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NATURALLY OCCURRING ENTOMOPATHOGENIC NEMATODES
IN THE PROVINCE OF EAST-FLANDERS, BELGIUM

.
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Summary. A survey of naturally occurring entomopathogenic nematodes was undertaken in the province of
East-Flanders, Belgium. A total of 180 samples were taken from 31 sites of different agronomic characteristics.
Using the Galleria larva bait technique, eleven soil samples were found positive for entomopathogenic nemato-
des. Morphometrics identified seven populations as Steinernema feltiae and four as Steinernema affinis. These
identifications were confirmed biochemically. The entomopathogenic nematodes were detected in woodland
(3.3%), roadside verges (2.2%) and in grassland (0.5%) but not in cultivated fields. They occurred in soils with
63-95% sand fraction and 3.7-9.3% organic matter. Neither species was pathogenic to the blackvine weevil
Otiorhynchus sulcatus but showed different levels of infectivity to Galleria mellonella.

Entomapathogenic nematodes of the Steiner-
nematidae and Heterorhabditidae (Nemata:
Rhabditida) families have great potential for the
biological control of many important insect
pests. However, they differ in their pathogenic-
ity to a particular insect pest (Poinar, 1990).
Many populations have been isolated using the
Galleria mellonella bait technique (Bedding and
Akhust, 1975) and surveys using this method
have revealed that these nematodes are distrib-
uted worldwide (Poinar, 1990).

Environmental conditions affect the level of
control by entomopathogenic nematodes in the
field. Therefore, collection of indigenous nema-
todes may be more suitable for inundative re-
lease against local insect pests because of their
adaptation to local climate and population regu-
lators (Bedding, 1990).

In Belgium, the only survey of entomopatho-
genic nematodes was undertaken mainly in the

West-Flanders province (Miduturi et al., 1995).
The survey reported here was carried out in the
East-Flanders province of Belgium with the
aims of isolating indigenous entomopathogenic
nematodes, studying their distribution in rela-
tion to soil type and habitat and their pathoge-
nicity to Oriorbynchus sulcatus Fabricicus and
G. mellonella L.

Materials and methods

A total of 180 soil samples were collected
from 31 locations of varied habitat types (grass-
land, woodland, cultivated land and roadside
verge) from the East-Flanders province of Bel-
gium (Table D). At each sampling site, four or
five random sub-samples of approximately 200
ml were collected to a depth of 10 cm over an
area of 40-50 m?. A representative sample of

! Present address: Sugarcane Research, P.O. Box 30031, Kibaha, Tanzania.
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TaBLE 1 - Survey of entomopathogenic nematodes in East-Flanders, Belgium.

Site Habitat O?I;mmb;i s pH ?;%321; fraizgi % Result
content %

Aalter roadside verge 5 6.1 9.7 92 + (449
Bazel cultivated field 5 3.6 6.4 69 -
Belsele woodland 5 3.9 5.9 85 -
Brakel roadside verge 5 7.0 9.3 40 -
Daknam cultivated field 5 5.8 12.6 93.2 -
Deinze woodland 5 4.0 6.3 88.2 + (7D
Drongen woodland 5 5.6 5.6 77.6 -
Eke roadside verge 5 7.2 4.5 89.2 + (7D
Gontrode woodland 20 3.7 11.9 66.6  + (1,8
Gijzegem roadside verge 5 4.2 11.9 73.6 -
Kallo shrubland 5 7.2 9.4 77 -
Kaprijke woodland 5 43 8.0 93 -
Kemzeke woodland 5 3.9 4.2 91.2 -
Knesselare grassland 4 5.5 11.5 80.6 -
Landskouter woodland 5 3.6 8.8 92 +(j33, j35)
Maldegem grassland 5 4.2 9.4 94.4  + (j127)
Meigem roadside verge 5 7.6 5.8 79 + (j70)
Melle woodland 10 3.6 12.3 82 + (j24)
Melle shrubland 5 5.7 7.3 74.2 -
Mere roadside verge 5 6.0 9.2 41 -
Nevele roadside verge 5 7.1 8.4 78 -
Ninove roadside verge 5 5.3 5.3 34.2 -
Oudenaarde shrubland 5 6.1 0.5 39.4 —
Ophasselt woodland 5 5.9 10.7 560.4 —
Overmere roadside verge 5 6.6 7.0 93 -
Vinkt grassland 5 7.0 6.5 66.2 -
Waasmunster woodland 5 39 3.7 85 -
Wachtebeke roadside verge 5 5.7 9.9 90.6 -
Wetteren roadside verge 6 6.0 8.2 75 + (57D
Wetteren woodland 10 4.7 6.3 77 -
Zelzate grassland 5 5.6 3.8 93 -

+: entomopathogenic nematodes detected,; -: entomopathogenic nematodes not detected.

250 ml was placed in a plastic box and five last
instar larvae of G. mellonella were added. The
boxes were incubated at 20-25 °C. After 3-5
days dead larvae were transferred to a White
(1927) trap to extract the infective juvenile nem-
atodes. All the samples were baited three times
with Galleria to obtain the maximum number
of positive samples. The infective juveniles col-

lected from the White trap were checked for
their pathogenicity to Galleria larvae. Nema-
todes were stored in aerated water at 5 °C until
required.

Infective juveniles were killed and fixed in
4% hot formaldehyde. Fixed nematodes were
transferred to anhydrous glycerine and perma-
nent slides were prepared. All measurements
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were made using a drawing tube attached to a
light microscope. Identification of nematodes
was made using morphological criteria de-
scribed by Poinar (1990).

To mesure pH 20 g of soil was suspended in
100 ml of distilled water and shaken for 3
hours. The organic matter content of each soil
sample was determined by the ignition process
and calculated using the percentage by weight
method (Andrews, 1973). The soil samples were
processed with a Coulter LS 100 fluid module
apparatus for particle size analysis; it gave the
relative presence of the clay fraction (<4 pm),
the silt fraction (4-63 um) and the sand fraction
(> 63 um).

DNA was extracted (Joyce et al., 1994) from
five to ten infective juveniles from the same
population. Nematodes were cut into two or
more pieces in a drop of double distilled water
on a glass slide under a microscope. Ten ul of
water containing the nematode pieces were
transfered into an Eppendorf tube with 8 ul
WLB (worm lysis buffer: 125 mM KCI, 25 mM
Tris-HCl pH 8.3, 0.375 mM MgCl,, 2.5 mM DTT,
1.125% Tween 20 and 0.025% gelatin) and 2 wl
proteinase K (600 pug/ml) was added. Each Ep-
pendorf tube was put in a freezer at -80 °C
overnight. The next day the DNA extraction
mixture was incubated at 65 °C for one hour
and then heated at 95 °C for 10 minutes. After
centrifugation (5 minutes; 14,000 rpm) 5 ul of
the supernatant was used in a PCR reaction.

PCR amplifications were performed in 50 ul
volumes containing the following constituents:
5 ul 10 x PCR buffer, 5 ul MgCl, (25 mM), 1 pl
dNTP mixture (10 mM each), 0.5 ul AB 28 (18S
forward primer), 0.5 pul TW 81 (26S reverse
primer), 0.8U goldstar Taq DNA polymerase
(Eurogentec), 5 w1 worm lysate and ddH,O to
makeup to 50 pl. This mixture was placed in a
thermocycler already heated to 94 °C and sub-
jected to a hot start of 5 minutes at 94 °C fol-
lowed by 40 cycles (denaturation at 94 °C for 1
minute, annealing at 55 °C for 1.5 minutes and
polymerisation at 72 °C for 2 minutes). A five

minute polymerisation period at 72 °C followed
the last cycle in order to complete any partially
synthesized second strands. PCR products were
stored at -20 °C until required.

Following the PCR, each sample and a suit-
able control product was digested with Alu I
and HinfT (1 ul 10x enzyme buffer, 6 ul PCR
product, 2 pl ddH,O and 1 ul restriction en-
zyme). The mixture was incubated at 37 °C for
4 hours. Later the products were run on a 1.5%
agarose gel in 1 x TAE at 100 V for 3.5 hours.
The gel was viewed on a UV transilluminator
and photographed. The populations were iden-
tified by comparing their RFLP patterns to the
pattern database of known isolates (Reid, 1994).

For each isolate, a nematode suspension
(100 infective juveniles) was pipetted onto the
surface of a moistened filter paper in 9 cm di-
ameter Petri plates. Five larvae of G. mellonella
or G. sulcatus were placed on the paper. The
Petri plates were then sealed with Parafilm to
maintain high humidity and kept in an incuba-
tor at 23 + 1 °C. Each entomopathogenic nema-
tode strain was inoculated four times. After four
days the cadavers were opened and the number
of fourth stage juvenile or pre-adult nematodes
which entered were counted. After log-transfor-
mation, data analysis was performed using anal-
ysis of variance (ANOVA) (Snedecor and Co-
chran, 1978).

Results

Entomopathogenic nematodes were recov-
ered from nine out of the 32 sampling sites (Ta-
ble D. Among the 180 samples collected, eleven
samples (6.1%) were positive for entomopatho-
genic nematodes. By their ability to multiply on
G. mellonella all the isolates proved to be en-
tomopathogenic.

The results of the morphometric observa-
tions on the isolates are summarised in Table II.
Features distinguished on infective juveniles
were body length less than 1000 um and body
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width between 18 and 31 um. Lateral lines were
visible on the cuticle surface, the mouth and
anus were closed and the intestine was col-
lapsed. The excretory pore was positioned ante-
rior to the nerve ring and bacteria were present
in a sac positioned adjacent to the pharyngeal
bulb. The tail was short (less than 100 pum). In
some individuals a small refractile spine was
present at the tail tip. These features indicated
that all the isolates were Steinernema spp.
Morphometric identification to species level
was carried out on all of the eleven isolates and
by comparison with the revised descriptions of
Poinar (1990). The overall average length and
average width of all isolates were 825 um (518-
996 um) and 25 um (18-31 um), respectively.
Among the eleven populations seven were
comparable to Steinernema feltiae Filipjev. For
all these isolates total length, tail length and ra-
tios B and C were consistent with the revised
descriptions (Poinar, 1990). However, mean val-
ues were overlying the range of these descrip-

tions for the following characters (population):
distance head to excretory pore (j 127), distance
head to nerve ring (j57), distance head to pha-
ryngeal base (j71, j127), ratio A (j57 and j127),
ratio D (j24) and ratio E (j24, j44, j71 and j127).

The mean values of the remaining four iso-
lates fit into the descriptions of S. affinis Bovien
by Poinar (1990) for the following characters:
greatest width, distance head to excretory pore
and ratios A, C and E. Differences were found
for total length (j70, j77), distance head to nerve
ring (j77), distance head to pharynx base (j1,
i70, j77), tail length (j70) and ratios B and D
(. The inconsistency of some morphometric
characters led to the biochemical characteriza-
tion using PCR-RFLP.

All of the isolates yielded a 800-900 bp frag-
ment upon PCR amplification (Fig. 1). Upon di-
gestion with Alu 1 and HinfT, I the isolates were
classified as follows (Fig. 2): j , 35, j44, i57,
j71 and j127 as S. feltiae and ]1, ]33, 70 and i77
as S. affinis. The PCR amplification yielded fur-

TasLe IT - Morphometrics of infective juveniles of isolates of entomopathogenic nematodes from East-Flanders-Belgium
competrable to Steinernema feltiae amd Steinernema affinis.

Character  jl (Gonuode) 8 (Gontrode)  j24 (Melle) (Lan d]jlimler) (Landfljouter) 44 (Aalter) (Wclzzren) 70 (Meigem) 71 (Deinze) 77 (Bke) (Mﬂl]:é;em)
Total length 667(518-824)  913(714-930)  917(836-984)  711(480-780)  869(848-996)  802(587-906)  774(669-801)  827(778-931)  876(704-911)  897(606-930)  824(700-902)
Greatest width 26(22-31) 262231 28(26-31) 25(21-29) 26(24-29) 23(20-31) 23(19-26) 26(23-30) 23(21-31) 26{25-30) 24(18-28)
Distance head 56(48-60) 66(56-75) 55(33-60) 55(42-62) 58(55-74) 55(47-59) 55(34-61) 58(52-75) 061(58-71) 57(39-03) 52(35-60)
to excretory
pore
Distance head 87(76-88) 99(90-110) 90(74-98) 83(66-98) 92(79-112) 95(90-100) 87(80-90) 80(84-111) 95(90-113) 98(90-113) 89(80-94)
to nerve ring
Distance head — 145(132-163)  139(131-163)  142(122-163)  129(110-146) ~ 137(122-153)  137(124-142)  136(121-153)  135(131-142)  130(125-146)  134(125-151)  129(120-140)
to pharynx
hase
Tail length 62(50-72) 85(09-87) 87(79-100) 63(41-72) 83(76-91) 85(72-90) 7206977 80(78-87) 95(81-103) 78(72-85) 75(69-89)
Ratio a 25(20-34) 31(28-35) 32(26-30) 28(22-34) 33(31-38) 30(29-39) 27(25-33) 25(21-32) 34(31-38) 30026-34) 26(20-34)
Ratio b 4.7(3.16.4) 6.0(54-6.3) 6.3(4.1-7.5) 55(4.3-62) 6.7(5.68.0) 5.8(5.2-6.0) 55(5.2:5.5) 5.9(55-6.0) 6.3(5.8-0.7) 6.1(59-6.2) 6.2(6.0-65)
Ratio ¢ 11109.0-155)  10.7(9.7-1L1) 10592119  11.3(9.0-12.6) 108(102-11.9)  94(9.29.6) 107(10.1-11.D) 103(9.9-106)  92(9.0-10.1) 1150106119 10.9(9.7-11.1)
Ratio D 038(0.31-0.44) 0.40(0.31-045) 038(0.22-0.45) 0.43(0.36-047) 043(0.39-0.56) 0.41(0.39-0.56) 046(0.38-0.56) 0.45(0.31-0.56) 0.51(0.49-0.56) 0.43(0.36-0.47) 0.5(0.48-0.52)
Ratio E 0.85(0.77-1.1)  0.74(0.72-0.77) 0.61(0.59-0.71)  0.89(0.75-L.D)  0.7(06-9.1) 0.6(0.58-0.64)  0.73(0.71-0.79) 0.69(0.64-0.74) 0.61(0.580.69) 0.7(0.650.74) 0.64(0.61-0.71)
n 23 21 20 15 20 21 15 24 20 20 21
Species
(Poinar, 1990) S. affinis S. feltiae S. feltiae S. affinis S. feltiae S. feltiae S, feltiae S. affinis S, feltiae S. affinis S, feltiae

All measurements are in micrometers, range is given in brackets and follows the average; D = distance from head to excre-
tory pore divided by distance from head to pharynx base; E = distance from head to excretory pore divided by tail length.
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Fig. 1 - Amplification of rDNA (5-10 infective juveniles) for
ITS region fractionated on an ethidium-bromide stained
1.5% agarose gel. Lane 1 indicates 100 bp marker (Gibco),
lane 2 negative control, lane 3 positive control (C.
elegans) and lane 4 to 13 Steinernema isolates (j1, j8, j24,
j33, i35, j44, j57, j70, j71, j77 and j127).

ther differentiation among the S. feltiae popula-
tions: j44, i57, j71 and j127 as Al type and j8, j24
and j35 as B3 type (Reid, 1994).

Entomopathogenic nematodes were detected
most frequently in samples taken from woodland
(3.3%) and roadside verges (2.2%); they were
found less frequently in samples taken from
grassland (0.5%). No nematodes were recovered
from cultivated fields. The nematodes were re-
covered in soil with pH 3.3-7.7. The organic mat-
ter content of the positive samples varied
between 3.7 and 9.3% and the sand fraction (par-
ticles > 63 um) ranged from 63% to 95% (Table ).

In the conditions of the experiment, no iso-
late penetrated and killed larvae of O. sulcatus.
However, different levels of infection to G. mel-
lonella were observed (Table IID. An average
infectivity of more than 10% (14.7-17.4%) was
observed with three isolates j1 and j77 (S. affi-
nis) and j57 (S. feltiae). This infectivity was sig-
nificantly different from other isolates. The box
plots of Fig. 3 show that the intra-specific re-
sults were not consistent; some isolates (S. affi-
nis: j1 and j77 and S. feltiae A1l type: j44 and
j57) showed a greater variability in their infec-
tivity than others.

Discussion

Entomopathogenic nematodes were detected
in 6.1% of the 180 soil samples collected in East
Flanders. The incidence was lower than in an
other Belgian survey conducted in the West
Flanders province where nematodes were de-
tected in 12.3% of the samples (Miduturi er al.,
1995). In both surveys repeated baiting of the
soil samples was practised. Hominick and Bris-
coe (1990), however, partially attributed higher
detection rates of entomopathogenic nematodes
to repeated soil baiting. Griffin ez al. (1991) also
used double baiting and reported an incidence
of only 10.5%. In a survey conducted in Nor-
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Fig. 2 - Restriction digests of amplified tDNA ITS region of
Steinernema isolates separated on an ethidium-bromide
stained 3% agarose gel: panel a, RFLPs obtained by dige-
stion with Hin/ I, panel b, RFLPs obtained by digestion
with Afu I Lane 1, 5 and 17: 100 bp marker; lanes 2-4 po-
sitive controls of S. feltiae A1, S. affinis and Steinernema
sp. B3. Lanes 6, 9, 13 and 15 S. affinis (j1, j33, j70 and j77);
lanes 7, 8 and 10 Steinernema sp. B3 (j8, j24 and j35);
lanes 11, 12, 14 and 16 S. feltiae A1 (44, j57, j71 and j127).
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TaBLE 111 - Mean percent infectivity of isolates of Steiner-
nema spp. to Galleria mellonella larvae.

Isolate % infectivity
j57 (Steinernema feltiae) Al type 174 a
j77 (Steinernema affinis) 155 a
i1 (Steinernema affinis) 14.7 a
j

70 (Steinernema affinis) 92b
j44 (Steinernema feltiae) Al type 87b

j127 (Steinernema feltiae) Al type 5.3 bc
j24 (Steinernema feltiae) B3 type 5.0 bc
i71 (Steinernema feltiae) Al type 4.7 bc
33 (Steinernema affinis) 4.5 be
i35 (Steinernema feltiae) B3 type 35¢
j8 (Steinernema feitiae) B3 type 26¢

Control 0d

Numbers followed by the same letter are not significantly
different (P = 0.05, SE = 2.548).

way, Haukeland (1993) was able to increase the
detection rate by 7 to 18% after double baiting.
Differences in baiting method are not sufficient
to explain all variations in the detection of en-
tomopathogenic nematodes from soil samples.
Other factors that may relate to these differenc-
es include sampling strategies, season, habitat
and soil type and baiting temperatures.

Soil texture affects the survival of entomo-
pathogenic nematodes. Kung et al. (1990), re-
ported that entomopathogenic nematode survi-
val is highest in soils with higher sand content
and lowest in soils with higher clay content. In
this study, entomopathogenic nematodes were
mostly found in sandy soils with light acid to
neutral pH and medium organic content. These
soils are well aerated and facilitate nematode
movement; they are good niches for soil insects
which serve as hosts for entomopathogenic
nematodes. These insects, however, were not
always present and most of the sampled soils
with similar characteristics were without entom-
opathogenic nematodes.

In a previous Belgian survey S. feltiae was
the most commonly detected species (Miduturi

et al., 1995). In this study seven out of eleven
isolates were S. feltiae. Based on these two re-
ports, S. feltiae appears to be the predominant
species in Belgium.

The other important genus of entomopatho-
genic nematodes, Heterorbhabditis sp. Poinar,
Jackson et Khan was not found during our sur-
vey. There is some evidence to suggest that this
species occurs more commonly in coastal habi-
tats (Griffin et al, 1991) or warm and tropical
climates (Hara et al., 1991). These habitats did
not occur in the surveyed area and may explain
why Heterorbabditis species were not detected.

In addition to Steinernematidae other entom-
opathogenic organisms like fungi and bacteria
were found associated with G. mellonella cadav-
ers. This suggests that there may be other en-
tomopathogenic organisms in the soil that war-
rant further investigations as biocontrol agent.

The isolates were not infective to O. sulca-
tus, one of the major insect pest in West-Euro-
pean horticulture. Probably the insect was not a
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Fig. 3 - Boxplots representing infectivity of eleven isolates
of Steinernema spp. (Lane 1-4, Steinernema feltiae Al type
44, 157, j71 and j127; lane 5-8, Steinernema affinisjl, j33,
70 and j77; lane 9-11, Steinernema sp. B3 j8, j24 and j35).
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suitable host to the isolates but it is worthwhile
confirming these results. These results and the
general low infectivity to G. mellonella may be
attributed to a prolonged storage which de-
creases their pathogenicity.
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