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Summary. A total of 459 soil samples taken from the north to the south of Vietnam and from the coast 
to the high mountains were studied for the presence of Steinernema and Heterorhabditis. Using the 
baiting method :with wax-moth larvae, 4.8% of all samples proved to be positive for entomopathogenic 
nematodes, and using direct extraction of the nematodes from soil, 28% of the samples were positive. 
Ten Steinernema species and four Heterorhabditis species could be distinguished, based mainly on 
morphological characters of the infective juveniles. Five of these species have been described from 
Vietnam (Steinernema tami, S. loci, S. sangi, S. thanhi and Heterorhabditis baujardi) . With the exception 
of H. indica, all the other 'species' found could not be identified; several of the populations isolated 
appeared to be representatives of undescribed species. The highest diversity of entomopathogenic 
nematodes was found in forests, with eight Steinernema and three Heterorhabditis species. 

Key words: Distribution, entomopathogenic nematodes, forests, occurrence, Steinernema, 
Heterorhabditis, Vietnam. 

Entomopathogenic nematodes of the genera 
Steinernema and Heterorhabditis are promising 
biological control agents for many important insect 
pests and thus have attracted particular attention 
worldwide. More than 50 species in both genera 
are currently known, most of them described in 
recent years, among them several species from the 
East-Asian region. Numerous surveys on the 
occurrence and distribution of these nematodes 
have been conducted in many regions worldwide, 
including east and south-east Asian countries such 
as Japan (Yoshida et al., 1998), Korea (Lee et al., 
1996), Malaysia (Mason et al., 1996) and 
Indonesia (Griffin et al., 2000). 

Studies of entomopathogenic nematodes in 
Vietnam have started only recently. Nguyen and 
Nguyen ( 1997) recorded Heterorhabditis and 
Steinernema from Vietnam for the first time, and 
subsequently more data on natural occurrence of 
these nematodes were added (Nguyen et al., 1999). 
Pathogenicity tests were made with indigenous 
Steinernema and Heterorhabditis isolates obtained 
with the Galleria mellonella baiting technique 
(Nguyen et al., 1999). Subsequently, several 
isolates of entomopathogenic nematodes previously 
unknown to science have been described from 

Vietnam: Steinernema tami Luc, Nguyen, Reid & 
Spiridonov, 2000, S. sc;zngi Phan, Nguyen & 
Moens, 2001, S. loci Phan, Nguyen & Moens, 
2001, S. thanhi Phan, Nguyen & Moens, 2001, S. 
robustispiculum Phan, Subbotin, Waeyenberge & 
Moens, 2005, Heterorhabditis baujardi Phan, 
Subbotin, Nguyen & Moens, 2003 and H. indica 
Poinar, Karanukar & David, 1992 (Phan et al., 
2003). Of the new species S. tami, S. sangi and S. 
robustispiculum were recorded from forest soil, S. 
loci from sea beach and S. thanhi from garden soil 
near the beach. The description of H. baujardi is 
based on three populations collected in forests, 
and H. indica has been recorded for six different 
forests. 

The present paper summarises observations on the 
occurrence and distribution of entomopathogenic 
nematodes in Vietnam. Most of the studies were 
conducted in the years from 1999 to 2002 using 
the baiting method with larvae of the wax-moth, 
Galleria mellonella, as bait. In addition, a method 
of direct extraction of infective juveniles from soil 
samples was used, and identification of 
entomopathogenic nematodes found in the 
nematode suspensions was made. The 
morphometrics and some additional morphological 
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characteristics of the infective juveniles of the 
Steinernema and Heterorhabditis species found are 
presented. Several of the species identified have 
been described as new species; however, the 
majority of populations could not be identified as 
members of any of the species of Steinernema and 
Heterorhabditis currently known. 

MATERIAL AND METHODS 

The survey for entornopathogenic nematodes has 
been extended to all main regions of Vietnam, where 
a total of 459 soil samples were collected in several 
different and typical biotopes of the country. Among 
the samples, 65 were from fields, 66 from orchards, 27 
from coast line and 301 from forests. The soil samples 
were taken from the upper 0-35 cm soil layer and 
each consisted of 3-4 cores. From trees, the cores 
originated from around the base of a single tree or of 
adjacent trees of the same species. In the laboratory 
each soil sample was gently mixed and separated into 
two subsamples of 250 ml volume each. One part of 
the soil was used for baiting with Galleria mellonella 
larvae. 

A total of 104 samples of the second part of the 
soil samples were used for direct extraction of 
nematodes from soil using a sieving-decanting 
procedure combined with a still-filtering technique 
(Nguyen & Nguyen, 1993). Sieving was first through a 
screen with 0.5 mm openings to remove coarse litter 
and pebbles, followed by filtering through a 200 mesh 
(75 µrn openings) sieve to retain the nematode 
sediment. After gentle washing, the sediment was 
transferred to special 7 5 mm wide and 20 mm high 
sieves with 7 5 µrn openings. Each of these sieves was 
placed in a Petri dish (90 mm diameter) and left for 
48 h at room temperature. The nematode suspensions 
obtained were killed by gentle heat, fixed with T AF 
and microscopically checked for the presence of 
infective-stage juveniles of Steinemema and 
Heterorhabditis. N ernatodes from the isolates obtained 
by the baiting method were killed and fixed in the 
same way. Infective-stage juveniles of all samples were 
processed to anhydrous glycerine and mounted on 
permanent microscope slides for subsequent 
microscopic studies. Most voucher slides are deposited 
in the slide collection of the Department of 
Nernatology, Hanoi, and some slides are in the 
German Nematode Collection, Milnster. 

RESULTS 

A total of 22 of the 459 soil samples baited with 
Galleria revealed entornopathogenic nematodes ( = 

4.8%) . The method of direct extraction from soil 
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yielded 29 of the 104 samples 'positive' for 
entornopathogenic nematodes (= 28%). Based on 
rnorphornetrics and other morphological 
characteristics of the infective juveniles, ten 
Steinernema and four Heterorhabditis species could 
be distinguished (Table 1). Three of the 
Steinernema isolates obtained were meanwhile 
described as 'new' species (S. loci, S. sangi, S. 
thanhi) being isolated by the baiting method; of all 
other species or populations identified, no stages 
other than infective juveniles were available, and 
frequently only a few specimens or even a single 
specimen were isolated. 

Most of the species were found in tropical 
primary and secondary forests ( eight Steinernema 
and four Heterorhabditis species), one Steinernema 
species in a household orchard, another 
Steinernema species and a Heterorhabditis species 
in sandy soil close to the coast. One Heterorhabditis 
species was isolated by the baiting method from a 
temperate mountain region 2000 rn above sea level 
but, unfortunately, this isolate could not be 
maintained in the laboratory because it failed to 
produce a second generation on Galleria 
mellonella. Table 1 summarises details about 
habitat location and method of recovery. 

At {he coast line (Thach Ha, Ha Tinh prov.), 
S. loci and Heterorhabditis sp. 4 occurred together, 
in a sample from Muong Phang forest in Dien 
Bien province Steinernema sp. I occurred together 
with Steinernema sp. 6, in another sample from the 
same forest Steinernema sp. I plus Steinernema sp. 
2, and in two samples from tropical forest in Cuc 
Phuong national park Steinernema sp. 2 occurred 
in a mixed population with Steinernema sp. 3, and 
Steinernema sp. 4 occurred together with 
Heterorhabditis sp. 1. 

Morphometrics of the separated species of 
Steinemema are given in Table 2, and rnorphometrics 
of the Heterorhabditis species are given in Table 3. 
Additional morphological characteristics are 
summarized briefly below. For details about the 
identified Steinernema species see the original 
descriptions (Phan et al., 2001a, b). 

Steinernema sp. 1 
A medium-sized Steinernema species with 

juvenile morphological characters of the S. affine 
group. In its rnorphornetrics and other 
morphological characters it closely resembles S. 
affine; the excretory pore is in a slightly more 
anterior position and the hyaline tail portion 
slightly longer. Body of heat-relaxed specimens C
shaped, lip region continuous with body contour, 
conoid and mostly slightly flattened anteriorly. 
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Table 1. Entomopathogenic nematodes from Vietnam obtained in the present study, their prevalence in various 

biotopes, sites of occurrence and method of recovery. 

No. Species Biotope and locality (number of positive samples) Method of recovery 

I Steinernema sp . I Primary tropical forest , Ngoc Linh mountain , 1000 m above sea Extraction 
level, Quang Nam prov. (3) 

Secondary tropical. forest, Muong Phang, Dien Bien prov. (6) Extraction 

Primary tropical forest, Thuong Xuan, Thanh Hoa prov. (2) Extraction 

Primary tropical forest, Ba Yi national park, Ha Tay prov. (3) Extraction 

Primary tropical forest , Cuc Phuong national park, Ninh Binh Extraction 
prov . (2) 

2 Steinernema sp . 2 Primary tropical forest, Cuc Phuong national park, Ninh Binh Baiting and 
prov. (2) extraction 

Primary tropical and secondary forest, Muong Phang, Dien Extraction 
Bien prov . (I) 

Forest, Cuc Phuong national park, Ninh Binh prov. (I) Extraction 

3 Steinernema sp. 3 Stone forest, Ha Long, Thach An, Cao Bang prov. (2) Extraction 

Primary tropical forest, Cuc Phuong national park, Ninh Binh Extraction 
prov. (I) 

4 Steinernema sp. 4 Secondary bamboo forest, Dien Bien, Lai Chau prov. (I) Extraction 

Primary tropical forest , Cuc Phuong national park, Ninh Binh Extraction 
prov. (I) 

5 Steinernema sp. 5 Secondary bamboo forest, Quan Ba, Ha Giang prov. (I) Extraction 

6 Steinernema sp . 6 Secondary bamboo forest, Muong Phang, Dien Bien prov. (I) Extraction 

7 Steinernema sp. 7 Primaiy tropical forest, Cuc Phuong national park, Ninh Binh Extraction 
prov. (I) 

8 Steinernema loci Bush tree on coastline , sandy soil, 150 m from sea, Thach Ha, Baiting and 
Ha Tinh prov. (I) 

extraction 

Stone forest, Dong Loan , Cao Bang prov . (I) Extraction 

9 Steinernema thanhi Household orchard , Tinh Gia, Thanh Hoa prov . (I) Baiting and 
extraction 

10 Steinernema sangi Primary tropical forest, Thuong Xuan , Thanh Hoa prov. (I) Baiting and 
extraction 

11 Heterorhabditis sp. I Secondary forest, Dien Bien, Lai Chau prov. (2) Baiting and 
extraction 

Prima1y tropical forest, Cuc Phuong national park, Ninh Binh Extraction 
prov . (I) 

12 Heterorhabditis sp. 2 Soil around base of a wild tea, temperate mountain, 2000 m Baiting and 
above sea level , Sapa, Lao Cai prov. (I) extraction 

13 Heterorhabditis sp. 3 Primary tropical forest , Nam Cat Tien national park, Dong Nai Extraction 
prov . (I) 

14 Heterorhabditis sp. 4 Bush tree on coastline , sandy soil, 150 m from sea, Thach Ha, Baiting and 
Ha Tinh prov. (I) extraction 

Trees at coast, sandy soil, Cu Lao Cham Islands, Quang Nam Extraction 
prov. (I) 
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Table 2. Morphometrics of infective juveniles of Steinernema species from Vietnam. 

Steinernema Steinernema Steinernema 
Character Sp. 1 Sp. 2 Sp. 3 

n=20 n=26 n=20 

Body length 657 ± 58 500 ± 25 580 ± 36 

(µm) 526-776 466-539 512-629 

Body width 24.8 ± 2.7 21.4 ± 0.9 21.5±1.6 

(µm) 21 .6-30.8 21.6-30.8 19.6-25 .0 

Anterior end to 51.2±4.2 31.2± 1.3 33 .2 ± 1.5 

excr. pore (µm) 41.6-57 .3 28.5-34.3 30.4-35 .3 

Oesophagus 112 ± 6.4 101 ± 4.2 112 ± 6.8 

length (µm ) 101-124.5 93-110 97-126 

Tail length (µm) 64 ± 7.7 45 ± 1.9 52 ± 2.2 

54-83 42-49 47-55 

Hyaline tail 34.3 ± 5.3 19.1 ± 1.3 15.4±1.5 

length (µm ) 27.4-50.9 16.2-21.5 12.0-17 .6 

a 26 .6 ± 2.3 23 .5 ± 1.1 · 26 .9 ± 1.6 

20.7-30 .0 20 .7-26 .9 23 .6-30 .5 

b 5.8 ± 0.3 4.8 ± 0.2 5.2 ± 0.3 

5.0-6 .5 4 .5-5.4 4.8-5 .9 

C 10.4 ± 0.5 11.0 ± 0.5 11.2 ± 0.5 

9.3-11.6 9.3- 11 .8 10.0-12.2 

c' 4.4 ± 0.5 4.0 ± 0.2 3.7 ± 0.4 

3.8-6 .0 3. 7-4.4 3.2-4.6 

EP (%)1 45 .5 ± 2.4 30 .8 ± I. I 29 .5 ± 1.8 

40.4-49.5 28 .1-32.6 24.4-32.4 

H (%)2 53 .7 ± 3.6 42 .2 ± 2.8 30 .0 ± 3.0 

46 .2-61 .1 36 .7-51.2 22 .6-33.9 

l Anterior end to excretory pore in % of oesophagus length. 
2 Length of hyaline tail portion in % of tail length . 
* Data from original descriptions. 

Steinernema Steinernema Steinernema Steinernema Steinernema 

sp. 4 Sp. 5 Sp. 6 Sp. 7 loci* 

n=4 n=l n=l n=8 n=50 

362 ± 30 1038 1009 537 ± 26 986 ± 45 

310-389 500-582 896-1072 

21.5 ± 1.6 29.9 28 .5 23 .7 ± 1.3 36.5 ± 2.7 

19.6-25 .0 21-25 30.4-44.8 

33 .2 ± 1.5 74.5 70.0 54.6 ± 1.9 80.1±3.3 

30 .4-35 .6 52-57 .5 71 .2-86.4 

85 .5 ± 1.4 144 139 115 ± 5 141 ± 5.8 

83-87 107- 125 126-155 

36 ± 2.4 71 88 63 ± 1.5 75 ± 4 .0 

33-39 61 -66 66-83 

15 .2± 1.2 38 50 34.4 ± 1.9 Not available 

13 .2-16 .2 31-37 

21.1 ± 0.3 34.7 34.5 22.7 ± 1.2 27 .1 ± 1.4 

20 .6-21.5 20 .6-24.4 23.9-29 .7 

4.2 ± 0.3 7.2 7.2 4.7 ± 0.1 7.0 ± 3.6 

3.7-4.5 4.4-4 .8 6.3-7 .9 

10.0 ± 0.5 14.7 11.4 8.6 ± 0.5 13.1 ± 0.85 

9.3-10.8 7.9-9.3 11.4-15.4 

4.1 ± 0.2 3.6 5.6 4.5 ± 0.3 57 ± 3 

3.9-4.4 4.1-5 .2 52-63 

32 .8 ± 0.4 51.7 50.3 47 ± 2.3 56.8 ± 2.6 

32.4-33 .5 43-51 51.63 -62 .5 

42.1 ± 3.0 53 .5 56 .8 55 ± 2.2 46 ± 3 

39.6-47 .2 50 .5-58 40-52 

Steinernema Steinernema 

thanhi* sangi* 

n=50 n=50 

851 ± 57 753 ± 18 

720- 960 704-784 

31.4 ± 2.5 34.5 ± 2.2 

27.3-2-39 .2 29.6-39.6 

74.8 ± 3.8 50 .5 ± 1.8 

67 .6-84.4 46 .0-53 .6 

129±6.4 127 ± 3.8 

115-146 120-138 

63 ± 4.4 81.3±3 

52-72 76-89 

Not available Not available 

27 .1 ± 1.9 21.8± 1.2 

23 .3-33 .2 19.3-24.3 

6.6 ± 0.32 5.9 ± 1-0.7 

5.8-7 .6 5.5-6 .3 

13 .5±0.7 9.2 ± 0.3 

12.0-15 .5 8.6-10.1 

58 ± 4 40 ± 1.7 

52-67 36-44 

58 .1±3.2 39 .7 ± 1.6 

51.9-66.6 36 .2-44.0 

40 ± 4 49 ± 2.6 

33-46 44-52 

Steinernema 

tami* 

n=20 

530 ± 40 

400-600 

23 ± 2 

19-29 

36 ± 2 

34-41 

117 ± 4 

110-123 

50 ± 4 

42-57 

Not available 

23 ± 2 

19-28 

5 ± 0.3 

3.7-5 .1 

11 ± 0.5 

9-11 

Not 

available 

31 ± 0 

28-34 

40 ± 10 

30-50 
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Table 3. Morphometrics of infective juveniles of Heterorhabditis species from Vietnam obtained in the present study. 

Heterorhabditis sp. 1 Heterorhabditis sp. 2 Heterorhabditis sp. 3 Heterorhabditis sp. 4 
Character n=22 
Body length (µm) 538 ± 30 

509-605 
Body width (µm) 18 .3 ± 1.1 

15.7-20.6 
Anterior end to excr. pore (µm) 98.2 ± 3.9 

95-109 .6 
Oesophagus length (µm) 113 ± 3.5 

110.3-121.5 
Tail length (µm) 96.5 ± 9.3 

88.2-127.4 
a 29.3 ± 1.1 

28.2-32.4 
b 4.7 ± 0.2 

4.6-5 .6 
C 5.5 ± 0.3 

4.7-5.7 
c' 8.3 ± 0.6 

7.4-9.8 
EP (%) 87 ± 2.5 

81.5-91.5 

Lateral fields with indistinct marginal lines, 
prominent submarginal lines and three indistinct 
inner lines. Bacterial vesicle large, generally more 
than two body widths long, with large bacteria. 
Tail usually with a slight depression at the dorsal 
side, tail terminus pointed, non-refractile. 

Steinernema sp. 2 
A small Steinernema species with excretory pore 

in an anterior position. Body slightly curved to 
almost straight. Lip region rounded, not offset 
from body contour. Lateral fields with marginal 
dorsal line rather indistinct, submarginal dorsal 
line prominent and extending as an elevated ridge 
to almost tail end; ventral marginal ridge of lateral 
field consisting of two close lines, rather distinct; 
inner four lines indistinct. Tail concave at ventral 
side, curved ventrad, terminus slender, finely 
pointed. 

Steinernema sp. 3 
A rather short Steinernema species with the 

excretory pore in an anterior position and with a 
short hyaline tail portion. Body of heat-relaxed 
specimens curved to almost straight. Most of the 
infective juveniles still within second-stage 
cuticle (which is rarely observed in Steinernema 
juveniles extracted from soil). Anterior end 
rather wide, continuous with body contour and 
rounded anteriorly. Lateral field with 
submarginal lines distinct and usually also the 
dorsal marginal line, other lines indistinct. Tail 
straight, evenly conoid, terminus pointed or finely 
rounded. In measurements and other 
morphological characters this species is close to S. 
carpocapsae and S. websteri. 

n=24 n=6 n=20 
510 ± 31 525 ± 14.5 482 ± 67.5 
446-576 507-540 332-614 

20.4 ± 1.1 23 .7 ± 1.8 25 .6 ± 3.6 
18.4-22 21.2-25.8 19.5-35.5 

76.6 ± 5.8 93.4 ± 3.9 89 ± 12 
67 .6-88.3 89.2-97.5 69.5-110 
110.3 ± 3 118 .9 ± 2.4 113 .5 ± 14 
103-117 115-122.4 90.5-137 

88.4 ± 6.8 36 ± 4.2 62 ± 12 
74.5-102 30.4-41.4 44.5-87 

24.9 ± 1.8 22 ± 0.7 19.4±2.4 
21.6-30 21-23 13.5-22.5 

4.6 ± 0.2 4.6 ± 0.1 4.3 ± 0.4 
4.0-5 .1 4.5-4.8 3.3-5.4 

5.8 ± 0.3 14.8 ± 2 8.1 ± 1.4 
5.2-6.5 13-17 .7 6-11.7 

6.3 ± 0.5 5.2 ± 0.3 Not available 
5.1-7.4 4.7-5 .7 

69 ± 4.7 77 ± 2.2 78 ± 4 
61.7-78.6 74.4-81 71-86 

Steinernema sp. 4 
An extremely small species, shorter than any of 

the Steinernema species described so far, with 
excretory pore in anterior portion of body. Body 
slightly curved to the ventral side, lip region 
rounded, continuous, tail conoid and slightly 
concave at ventral side. Tail terminus sharply 
pointed. Bacterial vesicle small. Lateral field with 
dorsal marginal and submarginal lines and ventral 
marginal lines distinct, inner lines indistinct. 

Steinernema sp. 5 
Only a single, poorly preserved infective 

juvenile found, belonging to the S. glaseri group: 
Body > 1000 µm long, lip region broad, excretory 
pore posterior to middle of oesophagus, lateral 
field wide, with nine evenly spaced and developed 
lines, tail straight, narrowing in hyaline posterior 
part, c-ratio rather high. 

Steinernema sp. 6 
Also only one specimen found, with rather long 

body, but probably not a member of the 'glaseri' 
group. Body almost straight. Lip region rounded. 
Tail straight and more or less uniformly tapering to 
a pointed terminus; hyaline tail portion more than 
50% of tail length. Excretory pore located behind 
middle of oesophagus. Lateral field with marginal 
and/or submarginal lines rather distinct and inner 
lines indistinct. 

Steinernema sp. 7 
Infective juveniles rather short, with curved 

body, excretory pore in mid-oesophagus region, 
straight conical tail with dorsal depression, large 
bacterial vesicle containing long bacteria, lateral 
fields with only the submarginal lines distinct. 
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Main character distinguishing this species from all 
described Steinernema species is the asymmetrical 
and oblique lip region, which is recessed towards 
the dorsal side. 

Heterorhabditis spp. 
Four populations, which may be representatives 

of separate species, could be distinguished using 
morphometrics of the infective-stage juveniles. In 
most of the morphological characters, 
Heterorhabditis sp. 1 and Heterorhabditis sp . 2 
resemble H. indica and H. baujardi. Both species 
are rather widely distributed in Vietnam; they are 
morphologically differentiated only by spicule 
shape in male, but they are nearly the same in 
infective-stage juveniles characters (Phan et al., 
2003a). Two populations of Heterorhabditis sp. 1 
extracted from soil samples of Muong Phang forest 
and Heterorhabditis sp. 2 · extracted from a soil 
sample of Sapa mountain forest are distinguished 
only by the distance of the anterior end to 
excretory pore and index 'c'. Heterorhabditis sp. 3 
is mainly characterised in having the shortest tail 
among the four 'species' differentiated. In 
Heterorhabditis sp. 4, the average body length and 
index 'a' are less than in any of the currently 
known Heterorhabditis species (Tab.2). 

DISCUSSION 

The survey revealed that entomopathogenic 
nematodes are widely distributed in Vietnam, 
occurring from the north to the south of the 
country, and from the coastal area to the high 
mountain region. The trap method with G. 
me/lone/la larvae as a bait appears to indicate a low 
prevalence of Steinernema and Heterorhabditis 
( 4.8% positive samples) but direct extraction of 
infective juveniles from soil indicated a much 
greater incidence of entomopathogenic nematodes 
(28% positive samples). The greater efficiency may 
be due to the fact that the wax-moth Galleria .. is 
not a suitable host for certain of the Steinernema 
and Heterorhabditis species and that 
entomopathogenic nematodes occurring at low 
population densities are unable to cause an 
infection of the host. 

The species diversity is high in Vietnam. 
Besides S. loci, S. sangi, S. thanhi and S. robusti
spiculum previously reported from Vietnam ( Phan 
et al., 2001a, b, 2003b), seven additional Steiner
nema 'forms' or 'species' could be distinguished by 
morphological characteristics of the infective-stage 
juveniles, one of these possibly being S. tami, a 
species described from the primary forest in Cat 
Tien National Park (Luc et al., 2000). Four 
Heterorhabditis 'species' were distinguished, two of 
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which have infective juvenile morphological 
characters that are close to those of H. indica and 
H. baujardi, and at least one of the remaining two 
'species' obviously represents an undescribed 
species. Heterorhabditis indica has been reported 
from ten sites in Vietnam and the description of 
H. baujardi is based on isolates from three 
localities in Vietnam (Phan et al., 2003a). 

Surveys for entomopathogenic nematodes in 
other Asian countries, which were all conducted 
using the Galleria baiting method, differed in pa11 
from the results obtained for Vietnam. In Japan, 
I 0% of the soil samples were positive; eight 
Steinernema and two Heterorhabditis species were 
found (Yoshida et al., 1998). In 200 samples from 
various biotopes in Korea, four revealed 
Steinernema and one Heterorhabditis ( Lee et al., 
1996). In Malaysia, entomopathogenic nematodes 
were recovered from 10% of 425 samples assayed; 
two genetic types of Steinernema, Heterorhabditis 
indica and a new Heterorhabditis species were found 
(Mason et al., 1996). In Indonesia, 20.3% of the sites 
sampled were pos1t1ve for entomopathogenic 
nematodes (H. indica, two types of Steinernema), 
but all records were only from coastal sites (Griffin 
et al., 2000). Also in Sri Lanka, entomopathogenic 
nematodes were only found in the coastal area (33 
of 129 samples positive), where three Steinernema 
and two Heterorhabditis genetic types were 
distinguished, while none of 189 inland sites, 
including natural forests, provided a positive assay 
(Amarsinghe et al., 1994 ). In Pakistan, 
entomopathogenic nematodes were detected from 
12.4% of the sampling sites, with three 
Steinernema and 59 Heterorhabditis isolates 
obtained (Shahina et al., 1998). 

The number of species occurring in Vietnam 
appears to be higher than in most of these 
countries, as well as in most other countries 
worldwide, where surveys have been conducted. 
Five identified Steinernema species and two 
Heterorhabditis species had previously been 
reported for Vietnam. The present study has shown 
that many additional species are present in the 
country, among them most probably also species 
new to science. The species diversity is particularly 
high in natural forests but entomopathogenic 
nematodes appear to be almost absent in 
agricultural ecosystems. 

Extension of the present survey in Vietnam is 
highly recommended, with improvement of the 
baiting method by using different trap hosts, the 
more frequent use of direct extraction of infective 
juveniles from soil and the inclusion of molecular 
methods for identification and discrimination of 



isolates, populations or even a few selected 
specimens obtained by direct extraction from soil. 
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HeMaTO.U BO BbeTHaMe. 

PeJIOMe. bblJlO HCCJle.UOBaHO 459 npo6 n04Bbl co6paHHbIX OT CeBepa .uo lOra BbeTHaMa, H OT 

no6epe)Kb51 .uo BbICOKoropb51. Opo6bt 6bIJ1H o6cne.uoBaHbI Ha np11cyTcrn11e HeMarn.u po.uoB Steinernema H 

Heterorhabditis. C HCnOJlb30BaHHeM MeTo.ua npHMaHOK C ryceHHUaMH 60JlblllOH BOW,HHHOH MOJlH 

)HTOMOnaToreHHbie HeMaTO.Ubl 6hIJlH Bb151BJleHbl B 4.8% BCex npo6 004Bbl. MeTO.U np51MOro BbI.Uenemrn 

Jll14HHOK 3HTOMonaToreHHbIX HeMaTO.U Bb151BHJI HX B 28% BCex npo6. 0cHOBbIBa51Cb Ha oco6eHHOCT51X 

Mopcponorn11 Jll14HHOK, .uec51Tb BH.UOB Steinernema H 4eTbipe BH.Ua Heterorhabditis MoryT 6bITb 

.u11cpcpepeHUHpOBaHbl. 051Tb H3 3THX BH.UOB 6h!JlH onHCaHbl H3 BbeTHaMa (Steinernema tami, s. loci, s. 
sangi, S. thanhi and Heterorhabditis baujardi). 3a HCKJlI04eHHeM H. indica, Bee .upyrne BbrnBneHHbte 

cpopMbl He MoryT 6bITb onpe.ueneHbl .uo BH.Ua. HecKOJlbKO H3 BbI.UeJleHHbIX norryn51UHH 51BHO 

npe.ucTaBJl51IOT HOBbie BH.Ubl. HaHBbICwee pa3H006pa3He cpayHbl 3HTOMOnaToreHHbIX HeMaTO.U 6b1Jl0 

o6Hapy)KeHo B Tpon114ecKHX necax (BoceMb BH.UOB Steinernema H TPH BH.Ua Heterorhabditis). 


