquinas. A zigzag sampling 

pattern was used to obtain rhizospheric soil (0–20 cm 

depth) from potato plants at the physiological 

maturity stage. Composite samples per farm were 

processed using modified Cobb extraction 

techniques, including flotation and centrifugation in 

sucrose solution, to isolate cysts and second-stage 

juveniles (J2). Species identification was based on 

morphological diagnostic characters. Globodera 

pallida was detected in all seven farms, confirming its 

widespread occurrence in the Pupiales region. 

Infestation levels ranged from 1 to 4 individuals per 3 

cc of soil. No statistically significant differences in 

nematode densities were observed between the 

cultivars Diacol Capiro and Criolla Colombiana 

(ANOVA, p = 0.35), suggesting similar levels of host 

susceptibility. The widespread presence of G. pallida 

was linked to limited crop rotation and repeated use 

of potentially infested seed tubers. Other plant-

parasitic nematodes were also identified, including 

Criconemoides, Helicotylenchus, Tylenchus, 

Pratylenchus, and Hemicyclophora, although their 

distribution was more heterogeneous and incidental 

to the main objectives of the study. While 

morphological analyses support the identification of 

G. pallida, preliminary observations suggest the 

potential presence of G. rostochiensis. A 

complementary molecular analysis is currently 

underway, employing ITS and mitochondrial markers 

to confirm species identity with greater accuracy. 

These findings highlight the urgent need for 

integrated nematode management strategies in the 

region, including crop rotation, the use of resistant 

varieties, and biofumigation with Brassicaceae 

species. The study also emphasizes the importance of 

molecular diagnostics for early detection and 

epidemiological surveillance. Coordinated efforts 

between research institutions, regulatory bodies, and 

farmers are essential to contain the spread of 

Globodera spp. and protect the long-term viability of 

potato cultivation in southern Colombia. 

ROOT-KNOT NEMATODE INFESTATION 

SHAPES THE SOIL MICROBIOME IN 

TOMATO FIELDS [La infestación por 

nematodos agalladores modela el microbioma del 

suelo en cultivos de tomate]. M.P. González-

Arriagada1,2, Y. Sulbaran-Bracho2, B. Bastidas2,4, P. 

Morales-Montero2,4, E. San Blas2,4, M. Latorre2,3,5, L. 

Pizarro1,2,5. 1Laboratorio de Inmunidad Vegetal, 

Instituto de Ciencias Agroalimentarias, Animales y 

Ambientales (ICA3), Universidad de O’ Higgins, San 

Fernando, Chile. 2Centro UOH de Biología de 

Sistemas para la Sanidad Vegetal (BioSaV), 

Universidad de O’Higgins, San Fernando, Chile. 
3Laboratorio de Bioingeniería, Instituto de Ciencias 

de la Ingeniería; universidad de O’Higgins, 

Rancagua, Chile. 4Laboratorio de Nematología, 

Instituto de Ciencias Agroalimentarias, Animales y 

Ambientales (ICA3), Universidad de O’ Higgins, San 

Fernando, Chile. 5Centro de Biologia de Sistemas 

para el estudio de comunidades extremófilas de 

relaves mineros (SYSTEMIX), Universidad de O’ 

Higgins, Rancagua, Chile. 

mariela.gonzalez@postdoc.uoh.cl 

 

Microorganisms associated with plant roots play a 

crucial role in disease development and may 

influence its occurrence. Understanding microbiome 

composition could be key to maintaining plant health. 

This study aimed to identify differences in soil 

microbiome composition associated with the 

phytosanitary status of tomato plants. Soil samples 

collected near the roots in a tomato field were 

classified into three conditions: healthy (without root-

knot), asymptomatic (with root-knot but no visible 

symptoms), and symptomatic (with visible symptoms 

and root-knot). Twenty samples were collected per 

condition. Environmental DNA was extracted using 

the Quick-DNA Fecal/Soil Microbe Miniprep Kit and 

sequenced on the Illumina MiSeq platform, targeting 

the V4 hypervariable region of the 16S SSU rRNA 

gene (bacteria) and the 18S SSU rRNA gene 

(nematodes) in paired-end mode. To evaluate 

differences in community composition among 

phytosanitary conditions, a permutational analysis of 

variance (PERMANOVA) was performed. Relative 

abundances of microbial taxa were calculated, and 

differences between healthy and symptomatic 

samples were assessed using negative binomial 

regression. Random forest analysis identified 

bacterial communities that discriminated among 

conditions, while Principal Component Analysis 

(PCA) reduced data dimensionality and revealed 

patterns in bacterial composition across phytosanitary 
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statuses. The bacterial microbiome comprised 28,506 

amplicon sequence variants (ASVs), while the 

nematode community comprised 104 ASVs. Beta 

diversity analysis revealed significant differences in 

microbial composition between groups, highlighting 

the effect of plant statuses on nematode and bacterial 

communities. The relative abundance of the 

nematode genus Meloidogyne was significantly 

higher in symptomatic plants, whereas Xiphinema 

was more frequent in healthy samples. The 20 most 

important bacterial ASVs contributing to 

classification predominantly belonged to 

Actinobacteria, Proteobacteria, and Firmicutes. PCA 

based on these ASVs showed that asymptomatic and 

symptomatic samples clustered together, while 

healthy samples were distinctly separated. Gaiella 

occulta emerged as a key taxon for predicting 

phytosanitary statuses in the random forest model. 

These findings suggest that soil microbiome 

composition reflects the health status of tomato roots 

and may serve as a potential indicator of plant health. 

 

SILENCING OF THE CHITIN SYNTHASE 

GENE IN GLOBODERA ROSTOCHIENSIS: A 

PROMISING STRATEGY TO REDUCE 

INFECTION IN POTATO PLANT. 

[Silenciamiento del gen quitina sintasa en 

Globodera rostochiensis: una estrategia 

prometedora para reducir la infección en plantas 

de papa]. L. Romero1, P. Huan1, H. Wenkun1, P. 

Deliang1. 1State Key Laboratory for Biology of Plant 

Diseases and Insect Pests. Institute of Plant 

Protection, Chinese Academy of Agricultural 

Sciences, Beijing, P.R. 100193, China 

ldromerom@unal.edu.co 

 

The potato cyst nematode Globodera rostochiensis is 

a major pathogen of potato crops worldwide, causing 

significant yield losses and posing a challenge to 

sustainable agriculture. Chitin, a key component of 

nematode eggshells and the pharyngeal lining, is 

synthesized by the enzyme chitin synthase (CHS), 

making it a promising target for gene silencing 

approaches. In this study, we explored the effect of 

silencing the chs gene in G. rostochiensis using 

double-stranded RNAs (dsRNAs) to evaluate the 

impact on nematode development and infection in 

potato (Solanum tuberosum) plants. Specific dsRNAs 

were designed based on conserved regions of the chs 

coding sequence. Eggs of G. rostochiensis were 

soaked in siRNA solutions, and gene silencing 

efficiency was evaluated through quantitative real-

time PCR (qRT-PCR) to measure chs transcript 

levels. Treated eggs were subsequently inoculated 

onto potato roots under controlled conditions, and 

nematode infection was assessed after inoculation. 

Preliminary results demonstrated a significant 

reduction in chs expression in siRNA-treated 

nematodes compared to controls. Phenotypic 

observations showed a marked decrease in the 

number of developed J2 and impaired nematode 

establishment in the roots of treated plants. This study 

provides evidence that chs silencing through dsRNA 

disrupts critical biological processes in G. 

rostochiensis, limiting its ability to infect and develop 

within host plants. The findings highlight the 

potential of targeting chitin biosynthesis as a novel 

and environmentally friendly strategy for nematode 

control. Further investigations are underway to 

compare different dsRNA constructs and optimize 

delivery methods for improved field applicability. 

HOST MATTER: ENTOMOPATHOGENIC 

NEMATODES IMPACT THE VOLATILE 

EMISSION PROFILE OF THEIR INSECT 

HOSTS WITH A CASCADE EFFECT ON THE 

BEHAVIOR OF UNINFECTED ORGANISMS. 

[El huésped importa: los nematodos 

entomopatógenos influyen en el perfil de emisión 

de volátiles de sus insectos huéspedes, con un 

efecto en cascada sobre el comportamiento de los 

organismos no infectados]. A. Chacon-hurtado1, F. 

Ruhland1, l. De Wever1, C. Martin1, R. 

Camposherrera2, F. Verheggen1. 1Chemical and 

Behavioral Ecology, Gembloux Agro-BioTech, 

University of Liege, Avenue de la Faculté 

d'Agronomie 2B, 5030, Gembloux, Belgium. 
2Departamento de Viticultura, Instituto de Ciencias 

de la Vid y del Vino (CSIC, Universidad de La Rioja, 

Gobierno de La Rioja), Finca La Grajera, Ctra. de 

Burgos Km. 6 (LO-20 - salida 13), 26007 Logroño, 

Spain. achacon@uliege.be 

 

Entomopathogenic nematodes (EPNs), from the 

families Heterorhabditidae and Steinernematidae, 

are efficient at controlling several crop pests. Their 

free-living juveniles infect and kill the insect host in 

cooperation with symbiotic enteric bacteria, 

Photorhabdus spp. and Xenorhabdus spp. 

respectively. These bacteria produce a series of toxins 

and antibiotics, facilitating two key processes: first, 

they kill the insect and create a favorable environment 

for the nematodes' growth and reproduction, and 

second, they prevent predation of other insects and 

colonization by saprophytic microorganisms. 

Whether the infection process is well-caracterized, 

the volatile organic compounds (VOCs) released by 

insect hosts during EPN infection remain poorly 

documented. Moreover, changes in VOC profiles 

may influence interactions between infected cadavers 
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and other organisms. To investigate these hypotheses, 

first, we used Galleria mellonella (Lepidoptera), 

Hermetia illucens (Diptera) and Tenebrio molitor 

(Coleoptera), as model insect host and, two EPN 

species: Heterorhabditis bacteriophora and 

Steinernema carpocapsae. VOCs were collected 

using the HiSorb method from insect cadavers killed 

by EPNs and from control cadavers killed using 

liquid nitrogen. Samples were taken at four post-

mortem intervals (PMI1, PMI3, PMI7, PMI11) to 

cover different stages of the EPN lifecycle. 

Second,behavioral tests in two-branch olfactometers 

were conducted with uninfected larvae G. mellonella, 

H. illucens, T. molitor, and Agriotes spp., to assess 

responses to cadaver-emitted odors. VOC profiles 

from EPN-infected cadavers differed significantly 

from those of control cadavers. In total, 150 

compounds were identified across 12 chemical 

classes, with ketones, alkanes, and alcohols being the 

most abundant. Sulfur-containing compounds, 

typically associated with decomposition, were 

detected in all profiles. VOC diversity was higher in 

infected cadavers, particularly at PMI1 and PMI3, 

compared to liquid nitrogen-killed cadavers. The 

complexity of VOC emissions peaked around PMI7 

and declined by PMI11. Notably, G. mellonella, H. 

illucens and T. molitor exhibited distinct VOC 

profiles when infected, while their control 

profileswere similar. Behavioral tests revealed that 

VOCs from infected cadavers had a repellent effect 

on T. molitor and G. mellonella, but attracted H. 

illucens and Agriotes spp. larvae. These findings 

provide new insights into hostparasite chemical 

interactions and suggest that specific VOCs could be 

leveraged in biological control strategies.  

 

HOW DOES TEMPERATURE INFLUENCE 

THE INFECTIVITY AND REPRODUCTIVE 

CAPACITY OF INDIGENOUS 

ENTOMOPATHOGENIC NEMATODES 

AGAINST Spodoptera frugiperda? [¿Cómo influye 

la temperatura en la infectividad y la capacidad 

reproductiva de nematodos entomopatógenos 

autóctonos contra Spodoptera frugiperda?].C. T. 

Okolo1,4, A. Claudius-Cole2, FW. Grundler3, C. 

Borgemeister1. 1University of Bonn, Center for 

Development Research (ZEF), Ecology and Natural 

Resources Management, Germany. 2University of 

Ibadan, Crop Protection and Environmental Biology, 

Nigeria. 3University of Bonn, Inst. Crop Sci. and Res. 

Conserv. (INRES) - Molecular Phytomedicine, 

Germany. 4Ahamdu Bello University, Department of 

Crop Protection, Nigeria. cokolo@uni-bonn.de 

 

The ecological fitness of entomopathogenic 

nematodes (EPNs) under varying temperature 

regimes is critical for their effective deployment as 

biological control agents. In this study, we evaluated 

the temperature-dependent infectivity and 

reproductive capacity of six indigenous Nigerian 

EPN isolates—Heterorhabditis bacteriophora (Ib-

CRIN68), Steinernema carpocapsae (Ib-IART45, Ib-

ITUC102), S. feltiae (Za-SAM), S. nepalense (Ib-

HORT), and Oscheius myriophilus (Ib-FRIN32)—

using second-instar larvae of the fall armyworm 

(FAW) Spodoptera frugiperda as target hosts. 

Infectivity was assessed at six temperatures (10, 15, 

20, 25, 30, and 35 °C) using four key parameters: 

larval mortality, time until death, number of infective 

juveniles (IJs) established per cadaver, and the 

proportion of infected larvae that produced progeny. 

Results indicated a significant interaction between 

EPN isolate and temperature (p < 0.001), with highest 

mortality observed at 25 °C and 30 °C. At 25 °C, 

mortality rates peaked for Ib-IART45 and 

IbITUC102 at 92.7% and 90.3%, respectively, while 

Ib-FRIN32 showed the lowest infectivity across all 

temperatures (<45%). Larval time-to-death was 

shortest for the S. carpocapsae isolates, with mean 

death occurring at 36.2 ± 2.1 hours at 25 °C. IJs 

establishment was also highest Ib-CRIN68 and Ib-

IART45, with 137.5 ± 6.3 and 130.4 ± 5.9 IJs per 

cadaver, respectively, at 25 °C. Correspondingly, the 

percentage of FAW cadavers yielding IJs was highest 

for these isolates at optimal temperatures (≥85%), and 

no emergence was recorded at 10 °C and 35 °C. In the 

reproductive assay, we examined the capacity of the 

EPN isolates to produce progeny at 15, 20, 25, and 30 

°C. Steinernema carpocapsae isolates again 

demonstrated superior performance, with 95.8% of 

FAW cadavers yielding progeny at 25 °C and 

producing over 164,000 IJs per cadaver. The earliest 

IJ emergence was recorded at 6.1 days post-infection 

for Ib-IART45, while emergence duration ranged 

between 6 and 11 days across isolates. Ib-FRIN32 

produced the fewest progeny, with <40,000 

IJs/cadaver and prolonged emergence duration. 

Temperature strongly influenced all reproductive 

traits, with optimal performance concentrated at 25 

°C and reduced values observed at 15 and 30 °C. 

These findings underscore the variability in thermal 

sensitivity among indigenous EPN isolates from 

Nigeria and emphasize the importance of temperature 

as a determinant of both infectivity and reproductive 

output. The performance of S. carpocapsae and H. 

bacteriophora isolates at moderate temperatures 

position them as strong candidates for further 

development in FAW biocontrol programs in tropical 

and subtropical zones. 

 

CATCH AND RELEASE: USE OF QUANTUM 

CARBON DOTS TO LABEL 
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ENTOMOPATHOGENIC NEMATODES, 

CURRENT ADVANCES [Captura y liberación: 

uso de puntos de carbono cuántico para etiquetar 

nematodos entomopatógenos, avances]. E. San-

Blas1,2, Gabriela Lankin3, Carlos Castaneda-Alvarez3, 

Macarena Olivares3, Sebastián Faundez3, Miguel 

Ángel Celis1, Nicolas Donoso1, Patricia Morales -

Montero1,2, Brynelly Bastidas2. 1Universidad de 

O’Higgins, Instituto de Ciencias Agroalimentarias, 

Animales y Ambientales (ICA3), San Fernando, 

Chile. 2Universidad de O’Higgins, Centro de 

Biología de Sistemas para la Sanidad Vegetal 

(BIOSAVUOH), San Fernando, Chile. 
3Departamento de Sanidad Vegetal, Universidad de 

Chile, Santiago, Chile. esanblas@uoh.cl 

 

Carbon quantum dots (C-dots) are fluorescent 

nanomaterials capable of emitting light in distinct 

colors depending on their synthesis and composition, 

typically upon excitation with ultraviolet (UV) light. 

In this study, two types of C-dots were employed: 

green-emitting dots synthesized from urea and citric 

acid, and cyan-emitting dots synthesized from 

ethylenediamine and citric acid. Infective juveniles 

(IJs) of entomopathogenic nematodes (EPNs) labeled 

with these C-dots showed no significant differences 

in mortality, nor sublethal effects on pathogenicity, 

host penetration, or killing ability. Labeled IJs 

gradually acquired fluorescence, peaking between 

six- and seven-days post-exposure, with signal 

intensity remaining stable for at least four months. 

Behavioral tracking in 15 cm horizontal 

olfactometers containing Galleria mellonella larvae 

revealed clear differences in movement between two 

Steinernema feltiae populations, each labeled with a 

different C-dot color. The green-labeled population 

migrated significantly farther than the cyan-labeled 

group, a trend consistent with independent, unmarked 

controls— demonstrating that this technique can 

detect behavioral variation even among 

morphologically indistinguishable populations. 

Experiments in cherry potted plants further revealed 

that these two S. feltiae populations, despite being 

conspecific, consistently occupied different soil 

depths, highlighting ecologically meaningful 

behavioral divergence that would have gone 

unnoticed with conventional methods. C-dot labeling 

also enabled real-time population tracking in 

microcosm experiments targeting Drosophila suzukii. 

By introducing labeled IJs and later monitoring 

emerging, unlabeled progeny, we were able to 

distinguish between original infective juveniles and 

newly produced individuals, offering a powerful tool 

to study nematode reproduction, dispersal, and 

persistence. These works establish C-dots as a low-

cost, non-invasive, and highly versatile technique for 

labeling and tracking EPNs in both laboratory and 

field settings. This approach opens the door to future 

research exploring intra- and interspecific 

interactions, behavior, competition between strains, 

and multi-species deployment strategies for 

biocontrol. By enabling precise, multicolor tracking 

of nematodes across time and space, C-dots promise 

to transform our understanding of EPN ecology, 

optimize their use in integrated pest management, and 

support the design of more robust, adaptive 

biocontrol strategies. This work was funded by the 

Agencia Nacional de Investigación y Desarrollo 

(ANID-Chile) by the project FONDECYT-Regular 

1221016 

 

APPLICATION OF THE 

ENTOMOPATHOGENIC NEMATODE, 

Steinernema rarum AND ITS SYMBIOTIC 

BACTERIA FOR PEST AND DISEASE 

CONTROL IN LETTUCE CROPS [Aplicación 

del nematodo entomopatogeno, Steinernema 

rarum y su bacteria simbionte para control de 

plagas y enfermedades en cultivo de lechuga]. J.G. 

Chacon-Orozco1; F.B. Baldo1; V.H.S. Carvalho1; 

L.G. Leite1. 1Instituto Biológico, APTA, CP  70, 

Campinas,  SP  13001-680,  Brazil. 

jchaconorozco@gmail.com 

 

Lettuce (Lactuca sativa) is an herbaceous plant 

belonging to the family Asteraceae, cultivated for its 

edible leaves. It is a common vegetable in the human 

diet, consumed mainly raw in salads. In 2022, a total 

of 27,149.545 million kilograms of lettuce were 

produced worldwide. This crop is affected by 

numerous pests, including various species of thrips, 

aphids, coleopterans, and lepidopterans, as well as 

diseases caused by viruses, fungi, and bacteria that 

produce direct and indirect damage, affecting crop 

yield and, consequently, production profitability. 

Currently, management involves a combination of 

cultural practices and mainly chemical control; 

however, due to environmental and public health 

concerns, it is necessary to implement more 

sustainable practices. The objective of this study was 

to evaluate the action of the entomopathogenic 

nematode Steinernema rarum and its symbiotic 

bacterium (Xenorhabdus szentirmaii) in lettuce 

cultivation. Before treatment application, soil 

samples were collected to determine the native 

nematodes present in the area. The entomopathogenic 

nematodes S. rarum, together with their symbiotic 

bacterium, were multiplied in phenolic sponge 

(biphasic production) and manually ground with 

water for field application. A total of 3 × 10⁷ juveniles 

were applied by spraying over a total area of 10 rows 



Abstracts of the 2025 ONTA Annual Meeting 97 
 

× 10 m (100 m²), with approximately 120 newly 

transplanted lettuce seedlings per row. The control 

area was irrigated with water only. The evaluation 

was carried out one month after inoculation, 

considering the number of healthy and diseased 

plants, plant size, volume (weight), and the presence 

of pests. As a result of the nematodes present in the 

soil, Oscheius myriophilus, known for its pathogenic 

activity against some insects and slugs, was isolated 

and identified molecularly. The area treated with 

entomopathogenic nematodes (EPNs) did not show a 

statistically significant reduction in thrips incidence, 

and after 30 days it was still possible to re-isolate 

viable EPNs from the soil. On the other hand, the 

symbiotic bacteria of the EPNs contributed to an 

increase in plant size and volume (g) by 29% and 

reduced the incidence of white mold by 51%, caused 

by the phytopathogenic fungus Sclerotinia 

sclerotiorum. Entomopathogenic nematodes and their 

symbiotic bacteria are proposed as a promising 

alternative for the biological control of pests and 

diseases, as well as for promoting plant growth. 

  

ADVANCES AND FUTURE PERSPECTIVES 

ON THE USE OF Photorhabdus AND 

Xenorhabdus FOR THE MANAGEMENT OF 

KEY GRAPEVINE DISEASES AND VECTORS 

[Avances y perspectivas futuras en el uso de 

Photorhabdus y Xenorhabdus para el manejo de 

enfermedades y vectores clave de la vid]. I. 

Vicente-Díez1,2, R. Campos-Herrera3, C. Castaneda-

Alvarez2, A. Zamorano2, M. Perazzolli1,4. Center 

Agriculture Food Environment C3A), University of 

Trento, Via E. Mach 1, 38098 San Michele all'Adige, 

Trento, Italy. 2Departmento de Sanidad Vegetal, 

Facultad de Ciencias Agronómicas, Universidad de 

Chile, Santiago, Chile. 3Research Centre of Vine and 

Wine Related Science (CSIC-Univ. de La Rioja-

Gobierno de La Rioja), Logroño, Spain. 4Research 

and Innovation Centre, Fondazione Edmund Mach, 

Via E. Mach 1, 38098 San Michele all'Adige, Trento, 

Italy. ignacio.vicente@icvv.es 

Despite the intensive use of chemical pesticide use in 

viticulture, persistent pathogens continue to threaten 

grapevine health. These include Botrytis cinerea 

(Helotiales: Sclerotiniaceae), the causal agent of grey 

mold in grapes; Armillaria mellea (Agaricales: 

Physalacriaceae), a root pathogen responsible for vine 

decline; and Xiphinema index (Dorylaimida: 

Longidoridae), an ectoparasitic nematode that 

transmits Grapevine Fanleaf Virus (GFLV), one of 

the most devastating viral diseases affecting grape 

production worldwide. Managing these pathogens 

remains a major challenge, often relying on chemical 

solutions with limited efficacy and increasing 

resistance, which underscores the urgent need for 

innovative and sustainable biocontrol alternatives. 

Entomopathogenic nematode-associated bacteria of 

the genera Photorhabdus and Xenorhabdus represent 

a novel and promising resource for the development 

of microbial-based biocontrol strategies in viticulture, 

as they produce a wide range of bioactive compounds 

with nematicidal and antifungal properties. In this 

context, we evaluated their antifungal potential 

against key grapevine pathogens. Specifically, we 

assessed the effect of X. nematophila cultured in three 

nutrient media (TSB, NB, and LB) and under two 

fermentation durations (3 and 10 days) on the growth 

of B. cinerea, observing the highest inhibitory effects 

(63.5%–74.3%) in cultures grown in TSB and NB, 

especially after 10 days. Additionally, both cellfree 

supernatants and unfiltered ferments from X. 

nematophila and P. laumondii subsp. laumondii 

significantly inhibited the growth and colonization of 

A. mellea, with unfiltered preparations showing 

greater efficacy. Building upon these findings, the 

PhotorActVine project aims to investigate the 

potential of selected Photorhabdus strains to suppress 

X. index, the vector of GFLV. By integrating 

molecular, microbiological, and physiological 

approaches, we seek to optimize Photorhabdus 

strains for improved biocontrol efficacy and to 

evaluate their interactions with grapevine roots and 

viral infection dynamics, with particular emphasis on 

their ability to promote plant growth and activate 

defense responses. Our results suggest that 

Xenorhabdus and Photorhabdus, along with their 

secondary metabolites, can reduce pathogen damage 

and selectively target key pests while preserving 

beneficial microbiota. Together with the forthcoming 

results of the PhotorActVine project, these findings 

contribute to the development of nextgeneration 

microbial biocontrol tools aligned with the EU Green 

Deal and support a more sustainable approach to 

viticulture. Funded by the European Union. Views 

and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of 

the European Union or the European Research 

Executive Agency. Neither the European Union nor 

the granting authority can be held responsible for 

them. GA no. 101203791 - PhotorActVine. 

  

ENTOMOPATHOGENIC NEMATODES IN 

COLOMBIAN PALM AGROECOSYSTEMS 

AND THEIR POTENTIAL USE IN THE 

CONTROL OF OIL PALM PEST INSECTS. 

[Nematodos entomopatógenos en agroecosistemas 

palmeros de Colombia y su potencial uso en el 

control de insectos plaga de la palma de aceite]. M. 

Rosero-Guerrero 1, L. J. Contreras1, A. Morales 
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Rodríguez1. 1Corporación Centro de Investigación en 

Palma de Aceite – Cenipalma. Programa de Manejo 

Integrado de  Plagas  y Enfermedades. Bogotá, 

Colombia. mrosero@cenipalma.org 

 

Entomopathogenic nematodes (Steinernematidae and 

Heterorhabditidae) are used for the biological control 

of various insect pests, particularly those that inhabit 

the soil. In the oil palm-growing regions of Colombia, 

several economically important insect pests develop 

in cryptic habitats such as the soil or within palm 

tissues, including the spear leaves and fruits. These 

pests are considered promising targets for control 

using entomopathogenic nematodes (EPNs). For this 

reason, the Entomology Program at Cenipalma, 

through its research activities, is promoting an 

integrated management approach for oil palm 

cultivation, with emphasis on the search for and 

evaluation of biological control agents naturally 

occurring in the oil palm agroecosystem.To achieve 

this, soil samples were collected from the four oil 

palm-growing regions of Colombia, and the insect-

baiting technique using Galleria mellonella larvae 

was employed to isolate entomopathogenic 

nematodes. Additionally, efficacy evaluations were 

conducted against important insect pests, including 

Haplaxius crudus, Sagalassa valida, Leucothyreus 

femoratus, Strategus aloeus, Demotispa neivai, and 

Rhynchophorus palmarum. A total of 68 EPN isolates 

were obtained, including 53 isolates belonging to the 

family Heterorhabditidae and 15 isolates belonging to 

the family Steinernematidae. The isolated EPNs were 

deposited in the Collection of Entomopathogenic 

Microorganisms Associated with Oil Palm 

(MEAPACENIPALMA). Two EPN isolates were 

selected for the biological control of C. vagelineata 

and H. crudus. 

 

MOLECULAR ANALYSIS OF 

ENTOMOPATHOGENIC NEMATODES 

ISOLATED FROM OIL PALM 

AGROECOSYSTEMS IN COLOMBIA. [Análisis 

molecular de nematodos entomopatógenos 

aislados de agroecosistemas palmeros en 

Colombia]. S. Ahumada Luna 1-2, M. Rosero 2, D. 

López1, A. Morales2. 1Universidad Nacional de 

Colombia, Sede Palmira. Facultad de Ciencias 

Agropecuarias,Grupo de Investigación en Diversidad 

Biológica. Palmira, Colombia. 2Corporación Centro 

de Investigación en Palma de Aceite – Cenipalma. 

Programa de Manejo Integrado de Plagas 

Enfermedades. Bogotá, Colombia. 

sahumada@unal.edu.co 

 

Entomopathogenic nematodes (EPNs) belonging to 

the families Steinernematidae and Heterorhabditidae 

stand out as effective biological control agents for the 

management of agricultural insect pests, representing 

a sustainable alternative to the use of synthetic 

chemical insecticides. Precise identification of these 

organisms, as well as their symbiotic bacteria, is 

crucial for their effective use in biological control 

strategies. In this context, molecular characterization 

provides various tools to resolve different taxonomic 

problems, differentiate local variants, and strengthen 

the processes of selecting strains with biocontrol 

potential. This research presents the advances of a 

study focused on the molecular characterization of 

EPNs isolated from soils belonging to oil palm 

agroecosystems in Colombia.The molecular analysis 

was conducted using strains previously isolated 

through the insect-bait method with Galleria 

mellonella larvae. DNA was extracted from post-

infection infective juveniles. For molecular 

identification, specific gene regions were used: 12S 

and LSU (mitochondrial and nuclear ribosomal 

genes, respectively) for the phylogenetic analysis of 

the nematode, and 16S for the identification of 

associated symbiotic bacteria from the genera 

Photorhabdus and Xenorhabdus. PCR amplifications 

were performed using specific primers for each target 

region, and the obtained products were sequenced 

using third-generation technology (Oxford 

Nanopore). For bioinformatic analysis, several 

specialized tools were used, where raw reads were 

processed using Dorado (version 0.8) for initial data 

conversion and management. Subsequently, Kraken2 

was used for taxonomic assignment of the sequences, 

and Amplicon Sorter was employed for processing 

the raw reads. Regarding phylogenetic analyses, 

multiple sequence alignments were performed using 

Clustal Omega (version 1.2.4), and phylogenetic 

relationships were inferred using IQ-TREE (version 

2.4.0), applying automatically selected substitution 

models and branch support values calculated through 

Bootstrap analysis. This approach allowed the 

identification of two species present, as well as the 

exploration of intraspecific diversity and their 

relationship with strains reported in other 

geographical contexts. 

  

EVALUATION OF ENTOMOPATHOGENIC 

NEMATODES IN OIL EMULSIONS FOR THE 

MANAGEMENT OF ADULT Scyphophorus 

acupunctatus UNDER LABORATORY 

CONDITIONS [Evaluación de nematodos 

entomopatógenos en emulsiones de aceite para el 

manejo del adulto Scyphophorus acupunctatus en 

condiciones de laboratorio]. A.B. Teodulfo1, R. 

Vega. Jaime1 C. M. Carlos- Inocencio1 y A.L. 

Tlacaelel2. 1Instituto Politécnico Nacional, CIIDIR-
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Oaxaca, Hornos 1003, Santa Cruz Xoxocotlán 71230, 

Oaxaca, México. 2Secretaria de Ciencias, 

Humanidades, Tecnológica e Innovación (SECIHTI), 

Instituto Politénico Nacional, CIIDIR Unidad 

Oaxaca, Santa Cruz Xoxocotl. 71230, Oaxaca, 

Mexico. taquino@ipn.mx 

 

The agave weevil (Scyphophorus acupunctatus 

Gyllenhal) is the main pest affecting agave 

cultivation, causing economically significant damage 

and losses. Its control methods are based on the use 

of contact and systemic agrochemicals. The 

implementation of microbial control strategies is 

proposed as an alternative to mitigate the 

environmental impact associated with agrochemical 

use. The objective of this study was to determine the 

survival of entomopathogenic nematodes in oil 

emulsions for the control of S. acupunctatus adults. 

Three nematode species were evaluated: Steinernema 

carpocapsae, S. glaseri, and Heterorhabditis 

bacteriophora, at two concentrations (50 ± 5 and 100 

± 10 infective juveniles [IJ]) and oil emulsions of chia 

(Salvia hispanica), wheat (Triticum vulgare), and 

olive (Olea europaea) at purities of 20% and 40%. In 

addition, the mortality of S. acupunctatus was 

determined. The results indicate that the combination 

of S. glaseri and H. bacteriophora, at concentrations 

of 50 ± 5 and 100 ± 10 nematodes, respectively, with 

T. vulgare and O. europaea oils, achieved a mortality 

rate of 85.76% in adult S. acupunctatus after 24 hours. 

After 120 hours, a 100% mortality rate was achieved 

with specific formulations, such as S. glaseri at 100 ± 

10 nematodes + O. europaea, and H. bacteriophora 

at 100 ± 10 IJ + O. europaea. It is concluded that oil-

based formulations combined with entomopathogenic 

nematodes show potential as an alternative strategy 

for the management of S. acupunctatus. 

 

SURVEY AND CHARACTERIZATION OF 

THE YELLOW POTATO CYST NEMATODE 

IN THE MAIN PRODUCING REGIONS OF 

COLOMBIA. [Estudio y caracterización del 

nematodo dorado de la papa en las principales 

regiones productoras de Colombia]. C.M. 

Holguin¹, L. Villalba¹, M. A. Mesa², S. Marchant3. 

1Corporación Colombiana de Investigación 

Agropecuaria - AGROSAVIA. Centro de 

Investigación La Suiza, Rionegro, Santander, 

Colombia. 2Corporación Colombiana de 

Investigación Agropecuaria - AGROSAVIA. Centro 

de Investigación La Selva, Rionegro, Antioquia, 

Colombia. 3Universidad Industrial de Santander. 

Escuela de Biología. Laboratorio de Fisiología, 

Genómica y Transcriptómica. Bucaramanga, 

Santander, Colombia. cholguin@agrosavia.co 

 

The golden nematode of potato, Globodera 

rostochiensis, is a quarantine pest threatening global 

potato (Solanum tuberosum) production. Following 

its initial detection in Colombia in 2023, its 

distribution and genetic diversity remained 

undocumented, hindering the development of 

effective management strategies. This study presents 

the first systematic assessment of G. rostochiensis in 

the main potato-growing regions of Colombia 

integrating field surveys with morphological and 

molecular analyses. We sampled 60 fields across the 

departments of Boyacá, Cundinamarca, Norte de 

Santander, and Santander. Globodera rostochiensis 

was detected in 36 fields, confirming its presence in 

all four departments. Prevalence was highest in Norte 

de Santander (14/22 fields; up to 179 cysts/100 g 

soil), with lower prevalence in Santander (3/23 fields; 

up to 78 cysts/100 g soil) and single detections in 

Cundinamarca and Boyacá. Concurrently, Globodera 

pallida was detected in 16 fields, primarily in Boyacá 

and Cundinamarca (13 of 15 fields combined) with 

densities reaching 798 cysts/100 g soil. To assess the 

genetic structure of G. rostochiensis, we analyzed the 

mitochondrial Cytochrome Oxidase I (COI) and 

Cytochrome B (CytB) genes. The COI marker 

showed very low genetic diversity (2 haplotypes; Hd 

= 0.054), suggesting a recent founder event. In 

contrast, CytB was highly variable (7 haplotypes; Hd 

= 0.771), with the greatest haplotype richness found 

in the northeastern departments. This discordance 

between markers indicates a complex invasion 

history, likely involving multiple introductions. 

Spatial clustering of CytB diversity points to the 

northeast as a probable entry point, emphasizing the 

need for targeted surveillance in this region. Our 

findings reveal that the infestation is widespread, 

significantly expanding the known range of this 

pathogen in Colombia. The broad distribution and 

complex genetic structure demand an urgent, 

integrated response that combines genomic 

monitoring, pathotype characterization, and localized 

quarantine efforts to prevent further spread. 

 

ARTIFICIAL INTELLIGENCE-ASSISTED 

TAXONOMY OF Meloidogyne spp. BASED ON 

PERINEAL AND LABIAL REGION 

PHOTOMICROGRAPHS THROUGH 

COMPUTER VISION. [Taxonomía asistida por 

inteligencia artificial de Meloidogyne spp. basada 

en fotomicrografías de las regiones perineal y 

labial mediante visión computacional]. H. C. De 

La Cruz¹, J. D. N. Santos¹, G. D. S. Rolim¹, J. 

Ferreira¹, P. L. M. Soares¹. 1 College of Agricultural 

and Veterinary Sciences (FCAV), Nematology 

Laboratory (LabNema). São Paulo State University 

mailto:taquino@ipn.mx
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(UNESP). Located in Jaboticabal, São Paulo, Brazil. 

hilario.camarena@unesp.br  

 

Nematodes represent one of the main limiting factors 

for agricultural productivity, with estimated losses of 

up to 21.3% per year. These pathogens affect several 

economically important crops, such as soybean, 

sugarcane, coffee, carrot, potato, tomato, cotton, 

among others, with the genus Meloidogyne 

considered the primary causal agent. Accurate species 

identification is essential for effective nematode 

management. However, this process is often time-

consuming and requires technical expertise, in-depth 

morphological knowledge, and practical experience. 

This complexity contributes to delays in obtaining 

nematological diagnoses in agricultural fields. In this 

context, this study aimed to develop and implement 

an artificial intelligence algorithm based on computer 

vision techniques for the automatic identification of 

10 Meloidogyne species using photomicrographs of 

the perineal region of females and labial region of 

males. Initially, temporary slides were prepared from 

these regions to identify the following species: 

Meloidogyne incognita, M. javanica, M. enterolobii, 

M. exigua, M. paranaensis, M. coffeicola, M. hapla, 

M. arenaria, M. graminicola, and M. ethiopica. All 

identified individuals were documented, totaling 

4,541 and 5,301 photomicrographs of the perineal and 

labial regions, respectively. Images were captured 

using a 100x objective on a transmitted light 

microscope equipped with a digital camera connected 

to a computer. Images were manually annotated using 

LabelMe, with bounding boxes used to generate 

JSON-format annotations. These were then converted 

to TXT format, compatible with the YOLO 

framework, resulting in a structured dataset for 

training and validating the models. Computational 

methods based on Convolutional Neural Networks 

(CNNs) and the YOLO (You Only Look Once) 

architecture were applied, using version 12n from 

Ultralytics. The computational infrastructure 

included a Dell G15 notebook with an NVIDIA 

GeForce RTX 3050 GPU and the Google Colab 

platform, using a Tesla T4 GPU. The training process 

spanned 50 epochs, aiming to optimize model 

accuracy. Model performance was evaluated using 

precision, recall, and the Matthews correlation 

coefficient. YOLOv12 achieved a mean Average 

Precision (mAP@0.5) of 0.909 for species 

identification from the perineal region, demonstrating 

high accuracy. Detection from the labial region 

yielded a mAP@0.5 of 0.614. Notably, for M. 

incognita, M. exigua, M. javanica, and M. arenaria, 

precision exceeded 0.94 using both regions. 

Integrating traditional taxonomic methods in 

nematology with computer vision and AI enables 

faster, more accurate, and accessible diagnoses, 

representing a significant advancement in nematode 

monitoring and management in global agriculture. 

DIVERSITY AND DISTRIBUTION OF RING 

NEMATODES (CRICONEMATIDAE) IN 

COSTA RICA [Diversidad y distribución de 

nematodos anillados (Criconematidae) en Costa 

Rica]. W. Peraza-Padilla¹, R. Artavia-Carmona¹, J. 

Aráuz-Badilla¹, M. Valdés-Murillo¹, I. Hilje-

Rodríguez2, G. Liébanas3, R. Salazar-García4, A. 

García-Velázquez4, I. Criado-Navarro4, J.E. 

Palomares-Rius4, C. Cantalapiedra-Navarrete4, A. 

Archidona-Yuste4, P. Castillo4. 1National University 

of Costa Rica, Laboratory of Nematology. 86-3000, 

Heredia, Costa Rica. 2National University of Costa 

Rica, Laboratory of Molecular Biology. 86-3000, 

Heredia, Costa Rica.  3Department of Animal, Plant 

Biology and Ecology, University of Jaen, Campus 

Las Lagunillas, Jaen, Spain. 4Institute for 

Sustainable Agriculture (ISA), CSIC (Spanish 

National Research Council). Menéndez Pidal 

Avenue, s/n, 14004 Córdoba, Spain. 

walter.peraza.padilla@una.cr 

 

En Costa Rica no existía hasta ahora un estudio 

detallado sobre la presencia, diversidad distribución 

de especies de nematodos de la familia 

Criconematidae. El objetivo de esta investigación fue 

describir la diversidad, frecuencia de ocurrencia y 

rango altitudinal de los nematodos anillados 

(Criconematidae) detectados en distintos cultivos 

agrícolas y zonas naturales de Costa Rica desde 2009 

hasta 2025. Se recolectaron 333 muestras a lo largo 

de 17 años en las siete provincias del país, abarcando 

55 cultivos agrupados en hortalizas, frutales, pastos, 

ornamentales, medicinales y sistemas naturales. Las 

muestras fueron procesadas mediante el método de 

centrifugación-flotación en solución azucarada y los 

nematodos fueron identificados mediante taxonomía 

integrativa basada en la combinación de datos 

morfológicos y moleculares. Se clasificaron por 

género, frecuencia de ocurrencia, altitud de muestreo 

y asociación cultivo-nematodo. Se han elaborado un 

total de 6006 láminas Cobb con 23,891 individuos de 

los cuales, hasta la fecha, se han identificado 9 

géneros: Mesocriconema, Criconema, Ogma, 

Crossonema, Xenocriconemella, Discocriconemella, 

Hemicriconemoides, Hemicycliophora y 

Lobocriconema. Además, se han descrito 6 nuevas 

especies para la ciencia: Mesocriconema 

paraonoense n. sp., Mesocriconema costaricense n. 

sp., Discocriconemella costaricense n. sp., 

Discocriconemella cryptocostaricense n. sp., 

Xenocriconemella tica n. sp., y Xenocriconemella 
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costaricense n. sp. El cultivo con mayor número de 

muestras recolectadas fue pasto, donde 

Mesocriconema fue el género dominante. Otros 

cultivos relevantes donde este nematodo mostró alta 

ocurrencia fueron piña, yuca, caña de azúcar, sábila, 

orégano y plátano. Esta recurrencia sugiere una 

posible afinidad ecológica de Mesocriconema con 

huéspedes ampliamente cultivados en zonas 

tropicales. Criconema fue el género dominante en 

café, mientras que Discocriconemella y 

Xenocriconemella se identificaron con mayor 

frecuencia en hábitats poco alterados. 

Hemicriconemoides identificó en varios cultivos 

entre ellos cacao. Las altitudes de recolección de 

muestras oscilaron entre los 5 m s.n.m. y los 3406 m 

s.n.m, con mayor concentración entre los 800 y 1500 

m s.n.m. Esta colección representa la base 

taxonómica más completa hasta la fecha sobre la 

familia Criconematidae en Costa Rica y en 

Latinoamérica, con cobertura geográfica nacional, 

representatividad altitudinal y una notable diversidad 

de plantas huésped. Estos hallazgos constituyen un 

insumo clave para estudios de taxonomía, ecología y 

manejo sostenible de nematodos fitoparásitos en 

agroecosistemas tropicales. Además, esta 

investigación destaca la relevancia de la 

identificación taxonómica y molecular como 

herramientas clave para la caracterización, el 

descubrimiento de nuevas especies y el respaldo a 

decisiones en vigilancia fitosanitaria, conservación 

edáfica y estrategias de manejo integrado. 

INTEGRATIVE IDENTIFICATION OF 

PLANT-PARASITIC NEMATODE 

POPULATIONS ASSOCIATED WITH 

ECONOMICALLY IMPORTANT CROPS IN 

COLOMBIA [identificación integrativa de 

poblaciones de nemátodos parásitos de plantas 

asociados con cultivos economicamente 

importantes en Colombia]. D.H. Riascos-Ortiz1, 

C.E. Arboleda2, E. Márquez-Paz3, A.T. Mosquera-

Espinosa4, E. Gómez-López3, G.A. Sarria5, J.M.O. 

Rosa6, C.M.G. Oliveira6, C. Gutiérrez-Gutiérrez7, F. 

Varón de Agudelo3, J.E. Muñoz Flórez3. 1Programa 

de Ingeniería Agronómica, Universidad Pedagógica 

y Tecnológica de Colombia-UPTC, Tunja, Boyacá, 

Colombia. 2Programa de Agronomía, Universidad 

del Pacífico, Buenaventura, Valle del Cauca, 

Colombia, 3Facultad de Ciencias Agropecuaria, 

Universidad Nacional de Colombia, Palmira, Valle 

del Cauca, Colombia. 4Departamento de Ciencias 

Naturales y Matemáticas, Pontificia Universidad 

Javeriana, Cali, Valle del Cauca, Colombia. 
5Programa de plagas y enfermedades, Centro de 

Investigación en Palma-CENIPALMA, Santander, 

Colombia. 6Laboratorio de Nematología, Instituto 

Biológico, Campinas, Sao Paulo, Brasil. 
7NemaLab/MED - Mediterranean Institute for 

Agriculture, Environment and Development & 

CHANGE- Global Change and Sustainability 

Institute, Institute for Advanced Studies and 

Research, Universidade de Évora, Pólo da Mitra, Ap. 

94, 7006-554 Évora, Portugal. 

donald.riascos@uptc.edu.co 

 

Plant-parasitic nematodes are a notorious threat to 

plant health worldwide that compromise yield 

production and crop quality, and are responsible for 

significant economic losses in the agricultural 

sector. They devitalize plants by causing injury to 

their plant root systems or aboveground parts. 

Nowadays, the use of integrative taxonomy based on 

morphological, biochemical and molecular analyses 

is strongly advised in order to ensure accurate 

nematode identification at the species level, which is 

a crucial prerequisite for designing effective 

management strategies against them. Thus, 

nematological surveys for plant-parasitic nematodes 

in fruit orchards, vegetables, grasses, ornamental, 

oilseeds and cover crops were carried out in 

Colombia between 2014 and 2024. An integrative 

approach based on the combining of morphological, 

morphometric, biochemical (esterase electrophoretic 

profiles), and molecular (sequencing of the D2-D3 

segments of the 28S and ITS region of the ribosomal 

RNA (rRNA), as well as cytochrome oxidase 

subunit I-COI and dehydrogenase subunit 5-NAD5 

of the mitochondrial RNA (mtRNA) provided fast 

and accurate identification of 48 populations of 

plant-parasitic nematodes, including the description 

of 12 first records for Colombia. In the Valle del 

Cauca department and the coffee-growing region, 

Meloidogyne arenaria, M. incognita, M. hispanica, 

Helicotylenchus multicinctus, H. dihystera, H. 

erythrinae, H. californicus, Rotylenchulus 

reniformis, Pratylenchus araucensis and 

Radopholus similis were found associated with 

Musa spp. In the Bogotá Savannah, P. bolivianus 

and Zygotylenchus sp. were present in Alstroemeria 

and Chrysanthemum. Ditylenchus dipsaci was 

identified in A. fistulosum (Valle del Cauca and 

Boyacá departments). Bursaphelenchus cocophilus 

and Pterotylenchus cecidogenus were identified in 

E. guineensis (Norte de Santander department) and 

D. ovalifolium (Santander department), respectively. 

Helicotylenchus dihystera and R. reniformis were 

prevalent in pineapple (Valle del Cauca department). 

Xiphinema brasiliense and X. krugi occurred in Zea 

mays (Putumayo department). During our research, 

substantial progress was made in the integrative 

identification of a high diversity of plant-parasitic 

nematodes harmful in the above-mentioned crops, 
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which will facilitate the future design of plans for 

their integrated management in the regions affected. 

 

MOLECULAR DETECTION OF Xiphinema 

AND Meloidogyne SPECIES IN VINEYARDS OF 

DOCa RIOJA (SPAIN): INTEGRATION AND 

COMPARISON OF QPCR AND MASSIVE 

SEQUENCING TECHNIQUES. [Detección 

molecular de especies de los géneros Xiphinema y 

Meloidogyne en viñedos de la DOCa Rioja 

(España): integración y comparación de las 

técnicas qPCR y secuenciación masiva]. González-

Trujillo M.M1, Blanco-Pérez R.2, Álvarez- Ortega 

S.3, Palomares-Ruis J.4, Campos-Herrera R.1. 
1Instituto de Ciencias de la Vid y del Vino (ICVV, 

Gobierno de La Rioja, CSIC y Universidad de 

LaRioja). 2Misión Biológica de Galicia (MBG-

CSIC). 3Universidad Rey Juan Carlos, Móstoles, 

Madrid. 4Instituto de Agricultura Sostenible (IAS-

CSIC), Córdoba. mariadelmar.gonzalez@csic.es  

 

Plant-parasitic nematodes cause severe economic 

losses estimated at up to 173 billion dollars annually. 

The genera Xiphinema and Meloidogyne represent a 

significant threat to agriculture due to the direct and 

indirect damage they can cause. Some Xiphinema 

species act as virus vectors, such as the Grapevine 

FanLeaf Virus, affecting grape yield and quality. In 

Spain, grapevine is one of the most representative 

crops for its culture and economy; however, 

infestations can reduce yield by up to 60%. For the 

early and accurate detection of these organisms, 

molecular techniques such as real-time PCR (qPCR) 

have been developed. This study hypothesized that 

the optimization and validation of specific probes and 

primers would allow the detection and distribution 

assessment of species belonging to the genera 

Xiphinema and Meloidogyne in vineyards of the 

Qualified Designation of Origin (DOCa) Rioja, and 

their comparison with results obtained through Next 

Generation Sequencing (NGS). The objective was to 

optimize molecular detection based on qPCR for 

plant-parasitic nematodes, validate its application in 

the study of natural presence and distribution in 

DOCa Rioja vineyards, and compare it with the NGS 

technique. Specific probes and primers for the species 

Xiphinema index, X. diversicaudatum, X. italiae, X. 

vuittenezi, and Meloidogyne incognita were 

optimized and validated under laboratory conditions 

using independent qPCR plates. Five points of the 

standard curve and negative controls with Milli-Q 

water were included, with two technical replicates, 

following the MIQE guidelines. The correlation 

between the relative abundance obtained by NGS and 

the specific qPCR quantifications for X. index and X. 

italiae was evaluated. The results indicated the 

presence of X. index in five vineyards and X. italiae 

in four vineyards. When compared with NGS, a 

maximum Spearman correlation was observed for X. 

index (ρ = 1), although it was not statistically 

significant (p = 0.083). For X. italiae, a moderate 

correlation was observed (ρ = 0.5), without statistical 

significance (p = 1.00). When considering both 

species detected by qPCR, the correlation with NGS 

was strong (ρ = 0.77), although not statistically 

significant (p = 0.103). These results suggest a 

positive trend between both methodologies; however, 

a larger sample size is required to confirm the 

robustness of this relationship. Regarding agricultural 

practices, 83.33% of vineyards used integrated pest 

management, while the remaining 16.67% applied 

ecological practices. Regarding soil management, 

66.67% corresponded to vineyards with tillage 

practices, and 33.33% used vegetation cover. These 

results highlight the usefulness of both molecular 

tools for the specific detection and monitoring of soil 

plant-parasitic nematodes. 

  

MORPHOLOGICAL AND MOLECULAR 

CHARACTERISATION OF Hoplolaimus 

SPECIES FROM THE USA AND OTHER 

COUNTRIES WITH NOTES ON 

BIOGEOGRAPHY OF THE GENUS. 

[Caracterización morfológica y molecular de 

especies de Hoplolaimus de EE. UU. y otros países 

con notas sobre la biogeografía del género]. S.A. 

Subbotin1, M. Kantor2, A. Michaud1, Z. Handoo3, R. 

N. Inserra4. 1Plant Pest Diagnostic Center, California 

Department of Food and Agriculture, 3294 

Meadowview Road, 95832, Sacramento, CA 95832, 

USA. 2Plant Pathology & Environmental 

Microbiology Department, The Pennsylvania State 

University, University Park, PA 16802, USA. 
3Mycology and Nematology Genetic Diversity and 

Biology Laboratory, USDA, ARS, Northeast Area, 

Beltsville, MD 20705, USA. 4Florida Department of 

Agriculture and Consumer Services, DPI, 

Nematology Section, P.O. Box 147100, Gainesville, 

FL 32614-7100, USA. sergei.a.subbotin@gmail.com 

 

Lance nematodes, Hoplolaimus spp. feed on roots of 

many kinds of plants including agronomic crops. 

They are characterised morphologically by a distinct 

cephalic region with massive framework, well-

developed stylet having tulip-shaped basal knobs 

with anterior projections, and phasmids that are 

normally not opposite one another. In this study, 

morphological and molecular analyses of several 

Hoplolaimus species and populations are provided. 

We were able to collect and characterise the topotype 
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materials of H. galeatus from Virginia, Arlington, H. 

stephanus from South Carolina, Nicols and H. 

concaudajuvencus from Florida, Pensacola and 

several additional populations and species from the 

USA: California, Delaware, Florida, Iowa, Maryland, 

Minnesota, Michigan, North Dakota, Pennsylvania, 

South Carolina and abroad: Israel and India. 

Comprehensive phylogenetic analyses of several 

hundred sequences of the D2-D3 expansion regions 

of 28S rRNA, ITS rRNA and COI genes of 

Hoplolaimus species obtained from published and 

original datasets were given. More than 130 new 

sequences of D2-D3 of 28S rRNA, ITS rRNA and 

COI gene sequences from 23 isolates of Hoplolaimus 

spp. were obtained in this study. New molecular 

identities for H. concaudajuvencus and H. galeatus 

were proposed. Based on morphological and 

molecular similarity, several Hoplolaimus were 

synonymised. A new species from Florida was 

described based on morphological and molecular 

characteristics. Maps with geographical distribution 

of lance nematode species in North America were 

proposed.  

OBSERVATIONS ON THE DRAFT GENOME 

OF Xiphinema index [Observaciones sobre el 

boceto del genoma de Xiphinema index]. A. 

Ciancio1, L. Rosso1, M. Colagiero1, M. M. Finetti 

Sialer2, I. Pentimone1. 1CNR, Istituto per la 

Protezione Sostenibile delle Piante. 2CNR, Istituto di 

Bioscienze e Biorisorse, Bari, Italy. 

aurelio.ciancio@cnr.it  

 

Xiphinema index (Dorylaimida: Longidoridae) is a 

migratory, plant-parasitic nematode with a high 

economic impact on grapevine productions, 

worldwide. Plant damage is mostly due to the 

transmission of Grapevine fanleaf virus (GFLV), the 

causal agent of a severe grapevine disease. In spite 

of its importance, however, few information is 

available on the X. index genome structure and 

molecular composition. To produce a first X. index 

draft genome, DNA was extracted from more than 

1500 adults and juveniles. The nematodes were 

individually hand-picked from a population found at 

Castellaneta (Italy) in the rhizosphere of GFLV-

infected Crimson seedless plants, grafted on 1103 

Paulsen. The DNA was sequenced with both 

Illumina® and Oxford Nanopore® technologies. 

Approx. 85 million 150 bp paired reads (Illumina) 

and over 42 Gb of long reads (Nanopore), with a 

99% raw read modal accuracy, were produced. After 

filtering prokaryotic sequences, data analysis 

allowed the construction of a 217.7 Mb diploid 

genome draft assembly, based on 1880 contigs with 

N50 value of 320 513 nt. Shortest and longest contig 

lengths of X. index ranged from 505 to 2 017 635 nt, 

respectively. BUSCO assessment of completeness 

showed values of 62.3% (Nematoda) and 82.5% 

(Metazoa), according to reference datasets. The X. 

index genome showed a compact set of 23 879 

protein-coding genes, with a remarkable 34% 

fraction having assigned functional annotations with 

nematode orthologs. Analysis of contigs coverage, 

GC content, and taxonomic assignment also allowed 

isolating contigs belonging to the mitochondrial 

genome. Mitochondrial genes COx1, CytB, ND4, 

and ATP6 showed high identity scores with other 

NCBI mitochondrial accessions available for the 

same species (PRJEB26007), indicative of a 

conserved genome structure. Tandem arrays of 

nematode canonical telomeric-repeat motifs 

(TTAGGC) were identified in 3 contigs. In addition, 

the X. index assembled genome showed telomere-

associated proteins. This is an uncommon trait, not 

previously reported in clade 2 nematodes, to which 

Longidoridae are actually assigned. This study 

established a fundamental resource for research on 

X. index, useful to investigate genes involved in 

pathogenicity mechanisms and to develop 

management strategies, safeguarding grapevine 

productions.  

 

SURFACE FEATURES OF GENERA OF THE 

NEMATODE FAMILY HOPLOLAIMIDAE 

FROM MEXICO [Morfología externa de 

nematodos de la familia Hoplolaimidae de 

Mexico]. Ignacio Cid del Prado-Vera1. 1Instituto de 

Fitosanidad. Colegio de Postgraduados. 

icid@colpos.mx  

 

Five nematode species of the family Hoplolaimidae 

were extracted from soil samples taken around plant 

roots in a propagating nursery at Campus Montecillo, 

Colegio de Postgraduados (CP) and in some tropical 

vegetation (TV) of Veracruz State. The populations 

were distinguished as different from known species 

of Hoplolaimus and Scutellonema based on their 

morphological and morphometric features. 

Hoplolaimus sp. from bamboo (CP) different from 

known species, is characterized by having the cuticle 

of head annules divided into blocks in females, by the 

basal annule having 38 longitudinal striations in 

males, and by the position of the phasmids. 

Hoplolaimus seinhorsti Luc, 1958, from banana 

(TV), can be identified by the four annules of cephalic 

region and six fine longitudinal incisures from the 

cephalic annule base to the labial disc, the basal 

annule of the lip region without striations, the stylet 

knobs with small anterior projections, by the position 

of the scutellum, one anterior to the vulva and the 
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other posterior to it and not aerolated, and by the 

lateral field without incisures. Scutellonema sp. from 

bamboo (CP), is characterized by the absence of 

males; females having a hemispherical-truncate 

cephalic region, with five annules and the basal lip 

annule without longitudinal striations. The lateral 

field not aerolated. Scutellum both at same level, 

opposite to anus or anterior to it. Scutellum 3.0-5.0 

µm in diameter. Tail cylindrical with rounded 

terminus. A third species. Scutellonema sp. from 

gardenia (TV), is characterized by the lip region with 

four annules and basal lip annule with longitudinal 

striations. The lateral field is not aerolated and the 

males are absent. The Scutellonema sp. from dunes 

(TV) around of grass, the lateral field has external 

incisures aerolated along the body, the female and 

male have six cephalic annules and longitudinal 

striations are absent. 

 

INTEGRATED MANAGEMENT OF ROOK-

KNOT NEMATODES IN INTENSIVE LONG 

CYCLE CROPS, STRAWBERRY AND CUT 

FLOWER, IN SOUTHERN SPAIN [Manejo 

integrado de nematodos formadores de agallas en 

las raíces en cultivos intensivos de ciclo largo, fresa 

y flor cortada, en el sur de España]. M.F. 

Talavera1, M.D. Vela1, L. Miranda1, J.A. Gómez1, 

J.J. Medina1, B. de los Santos.1Andalusian Institute of 

Agricultural and Fisheries Research and Training 

(IFAPA). Edificio Administrativo Los Bermejales. 

Avenida de Grecia s/n. 41012 Sevilla, Spain. 

miguelf.talavera@juntadeandalucia.es 

 

Strawberry and cut flower are cultivated as long cycle 

crops in South Spain (9-24 months). In these intensive 

monoculture systems, crop rotation is not feasible and 

rootknot nematodes (RKN) have become one of the 

main phytopathological problems. Conventionally, 

soil disinfestations have been systematically carried 

out to keep RKN populations before planting (Pi) 

below the damage thresholds. However, in long cycle 

crops, several RKN generations can occur along the 

crop cycle, increasing very low RKN soil populations 

(Pi) to levels that cause crop damage after 3-4 months 

of crop growing. Besides, the increase in RKN 

populations that occurs throughout a crop will be the 

basis of the Pi of the next crop. The main objective of 

integrated control is, therefore, to ensure that RKN 

populations in soil, just before sowing or 

transplanting, are maintained at levels below the 

damage thresholds, (preventive management), as well 

as to minimize losses (incidence and severity of the 

disease) during cultivation and to reduce as much as 

possible the multiplication of RKN populations 

during the crop cycle (permanent management). 

Comparative nematicidal efficacy and cost-benefit 

analyses were conducted on a variety of nematicidal 

products and control strategies for managing RKN in 

long cycle crops. Through the use of agrochemical 

fumigants and biosolarization, preplanting RKN soil 

populations were reduced by over 75% but RKN 

multiplication rates were higher than in other less 

efficient nematicidal techniques. The use of resistant 

carnation cultivars proved to be effective in reducing 

RKN multiplication rates, but RKN resistance is not 

well characterized in most cut-flower crops and there 

is no resistance described in strawberries. The use of 

organic amendments at preplanting increased the 

“soil health” based in Nematode based indices (NBI) 

and soil suppressiveness against RKN disease and 

increased. Additional techniques that reduce the 

damage caused by subsequent RKN generations or 

reduce RKN multiplication rates are reported. 

 

TARGETING Pratylenchus zeae: 

NEMATICIDAL AND GROWTH-

STIMULATING POTENTIAL OF GREEN 

COPPER NANOPARTICLES. [Enfrentando a 

Pratylenchus zeae: potencial nematicida y 

bioestimulante de nanopartículas de cobre 

obtenidas por síntesis verde]. Santiago Andrés 

Manrique Barros¹, Kelvyn Lucas Moreira Pinto¹; 

Bruno Leonardo Mendes¹; Luísa Morato Ribeiro²; 

Luciano Paulino Silva2; Thaís Ribeiro Santiago1. 
1Department of Plant Pathology, University of 

Brasília, Brasília 70910-900, DF, Brazil. 
2Nanobiotechnology Laboratory  (LNANO), 

Embrapa Genetic Resources  and Biotechnology, 

PBI, Brasília 70770-917, DF, Brazil. 

241131849@aluno.unb.br 

 

Green nanotechnology has emerged as an innovative 

strategy for the sustainable management of 

phytonematodes, offering effective control with 

reduced environmental impact. This study assessed 

the in vitro and in vivo effects of copper nanoparticles 

(CuNPs), biosynthesized using aqueous extracts from 

different accessions of cashew nuts (Anacardium 

occidentale L.) from Embrapa’s Cashew Active 

Germplasm Bank, on the management of 

Pratylenchus zeae, a nematode of increasing 

importance in monocots. Nine CuNP formulations, at 

concentrations of 100, 200, 400, 600, 800, and 1,000 

µmol, were applied to carrot discs infested with 100 

P. zeae specimens for 60 days (with six replicates) at 

25°C in a B.O.D. chamber. Controls included water, 

copper sulfate, and Vertimec. Two formulations, 

CuNPAnaOcc07 and CuNPAnaOcc08, lowered the 

reproduction factor (RF) below 1 at concentrations 

above 800 µmol and were more effective than 

chemical controls. Dynamic light scattering (DLS) 

mailto:241131849@aluno.unb.br
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analysis confirmed favorable colloidal properties for 

naked CuNPs. CuNPAnaOcc07 and CuNPAnaOcc08 

showed average sizes of 365.4 ± 31.5 nm and 453.4 ± 

30.6 nm, surface charges of –21.0 ± 1.7 mV and –19.5 

± 1.0 mV, and polydispersity indices (PdI) of 0.412 ± 

0.067 and 0.484 ± 0.091, respectively. These 

parameters suggest a stable and reproducible 

synthesis, with CuNPAnaOcc07 showing slightly 

better size uniformity and colloidal stability. In in 

vivo tests, the most promising formulations were 

applied to the rhizosphere and to corn seeds (cv. 

20A44 VIP3), either naked form or encapsulated in 

chitosan, with one (1×) or two (2×) applications at 

1,000 µmol. Fourteen days after sowing, 800 

nematodes were inoculated per pot, and after 70 days, 

RF and plant biomass were evaluated. Data were 

statistically analyzed using ANOVA and the LSD test 

(p ≤ 0.05). CuNPAnaOcc07 stood out for its 

significant nematicidal and biostimulant effects: 

when applied via seed combined with a double 

application in the rhizosphere (bare form), RF was 

reduced to 0.48 ± 0.35, and biomass increased by 

176% compared to the control. Nanoencapsulated 

formulations also reduced RF moderately (1.24 ± 

0.64) and enhanced biomass, suggesting a gradual 

release effect. These findings reinforce the potential 

of CuNPs as a sustainable alternative for managing P. 

zeae. 

 

PENETRATION AND DEVELOPMENT 

STUDIES AND 

COMPARATIVEHISTOPATHOLOGY OF 

Capsicum spp. GENOTYPES RESISTANT AND 

SUSCEPTIBLE TO Meloidogyne enterolobii. 

[Estudios de penetración y desarrollo e 

histopatología comparada de genotipos de 

Capsicum spp resistentes y susceptibles a 

Meloidogyne enterolobii]. M. R. Rocha¹, M. L. S. 

Marques², J. F. Bernardes neto3, D. D. Souza¹, R. G. 

S. Carneiro4. 1Escola de Agronomia, Universidade 

Federal de Goiás, Goiânia, GO, Brazil. 2Instituto 

Federal Goiano, Campus Ceres, GO, Brazil. 3IF 

Goiano, Goiânia, GO, Brazil. 4Instituto de Ciências 

Biológicas, UFG, Goiânia, GO, Brazil. 

mrocha@ufg.br 

 

The root-knot nematode, Meloidogyne enterolobii, 

was first recorded in Brazil in guava orchards in 2001 

and has since been found in other crops, such as 

tomato and sweet pepper, causing severe damage. 

This species is highly aggressive and can parasitize 

tomato and sweet pepper cultivars that are resistant to 

other Meloidogyne species, such as M. incognita and 

M. javanica. Thus, it is important to find sources of 

resistance to M. enterolobii in order to develop 

alternatives for its management. The present study 

aimed to evaluate hot pepper genotypes (Capsicum 

spp.) for resistance to M. enterolobii and to test 

contrasting genotypes for nematode penetration and 

development and comparative histopathology. In the 

first study, 72 Capsicum genotypes were tested and 

14 behaved as resistant, with reproduction factor (RF) 

< 1.0. In the second study, 16 of 67 genotypes were 

resistant. In the four species of Capsicum sp. tested 

(C. annuum, C. baccatum, C. chinense and C. 

frutescens) there were genotypes considered resistant 

(FR < 1.0). For the penetration tests and comparative 

histopathology, aiming to identify possible resistance 

mechanisms, the most resistant and the most 

susceptible genotypes within each Capiscum species 

were selected to carry out the experiments. A greater 

number of J2, J3, J4 and females was observed in the 

susceptible genotype in all four Capsicum species 

throughout the evaluation periods (3, 5, 7, 10, 15, 20, 

25 and 30 DAI), although there was nematode 

penetration and development in the resistant genotype 

as well. This was confirmed in the evaluations of the 

final population at 30 DAI, in which the genotypes 

considered resistant maintained the RF below or close 

to 1.0. In the histopathological studies, the results 

indicate that the resistant Capsicum genotypes 

present giant cells in smaller number and size, 

parenchyma with a smaller number of hypertrophied 

cells and suberized and thin epidermis when 

compared to the susceptible ones. These findings 

evidence histopathological patterns that help to 

understand the mechanisms of plant resistance.  

 

Meloidogyne enterolobii – DIAGNÓSTICO, 

ESTADO ACTUAL Y MANEJO EN COSTA 

RICA. Meloidogyne enterolobii – DIAGNOSIS, 

CURRENT STATUS AND MANAGEMENT IN 

COSTA RICA. D. A. Humphreys-Pereira¹, L. 

Flores-Chaves¹, A. Bogantes-Arias², E. Mora-

Newcomer3. 1Laboratorio de Nematología-CIPROC, 

Escuela de Agronomía, Universidad de Costa Rica, 

San Pedro, Costa Rica, 2060. 2Estación Experimental 

Los Diamantes, Instituto Nacional de Innovación y 

Transferencia en Tecnología Agropecuaria (INTA), 

Guápiles, Limón, Costa Rica. 3Estación Experimental 

Agrícola Fabio Baudrit Moreno, Escuela de 

Agronomía, Universidad de Costa Rica, San Pedro, 

Costa Rica, 2060. danny.humphreys@ucr.ac.cr 

 

In Costa Rica, guava (Psidium guajava) is grown in 

six of the country's seven provinces for both fresh 

consumption and agro-industrial processing. Among 

the most important pests and diseases affecting this 

crop are plant-parasitic nematodes, particularly 

Meloidogyne enterolobii. The damage caused by this 
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nematode is more severe in plantations established 

from air-layered plants, as the root system becomes 

weakened, leading to plant lodging. In mature plants 

propagated from seed, symptoms include leaf 

yellowing followed by general decline and corky 

roots. For many years, this nematode went unnoticed 

in Costa Rica because it was misidentified as another 

tropical Meloidogyne species due to the similarity of 

the females' perineal patterns. Using molecular 

techniques, M. enterolobii was first identified in 

association with guava and acerola in 2012 in five 

orchards located in the provinces of Alajuela, Limón, 

and Guanacaste. Subsequently, it was also identified 

in the provinces of Cartago and Puntarenas in 2013. 

The use of PCR and molecular markers, including 

mitochondrial DNA markers from highly informative 

regions (the fragment between the COII and 16S 

ribosomal RNA genes and the 63-bp repeat region), 

as well as species-specific primers, has enabled the 

detection of the nematode in additional locations. 

These tools are essential for preventing the 

introduction of contaminated planting material and, 

conversely, for avoiding the export of plant material 

infested with the nematode, particularly ornamental 

plants. Sequencing of the mitochondrial genome has 

enabled the development of new genetic markers to 

study the population diversity of this species and its 

possible origin in Costa Rica. The widespread 

distribution of the nematode and its negative impact 

on guava production have led growers to seek 

management strategies that are more environmentally 

friendly and compatible with human health. 

Furthermore, no nematicides are currently registered 

in Costa Rica for the management of Meloidogyne 

spp. in guava. As an alternative, rootstocks of 

Psidium species have been evaluated, including Costa 

Rican guava (P. friedrichsthalianum) and guisaro (P. 

guineense), which showed very low reproduction 

factors of 0 and <1, respectively, whereas common 

guava (P. guajava) exhibited values >1, indicating a 

high level of susceptibility. Additionally, the 

population dynamics of M. enterolobii on Psidium 

rootstocks have been studied under field conditions 

for two and a half years. The results showed that 

guava plants suffered severe root damage and 

harbored high populations of M. enterolobii, whereas 

neither Costa Rican guava (P. friedrichsthalianum) 

nor guisaro (P. guineense) showed root damage. The 

use of resistant rootstocks combined with grafting 

techniques may provide sustainable and 

environmentally friendly solutions to reduce the 

impact of M. enterolobii on guava production in 

Costa Rica. 

 

NEW TOOL FOR CONTROLLING PLANT 

PATHOGENIC NEMATODE POPULATIONS 

IN BANANA CROPS (Musa paradisiaca L.) AND 

ITS IMPACT ON PRODUCTIVITYS. [Nueva 

herramienta para el control de las poblaciones de 

nematodos fitopatógenos en el cultivo de banano 

(Musa paradisiaca l.) y su impacto en la 

productividad]. Marcell Maldonado Lucio¹; 

Mairett Yuri Rodríguez-Balza²; Jesús Eduardo Caripe 

Galindo3. 1Jefe técnico Banano. 2Jefe de 

Bioestadística. 3Gerente técnico, Mercadeo y 

Desarrollo, Interoc Ecuador. 

marcell.maldonado@interoc.biz   

 

In Ecuador, approximately 40,000 hectares of the 

170,000 hectares dedicated to banana cultivation 

receive nematicide applications, which consist 

exclusively of broad-spectrum synthetic chemical 

products. In areas where these products are not 

applied, the absence of plant-parasitic nematodes 

cannot be assumed. Rather, there is a limited culture 

of evaluating the phytosanitary status of the root 

system, which negatively affects yield per hectare. 

Aware of this problem, INTEROC has conducted a 

series of trials in recent years at different locations 

throughout the country under diverse environmental 

and soil conditions. These studies evaluated the 

performance of ABASPIRAT, a synthetic chemical 

nematicide formulated with abamectin and 

spirotetramat, with the aim of improving banana root 

health through the effective control of populations of 

the four major genera of plant-parasitic nematodes, 

thereby directly enhancing crop productivity. The 

results, obtained from 36 commercial-scale field trials 

conducted across all banana-producing regions of 

Ecuador, demonstrated that the ABASPIRAT 

formulation provides control comparable to—and in 

some cases superior to—that of other chemical 

nematicides available on the market. Evaluations 

were carried out up to 90 days after application, 

yielding consistent results. In one trial, harvest 

performance was evaluated, showing a 17% increase 

in productivity compared with the untreated control. 

Productivity was assessed using variables such as 

bunch weight, number of hands per bunch, and 

conversion into export boxes. This assessment was 

conducted on tagged plants from the day of 

application at the +2 physiological stage, under 

uniform growing conditions. The results highlight the 

importance of implementing regular phytosanitary 

evaluations of the root system as a standard 

agronomic practice in banana crop management. 

Furthermore, ABASPIRAT is positioned as an 

effective tool with a lower environmental impact due 

to the inclusion of spirotetramat, a pro-

insecticide/nematicide that, because of its mode and 

mechanism of action, exhibits low toxicity to 

beneficial insects and poses a lower risk to applicators 
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owing to its physicochemical properties. 

 

Purpureocillium lilacinum STRAIN PL11: A 

BIONEMATICIDE FOR THE CONTROL OF 

PLANT PARASITIC NEMATODES IN FRUIT 

AND VEGETABLE PRODUCTION 

[Purpureocillium lilacinum, cepa PL11: un 

bionematicida para el control de nematodos 

fitoparásitos en la producción de frutas y 

verduras]. K. Medina1. 1Certis Biologicals, 9145 

Guilford Road, Ste #175, Columbia, MD 21046. 

karlamedina11@gmail.com 

 

Purpureocillium lilacinum strain PL11, is a new 

active bionematicide launched in 2024 by Certis 

Biologicals and is now available to growers. This 

fungus is a natural soilborne microorganism and 

biocontrol agent as one of the most used biological 

nematicides commercially available globally. 

Increased demand for sustainable food production 

and benefits from using biological products in 

integrated nematode management have been 

observed at a global level. Efficacy evaluations of this 

bionematicide against plant parasitic nematodes have 

been conducted to better understand their fit in 

managing nematodes. Data will be discussed, and 

recommendations will be made for expanding into 

other crop systems and nematodes across different 

regions of the United States and other international 

markets. 

 

IN VITRO CHEMICAL CONTROL OF FOLIAR 

NEMATODE, Aphelenchoides pseudobesseyi. 

CONTROL QUIMICO IN VITRO DEL 

NEMATODO FOLIAR, Aphelenchoides 

pseudobesseyi. H.B. Guerra¹. Ó.A. Guzman². 
1Estudiante de pregrado, programa Ingeniería 

Agronómica, Universidad de Caldas, Manizales-

Caldas, Colombia. 2Profesor de Nematología, 

programa de Ingeniera Agronómica, departamento de 

Producción Agropecuarias, Universidad de Caldas. 

hugoagro50@gmail.com 

 

In 2024, Colombia produced 235,454 tons of soybean 

on 93,267 hectares. In 2023, Aphelenchoides 

pseudobesseyi was reported for the first time 

parasitizing soybean plants in the Altillanura region 

of eastern Colombia. In Brazil, field studies have 

associated the presence of A. pseudobesseyi with 

soybean yield losses of up to 100%. The objective of 

this study was to evaluate the in vitro effect of nine 

commercial active ingredients with nematicidal 

potential against A. pseudobesseyi. The study was 

conducted at the Nematology Laboratory of the 

Faculty of Agricultural Sciences, University of 

Caldas, Manizales, Colombia. The in vitro effects of 

nine commercial active ingredients registered in 

Colombia with potential nematicidal activity were 

evaluated: hypochlorous acid; thiodicarb; thiodicarb 

+ triflumuron; fluopyram; fluopyram + pyrimethanil; 

acephate; Quillaja saponaria extract; abamectin 

1.8%; and abamectin 8.4%, along with a distilled 

water control. The variables evaluated were mortality 

(%) and nematostatic effect (%). A completely 

randomized design was used with 10 treatments and 

three evaluation times (12, 18, and 24 hours). The 

experiment was conducted twice at different times. 

Treatment effects were analyzed using Welch's 

analysis of variance (ANOVA), and mean 

comparisons between each treatment and the control 

were performed using Dunnett's test (p = 0.05). 

Compared with the control, in which no nematode 

mortality occurred, most treatments resulted in 100% 

mortality at all three exposure times. The exceptions 

were acephate, which caused 89% and 98% mortality 

after 12 and 18 hours, respectively, and Quillaja 

saponaria extract, which produced mortality rates of 

15%, 23%, and 24% after 12, 18, and 24 hours, 

respectively. Regarding the nematostatic effect, 

significant differences (p < 0.05) were observed after 

24 hours among the active ingredients acephate 

(51%), thiodicarb + triflumuron (18%), Quillaja 

saponaria extract (8%), and fluopyram + 

pyrimethanil (3%). In conclusion, the active 

ingredients evaluated caused mortality of A. 

pseudobesseyi and may be considered as components 

of integrated management programs for soybean 

crops in Colombia. 

 

BIOCONTROL EFFICACY OF Trichoderma 

spp. AGAINST Meloidogyne enterolobii IN CHILI 

PEPPER (Capsicum annuum) UNDER 

GREENHOUSE CONDITIONS [Eficacia de 

Trichoderma spp. en el biocontrol de Meloidogyne 

enterolobii en plantas de chile (Capsicum annuum) 

bajo condiciones de invernadero]. H. Bayardo-

Rosales¹, J. P. Manjarrez-Quintero¹, M. B. Contreras-

Soto¹, J. A. Carrillo-Fasio¹, J. M. Tovar-Pedraza¹. 
1Laboratorio de Fitopatología, Subsede Culiacán, 

Centro de Investigación en Alimentación y 

desarrollo, Sinaloa, México. 

hbayardo123@estudiantes.ciad.mx  

 

Chili pepper (Capsicum annuum) is an economically 

important crop in Mexican agriculture, making 

Mexico the world's second-largest producer. 

However, its production is threatened by 

Meloidogyne enterolobii, an endoparasitic nematode 

that induces root gall formation and significantly 

reduces crop yield. Currently, sustainable biological 
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alternatives are being sought to control this plant 

pathogen without relying exclusively on chemical 

nematicides. In this context, fungi of the genus 

Trichoderma have attracted considerable interest due 

to their ability to act as biological control agents 

through mechanisms such as mycoparasitism, 

competition for nutrients and space, production of 

secondary metabolites with nematicidal activity, and 

promotion of plant growth. The present study 

evaluated the biocontrol effect of Trichoderma 

longibrachiatum and T. afroharzianum against M. 

enterolobii in 'Orizaba' chili pepper plants under 

greenhouse conditions. Three weekly applications of 

50 mL of conidial suspensions of each Trichoderma 

species were applied at concentrations of 1 × 10⁴ 

(low), 1 × 10⁶ (intermediate), and 1 × 10⁸ (high) 

conidia/mL per chili pepper plant. Evaluations were 

conducted 30 and 60 days after nematode 

inoculation. The variables analyzed included the 

number of root galls, second-stage juveniles (J2) per 

100 g of soil, plant height, root length, and root 

weight. At 30 days, all Trichoderma treatments 

significantly reduced the number of J2 in the soil and 

the number of root galls compared with the 

inoculated control. Notably, T. longibrachiatum at 

the high concentration achieved a significant (p < 

0.05) 78.5% reduction in J2, while T. afroharzianum 

at the intermediate concentration reduced the J2 

population by 64.2%. In addition, several treatments 

promoted plant growth. T. afroharzianum at the high 

concentration produced the greatest effect, increasing 

plant height by 33% and root length by 25% 

compared with the inoculated control. At 60 days, 

both T. longibrachiatum and T. afroharzianum 

maintained their effectiveness in reducing J2 

populations in the soil, achieving reductions of 45% 

and 90%, respectively. Likewise, T. longibrachiatum 

at the intermediate and high concentrations, and T. 

afroharzianum at the high concentration, 

significantly reduced the number of root galls. 

Regarding root length, increases were observed with 

T. afroharzianum at the high concentration. 

However, no significant differences (p > 0.05) were 

found among treatments for plant height or root 

weight. These results support the potential of T. 

longibrachiatum and T. afroharzianum as biological 

control agents against M. enterolobii in chili pepper, 

while also highlighting their positive effects on 

promoting plant growth.  

 

Lecanicillium psalliotae COMO AGENTE DE 

CONTROL BIOLÓGICO DE NEMATODOS 

FITOPARÁSITOS EN MÉXICO. [Lecanicillium 

psalliotae AS BIOLOGICAL CONTROL AGENT 

OF PHYTONEMATODES IN MEXICO]. Ma. G. 

Medina-Canales1, I. M. Escobar-Ávila1, N. García-

Aguilar1, L. Rosas-Hernández2, V. M. Vega-

Becerril1, R. M. Manzanilla-López3, A. Tovar-Soto1. 
1Laboratorio de Nematología Agrícola, 

Departamento de Parasitología, Escuela Nacional de 

Ciencias Biológicas (ENCB), Instituto Politécnico 

Nacional. Prolongación de Carpio y Plan de Ayala 

s/n, Col. Casco de Santo Tomás, Alcaldía Miguel 

Hidalgo, Ciudad de México, México. C.P. 11340. 
2Laboratorio de Nematología, Centro Nacional de 

Referencia Fitosanitaria, SENASICASADER, 

Tecámac 55740, Estado de México, Mexico.3Centro 

de Productos Bióticos (CEPROBI-IPN), Yautepec, 

México. mmedinac@ipn.mx 

 

Root-knot nematodes (Meloidogyne spp. 

and Nacobbus aberrans sensu lato (s.l.)) and cyst-

forming nematodes (Heterodera spp. 

and Globodera spp.) are the most important plant-

parasitic nematodes worldwide, as they cause 

significant losses in agricultural crops. A viable 

alternative for the control of these nematodes and the 

reduction of the damage they cause to crops is the use 

of biological control agents such as nematophagous 

fungi. It has been reported that the 

fungus Lecanicillium psalliotae is capable of 

parasitizing eggs of M. incognita. The aim of this 

study was to evaluate the potential of L. 

psalliotae strain Lpp73 as a biological control agent 

under laboratory conditions. The tests performed 

were: a) colonization of the rhizosphere of maize and 

carrot, b) production and viability of conidia on 

wheat, barley, maize and rice, c) parasitism of eggs 

of M. arenaria, M. incognita, N. 

aberrans s.l., Heterodera carotae and M. hapla, and 

d) enzymatic profile (production of xylanases, 

cellulases, lipases, chitinases, proteases, pectinases 

and phosphate solubilization). Strain Lpp73 

colonized 97% of the maize rhizosphere and 93% of 

the carrot rhizosphere. Lpp73 produced conidia on 

wheat (1.73×10⁸ conidia/g), maize (8.3×10⁷ 

conidia/g), rice (8.22×10⁷ conidia/g) and barley 

(8.17×10⁷ conidia/g). The conidia produced had a 

viability of 85–90%. The fungus was capable of 

parasitizing 95% of M. arenaria eggs, 91% of M. 

incognita eggs, 93% of N. aberrans s.l. eggs, 99% 

of H. carotae eggs and 51% of M. hapla eggs. The 

enzymatic profile of the fungus showed that it can 

produce xylanases, cellulases, lipases, chitinases, 

proteases, solubilize phosphates, and does not 

produce pectinases. This is the first report of L. 

psalliotae parasitizing eggs of H. carotae and N. 

aberrans s.l. Strain Lpp73 showed great potential as 

a biological control agent for M. arenaria, M. 

incognita, H. carotae and N. aberrans s.l. 
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OVICIDAL ACTIVITY OF Trichoderma 

afroharzianum EXTRACTS AGAINST 

Meloidogyne enterolobii AND THEIR 

CHEMICAL CHARACTERIZATION BY GC-

MS. [Actividad ovicida de extractos de 

Trichoderma afroharzianum contra Meloidogyne 

enterolobii y su caracterización química mediante 

GC-MS]. H. Bayardo-Rosales¹, J. P. Manjarrez-

Quintero¹, O. Valdez-Baro¹, P. J. Bastidas-Bastidas¹, 

M. B. Contreras-Soto¹, J. B. Heredia¹, J. M. Tovar-

Pedraza¹¹Laboratorio de Fitopatología, Subsede 

Culiacán, Centro de Investigación en Alimentación y 

Desarrollo. Sinaloa, México. 

hbayardo123@estudiantes.ciad.mx 

 

The root-knot nematode Meloidogyne enterolobii is 

highly aggressive and represents a growing threat to 

agricultural production, due to its broad host range, 

high reproductive capacity, and rapid spread. Its 

presence hinders effective management through 

conventional methods, as it can overcome resistance 

mechanisms and persist in the soil in the form of eggs 

and second-stage juveniles. Given the need for 

sustainable strategies, biological alternatives have 

been explored, such as the use of fungi of the 

genus Trichoderma, recognized for their ability to 

produce metabolites with nematicidal activity, 

including those that affect the most resistant stages of 

the nematode, such as eggs embedded in the egg 

mass. The aim of this study was to evaluate the 

ovicidal activity of crude extracts of Trichoderma 

afroharzianum obtained by maceration, using ethyl 

acetate and hexane as solvents, as well as to 

characterize their chemical components by gas 

chromatography-mass spectrometry (GC-MS). The 

metabolites were extracted from fungal cultures 

grown on potato dextrose agar, using the 

aforementioned solvents and subsequent phase 

separation. The dried extracts were resuspended in 

aqueous solution with Tween® 20 (0.05%) and 

evaluated through in vitro bioassays in 96-well plates, 

applying five concentrations (100, 250, 500, 750, and 

1,000 ppm) to suspensions of 100 eggs of M. 

enterolobii. The percentage of hatching inhibition 

was calculated after seven days of incubation at 25 

°C. The ethyl extract showed inhibition levels 

between 57.2 and 67.6% at seven days, while the 

hexanic extract exhibited inhibitions between 46.0 

and 62.7%. GC-MS analysis of the ethyl extract 

allowed the identification of 53 compounds, among 

which hexanedioic acid, bis(2-ethylhexyl) ester 

(19.8%), henicosane (13.9%), and 2,4-di-tert-

butylphenol (8.6%) stood out, as well as some 

terpenes such as caryophyllene (1.8%) and humulene 

(0.9%). In the hexanic extract, 40 compounds were 

identified, predominantly methylcyclopentane 

(10.3%), 3-pentanone (9.0%), and acetic acid, butyl 

ester (7.2%), in addition to various oxygenated and 

nitrogenated low-molecular-weight compounds. 

These results demonstrate that T. 

afroharzianum produces metabolites with ovicidal 

effect against M. enterolobii, with both extracts being 

effective at different concentrations. The presence of 

compounds such as 2,4-di-tert-butylphenol, 

caryophyllene, and humulene reinforces its potential 

as a biocontrol agent. 

 

ANTAGONISTIC POTENTIAL OF TWO 

RHIZOSPHERIC ISOLATES OF Bacillus subtilis 

FROM Capsicum annuum AGAINST 

Meloidogyne spp. [Potencial antagónico de dos 

aislamientos rizosféricos de Bacillus subtilis 

procedentes de Capsicum annuum contra 

Meloidogyne spp.].Z.N. Neira S.1, C.E. Cedano S.1, 

M.R. Ñique R.2 y M.A. Delgado J.2 1Facultad de 

Ciencias Agropecuarias, Universidad Nacional de 

Trujllo. 2Facultad Ciencias Agrarias, Universidad 

Privada Antenor Orrego, Trujillo, Perú.  

mdelgadoj@upao.edu.pe 

 

The suppressive impact of rhizospheric isolates RP-1 

and RP-18 of Bacillus subtilis on the emergence of 

second-stage juveniles (J2) of Meloidogyne spp. was 

evaluated in vitro using four different concentrations 

(10⁴, 10⁵, 10⁶, and 10⁷ CFU/mL). Likewise, three 

applications of the rhizospheric isolates at a 

concentration of 10⁴ CFU/mL were evaluated in 

Capsicum annuum plants grown in soil. The plants 

were subsequently infested with 6000, 8000, and 

10000 eggs of Meloidogyne spp., respectively, with 

five replicates. Forty-five days after infestation, the 

population density of eggs in 5 g of roots, J2 in 100 

cc of soil, as well as the fresh and dry weight of roots 

and foliage were determined. The results 

demonstrated a statistically significant suppressive 

effect of isolate RP-18 at its four concentrations (10⁴, 

10⁵, 10⁶, and 10⁷ CFU/mL) on J2 emergence, which 

reached 36.6, 34.1, 27, and 25.3%, respectively, 

compared with isolate RP-1 and the control (water), 

which showed 78%. Similarly, in plants infested with 

10000 eggs, the egg density in 5 g of roots was 

significantly lower compared with plants treated with 

RP-1 and plants infested with Meloidogyne spp. 

without bacterial treatment. Regarding the number of 

J2 in 100 cc of soil, no statistically significant 

differences were found among any of the treatments. 

No significant results were found regarding root 

length and fresh and dry weight of both roots and 

foliage, despite previous evidence indicating that 

isolate RP-18 effectively promotes root development. 
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EFFECT OF PLANT GROWTH-PROMOTING 

RHIZOBACTERIA ON NEMATODE 

POPULATIONS AND TOMATO PLANT 

PERFORMANCE. [Efecto de bacterias 

promotoras del crecimiento vegetal sobre 

poblaciones de nematodos y características 

agronómicas de tomate]. P. Morales-Montero1,2, 

B. Bastidas2, A. Machuca1, N. Miranda1, S. Flores4, 

M. GonzálezArraigada2,3, R. Contreras-Soto4, L. 

Pizarro1,2,3, E. San-Blas1,2. 1Laboratorio de 

Nematología, Instituto de Ciencias Agroalimentarias, 

Animales y Ambientales (ICA3), Campus Colchagua, 

Universidad de O’Higgins, San Fernando, Chile. 
2Centro UOH de Biología de Sistemas para la Sanidad 

Vegetal (BioSaV), Universidadde O’Higgins, San 

Fernando, Chile. 3Laboratorio de Inmunidad Vegetal, 

Instituto de Ciencias Agroalimentarias, Animales y 

Ambientales (ICA3), Campus Colchagua, 

Universidad de O’Higgins, San Fernando, Chile. 
4Laboratorio de Genética y Mejoramiento Genético, 

Instituto de Ciencias Agroalimentarias, Animales y 

Ambientales (ICA3), Campus Colchagua, 

Universidad de O’Higgins, San Fernando, Chile. 

patricia.moralesm@postdoc.uoh.cl 

 

Chemical nematicides have been widely used to 

control plant-parasitic nematodes (PPN) for decades. 

However, their application raises serious 

environmental and health concerns. In this context, 

biological control emerges as a promising alternative 

to manage PPN. In this study, two bacterial strains, 

AS66 and AS85, belonging to Bacillaceae, were 

tested on their impact on soil nematodes population 

and on tomato plant performance. Two months old 

tomato plants were transferred to naturally infested 

soils in 2 L pots under greenhouse conditions and the 

bacteria were applied to the soil. Every 20 days, for a 

period of 60 days, four plants per treatment were 

uprooted. Their fresh and dry weights were recorded 

and soil samples were collected for nematode 

extraction using the Baermann funnel technique. For 

each sampling time (20, 40 and 60 days), total 

nematode abundance and the abundance of individual 

genera were compared among treatments. 

Additionally, comparisons between 20- and 60-days 

samples were carried out to assess temporal changes 

in total and genus-level abundances. Trends were 

observed in certain taxa, such as Aphelenchus and 

Aplelenchoides, suggesting that treatment effects 

may be genus-specific and influenced by exposure 

time. Data highlightthe need for more detailed 

taxonomic and functional studies to fully understand 

the ecological implications of these bacterial 

applications.  

 

TWO-SEASON EFFICACY OF NATIVE 

RHIZOBACTERIA AGAINST THE ROOT-

LESION NEMATODE (Pratylenchus vulnus) IN 

A WALNUT ORCHARD. [Eficacia de 

rizobacterias nativas en el manejo del nematodo 

lesionador (Pratylenchus vulnus) durante dos 

temporadas en un huerto de nogales]. Yañez1, S. 

Prodan1, C. Flores-Vargas1, L. Aballay1, J. Olave1, F. 

Sepúlveda1, X. Antiguay1, J.L. Henríquez1, C. 

Castaneda-Alvarez1. 1Dep. de Sanidad Vegetal, Fac. 

de Cs. Agronómicas, Universidad de Chile, Santiago, 

Chile. carlos.castaneda@uchile.cl 

 

Walnut (Juglans regia) is one of the major orchard 

crops in Chile, but its productivity is threatened by 

Pratylenchus vulnus, commonly known as the walnut 

root-lesion nematode (WRLN), a widespread and 

damaging plant-parasitic nematode. Chemical control 

is limited and environmentally risky, prompting 

interest in biological alternatives such as plant 

growth-promoting rhizobacteria (PGPR). The 

objective of this study was to evaluate the field 

efficacy of native rhizobacterial strains previously 

selected through in vitro and greenhouse screening. A 

bacterial mix (Bacillus weihenstephanensis FB25M, 

Peribacillus frigoritolerans FB37BR, Bacillus 

thuringiensis FS213P, Bacillus amyloliquefaciens 

F203) and a single-strain treatment (Oerskovia 

turbata FB55) were tested for their ability to suppress 

WRLN and reduce its damage to walnut trees. 

Control treatments included a commercial chemical 

nematicide (cadusafos), alone or combined with the 

rhizobacterial mix, and control (untreated trees). 

Treatments were applied in the soil of a 12-year-old 

walnut orchard naturally infested with WRLN (>500 

individuals/250 cm³ of soil). Bacterial suspensions 

(1×10⁶ CFU/mL) were applied as a drench. The 

reproductive index (RI) was measured at 30, 60, and 

90 days during the first season, and up to 120 days 

during the second season. Walnut fruit parameters 

(height, width, fresh and dry weight) were recorded at 

harvest. The experimental design was a randomized 

complete block with six replicates per treatment. Data 

were analyzed using a generalized linear mixed 

model (GLMM) and LSD test (p < 0.05) in R 

software. In the first season, rhizobacterial treatments 

significantly reduced WRLN populations (p < 0.05), 

achieving RI values consistently lower than the 

control and comparable to the chemical treatment, 

with up to 67% reduction. However, no significant 

differences (p > 0.05) in fruit parameters were 

observed at harvest. In the second season, preliminary 

data at 90 days showed that the rhizobacterial mix 

differed significantly from both the untreated and 

chemical-only controls, performing similarly to the 

reinforced chemical and single-strain treatments, with 

RI values below 1 (p < 0.05). At harvest, significant 
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differences in dry nut weight were observed. The 

rhizobacterial mix, the single strain, and the 

reinforced chemical treatment outperformed the 

untreated and chemical-only controls, achieving 

around 10% higher dry weights (p < 0.05). A double 

application of the bacterial mix had no additional 

effect on fruit weight, consistent with the RI pattern. 

Native rhizobacteria, applied individually or in 

combination, effectively suppressed WRLN and 

improved dry nut weight in field conditions over two 

seasons. These findings support their potential as a 

sustainable alternative to chemical nematicides in 

integrated walnut orchard management. This study 

was supported by CORFO grant 16PTECFS-66647. 

 

WHEAT RHIZOSPHERE METABARCODING 

SHOWS SPECIFIC ASSOCIATIONS OF 

BACTERIA WITH NEMATODE FEEDING 

GROUPS [El metabarcoding de la rizosfera de 

trigo muestra asociaciones específicas de bacterias 

con nematodos clasificados por grupos de 

alimentación]. A. Ciancio1, I. Pentimone1, L. 

Rosso1, E. Fanelli1, F. De Luca1, P. Veronico1, M. 

Colagiero1. 1Research funded by EU PNRR Agritech 

“Multifunctional and resilient agriculture and forestry 

1 CNR, Istituto per la Protezione Sostenibile delle 

Piante, Bari, Italy. aurelio.ciancio@cnr.it 

A metabarcoding study was carried out at Gravina 

(Italy) in the rizosphere of durum wheat (Triticum 

turgidum subsp. durum). Plants were sampled before 

(March) and after heading (May), in two fields with 

an organic or a conventional crop, including adjacent 

uncultivated controls, in five replicates per treatment. 

Bacterial amplicon sequence variants (ASV) were 

obtained by RNAs extraction, followed by 

retrotranscription and NGS sequencing of the V3-V4 

regions of the 16S rRNA ribosomal gene. The 

nematodes included herbivores such as 

Helicotylenchus tunisiensis, Paratylenchus sheri, 

Pratylenchus neglectus and Merlinius sp. The 

fungivores and moss feeders were mostly small 

tylenchids and dorylaims. Bacteria-feeders included 

Rhabditidae, Cephalobidae, and other taxa. 

Omnivores and predators included Thonus sp., 

Discolaimus sp., Ecumenicus monohystera, a 

mononchid and other dorylaims. Spearman's 

correlations among the nematode feeding groups in 

March samples showed mutually exclusive trends, the 

herbivores being inversely correlated with the other 

guilds (p < 0.05 or < 0.01). In May they were 

inversely correlated only with the fungal/moss 

feeders (p < 0.01), with positive correlations with 

bacterivores (p< 0.05) and omnivores (p < 0.001). 

Bacterial diversity indices did not vary, except for the 

Menhinick index that decreased in May, mostly in the 

organic wheat control (p < 0.05). Spearman’s 

correlations revealed positive or inverse associations 

among nematode feeding groups and ASV, almost 

unique for each bacterial guild. The herbivores had 

the highest number of significant correlations but the 

lowest frequency of negative scores (18.1%), when 

compared with the other guilds. Bacterial taxa 

negatively correlated with herbivores included 

Bacillus spp., Methylorubrum spp., unclassified 

Lactobacillales, Cyanobacteria and Mycoplasma 

spp., with other nematode pathogenic bacteria. 

Positive correlations included plant growth 

promoting bacteria, and taxa involved in nitrogen and 

nutrient cycling, denitrification and ammonia 

oxidation. The occurrence of bacteria selectively 

associated to each feeding guild suggests the 

occurrence of multiple functional services acting at 

the nematode-bacteriarhizosfere interface. Their 

diversity and specificity highlight a potential to 

sustain wheat health, with an indirect impact on crop 

production. 

EFFECT OF TWO CONCENTRATIONS OF 

Lupinus mutabilis OIL ON THE CONTROL OF 

Meloidogyne spp. IN TOMATO “CV” RIO 

GRANDE. [Efecto de dos concentraciones de 

aceite de Lupinus mutabilis en el control de 

Meloidogyne spp. en tomate “cv” rio grande]. P. Y. 

Rebaza C1., Z. N. Neira S1., M. A. Delgado J2. C. E. 

Cedano S1. 1Facultad de Ciencias Agropecuarias, 

Universidad Nacional de Trujllo. 2Facultad de 

Ciencias Agrarias, Universidad Privada Antenor 

Orrego, Trujillo, Perú. ccedano@unitru.edu.pe 

 

The global threat that root-knot 

nematodes Meloidogyne spp. pose to agricultural 

production, due to the considerable losses they cause 

in various crops worldwide, makes the use of 

environmentally friendly control methods that ensure 

the sustainability of agroecosystems increasingly 

necessary. In this context, it is considered appropriate 

to investigate the use of extracts or derivatives of 

plant species such as Lupinus mutabilis ("tarwi" or 

"chocho"). The extract of this species contains more 

than 70 types of alkaloids, among which is lupanine, 

which belongs to the quinolizidine alkaloid group and 

exhibits antibacterial, nematicidal, and insecticidal 

properties, as well as an inhibitory effect on protein 

synthesis. The aim of this research was to evaluate the 

effect of two concentrations of L. mutabilis oil on the 

control of Meloidogyne spp. in tomato 'Rio Grande'. 

Oil extraction was carried out using the steam 

distillation method (130°C for 4 hours) using 1.5 

liters of 96% alcohol and 800 g of L. mutabilis seed. 
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Once the oil was obtained, the corresponding amount 

of oil was added to flasks containing distilled water to 

standardize to 0.75 and 1%, respectively. The effect 

of the two concentrations was evaluated: a) in vitro to 

determine the emergence and mortality percentages 

of second-stage juveniles (J2) of Meloidogyne spp., 

and b) on tomato 'Rio Grande' plants grown in soil 

contained in 5 kg pots and infested with 4,000 eggs 

of Meloidogyne spp. The number of eggs in 5 g of 

root, J2 in 100 ml of soil, the galling index, root 

length, and fresh and dry weight of roots and foliage 

were determined. In vitro, the two concentrations 

of L. mutabilis oil achieved 42 and 41% emergence 

and caused 100% mortality of Meloidogyne spp. J2, 

compared to 67% emergence and 8% mortality, 

respectively, in the control treatment without 

application. Likewise, there were 38.9% and 28.7% 

fewer eggs in 5 g of roots, 50% and 47% fewer J2 in 

100 ml of soil, and a galling index of grade 2 and 3 

compared to the control treatment, which was grade 

4. 

 

EFFICACY OF BIOLOGICAL NEMATICIDES 

FOR THE MANAGEMENT OF Rotylenchulus 

reniformis IN TOMATO PLANTS (Solanum 

lycopersicum) UNDER GREENHOUSE 

CONDITIONS [Eficacia de nematicidas 

biológicos para el manejo de Rotylenchulus 

reniformis en plantas de tomate (Solanum 

lycopersicum) bajo condiciones de invernadero]. 

M. T. Valdez-Morales¹, J. M. Tovar-Pedraza2, J. A. 

Carrillo-Fasio¹, R. S. García-Estrada2, J. M. Osuna-

Rodríguez3. 1Laboratorio de Nematología, Subsede 

Culiacán, Centro de Investigación en Alimentación y 

Desarrollo, Culiacán, Sinaloa, México. 2Laboratorio 

de Fitopatología, Subsede Culiacán, Centro de 

Investigación en Alimentación y Desarrollo, 

Culiacán, Sinaloa, México. 3Facultad de Agronomía, 

Universidad Autónoma de Sinaloa, México. 

juan.tovar@ciad.mx 

 

Sinaloa is the leading tomato (Solanum lycopersicum) 

producing state in Mexico. Recently, the presence of 

the reniform nematode, Rotylenchulus reniformis, 

was reported in tomato fields, severely affecting 

production. However, information on effective 

management strategies for this nematode is limited. 

Therefore, the objective of this study was to evaluate 

the efficacy of commercial biological control 

products for the management of R. reniformis in 

tomato plants. Tomato seedlings (‘cv’ 8579), 30 days 

old, were inoculated with 2000 second stage-

juveniles (J2) of the nematode per pot (4 kg of sterile 

soil). The experiment was arranged in a completely 

randomized design with a single factor and six 

treatments: 1. Absolute control; 2. Inoculated control; 

3. Pochonia chlamydosporia; 4. Purpureocillium 

lilacinum; 5. Bacillus methylotrophicus; and 6. 

Bacillus firmus + P. lilacinum. Each treatment 

included three replicates, and the entire experiment 

was conducted twice. The commercial nematicides 

were applied according to the recommendations on 

each product label. A total of three applications were 

performed at sevenday intervals, beginning with the 

first application on the same day as nematode 

inoculation. Evaluations were conducted 60 days 

after inoculation, assessing the nematode 

reproduction factor (RF), plant height, fresh root 

weight, and percentage of root necrosis. The results 

indicated that all biological treatments reduced RF 

and root necrosis. Specifically, treatments with P. 

lilacinum, B. firmus/P. lilacinum, P. chlamydosporia, 

and B. methylotrophicus significantly reduced (p < 

0.05) the RF by 75%, 60%, 58%, and 48%, 

respectively. Root necrosis was similarly reduced by 

65%, 50%, 54%, and 30%, respectively. Fresh root 

weight did not differ significantly among treatments, 

although it was distinct from the inoculated control. 

Likewise, no significant differences in plant height 

were observed across treatments, including the 

controls. In conclusion, biologicals products based on 

P. lilacinum, B. firmus/P. lilacinum, and P. 

chlamydosporia demonstrated 58–75% efficacy in 

reducing the R. reniformis reproduction factor and a 

54–65% reduction in root necrosis in tomato plants. 

Data highlight their potential as viable alternatives for 

inclusion in integrated management programs, 

targeting this plant-parasitic nematode. 

TWO STRATEGIES OF BIOLOGICAL 

CONTROL OF Meloidogyne enterolobii ON 

TOMATO EMPLOYING MICROORGANISMS. 

[Dos estrategias de control biológico de 

Meloidogyne enterolobii en tomate empleando 

microorganismos]. I. Tapia-Vázquez1, L.E. Lugo-

García1, J.J. Salazar-Cortés1 and C. Martínez-

Anaya1. 1Departamento de Ingeniería Celular y 

Biocatálisis, Instituto de Biotecnología, Universidad 

Nacional Autónoma de México, Av. Universidad 

2001, Chamilpa, 62210 Cuernavaca, Morelos, 

México. claudia.martinez@ibt.unam.mx 

 

Meloidogyne enterolobii is an emerging 

phytopathogenic nematode that severely impacts 

tomato (Solanum lycopersicum) yields. In Mexico, 

this nematode has recently spread to areas previously 

unaffected, including Sinaloa, the country’s primary 

tomatoproducing state. Our study evaluates two 

different strategies for the biological control of M. 

enterolobii in tomato: the first one employs one 
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filamentous fungus and one bacterium, and the 

second, a yeast. 1) Biological Control with 

Purpureocillium lilacinum MTL01 and Bacillus 

velezensis 83. Although microbial formulations are 

available in Mexico, they are rarely used and typically 

applied alongside chemical nematicides, which 

remain the predominant control method despite their 

well-documented negative environmental and health 

consequences. Seeking sustainable alternatives, we 

isolated a native strain (that we called MTL01) of the 

ascomycete P. lilacinum, a filamentous fungus 

already used in commercial biocontrol products. We 

assessed the effect of MTL01 alone or in combination 

with spores of Bacillus velezensis 83 -a known tomato 

growth-promoting bacterium. In three independent 

greenhouse experiments, tomato plants inoculated 

with MTL01, B. velezensis 83, or both, and 

subsequently challenged with second-stage juveniles 

(J2) of M. enterolobii, exhibited significantly reduced 

galling and enhanced flowering. Other developmental 

parameters were largely unaffected. These findings 

suggest that the combined application of these agents 

could contribute to improving tomato yields in 

greenhouse production systems, offering a promising 

eco-friendly alternative to chemical nematicides. 2) 

Biological Control with a basidiomycetous yeast. We 

also explored a second biocontrol approach involving 

an extremotolerant rhizosphereassociated yeast. 

Although treatment with the yeast did not 

significantly reduce gall formation compared to 

untreated plants, J2-infected tomato plants treated 

with the yeast maintained overall fitness levels 

comparable to uninfected controls. This suggests a 

role for the yeast in supporting plant vigor under 

nematode pressure. Remarkably, similar effects were 

observed in Nicotiana benthamiana, another 

Solanaceae species, indicating that this plant could 

serve as a suitable experimental model for studying 

yeast-mediated mechanisms involved in the tolerance 

to nematode infection. 

 

SOIL NEMATODE COMMUNITY 

COMPOSITION AND ECOSYSTEM 

PROCESSES: COMPARING AGRICULTURAL 

AND NATURAL ECOSYSTEMS. [Composición 

de la comunidad de nematodos del suelo y 

procesos de ecosistemas: comparación de 

ecosistemas agrícolas y naturales]. D.A. Neher1 

T.R. Weicht1. 1Department of Agriculture, 

Landscape, and Environment, University of Vermont, 

VT 05405. deborah.neher@uvm.edu 

 

Generalizing differences between agricultural and 

natural systems is challenging. An overarching theme 

is that physical disturbance is damaging to the soil 

food web both directly and indirectly. Cultivation 

destroys natural microhabitats in soil and 

homogenizes microbe and nematode communities. 

Physically intact soils maintain myriad microhabitats 

and niche partitioning for soil community 

assemblages that perform ecosystem functions such 

as nutrient cycling and decomposition. For example, 

there is a tighter coupling of nematode communities 

with mineralized nitrogen in 100-year pine forests 

than clear-cut forests or agricultural lands. 

Furthermore, long-term no-till soil high in organic 

matter is suppressive to soybean cyst nematode and 

subsequent cultivation destroys the suppressive 

community. In natural systems, litter and plant cover 

buffer soils from seasonal extremes in temperature 

and moisture. Physical disturbance changes water 

storage and infiltration. The spatio-temporal 

distribution of air and water films affects the ability 

of nematodes to survive, reproduce and disperse. 

Typically, moist soils in agriculture contain relative 

abundances of rhabditids and plectids. As agricultural 

soils dry, the biodiversity declines and nematodes 

capable of surviving dry soils increase in relative 

abundance including Aphelenchoididae, Ditylenchus, 

Cephalobidae and Aporcelaimidae. It is no surprise 

that the latter taxa are relatively abundant in desert 

soils. Furthermore, natural systems have greater 

vascular (e.g., grasses, trees) and/or nonvascular (e.g., 

moss, algae) plant diversity than agriculture. 

Contrasting plant species and community structure 

creates more niches to support additional 

biodiversity. Unfortunately, sampling protocols for 

agriculture focusing on soil overlook nematodes in 

litter accumulating on soil surface or epiphytes, 

underestimating nematode biodiversity and their role 

in ecosystem function in hyperdiverse ecosystems 

such as tropical rainforests. Nematode bioindicators 

are laborious and rely on specialized training. In an 

ideal world, we could predict nematode communities 

based on plant communities. Two case studies will be 

presented, one of temperate forests and the other of 

desert communities. For example, in a desert, 

nematode communities were consistently more 

diverse and successionally mature beneath relatively 

late- than early successional stage biocrusts. 

Ultimately, the utility of nematode community 

indicators is to reflect the ecosystem functions they 

perform. Temporally stable natural communities 

provide matrices of microhabitats that maximize 

biodiversity and linkages to ecosystem function.  

 

NEMATODE BIODIVERSITY MONITORING 

AS A TOOL FOR THE SUSTAINABILITY OF 

COASTAL WETLANDS: A CASE STUDY IN 

THE PETREL COASTAL LAGOON, 

O’HIGGINS REGION. [Biodiversidad de 

nematodos como herramienta para la 
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sostenibilidad de humedales costeros: estudio de 

caso en la Laguna Costera Petrel, región de 

O’Higgins]. B. Bastidas1,2,3, Y. Sulbaran-Bracho1,3, 

P. Morales-Montero1,2,3, H. Aponte3,4, C. Rojas3,4, E. 

San Blas1,2,3. 1Centro UOH de Biología de Sistemas 

para la Sanidad Vegetal (BioSaV), Universidad de 

O’Higgins, San Fernando, Chile. 2Laboratorio de 

Nematología, Instituto de Ciencias Agroalimentarias, 

Animales y Ambientales (ICA3), Campus Colchagua, 

Universidad de O’ Higgins, San Fernando, Chile. 
3Instituto de Ciencias Agroalimentarias, Animales y 

Ambientales (ICA3), Campus Colchagua, 

Universidad de O’ Higgins, San Fernando, Chile. 
4Laboratory of Soil Microbial Ecology and 

Biogeochemistry, Institute of Agri-food, Animal and 

Environmental Sciences (ICA3), Universidad de 

O`Higgins, Campus Colchagua, Chile. 

brynellybastidas@gmail.com 

 

This study assessed the San Antonio River–Petrel 

Lagoon system, a coastal wetland in central Chile 

characterized by seasonal hydrological shifts and 

increasing anthropogenic pressure. Petrel Lagoon, 

located in the O’Higgins Region, experiences 

seasonal disconnection from and reconnection to the 

sea, creating distinct microhabitats between dry and 

wet seasons. The objective was to explore the spatial 

and temporal variation of nematode communities in 

soils and sediments across fluvial and lacustrine 

environments, given their ecological roles in nutrient 

cycling, organic matter decomposition, and food web 

regulation, as well as their high sensitivity to 

environmental gradients. Results showed that ΣMI 

was 22% lower in winter in fluvial soils and 15% 

lower in fluvial sediments, indicating reduced 

community stability during this season. EI increased 

by 46% in fluvial soils in winter, suggesting greater 

resource availability, while SI decreased by 51%, 

reflecting reduced trophic complexity. HF decreased 

by 93% in fluvial soils from summer to winter, 

evidencing a strong reduction in herbivore pressure. 

In lacustrine sediments, BF was four times higher in 

winter than in summer, indicating a marked increase 

in bacterivore activity during the wet season. Soil 

food web analysis revealed that soils and sediments 

were in a disturbed condition, with greater 

degradation in 2024, possibly failing to provide 

essential ecosystem services within the lagoon. This 

interdisciplinary approach provided a baseline for 

future biomonitoring programs, demonstrating that 

nematodes are effective bioindicators for detecting 

environmental changes and assessing the ecological 

integrity of transitional coastal ecosystems under 

multiple stressors. 

NEMATOFAUNA PRESENT IN TWO POTATO 

FARMS IN CUNDINAMARCA. [Nematofauna 

presente en dos fincas productoras de papa en 

Cundinamarca]. R.A. Camelo-Munévar1, S. 

Gómez-Caro1, N.E. Niño-Castañeda1. 1Facultad de 

Ciencias Agrarias, Universidad Nacional de 

Colombia, Sede Bogotá. neninoc@unal.edu.co 

Potato cultivation (Solanum tuberosum L.) is of great 

importance worldwide due to its high nutritional 

value. One of the main limitations of this crop is the 

presence of plant-parasitic nematodes, among which 

cyst, root-knot, and lesion nematodes stand out. 

These organisms cause direct damage to plants, 

reducing tuber quality and causing yield losses of up 

to 25%. Considering that nematode fauna studies in 

potato crops in Colombia are limited, the present 

research was conducted to identify and quantify the 

nematodes present in two potato-producing farms 

located in the municipalities of Subachoque and 

Funza (Cundinamarca). The study area consisted of 

one hectare representative of the Diacol Capiro potato 

variety at each location, where 44 sampling points 

were established. In both Funza and Subachoque, four 

trophic groups were identified: plant-parasitic 

nematodes, bacterivores, fungivores, and omnivores. 

In both cases, plant-parasitic nematodes presented the 

highest number of genera compared with the other 

trophic groups. At the Subachoque farm, plant-

parasitic nematodes reached maximum populations of 

513 nematodes/200 g of soil, mainly represented by 

the genus Meloidogyne, with an incidence of 66% and 

a maximum population of 476 second-stage juveniles 

(J2)/200 g of soil. Bacterivorous nematodes showed 

the highest population in this location compared with 

the other trophic groups, with an incidence of 97.8% 

and a maximum of 255 nematodes/200 g of soil, 

followed by fungivores with an incidence of 80% and 

a maximum of 91 nematodes/200 g of soil. Finally, 

omnivores showed the lowest number of individuals, 

with an incidence of 73.3% and a maximum of 29 

nematodes/200 g of soil. In Funza, fungivorous 

nematodes (Aphelenchoides and Aphelenchus) 

presented the highest number of individuals 

compared with the other trophic groups, with an 

incidence of 93.2% and a maximum of 1,233 

nematodes/200 g of soil. The genera Globodera and 

Pratylenchus showed 100% incidence, with a 

maximum of 120 Globodera cysts/100 g of soil and 

785 J2/200 g of soil, respectively; for Pratylenchus, a 

maximum of 71 individuals/200 g of soil was 

recorded. Bacterivorous nematodes showed an 

incidence of 97.7% with a maximum of 310 

nematodes/200 g of soil, followed by omnivores with 

an incidence of 88.6% and 29 nematodes/200 g of 
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soil. Additionally, in both locations, the genera 

Helicotylenchus, Paratylenchus, Criconemoides, 

Trichodorus, and nematodes from the family 

Tylenchidae were found at lower densities. The 

results obtained in the two study areas demonstrate a 

high infestation by root-knot nematodes 

(Subachoque) and cyst nematodes (Funza), which are 

considered limiting factors in potato production. This 

study serves as a reference for future research aimed 

at determining the presence and distribution of plant-

parasitic nematodes in potato-producing regions. 

 

TROPHIC STRUCTURE AND SOIL 

RESILIENCE: IMPACT OF INTRA-FIELD 

VARIABILITY IN AGRICULTURAL SOILS 

AFFECTED BY MELOIDOGYNE. B. [Estructura 

trófica y resiliencia edáfica: impacto de la 

variabilidad intra-campo en suelos agrícolas 

afectados por Meloidogyne]. B. Bastidas1,2, Y. 

Sulbaran-Bracho1,2, P. Morales-Montero1,2, M. 

González-Arriagada1,3, E. San Blas1,2, L. Pizarro 

Arcos 1,3. 1Centro UOH de Biología de Sistemas para 

la Sanidad Vegetal (BioSaV), Universidad de 

O’Higgins, San Fernando, Chile. 2Laboratorio de 

Nematología, Instituto de Ciencias Agroalimentarias, 

Animales y Ambientales (ICA3), Campus Colchagua, 

Universidad de O’ Higgins, San Fernando, Chile. 
3Laboratorio de Inmunidad Vegetal, Instituto de 

Ciencias Agroalimentarias, Animales y Ambientales 

(ICA3), Campus Colchagua, Universidad de O’ 

Higgins, San Fernando, Chile. 

brynellybastidas@gmail.com 

 

The heterogeneous distribution of healthy, 

asymptomatic, and Meloidogyne-infected plants 

within the same agricultural field created distinct 

microenvironments that modulated soil trophic 

structure and resilience. This study, conducted in 

tomato crops in Chile’s O’Higgins Region—an area 

of major agricultural importance—tested the 

hypothesis that the coexistence of plants in different 

health states significantly altered the nematode 

community, soil microbiota, and their ecosystem 

functions, resulting in shifts in nematode community 

structure driven by the biotic pressure of 

Meloidogyne. We assessed patterns of variation in 

nematode diversity and trophic structure, analyzed 

changes in soil enzymatic activity and microbial 

respiration, and compared soil physicochemical 

properties. Calculated nematological indices 

included the Maturity Index (MI), indicating 

community stability, and the Plant-Parasite Index 

(PPI), reflecting plantparasitic pressure, alongside 

food web indices such as Enrichment (EI), Structure 

(SI), Channel (CI), and Basal (BI) to evaluate soil 

functionality, complexity, and decomposition 

pathways. Metabolic Footprints were also calculated 

to infer ecosystem services and disservices, including 

mineralization (BF, FF, EF), pest suppression (PF, 

OF, SF), and herbivore pressure (HF). Asymptomatic 

soils showed 18% higher community stability (MI) 

and a CI 72% greater than healthy soils, indicating 

enhanced fungal decomposition (FF was five times 

higher than in healthy soils). Infected soils exhibited 

an herbivore footprint (HF) 65% higher than 

asymptomatic soils, reflecting intense plant-parasitic 

pressure. Conversely, healthy soils had a PPI 5% 

higher and an EI 30% greater than asymptomatic 

soils, suggesting stronger plant-parasitic nematode 

pressure and higher trophic enrichment. These 

findings provide an integrated understanding of soil 

dynamics associated with plant-parasitic nematodes, 

guiding management strategies to foster healthier and 

more productive soils in intensive horticultural 

systems. 

SOIL BACTERIA AND NEMATODE 

INTERACTIONS IN COFFEE 

AGROECOSYSTEMS: EFFECTS OF 

SUSTAINABLE VS. CONVENTIONAL 

MANAGEMENT [Interacciones entre bacterias 

del suelo y nematodos en agroecosistemas 

cafetaleros: efectos del manejo sostenible vs. 

convencional]. J-A. Rojas-Chacón1,2, F. Echeverría-

Beirute3, J.P. Jiménez-Madrigal3, Ingrid Varela 

Benavides3, Dirk Berkelmann4, Andrés Gatica-

Arias2,4. 1Universidad de Costa Rica, Agronomía, 

Sede Guanacaste. 2CABANAnet (Capacity Building 

for Bioinformatics in Latin America), San José 

206011501. 3Instituto Tecnológico de Costa Rica, 

DOCINADE. 159-7050, San Carlos, Alajuela, Costa 

Rica. 4Universidad of Costa Rica, School of Biology, 

Plant Biotechnology Laboratory. 11501-2060, San 

José, San Pedro de Montes de Oca, Costa Rica. 

jose.rojaschacon@ucr.ac.cr  

 

Understanding the interactions between soil bacteria 

and nematodes is key to enhancing sustainability in 

coffee agroecosystems. This study evaluated the 

composition and functional dynamics of these 

communities under conventional and sustainable 

management across three major coffee-growing 

regions in Costa Rica. Soil nematodes were 

characterized via optical microscopy, while bacterial 

communities were profiled through high-throughput 

sequencing. Functional predictions were made using 

taxonomybased bioinformatics tools. Herbivorous 

nematodes dominated across both systems; However, 

bacterivores (Rhabditidae, Cephalobidae) and 

fungivores (Aphelenchoididae) were significantly 

more abundant under sustainable management (p < 

https://environmentalmicrobiome.biomedcentral.com/articles/10.1186/s40793-020-0353-3#auth-Dirk-Berkelmann-Aff1
https://environmentalmicrobiome.biomedcentral.com/articles/10.1186/s40793-020-0353-3#auth-Dirk-Berkelmann-Aff1
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0.05). Despite no significant differences in nematode 

maturity indices or food web diagnostics, metabolic 

signatures related to organic matter decomposition 

varied between systems (p < 0.05). Bacterial 

communities were primarily composed of 

Proteobacteria, Acidobacteria, and Chloroflexi, while 

fungal communities were dominated by Ascomycota 

(53.21%). Functional profiling revealed a higher 

abundance of genes associated with nutrient and 

energy cycling particularly phosphorus and sulfur 

metabolism in sustainable systems. This represents 

the first integrated analysis of bacterial and nematode 

communities under contrasting management 

practices in Costa Rican coffee agroecosystems, 

providing insights for future sustainable agriculture 

strategies. 

 

INFLUENCE OF POTATO VARIETY (Solanum 

tuberosum) ON THE FUNCTIONAL 

STRUCTURE OF FREE-LIVING NEMATODES 

IN HIGH-ANDEAN CROPPING SYSTEMS 

[Influencia de la variedad de papa (Solanum 

tuberosum) en la estructura funcional de 

nematodos de vida libre en sistemas de cultivo 

altoandinos]. E.D. Gómez-López¹, H.D. Muñoz-

Urquina², D.E. Saavedra-Escobar², C.A. Urbano-

Muñoz², J.A. Ceballos-Moreno². 1Facultad de 

Ciencias Agropecuarias, Departamento de Ciencias 

Biológicas, Universidad de Colombia, sede Palmira. 
2Facultad de Ciencias Agropecuarias, Grupo de 

Investigación “Protección Vegetal para el 

Mejoramiento de la Productividad”. Estudiantes de 

Ingeniería Agronómica, Universidad de Colombia, 

Sede Palmira. hmunozu@unal.edu.co 

 

Soil nematodes are widely recognized as sensitive 

indicators of soil functional health. This study 

evaluated the taxonomic and trophic structure of free-

living nematode communities in potato-cultivated 

soils across seven farms in the municipality of 

Pupiales, Nariño (Colombia), located in the villages 

of Inchuchala, Miraflores, Tres Esquinas, and 

Calputan. The influence of potato variety—Diacol 

Capiro and Criolla Colombiana—on nematode 

assemblages was analyzed. Rhizosphere soil samples 

were collected using a zigzag sampling pattern at a 

depth of 0–20 cm. Nematodes were extracted using a 

modified Cobb method and identified to the genus 

level based on buccal cavity morphology under light 

microscopy. Specimens were assigned to trophic 

groups: bacterivores, fungivores, and predators. 

Analysis of variance (ANOVA) revealed no 

significant differences in nematode community 

composition among farms (F = 1.64, p = 0.156), 

suggesting agroecological uniformity across the study 

area. However, significant differences were detected 

between potato varieties (F = 8.98, p = 0.00043), 

suggesting that cultivar selection may influence 

nematode community structure. Soils planted with the 

Criolla Colombiana variety exhibited greater trophic 

complexity and diversity, with a predominance of 

fungivores such as Aphelenchus and the presence of 

predatory genera including Mononchus and Clarkus. 

In contrast, the Diacol Capiro variety was associated 

with communities dominated by bacterivores of the 

genus Cephalobus, indicative of disturbed or early 

successional soils. The coexistence of fungivores and 

predators in plots cultivated with Criolla Colombiana 

suggests a more mature and ecologically balanced 

soil food web, potentially contributing to the natural 

regulation of phytoparasitic nematodes. The 

consistent presence of Aphelenchus and Cephalobus 

across most of the farms reinforces the notion of a 

stable and functional trophic structure. This pattern 

implies that bacterivores enhance nutrient cycling, 

fungivores contribute to fungal population regulation, 

and predators support biological control of 

opportunistic nematode species. This study highlights 

the significant influence of crop variety on the 

functional organization of soil nematofauna and 

suggests that certain cultivars, such as Criolla 

Colombiana, may promote beneficial nematode 

assemblages. The combined taxonomic and trophic 

approach offers a valuable diagnostic framework for 

evaluating soil health and informing sustainable 

agroecological practices. Ongoing molecular 

analyses aim to develop predictive models of soil 

biological quality under different crop management 

systems. 

 

In vitro MASS PRODUCTION OF NATIVE 

ENTOMOPATHOGENIC NEMATODES: 

DIFFICULTIES AND CHALLENGES 

[Producción masiva de nematodos 

entomopatógenos nativos: dificultades y desafíos].  

P. Navarro, A. Monje, J. Taladríz, F. Rivas¹, P. 

Barra1. 1Laboratorio Ciencia de Insectos, Instituto de 

Investigaciones Agropecuarias (INIA), Vilcún, 

Región de La Araucanía, Chile. 

patricia.navarro@inia.cl 

 

The entomopathogenic nematode EPN Steinernema 

australe belongs to the Glaseri group, is native to 

Chile, and has lately been reported in South Africa. 

This EPN is a promising tool for controlling weevils, 

highlighting its performance against Aegorhinus 

larvae, a cryptic pest in berry and hazelnut crops. In 

vitro mass production of S. australe has been scaled 

up to 1 L in an airlift bioreactor, starting from 

monoxenic cultures. Nematodes' monoxenic culture 

was initiated from gravid females produced on solid 

media to enhance egg production. To achieve 1 L of 
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S. australe, the nematode's life cycle and the bacterial 

culture growth in artificial medium were described. 

The selection of specific media, lipid sources, and 

adjustments to temperature and pH have been 

evaluated, with contamination and bacteria switching 

between phase I and phase II being among the most 

challenging aspects to address during the process. A 

timeline of the process, its difficulties, and challenges 

in reaching 1L of the native EPN-bacteria complex is 

discussed. 

 

EPIDEMIOLOGY OF THE FOLIAR 

NEMATODE (Aphelenchoides pseudobesseyi) ON 

SOYBEAN (Glycine max) IN COLOMBIA. 

[Epidemiología del nematodo foliar 

(Aphelenchoides pseudobesseyi) en soya (Glycine 

max) en Colombia]. Ó.A. Guzmán-Piedrahita1, C. 

Zamorano-Montañez2, and H.D. Lopez-Nicora3. 

1Departamento de Producción Agropecuaria, 

Universidad de Caldas, Manizales, Caldas, Colombia. 
2Departamento de Producción Agropecuaria, 

Universidad de Caldas, Manizales, Caldas, Colombia. 
3Department of Plant Pathology, Ohio State 

University, Columbus, OH 43210, U.S.A. 

oscar.guzman@ucaldas.edu.co 

 

In Colombia, the foliar nematode, Aphelenchoides 

pseudobesseyi, has been associated with yield losses 

of up to 52% in soybean, primarily due to foliar 

malformation, reduced plant dry biomass, and 

decreased flower and pod production. The objective 

of this study was to conduct an epidemiological 

assessment of the development of damage in soybean 

plants caused by A. pseudobesseyi under semi-

controlled conditions. Seven-day-old soybean 

seedlings were inoculated with 200 A. pseudobesseyi 

per plant (Treatment 1), while non-inoculated 

seedlings served as the control (Treatment 2). Both 

treatments were established in sterilized soil within a 

9 m² tray, which was divided into two subplots 

containing the experimental units for each treatment. 

Each experimental unit consisted of 12 soybean 

plants, including 10 effective plants and 2 border 

plants. Treatments were evaluated using a 

randomized complete block design with five 

replicates. To assess treatment effects, eight 

destructive samplings were conducted at 15-day 

intervals after inoculation. At each sampling date, one 

experimental plot per treatment was randomly 

selected, and sampling continued until harvest. 

During each sampling, data were collected on 

nematode population density, reproduction factor (Rf 

= final population [in roots and aerial parts] / initial 

population), total plant dry weight, and plant height. 

In soybean plants inoculated, Rf of A. pseudobesseyi 

at 21, 36, 51, 66, 81, 96, and 111 days after 

inoculation was 1.75, 2.05, 6.76, 1.27, 0.75, 0.59, and 

0.48, respectively, with the highest Rf observed at 36 

and 51 days. Compared to the control, inoculated 

plants exhibited significant (P < 0.05) reduction in 

height at 36, 51, and 111 days after inoculation, with 

decreases of 33.2%, 33.1%, and 18.0%, respectively. 

Up until harvest, there were no statistically significant 

differences (P > 0.05) in dry matter between 

nematode-inoculated and non-inoculated plants. 

However, at harvest, inoculated plants exhibited a 

61.2% reduction in seed dry weight and a 55.3% 

reduction in pod production per plant, along with a 

40.5% increase in total vegetative biomass compared 

to the control. The seed index (weight of 100 seed) 

was similar between treatments, with an average 

value of 19 g. However, in 100 seed non-inoculated 

plants produced a significantly higher number of 

normal seeds, averaging 83 (P < 0.05), whereas 

inoculated plants yielded an average of only 52 

defective seeds. This study demonstrated that the 

highest populations of A. pseudobesseyi in inoculated 

soybean plants occurred within the first 51 days after 

inoculation, significantly affecting soybean yield. 

Therefore, integrated management strategies aimed at 

mitigating the impact of this foliar nematode and 

improving soybean productivity should be 

implemented from the early stages of crop 

establishment. 

 

SURVEY ON Meloidogyne graminicola AND 

Hirschmanniella spp. IN FRESH WATER 

ECOSYSTEMS IN THE NETHERLANDS 

[Investigación sobre Meloidogyne graminicola y 

Hirschmanniella spp. en ecosistemas de agua dulce 

en los Países Bajos]. A.S. van Bruggen2, A.M. de 

Heij2, C. Diepeveen2, D. Apolônio Silva De Oliveira2, 

E.M.C. van der Hulst2, G. Karssen2, J.M. van der 

Ent2, M. Anders1, R. du Pré2, E. Y. J. van Heese2. 
1Dutch National Plant Protection Organization, 
2Netherlands Institute for Vectors, Invasive plants 

and Plant health, Geertjesweg 15, 6706EA, 

Wageningen, The Netherlands. 

a.s.vanbruggen@nvwa.nl 

 

Meloidogyne graminicola is a tropical root-knot 

nematode, mainly causing damage in rice crops. The 

nematode has a wide host range of plants from 

different families. In 2016 the first finding of M. 

graminicola in Europe was in rice fields and wild 

plants near infested fields in Italy. M. graminicola is 

considered an emerging pest for the European Union 

(EU) and in 2022 temporary measures were described 

in the commission implementing regulation (EU) 

2022/1372. Part of the regulation consists of 

performing surveys in the EU member states. 

Hirschmanniella spp. is a root-lesion nematode. 
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Within this genus 25 species are absent in the EU and 

classified as EU quarantine, because of their damage 

potential in rice. In recent years several lots of aquatic 

plants imported from Asia were intercepted with the 

quarantine species Hirschmanniella caudacrena and 

H. diversa. In the Netherlands several locations of 

fresh water ecosystems are invaded by exotic aquatic 

plants, which might be a pathway for the introduction 

of quarantine Hirschmanniella spp. into the 

Netherlands. Both M. graminicola and 

Hirschmanniella spp. are adapted to moist habitats 

and share a wide host range. In 2023 and 2024 

surveys for these nematodes were carried out in 

freshwater ecosystems. Forty-two locations with 

exotic invasive aquatic plants or locations close to 

greenhouses with imported ornamental plants were 

selected. From each location 5 samples from different 

host plant species were collected and analysed. In 

2023 103 samples were collected from 22 locations. 

These samples were from 29 different plant species. 

In 6 samples Meloidogyne was found, but no M. 

graminicola was detected. In one sample of 

Cyperaceae the quarantine species M. fallax was 

found and measures were applied. In the other 5 

samples the native European species M. hapla, M. 

naasi, M. minor and M. kralli were found. 

Hirschmanniella was detected in 32 samples. These 

Hirschmanniella were no quarantine species but the 

native species H. gracilis (28 samples) and H. loofi (5 

samples). In 2024, 80 samples from 26 different plant 

species were collected from 20 locations. In 2 

samples Meloidogyne was detected. M. graminicola 

was not found, but the native species M. hapla and M. 

naasi were detected. From 20 samples the native 

Hirschmanniella species H. gracilis (20 samples) and 

H. loofi (1 sample) were extracted. Concluding: no M. 

graminicola and no quarantine Hirschmanniella 

species were found in these surveys. The native 

Hirschmanniella species H. gracilis is widespread 

and also H. loofi was found on several locations. One 

case with the quarantine Meloidogyne species M. 

fallax was detected and official measures were 

implemented.  

 

RECOGNITION OF PLANT-PARASITIC 

NEMATODES IN AGRICULTURALLY 

IMPORTANT CROPS IN THE DEPARTMENTS 

OF BOYACÁ AND CUNDINAMARCA, 

COLOMBIA [Reconocimiento de nematodos 

fitoparásitos en cultivos de importancia 

agronómica en los departamentos de Boyacá y 

Cundinamarca, Colombia]. D. H. Riascos-Ortiz1, 

L. N. Maldonado-Sosa1, D. M. Rivera-Quintero1. 
1Programa de Ingeniería Agronómica, Universidad 

Pedagógica y Tecnológica de Colombia-UPTC, 

Tunja, Boyacá, Colombia. dhriascoso@unal.edu.co  

Plant-parasitic nematodes are a major limiting factor 

in agricultural production in the departments of 

Boyacá and Cundinamarca, Colombia. However, the 

current lack of knowledge about the specific genera 

and species of plant-parasitic nematodes makes it 

difficult to design plans or programs for their 

integrated management in the crops. The purpose of 

this research was to determine the most prominent 

plant-parasitic nematodes genera in Daucus carota, 

Zea mays, Allium cepa, and Solanum lycopersicum 

crops. To this end, composite samples of rhizospheric 

soil were collected from the aforementioned crops 

and processed using the modified Cobb method. The 

plant-parasitic nematodes genera present in each 

sample were identified and quantified to determine 

various ecological and parasitic parameters 

(frequencies, densities, and absolute and relative 

prominence values). Various plant parasitic-

nematode populations were identified to the species 

level based on morphological and morphometrical 

analysis. According to the results, the most important 

plant-parasitic nematodes genera in the study area, 

according to their distribution and density, were 

Helicotylenchus, Globodera, Meloidogyne, 

Trichodorus and Pratylenchus, respectively, with 

prominence values of 1781, 429, 378, 105 and 102. In 

D. carota crops, the most prominent plant-parasitic 

nematodes were Globodera (1074), Meloidogyne 

(666) and Pratylenchus (70). In Z. mays were 

Helicotylenchus (312), Pratylenchus (167) and 

Globodera (78) the most prominent plantparasitic 

nematodes. In A. cepa the plant-parasitic nematodes 

with the greatest relative importance were Globodera 

(50), Pratylenchus (14) and Meloidogyne (7). In S. 

lycopersicum, the most prominent plant-parasitic 

nematode was Helicotylenchus (4780), followed by 

Meloidogyne (710) and Trichodorus (320). Finally, 

two Helicotylenchus populations, one from Z. mays 

and the other from S. lycopersicum, were identified 

as H. dihystera through morphometric analysis. For 

both populations, measurements were similar to those 

of the type and reference populations of H. dihystera. 

The high distribution of Globodera is due to the 

history of potato cultivation in some sampled 

production fields. 

 

NEMATODES AND NEXT-GENERATION 

NEMATICIDE ACTIVE INGREDIENTS. 

[Nematodos e ingredientes activos de última 

generación nematicida]. P. A. Infante1, M. 

Gaberthueel2. 1International Consultant, Bogotá, 

Colombia, 2Syngenta Crop Protection AG, 

Rosentalstrasse 67, CH-4002 Basel, Switzerland, 

pedroainfante@gmail.com 

 

Nematodes are among the most diverse and 
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widespread multicellular animals, inhabiting oceans, 

soils, freshwater, and host organisms. Approximately 

50% live in marine environments, 25% in terrestrial 

and freshwater habitats, and the rest parasitize 

animals or plants. Their ecological roles are vital: 

free-living nematodes decompose organic matter and 

oxygenate roots, enhancing soil health, while 

parasitic species can cause significant agricultural 

and health issues. In soils, nematodes are 

extraordinarily abundant and diverse, with thousands 

of individuals and dozens of species per 100 cubic 

centimeters. Despite their small size, they possess 

complex systems, including digestive, excretory, 

nervous, muscular, and reproductive organs, enabling 

diverse lifestyles. Morphologically, nematodes 

feature a pseudocoelom filled with fluid or gelatinous 

material, facilitating movement and internal 

transport. Their nervous system includes a ringshaped 

brain around the pharynx and longitudinal nerve 

cords, while their muscles coordinate locomotion via 

contraction cycles. The stilete presence determines 

the phyto-parasitic behavior. Classification of 

nematodes often depends on their parasitic behavior. 

Endoparasites develop within plant tissues, such as 

Meloidogyne (root-knot nematodes), whereas 

ectoparasites feed externally by inserting their stylet 

into plant roots. Some species are endo-ectoparasites, 

switching between internal and external feeding, 

often causing root injuries and crop damage. Their 

parasitism is typically initiated by plant exudates that 

attract nematodes, especially in monoculture systems, 

promoting their proliferation. Managing 

phytoparasitic nematodes is increasingly challenging, 

requiring strategies that balance control efficacy with 

sustainability. Traditional control methods, like soil 

fumigants—volatile synthetic compounds effective 

against species like root-knot and cyst nematodes—

are now less favored due to environmental concerns. 

Non-fumigant nematicides, applied through irrigation 

or foliar sprays, are less volatile and often used as 

seed treatments or soil drenches. Understanding 

active ingredients in next-generation nematicides is 

vital. Early chemical controls relied on broad-

spectrum neurotoxins such as carbamates and 

organophosphates, which inhibit cholinesterase, 

causing nerve overstimulation, paralysis, and death. 

Due to toxicity and environmental issues, these are 

being phased out. Modern solutions include 

compounds targeting mitochondrial function, such as 

succinate dehydrogenase inhibitors (SDHIs). These 

disrupt energy production in nematodes, leading to 

death with higher specificity and lower toxicity. 

Macrocyclic lactones like abamectin act on 

neuromuscular systems by increasing chloride ion 

influx, causing paralysis. However, their limited 

mobility within plant tissues restricts their 

effectiveness mainly to external or superficial 

nematodes. Recent advances include repurposing 

SDHIs, initially developed as fungicides, as 

nematicides. They inhibit mitochondrial complex II, 

causing energy failure particularly in nematodes of 

the Tylenchida order. This mode of action offers high 

specificity, efficacy, and environmental safety—

aligning with sustainable agriculture. In conclusion, 

next-generation nematicides focus on specificity, 

reduced toxicity, and environmental compatibility. 

When integrated into comprehensive management 

strategies, these innovations provide effective tools 

for controlling phytoparasitic nematodes, protecting 

crop yields, and promoting sustainable agriculture.   

TYMIRIUM® TECHNOLOGY: PROTECTING 

ROW CROPS AGAINST PLANT-PARASITIC 

NEMATODES [Tecnología Tymirium®: 

protección de cultivos en hileras contra nemátodos 

parásiticos]. M. Gaberthueel, Syngenta Crop 

Protection AG, Rosentalstrasse 67, CH-4002 Basel, 

Switzerland. matthias.gaberthueel@syngneta.com  

Plant-parasitic nematodes, particularly root-knot 

(Meloidogyne), lesion (Pratylenchus), and cyst 

nematodes (Heterodera), significantly impact global 

grain production. Managing these pests in South 

American cropping systems presents unique 

challenges. TYMIRIUM® technology offers a novel 

solution through both contact and systemic activity 

against nematodes while maintaining environmental 

sustainability. Over a decade of global trials, with 

particular focus in South American countries, has 

demonstrated TYMIRIUM® technology's high 

efficacy in reducing nematode populations in corn, 

soybean and cotton across various environmental 

conditions. The technology also shows strong activity 

against key fungal diseases. This presentation will 

highlight TYMIRIUM® technology's dual benefits as 

both a nematicide and fungicide, emphasizing its role 

in sustainable grain production while preserving soil 

health. 

NATIVE Steinernema ISOLATES FROM 

COLOMBIAN BANANA–PLANTAIN SOILS: 

FIRST SOUTH-AMERICAN RECORD OF S. 

costaricense AND HIGH VIRULENCE AGAINST 

Metamasius hemipterus (COLEOPTERA: 

CURCULIONIDAE) [Aislamientos nativos de 

Steinernema en suelos de banano y plátano de 

Colombia: primer registro sudamericano de s. 

costaricense y alta virulencia contra Metamasius 

hemipterus (coleoptera: curculionidae)]. M. Uribe-

Londoño1, J.M. Londoño-Caicedo1, M.A. Buitrago-

Bitar1, A.J. Cortés2, J.G. Osorio, J.E. Muñoz. 1Grupo 

de Investigación en Diversidad Biológica de la 
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Universidad Nacional de Colombia Sede Palmira. e-

mail: 2Corporación Colombiana de Investigación 

Agropecuaria (AGROSAVIA)—C.I. La Selva, 

Rionegro 054048, Colombia. 

migueluribe40@gmail.com 

  

Entomopathogenic nematodes (EPNs) are key tools 

for the biological control of soil-dwelling or cryptic 

pests and, together with entomopathogenic fungi and 

bacteria, broaden the range of available options; since 

they tend to adapt to local agroecological conditions, 

isolating native species is a priority. The Research 

Group in Biological Diversity of the National 

University of Colombia – Palmira Campus conducted 

an extensive sampling in eight municipalities of Valle 

del Cauca, covering 325 ha of commercial plantain 

and banana crops, recovering three EPN isolates 

(0.49% efficacy), all belonging to the 

genus Steinernema. The infective juveniles were 

evaluated in the laboratory against Metamasius 

hemipterus larvae at 10, 20, 50, 100, and 200 IJs/larva 

and produced mortalities ≥ 90% at all doses. 

Molecular identification, performed for the first time 

in Colombia for EPNs, based on the ITS and LSU loci 

(nuclear rDNA) and COI (mitochondrial DNA), 

confirmed Steinernema carpocapsae and recorded S. 

costaricense for the first time in South America, 

maintaining the monophyly of most clades within the 

genus. Steinernema colombiense was not included in 

the phylogenetic analyses due to inconsistencies 

detected in the publicly available sequences. In 

parallel, the symbiotic bacteria were isolated, and 16S 

rDNA sequencing identified Xenorhabdus 

nematophila as the dominant endosymbiont. The 

combination of high pathogenicity, the new record 

of S. costaricense, and the presence of X. 

nematophila highlights the potential of these native 

EPNs as a component of the integrated management 

of the weevil complex in banana and plantain and of 

other pests in this agroecological zone; furthermore, 

it expands the known geographic range of S. 

costaricense and underscores the need to continue 

exploring local EPN diversity as a sustainable 

alternative for the protection of tropical crops. 

 

FORMULATION OF ENTOMOPATHOGENIC 

NEMATODES IN PELLETS FOR CONTROL 

OF Tenebrio molitor IN LABORATORY 

[Formulación de nematodos entomopatógenos en 

pellets para el control de Tenebrio molitor en 

laboratorio]. J. Ruiz-Vega1, I. S. López-Juárez1, P. 

T. Matadamas-Ortiz1, J. Navarro-Antonio1, C. I. 

Cortés-Martínez2. 1CIIDIR OAXACA, Instituto 

Politécnico Nacional, Santa Cruz Xoxocotlán, 

Oaxaca. México. 2Tecnológico Nacional de México, 

Instituto Tecnológico del Valle de Etla, Santiago. 

Suchilquitongo, Oaxaca. México. jvega@ipn.mx 

  

The combined action of entomopathogenic fungi 

(EPF) and entomopathogenic nematodes (EPNs) can 

help the latter invade rhizophagous larvae with low 

susceptibility, such as those of later instars or those 

with more efficient defense mechanisms. Recently, a 

synergistic pathogenic effect between EPN and EPF 

on larvae of various species has been reported. The 

incorporation of both entomopathogens into a product 

to increase its bioinsecticidal activity, which can keep 

them viable and infective for later application through 

practical methods, can be achieved by means of a 

pellet formulation made with a prototype multilayer 

pelletizing machine (MPM) or with a vortex agitator 

(VA). Evaluation of both under laboratory conditions 

showed that VA pellets exhibited increased 

disintegration ease, greater EPN survival, and a 

higher percentage of control (PC) with the 50-30-20 

formula (soil-clay-ash). The VA method is an 

alternative that matches the MPM in terms of speed. 

There were no significant effects of sodium alginate 

(SA) when added to the aforementioned formula to 

achieve greater EPN survival and control capacity. 

The EPF significantly reduced the PC, since the 

moisture present in it promoted spore germination, 

which hindered EPN emergence; therefore, it is not 

advisable to integrate both into a single pellet. In 

pellets without EPF, it was possible to achieve EPN 

survival up to 90 days after formulation. 

 

INFECTIVITY OF ENTOMOPATHOGENIC 

NEMATODES EXPOSED TO SOIL BACTERIA 

USED IN THE BIOLOGICAL CONTROL OF 

PLANT-PARASITIC NEMATODES [Evaluación 

de la capacidad infestiva de nematodos 

entomopatógenos expuestos a bacterias del suelo 

utilizadas en el control biológico de nematodos 

fitoparásitos]. S. Droguett-Zamorano1, P. Morales-

Montero1,2, B. Bastidas2, C. Castaneda-Alvarez, E. 

San-Blas1,2. 1Universidad de O’Higgins, Instituto de 

Ciencias Agroalimentarias, Animales y Ambientales 

(ICA3), San Fernando, Chile. 2Universidad de 

O’Higgins, Centro de Biología de Sistemas para la 

Sanidad Vegetal. (BIOSAV-UOH), San Fernando, 

Chile. stephany.droguett@pregrado.uoh.cl 

 

Entomopathogenic nematodes (EPNs) are widely 

used as biological control agents in integrated pest 

management. However, it is unknown whether 

bacteria applied for the control of plant-parasitic 

nematodes can negatively affect these beneficial 

organisms. This study evaluated the effect of Bacillus 

weihenstephanensis (FB25M) and Peribacillus 
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frigoritolerans (FB37BR) on the infectivity of 

different EPN isolates. Treatments were applied at 

concentrations of 0.001–0.1% on infective juveniles 

(IJs), assessing their inactivity after 24, 48, and 72 

hours, as well as their ability to cause mortality 

in Galleria mellonella larvae under in vitro 

conditions and in soil. It was observed that higher 

concentrations of the bacterial treatments 

significantly increased nematode inactivity, 

particularly in Steinernema feltiae (UOH_002). Of 

the 15 isolates evaluated, several presented inactivity 

greater than 50% after 72 hours of exposure. 

However, S. feltiae (UOH_002) and S. 

unicornium (UOH_048), selected as susceptible, 

maintained a high in vitro infection capacity 

(mortalities >80%) regardless of the bacterial 

treatment used. In contrast, Heterorhabditis 

bacteriophora (UOH_007) generated reduced 

mortality in G. mellonella after exposure to FB37BR, 

suggesting an inhibitory effect on this isolate. No 

significant differences were observed in the presence 

of progeny or in the penetration capacity of IJs in 

larvae. In soil assays, S. feltiae (UOH_002) caused 

100% mortality of G. mellonella larvae in all 

treatments evaluated. In contrast, H. 

bacteriophora (UOH_007) presented more variable 

mortalities, with no statistical differences among 

bacterial treatments. The results suggest that, 

although some soil bacteria induce transient inactivity 

in certain EPNs, their infective capacity is not 

compromised in most cases. These findings support 

the possibility of developing rhizobacterial 

formulations for nematode biocontrol without 

compromising the effectiveness of EPNs. 

 

SURVIVAL UNDER PRESSURE: FORAGING 

BEHAVIOUR AND PHYSIOLOGICAL 

RESILIENCE OF NIGERIAN INDIGENOUS 

ENTOMOPATHOGENIC NEMATODES. 

[Resistencia bajo presión: comportamiento de 

búsqueda y tolerancia al estrés de nematodos 

entomopatógenos autóctonos de Nigeria]. CT. 

Okolo1,4, A. Claudius-Cole2, FW. Grundler3, C. 

Borgemeister1.1University of Bonn, Center for 

Development Research (ZEF), Ecology and Natural 

Resources Management, Germany.2University of 

Ibadan, Crop Protection and Environmental Biology, 

Nigeria. 3University of Bonn, Inst. Crop Sci. and Res. 

Conserv. (INRES) - Molecular Phytomedicine, 

Germany. 4Ahamdu Bello University, Department of 

Crop Protection, Nigeria. cokolo@unibonn.de 

 

The success of entomopathogenic nematodes (EPNs) 

in field applications depends not only on their 

virulence, but also on their ability to locate hosts and 

tolerate environmental stressors. In this study, six 

indigenous Nigerian EPN isolates—Heterorhabditis 

bacteriophora (Ib-CRIN68), Steinernema 

carpocapsae (Ib-IART45, Ib-ITUC102), S. feltiae 

(Za-SAM), S. nepalense (IbHORT), and Oscheius 

myriophilus (Ib-FRIN32)—were subjected to 

ecological assays assessing their foraging behaviour 

and tolerance to desiccation, hypoxia, and oxidative 

stress. In the substrate foraging assay, isolates were 

tested for their ability to attach to fall armyworm 

(FAW) Spodoptera frugiperda larvae on maize leaves 

and soils maintained at 0%, 10%, and 20% moisture. 

At 20% soil moisture, Ib-IART45 showed the highest 

attachment (mean = 93.7 ± 3.1 infective juveniles 

[IJs] per larva), significantly outperforming all other 

isolates (p < 0.001). On maize leaf surfaces, 

attachment was generally lower, but Ib-IART45 

isolates retained superior performance (average = 

57.5 ± 2.8 IJs). In the vertical penetration assay, Ib-

CRIN68 and Za-SAM demonstrated notable depth 

mobility, successfully infecting hosts placed at 5 cm 

and 10 cm depths with ≥70% establishment, 

highlighting their intermediate cruiser-forager 

behaviour. Desiccation tolerance was evaluated by 

exposing IJs to polyethylene glycol (PEG 600) 

solutions simulating decreasing water activity (aw 

0.99–0.74). Ib-IART45 and Ib-CRIN68 exhibited 

superior tolerance with MW50 (the mean water 

activity tolerated by 50% of the IJs population) values 

of 0.87 and 0.88, respectively, and maintained >40% 

viability at aw 0.83. Conversely, Ib-FRIN32 and Ib-

HORT showed steep mortality beyond aw 0.93. 

Oxidative stress assays using 60 mM H₂O₂ revealed 

that S. carpocapsae and H. bacteriophora isolates 

sustained prolonged survival, with ST₅₀ (survival time 

for 50% of the IJ population) of 8.7 and 8.2 hours, 

respectively. ST₁₀ values (survival time for the most 

tolerant 10%) exceeded 10 hours only for these two 

isolates. Under hypoxic conditions, all isolates 

experienced increased mortality over time. After 72 h 

in sealed tubes, survival dropped below 35% for Ib-

FRIN32 and Ib-HORT, while S. carpocapsae isolates 

retained 52.4–59.1% survival, indicating superior 

anoxia resilience. Overall, Ib-IART45, IbITUC102 

and Ib-CRIN68 consistently outperformed the other 

EPN isolates across foraging and physiological stress 

assays, confirming their robustness under abiotic 

stress. These findings emphasize the critical role of 

screening for ecological fitness in selecting elite EPN 

isolates for development into practical biological 

control tools under diverse field conditions. 

 

EVALUATION OF THE PERSISTENCE OF 

CARBON QUANTUM DOT LABELED 

ENTOMOPATHOGENIC NEMATODES (EPN) 

ON SOIL MESOFAUNA IN TWO SOIL 

ORIGINS FROM THE O’HIGGINS REGION 
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[Evaluación de la permanencia de nematodos 

entomopatógenos (NEP) marcados con puntos 

cuánticos de carbono sobre la mesofauna edáfica 

en dos orígenes de suelo de la región de 

O’Higgins]. J.A. Gaete1, B. Bastidas2, E. San-

Blas1,2. 1Laboratory of Nematology, Institute of Agri-

food, Animal and Environmental Sciences (ICA3), 

Universidad de O Higgins, Campus Colchagua, 

Chile. 2Centre of System Biology for Crop Protection 

(BIOSAV-UOH), Universidad de O Higgins, Chile. 

joaquin.gaete@pregrado.uoh.cl 

 

The use of entomopathogenic nematodes (EPNs) is 

currently an alternative for the control of insect pests 

in crops worldwide, promoting an agricultural 

approach based on integrated pest and disease 

management without exclusive dependence on 

chemical control methods. The use of EPNs as 

biological control agents in agronomy is a research 

area that has not yet been sufficiently developed to 

understand the impact of soil mesofauna on EPN 

populations after their application in agricultural 

fields. This research focuses on evaluating the 

persistence of EPNs labeled with carbon quantum 

dots (C-dots), a pioneering technology for monitoring 

these biological control agents. Due to their low 

cytotoxicity, biocompatibility, photosensitivity, and 

water solubility, C-dots represent versatile and 

promising tools for monitoring EPN populations used 

in soil. Because the use of C-dots in EPNs is a recent 

technology, factors related to their stability after 

application remain unknown. Therefore, 

understanding how biological, chemical, and physical 

factors from different soil origins affect their 

bioluminescent properties is crucial to determine their 

potential and behavior under field conditions, which 

are more variable and unpredictable than the 

controlled laboratory conditions in which they have 

been evaluated so far. Field and laboratory studies 

were conducted simultaneously using two soil origins 

from the O’Higgins Region, Chile: soil from an 

organic farm and soil from a sclerophyllous forest. 

The objective was to determine the stability of carbon 

quantum dots in Steinernema feltiae, as well as to 

determine population fluctuations of other 

nematodes, mites, and springtails present in the soil, 

identifying the latter two groups as natural enemies of 

the EPNs used in the study. The persistence of EPNs 

with or without C-dots was effective under laboratory 

conditions throughout the 60-day experiment, 

whereas under field conditions this was only observed 

until day 15, after which populations decreased 

drastically. The mite population increased 

exponentially, while springtail populations remained 

stable, and the population densities of non-

entomopathogenic nematodes showed a progressive 

increase. Funded by Fondecyt Regular Project No. 

1221016. 

 

SMELLS LIKE NEMATODES SPIRIT: HOW 

CADAVER ODORS INFECTED BY 

ENTOMOPATHOGENIC NEMATODES 

SHAPE INSECT BEHAVIOR [Cómo los olores de 

cadáveres infectados por nematodos 

entomopatógenos modifican el comportamiento de 

los insectos]. L. De Wever1, A. Chacon-Hurtado1, F. 

Ruhland1, R. Campos- Herrera2, F. Verheggen1. 

1Chemical and Behavioral Ecology, Gembloux Agro-

Bio Tech, University of Liege, Avenue Faculté 

d'Agronomie 2B, 5030, Gembloux, Belgium. 
2Departamento de Viticultura, Instituto de Ciencias 

de la Vid y del Vino (CSIC, Universidad de LaRioja), 

26007 Logroño, Spain. lucidewe@gmail.com  

 

Within the framework of the Red Queen hypothesis, 

organisms are engaged in constant evolutionary arms 

races with their antagosnists, such as parasites and 

pathogens. Entomopathogenic nematodes (EPNs) of 

the Heterorhabditidae and Steinernematidae families 

illustrate this dynamic by forming mutualistic 

association with enteric bacteria (Photorgabdus spp. 

and Xenorhabdus spp., respectively). This association 

allow them to rapidly kill insect hosts and use the 

cadavers as both shelter and food resource. While the 

infection mechanisms are well described, the role of 

volatile organic compounds (VOCs) and CO2 

emissions in mediating these ecological interactions 

remain poorly documented. We assume that the odor 

profile emitted by infected cadavers changes 

throughout decomposition and influences interactions 

with noninfected hosts.  Earlly-stage VOCs may act 

as repellents to deter other organisms, while later-

stage VOCs may attract new potential hosts when 

nematodes are about to emerge. Furthermore, we 

expect that VOCs emissions and host’s behavioral 

response will differ depending on the two EPN 

species, Heterorhabditis bacteriophora and 

Steinernema carpocapsae due to their distinct 

foraging strategies and symbiotic bacteria. To test 

this, we carried out two assays using larvae from four 

insect species (Agriotes spp., Tenebrio molitor, 

Galleria mellonella and Hermetia illucens), 

belonging to different insect orders. Some species 

(Agriotes spp. and H. illucens), naturally encounter 

EPNs in their environment. VOCs mediated 

behaviors were assessed in two-branched 

olfactometers and CO2 emission were measured on 

infected larvae and cadavers killed with liquid 

nitrogen. All cadavers were tested at different post-

mortem intervals (PMI 1, 3, 7, and 11 days), which 

mailto:joaquin.gaete@pregrado.uoh.cl
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reflect the life cycle of EPNs.Results showed species-

specific behavioral patterns. T.molitor was 

significantly repelled by H. bacteriophora-infected 

cadavers at PMI 1, while G. mellonella showed 

delayed repellence to S. carpocapsae only at PMI 11. 

In contrast, H.illucens was significantly attracted to 

most PMIs from both EPN species. Agriotes spp. 

exhibited a significant attraction to all infected 

cadavers, regardless of PMI or EPN species. CO2 

emissions differed between infected and frozen killed 

cadavers and varied within PMIs and EPN species. 

These findings provide new insights into host-

parasite interactions, revealing species-specific 

responses to infected cadavers. They highlight the 

role of chemical cues such as VOCs and CO2 in 

shaping soil insect behavior, with patterns influenced 

by EPN species and IPMs. Altogether, these findings 

enhance our understanding of belowground 

multitrophic interactions and point to promising 

applications for behavior-based biocontrol strategies 

in soil ecosystems.  

 

MACHINE LEARNING STRATEGY FOR 

INFECTIVITY MONITORING IN 

ENTOMOPATHOGENIC NEMATODES 

USING INFRARED SPECTRA. [Estrategia de 

aprendizaje automático para el monitoreo de la 

infectividad en nematodos entomopatógenos 

utilizando espectros infrarrojos]. E. San-Blas1,2, G. 

Paba3, E. Portillo4, M. Guerra5 & N. Cubillán6. 
1Laboratorio de Nematología, Instituto de Ciencias 

Agroalimentarias, Animales y Ambientales (ICA3), 

Universidad de OHiggins, Campus Colchagua, Chile.  
2Centro de Biología de Sistemas para la Sanidad 

Vegetal (Biosav-UOH), Universidad de OHiggins, 

Campus Colchagua, Chile. 3Estudiante de Doctorado 

del programa de Biotecnología Vegetal de la 

Pontificia Universidad Católica de Chile. 4Instituto 

Venezolano de Investigaciones Científicas, Centro de 

Estudios Botánicos y Agroforestales, Venezuela.  
5Escuela de Ciencias Agroalimentarias, Animales y 

Ambientales (ECA3), Universidad de O`Higgins, 

Campus Colchagua, Chile. 6Programa de Química, 

Facultad de Ciencias Básicas, Universidad del 

Atlántico, Barranquilla, Colombia. 

nestorcubillan@mail.uniatlantico.edu.co  

   

Quality control (QC) of entomopathogenic 

nematodes (EPN) for biological control applications 

is a laborious and time-consuming process, relying 

heavily on in vivo bioassays. This work addresses a 

rapid, non-invasive method by proposing Fourier-

transform infrared spectroscopy (FTIR-ATR) 

coupled with Machine Learning (ML) tools to 

characterize EPN energy reserves and correlate 

spectral data with infectivity. The goal is to enhance 

efficiency and precission of EPN production QC. 

FTIR-ATR spectra of Heterorhabditis indica and 

Steinernema riobrave were analyzed under thermal 

stress and varying storage durations. Quantitative 

spectral descriptors of area and absorbance were 

defined to evaluate biochemical changes in EPN. 

Infectivity was assessed in vivo using bioassays on 

Galleria mellonella larvae, quantifying mortality 

through the Restricted Mean Survival Time (RMST). 

Low values indicate higher lethality and infectivity. 

Linear regression and Support Vector Machine 

(SVM) models with Genetic Algorithms were 

developed to detect specific spectral regions. FTIR 

analyses revealed significant changes in the bands 

corresponding to triglycerides, glycogen, and 

trehalose as a function of temperature and storage 

time, indicating depletion of energy reserves. For 

instance, in H. indica, triglyceride reduction was 

more pronounced at 30 °C, whereas in S. riobrave, 

both high and low temperatures induced reductions in 

triglyceride levels. Trehalose, a cryoprotectant, 

showed a consistent increase in H. indica at 10 °C. 

Linear regression models demonstrated the 

relationship between these biochemical changes and 

storage conditions, with S. riobrave showing superior 

model fits (R² > 0.9) compared to H. indica (R² 

between 0.6 and 0.7). The inclusion of interaction 

terms improved model precision in both species. 

SVM models significantly increased the 

crossvalidated R² and Q² values for both species, 

underscoring the robustness of SVM in predicting 

EPN infectivity (measured by RMST) by capturing 

consistent patterns across all temperature-time 

combinations. The predictive capability of SVM 

offers a promising tool for a non-invasive EPN 

quality control, enabling the efficient assessment of 

their performance and shelf life based on subtle 

biochemical changes. This work was funded by the 

Agencia Nacional de Investigación y Desarrollo 

(ANID-Chile) by the project FONDECYT-Regular 

1221016. 

 

PATENTING FOR THE DEVELOPMENT OF 

BIOPESTICIDES BASED ON 

ENTOMOPATHOGENIC NEMATODES. 

PATENTAMIENTO PARA EL DESARROLLO 

DE BIOPESTICIDAS BASADOS EN 

NEMATODOS ENTOMOPATÓGENOS. C. I. 

Cortés-Martínez1, J. Ruiz-Vega2, N. Chavarría-

Hernández3, Teodulfo AquinoBolaños1, F. González-

Arango1. 1Tecnológico Nacional de México, Instituto 

Tecnológico del Valle de Etla, Santiago 

Suchilquitongo, Oaxaca. México. 2CIIDIR 

OAXACA, Instituto Politécnico Nacional, Santa 

Cruz Xoxocotlán, Oaxaca. México. 3Cuerpo 
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Académico de Biotecnología Agroalimentaria, 

Instituto de Ciencias Agropecuarias, Universidad 

Autónoma del Estado de Hidalgo, Tulancingo de 

Bravo, Hidalgo, México. 

carlos.cm@itvalletla.edu.mx 

 

The granting of patents on entomopathogenic 

nematodes protects technological knowledge for the 

development of the bioinsecticide industry for crop 

protection. In this study, the state of the art of patents 

granted over the last 38 years was reviewed and 

analyzed according to their importance for industrial 

development. An international search of granted 

patents was conducted using The Lens search engine, 

applying the keywords Steinernema or 

Heterorhabditis. Documents not directly related to 

the research topic and those containing repetitions 

within their patent family were excluded. 

Subsequently, a patent citation analysis was 

performed using the PatCite application of The Lens. 

The search identified 272 granted patents, of which 

39 were linked through mutual citations. The first 

patent was granted in 1982 and addressed technology 

for the production of infective juveniles. The overall 

trend showed fluctuations ranging from 1 to 10 

granted patents per year, indicating a lack of sustained 

interest by inventors or companies in developing or 

registering their inventions. Kvasenkov, O.I. from 

Russia stands out as the leading inventor, with 176 

granted patents. The main cited patent pathway with 

the highest sum of search path link code index values 

corresponded to the Formulation group. Regarding 

the technological categories of patents, application 

methods and formulation were the predominant 

categories. 

 

EFFECT OF QUANTUM DOTS ON THE 

EFFICACY OF ENTOMOPATHOGENIC 

NEMATODES AGAINST LARVAE OF 

Drosophila suzukii IN THE SOIL [Efecto de los 

puntos cuánticos en la eficacia de los nematodos 

entomopatógenos contra larvas de Drosophila 

suzukii en el suelo]. K. Espinoza1,2, P. Barra1, A. 

Monje1, M. Neculpan1, E. San Blas3, P. Navarro1. 
1Laboratorio Ciencia de Insectos, Instituto de 

Investigaciones Agropecuarias (INIA), Vilcún, 

Región de la Araucanía, Chile. 2Universidad Católica 

de Temuco, Temuco, Región de la Araucanía, Chile. 
3Laboratorio de Nematología, Universidad de 

O’Higgins, Chile. patricia.navarro@inia.cl 

 

Carbon quantum dots (CQDs) are fluorescent nano-

compounds with optical properties that enable the 

tracking of various organisms in nature, including 

nematodes; however, to date, all studies have been 

conducted on Caenorhabditis elegans as a model 

organism. Entomopathogenic nematodes (EPNs) 

have emerged in recent decades as a promising 

alternative to traditional pest control. Several 

scientific questions about EPNs performance and 

behavior remain unknown. One question is how 

EPNs behave in the soil and how CQDs may affect 

the EPNs performance and efficacy against a pest. To 

achieve this objective, we evaluate an exotic strain of 

Steinernema feltiae against Drosophila suzukii (L3) 

as a model system in the soil. Assays were conducted 

in an RCD in a cherry orchard. Two CQDs (blue and 

green) were evaluated in three treatments, each with 

three replicates. Marked nematodes were applied by 

drench, and evaluations were conducted at 24, 48, 72, 

and 96 hours after application. Data were analyzed 

using ANOVA and the Tukey Test (p <0.05). The 

survival of nematodes (80%), penetration (5 

IJs/larva), efficacy of marked EPNs against Ds-L3 

(60%), and reproduction (249 IJs/larva) showed no 

adverse effects of the evaluated CQDs on the 

performance of S. feltiae in the field. 

 

POTENTIAL APPLICATIONS OF THE 

ENTOMOPATHOGENIC NEMATODE-

BACTERIA COMPLEX AS A NOVEL 

APPROACH FOR THE MANAGEMENT OF 

WIREWORMS. [Aplicaciones potenciales del 

complejo nematodo entomopatógenobacteria 

como una nueva aproximación para el manejo del 

gusano de alambre]. A.F. Pascagaza Pulido1, A. 

Chacon-Hurtado1, F. Ruhland1, R. Campos- Herrera2, 

F. Verheggen1. 1Chemical and Behavioral Ecology, 

Gembloux Agro-Bio Tech, University of Liege, 

Avenue de la Faculté d'Agronomie 2B, 5030, 

Gembloux, Belgium. 2Departamento de Viticultura, 

Instituto de Ciencias de la Vid y del Vino (CSIC, 

Universidad de La Rioja, Gobierno de La Rioja), 

26007 Logroño, Spain. 

afpascagaza@student.uliege.be 

 

Wireworms (Agriotes spp.) are soil-dwelling insect 

pests of several economically important crops. The 

ban of chemical insecticides and the limited efficacy 

of cultural practices underscore the need for 

innovative control strategies. Entomopathogenic 

nematodes (EPNs), in association with symbiotic 

bacteria (EPBs), have emerged as a promising 

alternative. However, their efficacy is constrained by 

environmental sensitivity and host defenses. 

Secondary metabolites produced by EPBs present 

another avenue for enhancing biocontrol, as they may 

supplement or synergize with EPN-based strategies. 

This study aimed to: (i) evaluate the impact of volatile 

organic compounds (VOCs) released by EPBs’ 
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secondary metabolites on wireworms’ behavior and 

(ii) assess their ovicidal and (iii) larvicidal effect. 

Odors released by secondary metabolites of EPBs, 

were tested on wireworms’ behavior using two-

branch olfactometers. Two bacterial production times 

were evaluated: one-day and five-day, using TSB as 

control. Wireworms were repelled by control (p = 

0.002) and one-day secondary metabolites (p =0.007). 

VOCs identification through TD-GC-MS showed that 

2,5-dimethyl pyrazine, a compound with a repellent 

effect, was the major compound in both treatments. 

Finally, egg hatching inhibition tests with EPBs 

secondary metabolites were conducted. Both in sand 

(p < 0.001) and vermiculite (p = 0.047) EPBs 

secondary metabolites inhibited egg hatching, with a 

50% inhibition observed in A. lineatus eggs. 

Mortality caused by EPBs secondary metabolites was 

tested on wireworms. However, no mortality was 

registered after 56 days. These results indicate that 

secondary metabolites of EPBs emerge as an 

innovative and effective approach due to their effect 

on egg hatching, as well as the effect of their VOCs 

on wireworm behavior. Promising approaches in 

wireworm control. 

MANAGEMENT OF THE GUATEMALAN 

MOTH WITH ENTOMOPATHOGENIC 

NEMATODES AND GRANULOSIS VIRUS IN 

“CREOLE APPLE” POTATO CROPS. Mariana 

Valentina Jaimes1*, Ismael Villanueva1, María del 

Pilar Márquez Cardona1 and Adriana Sáenz-Aponte1. 
1Laboratorio de Control Biológico. Biología de 

Plantas y Sistemas productivos. Pontificia 

Universidad Javeriana. 

jaimes.mariana@javeriana.edu.co 

 

Potatoes are a vitally important food crop Colombia. 

Both native and commercial varieties are grown, and 

all are vulnerable to attack by the Tecia solanivora 

which is known as the Guatemalan moth. 

Nevertheless, some native varieties are more 

susceptible to damage from this insect. Since this pest 

appeared in Colombia, management has been mainly 

chemical. This field study evaluates two 

entomopathogenic nematodes, Steinernema feltiae 

SC125, Steinernema carpocapsae BPS and 

granulosis virus, as potential biological management 

alternatives for controlling the Guatemalan moth in 

the creole apple (manzana criolla) potato crop. 

Individual application of granulosis virus and 

application of this granulosis virus together with 

infective juveniles (IJs) of S. carpocapsae BPS had 

better results in terms of percentage reduction of crop 

damage and improved yields than did application of 

the combination of granulosis virus and S. feltiae 

SC125. Use of entomopathogenic nematodes and 

granulosis virus for managing the Guatemalan potato 

moth is an effective, safe and sustainable strategy. 

These biological agents can complement each other 

in their mode of action, effectiveness and 

contributions to continuous pest control while 

minimizing environmental impacts and complying 

with the principles of integrated pest management. 

 

A NEW ROOT-LESION NEMATODE FROM 

BRAZIL’S AGRICULTURAL FRONTIER: 

MORPHOLOGICAL AND MOLECULAR 

CHARACTERIZATION OF Pratylenchus 

brasiliensis sp. nov. [Un nuevo nematodo de 

lesiones radiculares de la frontera agrícola de 

brasil: caracterización morfológica y molecular de 

Pratylenchus brasiliensis sp. nov.].F.A.S Diniz1, 

E.S.G Mizubuti1, J.I.A Valadares2, S.I Moreira2, P.S 

Santos2, T.R Santiago2. 1Departamento de 

Fitopatologia, Universidade de Brasília, Brasília, DF, 

Brasil; 70910900. 2Departamento de Fitopatologia, 

Universidade Federal de Viçosa, Viçosa, MG, Brasil; 

36570-900. joaoigor.valadares@gmail.com 

 

Root-lesion nematodes (Pratylenchus spp.) rank 

among the most damaging plant parasites worldwide. 

A survey of 365 root and rhizosphere samples 

collected between January 2021 and January 2023 

from Brazil’s principal soybean areas revealed a 

previously undescribed species, Pratylenchus 

brasiliensis sp. nov. Species identification followed a 

polyphasic approach that combined light microscopy, 

detailed morphometrics, and multigene phylogenetic 

analyses. Diagnostic loci included the D2-D3 

expansion segments of 28S rDNA, the ITS rDNA 

region, and the mitochondrial cytochrome-oxidase 

subunit I (COI) gene. Adult females measured 614-

672 μm in length and 26-27 μm in body width, 

displaying four lateral incisures, a well-filled 

spermatheca, a vulva at 77-81 % of body length, and 

a conoid tail bearing 19-25 annuli. The lip region had 

three annuli, and the stylet (17-18 μm) terminated in 

anchor-shaped basal knobs. Males were shorter (450-

550 μm) with 15-17 μm curved spicules and a bursa 

reaching beyond the tail tip. Phylogenetic trees 

consistently grouped P. brasiliensis sp. nov. with P. 

bolivianus, P. curvicauda, and P. vandenbergae. 

Greenhouse pathogenicity assays showed that the 

nematode induced extensive necrotic lesions and 

galleries in soybean roots and reproduced 

successfully on leading Brazilian cultivars 

(reproduction factor > 1), highlighting its economic 

importance. These findings underscore the need for 

vigilant monitoring and for developing management 

measures, including the screening of resistant 

soybean germplasm and investigations into host 
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range and epidemiology. 

 

BIODIVERSITY OF PLANT-PARASITIC 

NEMATODES ASSOCIATED WITH MUSA, 

GRAPEVINE AND MAIZE CROPS IN 

COLOMBIA [Biodiversidad de especies de 

nematodos fitoparásitos asociados con el cultivo de 

musaceas, vid y maíz en Colombia]. C.E. 

Arboleda-Riascos1,2, D.H. Riascos-Ortiz3, A.T. 

Mosquera-Espinosa4, F. Varón de Agudelo2, J.E. 

Muñoz Flórez2, C. Gutiérrez-Gutiérrez5. 1Programa 

de Agronomía, Universidad del Pacífico, 

Buenaventura, Valle del Cauca, Colombia. 2Facultad 

de Ciencias Agropecuaria, Universidad Nacional de 

Colombia, Palmira, Valle del Cauca, Colombia. 
3Programa de Ingeniería Agronómica, Universidad 

Pedagógica y Tecnológica de Colombia-UPTC, 

Tunja, Boyacá, Colombia. 4Departamento de 

Ciencias Naturales y Matemáticas, Pontificia 

Universidad Javeriana, Cali, Valle del Cauca, 

Colombia. 5NemaLab, MED – Mediterranean 

Institute for Agriculture, Environment and 

Development & CHANGE – Global Change and 

Sustainability Institute, Instituto de Investigação e 

Formação Avançada, Universidade de Évora, Pólo da 

Mitra, Ap. 94, 7006-554 Évora, Portugal. 

carlosg@uevora.pt 

 

Agriculture has high socioeconomic and cultural 

relevance in Colombia. Particularly, Musa crops 

(banana and plantain), maize, and grapevine are 

especially important for food security, as well as for 

agroindustrial and export sectors. Plant-parasitic 

nematodes (PPNs) are recognized as one of the 

greatest threats to agriculture, causing reductions in 

crop production and quality. Currently, updated 

information on the biodiversity of PPNs in the main 

cultivation areas of Musa, grapevine, and maize in 

Colombia is limited, where studies are based almost 

exclusively on morphology, highlighting the need to 

characterize PPN populations associated with these 

crops. Approaches based on integrative taxonomy, 

combining morphological and molecular analyses 

using ribosomal RNA (rRNA) and mitochondrial 

DNA (mtDNA) genes, represent an appropriate 

strategy for the identification of PPNs at the species 

level. The objective of this research is to determine 

the biodiversity, occurrence, and distribution of PPNs 

associated with Musa, grapevine, and maize in 

Colombia. Since March 2025, rhizospheric soil and 

root samples have been collected from fourteen 

sampling sites located in four departments (Valle, 

Tolima, Boyacá, and Cundinamarca) with high 

agricultural activity in the country. Nematodes were 

extracted, and population densities (nematodes per 

100 cm³ of soil) and prevalence (%) were estimated. 

To date, low to moderate infestations of PPNs have 

been found in the soils studied. The main PPNs 

detected in Musa plantations, in decreasing order of 

prevalence in soil, were Meloidogyne spp., 

Pratylenchus spp., and Helicotylenchus spp. 

Likewise, in maize, Pratylenchus spp., Meloidogyne 

spp., Helicotylenchus spp., Tylenchorhynchus spp., 

Globodera spp., and Trichodorus spp. were detected, 

while in grapevine, Pratylenchus spp. and 

Helicotylenchus spp. were identified. In conclusion, a 

notable diversity and prevalence of PPNs is evident 

in the crops studied in Colombia. This research line, 

in addition to the identification of some of these PPN 

populations at the species level, is projected toward 

the taxonomic study of endosymbionts associated 

with PPNs. 

OCCURRENCE AND IDENTIFICATION FOR 

THE FIRST TIME OF REDISENTS 

PLANTPARASITIC NEMATODES OF SOME 

MEDICINAL PLANTS IN COSTA RICA 

[Ocurrencia e identificación por primera vez de 

fitonematodos residentes de algunas plantas 

medicinales en Costa Rica]. M. J. Campos-Ruíz¹, 

W. Peraza-Padilla¹.1National University of Costa 

Rica, Laboratory of Nematology. 86-3000, Heredia, 

Costa Rica. walter.peraza.padilla@una.cr 

In Costa Rica, there is no available information on the 

distribution and abundance of plant-parasitic 

nematodes associated with medicinal plants. The 

objective of this study was to characterize, for the first 

time, through taxonomic identification, the presence 

and population density of plant-parasitic nematodes 

inhabiting commonly used medicinal plants in the 

country. Sixty soil samples were collected from the 

provinces of San José (n = 5), Alajuela (7), Heredia 

(34), Cartago (12), and Guanacaste (2), between 

August 2023 and June 2024. Samples were processed 

using the centrifugation and sugar flotation method, 

and nematodes were identified using pictorial 

identification keys under a 40× microscope. The 

frequency of occurrence (FO), average density (AD), 

and dominance (dominant, non-dominant, or 

occasional) were determined. Fifteen genera and 

three species of plant-parasitic nematodes were 

identified: Meloidogyne 90% (FO), (D); Tylenchus 

87% (D); Aphelenchus 80% (D); Helicotylenchus 

75% (D); Aphelenchoides 68% (D); Rotylenchulus 

53% (D); Hemicycliophora 43% (ND); Criconema 

30% (ND); Mesocriconema 28% (ND); Pratylenchus 

20% (O); Trichodorus 23% (O); Scutellonema 17% 

(O); Mesocriconema sphaerocephalum 10% (O); 

Crossonema 7% (O); Xiphinema 7% (O); 

Rotylenchus 7% (O); Hemicriconemoides 
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strictathecatus 5% (O); and Longidorus 

laevicapitatus 3% (O). Regarding average density 

(AD), Meloidogyne was the most abundant genus 

(43%), followed by Tylenchus (25%) and 

Mesocriconema (22%), demonstrating the high 

abundance of root-knot nematodes in the soil. 

Important associations were observed between 

Meloidogyne and pineapple sage (Salvia elegans, 

Lamiaceae), ginger (Zingiber officinale, 

Zingiberaceae), and tilo (Justicia pectoralis, 

Acanthaceae); between Helicotylenchus and aloe vera 

(Aloe vera, Asphodelaceae); between Rotylenchulus 

and juanilama (Lippia alba) and oregano (Lippia 

graveolens, both Verbenaceae); and between 

Hemicycliophora and apazote (Dysphania 

ambrosioides, Amaranthaceae) and lemon verbena 

(Aloysia citrodora, Verbenaceae). Additionally, 

Helicotylenchus was associated with spearmint 

(Mentha spicata, Lamiaceae), basil (Ocimum 

basilicum, Lamiaceae), lemon basil (Ocimum × 

africanum, Lamiaceae), and rosemary (Rosmarinus 

officinalis, Lamiaceae). Rotylenchulus was also found 

in aloe vera and oregano. Correspondence analysis 

(CA) allowed the identification of six association 

groups, with groups II and V being the most relevant, 

as they concentrated the highest number of nematode 

genera and species in relation to the medicinal plants 

evaluated. Group II included Helicotylenchus, 

Meloidogyne, Mesocriconema, Criconema, 

Crossonema, and Hemicycliophora, associated with 

apazote, pineapple sage, aloe vera, tilo, and virgin 

sage (Salvia virgin, Scrophulariaceae). Group V 

grouped Rotylenchulus and Mesocriconema 

sphaerocephalum associated with lemon verbena and 

plantain (Plantago major, Plantaginaceae), allowing 

the distinction of different degrees of host specificity. 

These results constitute the first detailed record of 

nematodes associated with medicinal plants in Costa 

Rica and establish the basis for developing 

sustainable phytosanitary management strategies for 

these crops. 

 

DIVERSITY AND DISTRIBUTION OF 

PHYTONEMATODES IN PINEAPPLE CROPS 

(Ananas comosus L.) IN DAGUA, VALLE DEL 

CAUCA, COLOMBIA [Diversidad y distribución 

de fitonematodos en cultivos de piña (Ananas 

comosus l.) en Dagua, Valle del Cauca, Colombia]. 

H.L. Sánchez-Ramírez¹, C.E. Arboleda-

Riascos2.1Estudiante Programa de Agronomía, 

Universidad del Pacífico, Buenaventura, Valle 

delCauca, Colombia. 2Docente Programa de 

Agronomía, Universidad del Pacífico, Buenaventura, 

Valle del Cauca, Colombia. 

carboleda@unipacifico.edu.co 

 

Pineapple cultivation (Ananas comosus L.) in the 

municipality of Dagua, Valle del Cauca, represents a 

key agricultural activity, with increasing economic 

and social importance. However, its production has 

been significantly affected by the presence of plant-

parasitic nematodes, which cause damage to the root 

system, reducing plant growth, development, and 

fruit quality. In this context, the present research aims 

to identify the species of plant-parasitic nematode 

genera associated with pineapple cultivation in this 

region, in order to establish integrated management 

strategies. To date, five sampling events have been 

conducted to collect rhizospheric soil and root 

samples from different farms within the municipality. 

Subsequently, nematode extraction was performed 

using the modified Cobb technique (agitation, 

decantation, and filtration), followed by 

quantification to determine population levels and 

morphological identification at the genus level based 

on characters such as tail shape, labial region, resting 

position, vulva position, among others. Later, 

morphometric and molecular characteristics will be 

recorded using ribosomal RNA (rRNA) and 

mitochondrial DNA (mtDNA) genes to establish 

species-level identification and determine the 

evolutionary positions of the populations found. 

Subsequently, ecological parameters such as 

frequencies, densities, and prominence values will be 

calculated and statistically analyzed through principal 

component analysis (PCA) and cluster analysis, and 

Bayesian inference phylogenetic trees will be 

generated. To date, the most frequent genera detected 

include Pratylenchus, Helicotylenchus, and 

Rotylenchulus, while Meloidogyne has been found at 

lower proportions. Therefore, this study aims to 

estimate their phytopathological impact and evaluate 

their association with the different pineapple varieties 

cultivated in the region. The information obtained 

will not only allow the identification of areas with the 

highest incidence but will also establish a useful 

database for future research. The results will 

contribute to the design of sustainable management 

strategies, which are essential for mitigating the 

impact of these pathogens and improving 

productivity in the region. In conclusion, the study 

has revealed the diversity and distribution of plant-

parasitic nematodes associated with pineapple 

cultivation. 

 

PHYTONEMATODES IN THE WINE-

GROWING REGION OF NORTHERN VALLE 

DEL CAUCA, COLOMBIA: PRESENCE AND 

DISTRIBUTION IN TWO PRODUCTION 

AREAS [Fitonemátodos en la región vitícola del 
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norte del Valle del Cauca, Colombia: presencia y 

distribución en dos áreas de producción]. S.N. 

Riascos-Riascos¹, D.L. Sinisterra-Ibarguen¹, C.E. 

Arboleda-Riascos2. 1Estudiante Programa de 

Agronomía, Universidad del Pacífico, Buenaventura, 

Valle delCauca, Colombia. 2Docente Programa de 

Agronomía, Universidad del Pacífico, Buenaventura, 

Valle del Cauca, Colombia. 

carboleda@unipacifico.edu.co 

 

Grape production in Colombia has increased in 

municipalities such as La Unión and Toro, Valle del 

Cauca. However, plant-parasitic nematodes represent 

a significant threat to this crop by affecting the root 

system, which compromises nutrient uptake and 

reduces productivity. Despite their importance, there 

is limited information on the diversity and abundance 

of these organisms in Colombian vineyards. The 

objective of this study was to perform a morphometric 

and molecular characterization of the species found. 

Composite soil and root samples were collected from 

six vineyard plots in La Unión and Toro (Valle del 

Cauca). The modified Cobb method (agitation, 

decantation, and filtration) was used to extract plant-

parasitic nematodes from soil, while the maceration 

method was used for root samples. Stylet, tail, 

esophagus, resting position, and labial region 

characteristics were used for morphological 

identification. Subsequently, population levels will be 

determined based on relative/absolute frequency, 

absolute density, and prominence value. The 

populations will be characterized by recording 

morphometric and molecular traits using ribosomal 

RNA (rRNA) and mitochondrial DNA (mtDNA) 

genes for species identification. The morphometric 

data and evolutionary relationships of the populations 

found will be analyzed through principal component 

analysis (PCA), cluster analysis, and correlations 

using SAS-STAT, while phylogenetic trees based on 

Bayesian inference will be generated using MEGA. 

Through morphological analysis, the genera 

Pratylenchus and Helicotylenchus have been 

identified. This study will provide information on the 

ecology of plant-parasitic nematodes in Colombian 

viticulture, strengthening the diagnosis and 

phytosanitary management of grape cultivation. 

 

BIOCHEMICAL CHARACTERIZATION OF 

ROOT-KNOT NEMATODES (Meloidogyne spp.) 

IN COFFEE CROPS [Caracterización bioquímica 

del nematodo de las agallas (Meloidogyne spp.) en 

plantaciones de café]. I. Lima-Medina¹, Y. 

Sumerinde-Quispe¹, G.B. Cornejo-Condori¹, R.Y. 

Bravo-Portocarrero¹, and V. A. Gonzáles-Gonzáles¹. 
1Instituto de Investigación en Protección Vegetal, 

Escuela Profesional de Ingeniería Agronómica, 

Universidad Nacional del Altiplano, Puno-Perú. 

ilima@unap.edu.pe 

 

The damage caused by nematodes in roots 

compromises water and mineral nutrient uptake, 

resulting in a significant reduction in crop yield. In 

recent years, the incidence of nematodes in coffee 

plantations has increased as a consequence of the 

intensification of agricultural practices, driven by the 

adoption of high-yielding varieties and increased 

planting density. 

The objective of this research was to biochemically 

characterize and evaluate the population fluctuation 

of Meloidogyne spp. in coffee plantations in the San 

Pedro de Putina Punco district. During sample 

collection, plants showing chlorosis, reduced 

development, and deformed root systems were 

observed, which are characteristic symptoms of 

damage caused by root-knot nematodes. Twenty root 

samples were collected during the flowering 

phenological stage from 10 sectors of the mentioned 

district. These samples were analyzed through 

isoenzyme electrophoresis, a technique that allowed 

the identification of the species Meloidogyne exigua 

(esterase phenotype E2) through the specific esterase 

banding pattern. This identification confirms the 

presence of a pathogenic species that represents a 

significant threat to coffee production in the region. 

 

CYTOCHROME B GENE OF Globodera pallida 

POPULATIONS FROM COLOMBIA REVEALS 

DIVERSITY WITHIN POPULATIONS [El gen 

del citocromo b de poblaciones de Globodera 

pallida de Colombia revela diversidad dentro de 

las poblaciones]. L. Romero1,2, P. Huan1, J. Ru1, H. 

Wenkun1, C. García2, J. Gutiérrez3, R. Holgado, R4, 

P. Deliang1. 1State Key Laboratory for Biology of 

Plant Diseases and Insect Pests. Institute of Plant 

Protection, Chinese Academy of Agricultural 

Sciences, Beijing, P.R. 100193, China. 2Faculty of 

Agricultural Sciences, National University of 

Colombia, Carrera 30 No. 40-03, Bogotá 111321, 

Colombia. 3Department of Agroecology, Soil Physics 

and Hydropedology, Aarhus University, 8830, Tjele, 

Denmark. 4Norwegian Institute of Bioeconomy 

Research division of Biotechnology and Plant Health, 

Ås Norway. ldromerom@unal.edu.co 

 

Potato cyst nematodes (PCN), Globodera 

rostochiensis (golden potato cyst nematode) and G. 

pallida (pale potato cyst nematode), are major pests 

responsible for significant yield losses in Solanum 

tuberosum crops. Our study incorporates new 

mitochondrial cytochrome b (Cytb) sequences from 
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Colombian PCN populations and analyzes a total of 

193 Globodera spp. sequences from all continents, 

except Antarctica. Phylogenetic analysis using 

approximate Bayesian computation revealed two 

main clades: (i) a monophyletic group comprising 

populations from Colombia, Costa Rica, Panama, and 

Peru, and (ii) a second clade with populations from 

North America, Africa, Europe, Asia, and New 

Zealand, showing 100% bootstrap support. Genetic 

structure analysis identified two geographically 

distinct groups, with Colombian populations forming 

one group, clearly differentiated from other 

populations, indicating substantial genetic 

divergence. The Cytb marker also revealed 

significant haplotype diversity within the Colombian 

populations, with no matching haplotypes found in 

Europe, Asia, or North America. Only one haplotype 

was shared with southern Latin American 

populations. These findings provide important 

insights into the genetic diversity and geographic 

distribution of PCN, and future research will be 

crucial to trace their evolutionary history and further 

clarifying the potential pathways of introduction and 

spread in Latin America. 

 

FIRST REPORT OF ROOT-KNOT 

NEMATODE Meloidogyne incognita ON Olea 

europaea IN THE REPUBLIC OF KOREA. 

[Primer reporte del nematodo agallador 

Meloidogyne incognita en Olea europaea en la 

República de Corea]. J. Heo1, H. Kim1, S. Joo1, J. 

Lee1, D. Kim2, N. Park2, H. Kang1,2. 1Department of 

Plant Bioscience, Pusan National University, 

Miryang, Republic of Korea. 2Nematode Research 

Center, Life and Industry Convergence Research 

Institute, Pusan National University, Miryang, 

Republic of Korea. khi@pusan.ac.kr  

 

Olive (Olea europaea L.), a perennial evergreen tree 

of the Oleaceae family, has been cultivated in South 

Korea since 2009 as part of climate adaptation efforts 

and alternative income strategies. Its cultivation area 

increased from 0.2 ha in 2017 to 20.9 ha in 2021. 

Root-knot nematodes (RKNs, Meloidogyne spp.) and 

root-lesion nematodes (Pratylenchus spp.) are among 

the most destructive plant-parasitic nematodes 

(PPNs) affecting olives. During a recent survey in a 

commercial olive plantation in Jeju, root galls were 

observed. Morphological characteristics of females 

and second-stage juveniles (J2s) were consistent with 

Meloidogyne incognita. Perineal patterns of females 

were oval to rounded, with a high dorsal arch, wavy 

striae, and forked demarcations. J2s displayed a 

slender body, rounded stylet knobs, and a tapering 

tail. Mitochondrial DNA between cytochrome c 

oxidase subunit II and 16S rRNA was amplified and 

sequenced, showing ≥ 99% identity with M. incognita 

sequences in GenBank. A species-specific restriction 

site HinfI site was also identified, and phylogenetic 

analysis confirmed the identification. Nuclear DNA 

regions (28S D2–D3 and ITS) further supported the 

result with 100% sequence identity. Pathogenicity 

was confirmed by inoculating O. europaea cv. 

Leccino with 300 eggs under greenhouse conditions. 

Root galls with egg masses were observed after three 

months, and the reproductive factor (RF) was 2.91 ± 

0.359. This is the first report of M. incognita infecting 

olive in South Korea. Given the early stage of olive 

cultivation in the country, regular monitoring, early 

detection, and integrated nematode management are 

essential for sustainable production. 

 

Meloidodera astonei, A PARASITIC 

NEMATODE OF THE ROOTS OF Neltuma 

laevigata IN THE MEZQUITAL VALLEY, 

HIDALGO, MEXICO. [Meloidodera astonei, 

nematodo parásito de raíces de Neltuma laevigata 

en el Valle del Mezquital, Hidalgo, Mexico]. S. 

Salinas-Vallejo1,3, M. G. Medina-Canales2, 

Alejandro Tovar-Soto2, N. Cabirol1. 1Grupo Ecología 

Microbiana Funcional Del Suelo y Protección 

Ambiental Departamento de Ecología y Recursos 

Naturales, Facultad de Ciencias – Universidad 

Nacional Autónoma de México, Ciudad Universitaria 

(UNAM), Ciudad de México, México. 2Laboratorio 

de Nematología Agrícola, Escuela Nacional de 

Ciencias Biológicas, Instituto Politécnico Nacional 

(IPN). Plan de Ayala y Carpio S/N, Col. Santo 

Tomás, Alcaldía Miguel Hidalgo, C.P. 11340, Ciudad 

de México, México. 3Posgrado en Ciencias 

Biológicas, UNAM, Unidad de Posgrado, Edificio D, 

1° Piso, Circuito de Posgrados, Ciudad Universitaria, 

Coyoacán, C.P. 04510, CDMX, México. 

ssalinasbiolog@gmail.com 

 

Mesquite (Neltuma laevigata) is a tree of 

agroecological and socioeconomic importance in the 

Mezquital Valley, Mexico. In conserved mesquite 

soil (community of “El Alberto,” municipality of 

Ixmiquilpan, Hidalgo, Mexico), white females of 

plant-parasitic nematodes were found attached to the 

roots of two mesquite plants, which were recovered 

for identification. Juveniles and males were extracted 

from 200 cubic centimeters (cc) of soil using the 

sieving and centrifugation technique. Taxonomy was 

determined through morphological and 

morphometric observations performed on 3 females, 

13 juveniles, and 1 male. For molecular 

identification, DNA was extracted from females and 

J2 juveniles. The mitochondrial COI gene and the 
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D2A-D3B region of the 28S rRNA gene were 

amplified. The sequenced PCR products (Macrogen, 

Republic of Korea) were subjected to BLAST(n) 

analysis and phylogenetic analysis by maximum 

likelihood using the TIM3 nucleotide substitution 

model (IQ-TREE). A total of 104 J2 juveniles per 200 

cc of soil were quantified, and only one male was 

found in the sample. The morphometric and 

morphological data of the observed specimens 

coincided with the descriptions of the species 

Meloidodera astonei, and phylogenetic inference, 

both from females and J2 juveniles, also 

corresponded to the cystoid nematode M. astonei. 

Until the date of this report, this species had only been 

found associated with plants of Solanum rostratum in 

the State of Mexico. Therefore, this represents the 

first report of M. astonei associated with mesquite 

roots in Hidalgo, Mexico. To date, the morphological 

and physiological damage that this nematode may 

cause to mesquite roots remains unknown, as well as 

its potential interference with the nodulation process 

involving nitrogen-fixing bacteria. The life cycle, 

host range, geographical distribution, and natural 

enemies of M. astonei are still not fully described and 

deserve further investigation. 

MORPHO-MOLECULAR IDENTIFICATION 

OF THE ROOT-KNOT NEMATODE 

Meloidogyne enterolobii PARASITIZING 

GUAVA (Psidium guajava) IN SINALOA, 

MEXICO. [Identificación morfo-molecular del 

nematodo agallador de raíces Meloidogyne 

enterolobii parasitando guayaba (Psidium guajava) 

en Sinaloa, México]. E. García-Léon1, M. T. Valdez-

Morales2, I. Cruz-Lachica3, G. Márquez-Licona4 J. A. 

Carrillo-Fasio3, R. S. García-Estrada3, J. M. Tovar-

Pedraza3.1Instituto Nacional de Investigaciones 

Forestales, Agrícolas y Pecuarias, Campo 

Experimental Valle del Fuerte. Sinaloa, México. 
2Facultad de Agronomía, Universidad Autónoma de 

Sinaloa. Sinaloa, México. 3Laboratorio de 

Fitopatología, Subsede Culiacán, Centro de 

Investigación en Alimentación y Desarrollo, Sinaloa, 

México. 4Centro de Desarrollo de Productos Bióticos, 

Instituto Politécnico Nacional, Morelos, México. 

juan.tovar@ciad.mx  

Guava (Psidium guajava L.) is a fruit crop widely 

cultivated and consumed worldwide. However, it is 

susceptible to root-knot nematodes of the genus 

Meloidogyne, among which M. enterolobii is 

recognized as the most aggressive and important 

species parasitizing this crop. In February 2025, 

guava trees exhibiting root-knot symptoms and foliar 

yellowing were observed in a backyard orchard in 

Sinaloa de Leyva, Sinaloa, Mexico. The disease 

incidence was 100% (21 trees). Roots were washed 

with tap water, and females and egg masses were 

collected by dissecting the galls. Second-stage 

juveniles (J2) and males of Meloidogyne were 

extracted from soil samples using the standard 

centrifugal sugar flotation method. For species-level 

identification, morphological and molecular analyses 

were conducted. Molecular identification was 

initially performed using species-specific primers 

Me-F/Me-R and MI-F/MI-R to detect Meloidogyne 

enterolobii and M. incognita, respectively. For 

phylogenetic analyses, the internal transcribed spacer 

(ITS) region and a fragment of the mitochondrial 

cytochrome oxidase subunit I (coxI) gene were 

amplified by PCR using primer pairs TW81/AB28 

and JB3/JB5, respectively. The amplifications results 

of two samples (MeGua1 and MeGua2) with the 

species-specific primers were positive for M. 

enterolobii and negative for M. incognita. BLASTn 

analyses revealed 96.1% and 100% identitywith 

reference ITS and coxI sequences of M. enterolobii 

deposited in GenBank, respectively. Phylogenetic 

trees inferred using Bayesian inference and 

Maximum Likelihood methods clustered the ITS and 

coxI sequences obtained in this study within the M. 

enterolobii clade. Molecular identification was 

corroborated by morphological observations. 

Morphometric and morphological features of females 

and J2s were consistent with previous descriptions of 

M. enterolobii. Finally, pathogenicity was confirmed 

under greenhouse conditions by inoculating five 

healthy 30-day-old guava plants (grown in plastic 

pots containing sterilized soil) with 2500 eggs per pot 

from the M. enterolobii population. Five uninoculated 

plants served as controls. The experiment was 

conducted twice independently under greenhouse 

conditions. After 90 days, inoculated plants exhibited 

foliar yellowing and characteristic root galls, whereas 

control plants remained symptomless. To our 

knowledge, this is the first confirmed report of M. 

enterolobii parasitizing guava trees in Mexico. 

NEW REPORTS OF Xiphinema spp. FROM 

PERU [Nuevos reportes de Xiphinema spp. desde 

Perú]. M.M. Finetti Sialer1, N.Y. Vera Obando2, N. 

Rapanà1, A. Ciancio3. 1CNR, Istituto di Bioscienze e 

Biorisorse, Bari, Italy. 2Facultad de Ciencias 

Biológicas, Universidad Nacional Mayor de San 

Marcos, Lima,Perú. 3CNR, Istituto per la Protezione 

Sostenibile delle Piante, Bari, Italy. 

mariella.finetti@cnr.it  

 

Soil samples collected at Tarapoto (San Martín, Peru) 

revealed the presence of adults and juveniles of two 
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longidorid nematodes previously unreported in the 

country. A sampling carried out in August 2018 

showed the occurrence of a Xiphinema ifacolum Luc 

population, found in the rhizosphere of grass and 

Heliconia sp., in a habitat adjacent to the 

Ahuashiyacu waterfall (6° 27’ 35’’ S, 76° 18’ 30’’ 

W). Specimens of X. insigne Loos were also found in 

the rhizosphere of grass and unknown shrubs, in a 

close area (6° 27’ 33’’ S, 76° 17’ 52’’ W). Both 

nematode populations were identified by morphology 

of specimens, fixed and stored in 30% ethanol, and 

examined in temporary water mounts. In a subsequent 

sampling carried out in December 2023, the 

population of X. ifacolum was found again in the same 

location, together with a further population of X. 

brasiliense. Molecular analyses of the 18S SSU 

ribosomal and ITS regions were carried out using 

2945 nematodes fixed in 65% ethanol proceeding 

from the X. ifacolum population and 23 specimens of 

X. brasiliense. PCR amplifications were performed 

with primers 18SFor and 5.8SRev, 988For and 

1912Rev, 1813For and 2646Rev, D2AFor and 

D3BRev, producing amplicons of the expected sizes. 

BLAST sequence analyses showed 94-100% 

identities with the 18S SSU and ITS1 sequences from 

other X. ifacolum populations reported from Sri 

Lanka. Similarly, also the X. brasiliense population 

showed 94-99% identities with other 18S and SSU 

sequences of the same species. No amplification 

products could be obtained from the few X. insigne 

specimens tested. The three nematode populations 

were present at low densities (10-30 nematodes/kg of 

soil) and appeared endemic on spontaneous plants. 

Both X. ifacolum and X. insigne may have an impact 

on local agriculture, as they are known to affect crops 

such as rice and sugarcane, both intensively 

cultivated in the region. 

 

RAPID IDENTIFICATION AND GENETIC 

DIVERSITY OF ROOT-KNOT NEMATODES 

FROM GUAVA CROPS IN COLOMBIA USING 

OXFORD NANOPORE SEQUENCING 

[Caracterización rápida e identificación de la 

diversidad genética de nematodos agalladores en 

cultivos de guayaba de Colombia mediante 

secuenciación con oxford nanopore]. C.M. 

Holguin¹, J. Pinzón², L. Villalba¹, A. Jaramillo³, L. 

Deantonio⁴, S. Marchant².1Corporación Colombiana 

de Investigación Agropecuaria-AGROSAVIA, C.I. 

La Suiza, Rionegro, Santander, Colombia. 
2Universidad Industrial de Santander-UIS, Escuela de 

Biología, Bucaramanga, Santander, Colombia. 
3Corporación Colombiana de Investigación 

Agropecuaria-AGROSAVIA, C.I. Palmira, Palmira, 

Valle del Cauca, Colombia. 4Corporación 

Colombiana de Investigación Agropecuaria-

AGROSAVIA, Sede CIMPA, Barbosa, Santander, 

Colombia. cholguin@agrosavia.co  

 

Root-knot nematodes, Meloidogyne spp., are major 

plant-parasitic nematodes globally, affecting both 

wild and cultivated plants causing significant 

damage. Morphological identification of species 

within this genus is complicated by high intraspecific 

variation and phenotypic plasticity, making DNA-

based molecular markers essential for accurate 

diagnosis. Traditional molecular approaches using 

multiple markers can be time-consuming and costly 

for accurate diagnosis. To address these challenges, 

this study implemented Oxford Nanopore 

Technology (ONT) sequencing, a promising, robust, 

low-cost, and scalable method for the identifying and 

studying of the genetic diversity of Meloidogyne spp. 

present in major guava (Psidium guajava Linneo) 

producing areas of Colombia. Our specific objectives 

were to: 1) Optimize the design and amplification 

conditions of molecular markers used for 

Meloidogyne spp. identification; 2) Determine the 

minimum number of markers and maximum number 

of samples required for effective identification ; and 

3) Characterize the prevalence of species and the 

multilocus genetic diversity of Meloidogyne spp. 

DNA was extracted from Meloidogyne populations 

collected from guava-producing areas in Santander, 

Valle del Cauca, and Boyacá, Colombia. Three 

widely used molecular regions for phylogenetic and 

population studies in plant-parasitic nematodes—

Cytochrome Oxidase I (COI), the intergenic region 

COII-16S, and the 18S ribosomal DNA gene—were 

amplified. Libraries were prepared using the Oxford 

Nanopore native barcoding kit (SQK-NBD114.24) 

protocol. Sequencing was performed on the 

PromethION platform with an R.10.4.1 flow cell. 

Base calling and data acquisition were managed with 

MinKNOW v23.11.7 (Ubuntu 20.04), and subsequent 

bioinformatics analysis was conducted using the 

Nexflow Nanoseq v3.1.0 platform. The analysis 

pipeline involved demultiplexing, quality control 

(using tools like such as nanolyse, fastqc, and 

nanoplot), and alignment (with using minimap2 and 

samtools). Two sequencing runs demonstrated 

varying performance. The genetic information 

obtained from these sequencing efforts was used to 

measure genetic diversity and construct phylogenetic 

trees enabling a detailed exploration of the 

evolutionary relationships among Meloidogyne 

species within the sampled regions, providing crucial 

insights into their prevalence and genetic structure in 

Colombian guava crops. Such detailed analysis will 

contribute to more effective management strategies 

for these damaging nematodes. 
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Heterorhabditis caligo n. sp. (RHABDITIDA: 

HETERORHABDITIDAE), A NEW 

ENTOMOPATHOGENIC NEMATODE FROM 

PICHILEMU SAND DUNES, CHILE. 

[Heterorhabditis caligo n. sp. (Rhabditida: 

Heterorhabditidae), un nuevo nematodo 

entomopatogeno de las dunas de Pichilemu Chile]. 

San-Blas, E1,2 Morales-Montero, P1, Bastidas, B2, 

Půža, V3,4, Machado, R. A.R5. 1Laboratory of 

Nematology, Institute of Agri-food, Animal and 

Environmental Sciences (ICA3), Universidad de 

O`Higgins, Campus Colchagua, Chile. 2Centre of 

Systemic Biology for Crop Protection (Biosav-

UOH), Universidad de O`Higgins, Campus 

Colchagua, Chile. 3Institute of Entomology, Biology 

centre of the Czech Academy of Sciences, CAS, 

37005 České Budějovice, Czech Republic. 4Faculty 

of Agriculture and Technology, University of South 

Bohemia, Studentská 1668,37005 České Budějovice, 

Czech Republic. 5Computational Biology, 

Independent Researcher, Medellin, Colombia. 

esanblas@uoh.cl 

 

During a survey of the nematode biodiversity in the 

Petrel wetland (central Chile), a population of 

Heterorhabditis sp. was found in coastal dune 

samples. Morphological, morphometric and 

molecular studies indicated that this nematode 

belongs to the “megidis” group, and represents a 

novel species, which we named Heterorhabditis 

caligo n. sp. This nematode species resembles H. 

marelatus but it is different in the morphometrics of 

the following structures of its infective juvenile: 

pharynx length (135150 µm vs. 120–138 µm), the 

position of the excretory pore from the anterior end 

(105128 µm vs. 81–113 µm). The males and females 

are also different in several parameters. In males, the 

4th and 8th pairs of the bursal papillae are shorter and 

do not reach the edge of the bursa in H. caligo n. sp. 

whereas all the papillae in H. marelatus reach the 

edge of the bursa. The excretory pore of amphimictic 

females of H. caligo n. sp. is located more posteriorly 

than in those of H. marelatus 193 (169- 224) µm vs. 

157 (139178) µm respectively. Phylogenetic analyses 

of the genus based on whole nuclear and 

mitochondrial genome sequences and on several 

typical gene markers such the cytochrome c oxidase 

subunit I (cox-1) gene, the internal transcribed spacer 

(ITS) region of the rRNA gene, the calmodulin 1 

(cmd-1) gene, and the thin filament (F-

actin)associated protein (unc-87) gene showed a clear 

separation of Heterorhabditis caligo n. sp. from the 

other species placing it within the “megidis” group. 

This study was partially funded by Agencia Nacional 

de Investigación y Desarrollo (ANID-Chile) through 

the grant project FONDECYT-Regular 1221016 and 

by the Ministry of Education of Chile through the 

grant project “Sistema Articulado de Investigación en 

Cambio Climático y Sustentabilidad de Zonas 

Costeras de Chile (URO RED21992)”. 

 

MORPHOGENETIC CHARACTERIZATION 

OF CRICONEMATIDS IN HIGHLAND 

POTATO FIELDS OF COLOMBIA 

[Caracterización morfogenética de 

criconemátidos en cultivos de papa del alto 

andino colombiano]. E.D. Gómez-López1, J.A. 

Ceballos-Moreno2, C.A. Urbano-Muñoz2. 
1Facultad de Ciencias Agropecuarias, Departamento 

de Ciencias Biológicas, Universidad Nacional de 

Colombia, sede Palmira. 2Facultad de Ciencias 

Agropecuarias, Grupo de Investigación “Protección 

Vegetal para el Mejoramiento de la Productividad”. 

Estudiantes de Ingeniería Agronómica, Universidad 

Nacional de Colombia, Sede Palmira. 

jiceballosm@unal.edu.co 

 

In the context of increasing agricultural 

intensification in the high Andean regions of 

Colombia, where intensified cropping systems place 

significant pressure on soil biodiversity, the study of 

plant-parasitic nematodes becomes essential for 

developing sustainable management strategies. The 

family Criconematidae, composed of ectoparasitic 

nematodes associated with plant roots, exhibits high 

morphological diversity and complex taxonomic 

delimitation, posing challenges for accurate 

characterization, particularly in tropical 

agroecosystems. This study aimed to evaluate the 

morphogenetic diversity of criconematids associated 

with Solanum tuberosum in potato production 

systems in the municipality of Pupiales, Nariño 

(Colombia). Soil samples were obtained from seven 

farms located in the villages of Inchuchala, 

Calputan, Miraflores, and Tres Esquinas. Composite 

rhizospheric soil samples (0–20 cm depth) were 

collected following a systematic zigzag sampling 

pattern. Nematodes were extracted using the 

centrifugal-flotation technique with a 45% sucrose 

solution, a method optimized for the recovery of 

low-mobility ectoparasitic nematodes. 

Morphological identification was performed under 

light microscopy, based on diagnostic 

morphological features, including the number and 

arrangement of cuticular annuli, stylet morphology, 

esophageal structure, and tail configuration. 

Specimens belonging to the genera Criconema, 

Criconemoides, and Mesocriconema were 

identified. The most representative morphotypes 

corresponded to C. annuliferum, C. ornatum, C. 

mutabile, and C. informis. Preliminary identification 

achieved a taxonomic resolution of 94%; however, 
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convergent morphological traits were observed, 

suggesting the possible presence of cryptic species 

undetectable through conventional morphology. 

Average population densities were estimated at 2 

individuals per 3 cc of soil, with comparable relative 

frequencies between the potato varieties Diacol 

Capiro and Criolla Colombia. The ecological 

stability observed suggests that criconematids may 

constitute a structural component of the soil 

microbiome, potentially exerting subclinical effects 

on root development. Given the phenotypic 

complexity of this group, an integrative approach is 

currently underway based on molecular analyses of 

the ITS1 and COI regions to clarify phylogenetic 

relationships and validate morphological 

classifications. This study highlights the ecological 

relevance and taxonomic complexity of 

Criconematidae in Andean agroecosystems, 

emphasizing the need for multidimensional 

approaches for their accurate identification and 

monitoring. 

RESISTANCE OF SORGHUM GENOTYPES 

TO MELOIDOGYNE AND PRATYLENCHUS 

NEMATODES [Resistencia de genotipos de sorgo 

a los nematodos Meloidogyne y Pratylenchus].José 

Parody¹, Lucas Sleutjes Silveira², Julian Siri3, 

Camila Lariane Amaro², Lauis Otávio Xavier², 

Tomás Sundblad3. 1Gerente desarrollo de productos 

para Latinoamerica Norte. Advanta. Colombia. 
2Desarrollo Tecnológico Brasil, Advanta Comércio 

de Sementes Ltda. 3Gerente de Desarrollo 

Tecnológico Argentina, Advanta Semillas S.A.I.C. 

jose.parody@advantaseeds.com 

 

Nematodes are one of the numerous factors 

contributing to low crop yields. Since they can 

multiply throughout almost the entire year in tropical 

and subtropical regions, they can cause significant 

economic damage to various crops. According to a 

study conducted through a collaboration between 

Syngenta, Agroconsult, and the Brazilian Society of 

Nematology, the potential damage caused by 

nematodes could reach up to 870 billion Brazilian 

reais (US$165.37 billion) in less than 10 years in 

Brazil. Various crop management strategies can be 

used to control nematodes in infested areas, such as 

seed treatment, crop rotation, and the use of tolerant 

cultivars. Despite the susceptibility of some sorghum 

hybrids to nematodes, cultivars resistant to two 

species of root-knot nematodes (Meloidogyne spp.) 

are commonly found in both grain and forage 

sorghum. Regarding the lesion nematode 

(Pratylenchus brachyurus), available information on 

the reaction of grain sorghum is scarce. Therefore, it 

is necessary to determine the response of sorghum 

hybrids to M. incognita, M. javanica, and P. 

brachyurus to guide the selection of products in crop 

rotation systems, with the aim of preventing 

nematode reproduction and the consequent increase 

in population density. This study was conducted to 

evaluate the effects of crop rotation involving 

different species on nematode development and 

reproduction factor (RF) under greenhouse conditions 

with artificial infestation in Brazil and Argentina. The 

results obtained in Brazil indicated that ADV 

JUMBO did not differ statistically from sunn hemp 

(Crotalaria spp.), presenting RF < 1, demonstrating 

immunity to M. incognita and M. javanica. The other 

cultivars were moderately resistant to these 

nematodes, with RF values ranging from 1.2 to 2.0. 

All sorghum cultivars showed resistance to P. 

brachyurus, with RF < 1. The evaluated cultivars can 

be used in areas infested with M. incognita, M. 

javanica, and P. brachyurus as a good option in crop 

succession systems, since they were classified as 

immune, resistant, or moderately resistant. In 

Argentina, all evaluated sorghum varieties reduced 

the inoculated populations of M. javanica and 

Pratylenchus zeae. However, the results showed that 

the ADV JUMBO variety was able to significantly 

reduce the population of both nematode species. 

 

CONTROL OF Meloidogyne enterolobii WITH 

TYMIRIUM® AND ARVATICO® [Control de 

Meloidogyne enterolobii con Tymirium® y 

Arvatico®].R. F. Guedes¹, L. S. Ozório¹, G. S. Belo¹, 

D. D. Souza¹, J. N. Silva¹, E. Fontana², M. R. Rocha¹. 
1Escola de Agronomia, Universidade Federal de 

Goiás, Goiânia, GO, Brazil. 2Syngenta Proteção de 

Cultivos, São Paulo, SP, Brazil. 

raquelguedes@discente.ufg.br 

 

The root-knot nematode Meloidogyne enterolobii is 

considered one of the most destructive species of its 

genus and has been causing severe losses in several 

crops in Brazil, especially vegetables, since there are 

still no resistant cultivars on the market. In soybean, 

its occurrence is recent, but there are reports of high 

populations in the fields and potential for great 

damage. Thus, seed treatment with chemical or 

biological products can be an important alternative to 

be included in a management program. The objective 

of this study was to evaluate the efficiency of 

TYMIRIUM® (Cyclobutrifluran) and ARVATICO® 

(Bacillus velezensis) under increasing concentrations 

of M. enterolobii inoculum in soybean. Two 

experiments were set up in a greenhouse, in a 

completely randomized design in a 3 x 4 factorial 

scheme, with eight replications. The tested factors 
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consisted of 3 seed treatments (control, 

TYMIRIUM® and ARVATICO®) and 4 inoculum 

concentrations (500, 1000, 2000 and 4000 eggs + J2 

per plant). Treated seeds were sown in 500 mL plastic 

pots filled with sterilized substrate and inoculation 

done seven days after sowing. At 54 days after 

inoculation, the evaluations were performed, 

observing the fresh root and shoot mass, root and 

shoot length, final population, population density and 

nematode reproduction factor. The seed treatment 

with TYMIRIUM® resulted in lower population 

density and reproduction factor compared to the other 

treatments. The control index presented by 

TYMIRIUM® was 86% and 95% in the first and 

second trials, respectively. Increasing the inoculum 

concentration increased the nematode population 

density, but the FR was higher at the concentration of 

1000 eggs + J2/plant. In the vegetative variables, 

TYMIRIUM® and ARVATICO® demonstrated 

good indicators of plant development compared to the 

control. 

 

IN VITRO EVALUATION OF ALTERNATIVES 

FOR THE CONTROL OF INFECTIOUS 

STAGES J2 OF THE POTATO CYST 

NEMATODE [Evaluación in vitro de alternativas 

para el control de estados infectivos J2 del 

nematodo quiste de la papa]. G.S. Campos-

Jaimes¹, S. Gómez-Caro¹, Niño-Castañeda N.E.¹. 
1Facultad de Ciencias Agrarias, Universidad 

Nacional de Colombia, Sede Bogotá. 

neninoc@unal.edu.co 

 

The genus Globodera is one of the most important 

limiting factors in potato (Solanum tuberosum) 

production worldwide. The species Globodera 

pallida and G. rostochiensis significantly reduce crop 

yield by up to 70%, and available management tools 

are limited. Therefore, the objective of this study was 

to evaluate the effect of six treatments: 

oligosaccharins (2.5 mL/L), Caesalpinia spinosa 

extract (12.5 mL/L and 25 mL/L), Ascophyllum 

nodosum algae extract (2 g/L), Purpureocillium 

lilacinum (1 g/L), and Fluopyram (1.25 mL/L) on the 

viability of Globodera J2 stages under in vitro 

conditions. The inoculum consisted of J2 juveniles 

extracted from soil cysts collected from potato fields 

in the Bogotá Savanna, which were identified as G. 

pallida based on morphological and morphometric 

characteristics. The treatments were evaluated based 

on larval mortality percentage every 24 hours for 

seven days, observing their effects on nematode 

mobility and integrity, and the efficacy of each 

treatment was determined. The results showed that 

oligosaccharins significantly affected the viability of 

J2 juveniles compared with the other treatments, 

causing an average mortality of 87.4% after 24 hours 

and reaching 100% mortality after 120 hours. In the 

chemical control treatment with Fluopyram, mortality 

reached 78.7% after 72 hours and 95.1% after 120 

hours, with no significant differences compared with 

oligosaccharins. The C. spinosa extracts at 

concentrations of 12.5 and 25 mL/L resulted in 

mortality rates of 89.3% and 93%, respectively, after 

120 hours, with no significant differences compared 

with the oligosaccharin and Fluopyram treatments. 

After seven days of exposure, A. nodosum showed a 

lower effect on larval viability (83.4% mortality), 

while P. lilacinum reached 93% mortality, indicating 

that both treatments had a delayed effect on G. pallida 

J2 juveniles. Oligosaccharins and C. spinosa extract 

showed nematicidal effects, whereas Fluopyram 

exhibited a nematostatic effect up to 72 hours and a 

nematicidal effect 96 hours after treatment 

application.The results indicate that oligosaccharins, 

C. spinosa extract, and P. lilacinum could be 

considered alternative control options in integrated 

management programs for the potato cyst nematode. 

 

NEMATICIDAL ACTIVITY OF ESSENTIAL 

OILS FROM Lippia graveolens AND Plectranthus 

amboinicus AGAINST Meloidogyne enterolobii IN 

CUCUMBER PLANTS [Actividad nematicida de 

aceites esenciales de Lippia graveolens y 

Plectranthus amboinicus contra Meloidogyne 

enterolobii en plantas de pepino]. J. P. Manjarrez-

Quintero¹, H. Bayardo-Rosales¹, O. Valdez-Baro¹, J. 

A. Carrillo-Fasio¹, J. B. Heredia¹, J. León-Felix¹, M. 

A. Magallanes-Tapia², J. M. Tovar-Pedraza¹. 
1Laboratorio de Fitopatología, Subsede Culiacán, 

Centro de Investigación en Alimentación y 

Desarrollo. Culiacán 80110, México. 2Laboratorio de 

Nematología, Departamento de Biotecnología 

Agrícola, CIIDIR-IPN Unidad Sinaloa. Guasave, 

Sinaloa, México. 

jmanjarrez224@estudiantes.ciad.mx 

 

Meloidogyne enterolobii is an emerging and highly 

aggressive root-knot nematode affecting horticultural 

crops in Mexico. Due to its high reproductive 

potential and ability to overcome host genetic 

resistance, it poses a significant phytosanitary threat. 

This study evaluated the nematicidal effects of 

essential oils from Lippia graveolens and 

Plectranthus amboinicus on Meloidogyne enterolobii 

infecting cucumber (Cucumis sativus cv. Estrada) 

grown in pots under greenhouse conditions. Thirty-

day-old cucumber plants were inoculated with 4000 

eggs per pot (3 kg of sterilized soil), and treatments 

consisted of three concentrations (500, 750, and 1000 

ppm) of each essential oil, applied as soil drenches 

(100 mL per pot) every seven days. The two essential 
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oils were obtained by hydrodistillation. A completely 

randomized design with three replicates per treatment 

was used. Data were analyzed by one-way ANOVA 

and LSD test (α = 0.05). Two assessments were 

conducted at 30 and 60 days after inoculation to 

evaluate nematode reproduction and plant response. 

The essential oils exhibited dose-dependent 

suppression of nematode populations and associated 

damage. L. graveolens at 1000 ppm reduced the 

number of galls by 69%, juvenile density in soil by 

88%, and the reproduction factor by 96% compared 

to the control. Similarly, P. amboinicus at 1000 ppm 

demonstrated high efficacy, resulting in 85% fewer 

juveniles, a 95% reduction in reproduction factor, and 

54% fewer galls. Intermediate doses of both oils 

produced moderate effects. In contrast, the inoculated 

control reached 933 J2 per 100 g of soil and a 

reproduction factor of 18.5. Plant growth was also 

influenced by the treatments. The oil of P. amboinicus 

at 500 ppm significantly increased root fresh weight, 

with values up to 44% higher at 60 days compared to 

the control. Meanwhile, the oil of L. graveolens at 

750–1000 ppm enhanced shoot height by 25–28% at 

both evaluation times. The longest roots were 

observed in plants treated with P. amboinicus at 750 

ppm, exhibiting a 44% increase relative to the control. 

These results indicate that both essential oils not only 

suppressed nematode activity but also exhibited a 

plant growth-promoting effect under nematode stress. 

Overall, these findings confirm the nematicidal 

potential of Lippia graveolens and Plectranthus 

amboinicus essential oils. Their efficacy in reducing 

nematode reproduction and damage, combined with 

positive effects on plant growth, highlights their 

promise as botanical alternatives for the sustainable 

management of M. enterolobii in horticultural 

systems. 

OVICIDAL ACTIVITY AND 

CHARACTERIZATION OF ESSENTIAL OILS 

FROM Lippia graveolens AND Plectranthus 

amboinicus AGAINST Meloidogyne enterolobii 

[Actividad ovicida y caracterización de aceites 

esenciales de Lippia graveolens y Plectranthus 

amboinicus contra Meloidogyne enterolobii]. J. P. 

Manjarrez-Quintero¹, H. Bayardo-Rosales¹, O. 

Valdez-Baro¹, J. A. Carrillo-Fasio¹, J. B. Heredia¹, J. 

León-Felix¹, M. A. Magallanes-Tapia², J. M. Tovar-

Pedraza. 1Laboratorio de Fitopatología, Subsede 

Culiacán, Centro de Investigación en Alimentación y 

Desarrollo. Culiacán 80110, México. 2Laboratorio de 

Nematología, Departamento de Biotecnología 

Agrícola, CIIDIR-IPN Unidad Sinaloa. Guasave, 

Sinaloa, México. 

jmanjarrez224@estudiantes.ciad.mx 

 

Meloidogyne enterolobii is one of the most aggressive 

and widely distributed emerging root-knot nematode 

species affecting vegetable-producing regions in the 

Americas. This plant parasitic-nematode 

compromises root system health, induces massive 

gall formation, and drastically reduces yield in 

various horticultural crops. Due to its ability to 

overcome resistance mechanisms in commercial 

cultivars, its management represents an emerging 

phytosanitary challenge. Currently, there is growing 

interest in the use of botanical products as eco-

friendly alternatives to synthetic nematicides, 

particularly essential oils from aromatic plant species, 

owing to their high content of bioactive compounds. 

In this study, the ovicidal activity of essential oils 

from Lippia graveolens and Plectranthus amboinicus 

against M. enterolobii eggs was evaluated under in 

vitro conditions. The oils were extracted via 

hydrodistillation from ground dried leaves and 

subsequently characterized chemically by gas 

chromatography-mass spectrometry (GC/MS). Ten 

concentrations (50–1000 ppm) were tested in 

triplicate, and egg hatch inhibition was quantified up 

to 168 hours. The median lethal concentration (LC₅₀) 

at 72 h was estimated using linear regression analysis. 

Results showed that L. graveolens exhibited a faster 

and more potent ovicidal effect, achieving 100% 

inhibition at 800 ppm within 72 h, with an LC₅₀ of 121 

ppm. In contrast, P. amboinicus showed a more 

gradual inhibitory effect, reaching 100% inhibition 

only at 1000 ppm, with an LC₅₀ of 282 ppm. The 

essential oil of L. graveolens was more effective in 

both concentration and time of action. Chemical 

characterization revealed that thymol (59.2%) was the 

major constituent in L. graveolens, whereas P. 

amboinicus was dominated by terpenic hydrocarbons 

such as γ-terpinene (~9.9%), as well as naphthalene-

derived and sesquiterpenoid compounds. These 

findings highlight the nematicidal potential of Lippia 

graveolens essential oil and the possible association 

between its chemical profile and its high ovicidal 

efficacy. 

PLANT PARASITIC NEMATODES 

ASSOCIATED TO SELECTED ACCESSIONS 

IN Musa spp. CUBAN GERMPLASM 

COLLECTION [Fitonematodos asociados a 

accesiones seleccionadas de la colección cubana de 

germoplasma de Musa spp.].V. Ventura-Chávez¹, 

B. P. Delgado-Oramas2, L.G. Díaz¹, D. Hernández-

Ochandía2, I. M. Cabrera2, R.E. Regalado2, M.G. R. 

Hernández2. 1Instituto de Investigaciones de Viandas 

Tropicales (INIVIT), Apartado 6, Santo Domingo, 

CP 53000, Villa Clara, Cuba. 2Centro Nacional de 
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Sanidad Agropecuaria (CENSA). Apartado 10, San 

José de las Lajas, Mayabeque, Cuba. 

mayrag2531961@gmail.com  

 

The field plant genetic resource banks are ex situ 

collections that contribute to the preservation of plant 

germplasm. In Cuba, a collection of Musa spp., a 

genus of plants that are affected by pests of 

phytoparasitic nematodes, is kept. The objective of 

the research was to determine the plant parasitic 

nematodes and the dominant generas associated with 

22 selected accessions at the germplasm collection of 

Musa spp. in Cuba, kept at the Tropical Root and 

Tubers Research Institute (INIVIT). The accessions 

were ‘Burro CEMSA’, ‘Manzano Vietnamita’, 

‘Pisang Ceilan’, ‘CEMSA –’, ‘INIVIT PV2011’, 

‘INIVIT PB-2012’', ‘Yangambí’, ‘Gran Enano’, 

‘Gross Michel’, ‘Pisang Jari Buaya’, ‘Calcuta 4’, 

‘FHIA-18’, ‘INIVIT PV-0630’, ‘Enano 

Guantanamero’, ‘Macho –’, ‘FHIA-21’, ‘SH 3436-L-

9’, ‘FHIA-01’, ‘FHIA 01V1’, ‘SH 3142’, ‘SH 3362’ 

and ‘FHIA-17’. Sampling was carried out and soil 

and roots were collected from accession and were 

transferred to Agricultural Nematology Laboratory at 

National Center for Plant and Animal Health 

(CENSA), where processed by Whitehead Tray and 

maceration-sifting methods. Extracted nematodes 

were killed and fixed with TAF. The identification of 

genera was made using taxonomic keys and 

populations by genus were quantified. The dominant 

genera were determined using the ecological indexes: 

frequency, density and prominence value. Fifteen 

genera of nematodes were identified in soil samples 

and nine in roots. The genera Meloidogyne and 

Helicotylenchus were predominant. The largest 

populations of Meloidogyne in roots were found in 

'Yangambí' and 'FHIA-18'; while Helicotylenchus 

was present in higher populations in the accessions 

‘INIVIT PV-0630’ and 'CEMSA 3/4'. 

 

REACTION OF BEAN ACCESSIONS FROM 

EMBRAPA’S CORE COLLECTION TO 

Meloidogyne incognita [Reacción de las accesiones 

de frijol de la colección principal de Embrapa a 

Meloidogyne incognita]. D. O Maciel¹, I. F souza¹, P. 

P. Torga2, R. P. Vianello2, M. R. Rocha¹.1Escola de 

Agronomia, Universidade Federal de Goiás, Goiânia, 

GO, Brazil. 2Embrapa Arroz e Feijão, Santo Antônio 

de Goiás, Brazil. douglasmaciel@discente.ufg.br 

 

The root-knot nematode (Meloidogyne incognita) is 

one of the main plant-parasitic nematodes associated 

with common bean (Phaseolus vulgaris), causing 

significant yield losses in several growing regions. 

The identification and selection of resistant genotypes 

is an effective and economically viable strategy for 

managing this pest. This study aimed to screen one 

hundred Mesoamerican common bean accessions 

from Embrapa Rice and Beans core collection 

(CONFE) to identify genotypes with potential 

resistance to M. incognita, and to estimate genotypic 

correlations among the evaluated variables. Five 

greenhouse experiments were conducted in a 

randomized complete block design with eight 

replications, including three susceptible checks to all 

experiments. Experimental units consisted of 0.95 

dm³ pots filled with sterilized substrate. One seed was 

sown per pot, and seven days after sowing, 

inoculation was performed with 2000 M. incognita 

eggs + J2. Sixty days after inoculation, roots were 

collected, washed, dried, and weighed to obtain fresh 

root mass (FRM). Eggs and juveniles were extracted 

using the Coolen & D’Herde (1972) method and the 

final population (Pf) was quantified. Based on this, 

the reproduction factor (RF = Pf/Pi) and population 

density (PD = Pf/FRM) were calculated. Statistical 

analyses were performed using mixed linear models 

(REML/BLUP) considering experiments as fixed 

effects, while genotypes, blocks and the interaction 

between checks and experiments were treated as 

random effects. From the predicted genotypic values 

(BLUPg) genotypic correlations were estimated using 

Pearson’s coefficient. For the selection of superior 

genotypes, the MGIDI multivariate index was 

applied. The correlation between PD and RF was high 

(r = 0.80), indicating a strong association with 

nematode multiplication. In contrast, the correlations 

between PD and FRM (r = -0.28) suggest that 

genotypes with greater biomass tend to restrict 

nematode density. Therefore, PD proved to be a 

reliable variable to prioritize in genotype selection. 

Genotypes BGF 11751, BGF 11778, BGF 11789, and 

BGF 11763 were the most promising, standing out 

due to the favorable combination of lower population 

density and reproduction factor, along with higher 

fresh root mass values. These results indicate that, in 

addition to restricting M. incognita multiplication, 

these accessions maintain good root development, 

evidencing resistance associated with greater vigor. 

This combination of resistance and root vigor is 

desirable in breeding programs, promoting the 

selection of genotypes with agronomic potential and 

durable resistance. 

 

SELECTION AND ASSESSMENT OF 

ROTATION CROPS FOR THE 

MANAGEMENT OF Heterodera trifolii IN 

CHINESE CABBAGE [Selección y evaluación de 

rotación de cultivos para el manejo de Heterodera 

trifolii en col china]. H. Kim1, J. Heo1, S. Joo1, J. 

Lee1, D. Kim2, N. Park2, H. Kang1,2. 1Department of 
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Plant Bioscience, Pusan National University, 

Miryang, Republic of Korea. 2Nematode Research 

Center, Life and Industry Convergence Research 

Institute, Pusan National University, Miryang, 

Republic of Korea. khi@pusan.ac.kr 

 

Cyst nematodes (Heterodera spp.) are significant 

plant-parasitic nematodes that threaten agricultural 

production worldwide. In Korea, the clover cyst 

nematode (H. trifolii) and sugar beet cyst nematode 

(H. schachtii) have been infesting Chinese cabbage 

fields in Gangwon Province since 2011, causing an 

estimated economic loss of 16.4 million USD. In 

highland regions such as Gangwon-do, where soil 

fumigation is difficult due to steep terrain and 

environmental concerns, crop rotation offers a 

promising alternative for sustainable nematode 

management. This study aimed to identify and 

evaluate rotation crops resistant to both H. schachtii 

and H. trifolii. Host resistance assays were first 

conducted to screen potential crops, resulting in the 

selection of six species including Zea mays, Ligularia 

fischeri, Aruncus dioicus, Allium microdictyon, 

Heracleum moellendorffii, and Secale cereale as non-

hosts to both nematode species. Subsequent field 

trials were carried out to evaluate the effectiveness of 

crop rotation using these selected species. These 

crops also showed resistance to Plasmodiophora 

brassicae, the causal agent of clubroot disease in 

Chinese cabbage. Crop rotation experiments revealed 

that a one-year rotation provided limited suppression 

in nematode populations, whereas a two-year rotation 

significantly reduced cyst nematode density in the 

soil. Among the tested species, L. fischeri, A. dioicus, 

and A. microdictyon demonstrated the highest 

efficacy in clover cyst nematode population 

suppression. These results suggest that selecting 

appropriate rotation crops can effectively reduce 

nematode pressure and contribute to integrated pest 

management strategies in Chinese cabbage 

production systems. 

 

IDENTIFICATION OF PLANT-PARASITIC 

NEMATODES ON Musa AAB (PLANTAIN 

SUBGROUP) ‘HARTÓN’ CROPS IN THE 

COLOMBIA´S MAGDALENA CENTRO 

REGION [Identificación de nematodos 

fitoparásitos en cultivos de Musa AAB (subgrupo 

plátano) ‘Hartón’ en la región del Magdalena 

centro colombiano]. J.J. Díaz1, Ó.A. Guzmán2. 
1Ingeniero Agrónomo, programa de Ingeniería 

Agronómica, Universidad de Caldas. 2Profesor de 

Nematología, programa de Ingeniería Agronómica, 

departamento de Producción Agropecuarias, 

Universidad de Caldas. jhondiazagro@gmail.com 

 

In Colombia, plantain is a staple food in the 

household food basket due to its nutritional quality as 

a source of carbohydrates and its affordability, with a 

per capita consumption of 72 kg/person/year, 

covering 438,051 ha, with a production of 4,614,186 

tons and a yield of 10.53 tons/ha. In this study, plant-

parasitic nematodes affecting Musa AAB ‘Hartón’ 

plantain crops in Puerto Salgar, Cundinamarca, 

Colombia, were quantified and identified. Composite 

samples consisting of 2 kg of roots and 3 kg of soil 

were collected from 20 farms in front of the 

succession sucker of recently flowering plants. One 

sample was collected per hectare from each farm, 

consisting of 10 subsamples, where the sampling unit 

was the plantain plant, using a random sampling 

pattern. Nematode extraction was performed at the 

Nematology Laboratory of the University of Caldas 

using the blending, centrifugation, and sugar flotation 

method. Six genera of plant-parasitic nematodes were 

identified: Pratylenchus, Helicotylenchus, 

Meloidogyne, Tylenchus, Dorylaimus, and 

Criconemoides. The genus Pratylenchus 

predominated in both soil and root samples, with a 

population frequency of 85% and maximum 

populations of 24,796 individuals/100 g of roots, 

followed by Helicotylenchus and Meloidogyne, with 

population frequencies of 50% and 40%, 

respectively, and maximum populations of 7,670 and 

10,451 individuals/100 g of roots, respectively. It was 

found that roots were non-functional between 40 and 

87%, showing typical symptoms of damage in the 

cortical cylinder, reddish discoloration, necrosis, and 

galls caused by the aforementioned genera. The 

nematode populations and the percentage of non-

functional roots per sample showed a positive 

Pearson correlation of 0.68, indicating that higher 

nematode populations are associated with a greater 

percentage of non-functional roots. This reflects a 

significant negative impact on the absorption capacity 

and overall health of the plantain root system. This is 

the first identification of plant-parasitic nematodes 

associated with Musa AAB (plantain subgroup) 

‘Hartón’ crops in the central Magdalena region of 

Colombia. These findings are essential for 

establishing management strategies and reducing 

yield losses in this crop. 

 

RHIZOBACTERIA FOR THE CONTROL OF 

THE WALNUT LESION NEMATODE 

(Pratylenchus vulnus) IN WALNUT ORCHARDS 

[Rizobacterias para el control del nematodo 

lesionador (Pratylenchus vulnus) en el cultivo de 

nogal]. J.I. Yañez, S. Prodan1, C. Flores-Vargas1, L. 

Aballay1, J. Olave1, F. Sepúlveda1, C. Castaneda-

Alvarez1. 1Lab. de Nematología, Dep.to de Sanidad 
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Vegetal, Facultad de Ciencias Agronómicas, 

Universidad de Chile, Santiago, Chile. 

carlos.castaneda@uchile.cl 

 

Pratylenchus vulnus (commonly known as the walnut 

lesion nematode) is the main plant-parasitic nematode 

affecting walnut orchards in Chile, causing root 

lesions, reduced vigor, and decreased productivity. 

The use of biological alternatives, such as native 

rhizobacteria, represents a promising strategy for its 

control. In this context, the efficacy of two native 

bacterial strains (Oerskovia turbata FB55 and 

Bacillus mycoides FB25M) against P. vulnus was 

evaluated under greenhouse conditions. The trial was 

conducted using Juglans regia seedlings grown under 

controlled conditions and maintained for five months 

in 5 L pots. Fifteen treatments were evaluated, 

combining both strains at two concentrations (10⁶ and 

10⁸ CFU/mL) and three application timings (at 

transplanting, 30 or 60 days after transplanting), 

along with a chemical control (cadusafos) and two 

additional controls (with and without nematode 

inoculation). Each plant was inoculated with 2000 

individuals of P. vulnus. The experimental design was 

a randomized complete block with eight replicates per 

treatment. Evaluated variables included nematode 

reproductive index (RI), percentage of biocontrol, 

fresh root weight, and nematode density per gram of 

root. Results showed that treatment T11 (B. 

mycoides, 10⁸ CFU/mL, 30 days after transplanting) 

achieved the highest efficacy, reducing the RI by 

93.5% and promoting the greatest root biomass (54.5 

g), the lowest nematode density in roots (< 1.5 

nematodes/g in the best-performing block). Other 

treatments with this strain also performed comparably 

to the chemical control. For O. turbata, the most 

effective treatment was T3 (10⁶ CFU/mL, 60 days 

after transplanting), which surpassed the chemical 

control in root weight and achieved 42.25% 

biocontrol. The results were consistent across 

variables and experimental blocks, although 

differences in plant development were observed due 

to varying light conditions in the greenhouses. Based 

on these findings, the most promising treatments were 

selected for field validation. The experiment defined 

an effective application strategy with strong potential 

for the development of a nematicidal and plant 

growth-promoting bioproduct for walnut orchards. 

This study was supported by Fondef grant 

ID24I10459. 

 

A NEW RHIZOBACTERIAL SPECIES WITH 

DUAL FUNCTIONALITY: NEMATICIDAL 

ACTIVITY AND ROOT GROWTH 

PROMOTION [Una nueva especie rizobacteriana 

con doble funcionalidad: actividad nematicida y 

estimulación del crecimiento radicular]. S. 

Prodan, F. Sepúlveda, J.I. Yañez, C. Flores-Vargas, 

L. Aballay, J. Olave, C. Castaneda-Alvarez. Lab. de 

Nematología, Departamento de Sanidad Vegetal, 

Facultad de Ciencias Agronómicas, Universidad de 

Chile, Santiago, Chile. carlos.castaneda@uchile.cl 

 

A novel bacterium isolated from the 

rhizosphere of grapevine plants, tentatively named 

Oerskovia vitivinicola sp. nov. strain FP55F, is 

proposed as a new species within the genus 

Oerskovia. The formal description is currently in 

preparation for publication. Whole-genome 

sequencing and digital DNA–DNA hybridization 

(dDDH) revealed only 54.1% similarity to its closest 

known relative, O. rustica, well below the 70% 

threshold commonly used to delineate bacterial 

species, thus supporting its novelty. This strain 

exhibits a dual functional profile of agronomic 

interest: biological control of plant-parasitic 

nematodes and stimulation of root development. 

Under in vitro assays, O. vitivinicola FP55F showed 

strong nematicidal activity, particularly against 

Pratylenchus vulnus, inducing nearly 80% 

immobility after 72 hours of exposure, compared to 

50% for Meloidogyne arenaria and below 5% in the 

negative control (bacterial medium only). In 

greenhouse assesses on walnut seedlings inoculated 

with 2000 individuals of P. vulnus (mixed stages), the 

strain significantly reduced the nematode 

reproductive index and enhanced root biomass (p < 

0.05). Application of O. vitivinicola FP55F resulted 

in greater root biomass (45.5 g) compared to the 

chemical control (31.5 g with cadusafos). Further 

experiments characterized O. vitivinicola as a 

rhizospheric, epiphytic, and endophytic bacterium. 

Quantitative studies in potato roots revealed 

endophytic colonization levels of up to 2.3 × 10⁴ 

CFU/g of fresh root, and combined 

epiphytic/endophytic populations reaching 9.01 × 10⁷ 

CFU/g. These findings confirm the strain’s ability to 

colonize and persist within root tissues, supporting 

both protective and growth-promoting roles. Field 

trials in commercial walnut orchards validated the 

greenhouse results. Application of O. vitivinicola led 

to sustained reductions in P. vulnus soil populations, 

with control efficacy comparable to standard 

chemical nematicides. No adverse effects were 

observed on plant health or yield. Moreover, a trend 

toward increased fruit size was noted and is currently 

under evaluation. Taken together, these results 

support O. vitivinicola FP55F as a promising 

candidate for development into a biological product 

with dual nematicidal and biofertilizer properties for 

use in sustainable walnut production systems. This 
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study was supported by Fondef grant ID24I10459. 

 

 

In vitro EVALUATION OF THE 

NEMATICIDAL ACTIVITY OF VETIVER 

(Chrysopogon zizanioides) EXTRACTS AND 

OILS AGAINST Globodera spp. AND 

Meloidogyne spp. [In vitro evaluación de la 

actividad nematicida de extractos y aceites de 

vetiver (Chrysopogon zizanioides) contra 

Globodera spp. y Meloidogyne spp]. L.F. González-

Bautista1,2, D. Peña1,2, D.H, Riascos2, J.E 

Pacheco3.1Laboratorio de Cultivo de Tejidos 

Vegetales BIOPLASMA. 2Universidad Pedagógica y 

Tecnológica de Colombia, Tunja, Colombia. 
3Laboratory of Nematology, Wageningen University 

& Research, Wageningen, The Netherlands. 

luisa.gonzalez01@uptc.edu.co 

 

Plant-parasitic nematodes (PPN) are a great threat to 

agriculture, causing significant economic losses and 

even crop fields abandonment. Managing PPN is 

difficult due to their short reproductive cycle, and 

rapid multiplication. Therefore, it has been necessary 

to use chemical nematicides for their control, with 

limited success. Additionally, the chemicals 

effectiveness is reduced once the nematodes invade 

the root system. This has led to the emergence of 

populations resistant to various nematicides, which 

can be highly toxic, affecting non-target organisms in 

soil and environment. Consequently, to develop 

alternatives for controlling PPN, we focused on the 

nematicidal activity of extracts and oils from different 

plants. The oil and extracts obtained from vetiver 

(Chrysopogon zizanioides) have a wide range of 

applications and impact in the cosmetic, 

pharmacological, environmental, and agronomic 

areas, where they demonstrated repellent activity 

against certain pests and pathogens. This study aims 

to assess the nematicidal activity of vetiver extracts 

and oils against PPN sampled in the department of 

Boyacá, Colombia. For this purpose, essential oils 

and ethanolic and aqueous extracts of vetiver roots 

were obtained, from which dilutions were produced, 

in three concentrations (90%, 70% and 50%). Eggs 

and second-stage juveniles (J2) of Globodera spp. 

and Meloidogyne spp. were exposed to different 

concentrations of extracts and oil, for a total of 9 

treatments, with a negative control group (sterile 

distilled water), and a positive control (commercial 

nematicide) for each nematode population. Counts 

were performed to calculate the percentage of egg 

hatching inhibition on days 1, 3, 5, and 7, with 

secondstage juvenile (J2) counts performed to 

calculate the percentage of mortality on days 2, 4, and 

6. Finally, the extract or oil showing the highest 

percentages of hatching inhibition and J2 mortality 

were selected. An analysis by gas chromatography-

mass spectrometry (GC-MS) will be performed to 

identify the components associated with nematicidal 

activity. 

 

EXPLORING THE EFFECT OF Purpureocillium 

lilacinum STRAIN 251 ON TOMATO 

VOLATILE PRODUCTION [Explorando el 

efecto de Purpureocillium lilacinum cepa 251 en la 

produccion de volatiles de tomate]. L. Mayorga1, 

J. Desaeger1, F. Lopez-Moya2, L. Lopez-Llorca2. 
1Gulf Coast Research and Education Center, 

University of Florida, Balm, FL, USA.  
2Departamento de Ciencias del Mar y Biología 

Aplicada, Universidad de Alicante, Alicante, España. 

lmayorgasantafe@ufl.edu  

 

Purpureocillium lilacinum is a well-known biological 

control agent used for the control of plant-parasitic 

nematodes. The fungus mainly parasitises the 

sedentary nematode stages such as eggs and females 

of Meloidogyne and Globodera. Despite extensive 

studies on its nematocidal properties, its direct 

interactions with plants and broader influence on 

plant physiology remain largely underexplored. In 

this study we investigate how P. lilacinum affects the 

physiology of tomato (Solanum lycopersicum), 

focusing on the production of root-emitted volatile 

organic compounds (VOCs). These VOCs play a key 

role in plant communication, defense, and 

rhizosphere ecology. To evaluate these interactions, 

tomato seedlings (cv’ Marglobe) were inoculated 

with P. lilacinum strain 251 and incubated for 72 h 

inside magenta boxes. Root-emitted VOCs from the 

rhizosphere headspace were captured using 

headspace solid-phase microextraction (HS-SPME) 

and subsequently analyzed via gas chromatography-

mass spectrometry (GC-MS). We found that tomato 

roots produced eight specific volatile compounds in 

response to P. lilacinum application. These 

compounds are likely to represent a plant 

physiological response to the fungal association. 

Additionally, five VOCs were uniquely produced by 

the fungus itself when grown in the absence of the 

plant, suggesting its own metabolic contribution to 

the rhizosphere. These results indicate that P. 

lilacinum not only acts as a biocontrol agent but also 

modulates plant metabolism, potentially enhancing 

plant resilience or modifying root-microbiome 

interactions. By characterizing these volatile 

responses, we aim to uncover additional plant 

benefits from P. lilacinum beyond nematode 

suppression, potentially supporting its broader use in 
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sustainable agriculture and integrated pest 

management. 

 

ESTABLISHMENT OF Pochonia chlamydosporia 

var. mexicana IN AGRICULTURAL CROP 

SOILS IN ACATZINGO, PUEBLA 

[Establecimiento de Pochonia chlamydosporia var. 

mexicana en suelos de cultivos agrícolas de 

Acatzingo, Puebla]. V. M. Vega-Becerril1, M. G. 

Medina-Canales1, A. Tovar-Soto1. 1Laboratorio de 

Nematología Agrícola, Escuela Nacional de Ciencias 

Biológicas del Instituto Politécnico Nacional, Unidad 

Profesional Lázaro Cárdenas, Prolongación de Carpio 

y Plan de Ayala s/n, Col. Santo Tomás C.P. 11340 

Alcaldía Miguel Hidalgo. CDMX. México. 

vega_becerril@hotmail.com 

 

Pochonia chlamydosporia has been widely studied 

for its antagonistic potential against plant-parasitic 

nematodes. Several isolates have been found 

worldwide as biological control agents (BCA), with 

P. chlamydosporia var. mexicana (Pcp21) being one 

of them. Soil conditions are decisive in the efficiency 

and colonization of the BCA host. The present study 

aimed to determine the factors present in agricultural 

soils of Acatzingo, Puebla, México, that intervene in 

the ideal establishment of the isolate Pcp21. Twenty 

agricultural soils from different locations and crops in 

the study area were selected. An in vitro assay was 

performed with tyndallized and non-tyndallized 

portions of each soil using the soil technique, with a 

PcP21 inoculum on a cellulose membrane. The soil 

was incubated at 28 °C for 21 days. Subsequently, the 

total growth of the mycelium and the CFU of bacteria 

and fungi in 1 g of soil were measured and evaluated, 

through ANOVA and Duncan tests. The soils with the 

best, medium and worst establishment of PcP21 were 

selected. The selected soils were characterized to 

identify the factors influencing the establishment of 

the fungus. Soil 309 an Allium porrum crop was the 

one with the best establishment of PcP21. The 

Bacteria and other fungi in this soil showed not to be 

as proliferative compared to other soils that did not 

show a good establishment of PcP21 (soil 344 of 

Medicago Sativa with medium establishment of PcP 

21 and soil 314 of Lactuca sativa with worst 

establishment) indicating that competition among the 

microorganisms present in the soil and PcP21 had a 

negative effect on the BCA. Physical characterization 

of the three selected soils showed no significant 

differences; all were classified as non-saline, with 

low organic matter content, sandy loam texture, 

neutral pH ranging from 6.9 to 7.3, and relative 

humidity between 8 and 9%. Chemical 

characterization of the soils is necessary to complete 

the study. Additionally, identifying the microbial 

communities present could help clarify the 

interactions between PcP21 and these 

microorganisms and how they influence its 

establishment. 

 

Macrophomina phaseolina AND Meloidogyne 

javanica: PATHOSYSTEM INTERACTIONS IN 

SOYBEAN. [Macrophomina phaseolina y 

Meloidogyne javanica: interacciones del 

patosistema en soja]. L.Z. Alves¹, M.T. R. Silva¹, 

E.T. Sonda¹, K.R. Schwan-Estrada¹, C.R. Dias-

Arieira¹.1 State University of Maringá, Graduate 

Program in Agronomy, 87020-900, Maringá-Paraná, 

Brazil. lorrayne_alves_@hotmail.com 

 

Soybean is one of the world’s most economically 

important crops; however, its cultivation is threatened 

by various soilborne pathogens, especially nematodes 

and fungi, which cause diseases that are difficult to 

manage and lead to significant yield losses. 

Interactions between nematodes and phytopathogenic 

fungi can exacerbate plant damage, even though 

antagonistic interactions have also been reported. 

This study aimed to evaluate and investigate the 

individual and combined effects of Macrophomina 

phaseolina and Meloidogyne javanica on soybean, 

focusing on their interaction and impact on plant 

health, vegetative growth, and activation of defense 

mechanisms. Three greenhouse experiments were 

conducted using a 2:1 mixture of clay soil and sand, 

previously autoclaved at 120°C for 2 hours. The 

treatments consisted of isolated M. phaseolina (6 × 

10⁴ spores/mL) and M. javanica (2,000 eggs + J2/mL) 

inoculation, as if the coinoculation with both 

pathogens. The variables measured included M. 

javanica reproduction factor (RF), fungal 

colonization intensity, and vegetative variables such 

as plant growth, fresh (FWAP) and dry (DWAP) 

weight of aerial part. In Experiment 1, coinoculation 

resulted in an antagonistic interaction, reducing M. 

javanica reproduction up to 68.6% and leading to less 

severe root lesions caused by M. phaseolina when 

compared to single inoculations. Similar results were 

observed in Experiment 2, which utilized a split-root 

system. Moreover, M. javanica reproduction was 

reduced by over 80% in roots simultaneously 

colonized by the fungus and nematode. Nevertheless, 

coinoculation resulted in more severe symptoms and 

a more pronounced reduction in plant growth. In both 

experiments, plants inoculated solely with M. 

javanica exhibited greater fresh root weight (FRW), 

likely due to gall formation, while those inoculated 

with M. phaseolina showed the lowest FRW values, 

highlighting its negative effect on root development. 

Coinoculation resulted in shortest plants, and DWAP 
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was reduced in the presence of the nematode, both in 

isolated and combined inoculations, up to 56% 

compared to the M. phaseolina, only treatment, which 

produced the highest biomass accumulation. 

Experiment 3 involved the analysis of enzymes 

associated with plant defense mechanisms. 

Polyphenol oxidase (PPO) activity was highest in 

treatments with single inoculations at 7 days after 

inoculation (DAI). Peroxidase (POX) and β-1,3-

glucanase (GLU) showed a progressive increase in 

activity over time. The results indicate that the 

interaction between M. phaseolina and M. javanica is 

predominantly antagonistic under the conditions 

tested, directly affecting nematode reproduction and 

disease severity. The presence of M. phaseolina, 

either alone or in combination with the nematode, had 

the most detrimental effect on plant development, 

though. These findings contribute to a deeper 

understanding of pathogen–pathogen interactions, 

highlighting the complexity of soil ecosystems, and 

reinforcing the importance of integrated management 

strategies, especially in agroecological and low-input 

production systems.  

 


