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Abstract. The present work aimed at investigating diversified organic treatment including 

sewage sludge on the insecticide activity of enthomopathogenic fungi and nematodes. Crude sludge 

from biological tannery sewage treatment plant and vermicomposts based on the sludge with added 

straw and fruit tree leaves were used for the experiment. Organic treatment significantly affected 

pathogenic properties of enthomopathogenic nematodes naturally present in the soil of the investi- 
gated plots. The highest death rate among trap insects was detected in the soil from untreated plots or 
fertilised by farmyard manure and vermicomposts. Nematodes from examined plots reproduced in 
varying numbers depending on the treatment applied on individual plots. The lowest number of inva- 
sive larvae was obtained for nematodes from plots fertilised by straw vermicompost, (crude)sewage 
sludge and hair. The applied organic treatment influenced also insecticide activity of the applied 
nematodes towards G. me/lonella larvae. The highest death rate of G. mellonella larvae was observed 
in the soils treated with organic fertilisers and farmyard manure. Clear decrease in B. bassiana 
pathogenic properties was detected in soil fertilised with sewage sludge and hair. Chemical sludge 
and fertilisation with hair caused also a clear decrease in S. carpocapsae pathogenic properties to- 
wards С. mellonella larvae. The obtained results reveal unfavourable effects of crude sewage sludge 
on the pathogenic properties of enthomopathogenic fungi and insects. Vermicomposts obtained from 
this sludge revealed a positive influence on the microorganisms. This fact may indirectly improve 
health conditions of plants. 
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INTRODUCTION 

Interest in sewage sludge application as a treatment for arable lands and mead- 

ows has increased lately. Application of this sort of fertilization may bring bene- 

fits of utilising sewage wastes produced in large quantities. While using sewage 

sludge, one should consider not only the effect of this kind of fertilisation on the
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amount and quality of yield but also biological activity of soil. Sewage sludge dis- 

charge into soil may have unfavourable impact on beneficial microorganisms. 

Enthomopathogenic fungi and nematodes play an important role in natural 

ecosystems and agrocenoses. Many harmful insect populations are controlled by 

enthomopathogenic microorganisms naturally present in soils. Most insects are re- 

lated to soil environment. Part or a whole life-cycle of many pests undergo in the 

soil. There are many enthomopathogenic fungi and nematodes in arable and 

meadow soils [2]. Mietkiewski ef al. [5,6] mention four enthomopathogenic fungi 

species commonly isolated from the soil: Beawveria bassiana, Metarhizium an- 

isopliae, Paecilomyces farinosus and P. fiumosorosens. A commonly used method 

for isolating enthomopathogenic microorganisms is a teclinique proposed by Zim- 

merman [7], in which larvae of G. mellonella are used as trap insects. 

Activity of enthomopathogenic fungi and nematodes is affected by many abiotic 

factors, like temperature, soi] moisture or soil reaction. Mineral and organic treatment 

also influence activity and infectivity of enthomopathogenic microorganisms [1,3]. 

The present work aimed at investigating diversified organic treatment including 

sewage sludge on the insecticide activity of enthomopathogenic fungi and nematodes. 

MATERIALS AND METHODS 

The present experiment was carried out in Sędziszów on brown, medium со- 

hesive soil, containing 55% fine fraction and pHkci 5.29. The content of organic 

carbon was 2.17% and organie matter 3.91%. 

Crude sludge from a biological tannery sewage treatment plant and vermicom- 

posts based on the sludge with added straw and fruit tree leaves were used for the 

experiment. Crude sludge from a chemical sewage treatment plant and hair wastes 

from tannery were also utilised. The dose of organic fertilizers was set according 

to nitrogen content in them and the dose of 100 kg N/ha. Doses of phosphorus and 

potassium were supplemented with mineral fertilizers up to the highest content in 

organic fertilizers. Corn was cultivated on the field and the forecrop were fodder 

beets. Soil samples for laboratory analyses were taken in September. 

Soil from the plots was placed into sterile Petri dishes (diameter 10 cm). Five 

Galleria mellonella larvae were put on soil surface. The mortality of G. mellonella 

larvae was evaluated daily. Dead larvae were transferred to separate dishes to de- 

termine death cause. Larvae bearing nematode infestation symptoms were placed 

on watch glasses in Petri dishes and the reproduction rate of nematodes coming 

from the plots with different fertilization was determined. Larvae with grown
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mycelium were placed in Petri dishes laid with wet filter paper. Afterwards mycelium 

was inoculated on glucose-potato agar in order to carry out systematic determination. 

It was also examined how organic treatment affects enthomopathogenic acti- 

vity of nematodes and fungi applied into soil (strains reared in laboratory condi- 

tion). Fungus Beauveria bassiana, which is a Polish strain from Leptinotarsa 

decemlineata and nematode Steinernema carpocapsae were tested. Nematodes 

were reared on G. mellonella larvae. Liveliness of the tested nematodes and con- 

centration of invasive larvae in water suspension was checked prior to their use in 

the experiment. The experiment was carried out in Petri dishes. 300 invasive lar- 

vae of S. carpocapsae were applied into the soil. Five G. mellonella larvae were 

put onto the soil. Petri dishes were stored at 25 °C in the dark. Mortality of G. mel- 

lonella larvae was checked daily. Dead larvae were put into separate dishes on 

watch glasses to determinate the reproduction rate. 

Fungus B. bassiana was reared on glucose-potato agar in 25 °C in the dark. 

After three weeks conidia were harvested. The conidia concentration in water sus- 

pension was determined using hemocytometr according to the technique described 

by Lipa and Śliżyński [4]. The soil was mixed with the water suspension of 1 mil- 

lion spores. Pathogenicity of B. bassiana in soil treated with different organic fer- 

tilizers was evaluated on the grounds of the mortality of G. mellonella larvae. 

The results were statistically studied by analysis of variance, and means were 

separated according to the Duncan’s multiple-range test. 

RESULTS AND DISCUSSION 

Mortality of trap insects was in most cases caused by enthomopathogenic 

nematodes and only in small degree by enthomopathogenic fungi (Table 1). 

Therefore it can be assumed that the mortality of G. mellonella larvae shows the 

influence of different organic fertilization on the pathogenic properties of nema- 

todes naturally present in the soil of investigated plots. 

Organic treatment significantly affected pathogenic properties of entho- 

mopathogenic nematodes naturally present in the soil of the investigated plots (Ta- 

ble 1). The highest death rate among trap insects was detected in the soil from 

untreated plots or fertilised by farmyard manure and vermicomposts. Fertilisation 

with hair caused a decrease in the pathogenic properties of enthomopathogenic 

nematodes, which was visible as lower death rate among trap caterpillars. There 

are not many publications concerning the influence of mineral and organic fertili- 

zation on enthomopathogenic nematodes. Long lasting mineral fertilization causes
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Table 1, Influence of organic fertilization on the occurrence and pathogenic properties of fungi 

and nematodes naturally present in the soil of the investigated plots (% of dead caterpillars of G. 

mellonella) 

  

  

Mortality Occurrence of entomopathogenic 

Fertilization of trap insects microorganisms in the soil 
- G. mellonella of investigated plots 

(A) Fungi Nematodes 

Control untreated 85c* + + 
NPK - mineral 60a - + 

Farmyard manure 80bc - + 
Vermikompost + straw 85c - FP 
Vermikompost + leaves 75abc + k 

Raw sludge from biological 

sewage treatment plant 70abc - + 
Raw sludge from chemical 

sewage treatment plant 65ab - + 
Hair sludge + NPK 60a - + 
  

*Means followed by the same letters within a column are not significantly different (P=0.05) ac- 
cording to the Duncan’s multiple-range test. 

lower pathogenic properties of nematodes [3]. Also Bednarek [1] established that 

long lasting contact with mineral fertilizers decreased infectivity of nematodes 

against G. mellonella larvae. 

Enthomopathogenic fungi were found only on control plots without fertiliza- 
tion and on plots treated with vermicompost based on leaves (Table 1). Fungus 
Paecilomyces fumosoroseus was found on the plots treated with vermicompost 
based on the leaves and Beauveria bassiana on the control plots. Jaworska et al. 
[3] stated that mineral fertilization did not affect the occurrence of enthomopatho- 
genic fungi. Enthomopathogenic nematodes were present in soil of all plots irre- 
spective of used fertiliser, 

Nematodes from the examined plots reproduced in varying numbers depending 
on the treatment applied on the individual plots (Table 2). The lowest number of inva- 
sive larvae was obtained for nematodes from plots fertilised by straw vermicompost, 
(crude) sewage sludge and hair. Vermicomposts based on sewage sludge and straw or 
leaves affected less disadvantageously the nematode reproduction. Nematodes from 
the untreated plots (control) reproduced in the largest numbers. Both mineral fertiliza- 
tion (NPK) and farmyard manure caused enthomopathogenic nematodes reproduce in a 
smaller number in comparison to the control. It betoken of unfavourable influence of 
both organic and mineral fertilization on the reproduction of enthomopathogenic 
nematodes naturally present in the soil of investigated plots.
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Table 2. Influence of organic fertilization on the reproduction of enthomopathogenic nematodes 

naturally present in the soil of the investigated plots 

  

Fertilization Nematodes/ G. mellonella 

  

caterpillars 

Control untreated 50 243 d* 
NPK - mineral 43 295 cd. 
Farmyard manure 35 490 bed 

Vermikompost + straw 17 900 abe 

Vermikompost + leaves 29 081 abe 

Raw sludge from biological sewage treatment plant 642 a 

Raw sludge from chemical sewage treatment plant 19 40 abe 

Hair sludge + NPK 15 561 ab 
  

*Means followed by the same letters within a column are not significantly different (P=0.05) accor- 

ding to the Duncan’s multiple-range test. 

The applied organic treatment influenced also insecticide activity of the ap- 

plied nematodes towards G. mellonella larvae (Table 3). The highest death rate of 

G. mellonella larvae was observed in the soils treated with mineral fertilisers and 

farmyard manure. Clear decrease in B. bassiana pathogenic properties was de- 

tected in soil fertilised with sewage sludge and hair. 8. carpocapsae nematodes re- 

vealed the highest pathogenic properties in the untreated soil and in soil from plots 

fertilised with straw vermicompost. Chemical sludge and fertilization with hair 

caused a clear decrease in this nematode pathogenic properties towards G. mellonella 

larvae. Sewage sludge utilisation by preparing vermicompost decreased the unfavour- 

able effect of this waste on B. bassiana and S. carpocapsae pathogenic properties. 

Table 3. Influence of organic fertilization on the pathogenic properties of fungi and nematodes 

applied into the soil (% of dead caterpillars of G. mellonella) 

  

Mortality of trap insects 

  

Fertilization - G. mellonella (% 

B. bassiana S. carpocapsae 

Control untreated 86.6c* 100b 

NPK - mineral 100с 93.3ab 

Farmyard manure 93.30 93.3ab 
Vermikompost + straw 80be 100b 

Vermikompost + leaves 60ab 93.3ab 
Raw sludge from biological sewage treatment plant 46.6a 80a 
Raw sludge from chemical sewage treatment plant 80be 73.3a 

Hair sludge + NPK 60ab 73.3a 
  

*Means followed by the same letters within a column are not significantly different (P=0.05) accord- 
ing to the Duncan’s multiple-range test.
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Table 4. Influence of organie fertilization on the reproduction of Steinernema carpocapsae ap- 

plied into the soil 

Fertilization Nematodes/ G. mellonella 

  

caterpillars 

Control untreated 98450 d* 

NPK - mineral 82120 ed. 
Farmyard manure 90744 bed 
Vermikompost + straw 80131 abe 

Wermikompost + leaves 78081 be 
Raw sludge from biolog. sewage treatment plant 60292 а 

Raw sludge from chemical sewage treatment plant 68434 ab 

Hair sludge + NPK 69391 ab 
  

*Means followed by the same letters within a column are not significantly different (P=0.05) accor- 
ding to the Duncan’s multiple-range test. 

Influence of organic fertilization on the reproduction of S. carpocapsae ap- 

plied into soil was also examined (Table 4). Fertilization with sewage sludge, 

chemical sludge and hair caused lower reproduction of nematodes. Nematodes 

reared in laboratory were less sensitive to the sewage treatment than nematodes 
naturally present in the soil. It can be connected with shorter contact of applied 

nematodes (strain reared in laboratory) with the tested soil. 

CONCLUSIONS 

The obtained results revealed unfavourable effects of crude sewage sludge on 
the pathogenic properties of enthomopathogenic fungi and insects. Sewage sludge 
disadvantageously affected both microorganisms naturally present in the soil and the 
strains reread in laboratory. Vermicomposts obtained from those sludge revealed 
positive influence on the microorganisms and due to this fact one may indirectly ex- 
pect better plant healthiness. It indicates the necessity of utilising these sewage 
sludge prior to their use as fertilizers by preparing composts or vermicomposts. 
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