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Abstract

Given their ability to attack and eliminate insects that impact various ecosystems, ento-
mopathogenic nematodes (EPNs) are considered effective biological pest control
agents. However, there are few studies focused on their identification or their associa-
tion with forest species such as the carob tree. The objective of the present study was
to isolate and molecularly identify entomopathogenic nematodes from carob tree (Nel-
tuma spp.) forests in Tumbes, Peru. One-kilogram soil samples were collected from ten
localities located across four districts in the Tumbes region. In each soil sample, Galleria
mellonella Linnaeus 1758 (Lepidoptera: Pyralidae) larvae were exposed as bait for the
detection and isolation of EPNs. Exposure times were controlled at 12, 24, 48, 72, and
84-96 hours. The isolated nematodes were morphologically characterized, and their ge-
nomic DNA was extracted. The 18S ribosomal DNA (rDNA) gene was amplified via
polymerase chain reaction (PCR). Six of the ten evaluated soils showed G. mellonella
infection, with a positive correlation between exposure time and infection rate. However,
due to marked infectivity divergences (where samples 02 and 06 exhibited the highest
percentages), three representative strains were selectively isolated from soil samples
02, 05, and 06. Subsequent morphological characterization and molecular identification
determined their taxonomic identity as Heterorhabdlitis bacteriophora and Heterorhab-
ditis indica. This finding represents the first report of EPNs associated with carob tree
plantations in northern Peru and highlights their pathogenic potential against insect lar-
vae. Itis recommended that the nematodes identified at the species level be considered
in integrated pest management (IPM) programs.
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Caracterizacion molecular y primer informe de nematodos entomopatégenos
en bosques de algarrobos en Tumbes, Peru

Resumen

Dada su capacidad para atacar y eliminar insectos que impactan diversos ecosistemas, los nematodos entomopatégenos
(EPN) son considerados agentes eficaces de control biolégico de plagas. Sin embargo, existen pocos estudios centrados
en su identificacion o su asociacién con especies forestales como el algarrobo. El objetivo del presente estudio fue aislar
e identificar molecularmente nematodos entomopatégenos de bosques de algarrobo (Nelfuma spp.) en Tumbes, Peru. Se
recolectaron muestras de suelo de un kilogramo en diez localidades distribuidas en cuatro distritos de la regién de Tum-
bes. En cada muestra de suelo, se expusieron larvas de Galleria mellonella Linnaeus 1758 (Lepidoptera: Pyralidae) como
cebo para la deteccion y el aislamiento de los EPN. Los tiempos de exposicidn se controlaron a las 12, 24, 48, 72 y 84-
96 horas. Los nematodos aislados se caracterizaron morfologicamente y se extrajo su ADN gendmico. EI gen del ADN
ribosomal 18S (rADN) se amplifico mediante la reaccién en cadena de la polimerasa (PCR). Seis de los diez suelos
evaluados presentaron infeccién por G. mellonella, mostrando una correlacién positiva entre el tiempo de exposicion y la
tasa de infeccion. No obstante, debido a marcadas divergencias de infectividad (donde las muestras 02 y 06 exhibieron
los mayores porcentajes), se aislaron selectivamente tres cepas representativas a partir de las muestras de suelo 02, 05
y 06. La posterior caracterizacién morfolégica e identificacién molecular determiné su identidad taxondmica como Hete-
rorhabditis bacteriophora e Heterorhabditis indica. Este hallazgo representa el primer reporte de EPN asociados a plan-
taciones de algarrobo en el norte del Per( y resalta su potencial patogénico contra larvas de insectos. Se recomienda que
los nematodos identificados a nivel de especie sean considerados en los programas de manejo integrado de plagas (MIP).

Palabras clave: control biologico, bosque seco, Heterorhabditis spp., manejo integrado de plagas,
secuenciacion de ADNr

Caracterizagao molecular e primeiro relato de nematoides entomopatogénicos
em florestas de alfarrobeira em Tumbes, Peru

Resumo

Dada sua capacidade de atacar e eliminar insetos que impactam diversos ecossistemas, os nematoides entomopatogé-
nicos (EPNs) sao considerados agentes eficazes de controle biologico de pragas. No entanto, ha poucos estudos focados
em sua identificagdo ou associagdo com espécies florestais, como a alfarrobeira. O objetivo do presente estudo foi isolar
e identificar molecularmente nematoides entomopatogénicos de florestas de alfarrobeiras (Neffuma spp.) em Tumbes,
Peru. Amostras de solo de um quilograma foram coletadas de dez localidades distribuidas em quatro distritos da regido
de tumbes. Em cada amostra de solo, larvas de Galleria mellonella Linnaeus 1758 (Lepidoptera: Pyralidae) foram expos-
tas como isca para a detecgo e isolamento de EPNs. Os tempos de exposigao foram controlados entre 12, 24, 48,72 e
84-96 horas. Os nematoides isolados foram caracterizados morfologicamente, e seu DNA gendmico foi extraido. O gene
do DNA ribossomal 18S (rDNA) foi amplificado por reagdo em cadeia da polimerase (PCR). Seis dos dez solos avaliados
apresentaram infeccdo por G. mellonella, mostrando uma correlacéo positiva entre o tempo de exposi¢do e a taxa de
infeccdo. No entanto, devido a marcantes divergéncias de infectividade (onde as amostras 02 e 06 exibiram as maiores
porcentagens) trés cepas representativas foram isoladas seletivamente a partir das amostras de solo 02, 05 e 06. A
posterior caracterizagdo morfologica e identificagdo molecular determinou sua identidade taxonémica como Heterorhab-
ditis bacteriophora e Heterorhabditis indica. Essa descoberta representa o primeiro relato de EPNs associadas a planta-
¢Oes de alfarrobeiras no norte do Peru e destaca seu potencial patogénico contra larvas de insetos. Recomenda-se que
os nematoides identificados no nivel da espécie sejam considerados em programas de manejo integrado de pragas (MIP).

Palavras-chave: controle biolégico, floresta seca, Heterorhabditis spp., manejo integrado de pragas,
sequenciamento de rDNA
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1. Introduction

The continuous use of chemical pesticides in agricultural systems not only promotes resistance in pests but also
leads to adverse effects on human health, environmental contamination, and negative impacts on natural ene-
mies, potentially resulting in ecological imbalance (Abd-Elgawad, 2025; Ruiz et al., 2021). In response to this
issue, the use of living organisms such as fungi, bacteria, viruses, and parasites including entomopathogenic
nematodes (EPNs) has emerged as an effective alternative for the biological control of insect pests (Pacheco
Hernandez et al., 2019; Tarasco et al., 2023). Although EPN-based products have recently achieved significant
progress in their application, their market remains largely limited to a small number of agricultural crops (Abd-
Elgawad, 2025).

EPNs have been recognized for several decades as promising biological control agents for the management of
insect pests such as Lycoriella auripilla, Bradysia coprophila, Agrotis spp., Amathes spp., and Prodenia spp. in
both agricultural and natural ecosystems (Lacey & Georgis, 2012; Shapiro-llan et al., 2016; Sharghi et al., 2025).
These nematodes primarily belong to the families Heterorhabditidae and Steinernematidae, and they maintain
a mutualistic relationship with entomopathogenic bacteria: Photorhabdus spp. in Heterorhabditids and
Xenorhabdus spp. in Steinernematids. Thanks to this symbiosis, EPNs are capable of killing their insect hosts
within 24 to 48 hours, making them valuable tools for integrated pest management (Piza & Machado, 2024;
Sharghi et al., 2025). However, one of the main limitations to their commercial use is their short shelf life during
storage (Sharghi et al., 2025).

In northern Peru, the carob tree (Neltuma spp. (Fabaceae)), formerly known as Prosopis pallida (Humb. & Bonpl.
ex Willd.) Kunth (Fabaceae), is recognized as a representative species of the equatorial dry forest (Cruzado-
Jacinto et al., 2019; Nufiez Gamboa, 2022). Its ecological importance lies in its role as a habitat for a wide range
of biological diversity, including natural enemies such as predators, parasitoids, and entomopathogenic nema-
todes. However, little is known about the diversity, distribution, and ecological functions of native EPNs associ-
ated with Nelfuma forests in this region. This lack of information limits our understanding of their potential roles
in natural pest regulation and their applicability in sustainable pest management programs.

Based on the foregoing and to update knowledge about the ecological characteristics of carob forests in northern
Peru, specifically in the Tumbes region, the present study was conducted. This work is significant because it
uses molecular techniques to identify native EPN species, enabling their genetic characterization and the selec-
tion of strains with high potential for use in biological control strategies against insect pests, a matter of both
national and international concern.

2. Materials and Methods

2.1 Design and Study Site

A non-experimental, descriptive-level, qualitative, and cross-sectional study was conducted, based on the ex-
ploratory search for entomopathogenic nematodes (EPNs) in carob tree forests across 10 locations situated in

the districts of Corrales, Pampas de Hospital, San Juan de la Virgen, and San Jacinto, in the department of
Tumbes (Figure 1).
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Figure 1. Geographic location of the sampling points

2.2 Sampling

On March 24, 2024, 10 soil samples were collected from carob tree forests in each locality. Sampling was per-
formed by excavating pits measuring 20 x 20 in surface area and 30 cm in depth, located 30 cm away from the
trunk of each tree, using a straight shovel previously disinfected with a 3% sodium hypochlorite solution. The
soil was then placed on a 1 m? plastic sheet, and representative subsamples were selected using the quartering
method. After collection, the soil samples were homogenized and 1 kg was placed in a polyethylene bag. Sam-
pling was performed considering proximity to water sources, as these provide favorable conditions for the pres-
ence of EPNs. Each bag was labeled with location, geographic coordinates, and collection date, then stored in
a cooler with gel packs to maintain storage conditions during transportation to the Genetic Resources Laboratory
of the Agrarian Experimental Station (EEA) of the National Institute of Agricultural Innovation (INIA), where the
samples were kept and analyzed.

2.3 Rearing of G. mellonella

In order to obtain an adequate number of larvae of G. mellonella Linnaeus, 1756 (Lepidoptera: Pyralidae) for
the isolation and maintenance of EPNs, 100 g of larvae (F1 generation) were obtained as a donation from the
Entomological Museum of the Faculty of Agricultural Sciences (FCA) of the National University of Tumbes. Sub-
sequently, egg masses corresponding to an F2 generation were obtained, which were placed in disposable
plastic containers covered with thin black cloth, held with elastic bands, and kept at 26 °C for 10 days. Once the
eggs hatched and the larvae emerged, they were fed Triticum aestivum flour, Zea mays, and Avena sativa mixed
with honey for 35 days until they reached the fifth instar (L5), at which point they were used in traps.

4 Agrociencia Uruguay 2026;30:e1827



Riojas-Gonzales JM, Castillo-Carrillo PS, Cornejo-Hidalgo RE, Mogollon-Farias CA, Garcia-Garcia SM, Q
Temoche Socola VT, Ruiz-Polo AA, Gutierrez-Reynoso DL, Fernandez Huaytalla E, Cordova Campos JS

2.4 G. mellonella Infection and Isolation of EPNs

The EPNs were isolated using the insect bait technique, which consisted of exposing 500 g of soil in a plastic
container with 10 fifth-instar G. mellonella larvae to be infected. Exposure times were monitored at 12, 24, 48,
72, and 84-96 hours. The containers were inverted to encourage larval movement and infection by EPNs present
in the soil (Ali et al., 2023; Sturhan et al., 2005). All soil samples were kept at room temperature in the dark for
10 days. Larvae with signs of infection (flaccidity and reddish coloration) were selected and placed in plastic
containers. The dead larvae were then washed with 0.5% sodium hypochlorite and placed in white traps (White,
1927), which were stored in the dark for 10 to 12 days. The appearance of EPNs was recorded (Kaya, 1985;
Stock & Hunt, 2005).

Subsequently, a purification process was conducted by multiplying a single EPN collected from dead
G. mellonella larvae using a tuberculin syringe. The collected EPN was inoculated into a new larva of
G. mellonella. This process was repeated 5 times over a 4-month period to obtain sufficient purified EPNs for
further analysis.

2.5 Morphological Characterization of EPNs

After isolation, morphological characteristics were evaluated using the taxonomic keys proposed by Rizvi (2010),
Eliceche (2019), Grifaldo-Alcantara et al. (2020), and Nguyen and Hunt (2007). The nematodes were observed
under a microscope at 100x magnification.

2.6 DNA Extraction from EPNs

Pools of EPN strains previously characterized morphologically were used for genomic DNA extraction following
the manufacturer’s instructions provided with the PowerSoil DNeasy® Kit (QIAGEN, Germany).

2.7 PCR Targeting the 18S rDNA Gene

The 18S rDNA gene was amplified using primers described by Blaxter et al. (1998) (SSU18A: AAAGATTAA-
GCCATGCATG and SSU26R: CATTCTTGGCAAATGCTTTCG), the product has a size of ~1000 base pairs.
The final reaction volume was 25 pL, consisting of 15.4 uL of ultrapure water, 2.5 uL of 10X buffer, 1.5 uL of
MgCl (25 mM), 0.5 pL of dNTPs, 0.5 pL of each primer (SSU18A and SSU26R), 0.1 uL of Tag DNA polymer-
ase, and 4 pL of DNA template. Thermal cycling conditions included an initial denaturation at 95 °C for
5 minutes, followed by 35 cycles of denaturation at 94 °C for 1 minute, annealing at 52 °C for 1 minute and 30
seconds, and extension at 68 °C for 2 minutes, with a final extension at 68 °C for 10 minutes, and holding at
4 °C for up to 24 hours. A negative control was included to prevent contamination.

2.8 DNA Electrophoresis

PCR products (amplicons) were visualized by electrophoresis on a 1.5% agarose gel in 1X TAE buffer (Tris-
Acetate-EDTA) stained with ethidium bromide at 0.5 ng/mL. For electrophoresis, 4 uL of 6X DNA loading dye,
8 uL of amplicon, and 2 pL of 1 kb molecular weight marker were used. Electrophoresis was conducted at
70 volts for 30 minutes.

2.9 DNA Sequencing

The PCR amplicons were sent to the biotechnology company Macrogen (https://dna.macrogen.com/) for DNA
sequencing using the double-stranded Sanger sequencing method. The resulting sequences were delivered in
FASTA format for analysis.
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2.10 Molecular Identification

The DNA sequences obtained from the sequenced amplicons were analyzed using the Molecular Evolutionary
Genetics Analysis software version 11 (MEGA, 2021), where reverse consensus sequences were generated
from the forward and reverse strands of each strain's amplicon. Each consensus sequence was then analyzed
using the Basic Local Alignment Search Tool (BLAST) (National Center for Biotechnology Information [NCBI],
n.d.a), which searches for similarities with gene sequences stored in the database of the National Center for
Biotechnology Information (NCBI, n.d.b).

2.11 Data Recording and Statistical Analysis

The data obtained from the trials of infection of G. mellonella with nematodes were recorded and analyzed, the
information was collected in spreadsheets using Microsoft Excel software. Subsequently, the data were pro-
cessed and analyzed using the R Studio v.4.5.1. software, with the support of tools based on artificial intelli-
gence, which allowed the elaboration of frequency graphs.

On the other hand, for the recording and analysis of molecular data, the consensus sequences were compiled
in documents prepared with Microsoft Word v.2021. Likewise, the accession numbers and scientific names of
the matching sequences were organized and systematized in tables using Microsoft Excel v.2021.

3. Results

3.1 Infection of G. mellonella Larvae Exposed to Entomopathogenic Nematodes Present in Carob Soils

As shown in Table 1, out of the 10 soil samples in which G. mellonella larvae were exposed, only 6 yielded
positive results for the presence of entomopathogenic nematodes. This was evidenced by a wine-red coloration
by the larvae, which is a characteristic indicator of nematode infection.

Table 1. Record of infection in G. mellonella larvae exposed to forest soils of carob forests in Tumbes, Peru

N° Localities Districts (#)/(-) Soil sample
1 Tacural (+) 01
2 Cerro Blanco San Juan de la Virgen (+) 02
3 Garbanzal (+) 03
4 Los Cedros (+) 04
5 Facultad de Ciencias Agrarias - UNTumbes Corrales (+) 05
6 Pampas de Hospital (+) 06
7 Cabuyal Pampas de Hospital (-) 07
8 Cabeza de Lagarto (-) 08
9 San Jacinto San Jacinto (-) 09
10 Higueron (-) 10

(*+): Soil sample with a positive infection result. (=): Soil sample with a negative infection result.

Regarding the infection process over the evaluation period, soil sample 06 exhibited the highest infectivity in
G. mellonella larvae, recording infection rates of 30% at 12 h, 50% at 24 h, 80% at 48 h, and 100% at 72 h. Soil
sample 02 showed intermediate infectivity, with infection rates of 10%, 25%, 60%, and 90% at the respective
evaluation times. In contrast, the remaining soil samples exhibited the lowest infectivity, reaching only 5% at
12 h, 15% at 24 h, 45% at 48 h, and 75% at 72 h (Figure 2). Based on the infection levels observed in
G. mellonella larvae, a marked divergence among treatments was evident; soil samples 02 and 06 exhibited the
highest infectivity percentages, contrasting with the attenuated and homogeneous response of samples 01, 03,
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04, and 05. In light of this behavior, only three representative strains were selected and isolated from soil sam-
ples 02, 05, and 06, designated as strain 02, strain 05, and strain 06, respectively. Subsequently, these strains
were subjected to morphological and molecular analyses to establish their taxonomic identity at the species

level.
. 100
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Figure 2. Percentages of infection of G. mellonella by EPNs present in the soils of carob forests in Tumbes, Peru

3.2 Morphological Characterization of EPNs

Following the isolation of strains 02, 05, and 06, morphological characterization was performed, allowing the
preliminary identification of the specimens at the genus level (Figure 3). Based on the taxonomic keys described
by Nguyen and Hunt (2007), the isolates were assigned to the genus Heterorhabditis Poinar, 1976 (Rhabditida:

Heterorhabditidae).

ANTERIOR REGION ANTERIOR REGION S @

POSTERIOR REGION
HEAD— |

POSTERIOR REGION \

TAIL \
\ HEAD TAIL
ANIERIOEREGION POSTERIOR REGION :

HEAD
TAIL

Figure 3. Nematode strains isolated and morphologically characterized as belonging to the genus Heterorhabditis.
A1) Posterior head region of strain 06; A2) Anterior tail region of strain 06; B1) Posterior head region of strain 02;
B2) Anterior tail region of strain 02; C1) Posterior head region of strain 05; C2) Anterior tail region of strain 05;
D) G. mellonella larvae infected with nematode strains

Red arrows indicate the head and tail regions of the nematodes.
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3.3 Molecular Identification of EPNs

Copies of the 18S rDNA gene were amplified from the extracted total DNA using the end-point PCR technique.
All three isolated strains showed an amplicon size of ~1000 base pairs (Figure 4).

02 strain 05 strain 06 strain MPM

1000 pb

Figure 4. PCR products targeting the 18S rDNA gene from strains 02, 05, and 06 isolated from forest soils

Using consensual sequences of the 18S rDNA gene as a molecular marker, the three isolated strains (strain 02,
strain 05, and strain 06) were successfully identified, confirming the classic taxonomic identification at the genus
level (Table 2). Strain 02 was identified as H. bacteriophora and was recorded in the town of Los Cedros,
whereas strains 05 and 06 corresponded to H. indica, isolated from the Faculty of Agricultural Sciences of the
National University of Tumbes, located in the district of Corrales, and from the town of Pampas de Hospital,
respectively. Furthermore, sequence alignment analysis revealed that strains 05 and 06 of H. indica showed
high similarity to strain OL470132.1 reported in India (NCBI, 2021), whereas strain 02 of H. bacteriophora aligned
with isolate JN996475.1, also reported in India, indicating a close phylogenetic relationship with isolates previ-
ously described worldwide (NCBI, 2012; Seenivasan et al., 2012). These findings are supported by recent stud-
ies in which the isolation and morphological and molecular characterization of entomopathogenic nematodes
have been carried out in the same country (Singh et al., 2025).

Table 2. Accession codes and similarity parameters of the DNA sequences of the identified strains using the 18S rDNA

gene
Strain Identity in GenBank E-Value Identity (%) Accession Number
02 strain H. bacteriophora 0.0 100 JN996475.1
05 strain H. indica 0.0 98.72 0L470132.1
06 strain H. indica 0.0 99.20 0OL470132.1

E-value (Expect value): Extremely high similarity (Unequivocal identity): E < 10-% (0.0). High similarity (Strong homology): 100 < E
<1010, Moderate-to-low similarity: 10-1 < E < 10-3. No similarity (By chance): E > 103,

4. Discussion

The findings of this study demonstrate that G. mellonella larvae were infected at varying rates and exposure
durations in six out of the ten carob tree soil samples analyzed. In farm soils in Colombia, nematode isolates
belonging to the genus Steinernema Travassos (Rhabditida: Steinernematidae) have been identified (Caro-Arias
etal., 2021). Likewise, in sandy soils of Argentina, nematode species belonging to the genus Cervidellus Thorne,
1937 (Rhabditida: Cephalobidae) have been reported (Holovachov et al., 2011). According to Moscol et al.
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(2022), the soil of a dry forest is characterized as sandy loam, and in some areas, sandy clay loam, consistent
with the soil texture analyzed in the present study. Porazinska et al. (2009) and Ferris et al. (2012) state that
EPNs are widely distributed in soils across all continents and represent one of the most abundant animal groups,
due to their phenotypic plasticity that allows them to inhabit a wide range of ecosystems. However,
Matuska-tyzwa et al. (2024) point out that some EPNs have greater mobility and survival in sandy and sandy
loam soils, while clay soils limit their displacement and infectivity. This supports the above.

Regarding the wine-red coloration observed in the infected larvae, this is consistent with the studies by Wat-
tanachaiyingcharoen et al. (2021) and Nthenga et al. (2021), who reported the same symptoms in G. mellonella
larvae when infected with nematodes of the Heterorhabditis genus. According to Chandrakasan et al. (2024),
G. mellonella larvae allow for the recovery of EPNs belonging to the genera Steinernema and Heterorhabditis.
This is supported by Valencia et al. (2022), who state that using larvae of this insect makes it possible to isolate
nematodes belonging to the genus Heterorhabditis. These findings align with studies conducted by Monteiro et
al. (2024), who reported H. amazonensis (Rhabditida, Heterorhabditidae) as a highly effective EPN in causing
mortality in Stomoxys calcitrans Linneo, 1758 (Diptera: Muscidae) larvae.

However, other authors note that G. mellonella can also be infected by nematodes of the genus Steinernema,
which have subsequently demonstrated the same lethal effect in Premnotrypes vorax, Hustache, 1933 (Coleop-
tera: Curculionidae), another pest insect with significant agricultural impact (Caro-Arias et al., 2021). Sanchez
Jara et al. (2019) documented that the nematode H. bacteriophora exhibits over 50% efficacy in the biological
control of Spodoptera frugiperda Walker (Lepidoptera: Noctuidae), a pest of economic importance in maize
crops. Similar results were reported by Tesén et al. (2023) and Abbasipour et al. (2023). Other authors, such as
Restrepo-Garcia et al. (2022), indicate that other entomopathogenic nematode species, including Steinernema
and Heterorhabdlitis, have demonstrated virulence against Eurhizococcus colombianus Jakubski, 1965 (Hemip-
tera: Margarodidae), a pest of economic relevance. Therefore, the results of the present study can be interpreted
within this broader scientific context.

Regarding the morphological characterization, which revealed that the genus of the analyzed nematode strains
was Heterorhabditis, previous studies, such as those conducted by Saenz and Lépez (2011), documented the
presence of nematodes from the same genus in soils associated with crops of Brachiaria spp. (Poaceae), Coffea
arabica L. (Rubiaceae), Musa spp. (Musaceae), and Guadua angustifolia Kunth (Poaceae), following the expo-
sure of G. mellonella larvae. Other authors, such as Grifaldo-Alcantara et al. (2020), describe that Heterorhab-
ditis exhibits distinctive morphological features throughout its life cycle. For instance, the infective juvenile stage
is characterized by an elongated body, non-functional mouth and anus, longitudinal striations, and a pointed tail.
In adults, males have a rounded cephalic region and differentiated sexual structures, while females display a C-
shaped curved body and a conical tail ending in a prominent anal lip, traits that were also observed in the purified
strains of the present study.

According to Johnigk and Ehlers (1999), approximately 14 hours after host penetration, nematodes such as
Heterorhabditis begin a progressive opening of the stoma, accompanied by expansion of the esophagus and
basal bulb, as well as hypertrophy of the excretory glands. After 48 hours, the molt to the hermaphroditic preadult
stage occurs, preceded by the separation and rupture of the previous cuticle, allowing the nematode to emerge.
At this stage, body width increases more significantly than length, until proportions similar to those of the adult
are reached. Furthermore, several studies have reported that, in later stages of the life cycle, amphimictic adults
(males and females) of the second generation emerge around 185 hours post-infection, and are smaller than
the primary hermaphrodites (Ogier et al., 2023; Saenz & Luque, 2000). According to Abdel-Razek et al. (2018),
such variations in body length are closely linked to the morphological changes that nematodes undergo through-
out their ontogenetic development.
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On the other hand, the identification of H. bacteriophora and H. indica at the species level highlights the useful-
ness of the SSU18A and SSU26R primers for identifying and differentiating EPN species, particularly those
belonging to the genera Heterorhabditis and Steinernema (Torrini et al., 2014). However, Vélez Zambrano and
Guzman Cedefo (2022) note that among the genes and/or molecular markers used for the identification of
agriculturally important nematode species are specific regions of mtDNA (mitochondrial DNA), rDNA (ribosomal
DNA), and IGS (intergenic spacer), which complement the 18S, 5.8S, and 28S regions of rDNA.

In this context, Chaves-Velasquez et al. (2023) state that the partial ITS1-5.8S-ITS2 region, along with the 18S
rDNA gene, enables the molecular identification of nematodes affecting banana and plantain crops. Other au-
thors, such as Palomares-Rius et al. (2017), mention that the 18S rDNA gene, a small subunit of ribosomal DNA,
is useful for studying relationships among genera of plant-parasitic nematodes. Nevertheless, researchers like
Chacon Marcheco et al. (2022) argue that the ITS-2 rDNA gene should be used for nematode identification.

5. Conclusions

The present study confirmed the presence of entomopathogenic nematodes (EPNs) in soils from carob tree
(Neltuma spp.) forests in the Tumbes region, where six native strains were isolated and three species were
successfully identified through morphological and molecular analyses. Sequencing of the 18S rDNA gene iden-
tified the species as H. bacteriophora and H. indica. All evaluated strains showed pathogenicity against
G. mellonella larvae, demonstrating their potential as biological control agents for sustainable pest management.

This study constitutes the first report of native EPNs associated with Nelfuma spp. forest soils in Tumbes, con-
tributing valuable information for biodiversity records and supporting future applications in integrated pest man-
agement strategies.
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