
1/11Brazilian Journal of Biology, 2025, vol. 85, e291916  |  https://doi.org/10.1590/1519-6984.291916

Original Article

THE INTERNATIONAL JOURNAL ON NEOTROPICAL BIOLOGY
THE INTERNATIONAL JOURNAL ON GLOBAL BIODIVERSITY AND ENVIRONMENT

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

Abstract
In this study, the effect of six macro fertilizers i.e. urea, ammonium sulfate, ammonium nitrate, NPK, NP & DAP, and 
three micro elements i.e. Zn, Mn, and Fe at different concentrations as well as eight novel pesticides, thiamethoxam, 
spinetoram, azoxystrobin, chlorfenpyr, chlorantraniliprole, novaluron, lambda-cyhalothrin and avaunt at field 
recommended rate on two entomopathogenic nematodes (EPNs): Steinernema carpocapsae and Heterorhabditis 
bacteriophora were determined under laboratory conditions. The obtained results reported that S. carpocapsae was 
more tolerant to NPK; NP and DAP macro fertilizers than H. bacteriophora, showed the lowest mortality percentages 
(12.63, 9.47and12.63%), (15.79, 13.68 and 31.58%) and (20.21, 30.85 and 34.04%) at three tested concentrations (1g/
liter water, 5g/liter water and10g/liter water), respectively. All tested micro fertilizers (Zn, Mn, and Fe) were lethal 
for two EPNs and induced 94.85, 100, 100 mortality % after five days of exposure. The morality percent increased 
as the concentration of fertilizers increased.
With respect to tested pesticides, the mortality percentages of two EPN were ranged between 2.67-23.67% for S. 
carpocapsae and 3.33-18.33% for H. bacteriophora after five days of exposure. The tested macro fertilizers such as 
DAP, NP and NPK can be used safely at tested concentrations (5-10 g/ liter water) with Steinernema carpocapsae. All 
tested macro fertilizers cannot be used with Heterorhabditis bacteriophora. All micro fertilizers could be used with 
two EPNs. All tested pesticides can be successfully used for integrated plant protection systems. EPNs are tolerant 
to the tested pesticides and the tank-mix application is possible in most compounds except Lambda cyhalothrin 
which significantly reduced the virulence of tested nematodes.

Keywords: pesticides, macro and micro fertilizers, EPNs, Steinernema carpocapsae, Heterorhabditis bacteriophora.

Resumo
Neste estudo, o efeito de seis macrofertilizantes, ou seja, ureia, sulfato de amônio, nitrato de amônio, NPK, NP e 
DAP, e três microelementos, ou seja, Zn, Mn e Fe, em diferentes concentrações, bem como oito novos pesticidas − 
tiametoxame, espinetoram, azoxistrobina, clorfenpir, clorantraniliprole, novaluron, lambda-cialotrina e avante − na taxa 
recomendada em campo, em dois nematoides entomopatogênicos (EPNs): Steinernema carpocapsae e Heterorhabditis 
bacteriophora, foi determinado em condições de laboratório. Os resultados obtidos relataram que S. carpocapsae foi 
mais tolerante ao NPK; com os macrofertilizantes NP e DAP, H. bacteriophora apresentou os menores percentuais de 
mortalidade (12,63, 9,47 e 12,63%), (15,79, 13,68 e 31,58%) e (20,21, 30,85 e 34,04%), nas três concentrações testadas 
(1g/litro de água, 5g/litro de água e 10g/litro de água), respectivamente. Todos os microfertilizantes testados (Zn, 
Mn e Fe) foram letais para duas EPNs e induziram 94, 85 e 100% de mortalidade após cinco dias de exposição. A 
percentagem de mortalidade aumentou à medida que a concentração de fertilizantes aumentou.
Com relação aos agrotóxicos testados, os percentuais de mortalidade dos dois EPNs variaram entre 2,67 e 23,67% 
para S. carpocapsae e 3,33 e 18, 33% para H. bacteriophora após cinco dias de exposição. Os macrofertilizantes 
testados, como DAP, NP e NPK, podem ser usados ​​com segurança nas concentrações testadas (5-10 g/litro de água) 
com Steinernema carpocapsae. Todos os macrofertilizantes testados não podem ser usados ​​com Heterorhabditis 
bacteriophora. Todos os microfertilizantes poderiam ser usados ​​com os dois EPNs. Todos os pesticidas testados 
podem ser utilizados com sucesso em sistemas integrados de proteção fitossanitária. Os EPNs são tolerantes aos 
pesticidas testados e a aplicação em mistura em tanque é possível na maioria dos compostos, exceto lambda-
cialotrina, que reduziu significativamente a virulência dos nematoides testados.

Palavras-chave: agrotóxicos, macro e microfertilizantes, EPNs, Steinernema carpocapsae, Heterorhabditis 
bacteriophora.
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assessed two key components: i) survival of the nematodes 
in tank mix, and ii) the effect of the nematode insecticide 
combination on the targeted pest (Rovesti et al., 1988; Vainio 
and Hokkanen, 1990; Koppenhöfer and Grewal, 2005).

The combinations of nematode and pesticide in tank-mixes 
are very effective alternative to integrated pest management 
(IPM) systems. However, before an ecologically integrated 
approach to pest management involving nematode-
pesticide combinations in tank-mixes can be developed the 
compatibility of these nematodes with pesticides should be 
discovered, Grewal and Georgis (1998). Negrisoli et al. (2010) 
observed that (chlorpyrifos, deltamethrin, lufenuron, deltaphos 
diflubenzuron, lambda-cyhalothrin, spinosad, cypermethrin, 
triflumuron, and permethrin) were compatible (class 1) with 
the three tested nematode species (Heterorhabditis indica, 
Steinernema carpocapsae and Steinernema glaseri) under 
laboratory conditions. Aioub et al. (2021) reported that the 
integrated pest management strategies are the compatibility 
of entomopathogenic nematodes with pesticide. Hara and 
Kaya (1983) concluded that most insecticides can be used 
at practical concentrations with S. carpocapsae. Radova 
(2011) reported that it is difficult to explain why EPNs react 
differently to different pesticides. Steinernema sp. (IJs) 
not affected and was more tolerant to insecticides at all 
tested concentrations Laznik and Trdan (2013). EPNs viz., 
H. bacteriophora and S. carpocapsae were compatible with 
most of the pesticides tested against Spodoptera littoralis 
and therefore EPNs insecticide mixtures can be used in 
an integrated pest management system Atwa et al. (2017). 
Chavan et al. (2018) reported that H. indica showed compatible 
with all the tested agrochemicals.

In this study, the effects of eight novel pesticides i.e., 
bioinsecticide (Spinetoram), fungicide (Azoxystrobin), 
acaricide (Chlorfenpyr) and insecticides (Thiamethoxam, 
Chlorantraniliprole, Novaluron, Lambda-cyhalothrin and 
Avaunt) at field recommendation rate were evaluated on 
S. carpocapsae and H. bacteriophora EPNs under laboratory 
conditions. In addition, the effects of different organic 
and inorganic fertilizers, which are used extensively in 
agriculture, were investigated on the two species of the 
entomopathogenic nematodes.

2. Materials and Methods

2.1. Species and production of EPNs:

Two species of EPNs, Steinernema carpocapsae and 
Heterorhabditis bacteriophora were obtained from pure 
culture reared on great wax larvae, Galleria mellonella in 
the Biological Control Laboratory of Dr M Sweelam in the 
Fac Agric. Menoufia University Egypt.

The obtained nematodes were identified according 
to the key organized by Lucskai (1999) and reared under 
laboratory conditions according to the method of White 
traps White (1927) for these experiments. Third stage 
juveniles (infective juveniles, IJs) which have the ability 
to infect hosts, were allowed to infect greater wax moth 
larvae (Galleria mellonella, Lepidoptera: Pyralidae). The last 
stage larval instars used in the study were obtained with 
the White trap method (White, 1927). Infective juveniles 
(IJs) of nematode species were produced on wax moth 

1. Introduction

Entomopathogenic nematodes (EPNs) from the 
genera Steinernema and Heterorhabditis (Rhabditida: 
Steinernematidae and Heterorhabditidae) are one of 
entomopathogens that has been recognized as potential 
agents to target insects in the soil or in cryptic environments. 
These nematodes are the only ones associated with insects 
and are widely used for pest control. Furthermore, they 
have an unusual mutualistic association with the bacteria 
Xenohabdus, Photorhabdus, which invariably results in the 
rapid death of parasitized insects.

Heterorhabditis and Steinernema have been used in the 
biological control of insect pests of agricultural importance 
(Georgis et al., 2006). The extreme use of inorganic fertilizers 
induced a variety of environmental problems such as salinity 
of soil, accumulation of heavy metal, effect on greenhouse, 
and accumulation of nitrate (Sönmez et al., 2007). When 
EPNs exposed to soil salinity, the movement of EPNs is 
restricted and reduced their ability to find and recognize 
their host (Nielsen et al., 2011). (Şahin and Susurluk, 2018) 
reported that Steinernema feltiae (Tur-S3) was more resistant 
to inorganic fertilizers than H. bacteriophora HBH, and 
DAP, NPK and NP induced more adverse effects than the 
other fertilizers on both strains. The entomopathogenic 
nematodes (EPNs) are appropriate as ideal organisms for 
ecological research due to their high potential as biological 
control (Lewis et al., 2006; Stuart et al., 2006; Stock, 2015).

Chemical products used in agriculture are one of the 
main causes of environmental pollution and they threaten 
all life forms (Özdemir et al., 2021; Mamuk et al., 2023). 
Alternative methods such as integrated pest management 
(IPM) and biological control are becoming increasingly 
important (Bhadani et al., 2022; Chatterjee and Kundu 
2022; Cheng et al., 2023; Catani et al., 2023; Brewer and 
Elliott, 2023; Alam et al., 2023; Galli et al., 2024)

EPNs, which spend most of their life in the soil, are 
effective biological control agents (Hazir  et  al., 2004). 
The EPNs had no negative impacts on the environment, 
human health and non-target organisms compared with 
pesticides (Boemare et al., 1996; Ehlers, 1996). EPNs can 
be used in IPM and compatible with some pesticides 
(Ulu et al., 2016). There are many environmental factors in 
the soil that affect the viability, reproduction and efficacy 
of EPNs (Kaya, 1990; Susurluk, 2008; Aatif et al., 2015).

Neonicotinoid insecticides and oxadiazine are widely 
used for the control of lepidopterous pests of some vegetables 
and other crops (Palumbo and Castle, 2009). However, the 
excessive use of chemical pesticides has generated serious 
problems including selection for insecticide resistance 
(Nauen and Denholm, 2005), outbreaks of secondary pests 
(Szczepaniec et al., 2011), and environmental concerns 
(Lacey  et  al., 2001). In this respect, environmentally 
friendly alternatives such as microbial entomopathogens 
and entomopathogenic nematodes (EPN) including 
Steinernematids and Heterorhabditids have been suggested 
to ameliorate the negative consequences of these and other 
chemical pesticides (Zimmermann, 1993; Poprawski et al., 
1998; McCoy et al., 2002; Ansari et al., 2007; Ebssa and 
Koppenhöfer, 2012). Many studies have evaluated the 
compatibility of EPN with chemical insecticides and 
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instars at 21 ± 4 °C. Approximately 2 to 4 days old, newly 
released IJs were used in the experiments.

The experiments were conducted in the Biological 
Control Laboratory, Department of Economic Entomology 
and Agricultural Zoology, Faculty of Agriculture, Menoufia 
University to serve as source of required larvae to conduct 
the experiments.

2.2. Tested fertilizers:

2.2.1. Effects of some macro fertilizers on the 
entomopathogenic nematodes:

Six commonly used macro fertilizers were chosen. 
These fertilizers were as follow:

1. 	 urea (NH2-N), total N 46%),
2. 	ammonium sulfate (AS: (NH4)2SO4, total N 21%, total 

S 24%),
3. 	ammonium nitrate (AN: NH4NO3, total N 33%),
4. 	NPK (15-15-15+20SO3+Zn, total N 15%, total P2O5 15%, 

total K2O 15%, total SO3 20%, total Zn 1%),
5. 	NP (20-20-0+5.5SO3+Zn, total N 20%, total P2O5 20%, 

total SO3 5.5%, total Zn 1%), 
6. 	DAP Di-ammonium Phosphate: (NH4)2HPO4, total N 

18%, total (P2O5 46%).

These experiments were conducted to determine 
the effect of the macro elements on the activity of the 
entomopathogenic nematodes, S. carpocapsae, and H. 
bacteriophora under laboratory conditions.

One hundred of third infective juveniles of each 
entomopathogenic nematode were placed in Petri dish 
10 cm in 20 ml of aqueous fertilizer 1%, 5%, 10%.

Petri dishes were examined 1, 3, 5 days after treatment 
for the number of dead juveniles, meanwhile, Petri dish 
was left without fertilizers and applied only with distilled 
water was served as control.

2.2.2. Effects of some micro elements on the two 
Entomopathogenic nematodes:

Three micro elements i.e., Zinc Zn, Manganese Mn and 
Ferric Fe were evaluated against the entomopathogenic 
nematodes as well as their mixture. The determined doses 
of the fertilizers were dissolved in one liter of distilled 
water using a magnetic stirrer.

One hundred of the fresh third infective juveniles of 
each entomopathogenic nematode was placed in Petri dish 
10 cm containing 20 ml of aqueous fertilizer 0.1%, 0.5% 
and 1.0% of each element under laboratory conditions of 
21± 4 ºC and 65 ± 6%.

Petri dishes were examined 1, 3, 5 days after treatment 
for number of dead juveniles, one Petri dish was left 
without fertilizers and applied only with distilled water 
was served as control. One hundred IJ3s / Petri dish 10 
cm was used. Each treatment was replicated six times.

The mortality rate of IJs was determined and subsequent 
observations were made on the mortality of live juveniles 
at 1, 3, 5 days after treatments.

2.2.3. Effects of some novel pesticides on two 
Entomopathogenic nematodes:

Eight pesticides with novel modes of action were 
selected for evaluation on selected EPN species. Further 
details about the recommended dose rates, trade 
name, and mode of action are provided in Table 1 i.e., 
bioinsecticide (Spinetoram), fungicide (Azoxystrobin), 
acaricide (Chlorfenpyr) and insecticides (Thiamethoxam, 
Chlorantraniliprole, Novaluron, Lambda-cyhalothrin and 
Avaunt). The test concentration of each pesticide in the 
present study was field recommended rate and each 
formulated pesticides were prepared in distilled water 
for using in all bioassay tests

Table 1. List of tested pesticides including their active ingredients, recommended field, and group, mode of action and rate of use.

Pesticides Active ingredients Group Mode of action Rate of use

Actara 25% WG Thiamethoxam neonicotinoid Disrupting the nervous system 
of targeted pest either ingests or 
absorbs the poison into its body.

20 g/fed.

Radiant 12% SC Spinetoram spinosyns Nicotinic acetylcholine receptor 
(Nachr) allosteric modulator

100 ml/fed.

Amistar 25% SC Azoxystrobin strobilurins Respiration of fungi due to the 
disruption of electron transport 
chain, preventing ATP synthesis

50 ml/fed

Challenger super 
24%SC

Chlorfenpyr Pyrroles Uncoupler of oxidative 
phosphorylation via disruption of 

the proton gradient

100 ml/ fed

Coragen®, 
Rynaxypyr®20% SC

Chlorantraniliprole Ryanoid Ryanodine receptor modulator 50 ml/ fed

Corvus 10%EC Novaluron insect growth regulator Inhibitor of chitin synthesis 300 ml/ fed

Lambda®5% EC Lambda-cyhalothrin pyrethroids Disrupt the normal functioning 
of the nervous system in an 

organism

20 g/fed.

Indoxacarb®15% SC
Avaunt oxadiazine

Voltage-dependent sodium 
channel blocker

125 ml/ fed.
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2.2.4. Effect of tested pesticides on EPN (IJs):

This experiment was conducted to evaluate the efficacy 
of eight novel pesticides at field recommended rate on 
two species of EPNs. Untreated (control) experiment for 
the EPNs species was also performed. Each treatment 
was replicated three times in a sterile tissue culture plate. 
Each replicate contained 1ml pesticide and 1ml EPNs 
IJs suspension (100 IJs/ml), and then covered with hulls 
stretched plastic. Data were recorded after three intervals 
(one, three and five days) and mortality % were calculated 
according to Abbott’s formula.

2.3. Experimental design:

All experiments were arranged as randomized complete 
block design with six replicates for each treatment.

2.4. Statistical analysis:

All obtained data were subjected to ANOVA test 
using a computer program (CoHort Software, 2008) to 
determine Duncan’s multiple range test and the LSD 5% 
(least significant difference) . In addition, Abbott’s formula 

was used to determine the Mortality percentages. Were 
counted according to Abbott’s formula (Abbott, 1925).

( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= −

( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= −

( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= − ( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= −
( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= −( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= −( ) %  1       /       *100Corrected mortality no in Treatment after treatment no in Control after treatment= − 	Equation 1

3. Results

3.1. Effects of different macro fertilizers (1, 5 and 10 g/liter 
water) on the activity of Steinernema carpocapsae one, 
three, five days after application.

The obtained data in Table  2 show that there were 
significant differences between the Urea, Ammonium 
sulfate and Ammonium nitrate in the number of total alive 
entomopathogenic nematode of S. carpocapsae after treated 
with 1g/liter, where there were no significant differences 
between NPK, NP, and DAP treatments and control.

As for the mortality percentages, the highest one was 
recorded with the treatment of Ammonium sulfate 95.79%, 

Table 2. Effect of different macro fertilizers (1, 5, 10 g/liter water) on mortality % of Steinernema carpocapsae IJs one, three, five days 
after application.

Treatments
One day Three days Five days

Total alive Mortality %
Alive juveniles

1g/liter water

Urea 25 21 19 19 c 80.0

Ammonium sulfate 10 7 4 4 d 95.79

Ammonium nitrate 92 79 40 40 b 57.89

NPK 98 89 83 83 a 12.63

NP 98 88 86 86 a 9.47

DAP 93 85 83 83 a 12.63

Control 99 96 95 95 a -

LSD 5% 13.72

5g/liter water

Urea 13 18 11 11 c 88.42

Ammonium sulfate 8 5 0 0 d 100

Ammonium nitrate 20 19 10 10 c 89.47

NPK 95 87 80 80 a 15.79

NP 94 85 82 82a 13.68

DAP 94 81 65 65 b 31.58

Control 99 95 95 95 a -

LSD 5% 13.37

10g/liter water

Urea 14 9 2 2 d 97.87

Ammonium sulfate 5 2 0 0 d 100

Ammonium nitrate 45 38 34 34 c 63.83

NPK 81 80 75 75 b 20.21

NP 90 74 35 35 c 30.85

DAP 83 48 38 38 c 34.04

Control 99 95 94 94 a -

LSD 5% 10.82

Each Petri dish contains 100 Ijs. Values followed by different letters are the significant difference at 5%.
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followed by the treatment of Urea 80%, and Ammonium 
nitrate 57.89%, while NP recorded the lowest one 9.47%.

The results of the concentration 5 g/liter water revealed 
that there were significant differences nearly between all 
treatments and control except with NPK and NP.

With respect to the mortality % the data in Table  2 
revealed that Ammonium sulfate induced the highest 
mortality percentage 100% followed by the treatment of 
Ammonium nitrate 89.47% and Urea 88.42%, whereas, 
NPK recorded the lowest one 15.79%.

Regarding to the effect of different fertilizers at 10g/
liter water on the activity of S. carpocapsae, it was clearly 
that the number of total alive EPNs were significantly 
differed compared with control where the obtained data 
revealed that Ammonium sulfate recorded the highest 

mortality percentage100%, while NPK recorded the lowest 
value 20.21%.

Generally, Ammonium sulfate, Urea and Ammonium 
nitrate recorded the highest EPN mortality percentages 
at three tested concentrations, whereas, DAP, NP and NPK 
recorded the lowest percentages nearly at the three tested 
concentrations. It was observed that morality percentages 
were increased as the concentration of macro fertilizers 
increased.

Effects of some macro elements (1,5 and 10g/liter 
water) on the activity of entomopathogenic nematode, 
Heterorhabditis bacteriophora one, three, five days after 
application:

The obtained data in Table 3 revealed that there were 
significant differences between all treatments in the 
number of total alive J3 of EPN and control after treated 

Table 3. Effect of different macro fertilizers (1, 5, 10 g/liter water) on Heterorhabditis bacteriophora one, three, five days after application.

Treatments
One day Three days Five days

Total alive
Overall 

mortality %Alive juveniles

1g/liter water

Urea 21 16 15 15 d 84.21

Ammonium sulfate 23 19 11 11 d 88.42

Ammonium nitrate 85 80 65 35 c 63.16

NPK 94 14 68 68 b 28.42

NP 18 26 37 37 c 61.05

DAP 81 78 76 76 b 20

Control 98 96 95 95 a -

LSD 5% 14.22

5g/liter water

Urea 19 15 9 9 e 90.63

Ammonium sulfate 18 11 7 7 e 92.71

Ammonium nitrate 89 74 48 48 c 50

NPK 90 79 66 66 b 31.25

NP 58 49 35 35 d 63.54

DAP 66 56 14 14 e 85.42

Control 98 95 96 96 a -

LSD 5% 12.10

10g/liter water

Urea 11 8 2 2 d 97.89

Ammonium sulfate 11 8 0 0 d 100

Ammonium nitrate 75 65 30 30 c 68.42

NPK 88 80 54 54 b 43.16

NP 49 36 24 24 c 74.74

DAP 56 41 28 28 c 70.53

Control 98 96 95 95 a -

LSD 5% 10.63

Each Petri dish contains 100 IJs. Values followed by different letters are the significant difference at 5%.
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with 1g/liter. The lowest alive numbers was recorded 
after treated with Ammonium sulfate as 11 J3, whereas 
the highest alive numbers was recorded after treated 
with DAP as 76 J3.

As for mortality percentages, the highest ones were 
recorded with the treatment of Ammonium sulfate 88.42% 
followed by the treatment of Urea 84.21%, Ammonium 
nitrate 63.16% and NP 61.05%, while DAP recorded the 
lowest one as 20%.

The results of the concentration of 5 g/liter water 
revealed that there were significant differences between 
all treatments and control in total alive numbers of H. 
bacteriophora.

With respect to mortality % the data in Table 3 revealed 
that all fertilizers induced higher H. bacteriophora and 
ranged between 50% - 92.71%.

Moreover, the effect of different fertilizers at 10 g/liter 
water on the activity of H. bacteriophora revealed that there 
were significant differences between all treatments and 
control in the total alive numbers of H. bacteriophora juveniles.

With respect to mortality %, the obtained data in Table 3 
revealed that all fertilizers induced higher H. bacteriophora 
mortality % and ranged between 43.16% -100%.

Generally, the obtained data clearly revealed that 
all tested fertilizers recorded highest mortality % in 

H. bacteriophora at three concentrations. The morality 
percentages were increased as the concentration of 
fertilizers increased.

3.2. Effects of different concentrations of micro elements 
(0.1, 0.5 and 1.0 g / liter water) on Steinernema 
carpocapsae one, three, five days after application:

The effect of three micro elements at the concentration 
of 0.1 g / liter water) on the activity of the entomopathogenic 
nematode, S. carpocapsae IJs in Table 4 show that there 
were significant differences between all micro fertilizer 
treatments and control in the total alive EPN numbers.

With respect to mortality %, the obtained data in 
Table 4 revealed that all micro fertilizers induced higher S. 
carpocapsae mortality % ranged between 77.55% - 90.82%.

As for the effect of three micro elements at the 
concentration of 0.5 g / liter water on the activity of 
S. carpocapsae IJs, results in Table  4 show that there 
were significant differences between all micro fertilizer 
treatments and control in the total alive numbers of 
tested genus.

With respect to the mortality %, the obtained data in 
Table 4 revealed that all micro fertilizers induced higher 
Steinernema carpocapsae mortality percent and the 
mortality percent ranged between 70.72-100%.

Table 4. Effect of different micro elements (0.1, 0.5, 1.0 g / liter water) on Steinernema carpocapsae one, three, five days after application.

Treatments
One day Three days Five days

Total alive
Overall 

mortality %Alive juveniles

0.1g/liter water

Zn 41 16 22 12 b 87.76

Mn 27 23 10 10 b 89.80

Fe 27 23 9 9 b 90.82

Zn +Mn + Fe 19 14 11 11 b 88.78

Control 99 99 98 98 a -

LSD 5% 8.65

0.5 mg/liter water

Zn 34 17 8 8 b 91.75

Mn 29 16 7 7 b 92.78

Fe 28 19 9 9 b 70.72

Zn +Mn + Fe 12 6 0 0 b 100

Control 99 98 97 97 a -

LSD 5% 8.26

1.0 g/liter water

Zn 30 11 5 5 b 94.85

Mn 25 8 0 0 b 100

Fe 27 12 0 0 b 100

Zn +Mn + Fe 9 3 0 0 b 100

Control 98 98 96 96 a -

LSD 5% 8.18

Each Petri dish contains 100 Ijs. Values followed by different letters are the significant difference at 5%.
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As for the effect of three micro elements at 1 g / liter 
water on the activity of S. carpocapsae IJs, results in Table 4 
show that there were significant differences between all 
micro fertilizer treatments and control in the total numbers 
of alive nematodes.

With respect to the mortality %, the obtained data in 
Table 4 revealed that all micro fertilizers induced higher 
mortality % of S. carpocapsae ranged between 94.85% - 100%.

Generally, all tested micro fertilizers induced higher 
mortality % of S. carpocapsae juveniles after three tested 
concentrations, as well as morality percentages were 
increased as the concentration of fertilizers increased.

3.3. Effects of different micro elements (0.1, 0.5 and 1.0 g / 
liter water) on Heterorhabditis bacteriophora one, three, 
five days after application.

The effect of three micro elements at the concentration 
of 0.1 g / liter water on the activity of H. bacteriophora 
(Table  5) show that there were significant differences 
between all micro fertilizer treatments and control in the 
total numbers of alive juveniles.

With respect to the mortality %, the obtained data in 
Table 5 revealed that all micro fertilizers induced higher 
mortality percentages of H. bacteriophora juveniles ranged 
between 87.76% - 90.82%.

As for the effect of three micro elements at the 
concentration of 0.5 g / liter water on the activity of 
H. bacteriophora IJs, results in Table  5 show that there 
were significant differences between all micro fertilizer 
treatments and control in the total numbers of alive 
juveniles.

With respect to mortality %, the obtained data in Table 5 
revealed that all micro fertilizers induced higher mortality 
% of H. bacteriophora ranged between 70.72% -100%.

The effect of the tested micro elements at the 
concentration of 1 g / liter water on the activity of H. 
bacteriophora IJs, results in Table  5 show that there 
were significant differences between all micro fertilizer 
treatments and control in the total numbers of alive 
juveniles.

With respect to the mortality %, the obtained data in 
Table 5 revealed that all micro fertilizers induced higher 
mortality percentages of H. bacteriophora ranged between 
94.85% -100%.

Generally, all tested micro fertilizers induced higher 
mortality % of H. bacteriophora exposed to the three tested 
concentrations, in addition morality percentages were 
increased as the concentration of fertilizers increased.

The obtained results are in harmony with those of 
Ebssa and Koppenhöfer (2012) who found that the tested 

Table 5. Effect of different micro elements (0.1, 0.5, 1.0 g / liter water) on Heterorhabditis bacteriophora one, five, ten days after application.

Treatments
One day Three days Five days

Total alive
Overall mortality 

%Dead juveniles

0.1 g/liter water

Zn 39 24 10 10 b 89.58

Mn 35 18 8 8 b 91.67

Fe 49 25 11 11 b 88.54

Zn +Mn + Fe 23 21 9 9 b 90.63

Control 99 98 96 96 a -

LSD 5% 8.65

0.5 g/liter water

Zn 22 18 8 8 b 96.67

Mn 20 20 3 3 b 96.88

Fe 73 19 6 6 b 93.75

Zn +Mn + Fe 13 9 3 3 b 96.88

Control 98 97 96 96 a -

LSD 5% 8.29

1.0 g/liter water

Zn 19 16 4 4 b 95.83

Mn 14 8 0 0 b 100

Fe 25 15 0 0 b 100

Zn +Mn + Fe 7 6 0 0 b 100

Control 97 97 96 96 a -

LSD 5% 8.18

Each Petri dish contains 100 IJs. Values followed by different letters are the significant difference at 5%.
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nematode recorded a high mortality as 90% of A. ipsilon 
larvae in laboratory. The mechanisms of insect larvae 
infection with nematode has been showed by Shapiro-
Ilan et al. (2009) who stated that the nematodes enter 
the host once a host is located. Moreover, H. bacteriophora 
nematode enters through the insect body, it can continue 
the life cycle and induced insect’s death, and this may be 
discussed in the variety between the larval mortality rates.

As for the effect of fertilizers on the tested nematode 
species, Şahin and Susurluk (2018) reported that, 
compared to control, all fertilizer solutions, except for 
urea doses, appeared to have a significant lethal effect on 
H. bacteriophora at the end of the first day. Furthermore, 
the same authors reported that, compared to control, only 
NPK (1 g/liter) and all doses of AN and AS did not show 
significant effect on S. feltiae after 1 day.

EPNs are highly exposed to the effects of fertilizers due 
to excessive and prolonged use of inorganic fertilizers. 
EPNs were affected by inorganic fertilizer according to 
their ingredients and concentrations and the species of 
nematode (Bednarek and Gaugler, 1997). According to 
the present research, all inorganic fertilizers at different 
doses were lethal to H. bacteriophora (HBH. Similar results 
were reported by Bednarek and Gaugler (1997). Susurluk 
(2008) reported that Steinernema was not adversely 
affected when agricultural activities such as fertilization 
(organic and NPK) and herbicide (Trifluralin EC) were 
started together during a 2-year field study. In addition, 
Susurluk (2008) stated that prolonged exposure to high 
concentrations of inorganic NPK fertilizers inhibit the 
activities of Heterorhabditis.

3.4. Effects of some pesticides on Steinernema carpocapsae 
one, five, ten days after application:

The effects of tested pesticides on entomopathogenic 
nematode, S. carpocapsae shown in Table  6 revealed 
that, one day after exposure, there were no significant 
differences in their effects between tested pesticides and 
control except Lufenuron and Lambda-cyhalothrin which 
significantly differed than control.

Lambda-cyhalothrin revealed the highest mortality as 
10.67% followed by 6.33%, whereas Spinetoram recorded 
the lowest mortality only 0.33%.

As for the effect of tested pesticides after 3 days the 
obtained data (Table 6) clearly revealed that mortality % 
significantly increased in pesticides treatment compared 
with control, and increased more than one day after 
treatment.

Lambda-cyhalothrin induced the highest mortality % of 
S. carpocapsae juveniles as 16.33%, followed by Lufenuron 
which recorded 10.33%, Avaunt 8.33%,Thiamethoxam 6.67%, 
Azoxystrobin 6.33%, and Chlorfenpyr 5.33% compared 
with control whereas, Spinetoram revealed the lowest 
mortality as 1.33%.

After five days of treatment, the obtained data (Table 6) 
revealed that the mortality percentages of S. carpocapsae 
juveniles were significantly differed than control, and 
increased compared with mortality % after one & three days.

Lambda-cyhalothrin revealed the highest mortality 
as 23.67%, whereas, Spinetoram achieved the lowest one 
as 2.67%.

With respect to overall mortality percentages of all 
tested pesticides results revealed significant increase ranged 
between 15.34% -50.67%. Lambda-cyhalothrin revealed the 
highest mortality as 50.67%, whereas Spinetoram revealed 
the lowest one as 4.33%.

Generally, mortality percentages were increased along 
the time after treatment increased. Nearly all tested 
pesticides increased mortality % except spinetoram which 
revealed the lowest mortality percentage.

3.5. Effects of some pesticides on Heterorhabditis 
bacteriophora one, three, five days after application:

The effects of tested pesticides on H. bacteriophora 
juveniles shown in Table 7, one day of treatment, revealed 
that there were no significant differences between 
all tested pesticides except lambda-cyhalothrin and 
Lufenuron which significantly differed than control and 
exhibited the highest mortality percent as 12.0% and 
6.67%, respectively.

Table 6. Effect of different pesticides on mortality % of Steinernema carpocapsae IJs one, three, five days after application.

Treatments
One day Three days Five days

Overall mortality %
Mortality %

Thiamethoxam 2.33±0.19c 6.67±0.58 cd 13.33±1.15b 22.33±1.15cd

Spinetoram 0.33±0.06c 1.33±0.13e 2.67±0.58c 4.33±0.58e

Azoxystrobin 3.0±0.58c 6.33±0.58cd 9.67±1.15b 18.0±2.31cd

Chlorfenpyr 2.0±0.58c 5.33±0.58cd 12.33±1.15b 19.33±1.73cd

Chlorantraniliprole 2.0±0.58c 4.67±0.58d 8.67±0.58b 15.34±1.73d

Lufenuron 6.33±0.58b 10.33±1.15b 12.67±1.15b 29.33±2.31b

Lambda-cyhalothrin 10.67±1.15a 16.33±1.17a 23.67±1.73a 50.67±2.89a

Avaunt 3.0±0.58c 8.33±0.58bc 13.0±1.15b 24.33±2.31bc

Control 1.0±0.58c 0.0±0.0e 1.0±0.0c 2.0±0.58e

LSD 5% 1.82 2.43 3.18 5.63

Each Petri dish contains 100 IJs. Values followed by different letters are the significant difference at 5%.
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As for the effect of tested pesticides on H. bacteriophora 
after three days of treatment, the obtained data (Table 7) 
clearly show that there were significant differences between 
all tested pesticides except Spinetoram which recorded the 
lowest mortality percentage as 1.67%. Whereas, lambda-
cyhalothrin achieved the highest mortality percentage 
followed by Lufenuron and Avaunt recording mortality 
percentages as 18.0%, 11.33% and 10%, respectively.

The data after five days of treatment of H. bacteriophora 
juveniles with tested pesticides (Table 7) indicated that 
the mortality percentages were the highest compared 
with one and three days after treatment. The mortality 
percentages in all pesticides were significantly increased 
compared with control, except spinetoram which recorded 
the lowest one as 3.33%. Lambda-cyhalothrin recorded 
the highest mortality percentage as 28.0%, followed 
by Chlorfenpyr, Avaunt, Lufenuron and Thiamethoxam 
which recorded18.33, 16.0, 14.67 and 14.67 mortality %, 
respectively.

With respect to overall mortality percentages of tested 
pesticides on H. bacteriophora juveniles, the data in Table 7 
revealed that Spinetoram recorded the lowest total 
mortality percentage as 5.67%. On the other side, lambda-
cyhalothrin showed the highest mortality percentage 
as 58% followed by Lufenuron, avaunt, chlorfenpyr and 
Thiamethoxam which recorded 32.67, 28.33, 27.33 and 
24.67%, respectively.

Generally, all tested pesticides increased mortality 
percentages of H bacteriophora juveniles. Lambda-
cyhalothrin induced the highest mortality percentage, 
whereas spinetoram recorded the lowest one.

The obtained results revealed that the two EPNs were 
tolerant to all tested pesticides, where the mortality 
percentages were ranged between 2.67% -23.67% in S. 
carpocapsae and 3.33% - 18.33% in H. bacteriophora after 
five days of treatment except Lambda cyhalothrin which 
recorded relatively the highest mortality percentages as 
23.67 and 28.0% for S. carpocapsae and H. bacteriophora, 
respectively.

The obtained results are in agreement with Radová 
(2010) who exposed entomopathogenic nematode, 
Steinernema feltiae to 8 insecticides, 7 acaricides and 4 
fungicides under laboratory conditions and found that S. 
feltiae was tolerant to all tested insecticides and fungicides, 
mortality during 72 hours varied from 2.26% to 18.68% and 
from 7.04% to 8.86%, respectively. Also, Atwa et al. (2017) 
evaluated the effect of (Dipel 2x, Radiant, Proclaim, Aphox 
and Coragen) on Heterorhabditis bacteriophora BA1 and 
Steinernema carpocapsae BA2 and found that all insecticides 
showed negative effect on the tested infective juveniles (IJs) 
of EPNs. In addition, Hassan and Ibrahim (2019) studied 
the effects of certain insecticides viz., Coragen, Nomolt, 
Ekio and Magic smart with Steinernema carpocapsae and 
Heterorhabditis bacteriophora against cotton leaf worm, 
Spodoptera littoralis and found that all tested insecticides 
induced low effect on the tested entomopathogenic 
nematodes. El Roby et al. (2023) evaluated the activity 
of Heterorhabditis bacteriophora (HP88) and Steinernema 
carpocapsae (AT4), as well as their compatibility with two 
common insecticide formulations (lambda cyhalothrin and 
flubendiamide) and one insect growth regulator (lufenuron) 
at LC50 and LC25 against Spodoptera frugiperda (AT4) under 
laboratory conditions and found that all tested insecticides 
with the two doses were nontoxic to the two strains of 
EPN according to IOBC test, moreover, they concluded 
that the mixtures of insecticides with the two EPN can 
be used in integrated S. frugiperda management except 
Lufeuron with LC25.

4. Conclusion

Tested macro fertilizers such as DAP; NP and NPK can 
be used safely at tested concentrations with Steinernema 
carpocapsae. All tested macro fertilizers cannot be used 
with Heterorhabditis bacteriophora. All micro fertilizers 
couldn’t be used with two EPNs. All tested pesticides 
can be successfully used for integrated plant protection 
systems. EPNs are tolerant to the tested pesticides and 

Table 7. Effect of different pesticides on Heterorhabditis bacteriophora one, three, five days after application.

Treatments
One day Three days Five days

Overall mortality %
Mortality %

Thiamethoxam 2.67±0.58c 7.33±0.58c 14.67±1.15bc 24.67±1.73bc

Spinetoram 0.67±0.17c 1.67±0.17d 3.33±0.58e 5.67±0.58e

Azoxystrobin 2.0±0.58c 5.33±0.58c 8.33±0.58d 15.66±1.73d

Chlorfenpyr 2.33±0.58c 6.67±0.5c 18.33±1.73b 27.33±1.15b

Chlorantraniliprole 2.33±0.58c 5.67±0.58c 11.67±1.15cd 19.67±2.89cd

Lufenuron 6.67±0.58b 11.33±1.15b 14.67±1.15bc 32.67±2.89b

Lambda-cyhalothrin 12.0±1.15a 18.0±1.73a 28.0±1.73a 58.0±2.89a

Avaunt 3.33±0.58c 10±1.15b 16.0±1.73bc 28.33±2.31b

Control 1.0±0.0c 1.0±0.0d 1.0± 0.0e 3.0±0.33e

LSD 5% 1.82 2.63 3.66 6.11

Each Petri dish contains 100 IJs. Values followed by different letters are the significant difference at 5%.
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the tank-mix application is possible in most compounds 
except the Lambda cyhalothrin which significantly reduced 
the virulence of tested nematodes.

References

AATIF, H.M., JAVED, N., KHAN, S.A., AHMED, S. and RAHEEL, M., 2015. 
Virulence of entomopathogenic nematodes against Meloidogyne 
incognita for invasion, development and reproduction at 
different application times in brinjal roots. International Journal 
of Agriculture and Biology, vol. 17, no. 5, pp. 995-1000. http://
doi.org/10.17957/IJAB/14.0028.

ABBOTT, W.S., 1925. A method of computing the effectiveness of 
an insecticide. Journal of Economic Entomology, vol. 18, no. 2, 
pp. 265-267. http://doi.org/10.1093/jee/18.2.265a.

AIOUB, A.A., EL-ASHRY, R.M., HASHEM, A.S., ELESAWY, A.E. and 
ELSOBKI, A.E.A., 2021. Compatibility of entomopathogenic 
nematodes with insecticides against the cabbage white 
butterfly, Pieris rapae L.(Lepidoptera: pieridae). Egyptian 
Journal of Biological Pest Control, vol. 31, no. 1, pp. 153. http://
doi.org/10.1186/s41938-021-00498-z.

NEGRISOLI, A.S., GARCIA, M.S., BARBOSA NEGRISOLI, C.R.C., 
BERNARDI, D. and SILVA, A., 2010. Efficacy of entomopathogenic 
nematodes (Nematoda: Rhabditidae) and insecticide mixture 
to control Spodoptera frugiperda (Lepidoptera: Noctuidae) in 
corn crops. Crop Protection, vol. 29, no. 7, pp. 677-683. http://
doi.org/10.1016/j.cropro.2010.02.002.

ALAM, A., ABBAS, S., ABBAS, A., ABBAS, M., HAFEEZ, F., SHAKEEL, 
M., XIAO, F. and ZHAO, C.R., 2023. Emerging trends in insect 
sex pheromones and traps for sustainable management of key 
agricultural pests in Asia: beyond insecticides—a comprehensive 
review. International Journal of Tropical Insect Science, vol. 43, no. 
6, pp. 1867-1882. http://doi.org/10.1007/s42690-023-01100-9.

ANSARI, M.A., SHAH, F.A., WHITTAKER, M., PRASAD, M. and BUTT, 
M.T., 2007. Control of western flower thrips, Frankliniella 
occidentalis pupae with Metharhizium anisopliae in peat 
alternative growing media. Biological Control, vol. 40, no. 3, 
pp. 293-297. http://doi.org/10.1016/j.biocontrol.2006.12.007.

ATWA, D., HUSSEIN, M., EL-KHAWAS, M., SARHAN, A., MANDOUR, 
N. and MAHMOUD, M., 2017. The effect of some insecticides 
on two Entomopathogenic nematodes and evaluation of its 
virulence on the greater wax moth, Galleria mellonella. Journal 
of Applied Plant Protection, vol. 6, no. 1, pp. 37-45. http://doi.
org/10.21608/japp.2017.7578.

BHADANI, R.V., GAJERA, H.P., HIRPARA, D.G. and KACHHADIYA, H.J., 
2022. Characterization and bio-efficacy of entomopathogenic 
Beauveria associated with cuticle-degrading enzymes to restrain 
sucking pest Bemisia tabaci. Parasitology Research, vol. 121, no. 
7, pp. 2019-2031. http://doi.org/10.1007/s00436-022-07557-w. 
PMid:35614146.

BEDNAREK, A. and GAUGLER, R., 1997. Compatibility of soil 
amendments with Entomopathogenic nematodes. Journal of 
Nematology, vol. 29, no. 2, pp. 220-227. PMid:19274153.

BOEMARE, N.E., LAUMOND, C. and MAULEON, H., 1996. The 
Entomopathogenic nematode bacterium complex: biology, life 
cycle and vertebrate safety. Biocontrol Science and Technology, vol. 
6, no. 3, pp. 333-346. http://doi.org/10.1080/09583159631316.

BREWER, M.J. and ELLIOTT, N.C., 2023. Recent advances in agro 
ecological research for increasing scope of area wide pest 
management of arthropods in cropping systems. Current Opinion 
in Insect Science, vol. 56, pp. 101019. http://doi.org/10.1016/j.
cois.2023.101019. PMid:36868407.

CATANI, L., MANACHINI, B., GRASSI, E., GUIDI, L. and SEMPRUCCI, 
F., 2023. Essential oils as nematicides in plant protection: a 
review. Plants, vol. 12, no. 6, pp. 14-18. http://doi.org/10.3390/
plants12061418. PMid:36987106.

CHATTERJEE, D. and KUNDU, A., 2022. Push pull strategy of 
integrated pest management. Just Agriculture, vol. 2, no. 9, pp. 47.

CHAVAN, S.N., SOMASEKHAR, N. and KATTI, G., 2018. Compatibility of 
entomopathogenic nematode Heterorhabditis indica (Nematoda: 
Heterorhabditidae) with agrochemicals used in the rice ecosystem. 
Journal of Entomology and Zoology Studies, vol. 6, pp. 527-532.

CHENG, M., MENG, F., LV, R., WANG, P., WANG, Y., CHEN, X. and 
WANG, A., 2023. Postharvest preservation effect of composite 
biocontrol agent on tomatoes. Scientia Horticulturae, vol. 321, 
pp. 112344. http://doi.org/10.1016/j.scienta.2023.112344.

COHORT SOFTWARE, 2008. Statistical CoHort Software program, 
CoStat 6.400 [software. Monterey CA: CoHort Software.

EBSSA, L. and KOPPENHÖFER, A.M., 2012. Entomopathogenic 
nematodes for the management of Agrotis ipsilon: effect of 
instar, nematode species and nematode production method. 
Pest Management Science, vol. 68, no. 6, pp. 947-957. http://
doi.org/10.1002/ps.3259. PMid:22344709.

EHLERS, R.U., 1996. Current and future use of nematodes in 
biocontrol: practice and commercial aspects with regard to 
regulatory policies issues. Biocontrol Science and Technology, vol. 
6, no. 3, pp. 303-316. http://doi.org/10.1080/09583159631299.

EL ROBY, A.S.M.H., SHABAN, M.M. and ABDEL HAKEEM, A.A., 
2023. Compatibility of Egyptian strains of entomopathogenic 
nematodes (Nematoda: Rhabditida) with insecticides and their 
activity against Spodoptera frugiperda (Lepidoptera: Noctuidae) 
under laboratory conditions. Journal of Modern Research, vol. 2, 
no. 2, pp. 53-59. http://doi.org/10.21608/jmr.2023.213912.1111.

GALLI, M., FELDMANN, F., VOGLER, U.K. and KOGEL, K., 2024. Can 
biocontrol be the game-changer in integrated pest management? 
A review of definitions, methods and strategies. Journal of Plant 
Diseases and Protection, vol. 131, no. 2, pp. 265-291. http://doi.
org/10.1007/s41348-024-00878-1.

GEORGIS, R., KOPPENHÖFER, A.M., LACEY, L.A., BÉLAIR, G., DUNCAN, 
L.W., GREWAL, P.S., SAMISH, M., TAN, L., TORR, P. and VAN TOL, 
R.W.H.M., 2006. Successes and failures in the use of parasitic 
nematodes for pest control. Biological Control, vol. 38, no. 1, 
pp. 103-123. http://doi.org/10.1016/j.biocontrol.2005.11.005.

GREWAL, P.S. and GEORGIS, R., 1998. Entomopathogenic nematodes. 
In: F.R. HALL and J.J. MENN, eds. Biopesticides: use and delivery. 
Totawa: Humana Press, pp. 271-299. Methods in Biotechnology, 
vol 5. http://doi.org/10.1385/0-89603-515-8:271.

HARA, A.H. and KAYA, H.K., 1983. Development of the 
entomogenous nematode, Neoaplectana carpocapsae 
(Rhabditida: Steinernematidae), in insecticide-killed beet 
armyworm (Lepidoptera: Noctuidae). Journal of Economic 
Entomology, vol. 76, no. 3, pp. 423-426. http://doi.org/10.1093/
jee/76.3.423.

HASSAN, H.M. and IBRAHIM, S.A., 2019. Combined efficacy 
of insecticides and entomopathogenic nematodes in the 
management of cotton leaf worm Spodoptera littoralis. Pakistan 
Journal of Nematology, vol. 37, no. 1, pp. 45-52. http://doi.
org/10.18681/pjn.v37.i01.p45-52.

HAZIR, S., KAYA, H.K., STOCK, S.P. and KESKIN, N., 2004. 
Entomopathogenic nematodes (Steinernematidae and 
Heterorhabditidae) for biological control of soil pests. Turkish 
Journal of Biology, vol. 27, pp. 181-202.

KAYA, H.K., 1990. Soil ecology. In: R. GAUGLER and H.K. KAYA, eds. 
Entomopathogenic Nematodes in biological control. Boca Raton: 
CRC Press, pp. 93-115.

https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1186/s41938-021-00498-z
https://doi.org/10.1186/s41938-021-00498-z
https://doi.org/10.1016/j.cropro.2010.02.002
https://doi.org/10.1016/j.cropro.2010.02.002
https://doi.org/10.1007/s42690-023-01100-9
https://doi.org/10.1016/j.biocontrol.2006.12.007
https://doi.org/10.21608/japp.2017.7578
https://doi.org/10.21608/japp.2017.7578
https://doi.org/10.1007/s00436-022-07557-w
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35614146&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35614146&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19274153&dopt=Abstract
https://doi.org/10.1080/09583159631316
https://doi.org/10.1016/j.cois.2023.101019
https://doi.org/10.1016/j.cois.2023.101019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36868407&dopt=Abstract
https://doi.org/10.3390/plants12061418
https://doi.org/10.3390/plants12061418
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36987106&dopt=Abstract
https://doi.org/10.1016/j.scienta.2023.112344
https://doi.org/10.1002/ps.3259
https://doi.org/10.1002/ps.3259
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22344709&dopt=Abstract
https://doi.org/10.1080/09583159631299
https://doi.org/10.21608/jmr.2023.213912.1111
https://doi.org/10.1007/s41348-024-00878-1
https://doi.org/10.1007/s41348-024-00878-1
https://doi.org/10.1016/j.biocontrol.2005.11.005
https://doi.org/10.1385/0-89603-515-8:271
https://doi.org/10.1093/jee/76.3.423
https://doi.org/10.1093/jee/76.3.423
https://doi.org/10.18681/pjn.v37.i01.p45-52
https://doi.org/10.18681/pjn.v37.i01.p45-52


Brazilian Journal of Biology, 2025, vol. 85, e291916 11/11

Effects of fertilizers and pesticides on two Entomopathogenic nematodes

KOPPENHÖFER, A.M. and GREWAL, P.S., 2005.Compatibility and 
interactions with agrochemicals and other biocontrol agents. In: 
P.S. GREWAL, R.U. EHLERS and D.I. SHAPIRO-ILAN, eds. Nematodes 
as biological control agents. Wallingford, UK: CABI Publishing, 
pp. 363– 381. http://doi.org/10.1079/9780851990170.0363.

LACEY, L.A., FRUTOS, R., KAYA, H.K. and VAIL, P., 2001. Insect 
pathogens as biological control agents: do they have a future? 
Biological Control, vol. 21, no. 3, pp. 230-248. http://doi.
org/10.1006/bcon.2001.0938.

LAZNIK, Z. and TRDAN, S., 2013. Testing the compatibility of different 
insecticides with entomopathogenic nematodes (Nematoda: 
Rhabditida) [Conference poster]. In: Zbornik Predavanj in 
Referatov, 2013. Bled, Slovenia, pp. 327-333.

LEWIS, E.E., CAMPBELL, J., GRIFFIN, C., KAYA, H. and PETERS, A., 2006. 
Behavioral ecology of entomopathogenic nematodes. Biological 
Control, vol. 38, no. 1, pp. 66-79. http://doi.org/10.1016/j.
biocontrol.2005.11.007.

LUCSKAI, A., 1999. Identification Key to Entomopathogenic 
Nematode Species. Acta Phytopathologica et Entomologica 
Hungarica, vol. 34, no. 4, pp. 317-325. http://doi.org/10.1556/
APhyt.34.1999.4.7.

MAMUK, N., YÜKSEL, E., and CANHILAL, R., 2023. The integrated use 
of some common agrochemicals and different entomopathogenic 
nematode species in the control of Planococcus citri (Risso, 1813 
(Hemiptera: Pseudococcidae). Preprint. https://doi.org/10.21203/
rs.3.rs-3396003/v1

MCCOY, C.W., STUART, R.J., DUNCAN, L.W. and NGUYEN, K., 
2002. Field efficacy of two commercial preparations of 
entomopathogenic nematodes against larvae of Diaprepes 
abbreviates (Coleoptera: Curculionidae) in alfisol type soil. The 
Florida Entomologist, vol. 85, no. 4, pp. 537-672. http://doi.
org/10.1653/0015-4040(2002)085[0537:FEOTCP]2.0.CO;2.

NAUEN, R. and DENHOLM, I., 2005. Resistance of insect pests to 
neonicotinoid insecticides: current status and future prospects. 
Archives of Insect Biochemistry and Physiology, vol. 58, no. 4, pp. 
200-215. http://doi.org/10.1002/arch.20043. PMid:15756698.

NIELSEN, A.L., SPENCE, K.O., NAKATANI, J. and LEWIS, E.E., 2011. 
Effect of soil salinity on entomopathogenic nematode survival 
and behavior. Nematology, vol. 13, no. 7, pp. 859-867. http://
doi.org/10.1163/138855411X562254.

ÖZDEMIR, E., İNAK, E., EVLICE, E., YÜKSEL, E., DELIALIOĞLU, R.A. 
and SUSURLUK, I.A., 2021. Effects of insecticides and synergistic 
chemicals on the efficacy of the entomopathogenic nematode 
Steinernema feltiae (Rhabditida: Steinernematidae) against 
Leptinotarsa decemlineata (Coleoptera: Chrysomelidae). Crop 
Protection, vol. 144, pp. 105605. http://doi.org/10.1016/j.
cropro.2021.105605.

PALUMBO, J.C. and CASTLE, S.J., 2009. IPM for fresh market lettuce 
production in the desert southwest: the produce paradox. Pest 
Management Science, vol. 65, no. 12, pp. 1311-1320. http://doi.
org/10.1002/ps.1864. PMid:19842090.

RADOVÁ, Š., 2010. Effect of selected pesticides on the vitality and 
virulence of the entomopathogenic nematode Steinernema 
feltiae (Nematoda: steinernematidae). Plant Protection Science, 
vol. 46, no. 2, pp. 83-88.

RADOVA, S., 2011. Effect of selected pesticides on survival 
and virulence of two nematode species. Polish Journal of 
Environmental Studies, vol. 20, no. 1, pp. 181-185.

ROVESTI, L., HEINZPETER, E.W., TAGLIENTE, F. and DESEO, K.V., 
1988. Compatibility of pesticides with the entomopathogenic 

nematode Heterorhabditis bacteriophora Poinar (Nematoda: 
heterorhabditidae). Nematology, vol. 34, no. 4, pp. 462-476. 
http://doi.org/10.1163/002825988X00422.

ŞAHIN, Y.S. and SUSURLUK, İ.A., 2018. Effects of some inorganic 
fertilizers on the entomopathogenic nematodes Steinernema 
feltiae (Tur-S3) and Heterorhabditis bacteriophora (HBH). Türkiye 
Biyolojik Mücadele Dergisi, vol. 9, no. 2, pp. 102-109.

SHAPIRO-ILAN, D.I., MBATA, G.N., NGUYEN, K.B., PEAT, S.M., 
BLACKBURN, D. and ADAMS, B.J., 2009. Characterization 
of biological traits in the entomopathogenic nematode, 
Heterorhabditis georgiana (Kesha strain), and phynology 
analysis of the nematode’s symbiotic bacteria. Biological 
Control, vol. 51, no. 3, pp. 387. http://doi.org/10.1016/j.
biocontrol.2009.07.009.

SÖNMEZ, Ø., KAPLAN, M. and SÖNMEZ, S., 2007. An investigation 
of seasonal changes in nitrate contents of soils and irrigation 
waters in greenhouses located in Antalya-Demre Region. Asian 
Journal of Chemistry, vol. 19, no. 7, pp. 5639-5646.

STOCK, S.P., 2015. Diversity, biology and evolutionary relationships. 
In: R. CAMPOS-HERRER, ed. Nematode pathogeneses of insects 
and other pests. Switzerland: Springer International Publishing, 
pp. 3-27.. http://doi.org/10.1007/978-3-319-18266-7_1.

STUART, R.J., BARBERCHECK, M.E., GREWAL, P.S., TAYLOR, R.A.J. 
and HOY, C.W., 2006. Population biology of entomopathogenic 
nematodes: concepts, issues, and models. Biological Control, 
vol. 38, pp. 80-102.

SUSURLUK, J., 2008. Potential of the entomopathogenic nematodes 
Steinernema feltiae, S. weiseri and Heterorhabditis bacteriophora 
for the biological control of the sugar beet weevil, Bothynoderes 
punctiventris (Coleoptera: curculionidae). Journal of Pest 
Science, vol. 81, no. 4, pp. 221-225. http://doi.org/10.1007/
s10340-008-0209-x.

SZCZEPANIEC, A., CREARY, S.F., LASKOWSKI, K.L., NYROP, J.P. and 
RAUPP, M.J., 2011. Neonicotinoid insecticide imidacloprid causes 
outbreaks of spiders mites on Elm trees in urban landscapes. 
PLoS One, vol. 6, no. 5, pp. e20018. http://doi.org/10.1371/
journal.pone.0020018. PMid:21655275.

POPRAWSKI, T.J., LEGASPI, J.C. and PARKER, P.E., 1998. 
Entomopathogenic fungi on Serangium parcesetosum 
(Coleoptera: Coccinellidae), an important predator of whiteflies 
(Homoptera:Aleroydidae). Environmental Entomology, vol. 27, 
no. 3, pp. 785-795. http://doi.org/10.1093/ee/27.3.785.

ULU, T.C., SADIC, B. and SUSURLUK, I.A., 2016. Effects of different 
pesticides on virulence and mortality of some entomopathogenic 
nematodes. Invertebrate Survival Journal : ISJ, vol. 13, no. 1, 
pp. 111-115.

VAINIO, A. and HOKKANEN, H., 1990. Side effects of pesticides on 
the entomophagous nematode, Steinernema feltiae, and the 
entomopathogenic fungi, Metarhizium anisopliae and Beauveria 
bassiana in the laboratory. In: Proceedings of the International 
Colloquium on Invertebrate Pathology and Microbial Control, 
20-24 August 1990, Adelaide, Australia.

WHITE, G.F., 1927. A method for obtaining infective nematode 
larvae from cultures. Science, vol. 66, no. 1709, pp. 302-303. 
http://doi.org/10.1126/science.66.1709.302.b PMid:17749713.

ZIMMERMANN, G., 1993. The entomopathogenic fungus, 
Metarhizium anisopliae and its potential as a biocontrol 
agent. Pesticide Science, vol. 37, no. 4, pp. 375-379. http://doi.
org/10.1002/ps.2780370410.

https://doi.org/10.1079/9780851990170.0363
https://doi.org/10.1006/bcon.2001.0938
https://doi.org/10.1006/bcon.2001.0938
https://doi.org/10.1016/j.biocontrol.2005.11.007
https://doi.org/10.1016/j.biocontrol.2005.11.007
https://doi.org/10.1556/APhyt.34.1999.4.7
https://doi.org/10.1556/APhyt.34.1999.4.7
https://doi.org/10.1653/0015-4040(2002)085%5b0537:FEOTCP%5d2.0.CO;2
https://doi.org/10.1653/0015-4040(2002)085%5b0537:FEOTCP%5d2.0.CO;2
https://doi.org/10.1002/arch.20043
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15756698&dopt=Abstract
https://doi.org/10.1163/138855411X562254
https://doi.org/10.1163/138855411X562254
https://doi.org/10.1016/j.cropro.2021.105605
https://doi.org/10.1016/j.cropro.2021.105605
https://doi.org/10.1002/ps.1864
https://doi.org/10.1002/ps.1864
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19842090&dopt=Abstract
https://doi.org/10.1163/002825988X00422
https://doi.org/10.1016/j.biocontrol.2009.07.009
https://doi.org/10.1016/j.biocontrol.2009.07.009
https://doi.org/10.1007/978-3-319-18266-7_1
https://doi.org/10.1007/s10340-008-0209-x
https://doi.org/10.1007/s10340-008-0209-x
https://doi.org/10.1371/journal.pone.0020018
https://doi.org/10.1371/journal.pone.0020018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21655275&dopt=Abstract
https://doi.org/10.1093/ee/27.3.785
https://doi.org/10.1126/science.66.1709.302.b
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17749713&dopt=Abstract
https://doi.org/10.1002/ps.2780370410
https://doi.org/10.1002/ps.2780370410

