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Abstract: The paper presents the results of a study on the effect of environmental lead pollution on the

invasiveness of nematodes obtained from the field. Study area included the vicinity of Czluchow, Mragowo,

Rataje and Slupsk. The nematode Steinernema feltiae and larvae of the last growth stage of the greater wax

moth Galleria mellonella L. were the study material. Nematodes were isolated from soil under laboratory

conditions using Bedding and Akhurst’s (1975) method. Physical and chemical analyses of soil samples were

made in the Analytical Centre of the Warsaw University of Life Sciences. The total lead content was analysed

with the flame atomic absorption spectrophotometry and soil pH with the potentiometric method acc. to the

pB procedure (2 ed. of 21. June 2005). Steinernema feltiae were determined based on keys for

entomopathogenic nematodes. The invasiveness of nematodes originating from studied agrocoenoses of

Poland was evaluated.
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The activity of soil entomopathogenic nematodes depends on many environmental

factors. Soil structure, soil temperature and moisture affect nematode biology [1]. These

effects might be favourable or harmful.

The mechanical composition of soil is one of the factors affecting nematode survival

and mobility. It was shown that the invasive larvae of entomopathogenic nematodes

faster and easier penetrated insect’s body in sandy or sandy-loamy substrate and just in

such soils larval survival was the highest [2].

Invasive larvae of nematodes are able to actively search, infect and kill the host

insect and to stay long in soil under favourable conditions. Nematodes are characterized

by a high reproductive potential, broad food spectrum and the ability to produce

dormant stages in a form of invasive larvae.
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Entomopathogenic nematodes living wild are a positive alternative to chemical

means used in plant protection against pests. Introduction of biological methods to plant

protection is a good way of limiting chemical insecticides. The selection of most

effective breeds of entomopathogenic nematodes as bioinsecticide requires the know-

ledge of local communities of entomofauna (including plant pests) but also the

communities of entomopathogenic nematodes living wild in a given habitat. It is

probable that the effectiveness might be ensured by using the breeds taken from local

nematode populations which are best fit to local conditions.

Soil dwelled by entomopathogenic nematodes is a habitat for other organisms and

contains chemical compounds limiting nematode density. One of such limiting factors is

lead, whose negative effect on entomopathogenic nematodes was demonstrated in many

studies. Both lead and nematodes gather in the upper soil layers. Lead accumulates there

and is not washed out downwards. Therefore, its harmful impact may last for years

[3–8]. Harmful effect of lead(II) ions on entomopathogenic nematodes manifests itself

not only during a direct contact of nematode larvae but also in the next generations [3,

6, 9]. Soil pH is another factor affecting nematode survival and mobility, largely

decides upon the bioavailability and mobility of heavy metals. Natural acidification

associated with the presence of carbon dioxide in the air prevails in the soils of Poland.

This gas when dissolved in rain waters forms weak carbonic acid which falls to the soil

with atmospheric precipitation. Optimum for biological processes of plants and soil

organisms is pH in the range 5.5–7.2 [10, 11]. It was shown that pH values between 4

and 8 do not vary in their effect on nematodes but at pH 10 survival declines rapidly

[10, 12].

Studies carried out on the entomopathogenic nematode-host insect system indicate

that multiple infection of insects of a given species results in selection of a specific

nematode race which is more pathogenic than the initial race [13, 14]. This may suggest

that local populations of entomopathogenic nematodes differentiate under the effect of

a characteristic species composition and domination structure of local insect com-

munities [15].

New nematode species and places of their occurrence are being found worldwide

[16–21]. Poland is the country, where faunistic studies are scarce.

This paper presents new sites of entomopathogenic nematodes in Poland and the

degree of invasiveness of nematodes from the field.

Material and methods

Studies were carried out in the summer seasons of the years 2009–2010. Fifty soil

samples were collected from 4 study areas (Fig. 1) of similar ecosystems (arable fields –

spring cereals) in Poland in order to confirm the occurrence and to isolate entomo-

pathogenic nematodes. Samples were collected with the Egner’s sampler (diameter

2.5 cm) to the soil depth of 25 cm on uniform surfaces and in regular sampling grid. The

method ensures complete and even sampling which allows obtaining of nematode

densities in the soil.
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Physical and chemical soil properties were analysed in the Analytical Centre of the

Warsaw University of Life Sciences. Concentration of total lead in soil samples was

determined with the flame atomic absorption spectrophotometry, soil pH – with the

potentiometric method acc. to the procedure pB (2nd ed. of 21st June 2005), and grain

size structure.

Nematodes were isolated from soil samples in the lab with the Bedding and

Akhurst’s (1975) method [22, 23]. Well mixed soil samples were placed in plastic boxes

of a volume of 250 cm3 together with two trap insects (caterpillars of G. mellonella)

from own laboratory culture. Samples were placed in a thermostat for 16 days at 20 oC.

Every two days dead insects were removed from boxes and the reason of their death

was estimated. Insects infected by nematodes were transferred to White’s trap (1927)

[24], to obtain invasive larvae of the nematode migrating from the insect’s body.

New live caterpillars of G. mellonella replaced dead insects in boxes. Nematode larvae

obtained this way were used to infect the next caterpillars of G. mellonella (of a mean

body weight of 0.165 g) to determine the invasiveness and to measure selected

body sizes of the studied nematodes. Infective juveniles between 2 and 3 weeks old

after their emergence from host cadavers were used. Control sample consisted of

nematodes S. feltiae obtained from biological preparation “Owinema”. The initial dose

was 50 nematode larvae per insect. This is an optimum dose for obtaining maximum

number of nematode larvae leaving the insect’s body [25]. Nematode invasiveness was

estimated based on the extensity and intensity of invasion. The experiment was repeated

twice.
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Fig. 1. Selected sampling sites



Results and discussion

Results of physical and chemical analyses of soil properties showed a natural lead

content ranging from 11.88 to 21.7 mg/kg and soil pH from moderately to weakly

acidic. Grain size structure of analysed soil samples was typical for sandy loam, sandy

dust and light loam (Table 1).

Table 1

Results of analyses of soil samples

Site Czluchow Mragowo Rataje Slupsk

Longitude 17o23�16� 21o10�36� 21o00�41� 16o55�15�

Latitude 53o39�31� 53o55�23� 51o03�33� 54o26�16�

Pb [mg/kg] 11.88 11.91 13.6 21.7

pH 6.14 5.73 5.38 6.62

Grain size structure sandy loam sandy loam sandy dust light loam

Analyses of collected soil samples revealed the presence of entomopathogenic

nematodes.

Based on keys for species determination, the nematodes isolated from soil samples

were identified as S. feltiae. Measured body sizes and respective standards given by the

authors of the species are given in Tables 2–4 [26].

Table 2

Analysed nematode larvae [�m]

Analysed

samples

Control

sample

S. feltiae
from

Czluchow

S. feltiae
from

Mragowo

S. feltiae
from

Rataje

S. feltiae
from

Slupsk

Standard size

given in the

literature

Mean body length 901 899 915 920 837 766–928

Mean body width 27 27 28 31 26 26–32

Table 3

Selected body sizes of the first generation female [�m]

Analysed

samples

Control

sample

S. feltiae
from

Czluchow

S. feltiae
from

Mragowo

S. feltiae
from

Rataje

S. feltiae
from

Slupsk

Standard size

given in the

literature

Mean body length 3377 3458 3506 3691 3214 3095–3774

Mean body width 199 190 211 242 186 170–254

Mean length of

the pharynx 241 219 291 301 201 197–304

Mean tail length 59 52 65 68 49 39–70
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Table 4

Selected body sizes of the first generation male [�m]

Analysed samples
Control

sample

S. feltiae
from

Czluchow

S. feltiae
from

Mragowo

S. feltiae
from

Rataje

S. feltiae
from

Slupsk

Standard

size given in

the literature

Mean body length 1688 1531 1705 1798 1440 1414–1817

Mean body width 149 130 156 160 123 121–162

Mean length of the

pharynx 134 133 136 138 133 164–180

Mean tail length 40 38 42 43 37 37–43

Mean length of spicule 66 65 67 67 63 62–68

The extensity of invasion in nematodes from various sites was similar among groups

being, however, lower than that in the control sample. The lowest extensity (70 %) was

noted in nematodes from the soil sample of the highest lead concentration (Slupsk).

Nematodes from the three other sites (Czluchow, Mragowo, Rataje) had slightly higher

extensity of invasion (Table 5, Fig. 2). These habitats showed similar soil pH and lead

content.

Table 5

Invasiveness of studied nematodes

Analysed samples
Control

sample

S. feltiae from

Czluchow

S. feltiae from

Mragowo

S. feltiae from

Rataje

S. feltiae from

Slupsk

Insect mortality [%] 100 98 98 98 97

Extensity of invasion [%] 100 78 72 83 70

Intensity of invasion [ind.] 22 15 13 17 10

The invasiveness of nematodes from agrocoenoses situated in various regions of

Poland was lower than that in the control sample. There were also differences in the
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Fig. 2. Extensity of invasion of S. feltiae from studied sites in comparison with the control sample [%]



invasiveness between studied samples. The highest intensity (17 ind. of nematodes per

insect) was found in nematodes from the vicinity of Rataje. The lowest intensity of

invasion was characteristic for nematodes from near Slupsk (Table 5, Fig. 3).

One-way ANOVA and the LSD test for the intensity of invasion showed highly

significant differences between the control group and all field populations of nema-

todes. Highly significant differences in the intensity of invasion were also found

between nematodes from Czluchow and Slupsk, Mragowo and Rataje, Mragowo and

Slupsk and between nematodes from Rataje and Slupsk. No differences were noted

between nematodes from Czluchow and Rataje. This result may evidence that

populations from the same agrocoenoses situated in various regions of the country and

characterised by different, though natural, concentrations of lead and soil pH from

moderately to weakly acidic may show different degree of invasiveness. Similar results

were observed in former studies made by the author in other localities of the country.

Obtained results are also confirmed in studies by other authors who demonstrated that

natural concentrations of heavy metals in soils were not the reason of nematode

mortality but decreased their invasiveness [5].

Research on the biological activity of nematodes from the habitat are still under

development. Scientific data suggest that the selection of indigenous breeds of

nematodes is more beneficial than the use of commercial preparations based on

nematodes. Such investigations are carries out in many countries around the world,

including Hungary [27, 28]. In Poland, however, lack of detailed studies of biogeo-

graphical data, a collection of useful species and breeds entomopathogenic nematodes

effectively limiting the populations of harmful insects.

Is important to continue and extend the research topic, which in future will enable

better use of biological methods of plant protection.
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INWAZYJNOŒÆ I MORFOMETRIA Steinernema feltiae

Z RÓ¯NYCH AGROCENOZ POLSKI

Zak³ad Zoologii i Dydaktyki Biologii, Instytut Biologii, Wydzia³ Matematyczno-Przyrodniczy

Uniwersytet Jana Kochanowskiego w Kielcach

Abstrakt: W pracy przedstawiono wyniki badañ nad wp³ywem zanieczyszczenia œrodowiska o³owiem na

inwazyjnoœæ nicieni pozyskanych z terenu. Tereny badawcze obejmowa³y okolice miejscowoœci: Cz³uchów,

Mr¹gowo, Rataje, S³upsk. Materia³ do badañ stanowi³y nicienie Steinernema feltiae oraz larwy ostatniego

stadium barciaka wiêkszego (Galleria mellonella L.). Nicienie wyizolowano z próbek glebowych w

warunkach laboratoryjnych, metod¹ Beddinga i Akhursta (1975). Próbki glebowe zosta³y zbadane pod

wzglêdem fizykochemicznym w Centrum Analitycznym SGGW. Oznaczono ca³kowit¹ zawartoœæ o³owiu w

glebie metod¹ p³omieniowej absorpcyjnej spektrometrii atomowej FAAS oraz odczyn gleby metod¹ poten-

cjometryczn¹, (wg procedury pB 14, wyd. 2 z 21.06.2005 r.).

Steinernema feltiae oznaczono na podstawie kluczy do oznaczania gatunku nicieni entomopatogenicznych.

Oceniono inwazyjnoœæ nicieni pochodz¹cych z badanych agrocenoz Polski.

S³owa kluczowe: nicienie entomopatogeniczne, Steinernema feltiae, Galleria mellonella, metale ciê¿kie, jony

o³owiu
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