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Abstract. Free-living nematodes often serve as the bioindicators of environmental quality. These nematodes are
highly sensitive to even minute changes in the environment. Studies related to the presence of free-living
nematodes have flourished, but to date, only a few studies have investigated the morphological and molecular
characterization of free-living nematodes from agroecosystems in Indonesia. This study aimed to characterize the
free-living nematode Ironus spp. from the rhizosphere of Arabica coffee plants in Bondowoso Regency, Indonesia.
Nematodes were extracted from the soil using the white-head tray method and then preserved in a DESS solution
to maintain their morphology and DNA. The morphometric analysis of Ironus species obtained in this study
showed that the nematode species is identical to Ironus dentifurcatus. The small subunit (SSU) region of rDNA of
the nematode was successfully amplified using primers (SSU FO7 and SSU R81). The results of phylogenetic
analysis and sequence homology showed that the sequence in this study showed up to 95% homology to Ironus
spp. In the database. This is the first study documenting I. dentifurcatus in Indonesia that integrates morphological
and molecular characterization.
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INTRODUCTION Melakeberhan et al., 2021). This research is
essential for promoting sustainable agricultural
Research related to the role, importance, and  practices, as a better understanding of these
identification of free-living nematodes in organisms could lead to improved soil
agroecosystems remains underexplored (di management techniques. Further exploration of
Montanara et al., 2022; Kimenju et al., 2009; free-living nematodes will enhance the ability to
Young & Unc, 2023). This subject has not monitor and improve environmental quality in
received sufficient attention in scientific literature.  diverse agroecosystems (Loranger-Merciris et al.,
Most reports originate from Europe and America, 2022).
leaving many regions insufficiently studied. The Soil free-living nematodes consist of several
distribution of nematodes in agroecosystems is trophic groups, including bacterial-feeders,
still in the early stages of investigation, and fungal-feeders, predators, and omnivores (Neher,
researchers have only begun to explore the 2010). Bacterial-feeding nematodes generally
diversity within this group (Ridall & Ingels, consume nitrogen from bacterial cells and other
2021). There remains much to learn about the microflora (Trap et al., 2021). Under certain
range of species present, and the lack of conditions, bacterial-feeding nematodes can
comprehensive surveys further complicates our release the excess nitrogen in their bodies into the
understanding. surrounding environment. Nitrogen released can
Few studies have examined free-living be utilized directly by plants (Rehman et al.,
nematodes in detail (Khanum et al., 2021), and 2018). Fungal-feeding nematodes can feed on
more work is required to fill this gap in  mycelium, hyphae, conidia, and plant pathogenic
knowledge. Nematodes serve as pivotal indicators ~ fungi. Several studies point out that fungal-
of environmental quality (Hua et al., 2021; Neher,  feeding nematodes can suppress the growth of
2010), and their presence assists scientists in  plant pathogenic fungi (Haraguchi & Yoshiga,
assessing the overall health of soil (Li etal., 2024;  2020; Javed & Khan, 2021). However, no further
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field experiment has been underway to validate
this finding. Predatory nematodes can feed on
some invertebrates, such as protozoa, rotifers, and
nematodes. Several studies suggest that predatory
nematodes can also feed on plant parasitic
nematodes (Biswal, 2022; Kanwar et al., 2021). In
essence, free-living nematodes are crucial in
maintaining the ecological balance, either directly
or indirectly (Schratzberger et al., 2019).

In a survey we conducted on Arabica coffee
plantations in Bondowoso regency, Indonesia, we
found various types of free-living nematodes, one
of which was a nematode of the genus Ironus spp.
Worldwide, the genus Ironus spp. hardly receives
sufficient research attention. Only a few studies
have reported the morphometry of this nematode
(Girgan et al., 2021). Molecular investigations are
even more limited. Until July 2022, only 24
sequences of lronus spp. were documented in
GenBank. Most sequences come from the small
subunit (SSU) (18S rDNA). A few others originate
from the large subunit (LSU) (28S rDNA) and the
cytochrome ¢ oxidase subunit 1 (COX1) gene
regions. This situation reveals a clear gap in our
understanding of lronus spp. More research is
needed to explore its full diversity and molecular
characteristics.

The genus Ironus spp. is a member of the
family Ironidae de Man, 1876, and represents a
distinctive group of aquatic nematodes. These
organisms inhabit a range of environments
including marine ecosystems, coastal shores, and
brackish waters, with occasional occurrences in
terrestrial settings (Lee et al.,, 2023). Their
ecological versatility is complemented by a
prolonged life cycle and an extended lifespan,
traits that are relatively uncommon among free-
living nematodes. In addition, lronus species
exhibit high sensitivity to subtle environmental
fluctuations, making them potential indicators of
ecosystem health (Waldo et al., 2024; Yeates,
1967).

Ironus spp. are predatory nematodes that can
be readily identified under microscopic
examination due to their unique morphological
characteristics. They are characterized by a long
and narrow body, which is an adaptation for their
predatory lifestyle. The posterior end of the body
is distinctly tapered, and the nematodes possess an
elongated tail that further distinguishes them from
other genera. Additionally, these nematodes have
a similarly long and narrow pharyngeal cavity, a
feature that is critical for their feeding mechanism.
The vulvais typically located at or near the middle
of the body, providing an important taxonomic
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marker for species identification. Generally,
members of this genus move slowly, a behavior
that may be linked to their ecological niche and
predatory strategies (Tahseen & Mehdi, 2009).

Currently, no study has comprehensively
documented the morphological and molecular
characteristics of Ironus spp. in relation to
agroecosystems in Indonesia. This gap in the
literature is significant. Researchers have yet to
explore the full potential of Ironus spp. in these
environments. In response, this study aims to
identify and characterize Ironus species found in
the rhizosphere of Arabica coffee in Bondowoso,
Indonesia. The investigation focuses on both
morphological traits and molecular data. This
study represents the first effort in Indonesia to
integrate these two approaches for the
characterization of Ironus spp. Detailed
descriptions of the nematode's physical features
will be provided alongside insights into its genetic
makeup.

This study enhances knowledge of lronus
spp. in tropical agroecosystems. It improves
taxonomic classification and phylogenetic
resolution. As a predatory nematode, Ironus spp.
may contribute to the natural regulation of plant-
parasitic ~ nematodes. Its  sensitivity to
environmental changes highlights its potential as a
bioindicator of soil health. These findings support
sustainable agricultural practices by promoting
ecological pest control and reducing chemical
inputs. This research also provides a foundation
for future ecological monitoring and conservation
in Indonesia.

METHODS

Nematode Extraction

Nematodes were extracted from soil taken at 20
cm deep around the roots of Arabica coffee trees
in Bondowoso Regency, East Java, Indonesia. The
sampling location is situated at 8° 0'17.4"S, 114°
4'1.3" E. Nematodes were extracted from 500 mL
of soil using the White Head Tray method,
followed by an incubation process of 48 hours
(Bell & Watson, 2001). The nematodes contained
in the extracted suspension were collected and
filtered using a 400-mesh sieve. These nematodes
were then stored in a DESS solution (containing
0.25 M EDTA and 20% DMSO, with pH 8), which
was saturated with NaCl (Pradana & Yoshiga,
2023, 2024; Yoder et al., 2006).

Morphological Identification

Nematodes that were morphologically
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identified as an Ironus species were taken using a
nematode collection needle and placed on a glass
slide that had been dripped with water. These
nematodes were put under observation using an
Olympus BH-2 compound microscope connected
to a Toupup M20 camera that had been calibrated
accordingly. Morphological observations were
carried out by following the De Man formula (Ye
& Hunt, 2021).

DNA Extraction

Nematodes were taken from the DESS
solution and washed with distilled water 3 times to
nullify the NaCl concentration on the nematode
body. Afterward, a single nematode was then
placed in a microtube containing 15 pL of
nematodes dissolving solution (NDS) (ISOHAIR,
Nippon Gene Japan). NDS is made by mixing
enzyme solution, lysis solution, and TE Buffer in
a ratio of 5:4:100 (v/v). The nematodes that had
been put into the NDS were then heated at 60°C
for 20 minutes (Tanaka et al., 2012).

The Amplification of 18S rDNA Gene and
Sequencing

A total of 1 pL of DNA extract was added
into a microtube and then mixed with PCR
Mixture containing sterile MilliQ water (29.75
pL), 10 x EX Taq Buffer (5 pL), dNTP mixture
(2.4 mM each) (4 pL), forward (SSU F07: 5' -
AAA GAT TAA GCC ATG CAT G-3) and
reverse (SSU R 81: 5' -TGA TCC WKC YGC
AGG TTC AC-3') primers (5 pL each), and ExTaq
(0.2 L), which amplified the SSU rDNA region.
PCR was performed using a Biometra
Tprofessional 96 (Germany) thermal cycler with
the following amplification program: initial
denaturation at 94°C (10 min); followed by 35
cycles of denaturation at 94°C (30 s), annealing at
54°C (30 s), and extension at 72 °C (1 min); and
the elongation process at 72° C (10 min) (De Ley
et al., 2002; Pradana & Yoshiga, 2024). To ensure

Figure 1. The Arabica coffee plantation where
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that the DNA was properly amplified, PCR
product verification was carried out using agarose
gel electrophoresis.

The PCR product was then purified using the
ISOSPIN PCR Product (Nippon Gene, Japan).
The purified DNA was then sent to Macrogen
Japan Corp. to be sequenced.

Phylogenetic Analysis

The homology search was performed using
the basic local alignment search tool (BLAST)
program available on The National Center for
Biotechnology Information (NCBI) website. The
nucleotide sequences were then aligned using
Clustal W multiple alignments. Phylogenetic tree
and kinship analysis were determined using
Molecular  Evolutionary  Genetic  Analysis
(MEGA) software version 11.0.10 with neighbor-
joining tree method coupled with a bootstrap
involving 1000 replicates (Bhat et al., 2021;
Saswita et al., 2023).

RESULTS AND DISCUSSION

General Environmental Properties of
Research Site

The Ironus spp. nematode found in this study
originated from the rhizosphere of Arabica coffee
in Bondowoso Regency, Indonesia. The research
site is located near Mount ljen, at an altitude of
1,260 meters above sea level. This area is an
agroforestry site, where coffee plants grow
alongside pine trees in a mixed-cropping system.
The site is managed by smallholder coffee farmers
using traditional methods. Organic material,
including pine leaf litter and coffee leaves, is left
to decompose on the ground without being
cleaned. A small number of weeds are also found
growing in the area. The region’s elevation and
land use practices contribute to the unique
conditions of the agroecosystem. These features of
the study site are depicted in Figure 1.

us sp. was discovered
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The Arabica coffee field where the Ironus
species was  discovered constituted an
agroecosystem that resembled a natural
ecosystem. Covered by leaf litter, the soil did not
receive sufficient direct exposure to the sunlight,
which made the area conducive to the Ironus
nematode due to its high sensitivity to
environmental changes. Notwithstanding, only
little is documented on the bioecology of Ironus
nematodes in agroecosystems. lronus species
belong to predatory nematodes which are
generally found in fertile soils with high organic
matter content (Hindersah & Asyiah, 2023).
Predatory nematodes are more commonly found in
natural ecosystems, rather than in agroecosystems
that have received ample human interventions
(Kanwar et al., 2021; Neher, 1999; Neher, 2010;
Rueda-Ramirez et al., 2022).

Morphological and Morphometric Analysis

In this study, the morphometric data of the
specimens were compared with the values
reported by Tahseen & Mehdi (2009) for Ironus
dentifurcatus. The measurements considered in
the comparison include body length (L), ratio a,
ratio b, ratio c, ratio ¢, V value, G1, G2, body
diameter, lip diameter, lip height, stoma length,
pharynx length, nerve ring position, vulva-anus
distance, rectum length, anal body diameter, and
tail length (Table 1). Each measurement was
recorded as an average value with its standard
deviation. The aim was to check if the range of
values overlaps between the two studies. This
comparison helps verify whether the specimens
are indeed the same species.

Table 1. Morphometric of lIronus spp. (all absolute measurements in um)

Ironus spp. Ironus dentifurcatus

Properties/ratios”
This Study Tahseen & Mehdi (2009)

n 5 (female) 7 (female)

L 1408 + 92.81 1440.8 + 104.9
(1273.60 — 1503.20) (1268-1568)

a 48.74 £ 3.12 29.3+£0.5
(43.47 —51.44) (29-30)

b 5.54 £ 0.55 59+04
(4.80 - 6.20) (5.0-6.2)

c 3.49+0.14 3.8+0.9
(3.28 -3.62) (3.1-5.6)

c 25.86 + 0.46 25.8+6.9
(25.40 — 26.40) (14.0-36.4)

\% 45.96 £ 1.63 453+6.1
(43.10 - 47.20) (38.9-46.4)

G1 9.34+0.79 9.6+0.9
(8.20 - 10.30) (8.2-11.1)

G2 10.14+0.84 10.8+0.8
(9.30 - 11.20) (9-12)

Body diameter 28.92 £ 0.94 29.3+05
(27.40 — 29.80) (29-30)

Lip diameter 14.02 £ 0.69 143+0.8
(13.20 - 15.70) (13-15)
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Ironus spp. Ironus dentifurcatus
Properties/ratios”
This Study Tahseen & Mehdi (2009)
Lip height 14.42 £1.09 7+0.6
(13.20 - 15.70) (6-8)
Stoma length 90.98 £1.05 915+4.9
(89.70 — 92.30) (85-100)
Pharynx length 242.40 £ 7.77 244+ 125
(233.00 — 252.00) (218-253)
Nerve ring position  121.62 + 4.90 118.3+3.7
(115.60 — 127.10) (110-120)
Vulva-anus distance 442.56 + 4.28 443.3+13.8
(437.20 — 447.30) (424-463)
Rectum length 18.74 + 0.84 18.6 + 3.7
(17.50 — 19.70) (15-24)
Anal body diameter 14.16 + 0.66 14+1.16
(13.50 — 15.20) (13-16)
Tail length 403.28 + 10.67 403.6 +91.8
(388.70 — 415.20) (225-430)

Note: For each parameter, the table lists the mean value followed by the standard deviation. The
corresponding range, specifying the minimum and maximum values, is presented in parentheses below

each mean and standard deviation.)

“Abbreviations: n = number of specimens on which measurements are based; L = overall body length;
a = body length + greatest body diameter; ¢ = body length =+ tail length; ¢’ = tail length + tail diameter
at anus or cloaca; V = % distance of vulva from anterior; G1 = % length of anterior female gonad in
relation to body length; G2 = % length of posterior female gonad in relation to body length.

In this study, the body length measured 1408
pm, which is about 2.3% shorter than the 1440.8
um reported earlier. The ratio a was 48.74,
approximately 66% higher than the value of 29.3.
The ratio b was 5.54, about 6% lower than 5.9. The
ratio ¢ was 3.49, roughly 8% lower than 3.8, while
the ratio ¢' was nearly identical at 25.86 versus
25.8. The V value measured 45.96, about 1.5%
higher than 45.3. The G1 value was 9.34, roughly
2.7% lower than 9.6, and the G2 value was 10.14,
about 6.1% lower than 10.8. The body diameter
measured 28.92 um, about 1.3% lower than 29.3
pum. The lip diameter was 14.02 um,
approximately 2% lower than 14.3 pm. The lip
height was 14.42 pm, which is more than double
the 7 um reported, showing an increase of about
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106%. The stoma length measured 90.98 um,
nearly identical to 91.5 um with less than a 1%
difference. The pharynx length was 242.40 pm,
about 0.66% lower than 244 um.

The nerve ring position was 121.62 pm,
approximately 2.8% higher than 118.3 yum. The
vulva-anus distance measured 442.56 pum, which
nearly matches the 443.3 um. The rectum length
was 18.74 um, about 0.75% higher than 18.6 um,
and the anal body diameter was 14.16 pm, roughly
1.14% higher than 14 pm. Finally, the tail length
was 403.28 pm, almost identical to 403.6 pum.
Although the average values show some
differences, the overlapping minimum and
maximum values for each property indicate that
the specimens belong to the same species.
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Figure 2. Ironus sp. found in this study, exhibiting morphological characteristics identical to
Ironus dentifurcatus. (a) whole body of the nematode; (b-€) anterior region at different
magnifications and focal planes; (f-g) lip structures at different focal planes;

(h) vulva; (i) tail.

Most of the morphological features identified
in this study matched in value to Tahseen & Mehdi
(2009) findings. However, the value that contrasts
body length with the greatest body diameter (a)
differs significantly. The average value of (a) was
48.74 in this study, compared to 29.3 in Tahseen
& Mehdi (2009) report. The value from the study
we describe is more acceptable since the (a) value
of 48.74 suggests a more proportionate body size.

When comparing the overall morphology of
I. dentifurcatus in this study with the reference, the
general shape and structural features are nearly
identical. The body outline is robust and
elongated. The cephalic region is well-defined and
matches the reference description. The tail
configuration is consistent with previous reports.
The lip region is clear and shows the expected

arrangement. The stoma has a similar shape to that
described in the literature. The pharyngeal
structure follows the same organization as in the
reference. The cuticle texture appears smooth and
uniform. The overall body proportions are alike.
These observations indicate that the morphology
observed in this study aligns very well with the
established characteristics of I. dentifurcatus.

Molecular Characteristics and Phylogenetic
Position

The sequences obtained in this study were
registered with GenBank with accession number
OP108811. These sequences were compared with
other sequences that had a fairly high homology
subsequent to BLAST analysis. The results of the
phylogenetic analysis are presented in Figure 3.

- AJ966487.1 Ironus dentifurcatus

ol— FJ040495.1 lronus longicaudatus

100

0OP108811.1 Ironus dentifurcatus - Indonesia

0 AY552970.1 Ironus sp.

- FJ040496.1 Ironus sp.
4[ KJ636218.1 lronus macramphis
—— KR265032.1 Dolicholaimus sp.

0 JQO71932.1 Trissonchulus sp.
JQO71931.1 Trissonchulus sp.

MF177715.1 Meloidoavne incoanita

Figure 3. Phylogenetic tree of Ironus dentifurcatus from an agroecosystem in Bondowoso Regency,
Indonesia, along with other Ironus species sequences from GenBank. The tree was constructed
using MEGA v11.0.10 with the neighbor-joining method and 1,000 bootstrap replicates.
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Figure 4. Genetic distance heatmap of 18S rDNA from an Ironus hematode isolated in Indonesia,
compared to similar sequences registered in GenBank

Based on the genetic distance analysis
between sequences, the sequence reported in this
study has the highest homology with Ironus sp.

(AY552970.1) (0.049), followed by I.
dentifurcatus (AJ966487.1) (0.050), and |I.
longicaudatus  (FJ040495.1) (0.052). The

sequence data of Ironus spp. at GenBank is very
limited, so the comparative data in this study is
limited as well. The results of the genetic distance
analysis are presented in Figure 4.

Based on the morphometric characteristics,
the nematode in this study was identified to be I.
dentifurcatus. However, molecular analysis did
not clearly support the results of our
morphological identification clearly. There could
be several reasons. The original paper that
describes I. dentifurcatus has no sequence data of
the nematode. The sequences of lIronus spp.
Including I. dentifurcatus and I. longicaudatus in
the database did not provide the morphological
evidence for their identification, and thus there is
a possibility that species identification was
mistaken. In the present study, we report both
morphological and molecular data for the
identification of I. dentifurcatus from Indonesia
for the first time.

Although the nematode in this study is not a
novel species, this research is the first to report its
morphological and molecular characterization in
Indonesia. The morphometric data aligns with
previous studies. The molecular analysis further
clarifies its taxonomic position despite limited
sequence data. This study confirms the presence
of Ironus dentifurcatus in an Indonesian
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agroecosystem and highlights the importance of
integrating  morphological and  molecular
approaches.

Comparative data improves the precision of
molecular analysis. When employing specific
primers, molecular analysis will be more accurate
(Bogale et al., 2020; Seesao et al., 2017). Due to
the lack of sufficient GenBank data,
morphometric confirmation is needed. Molecular
and morphometric traits help identify nematode
species (Oliveira et al., 2011).

The novelty of this research lies in its
integrated approach. It combines morphological
and molecular characterizations of I. dentifurcatus
in Indonesia. Previous studies relied solely on
morphological identification. They lacked strong
data for species-level confirmation. This study
provides robust evidence. It clarifies the
nematode's phylogenetic placement. It fills a gap
in the literature with a dual-method approach.

The benefits and contributions of this
research extend to both science and society. It
improves the taxonomic resolution of free-living
nematodes. It supports their use as reliable
bioindicators. This aids in monitoring soil health.
It promotes sustainable agricultural practices. The
findings lay a strong foundation for future
ecological studies.

CONCLUSION
The morphological analysis identified the

nematode from the rhizosphere of Arabica coffee
plants in Bondowoso regency, Indonesia as |I.
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dentifurcatus and the SSU rDNA sequence of the
nematode was determined. Further studies
including both morphological and molecular
analyses are necessary to infer the phylogenetic
relationship among the Ironus species.
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