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An assessment was carried out to determine the effects of fenoxycarb (a juvenile hormone mimic) on 
survival, infectivity, penetration rate, recycling potential and energy reserves of the infective juveniles 
(IJs) of Steinernema carpocapsae S2. The results showed that fenoxycarb proved to be a little lethal for 
IJs of S. carpocapsae.The mortality of IJs was only 6-9.5% at the higher concentration.  Toxicity of the 
fenoxycarb was significant at the exposure periods 24 and 72 hours duration. The Susceptibility of 
nematode to the fenoxycarb was not affected at the exposure period 120 hours. fenoxycarb did not 
significantly reduce IJs infectivity at the tested concentrations. Also, Penetration of S. carpocapsae S2 
did not significantly affect by the exposure to the juvenoid.  In many instances, however, IJs treatments 
with fenoxycarb failed to penetrate the larvae of G. mellonella. The juvenoid (fenoxycarb) decreased the 
reproduction potential significantly at treated IJs in comparison with the untreated ones. The total protein 
in IJs exposed to the high concentration of fenoxycarb was smaller 44.65% than in IJs maintained in 
water 50%. However the lipids and carbohydrate were higher than in the untreated IJs. 

Keywords: Juvenoids, Fenoxycarb,  Steinernema carpocapsae, reproduction potential. 

 
INTRODUCTION 
The biological control methods appear to be 
feasible options for pest management (Lacey et 
al. 2006). Entomopathogenic nematodes (EPNs) 
are potent bioinsecticides that can control different 
economically important agriculture pests (Ulu et 
al, 2014). These nematodes have a broad host 
range, a durable infective stage, search actively 
for hosts and safety to mammals and other non-
target organisms (Gaugler and Boush, 1979; 
Ehlers, 2003). Both steinernematids and 
heterorhabditids are of vast significance due to 
their symbiotic bacteria of the genera 
Xenorhabdus spp. and Photorhabdus spp., 
respectively, which is necessary for killing of the 
insect host within48 hours.  Vitality and infectivity 
of nematodes give a reliable prediction of how a 
product will work in the field (Glazer, 1992). 

Energy reserves of (IJs) play important roles in 
their life. These components are related to viability 
and pathogenicity of EPNs (Wright and Perry 
2002). The exhaustion of stored lipids, proteins 
and carbohydrates reduce their virulence and 
environmental tolerance (Qiu and Bedding 2000, 
Andalo et al, 2009). 
EPNs are frequently applied to sites that are 
exposed to many inputs. The infective juveniles 
(IJs) of nematodes have been reported to tolerate 
short-term exposure to several chemical, 
biological insecticides and growth regulators, 
therefore providing a prospect of tank-mixing and 
application together (Koppenhofer and Grewal 
2005, Vashisth et al, 2013). Some pesticides 
support the action of nematodes and therefore 
improve nematode efficiency. However, these 
chemicals may cause large problems if used 
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arbitrarily (Negrisoli et al, 2010). It is important to 
ascertain the degree to which these nematodes 
may be affected by the chemicals concerned.    
 Insect growth regulators (IGRs) were preferred as 
the most appropriate candidates and the soft 
alternatives to the harmful pesticides in the 
prospective integrated pest management (IPM) 
programs (Bowers, 1990). IGRs particularly those 
with juvenile hormone (JH) activity are available 
for chemical production and stable under 
extensive range of field situation (Ishaaya and 
Degheele, 1998).  Juvenile hormone analogs 
(JHAs) are insecticidal specifically target the 
insect's neuroendocrine system and, thus, have 
minimal deleterious effects on non-target 
organisms. 
Fenoxycarb is an IGR with juvenile hormone 
activity. This juvenoid is used to control different 
pests like fire ants, mosquitoes and moths 
(Miyamoto et al, 1993). It effects on insect 
development and reproduction. 
 Regardless of the fact that "nematode 
endocrinology remains in a comparatively 
undeveloped state" insect juvenile and moulting 
hormones have been demonstrated in nematodes 
and their effects on nematode development was 
studied (Davey 1978, Mendis et al, 1984).  
 The aim of this work is to determine the effects of 
the juvenoid (fenoxycarb) on viability, infectivity, 
penetration rate, reproduction potential and 
energy reserves of the infective juveniles of 
entomo pathogenic nematode Steinernema 
carpocapsae (S2). 

 
MATERIALS AND METHODS 

Nematode culture: 
The EPN, Steinernema carpocapsae S2 

(Nematoda: Steinernematidae).The nematode 
was isolated from the sandy soil in Sinai 
Governorate Egypt and identified by 
Shamseldean et al. (1996). The EPN  was 
cultured in vivo according to procedures described 
by (Kaya and Stock1997) and maintained in our 
Pests and Plant Protection laboratory, NRC on the 
last instar of the wax moth Galleria mellonella L. 
(Lepidoptera: Pyralidae) that was reared on 
artificial diet according to (Metwally et al. 2012). 

Infective juveniles (IJs) were stored at 25⁰C and 
used for up two weeks of harvest. 

Chemical used: 
The juvenile hormone mimic Ro 13-5223 (a 

gift from syngenta Agro, Egypt), fenoxycarb   

(ethyl [2-(4-phenoxyphenoxy)-ethyl] carbamate 
was selected for the study.  

Effect of fenoxycarb on viability of 
S.carpocapsae S2: 
Nematode suspension was maintained as invivo 
cultures on G. mellonella. One hundred of last 
instar larvae of G. mellonella were placed on 20 
cm diameter Petri-dish padded with filter paper 
discs. About 10,000 IJs in 5 ml water were applied 
to the filter paper discs by a micropipette. Fifteen 
days after the larval infection, IJs were collected 
from the insect cadavers according to White 
(1927). The collected nematodes were washed 
twice with water to remove the host tissues and 
non-infective stages. The suspension of 
nematode was adjusted to a concentration of 
50IJs/ml. Two concentrations of the juvenoid  
fenoxycarb were used such that after dilution with 
the nematode suspension, final concentrations 
were 50 and 100µg/ml (S2). Equal volumes (5ml) 
of nematode suspension and fenoxycarb were 
transferred into petri dishes (9 cm diameter). 
Controls were employed using nematode 
suspension in distilled water in place of the 
juvenoid. Each treatment was replicated 4 times 

and incubated at 25⁰C±2 mortality was 
determined after 24, 48 and 120 hours by 
removing 0.5 ml of suspension from the 
appropriate Petri dishes and counting each non 
motile nematode under a stereomicroscope to 
determine the mortality percentages.  

Effect of the juvenoid fenoxycarb on infectivity 
of EPN 

The impact of fenoxycarb on nematode 
infectivity was tested by incubating one G. 
mellonella larva with 20IJs of S. carpocapsae S2 
that treated with the two concentrations of the 
hormone mimic for 48 hrs. Five randomly IJs of S. 
carpocapsae (S2) of each concentration of the 
hormone mimic were transferred in 50 µl water 
using a micropipette per each cell in a cell-well 
plate (24 cells) padded with two layers of filter 
paper discs. A single larva of G. mellonella was 
introduced into each cell. Control cells received 
nematode without the juvenoid.Cell-well plate was 
incubated at 25 ±2 for 48 hrs. Six replicates were 
taken for each treatment and control.  Larval 
mortality was recorded after 48 hrs. 

Penetration rate %  
 After 4-days of the infection of nematode 

species , six G. mellonella cadavers of each 
treatment were washed with distilled water, dried 
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and dissected under a stereomicroscope, 
following the recommendation of (Glazer and 
Lewis 2000). The number of nematodes inside 
each larva was counted. 
Percentage of penetration of each species was 
calculated according to the following equation: 
 P% =N ×100/T 
Where   P = percentage of penetration.        
              N = nematodes found in each insect 
cadaver. 
              T = number of nematodes applied to 
each larva 

Progeny production 
At the end of exposure time, At least five 

insect cadavers were transferred to modified 
White`s trap (White, 1927). Each treatment of the 
tested nematode exposure to insecticide was 
replicated three times, controls were employed 
using nematode suspension without the juvenoid, 
and resulted nematode progeny was counted 
under a stereomicroscope for each treatment after 
ten days. 

Analysis of energy reserves after fenoxycarb 
exposure: 

To analyze the total lipids, proteins and 
carbohydrate of IJs of (S2), the IJs of S. 
carpocapsae S2 were exposed to the juvenile 
hormone mimic at the two concentrations that 
maintained nematode viability. The control group 
was exposed to distilled water. 
 2 ml of IJs suspension (2500 IJs/ml) was 
concentrated to a volume of 0.5 ml by 
decantation. Each treatment was replicated 9 
times. 

Total lipids: 
 The suspension  was then cooled and stored in a 
tight capped tube after flushing with N2 and stored 
at -70 (Abu Hatab and Gaugler 1997). Lipids were 
extracted and purified from frozen nematode 
(0.05-0.1 g) according to (Folch et al. 1957). Pure 
vanillin (1.2 g) was dissolved in 20 ml ethyl 
alcohol and completed to 200 ml with distilled 
water: 800 ml of concentrated phosphoric acid 
were added. The solution was stored in dark glass 
bottle at room temperature. The procedure 
described by Knight et al, (1972), is used for 
determination of Lipids and measured 
spectrophotometrically at 525 nm against a blank. 
 
Total Protein: 

Protein was extracted from nematode tissues 
and prepared as described by Lewis et al, (1995). 

Nematode samples (0.05 g) were homogenized in 
3 ml 30% potassium hydroxide (KOH) for 5 
minutes. The homogenate was then washed by 4 
ml 30% KOH, and boiled for 1 hour with 
occasional agitation; the sample was then cooled 
to room temperature. Protein content of nematode 
samples was estimated spectrophotometrically by 
the method of Bradford (1976). 

Total Carbohydrate: 
Carbohydrates were extracted from nematode 

tissue and prepared accordind to Lewis et al. 
(1995). Nematode samples (0.05 g) were 
homogenized with 7 ml 30% KOH and boiled for 1 
hour with occasional agitation. Carbohydrates 
content was determined by phenol-sulfuric acid 
reaction according to Dubois et al. (1956). 

Statistical Analysis 
The significance of the main effects was 

determined by analysis of variance (ANOVA). 
Larval mortality percentages were corrected 
according to Abbott s formula (Abbott, 1925).The 
significance of various treatments was evaluated 
by Duncan’s multiple range test (Duncan, 1955) 
(P=0.05). 
 
RESULTS AND DISCUSSION 

 
 Effect of fenoxycarb on viability of 
S.carpocapsae S2: 

Both concentrations of fenoxycarb caused 
significantly increase in mortality percentages of 
the IJs 24 and 72 hours post treatment (Table 1). 
There are not unusual patterns of locomotory 
performance in treated IJs. The nematode S. 
carpocapsae S2 was much more sensitive to the 
high concentration 100µg/ml of fenoxycarb. The 
mortality of IJs ranged 6-9.5%. Susceptibility of 
the nematode to the juvenoid was not affected by 
exposure time in excess of 72 hours, as mean 
mortality % for each concentration were the same 
at 120 hours post treatment (Table 1). 

The data obtained in Table (1) show that 
fenoxycarb, one of carbamate insecticide, was a 
little lethal for S. carpocapsae (S2) used in this 
study. Gaugler and Campbell (1991) found that 
the carbamate oxamyl affected on the viability of 
the IJs at concentrations higher than 50µg/ml. 
Some carbamates (not including carbofuran) did 
not affect on vitality of S. carpocapsae, however, 
variety of organophosphates caused minimal 
effects (Zhang et al, 1994).  Organophosphate 
insecticide, fenamiphos, affected significantly on 
the survival of S.  
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Table (1): Mortality (%) (mean± SE) of S.carpocapsae S2 maintained in water or exposed to 
fenoxycarb.    

Treatment Mortality 24 h post 
treatment 

Mortality 72 h post 
treatment 

Mortality 120 h post 
treatment 

 Mean±SE 

Untreated control 0.9250±0.72 b 0.00±0.00 b 4.28±1.57 a 

100 µg/ml 6.4000±0.99 a 9.58±2.90 a 8.50±1.20 a 

50 µg/ml 2.9000±0.81 b 11.55±1.06 a 5.95±1.73 a 

F-value 10.695 ** 11.993 ** 1.974 
NS

 

Average mortality % in each column with different letters is significantly different at 0.05 probability level. 
** = Highly significant 

 
carpocapsae (All) and cause partial paralysis 

and reduced the pathogenicity (Hara and Kaya 
1983). Rather earlier, Steinernema carpocapsae 
were unaffected by short exposure to a wide 
variety of insecticides that were toxic to other 
nematode species (Fedorko, et al, 1977). 

In the present study, the effect of the 
insecticides occurred within the initial 72-hour 
exposure period and did not increase thereafter. 
Gordon et al, (1996) found that Susceptibility to 
the insecticides was not affected by exposure 
times in excess of 24 hours. They found that the 
effect of carbamate pesticides on nematodes 
varies depending on species and possibly strain. 
Sabino et al, (2014) studied the effects of different 
pesticides on S.carpocapsae and H. amazonens. 
They found that the carbamate insecticide 
Previcur caused the highest mortality among 
different insecticides 24.6% for H. amazonens 
JPM4 IJs. . Although presence of the juvenile 
hormone in the nematode, it is not necessary that 
the control of development is similar to what 
happens in insects (Davey, 1988).  Therefore, the 
explanation of the effect of the fenoxycarb 
regardless of its effect in the stimulation of 
endogenous juvenile hormone as in the juvenile 
hormone analogue- treated insects. 

Effect of the juvenoid fenoxycarb on infectivity 
of S. carpocapsae (S2) 

Neither of the two concentrations of 
fenoxycarb affected the infectivity of IJs of S. 
carpocapsae (S2) either 24 or 48 hours post 
treatment. The average mortality percentages of 
G.mellonella larvae decrease in treated IJs 
compared with untreated (control) IJs (Table 2). 
Fenoxycarb reduced insignificantly (P ˂ 0.05) the 
infectivity of S2 at high and low concentration 
causing 78 and 68% mortality of G. mellonella 
larvae, respectively compared with 91% for the 
control (F= 2.00) (Table 2). 

Various factors effect on infectivity of 
nematodes including soil moisture, temperature, 
oxygen content (Glazer, 2002) and the effect of 
agrochemicals that are used with nematodes 
(Koppenhofer and Grewal 2005). 
Table (2):Mortality of Galleria mellonella larvae 
(mean ± SE) for Steinernema carpocapsae S2 
exposure  to the fenoxycarb. 
 

 Mortality 24 h 
post treatment 

Mortality 48 h 
post treatment 

 Mean±SE 

Untreated control  83.00±3.00 a 91.00±4.58 a 

100 µg/ml 74.00±10.30 a 78.00±10.68 a 

50 µg/ml 58.00±8.60 a 68.00±8.00 a 

F-value 2.545 
NS

 2.005 
NS

 

Average mortality % in each column with the same 
letters is not significantly different from that of the 
corresponding control at 0.05 probability level. 

Our results is in agreement with Gordon et al. 
(1996) who found that neither of carbofuran and 
fenoxycarb affected the infectivity of IJs of S. 
carpocapsae and S. feltiae . Ishibashi (1993), 
Ishibashi and Takii (1993) did not support the use 
of carbamates to increase the nematode infectivity 
and thus to bring in these nematodes into 
integrated pest management (IPM).  

Head et al. (2000) showed a reduction in 
Steinernema carpocapsae infectivity when it was 
exposed to different chemical insecticides against 
G. mellonella larvae, with a high caterpillar 
survival index. Zhang et al, (1994) declared that 
the IJs of S. carpocapsae showed decrease in 
infectivity as a result of exposure to different 
insecticides, but not after exposure to 
carbamates. The carbamate insecticide Previcur 
caused a low effect on the survival and infectivity 
of the IJs of Steinernema carpocapsae (All) and 
Heterorhabditis amazonensis JPM4 compared 
with the control cohort (Sabino et al, 2014).  
Rovesti et al. (1988) reported that aldicarb, 
carbofuran, and methomyl prevented infectivity 
of H. bacteriophora to G. mellonella at 
concentrations 5000–10,000 ppm. Gaugler and 
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Campbell (1991) observed that 30 μg/ml oxamyl 
did not affect S. carpocapsae pathogenicity, but 
reduced the pathogenicity  of H. bacteriophora 
against G. mellonella larvae.  

Effects of the juvenoid on the penetration and 
reproduction potential of  S. carpocapsae (S2) 

Penetration was measured as percentage of 
IJs entered the host. Table (3) summarise the 
average penetration rate percentage of the S. 
carpocapsae (S2) in G.mellonella larvae at the 
concentration 5 IJs/larva after 4 days of infection. 
The juvenoid tested (fenoxycarb), at the 
concentrations studied, did not affect statistically 
(P<0.05) on penetration rate of S. carpocapsae 
(S2). Of particular interest in many instances – as 
a result of IJs exposure to the juvenile hormone 
analog fenoxycarb – were the findings of complete 
absence of IJs in the cadavers. The average 
penetration percentages of the fenoxycarb- 
treated IJs decreased insignificantly compared 
with untreated IJs (control). The penetration 
(36.66%) was the highest in dead greater wax 
moth larvae infected with untreated S. 
carpocapsae. At the low and high concentration of 
the juvenoid, penetration percentage decreased to 
30% and (13.33%), respectively (P˂ 0.05) 

 F= (0.911). 
Table (3):Penetration rate (%) of Steinernem 
carpocapsae (S2) exposure to the juvenoid 
fenoxycarb.   

Treatments Penetration rate (%) 

 Mean±SE 

Untreated control 36.66±13.08 a 

100 µg/ml 13.33±8.43 a 

50 µg/ml 30.00±15.27 a 

F-value 0.911 
NS

 

Penetration% in each column with the same 
letters is not significantly different from that of the 
corresponding controls at 0.05 probability level. 
NS, not significant 

It showed be noted, that Juvenile hormone 
effects on behavior in invertebrates outside the 
Arthropoda have been previously reported 
(Biggers and Laufer, 1996). The Juvenile 
hormone analogs cause adverse effects on 
various aspects of behavior and development. 
These behavioral effects comprise inhibition of 
motility, dispersion, attraction of hosts (Marban- 
Mendoza and Viglierchio1980). Kamionek (I979) 
found that an organophosphate nematicide 
affected on the development of the nematode N. 
carpocapsae in larvae of the Colorado potato 
beetle, Leptinotrsa decemlineata, and the greater 

wax moth, GalIeria mellonella after 48 h.  

Progeny potential 
From Fig. (1), one can readily recognize that 

the juvenile hormone analog fenoxycarb induced 
a significant reduction in progeny potential of S. 
carpocapsae and to a lesser extent could nullify 
the development in the larvae of greater wax 
moth. Production was maximum with 7940 IJs per 
larva (3000-12250) followed by treated IJs at the 
lower concentration of the juvenoid fenoxycarb 
3400 IJs per larva (200-7000) (F=3.828). The 
lowest progeny production was 2375 IJs per larva 
(500-4000) in IJs exposure to the higher 
concentration 100µg/ml of the juvenoid.  

The prospect of using EPNs in (IPM) depends 
on selection of adapted species and provides 
information on their biochemical attributes, thus 
improving their efficiency for marketable use 
(Hass et al, 2002).  

The ability of nematodes to develop inside a 
host depends on different factors including size of 
nematode, temperature, potential of symbiotic 
bacteria and insect defense system (Shapiro-Ilan 
and Lewis, 1999, Stock, 2015). The results of the 
current work showed remarkable reduction in 
offspring production of S.carpocapsae S2 had 
happened after contact with the juvenoid 
fenoxycarb. 

 The juvenoid fenoxycarb, a carbamate 
insecticide with high juvenile hormone JH-like 
properties against insects (see Dorn et al. 1981). 
This juvenoid effect on insect growth and prevent 
reproduction. In agreement with our results, 
exposure of the nematode Caenorhabditis 
elegans to some juvenile hormone mimics caused 
inhibition of growth and reproduction in this 
nematode (Dropkin et al, 1971). Hara and kaya 
(1982) showed that organophosphates and 
carbamates adversely affected development and 
reproduction of Neoaplectana carpocapsae  

Effect of fenoxycarb on energy reserves of S. 
carpocapsae (S2) 

Data in Fig. (2) represent percentage contents 
of proteins, lipids and carbohydrates in 
S.carpocapsae S2 exposed to 50, 100µg/ml 
juvenile hormone mimic (fenoxycarb). 

The juvenoid (as shown in Fig. 2) did not 
affect negatively on energy contents of IJs of the 
EPN. 

  Infective juveniles treated with fenoxycarb at 
the high concentration (100µg/ml)  had 
significantly decreased in protein content 44.65% 
of the total dry weight as compared with untreated 
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ones 50% ( F=7.88). However, it had been seen 
to cause significantly increase in the lipid content 
48.60 vs.46.02% for the respective control cohort 

(Fig. 2).  
 

 
 
 
Figure. (1):  Mean infective juveniles production/ larva of Galleria mellonella as affected by 

exposure to fenoxycarb 
 

 
 

 
 

Figure. (2): Energy reserves (%) in Steinernema carpocapsae (S2) infective juveniles as affected 
by exposure to fenoxycarb, as compared with untreated infective juveniles (control). 
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The carbohydrate content in consequence of 

fenoxycarb exposing to IJs at 100µg/ml, was 
expressed in percentage of higher value 6.4% 
than that being evidenced at control 4.82%.  At 
the lower concentration (50µg/ml), energy 
reserves of the nematode had not been deviated 
from the values disclosed by untreated control 
group. 

Infective juveniles of nematodes are 
dependent on energy, which allow them to stay 
alive until a host is located (Selvan et al. 1993, 
Wijbenga and Rodgers 1994). 

The energy reserves of EPNs can be affected 
by stress factors, such as exposure to chemical 
pesticides (Patel et al. 1997; Andaló, 2006). They 
declared that the lipid content in IJs treated with 
two herbicides decreased as compared with the 
control. These herbicides reduced the infectivity 
and caused losses of energy reserve without 
causing mortality. The increase in lipid content of 
IJs treated with fenoxycarb demonstrates a 
relationship between lipid content and infectivity of 
the nematode.  

In our bioassays, the infectivity of treated S. 
carpocapsae S2 was not significantly different 
from the untreated ones. Also, Hass et al. (2002) 
observed that the reduction of infectivity of IJs of 
the genus Heterorhabditis is associated with a 
loss of lipid reserves in these nematodes. Lipids 
and proteins are important for the use of EPNs as 
pest control agents, since they critically influence 
nematode viability and infectivity (Wright and 
Perry, 2002, El-Lakwah and Azazy 2010). The 
data present in Fig. (2) are in agreement with 
those obtained by Qiu and Bedding, (2000) who 
found that proteins were about half dry weight of 
fresh IJs proteins might provide extra muscle for 
infection. Patel and Wright (1997) proposed that 
carbohydrates might be important for infectivity of 
IJs of S. carpocapsae. 

CONCLUSION 
The present work increases our knowledge of 

EPN- juvenoid interactions. The effects of the 
juvenile hormone analog (fenoxycarb) on the 
native nematode S. carpocapsae (S2) may 
determine whether this chemical compound can 
be integrated with S. carpocapsae so both can be 
used in IPM programs.Fenoxcarb have not been 
found to affect S. carpocapsae (S2) virulence and 
energy contents when nematode are exposed to 
it. The juvenoid (fenoxycarb) as the test 
compound is prospected highly selective and 

compatible with S. carpocapsae S2 which widely 
used as a biocontrole agent but this knowledge 
needs to be effective under field conditions 
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