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Summary

There were two most found genera of plant parasitic nematodes from garlic plantation in Magelang, 
Central Java, Indonesia which suffered losses due to bulb rot, Aphelenchoides and Helicotylenchus. 
Polymerase Chain Reaction (PCR) was conducted using a pair of universal nematode primer (D2A/
D3B) to determine the Aphelenchoides and Helicotylenchus species from those host. Both genera 
were amplifi ed at ~780 bp. The Blast-N results for the Aphelenchoides showed high identity to Aph-
elenchoides varicaudatus from Yunnan China (HQ283353) with 99.47 % identity, while the Helicoty-
lenchus showed 95.22 % identity to Helicotylenchus erythrinae from Colombia (MT321739). From 
morphological and molecular data, we confi rm that the Aphelenchoides species is A. varicaudatus. 
Based on female morphological character, Helicotylenchus species refers to H. erythrinae. Which 
is also supported by its nucleotide alignment which has same region character as H. erythrinae 
(MT321739). This is the fi rst report of molecular characterization of H. erythrinae in Indonesia.
Keywords: Aphelenchoides varicaudatus; Helicotylenchus erythrinae; identifi cation; molecular; 
morphological

Introduction

Many nematodes can be associated to garlic plants. Twenty gen-
era of nematodes have been recorded to be associated with the 
roots of garlic plants in Yemen; Antarctenchus, Aphelenchoides, 
Aphelenchus, Basiria, Boleodorus, Ditylenchus, Helicotylen-
chus, Heterodera, Hoplolaimus, Meloidogyne, Microposthonia, 
Nothanguina, Pratylenchus, Rotylenchulus, Rotylenchus, Scute-
llonema, Tetylenchus, Tylenchorhynchus, Tylenchus, and Zygo-
tylenchus found in garlic (Mohamed, 2015). While in Indonesia, 
from 2019 to 2021, several plant parasitic nematodes have been 
found accompanying garlic plants in Central Java and East Java, 
Indonesia, such as Helicotylenchus, Aphelenchoides, Rotylenchu-
lus, Aphelenchus, Criconemoides, and Tylenchus (Wulandari & 

 Indarti, 2019; Wulandari et al., 2021; and Kusuma et al., 2020).
Several species of plant parasitic nematodes have wide host 
range, such as Ditylenchus dipsaci (Musyarofah & Indarti, 2019). 
Amritha and Budijastuti (2018) stated that Ditylenchus dipsaci, 
Aphelenchoides sp. and Xiphinema sp. were found in imported 
and local garlic in East Java. Therefore, identifi cation of the most 
common plant parasitic nematode associated with garlic is needed 
for further management and avoid yield losses on garlic.
The most common nematode genera associated with garlic plan-
tations in Magelang, Central Java, were Aphelenchoides and Hel-
icotylenchus (Wulandari et al., 2021). The taxonomic determina-
tion of Aphelenchoides at the suborder level is quite controver-
sial between “Tylenchid” and “Aphelenchid” (Sanchez-Monge et 
al., 2015). Many species are not fully described and do not have 
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molecular data for taxonomic studies (Zhao, 2006; Sanchez-Mon-
ge et al., 2015). Some species of Helicotylenchus have very simi-
lar diagnostic characters, and boundaries between species are not 
well established (Subbotin et al., 2015). The existence of complex 
species in the genera makes them morphologically almost indis-
tinguishable but may be quite distant from each other by their phy-
logeny (Subbotin et al., 2015). The combination of morphological 
and molecular identification shown to be most effective method for 
species identification (De Ley et al., 2005)
Nucleotides data for Aphelenchoides and Helicotylenchus gen-
era are mostly limited in The National Center for Biotechnology 
Information (NCBI). At the time this research was conducted, there 
were only 1237 and 758 nucleotides records for Aphelenchoides 
and Helicotylenchus, consecutively (NCBI accessed in November 

2021). However, molecular data at species level are obviously 
rare. Several molecular studies on Aphelenchoides were reported 
in Indonesia, such as A. besseyi on rice (Rahman et al., 2018; 
Sembiring et al., 2019) and A. varicaudatus on garlic plants (Kusu-
ma et al., 2020), but there was no information about the molecular 
study of Genus Helicotylenchus in Indonesia. This study aimed to 
characterizing the most dominant nematodes from garlic plants in 
Magelang, Central Java, Indonesia, based on morphological char-
acters and DNA sequences.

Materials and Methods

Nematodes collection
The nematodes were extracted from garlic roots, bulbs, and soil 

Fig. 1. Plant damaged symptoms. (A) plant symptoms on the ground (B) rot bulb associated with fungi (C) root rot damaged.

Nematodes Genera
Site 1 (Lumbu Kuning Variety) Site 2 (Tawangmangu Baru Variety)

Roots
(0.5 g)

Bulbs
(3 g)

Soil
(100 g)

Roots
(0.5 g)

Bulbs
(3 g)

Soil
(100 g)

Aphelenchoides 50.8 38 2.5 8 0.8 0
Helicotylenchus 0.6 0 7.5 0.2 0 19.7

Table 1. The nematode population found extracted from root, soil and bulb of garlic plants.
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obtained from garlic field in Kaliangkrik, Magelang, Central Java, 
Indonesia. Two main fields used as collection sites: the first site 
was planted Lumbu Kuning Variety and second site was planted 
Tawangmangu Baru Variety. Samples were collected using the di-
rect sampling method on symptomatic plants (purposive sampling 
method). The symptoms shown on garlic plants were yellowing 
and wilted leaves, rotting bulbs, and disturbed plant growth. 
Nematode extraction was carried out by directly soaking the 
plant’s materials in the water. Without being washed, the roots and 
bulbs were cut into smaller parts. Then, the roots and bulbs were 
transferred to the petri-dish filled with sterile water and let sit for 
about 6 hours at 18 – 27°C. The water was filtered to remove the 
plant materials and collected to a becker glass (Ajri et al., 2021). 
Nematode extraction from soil was carried out using the Oosten-
brink dishes method (EPPO, 2013).

Nematode identification 
Morphological identification
Morphological identification to genera was carried out by com-
paring the specimen to literature by Mai and Mullin (1996). 
The species identification observation compared with Uzma et 
al. (2015), Wouts and Yeats (1994) for Helicotylenchus identifica-
tion and IPPC (2016) and Huang et al. (2012) for Aphelenchoides 
identification. Characters such as head region, stylet, tail, and the 
posisition of vulva were observed under a binocular microscope 
(Olympus CX31).

Molecular identification
DNA extraction. DNA extraction was perfomed using the CTAB 
method (Cseke et al., 2003) with some modification. A total of 
20 – 30 nematodes were cut into pieces using a needle in 25 μL of 
CTAB buffer on a glass object under a binocular microscope then 

Fig. 2. A.varicaudatus (A-C) anterior region (D-F) tail shape variation (G) entire body with large metacorpus and vulva at ~60% of body length 
(H) lips, stylet, and large metacorpus (I) dorsally convex-conoid tail with little mucro (Scale bars: A-F, G-I: 50 µm; G: 100 µm)
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transferred into the extraction tube. The tubes were incubated at 
65°C for 30 minutes, inverted every 10 minutes followed by cen-
trifugation for 5 minutes at 5000 RPM. The DNA suspension was 
added with chloroform: isoamyl alcohol (CIAA 24:1), then shaken 
until homogeneous (1 – 3 minutes). Samples were centrifuged at 
10000 RPM for 15 minutes at room temperature. The superna-

tant was taken slowly with a micropipette and transferred to a new 
tube. Cold absolute ethanol was added with the proportion 1:2 for 
supernatant: ethanol. Samples were incubated at -20°C for 24 
hours. Then, the samples were centrifuged at 10000 RPM for 15 
minutes at room temperature. The supernatant was removed and 
then the pellets were added with 70 % cold ethanol. The solution 

Fig. 3. H.erythrinae (A-C) spiral shape variation (C) entire body, vulva at ±60% of body length (D-F) anterior region, lips and stylet with knob flat 
or slightly anterior projection (G-I) conoid tail with variation of mucro (Scale bars: 100 µm)

Location Magelang. Indonesia Tegal. Indonesia Yunnan. China
Publication (This Study) (Kusuma et al.. 2020) (Huang et al.. 2012)

Number of Specimen 5 7 20
Body Length 645.20 ± 54.44 567.35 ± 74.74 780 ± 56.70

(565.39 – 710.57) (494.51 – 704.59) (634 – 900)
Stylet Length 17.14 ± 0.53 12.39 ± 1.01 14.20 ± 0.50

(16.67 – 18.05) (11.17 – 14.01) (13.50 – 15.00)
Tail Length 55.66 ± 3.13 36.63 ± 2.96 49.00 ± 2.90

(52.02 – 59.85) (32.61 – 42.34) (43.00 – 53.00)
V (%) 61.74 ± 1.25 69.72 ± 1.15 69.20 ± 0.75

(60.30 – 63.18) (68.32 – 71.2) (68.20 – 71.20)
a 22.30 ± 2.08 28.71 ± 3.98 30.40 ± 1.68

(20.02 – 25.03) (24.29 – 35.8) (26.50 – 33.20)
c 11.59 ± 0.68 15.47 ± 1.26 16.11 ± 0.58
 (10.87 – 12.65) (13.81 – 16.90) (15.00 – 17.10)

Table 2. Measurements of female A. varicaudatus. All measurements are in μm except for V in % and in the form mean±s.d (range).
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was homogenized and then centrifuged for 15 minutes at 10.000 
RPM. The ethanol solution was discarded and left to dry. The DNA 
pellets were added with 20 μL of TE buffer. The DNA suspension 
was stored at -20°C for molecular identification.

Polymerase chain reaction. Molecular characterization was 
conducted by polymerase chain reaction (PCR) and sequencing 
nucleotides using universal primer targeting the 28S rRNA gene 
(D2A/D3B). PCR was carried out by Bio-Rad T100 Thermal Cycler 
in a total volume of 25 μL (12.5 μL MyTaq HS RedMix BioLine, 
2.5 μL of each primer (10 pmol/μL), 5 μL DNA template, 2.5 μL nu-
clease-free water). The D2-D3 expansion region of LSU was am-
plified with forward primer D2A (5’-ACA AGT ACC GTG AGG GAA 
AGT TG-3’) and the reverse primer D3B (5’-TCG GAA GGAACC 
AGC TAC TA-3’) (Nunn, 1992). Initial denaturation was carried out 
at 94°C for 2 minutes, followed by 35 cycles with the following 
steps: denaturation at 94°C for 15 seconds, annealing at 50°C for 
30 seconds, extension at 68°C for 60 seconds. The final synthesis 
was carried out at 68°C for 5 minutes with a final temperature of 
4°C. PCR products were analyzed on 2 % agarose gel electropho-
resis and visualized on a UV transilluminator.

Phylogenetic tree. Amplified D2-D3 expansion region were se-
quenced to obtain DNA base sequence data. Sequence data were 
edited by BioEdit 7.2 and submitted into the BLAST-N program 
through the NCBI (National Center for Biotechnology Information) 
website (https://www.ncbi.nlm.nih.gov). Several sequences with-
in species and other groups were selected as a comparison and 
aligned using BioEdit 7.2. The phylogenetic tree was constructed 
by selecting the best fit model using Mega X program.

Ethical Approval and/or Informed Consent

For this study formal consent is not required.

Results

Nematode population
Garlic plants associated with some nematodes were looked small-
er and wilted than other healthy plants. Their leaves turned yellow 
(Fig. 1.A). The root area looked unhealthy with rotting bulbs when 
the plants were uprooted. Bulbs rot usually comes with fungi (white 
rot) that causes the soil cover up the bulb (Fig. 1.B). 
In this study, Aphelenchoides and Helicotylenchus were the most 
found population of nematodes genera on garlic plantations, po-
tentially suppressing the plant’s yield. The nematode population is 
shown in Table 1. 

Nematode identification
Morphological character
Based on the identification to the nematode genera (Mai & Mullin, 
1996), two most found genera were identified as genus Aphelen-
choides and Helicotylenchus (Fig. 2 and Fig. 3). Morphological 
and morphometric data lead to Aphelenchoides varicaudatus and 
Helicotylenchus erythrinae (Fig. 2, 3 and Tables 2, 3). 
The first genus identified as Aphelenchoides (Fig. 2, Table 2.) from 
its large metacorpus which clearly shown at low magnification and 
conoid tail. Vulva at ±60 % body length (Fig. 2.G), the lip region 
rounded and set off, metacorpus clearly shown round to square-
shaped, stylet with small basal swelling (Fig. 2.H), dorsally con-
vex-conoid tail with terminating step like mucro at end (Fig. 2.D-F,I).
The second genus population identified as H. erythrinae (Fig. 3, 
Table 3.). The general characteristic of the Genus Helicotylenchus 
is a ventrally curved or becoming spiral shape at rest. Helicoty-
lenchus population from Magelang, Central Java had various spi-
ral-shaped when it relaxed (Fig. 3.A-C). The spiral form did not 
reach 1.5 spiral and sometimes in C shapes. Vulva at ±60 % of the 
body (Fig. 3.C), lip region rounded/hemispherical (not truncate), 
stylet clearly observed with basal knob flat to intended anteriorly 

Fig. 4. Visualization PCR electrophoresis (M) Marker (DNA ladder 100 bp; (1) H.erythrinae; (2) A.varicaudatus; (3) negative control; 
(4) positive control (Meloidogyne graminicola)
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Location Magelang. 
Indonesia

Palmerston. 
New Zealand

Haast. 
New Zealand

Calarcá. Quindío. 
Colombia

La Celia. Risaralda. 
Colombia

 

Publication (This Study) (Wouts & Yeates. 1994) (Riascoz-Ortiz et al.. 2020) (Uzma. et al.. 2015)
Number of Specimen 7 10 10 15 25
Body Length 605.35 ± 68.33 873 ± 63.90 690 ± 49.80 530 ± 100 600 ± 100

(500.30 – 690.54) (761 – 938) (631 – 758) (400 – 700) (460 – 680) 480 – 610
Stylet Length 28.19 ± 2.57 28.30 ± 1.23 27.90 ± 0.97 22.70 ± 1.00 22.80 ± 0.83

(22.64 – 29.87) (26.00 – 30.00) (25.50 – 29.00) (21.00 – 25.00) (21.00 – 24.00) (23 – 26)
Tail Length 23.69 ± 6.22 20.60 ± 2.80 14.70 ± 2.71 20.53 ± 2.20 20.65 ± 2.39

(19.39 – 30.57) (16.00 – 24.00) (9 – 18) (17.00 – 25.00) (17.00 – 26.00)
V (%) 66.55 ± 4.08 62 ± 2.85 63 ± 2.22 63.80 ± 1.80 63.70 ± 2.16

(62.95 – 72.87) (58 – 68) (59 – 65) (60.10 – 67.60) (60.82 – 68.54) (60 – 65)
a 21.79 ± 1.64 29.70 ± 1.64 28.20 ± 1.87 25.03 ± 2.00 25.90 ± 2.20 23 – 26

(18.86 – 23.64) (27.00 – 32.00) (24.00 – 30.00) (22.70 – 29.70) (22.86 – 30.91)
c 23.73 ± 2.92 43 ± 5.99 48 ± 10.55 25.93  ±  4.10 28.09 ± 3.00 27 – 34
 (18.79 – 27.13) (31 – 51) (35 – 74) (19.20 – 31.50) (21.82 – 32.94)

Table 3. Measurements of female H.erythrinae. All measurements are in μm except for V in % and in the form mean±s.d (range).

(Fig. 3.D-F), tail asymmetrical and dorsally curved with a slight ter-
minal projection to quite pronounced but not longer than the width 
of the nematode anal portion (Fig. 3.G-I) 

Molecular Characterization
PCR electrophoresis result showed that the Helicotylenchus and 
Aphelenchoides population from Magelang, Central Java was suc-
cessfully amplified at ~780 bp (Fig. 4). The expansion region of D2-
D3 28S rDNA was sequenced for molecular analysis. The BLAST-N 
results for the Aphelenchoides sample showed high identity to Ap-
helenchoides varicaudatus from Yunnan, China (HQ283353) with 
99.47 % identity, while Helicotylenchus sample showed 95.22 % 
identity to H. erythrinae from Colombia (MT321739). Sequence 
results for the Aphelenchoides sample from Magelang Indonesia 
were submitted to GenBank with accession number OK055306, 
while OL757653 for Helicotylenchus sample from Magelang In-
donesia. Multiples sequence alignment of Aphelenchoides spe-
cies showed that A. varicaudatus Magelang (OK055306) and A. 
varicaudatus Yunnan (HQ283353) had 0.58 % differences. The 
differences were showed at length of 130, 212, 530, 628. While, 
differences with A. varicaudatus Tegal (MN587128) were only 
0.29 % at length of 212 and 530. Moreover, the closest species, 
A. xui (FJ643488) had more than 100 different nucleotides from 
our sample. Multiple sequence alignments for these species are 
presented in Figure 6. 
The phylogenetic analysis of D2-D3 28S rRNA gene showed that 
our sample (OK055306) Aphelenchoides from Magelang, Indone-
sia clustered well with the species A. varicaudatus from Yunnan, 

China (HQ283353) and A. varicaudatus from Tegal, Indonesia 
(MN587128). A. varicaudatus Magelang, Central Java, Indonesia 
separated from other Aphelenchoides species. Phylogenetic re-
lationship for species representatives within Aphelenchoidea Su-
perfamily from partial 28S rRNA gene sequences are presented 
in Figure 5.  
Multiple sequences alignment for species representatives within 
Genus Helicotylenchus are presented in Figure 8. Nucleotides at 
37, 39, 47,53, 56, 57, 58, 59, 60, 61, 63, 64, 65, 66, 78, 79, 80, 
83, 85, 86, 87, 88, 106,118, 176,177, 182,183, 231, 232, 235, 236, 
237, 257, 259, 278, 281, 323, 325, 328, and 495 showed specific 
differences from other species, which separated them from other 
species and clustered well with H. erythrinae (MT321739). Howev-
er, Helicotylenchus from Magelang Indonesia (OL757653) had 28 
different nucleotides from 569 nucleotides length (4.9 %) with H.
erythrinae (MT321739). Different nucleotides were observed more 
for other species compared. 
Phylogenetic tree for Helicotylenchus showed Helicoty-
lenchus from Magelang, Indonesia (OL757653) separated 
well from other species within genus except for H. erythri-
nae (MT321739). Phylogenetic relationships for species repre-
sentatives within Helicotylenchus genus from the partial 28S rRNA 
gene sequences are presented in Figure 7.

Discussion

Common symptoms caused by nematodes include yellowing, 
stunted growth, and accompanied by a decrease in yield. Plant 
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damage due to nematodes alone is difficult to observe because 
the aboveground symptoms are similar to symptoms of nutrient 
deficiency and they also can be associated with other pathogens. 
It is necessary to carry out laboratory tests to see the presence 
of important plant-parasitic nematodes that can potentially reduce 
yields (Schmitt & Sipes, 2000; William et al., 2018). Aphelen-
choides found in each extracted part (roots, bulbs, soil) in each 
field surveyed. The highest population for Aphelenchoides was 
found in the first field, which showed severe bulb rot (causing soil 
cover up the bulbs) with the presence of white fungi. The presence 
and interaction between nematodes and fungi in plants could be 
antagonistic interactions or synergistic interactions. Antagonistic 
interactions can occur through competition for space and food. 
The synergistic interactions can result in more severe damage to 
the host plant (Zhang et al., 2020). In other hand, Helicotylenchus 
mostly found from the soil for both field. 
The Aphelenchoides samples had characters as described by 
Huang et al. (2012) as A. varicaudatus. This species with a round-
ed set-off head, multireflexed or outstretched ovary, posterior ovary 
with V%=±60, conoid convex tail with variable tail terminus shape, 
one or two mucronate structures on the tail terminus (Huang et 
al., 2012). Aphelenchoides sample from Magelang have the same 
body length range as A.varicaudatus Yunnan, China.
The molecular analysis supported Aphelenchoides Magelang In-

donesia as A.varicaudatus species. All sequences comparison in 
this study were picked from large subunit (LSU) 28S rRNA gene 
region. This region has conserved domains and expansion seg-
ments, such as the D2-D3 expansion region. This region is useful 
for designing of diagnostics tool for the identification of nematodes 
to the species level (Cunha et al., 2018). In this study, A. varicau-
datus Magelang Indonesia separated from unidentified Aphelen-
choides species (Aphelenchoides sp.) from various country based 
on its 28S gene region. A. varicaudatus from Yunnan, China is 
closely related to Aphelenchoides sp. from ginger plant (Zingiber 
sp.) in Indonesia from its small subunit (SSU) and very different 
to A. besseyi and A. fragariae (Huang et al., 2012). The phyloge-
netic tree in this study also revealed that A. varicaudatus separat-
ed from other species of Aphelenchoides such as A. besseyi, A. 
fragariae, A. ritzemabosi based on 28S region as Huang et 
al. (2012) reported. 
Morphology and molecular identification of Aphelenchoides from 
garlic plants in Magelang showed the species indicated to A. var-
icaudatus. A. varicaudatus is not a common plant-parasitic nema-
tode reported species from Genus Aphelenchoides like A.besseyi, 
A.fragariae, and A.ritzemabozi. The status of A.varicaudatus was 
still unclear. However, study about this species is also important, 
remembering that this species was also found in the rose root 
and pine xylem (Huang et al., 2012; Ibrahim & Hooper, 1994). A 

Fig. 5. Maximum-likelihood phylogenetic tree with Hasegawa-Kishino-Yano model of Aphelenchoides spp. and other represented species 
based on 28S rDNA gene sequences. Substitution models with the lowest Bayesian Information Criterion (BIC) scores. Bootstrap values are shown at the nodes.
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study by Santos et al. (2021) revealed that Aphelenchoides pseu-
dogoodeyi, which also has unclear information about its patho-
genicity, is an opportunistic pathogen as the injury was required 
to induce symptoms in Bird’s-Nest Fern and Oriental Lily. It was 
showed that a mainly mycophagus Aphelenchoides could become 
phytophagous under stress conditions (Santos et al., 2021). A. 
varicaudatus was first described by Ibrahim and Hooper (1994) 
from rose roots plants. Furthermore, A. varicaudatus was found in 
Yunnan, China from Simao Pine plant (P. kesiya var. langbianen-
sis) (Huang et al., 2012). A. varicaudatus could be found in bark/
moss/lichens and able to grow on fungi media (Sanchez-Monge et 
al., 2015). This indicated that A. varicaudatus has a wide distri-

bution and different host associations (Huang et al., 2012). The 
species in Aphelenchoides are very diverse and have different 
types of feeding. Most species in Aphelenchoides are mycopha-
gous (Kanzaki, 2012). There are 13 other species known as plant 
parasites. Most of them are generalists because they have a broad 
host range (Sanchez-Monge et al., 2015). Only a few species are 
economically important (Nickel & Hopper, 1991). 
The morphological characters of Helicotylenchus are quite compli-
cated to observe between species. Our sample had descriptions 
as H. erythrinae in Uzma et al. (2015) based on lips and tail obser-
vations and also description by Riascos-Ortiz et al. (2020). Based 
on morphometrical data, our specimens close to H. erythrinae 

Fig. 6. Multiple sequences alignment of Aphelenchoides varicaudatus species and Aphelenchoides xui from D2-D3 expansion region.
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from Calarcá, Quindío, Colombia by Riascos-Ortiz et al. (2020) 
with high variability observed in some characters. The existence 
of intraspecific variation and limited character information makes 
identification difficult. However, no male nematodes were found 
in this study. According to Riascos-Ortiz et al. (2020), female H. 
erythrinae species have functional spermatheca with sperm in it 
and there are male nematodes. Species H. erythrinae has a loose 
spiral post-mortem habitus, a hemispherical lip region with an in-
dented or flattened anterior knob, a tail with long ventral projec-
tions (Riascos-Ortiz et al., 2020) which these morphological char-
acteristics were found in our specimens.
The phylogenetic tree supported that Helicotylenchus from Ma-
gelang (OL757653) clustered well with H. erythrinae (MT321739) 
from Colombia. Percent identification with this species was only 
95.66 %, indicating the Magelang specimen had some nucleotide 
variations with H. erythrinae (MT321739). However, there was only 
one sequence submitted for H. erythrinae out of a total of 758 sub-
mitted sequences in the Genus Helicotylenchus (data accessed 
in November, 2021). Nucleotide sequence observations showed 

specific characters with H. erythrinae (MT321739) at some orders 
of nucleotides length, such as at 56 – 66, and 78 – 89 of 569 nucle-
otides compared with other representative species in the Genus 
Helicotylenchus. 
Based on morphological observations and molecular characters, 
Helicotylenchus found from garlic plantations in Magelang, Central 
Java, refers to the H. erythrinae species. Molecularly, H. erythri-
nae was first reported by Riascos-Ortiz et al. (2020) from banana 
plantain in Colombia. H. erythrinae has a fairly wide host range, in-
cluding dadap (Sher, 1966), pepper, ginger (Koshi et al., 2005), tea 
(Nalini et al., 2005), cocoa, olive (El-Borai & Duncan, 2005), cas-
sava, rice (Bridge et al., 2005). In addition to being found in some 
cultivated plants, H. erythrinae was also found in uncultivated jun-
gle soils (Sauer & Winoto, 1975). H. erythrinae, H. dihystera and 
three undescribed Helicotylenchus species were found from Java 
(Sher, 1966). Systematics within the genus of Helicotylenchus is in 
a very unsatisfactory state and identification to species is difficult 
(Wouts & Yeates, 1994).
Future study for A. varicaudatus and H. erythrinae found from 

Fig. 7. Maximum-likelihood phylogenetic tree general time-reversible model and gamma-shaped distribution (GTR+G) of Helicotylenchus spp. and other represented 
species based on 28S rRNA gene sequences. Substitution models with the lowest Bayesian Information Criterion (BIC) scores. Bootstrap values are shown at the nodes.
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 garlic plantation is needed since the sequences data in NCBI for 
both species were limited. Molecular characterization from other 
DNA genes target is needed to perform more comprehensive mo-
lecular characterization.
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