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Summary. Nematodes in 74 of a total of 132 soil samples from forests and some agricultural and coastal
sites in various parts of Vietnam were found to be attacked by Pasteuria. Among 123 host records, the
majority were members of the order Tylenchida (with members of Heteroderidae, Helicotylenchus spp.
and Meloidogyne spp. predominating), followed by Dorylaimida. Many of the nematode taxa are
reported as hosts for Pasteuria for the first time. In almost half of the samples with Pasteuria several

different nematode taxa were simultaneously attacked by the bacterial parasites.

Differences in

dimensions and other morphological characteristics of the sporangia and endospores observed in various
host nematodes indicate that several Pasteuria species are present in Vietnam. Their role as antagonists
of plant-parasitic and other soil-inhabiting nematodes is still unknown.
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Endospore-forming and mycelial bacteria of the
genus Pasteuria have gained increasing interest
over the last 20 years because of their potential use
for biocontrol of plant-parasitic nematodes. In
addition to one Pasteuria species known from
cladocerans (P. ramosa), four species have been
described from plant-parasitic nematodes so far, P.
penetrans from Meloidogyne, P. thornei from
Pratylenchus, P. nishizawae from Heterodera and P.
usgae from Belonolaimus. Most of the recent
studies on Pasteuria have concentrated on P.
penetrans from root-knot nematodes. As well as
plant-parasitic nematodes, many other soil-
inhabiting nematodes have been reported as hosts
of Pasteuria. In the most recent compilation of
Pasteuria hosts more than 300 nematode taxa are
listed, the majority being members of the orders
Tylenchida and Dorylaimida (Chen & Dickson,
1998). Most, if not all, Pasreuria species or isolates
appear to be highly host specific with host ranges
generally restricted to closely related nematode
taxa. It is assumed that a high number of different
Pasteuria species exists, many of which can be
distinguished in morphological details and in
dimensions of the sporangia and endospores.

Pasteuria is known to occur worldwide. It has
been recorded from a large number of countries in

all continents, often from individual nematode
taxa, most commonly from root-knot nematodes
and other plant-parasitic nematodes, but in general
only rarely from other soil-inhabiting or fresh-
water nematodes. There are only a very few
publications so far dealing with studies on fre-
quency of occurrence in a country or region and
on the range of host nematodes observed in par-
ticular samples, sites or areas.

In this paper, data on frequency of Pasteuria
presence in Vietnam, based mainly on studies of
nematode samples from natural forests and a few
from agricultural and coastal sites, and a list of
soil-inhabiting nematodes taxa found attacked by
these bacteria are presented. There are no previous
records of Pasteuria (formerly under the generic
names Duboscqia and Bacillus) for Vietnam.

MATERIAL AND METHODS

Soil samples were collected in natural forests
and at a few agricultural and coastal sites in
different parts of Vietnam. Each sample consisted
mainly of 3-4 cores taken from the upper 0-35 cm
soil layer. Nematodes were extracted from soil
samples by a sieving-decanting procedure combi-
ned with a filtering technique (Nguyen & Ngu-
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Table 1. Nematode hosts of Pasteuria in Vietnam.

Nematode Number of Nematode stage* Presenc'e of Biotope
samples Pasteuria **

Order Tylenchida
Basiria sp. 1 F. M C, P forest
Cephalenchus sp. l F, M C, P forest
Cryphodera spp. 14 J C forest
Cryphodera sp. 1 M, J C forest
Discocriconemella sp. 1 F P forest
Filenchus spp. 6 F. M, J C, P forest
Helicotylenchus dihystera 2 F C agriculture
Helicotvlenchus erythrinae 1 F, M P forest
Helicotylenchus spp. 7 F, M, J C, P forest
Helicotylenchus spp. 8 F, M, ] C forest
Heterodera sp. 3 J C forest
Heteroderidae gen. indet. 3 J C forest
Hirschmanniella mucronata 2 F. M., C agriculture
Hirschmanniella oryzae 1 F C, P agriculture
Hirschmanniella shamini 1 F, M, J C agriculture
Meloidogyne spp. 5 J C agriculture
Meloidogyne spp. 12 J C forest
Meloidogyne spp. 1 J C coast
Pratylenchus dianthus 2 F C forest
Pratylenchus coffeae 2 F, M P forest
Pratylenchus sp. 2 F,J C, P forest
Pratylenchus sp. | F, M forest
Rotylenchus sp. 1 J forest
Scutellonema brachyurum 1 F C, P forest
Scutellonema paramonovi 1 F C forest
Sphaeronema sp. 1 J C, P forest
Trophonema sp. 1 J C.P forest
Tylenchorhynchus dalatensis 1 F,. M C.P forest
Tylenchorhynchus leviterminalis 2 F,. M, J C forest
Tylenchorhynchus sp. 2 F C forest
Tylenchulus sp. 3 J C forest
Order Dorylaimida
Axonchium sp. 2 J P forest
Axonchium sp. ) 1 J P agriculture
Basirotyleptus sp. 2 F P forest
Belondira sp. 2 J P forest
Carcharolaimus sp. | J P forest
Dorella sp. 1 F P forest
Laimydorus sp. 1 F P forest
Leptonchidae gen. indet. 1 F P forest
Longidorella sp. 1 F P forest
Oriverutus sp. 1 J C, P agriculture
Xiphinema ensiculiferum 1 F P forest
Xiphinema insigne 1 F,J P forest
Xiphinema longicaudatum 1 F.J P forest
Xiphinema sp. 1 J P forest
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Table 1. (continued). Nematode hosts of Pasreuria in Vietnam.

Order Enoplida
Alaimus sp.

Amphidelus sp.
Amphidelus sp.

—_ o = N

Etamphidelus sp.
Order Triplonchida
Paratrichodorus paramirzai 1
Tobrilus sp. |
Tripyla sp. 1
Order Araeolaimida
Aphanolaimus brasiliensis
Aphanolaimus brasiliensis

Aphanolaimus seshadrii

Ao o— —

Aphanolaimus sp.

F,J P forest
F P forest
F,J C. P forest
J P forest
J P. 1 forest
J P forest
F P. 1 agriculture
F.J P forest
F C forest
F,J C. P forest
F.J P forest

* F = female, M = male, ] = juvenile. ** C = cuticle, P = pseudocoelom,

ven, 1993). Sieving was first through a screen with
0.5 mm openings to remove coarse particles,
followed by filtering through a 200 mesh (75 pm
openings) sieve to retain the sediment containing
nematodes. After gentle washing, the sediment was
transferred to special 75 mm diameter and 20 mm
high sieves with 75 pm openings. Each of these
sieves was placed in a Petri dish (90 mm diameter)
and left for 48 h at room temperature. The ne-
matodes migrating through the sicves were
subsequently killed by gentle heat and fixed with
TAF. From the nematode suspensions obtained, a
total of 132 (119 from forests, t1 from agricultural
sites and 2 from coastal sites) were microscopically
checked for the presence of Pasteuria, with
bacterial spores attached to the nematodes cuticle
or with an internal infection. Permanent
microscope slides were prepared from many of the
attacked nematode specimens for subsequent
detailed studies.

RESULTS :

Pasteuria was found on or in nematodes at all
sampling sites, in 74 of the 132 nematode
suspensions checked (= 56% of all samples were
positive for Pasteuria). The presence of spores
attached to the nematode cuticle and/or internally
was found m a wide range of nematode taxa
(Table 1). Figures I and 2 show various stages of
development in different nematodes: ungerminated
endospores on the cuticle (Fig. 1A), germinated
endospores (Fig. | B, C, Fig. 2C), germinal tube
penetrating the nematodes cuticle and carly
mycelial cells in the pseudocoelom (Fig. 1C), large
mycelial colonies (Fig. 1D), advanced sporogenesis
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stages and fully developed sporangia (Fig. 2A), and
mature sporangia in the pseudocoelom or almost
filling the body cavity of the nematodes (Fig. 2B-
D). Species identification was possible only for
rather few of the hosts, because of too little
material available for identification, only juveniles
present in the samples or presence of obviously
still undescribed nematode species. The majority of
Pasteuria records are for members of the order
Tylenchida, followed by Dorylaimida and with
only low numbers in other orders (Table 2).
Among the Tylenchida, Pasteuria was most
frequently seen in second-stage juveniles of
heteroderids (Cryphodera, Heterodera and an un-
identified genus), where more than one-third of all
populations showed Pasteuria attack. In root-knot
nematodes (Meloidogyne spp.) and in spiral-
nematodes Helicotylenchus spp.), 30% of all sam-
ples of these nematodes were positive for
Pasteuria. Attack by Pasteuria was not observed in
members of, e.g., the order Rhabditida, which
were generally rare in the nematode suspensions.

Pasteuria endopores were commonly found on
the cuticle of females, males and juveniles in
members of the order Tylenchida but only
exceptionally seen attached to the cuticle of any
dorylaim nematode, where generally various
developmental stages of Pasteuria were observed in
the pseudocoelom. It is remarkable that in the
plant-parasitic nematode Paratrichodorus
paramirzai fully developed Pasteuria endospores
were seen also in the intestinal lumen (Table 2).
Pasteuria  endospores were also found in the
intestine of the predacious nematode Stenonchulus
sp. (not included into Table 1), which may have
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Table 2. Summarized records of Pasteuria hosts in Vietnam (n=123).

Nematode order

Number of records

T
Percentage of rccords

Tylenchida
Dorylaimida
Enoplida
Triplonchida
Araeolaimida

90
17
5
3
8

73.1 %
13.8 %
22 %
24 %
6.5 %

ingested the spores with the nematode prey. This
may be true also for Tobrilus, Tripyla and the
dorylaim Oriverutus, but these nematodes had also
an infection of the pseudocoelom (Table 1).

In 45% of all nematode samples ‘positive’ for
Pasteuria, the bacterial parasites were observed in
more than one nematode species. In 15 of these
samples Pasteuria occurred simultaneously in two
nematode taxa, in nine samples in three and in
three samples in four taxa. In the nematode
suspensions with four taxa the following nematodes
were attacked by Pasteuria: Cryphodera sp., He-
licotylenchus sp., Rotylenchus sp. and Axonchium sp.
in one sample, Filenchus sp., Basirotyleptus sp.,
Paratrichodorus paramirzai and Amphidelus sp. in
the second sample, and  Tylenchorhynchus
leviterminalis, Helicotylenchus sp., Heterodera sp.
and Tylenchulus sp. in the third sample. Pasteuria
in the different hosts were, in most cases,
distinguishable in dimensions and in other
morphological details of the sporangia and the
endospores.

DISCUSSION
The studies have shown that Pasreuria
commonly occurs in Vietham and that these

nematode-parasitic bacteria are widely distributed
in the country. Their actual incidence may even be
higher than 56% of all samples or sites studied,
because in many of the samples only low numbers
of nematodes were present and so the chance of
finding specimens attacked by Pasteuria is limited.
Moreover, nematodes damaged or killed by the
parasites cannot be isolated by the method used, in
which the nematodes have to move through sieves.

There are only very few reports worldwide,
where all nematode taxa isolated from soil samples
have been checked for the presence of Pasteuria or
studies on the presence of these parasites in
particular countries or regions (Sturhan, 1985,
1988a; Subbotin er al., 1994; Ciancio et al., 1994;
Barooti, 1989). Most studies were confined to
plant-parasitic  nematodes  (Elekcioglu,  1995;
Verdejo-Lucas et al., 1997; and others) or even to
certain genera such as Meloidogyne (Spaull, 1981;
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and others). Based on his own studies, Sturhan
(1985) assumed an occurrence of Pasteuria at at
least every tenth site in Germany and in the
Azores, and at least in 5% of all soil samples from
Iran. Subsequently, Sturhan (1988b) reported
almost every fourth site studied in Germany to be
positive for Pasteuria. Barooti (1989) found
Pastenria in 1.5% of all samples in Iran. Verdejo-
Lucas er al. (1997) observed Pasteuria on plant-
parasitic nematodes in 19 (=12%) of 160 soil sam-
ples from various crops in northeastern Spain. In
South Africa, Spaull (1981) observed Pasteuria
attack in 34% of the Meloidogyne populations in
sugarcane fields. In Vietnam the rate of samples
with Pasteuria in root-knot nematodes is expected
to be higher than the observed 30%, because in
many of the samples with Meloidogyne spp. only
very few second-stage juveniles were present.

Among the nematode taxa on Table 1 several
are reported as Pasreuria hosts for the first time
(compared with the most recent host list compiled
by Chen & Dickson, 1998). However, attachment
of the endospores at the cuticle, does not neces-
sarily mean that the spores germinate, cause an in-
ternal infection and develop to sporangia with
endospores in the pseudocoelom of the nematode.
Thus, nematode taxa with spores only seen on the
cuticle may not all be considered as hosts of
Pasteuria. Pasteuria penetrans in Meloidogyne and
P. nishizawae in Heterodera spp., however, pene-
trate the nematodes cuticle only after the second-
stage juveniles have invaded the host roots.

Our observations confirm previous observations
that Pasteuria from different hosts mostly appear
to be highly host-specific, with hosts confined to a
species, a genus or closely related nematode taxa.
The wide range of sporangia and endospore di-
mensions observed among Pasteuria on various ne-
matode taxa and  differences in  certain
morphological structures indicate that many dif-
ferent Pasteuria species are present in Vietnam. In
particular, Pasteuria  from Enoplida  and
Triplonchida hosts differed from the most com-
mon appearance of Pasreuria penetrans and the
other species described from nematodes so far.
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It is not known, which role Pasteuria spp. play
in the nematode communities and the ecosystems
in Vietnam, but it may be assumed that these
parasitic bacteria are of importance as antagonists
of nematodes. In particular, studies on P.
penetrans have shown that the presence of these
antagonists in soil and their application as
biological control agents have considerable
influence on populations of root-knot nematodes
(for details see, e.g., Chen & Dickson, 1998).
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Sturhan D., Nguyen N.C. [lapasutupyioumive B HemaTojax Oakrepuu pojaa Pasteuria Bo BbeTHame:

pacnpoCTpaHCHUE U XO35€Ba.

Pestome. [TopaxeHne GakTepusMu poja Pasteuria OTMEYEHO JUls HEMaTOA B 74 npobax u3 132 obpa3ios
MOYBbl, COOPaHHLIX B JIECAX, @ TAKXKE B HEKOTOPBIX CEIbCKOXO3SMCTBEHHBIX YrOAbiX M MPUOPEKHbIX
yuacTkax BoetHama. Cpeau 123 BbIABIEHHBIX HEMATOA-X0351€B, OOJIbIIYIO YaCTh COCTABIISIIOT HEMATO/1bI
orpana Tylenchida (¢ nomuHupoBanueM pasnuuHbiX Heteroderidae, a taxxe Helicotylenchus spp. u
Meloidogyne spp.). Bropoe mecto no yucny nopaxenuit Pasteuria 3anumarot Dorylaimida. [[ns MHOTMX
TAKCOHOB HEMATOA MopaxeHue Pasteuria oTMedeHo Brepsble. [louTH B nososuHe npol, coaepkallnx
3apaKeHHBIX HEMaTo[, MopaxeHue Pasteuria OTMEUEHO OJIHOBPEMEHHO Y HEMAaTO[ HECKOJbKHX
Pa3iMYHbIX TAKCOHOB. Pasjinuus B pa3sMepHbIX M MOP(OJOrHueckUX OCOOEHHOCTAX CIOPAHIMEB U

3HOOCIIOP,

BbISAIBJIEHHBIX Y HM3YUCHHBIX HEMATOH, YKa3blBA€T Ha TPUCYTCTBUE HECKOJIbKUX BHUI0B

Pasteuria Bo BperTHame. 3HaucHWe STHX OakTepuil, Kak aHTAarOHUCTOB (UTONAPA3ZUTHUECKHX H

[MMOYBEHHBIX HECMATOI BCE €LIC HE ONpeaAcTicHa.
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