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Abstract
Root and rhizospheric soil of diseased black pepper plants from Binh Phuoc Province were collected. Based on morphological
characteristics and molecular markers, the presence of Meloidogyne javanica was confirmed. In greenhouse conditions, nema-
tode completed the life cycle in 35 days after inoculation on black pepper (Piper nigrum) cv. Vinh Linh. To our knowledge, this is
the first report of M. javanica on black pepper in Vietnam.
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Black pepper (Piper nigrum) is a high-value tropical plant
in Vietnam. Root-knot nematodes (Meloidogyne spp.) were
recorded on black pepper many years ago in the south of
Vietnam (Khương 1983). In 2002, a survey conducted
from more than four hundred soil and root samples resulted
in thirty-five plant-parasitic nematode taxa belonging to 19
genera and 11 families. It is worth noting that all root-knot
nematode populations collected on black pepper plants
were identified exclusively as M. incognita (Thuy et al.
2012). In recent years, soil-borne diseases and plant-
parasitic nematodes have caused severe damage in many
black pepper growing areas in the Central Highlands (Gia
Lai, Dak Nong) and Southeast (Ba Ria – Vung Tau, Đong
Nai, and Binh Phuoc). Leaves of diseased vines turn yel-
lowish-green, and the infected leaves gradually fall from
the lower to the upper parts of the vine (Fig. 1a). The
rhizosphere soil samples and galled roots were collected
from slowly declining vines in the Bu Dang and Bu Dop
districts, Binh Phuoc Province (Fig. 1b).

Females and egg masses were dissected from the galled
roots. Second-stage juveniles (J2s) were obtained by plac-
ing egg masses in sterile water for 48 to 72 h at 28 °C
(Nguyễn et al. 2014). Males were obtained according to
the method of Snyder et al. (2006). The morphological
and morphometric characteristics of females, males, and
J2s were observed and measured under an optical micro-
scope (Olympus).

The perineal pattern of nematodes (n = 10) with the high
dorsal arch and double lateral lines were characterised
(Fig. 2a). In comparison with the description of Eisenback
(1985), this is characteristic of M. javanica. Measurements
of J2s (n = 30) included body length = 440 ± 23.1 (380 to
500) μm, greatest body width = 15.5 ± 1.7 (12.5 to 22.5)
μm, a = 28.8 ± 3.5 (19.6–36.6), c = 8.2 ± 0.7 (6.1–9.4), stylet
length = 12.5 ± 0.7 (10 to 15) μm, tail length = 53.9 ± 3.7
(47.5 to 65) μm, head to median bulb length = 60.3 ± 3.2
(52.5 to 67.5) μm, dorsal esophageal gland orifice (DGO) =
3.8 ± 0.4 (3.0–4.5) μm. The males were cylindroid and vermi-
formwith a robust stylet, arcuate spicule, and short and round-
ed tail. Male morphometrics (n = 9) include body length =
1152 ± 103.1 (985 to 1340) μm, greatest body width = 34.6
± 1.9 (25.5 to 37.5) μm, stylet length = 19.4 ± 1.35 (17.5 to
21.3) μm, (DGO) = 4.04 ± 0.52 (3.25 to 5.0) μm, spicule
length = 31.3 ± 1.13 (29.7–32.5) μm. The overall
morphology and morphometrics of these populations of
Meloidogyne were similar to the description by Rammah
and Hirschmann (1990) onM. javanica. Specimen of perineal
pattern was deposited in the collection of the Institute of
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Ecology and Biolognical Resources, Vietnam (Accession
Number: IEBR-Nema 6063).

Besides, the molecular identification of specimens was also
carried out. Genomic DNA of the female nematode was ex-
tracted by using Gene JET Genomic DNA Purification
Minikit (Thermo Scientific, USA). The PCR amplicon pro-
duced the expected fragment length of 670 bp with Fjav prim-

er (5′- GGT GCG CGA TTG AAC TGA GC -3‘) and Rjav
primer (5’- CAG GCC CTT CAG TGG AAC TAT AC- 3‘)
(Zijlstra et al. 2002), no product with MI-F primer (5’- GTG
AGG ATT CAG CTC CCC AG −3′) and MI-R primer (5’-
ACG AGG AAC ATA CTT CTC CGT CC -3′) was observed
(Meng et al. 2004) (Fig. 2b). The DNA sequence from the
M. javanica isolate in this study was deposited in GenBank

Fig. 2 (a)The specific perineal pattern ofMeloidogyne javanicawith low
to moderately high dorsal arches and having two conspicuous lateral
lines; (b) DNA amplification product obtained from two Meloidogyne
isolates from Binh Phuoc Province. (M) DNA ladder (HyperLadder

100 bp, Bioline); (1) isolate from Bu Dang; (2) isolate from Bu Dop;
(3) isolate from Bu Dang with Mi-SCAR primers; (4) isolate from Bu
Dop with Mi-SCAR primers; (−) without DNA template

Fig. 1 (a) Symptoms of diseased
vines where leaves turned
yellowish-green in Bu Dang,
Binh Phuoc Province; (b) Black
pepper roots infected with root-
knot nematode
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accession: MN380721. The blast search results of DNA se-
quence revealed the best match with 98–99% identity to se-
quences corresponding to M. javanica isolates from China,
India, Malaysia, and Thailand.

Fifteen two-month-old black pepper vines (cv. Vinh
Linh) were maintained in a greenhouse in 20-cm diame-
ter × 16-cm tall pots with sterilized soil. They were in-
oculated with 2000 freshly hatched J2s. Infected roots
were stained by the fuchsin acid method according to
Bybd et al. (1983). The juveniles penetrated the root tips
12 h following inoculation, and they molted to the third-
stage (J3) 3 days after inoculation (dai). The fourth-stage
(J4) and the J4 (female) were found at 7 dai and 14 dai,
respectively. At 21 dai, females with gelatinous matrices
were scored, egg-laying and the emergence of second-
stage juveniles were observed at 35 dai (Fig. 3). After
60 dai, the pathogenicity assay showed that the above-
ground parts and roots of both inoculated and controlled
plants exhibited similar length and weight (n = 15, data
not shown). The nematode reproduction factor (final
population divided by initial population) was 8.01. The
morphological and molecular characteristics of the re-
isolated root-knot nematode were identical to those of
M. javanica.

M. javanica is confirmed as a pest of black pepper in Binh
Phuoc Province and its management is suggested for sustain-
able production of black pepper in Vietnam.
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