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Abstract

The rice root nematodes, Hirschmanniella oryzae and H. mucronata, are serious and widespread
threats to global rice production, especially in tropical and subtropical zones. Reliable and efficient
identification of these nematodes is vital to nematode control and management. In this current study, 36
soil or rice root samples were collected from rice fields located in Pathum Thani province and used for
nematode extraction. The results demonstrated that Hirschmanniella sp. was found in all paddy fields,
especially in Muang District, where RD47 rice cultivars were grown at soil pH of 5.9. Molecular
identification based on the analysis of 28S rRNA and 18S-ITS1-1.58S genes revealed 98 — 99 %
similarity to H. mucronata, and its phylogenetic trees were grouped with H. mucronata from Cambodia
and Philippines. Likewise, the morphometric characterization revealed remarkable features of H.
mucronata with long body (1,639 - 2,329 pm), long stylet (24 - 27 um) and an obvious mucron at the end
of terminus. Therefore, the main rice root nematode species found in Pathum Thani’s rice fields were H.
mucronata.
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Introduction

Rice (Oryza sativa L.) is a vital economic crop of Thailand; both for exportation and household
consumption. In the central plain of Thailand, Pathum Thani province has been recorded as one of the
most important places for a rice cultivation, with rice planting area of 55 % of the total area and rice
production of up to 213,238 tons per year [1,2]. Currently, the main challenges for rice cultivation include
the depletion of soil fertility and plant pests due to the practice of continuous rice cultivation for a long
time [3]. Numerous countries reported that one of the most serious pests in rice is plant-parasitic
nematodes [4,5]. Hirschmanniella spp., rice root nematodes, is one of the most prevalent plant-parasitic
nematodes that can be found up to 90 % of paddy rice fields. Moreover, this nematode has a wide host range of
more than 30 plant species [6,7]. The estimated rice yield losses caused by Hirschmanniella sp. around the
world are approximately 25 % [7]. One of the most predominant species of Hirschmanniella is H. oryzae,
which causes stunting and up to 60 % reduction in rice tillering. In most cases, the nematode population
densities in soil are low and the below ground symptoms such as discoloration, deterioration, and rotting
of rice roots are usually unnoticeable by the farmers. However, a decline in plant growth can happen and
be readily observed by the experts [8]. In Asian countries, Hirschmanniella sp. is widely distributed and
infects rice fields. This nematode was identified by molecular and morphological characters as H. oryzae
and H. mucronata in China and Philippines, respectively [9,10]. Furthermore, H. mucronata was reported
in Cambodia [11,20]. In recent years, Hirschmanniella spp. was reported in Nakhon Nayok’s rice fields in
Thailand [12]. Nevertheless, Bridge et al. [13] reported that H. oryzae was found in Thailand. Khun et al.
[11] summarized that Hirschmanniella species may result in intraspecific variation when identification is
conducted by a sole morphological analysis and this data should be substantiated by molecular
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characterization. Therefore, this study was conducted to examine the extent of infestation of
Hirschmanniella and to identify the species of this nematode collected from Pathum Thani’s rice fields by
using molecular and morphological characteristics.

Materials and methods

Soil and rice root sampling

Thirty-six soil or rice root samples were collected from paddy rice fields of 6 districts in Pathum
Thani province, including Nong Suea, Thanyaburi, Lam Luk Ka, Khlong Luang, Muang and Sam Khok
(2 fields/district). In each field, 6 soil or root samples were randomly collected from the rice rhizosphere
between 0 - 20 cm depth from the soil surface. After that, the collected soil or rice root samples were
separately mixed and 3 sub-samples were chosen from this mixed soil or root samples to be represented
(replications) of each field. These composite subsamples were put into plastic bags, labeled, and
transported to the laboratory for nematode extraction. In addition, the field data, including rice cultivars
and ages, soil pH (soil pH and moisture tester Takemura, Japan) and GPS position (The IOS 7 Compass
app) were recorded.

Nematode extraction

Nematodes were extracted from 150 g soil by the Cobb’s Sieving and Decantation and the Modified
Baermann’s Funnel techniques [14]. In brief, nematodes were extracted from soil by pouring the
supernatants of soil suspensions into a series of 250, 105 and 37 pm aperture sieve. Nematodes suspended
on the 105 and 37 um mesh sieves were collected and placed on tissue papers lined on a wire screen that
had been suspended on the funnels. Two days later, nematodes at the bottom of the funnel were collected,
observed, and counted under a compound microscope (Olympus BX50, USA).

For rice root samples, the collected roots from each field were cut into about 1-inch-long pieces and
thoroughly mixed. Subsequently, 10 g of roots were randomly selected and used for nematode extraction.
Root samples were washed free of soil with tap water, then cut into around 0.5 - 1 cm length and placed
on the tissue papers lined on a plastic sieve in the tray. Later on, water was gently added into the tray until
the roots were completely submerged [15]. Two days later, nematodes suspended in the tray were
collected by 37 um mesh sieve, observed, and counted under a compound microscope (Olympus BX50,
USA).

Statistical analysis

Data were statistically analyzed by the SPSS software (version 26.0; SPSS Inc.; Chicago, IL, USA).
Differences in the densities of nematodes among all rice fields were determined by analysis of variance
(ANOVA) and the means were compared using Duncan adjustment for multiple comparisons (p < 0.05).

Molecular identification

Hirschmanniella collected from each district were used for DNA extraction and analysis by the
polymerase chain reaction (PCR). Briefly, one adult Hirschmanniella was placed in a 0.5 mL PCR tube
filled with 25 pL of distilled water. Then, 25 pL of lysis buffer [200 mM NaCl (A&D Technology,
Japan), 200 mM Tris-HCI1 pH 8.0 (A&D Technology, Japan), 1 % (v/v) B-mercaptoethanol (Sigma,
Japan), and 800 pg/mL proteinase K (Worthington Biochemical, USA)] was added into the tube. The
reaction was incubated for 90 min at 65 °C, followed by 5 min at 99 °C in a PCR machine (Biometra
Tgradient Thermoblock PCR Thermocycler, UK). Later, the extracted DNA was stored at —20 °C until
used as a DNA template [16].

The PCR was conducted by using extracted nematode DNA as the template. 30 pL of
PCR reaction included 3 pL of DNA template, 9 pL of sterilized distilled water, 1.5 pL of each
10 uM forward and reverse primers {D2A (5' ACAAGTACCGTGAGGGAAAGT 3’) and
D3B (5' TGCGAAGGAACCAGCTACTA 3') [17] and tDNA2 (5'-TTGATTACGTCCCTGCCCTTT-3")
and rDNA1.58s (5'-ACGAGCCCGAGTGATCCACCG-3") [18]}, and 15 pL of 2x PCR master mix with
dye solution i-taq (Intron biotechnology, Korea). The PCR condition was programmed as follows:
denaturation at 94 °C for 5 min, followed by 35 cycles of 94 °C for 30 s, 56 °C for 30 s and 72 °C for 1
min, and final extension at 72 °C for 5 min. The PCR products were loaded into 1.5 % agarose buffered
gels in 1XTAE buffer. The band size of PCR products was compared with 100+bp DNA marker
(Biotechrabbit, Germany). The gel was run for 25 min at 100 V and visualized on an UV box. The PCR
products were purified and submitted for sequencing at the SOLGEN Inc., Korea. Then, the DNA
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sequences were compared with GenBank in the National Center for Biotechnology Information (NCBI),
available online from https://www.ncbi.nlm.nih.gov.

Phylogenetic trees were constructed by the Molecular Evolutionary Genetics Analysis version 7.0
using the DNA sequences at 28S and 18S-ITS1-5.8S gene regions of Hirschmanniella obtained from this
study. DNA sequences of plant-parasitic nematodes associated with rice were selected from GenBank.
Consequently, the alignments between these GenBank nucleotide sequences with those generated from
each primer set were done using ClustalW. Phylogenetic trees were performed via the Maximum
Likelihood (ML) methods based on Gamma distribution (GTR + G) model and the test of phylogeny done
by the rapid bootstrap algorithm (1000 iterations) [19,20].

Morphological identification

A total of 24 Hirschmanniella males and females (4 nematodes/district) were killed by hot water at
50 °C and mounted on a drop of distilled water on a glass slide. Then, nematodes were observed and
pictured by a digital camera (Canon Power Shot A640), which had been equipped with EOS Utility
program and mounted on the compound microscope (Olympus BXS50). Sizes of nematodes were
measured via Axio Vision SE64 Rel. 4.9.1 program, and finally compared with the polytomous key [11].
The morphometrics were then calculated as follows: L = Total body length, a = Body length/Body width,
b = Body length/Anterior end to pharyngo-intestinal junction (P1J), b’ = Body length/Pharynx length, ¢ =
Body length/Tail length, ¢’ = Tail length/Maximum tail width, V% = Head to vulva length/Body
lengthx100, Stylet length, Maximum body width, Pharynx length, Anterior end to PIJ, Head to vulva
length, Maximum tail width, and Tail length [11].

Results and discussion

Incidence of Hirschmanniella in Pathum Thani’s rice fields

Hirschmanniella was found in all surveyed rice fields in Pathum Thani province (Table 1). In
addition, more abundance of Hirschmanniella was observed in rice roots than in soil. Highest numbers of
nematodes (1,214.6 nematodes/10 g roots) were significantly evident in Muang district no. 1 where RD47
rice cultivar was grown, followed by Sam Khok district no.1 and no.2 (992 and 772.3 nematodes/10 g
roots, respectively; RD31 and Pathum Thani 1 cultivars, respectively). However, lowest numbers of
nematodes were found in Nong Suea district no.2 and Muang district no. 2 (79.3 and 136 nematodes/10 g
roots; RD49 and RD14 cultivars, respectively). The age of rice and soil pH might influence nematode
abundance, where greater numbers of nematodes extracted from rice stubbles were observed at soil pH
5.9 - 6.0 than soil pH 5.3 - 5.4. These results were similar to those reports by [11,18,20] who examined
Hirschmanniella populations in paddy rice fields of Takeo, Battambang and Kampong Thom provinces,
Cambodia. In addition, as Hirschmanniella are migratory endoparasites by nature, they are more
prevalent in rice roots than in soil [21]. Burns [22] mentioned that Hoplolaimus galeatus and members of
the Tylenchinae-Psilenchinae survived the best at pH 6.0. This information reflects on the results of our
experiments, where greater numbers of nematodes were found in rice roots than in soil and the highest
density of nematodes was found at pH 5.9 in Muang district’s rice field.

Table 1 Incidence and density of Hirschmanniella spp. on various rice cultivars and rice fields from
Pathum Thani province.

Districts Location (GPS) Rice(lzg"ﬁes Soil pH — 51;‘;“;2;? of “i‘g"g“;gz:
Nong Suea 1 1%)?;2'3,3"51:1]5 a F(?;a;s) 59 8.3+2.6¢d” 190.6+21.6¢
Nong Suca 2 1%)?;2'04'2"11:115 . &D(;‘ais) 58  23%03cd  793+133f
Thanyaburi 1 1(1):‘)292271\1]5 fggji‘g&%ll‘e? 54 5i12cd  316.6:18.1d
Thanyaburi 2 1})?)292381‘% I(’::;t:ft‘l‘fé‘l’)ll‘ei 5.3 8:17cd  199+16.2¢
Lam Luk Ka 1 1%?)2294,3;% P ?rtill‘;nsltgsg)l 53 4.6+1.5¢d 159+4ef
Lam Luk Ka 2 14°1'41™N Pathum Thani | 53 433+72a  330£13.85d

100°49'32"E (rice stubble)
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Rice varieties

Number of nematodes

Districts Location (GPS) (Age) Soil pH 150 g soil 10 g root
Khlong Luang 1 1(1)?;2';:5;1131]5 (ricefz{?tjéble) 5.6 11£2.9¢ 313+12.7d
Khlong Luang 2 1(1)32233';:1]5 (ric??tjtlble) 5.5 44.3+3.7a  349.3+£29.7d
Muang district 1 1 01;:32 (')?1”19\{,13 (ricfgjgble) 5.9 34+3.5b 1,214.6+97.8a
Muang district2 | 015‘32015?]5 (ricfgigble) 6.0 2405¢d  136+32.3ef

Sam Khok 1 13)322'34,;"3% ( 6%22;) 64  233x03cd  992+13.85b
Sam Khok 2 1%)?;2'34'(3)';:115 PE‘;&‘;‘Z‘&‘S&? 67  033£03d  772.3+17.7c

"mean of the numbers of Hirschmanniella + standard error (n = 3) were compared using Duncan
adjustment for multiple comparisons (p < 0.05). Similar lower-case letters in each column indicated that
means are not significantly different.

Molecular identification

DNA fragments of Hirschmanniella, amplified by D2A/D3B and rDNA2/rDNA1.58s, showed the
size of 750 and 470 bp, respectively (Figure 1). Consequently, a comparison of nucleotide sequences
based on 28S rRNA (GenBank accession no. MT597911-MT597916) and 18S-ITS1-5.8S (MT60262
MT602633) gene regions (Table 2) showed high homology with H. mucronata (more than 98 - 99 %
similarity) from Cambodia, Philippines, Taiwan and China. This result coincided with reports by Berg et
al. [17] who reported the length of amplicon D2-D3 of 28S rRNA and partial 18S rRNA for
Hirschmanniella spp. of 650 - 800 bp. On the contrary, [20] reported that the size of DNA fragments
amplified by IDNA2/rDNA1.58s was 470 bp.

(i 7 8 2 10 11 12 M NC

— T — — C— N —

Figure 1 Agarose gel electrophoresis of PCR-amplified DNA of Hirschmanniella mucronata by using
primers TDNA2/rDNA1.58s (Lane 1 - 6) and D2A/D3B (Lane 7 - 12). M: 100+bp DNA leader, NC:
negative control, Lane 1,7: Nong Suea’s sample, Lane 2,8: Thanyaburi’s sample, Lane 3,9: Lam Luk Ka’s
sample, Lane 4,10: Khlong Luang’s sample, Lane 5,11: Muang district’s sample, Lane 6,12: Sam Khok’s
sample.

#— B by
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Table 2 List of new GenBank accession numbers.

Nematode species isolate Location Sequenced region G§nBank
accession number

Hirschmanniella mucronata PN Nong Suea 28S MT597911

H. mucronata PT Thanyaburi 28S MT597912

H. mucronata PL Lam Luk Ka 28S MT597913

H. mucronata PK Khlong Luang 28S MT597914

H. mucronata PM Muang district 28S MT597915

H. mucronata PS Sam Khok 288 MT597916

H. mucronata PN Nong Suea 18S-ITS1-5.8S MT602628

H. mucronata PT Thanyaburi 18S-ITS1-5.8S MT602629

H. mucronata PL Lam Luk Ka 18S-ITS1-5.8S MT602630

H. mucronata PK Khlong Luang 18S-ITS1-5.8S MT602631

H. mucronata PM Muang district 18S-ITS1-5.8S MT602632

H. mucronata PS Sam Khok 18S-ITS1-5.8S MT602633

The phylogenetic tree showed similarity between 28S rRNA and 18S-ITS1-5.8S gene regions
(Figure 2 and 3), where the nematodes were identified as H. mucronata at bootstrap values > 98 and
related to H. kwazuna and H. loofi sisters, while H. oryzae were grouped in a different clade with low
support. This result was similar to [11,20], who reported that H. mucronata was relative to H. kwazuna
and H. loofi sisters, with the single nucleotide polymorphisms (SNPs) at 28S region differed from H. loofi
and H. kwazuna by 7.7 - 8.3 and 8.1 - 8.7 %, respectively, while at ITS1-5.8S-ITS2 by 22.8 - 23.4 and
22.7—23 %, respectively.

100 Hirschmanniella mucronata (KF201167-Philippines)
1 H. mucronata (MT259222-Cambodia)
100|l H. mucronata (MT259223-Cambodia)
|, H. mucronata (MT597916-This study)
H. mucronata (MT597915-This study)
H. mucronata (MT597911-This study)
H. mucronata (MT597912-This study)
83 H. mucronata (MT597913-This study)
H. mucronata (MT597914-This study)
H. kwazuna (EUB20467-South Africa)
QEEH. loofi (EU620468-Belgium)
100l H. loofi (EUB20469-Belgium)
H. oryzae (JX291142-Myanmar)
100l H. oryzae (MK205364-Indonesia)
Tylenchorhynchus annulatus (MN683511-Korea)
100l T. annulatus (MN683512-Korea)
Heterodera elachista (MK387341-China)
100l H. oryzicola (DQ328694-India)
Pratylenchus zeae (KT032997-Kenya)
100[ P. zeae (KT033000-Kenya)
100, Meloidogyne incognita (KX752270-Ethiopia)
M. incognita (KX752308-Ethiopia)
100 M. graminicola (MH359152-Vietnam)
E{ M. graminicola (MH332658-Vietnam)
Aphelenchoides besseyi (DQ328684-Russia)
100l A. besseyi (KT692689-Japan)

o

99

05

Figure 2 The phylogenetic tree of Hirschmanniella mucronata collected from Pathum Thani’s rice fields
and some other plant-parasitic nematodes in rice based on 28S rRNA gene. Maximum likelihood method
was used to create a bootstrap consensus tree inferred from 1,000 replicates. Numbers beside branches
represent ML bootstrap support values > 70%. Scale bar represents substitutions per nucleotide position.
NCBI accession numbers are listed behind the species names.
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Hirschmanniella mucronata (MT602628-This study)
H. mucronata (MT260850-Cambodia)
H. mucronata (MT260851-Cambodia)
98| H. mucronata (MT602633-This study)
H. mucronata (MT602632-This study)
H. mucronata (MT602631-This study)
H. mucronata (MT602630-This study)
H. mucronata (MT602629-This study)

H. kwazuna (EU620471-South Africa)
ggl H. loofi (EU620472-Belgium)
H. oryzae (KF201163-Philippines)
Pratylenchus zeae (JN020934-China)
100 P- zeae (JNO20935-China)

98 _ Heterodera oryzicola (AF274387-Japan)
H. elachista (KM017067-Japan)
90l H. sacchari (EF143604-Ghana)
Tylenchorhynchus annulatus (KJ461572-Spain)
WET. annulatus (MT209945-China)
Aphelenchoides besseyi (MF669510-Taiwan)
4@[ A. besseyi (MF669509-Taiwan)
100'_ Meloiclogyne graminicola (MNG02298-Vietnam)

L M. graminicola (MNB02297-Vietnam)

M. oryzae (KY962654-Brazil)
[M. oryzae (KY962653-Brazil)
100|| M. javanica (MT348502-Brazil)

88|| M. incognita (MK188469-South Korea)

go| M- javanica (MF168968-Brazil)

M. incognita (MT490919-China)

86

100

02

Figure 3 The phylogenetic tree of Hirschmanniella mucronata collected from Pathum Thani’s rice fields
and some other plant-parasitic nematodes in rice based on 18S-ITS1-5.8S genes. Maximum likelihood
method was used to create a bootstrap consensus tree inferred from 1,000 replicates. Numbers beside
branches represent ML bootstrap support values > 70 %. Scale bar represents substitutions per nucleotide
position. NCBI accession numbers are listed behind the species names.

Morphological identification

Morphological characteristics of Hirschmanniella were similar between males and females (Figure
4 and 5); Body length ranged from 1,639 - 2,329 um, stylet length 24 - 27 pum, basal knob round,
distinctly offset, values of anterior end to pharyngo-intestinal junction (P1J) 105 - 147 pm, long
overlapping of esophagus over intestine, pharyngeal glands elongated, pharynx lengths 217 - 431 pm, tail
lengths 65 - 108 pm, maximum tail widths 15 - 25 um and the end of tails terminal an obvious mucron.
For females, the position of the vulva was located approximately 49.2 - 57.3 % of body length with 2
ovaries, while Hirschmanniella male tail was possessed with a distinct bursa and spicules of 29 - 36 pym
long. Morphometric characteristics were as follows; L= 1,639 - 2,329 um, V (%) =49.2 - 57.3,a=52.4 -
72.8,b=124-19,b>=4.2-8.7,¢c=17.5-30 and ¢’ = 3.1 - 6 (Table 3). These characteristics were
matched with H. mucronata, which [11,20] reported in Battambang and Takeo provinces, Cambodia.
Although this study found H. mucronata, Bridge et al. [13] reported the occurrence of H. oryzae in
Thailand. The difference between H. oryzae and H. mucronata includes shorter body length (1,090 -
1,330 um) and stylet length (15 - 17 um) of H. oryzae than those of H. mucronata [9].
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Table 3 Morphometrics of Hirschmanniella mucronata isolated from Pathum Thani province and their
comparison with those of the report from Takeo, Cambodia.

Hirschmanniella mucronata

Takeo, Cambodia
H. mucronata

Character (This study)
Female Male Female Male
n 24 24 30 21
L 2,023+140 1,864+131 1,775+188 1,734+186
(2,329 - 1,779) (2,221 - 1,639) (2,160 — 1,260) (2,109 — 1,421)
. 53+1.7 52423
V(%) (57.3-49.2) - (59 — 49) -
. 63.7+4.2 63.8+6 58+5.2 59+7.6
(72.8 — 55.8) (75.5—52.4) (67 —47) (81 —45)
b 16+1.2 14.5+1.4 14+1.1 13.9+1.7
(19— 14) (18.5—12.4) (16 —12) (16.7—11)
b 6.1+1.1 5.5+0.6 5.9+0.7 5.8+0.7
(8.7 —4.8) (7-4.2) (7.4 -4.4) (7-4.5)
. 23.6+3 22.3+2.3 22427 2122
(30— 18) (26.7—117.5) (28— 16) (25-17)
o 4+0.4 4.5+0.6 3.7+0.4 4.44+0.4
(4.6-3.1) (6-3.6) (5-2.8) (5.1 -3.5)
Stylet length 25.8+1" 25.7+1.1 22.240.6 23+1.2
(27 —24) (27 —24) (23-21) (26 —21)
. . 31.8£2.2 29.44+2.5 30.5+2.3 30+£3.6
Maximum body width (35 -27) (34 -23) (35-25) (35-22)
Pharyn length 338.4+51.2 341.4+39.1 300+40 299+38
(417 -217) (431 -263) (399 —229) (371 -215)
Anterior end to PII 127.745.5 128.9+10.5 124+12 125+10.9
(140 — 117) (147 — 105) (147 — 84) (144 — 108)
Anterior to vulva length (11’ ?17 87 83_ig§ 85) - (1,9136 %i_l %‘;0) _
Spicule length - (33169_i;99) - (g’ ;‘ ji13'61)
. L 21.8+1.8 18.9+2.1 22423 18.5+1
Maximum tail width (25-19) (22-15) (27 -18) (20— 16)
Tail length 86.5£7.9 84.3+9 81+8.2 82.6+9.9
(102 — 74) (108 — 65) (99 — 60) (98 — 63)

"' All measurements are in pm and in the form: Mean = S.D. (Max-Min).
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Figure 4 Photographs of Hirschmanniella mucronata female collected from paddy rice fields of Pathum
Thani province, Thailand. A) Whole body (100%), B) Anterior region (1000x), C) Middle region (1000x),
D) Female tail (1000%).

Figure 5 Photographs of Hirschmanniella mucronata male collected from paddy rice fields of Pathum
Thani province, Thailand. A) Whole body (100x), B) Anterior region (1000x), C) Male tail (1000x%).
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Conclusions

This study demonstrated that Hirschmanniella infested all surveyed rice cultivars and all rice fields
located in 6 districts of Pathum Thani province. The highest numbers of nematodes were found in RD47,
followed by RD31 and Pathum Thani 1 cultivars, respectively. In addition, soil pH affected the number of
nematodes, where higher nematode densities were evident at soil pH 5.9 - 6.0 than pH 5.3 - 5.4. The
molecular characteristics based on 28S and 18S-ITS1-5.8S genes revealed 98 - 99 % similarity to
H. mucronata and its phylogenetic trees were grouped with H. mucronata from Cambodia, Philippines,
and China. Based on nematode morphology, long body (1,639 - 2,329 um), long stylet (24 - 27 um) and
obvious mucron at the end of terminus were matched with those of H. mucronata. Therefore, the main
rice root nematode species found in Pathum Thani’s rice fields was H. mucronata. Further studies are
needed, especially to determine the susceptibility of Thai local cultivars to this nematode.
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