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ABSTRACT  

 
Three entomopathogenic nematode strains, namely FIN, SAR and Hbs1 

belonging to Heterorhabditis bacteriophora were selected and tested for pathogencity 
against newly moulted 6th instar larvae of Agrotis ipsilon (Hufn.). All strains were 
pathogenic to the mentioned instar. Analysis of data revealed that the nematode 
strains, exposure period (24, 48 and 72 hours) dose (10, 20, 40, 70 and 100 of 
infective juveniles/larva) in laboratory experiments, (150, 300, 500, 700 and  900 of 
infective juveniles/larva) in field trial and application method (surface and subsurface 
of the soil) were significantly (P<0.05) affected larval mortality. It was found that the 
mortality rates were directly correlated with the applied doses, exposure period and 
different strains. Under controlled laboratory conditions the LC50 values of treated 6th 
instar larvae were 17.1, 30.9 and 41.1 infective juveniles (IJs) per insect for Fin, SAR 
and Hbs1 strains, respectively after 72h post-infection. Fin strain was the most virulent 
causing the maximum mortality; An inoculum level of 100 IJs/larva caused 98%, 80 
and 72% after 72h post infection for Fin, SAR and Hbs1, respectively in laboratory. 
Under field conditions 93.3%, 73.3% and 63.3% mortality results were achieved at the 
subsurface application of nematodes versus 86.6%, 63.3% and 56.6% at the soil 
surface application with FIN, SAR and Hbs1 nematode strains respectively at the 
highest concentration (900 IJS/Larva), after 72h from infection. The LC50 values of 
treated 6th instar larvae were 6.0x102, 3.9 x102 and 6.2 x 102 at the subsurface of 
nematode application against 3.3 x 102, 5.2 x 102 and 6.9 x 102 at the soil surface of 
nematode application with Fin, SAR and Hbs1 nematode strains, respectively, 72h  
post-infection. It is clear that the newly moulted 6th instar larvae of A. ipsilon were 

more susceptible to Fin and SAR strains than Hbs1 when treated at the subsurface of 
the soil and the soil surface, respectively.  

 
INTRODUCTION 

 
Entomopathogenic nematodes (Families Steinernematidae and 

Heterorhabditdae) include many species with relatively wide host ranges that 
many suppress a variety of insect pest populations belonging to various 
Orders and Families (Grewal et al., 2005). Most biocontrol agents require 
days or weeks to kill their hosts. Yet nematodes, working with their symbiotic 
bacteria, kill insects in 24-48hr. (Salem et al., 2007). The specialized third 
stage juvenile, called the infective juvenile, is only stage that survives outside 
of a host and searches for a susceptible insect host (Susurluk, 2006). The 
infective juvenile (IJs), the only free-living stage, enter hosts through natural 
openings (mouth, anus, and spiracles). Heterorhabditis also possess a large 
terminal tooth that may be used to penetrate soft intersegmental areas of the 
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insect cuticle (Bedding and Molyneux, 1982). After entering the host's 
hemocoel, nematodes release their symbiotic bacteria, which are primarily 
responsible for killing the host, defending against secondary invaders, and 
providing the nematodes with nutrition (Dowds and Peters, 2002). The 
nematodes molt and complete up to three generations within the host after 
which IJs exist the cadaver to search out new hosts (Kaya and Gaugler, 
1993). EPNs are currently marketed world-wide for the biological control of 
insect pests. Wide host range, high efficacy, and the availability of techniques 
for economic mass production have led to the rapid increase in the use of 
these biological control agents in recent years (Grewal and Georgis, 1998). 
EPNs possess the ability to search for hosts actively, present no hazard to 
mammals and are except from registration and regulation requirements by 
the Environmental Protection Agency (Georgis and Manweiler, 1994). EPNs 
should be useful in the management  of  soil-inhabiting  insects,  because  
the  soil  provides a good environment for their survival (high humidity, 
temperature, moderation, and protection from ultra violet radiation) (Gaugler, 
1988 and Kaya, 1990).  

Black cutworm, A. ipsilon (Lepidoptera: Noctuidae), is polyphagous 
insect which attacks the seedlings of many crops and causes great damage 
to cotton, rice, potato, tobacco, crereals and cruciters (Hill, 1975). Larvae of 
this insect feed on grasses and other agricultural crops at or near the soil 
surface (Tashiro, 1987). The early larval instars feed on foliage, but the late 
instars may tunnel to a soil depth between 2.5-5 cm, cut the plants at the soil 
surface at night, and pull them into their burrows in the ground before feeding 
(Rings and Musick, 1976). This insect is considered as one of the most 
serious pests on the cotton. In Egypt, this pest is polyphagous and damages 
many winter and summer crops (Abdel-Salam, 1987). Chemical management 
of black cutworm in fields is often erratic. One alternative to chemical 
pesticides is Entomopathogenic nematodes used as a bioinsecticides. 
Efficiency of EPNs were studied against the black cutworm A. ipsilon using 
different techniques under laboratory conditions (Caroli et al., 1996). Black 
cutworm larvae are susceptible to Steinernema carpocapsae in both 
laboratory and field trials (Capinera et al., 1988; Levine and Oloumi-Sadeghi, 
1993). EPNs have been shown to be pathogenic toward the black cutworm in 
the laboratory and in semi field on seedling corn plants (Hammad, 1996). 
Therefore, the main objective of the present work was to study the 
pathogenicity of some EPNs strains against the black cutworm A. ipsilon 
under laboratory and field conditions. 

 

MATERIALS AND METHODS 
 
Insect: 

Standard laboratory colonies of the black cutworm A. ipsilon were 
provided by Cutworms Department. Plant Protection Resarch Institute, ARC, 
Ministry of Agriculture, Larvae have been grown on castor bean leaves in our 
laboratory at the Department of Plant Protection, Faculty of Agricultgure, Al-
Azhar University, as described by Khalil et al. (1994) insects were reared 
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away from any insecticidal contamination in controlled rearing room at 27 + 
2oC and 65 + 5% RH. Larvae were reared individually from 4th instar to avoid 
cannibalistic behaviour. Adults were paired in big glass jars (3 kg) with a sex 
ratio of (1:1) and fed on (20%) honey solution. 
Entomopathogenic nematode strains: 
 EPNs strains used in the present investigation were Heterorhabditis 
bacteriophora. Three strains were used, HbS1 strain (obtained from 
department of pest physiology, Plant protection research Institute, Dokki, 
Giza, Egypt), SAR strain (provided by the department of plant protection  
Faculty of Agriculture, Ain Shams University, Egypt) and FIN strain (supplied 
by Department of Agriculture Zoology and Nematology, Faculty of Agriculture, 
Al-Azhar University, Nasr City Cairo, Egypt).   

IJs of H. bacteriophora strains were propagated in wax moth larvae, 
Galleria melonella (L.) according to the culture techniques of (Dutkey et al., 
1964). Larvae were starved for several hours before infection. Every five 
healthy late-instar larvae were placed on a filter paper in a Petri dish where 
1000 of nematode juveniles in 3 ml distilled water was added. The dish was 
completely closed. Dishes were kept at 25 + 2oC in an incubator. After two 
days of inoculation, the larval cadavers were placed on white traps, according 
to the technique of (White, 1927). The infective juveniles were harvested and 
stored in sterilized distilled water at 10oC for 7-12 days before use (Woodring 
and Kaya, 1988). Nematode viability was checked when determining the 
dosage. Using a microscope, nematodes that did not move after being 
probed with a needle were considered dead. 
Laboratory Experiment: 

For the laboratory studies, a black cutworm larvae 6th instar were 

starved for 8 hours prior to experiment. All treatments were kept at 25 1C 

and 70 5 RH and natural photo period. Bioassay tests were carried out 
using conical plastic cups (4cm diameter x 3cm lower surface  x 4cm height) 
with perforated covers for aeration, lined with satirized, moistened sandy 
loam soil. For each cup 1ml of a suspension containing 10, 20, 40, 70 and 
100 IJs/larva was applied to the soil. One larva were placed in each cup to 
avoid cannibalistic behavior. Every replicate contain 10cup. This treatment 
was replicated five times for every tested nematode concentration. Castor 
leaves was provided as food. Cups with sterilized, moistened sandy loam soil 
with distilled water free of nematodes used as check ones. Larvae were 
observed, larval mortality was recorded at 24, 48 and 72 hours post 
treatment. 
Field Trial: 

Studying the pathogenicity of the (EPNs) strains as a bio-control 
agent against A. ipsilon in cotton field was carried out in Minufya 
Governorate.  The area had not been treated with pesticides or fertilizes and 
was free of indigenous nematode. Samples from soil of cotton field were 
taken and mechanically analysed at Soils and Water Resource Department, 
Faculty of Agric., Al-Azhar University. The soil type was clay with a pH 7.1. 
Temperature in average was 15+2oC and 60 + 5% RH. 

Seeds were sown on February 11 in 2007. After approximately two 
weeks, seedlings were thinned to two plants per hill. The experimental design 
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was complete randomized blocks with three replicates for every 
concentration. Plot size was 0.75 m2. Plots were separated by 0.50m. Each 
plots were surrounded by woody square barrier, the height of it was 20 cm to 
prevent the movement of larvae inside or outside the plot. Larvae of insect 
were collected from the laboratory rearing, then 10 larvae were gently placed 
into each treated in addition to plot as control. 
 The treatments consisted of three nematode strains H. bacteriophora 
(SAR), (FIN) and (HbS1). Nematode suspension was dispersed at five 
concentrations of 150, 300, 500, 700 and 900 IJS per larva. Control was 
treated with water only. Little of water were sprayed to each plot after 
treatment to enhance the distribution of nematode in the treated area. Each 
plot was replicated three times for each concentration. Experiments were 
repeated for application method, spraying at the surface of the soil and the 
sub-surface approximately (7cm depth). Alive and dead larvae of the tested 
insect were counted after 24, 48 and 72h after application. Dead larvae were 
examined for nematode infection.  
Statistical analyses: 

Data presented in percentage were normalized using arcsine 
transformation to calculate LC values. Analysis of mortality data from 
bioassays of Fin, SAR and Hbs1 nematode strains against the 6th instar 
larvae of Agrotis ipsilon was conducted using SPSS (ver11.0) computer 
software (SPSS for Windows, SPSS Inc., 1997). The significance of main 
effects was determined by one way analysis of variance (ANOVA). 
Significance of different treatments was evaluated by multiple comparison 
tests (Sheffé) using SPSS (ver11.0) computer software (SPSS for Windows, 
SPSS Inc., 1997).   

 
RESULTS 

 
The pathogencity of three EPNs strains (FIN, SAR and HbS1) to the 

6th larval instar of black cutworm A. ipsilon was investigated. 
Three strains were selected to determine the median lethal 

concentrations (LC50) under controlled laboratory conditions and cotton 
seedlings field conditions. The results in Table (1) present the LC50 and LC90 
for the three tested strains under laboratory conditions. It is clear that the 
strains were pathogenic to the newly moulted 6th larval instar of A. ipsilon. 
Larvae were susceptible to the applied concentrations. The determined LC 
values illustrate that positive correlation was found between insect mortality 
and inoculum concentration of EPNs. The increase in nematode 
concentration caused increase in percent larval mortality. EPNs strains 
differed in their virulence toward A. ipsilon based on LC50. H. bacteriohora 
(FIN) had the lowest LC50 compared with the two other strains and was 
approximately 2 and 3 times  more  pathogenic  than  SAR and HbS1 
strains), respectively after 72h post-infection. The same trend was observed 
after 48h. Beside that, the (FIN strain)  was  the  most  pathogenic than any 
other tested strains based on the LC90 72h  post infection. It could be 
arranged descendingly as follows: FIN (LC90=67.4) followed by SAR 
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(LC90=1.9x102), Hbs1 came in the third rank (LC90=2.7x102). The differences 
in the virulence of the three strains after 48h could be arranged as follows: 
Fin, SAR and Hbs1 with LC90 of 3.5x103, 5.3x103 and 5.4 x 103, respectively. 
Positive correlation between larval mortality and the length of exposure time 
to H. bacterlophora strains.  

Table (2) demonstrated that after 24 and 48 h from treatment in the 
open field, the LC50 of FIN strain is lower than any other strains. So it was 
more pathogenic than Hbs1 and SAR strains. Statistical analysis clarified that 
only the differences between LC50 and LC90 of Fin and SAR and between Fin 
and Hbs1 were significant (P<0.05) after both 48 and 72 h based on non 
overlapping in 95% confidence intervals.  

The infectivity of the tested strains after 72h from infection could be 
arranged descendingly as follows: FIN> Hbs1 > SAR based on LC90 were 1.6 
x 103, 3.9 x 103 and 4.5 x 103, respectively. Although the LC90 of FIN was four 
times lower than that of SAR, 72h post-infection, there was a substantial 
overlap in the 95% confidence limits of the two strains. Statistical analysis 
revealed that only the difference in LC50 Fin and Hbs1 was significant 
(P<0.05) after 72h based on non overlapping in 95% confidence intervals.  

When sub-surface of soil was treated, obtained results indicated that 
the LC50 of FIN strain was approximately two times greater than Hbs1 at 48h 
post-infection (Table 3). The above mentioned difference was considered 
non-significant due to a substantial overlap in the 95% confidence limits of 
the two strains. Although SAR strain could be considered as the most 
pathogenic strain based on LC50, statistical analysis revealed that only the 
difference between Fin and Hbs1 is significant (P< 0.05) due to non overlap 
in the 95%  confidence intervals  (LC50 = 3.9 x 102 for SAR, LC50=6.0x102 for 
Fin and LC50 = 6.2 x 102 for HBs1 strain). It was observed that the LC90 of FIN 
strain was nearly four and five times greater than Hbs1 and SAR strains, 
respectively at 72h post-infection. These differences were considered non-
significant due to a substantial overlap in the 95% confidence limits of the 
three tested stains. LC90 of the tested strains after 48h from infection were 5.0 
x104 for FIN, 1.2 x 104 for Hbs1 and 2.5 x 106 for SAR.  

Data in Tables (4 – 6) show the percentage larval mortality in relation 
to concentration for the three tested strains under controlled laboratory 
conditions, as well as open field conditions. Under laboratory conditions, no 
significant differences (P>0.05) in percentage larval mortality was observed 
between the three tested nematode strains for all applied concentrations, 24h 
post-infection Table (4). After 48h post-infection, significant differences 
(p<0.05) in the percentage larval mortality was observed between FIN and 
SAR strains for the concentrations 20 Ijs and 100 Ijs/larva. Non significant 
differences (P>0.05) were observed in the other concentrations Table (4). 

On the other hand, significant differences (P<0.05) were recoded 
between FIN and SAR for the concentration 100 Ijs/larva Table (4). Non 
significant differences (P>0.05) were observed in the other concentrations 
72h post-inoculum. Furthermore, significant differences (P<0.05) were 
observed between FIN and Hbs1 for all applied concentrations, 72h post-
infection.  
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Obtained data show that significant difference (P<0.05) was observed 
between SAR and Hbs1 for 100 IJs/larva, 72h post-infection Table (4).  

Results of open field conditions which illustrated in Table (5) clarified 
that after 24 h from infection non significant difference (P>0.05) was 
observed between the three strains for all applied concentrations.  

After 48h from infection significant differences (P<0.05) were 
observed between Fin and SAR and Fin and Hbs1 and SAR and Hbs1 at 
concentration of 900 IJs/larva. In addition, significant differences (P<0.05) 
were observed between Fin and Hbs1 at the concentrations of 300 and 500 
IJs/larva.  

At 72h significant differences (P<0.05) between Fin and SAR were 
observed at 150, 300 and 900 IJs/larva. Also the differences between Fin and 
Hbs1 were significant (P<0.05) at all applied concentrations. The differences 
between  SAR and Hbs1 were significant at 150 , 300, 500, 700 and 900 
IJs/larva.   

In the case of sub-surface application, statistical analyses revealed 
that, no significant (P>0.05) differences between the tested strains were 
observed at all applied concentrations at 24h post infection (Table 6).  

After 48h from infection only the difference between SAR and Hbs1 
was significant (P<0.05) at the concentration of 700 IJs/larva.  

At 72h post infection only the difference between Fin and Hbs1 was 
significant (P<0.05) at the concentration of 150 IJs/larva (Table 6).  

Comparing the applied concentrations in relation to method of 
application FIN subsurface application at the rate of 300, 500 and 900Ijs/larva 
showed significant increase (P<0.05) in percentage mortality when compared 
to soil surface application ones, at 72 h  post  infection.  Non significant 
differences (P>0.05) were observed in other concentrations. At the same 
time, SAR and Hbs1 soil subsurface application showed significant increase 
(P>0.05) in percentage mortality at the rate of 900 Ijs/larva when compared to 
soil surface application ones 72h post infection. Non significant differences 
(P>0.05) were observed in other concentrations.  

 

DISCUSSION 
 
The present study demonstrated that the entomopathogenic 

nematode strains Heterorhabditis bacteriophora (FIN, SAR and Hbs1 strains) 
were pathogenic to the newly moulted 6th larval  instar of Black cutworm A. 
ipsilon under laboratory and filed conditions. 98%, 80% and 72% percentage 
mortality under laboratory conditions were achieved with Fin, SAR and Hbs1 
nematode strains, respectively, at the highest concentration (100 Ijs/larva), 
and 72h post infection. Under field conditions, 93.3%, 73.3% and 63.3% 
mortalities were recorded at the soil subsurface application against 86.6%, 
63.3 and 56.6% at soil surface application with Fin, SAR and Hbs1 nematode 
strain respectively, at the highest concentration (900 Ijs/larva), and 72h post-
infection.  
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There was a close positive correlation between insect mortality and exposure 
time with all concentrations under both laboratory and filed conditions. Similar  
increases  in host mortality associated directly with increase of exposure time 
in case of  S. littoralis (Glazer et al., 1991), Spodoptera. frugiperda and A. 
ipsilon (Huf.) (Epsky and Capinera 1993). Hammad and Abdel-Hamid (2007). 
Reported that house fly larvae were susceptible to the two EPNs. Nematode 
species/strain, Steinernema carpocapsae (All strain) and H. bacteriophora 
(TK strain) nematode inoculums level and incubation temperature all have 
been reported to significantly affect the number of IJs infecting host insects. 
EPNs in the families Heterorhabditidae and Steinernematidae are lethal of 
insects and have been proven effective against A. ipsilon (Hammad 2001). 

In this respect Jin (1989) found that the larvae  of P. rapae and A. 
ipsilon were very sensitive to the nematode; and both insects died 3-5 days 
after inoculation Wu and Chow (1989) reported that larvae of P. rapae 
infected with S. feltiae exhibited mortality 3 days after exposure ranging from 
75 to 97.5%. Also, Saleh (1995) found that, H. tayserae nematode, at 
concentration of 5-100 Ijs/larva of P. rapae induced 30-100% and 55-100% 
within 24 and 48 hours, respectively.  

Obtained results also showed that larval mortality differed according 
to nematode strains. In this respect, (Bedding et al., 1983) also reported that 
infectivity of the EPNs varies widely according to nematode species and 
strains. Data also indicated that the  higher nematode inoculum levels; 
however, caused higher and faster mortality than  the lower levels. The death 
of the treated insect larvae is caused mainly by the effect of the nematode 
associated bacteria. Thus, it could be suggested that the higher 
concentrations of nematodes will elaborate much more bacteria which in turn 
multiply rapidly producing huge numbers of bacterial cells which in turn kill 
the insect larvae more rapidly. This may be explain why the higher 
concentrations caused faster and higher mortality than lower ones (Salem et 
al., 2007).  

In brief, our results show that the three selected EPNs strains (FIN, 
SAR and Hbs1) of H. bacteriophora may be pathogenic against 6th larval  
instar of A. ipsilon. The virulence of nematode strains for it could be arranged 
as follows: Fin > SAR then Hbs1. Results also proved that sub-surface 
application of EPNs is preferable and effective because it help to avoid the 
adverse environmental effects of UV and high temperature (Gaugler et al., 
1992). 

EPNs hold promise in controlling black cutworm in seedling cotton 
field, particularly when the application of nematodes was at the subsurface of 
the soil. This efficacy difference is because below the soil surface, conditions 
may enhance nematode survival and efficacy (Duncan and Mccoy, 2001).  
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  ق       ا ممرضاا                                                           دراساا م ملمة ااق ية ة ااق رةااع  اادر  نلااد ساا ام مااة ا د ااداة ا     ااق
                              ةةشرام لإص نق ا ديد  ا   رضق

                    سل د رندا لة م ةم د
      مصر.   –          هر   ا  -          د نق نصر   م  –                                               سم ي   ق ا نن م ـ كة ق ا زرارق ـ ج ملق الأزهر 

 

     لجنس                                                                         تم انتخاب ثلاث سلالات من الديدان الخيطية  الممرضة للحشرات والتي تنتمي إلى ا
      أن كد                                               العمر اليرقي السادس للدودة القارضة، وقدد وجدد                               دتيس واختبار قدرتها على إصابة      يروراب   هيت

     فتددرة                                               بتحليدد  البيانددات تبددين أن سددلالات الديدددان الخيطيددة و و                                السددلالات كانددت ممرضددة لهددة. الحشددرة 
      وكدةل                    يرقة معدية/حشدرة(     011  ،   21  ،   21  ،   41  ،   01 )              ساعة( والجرعة     24  ،   24  ،   42         التعريض )

           ( فددى تجربددة     حشددرة /           يرقددة معديددة      011  ،    211  ،    511  ،    011  ،    051 )                          الجرعددة فددى التجربددة الحقليددة 
          علدى وفيدات   (P<0.50)                                                               الحق  وطريقدة التطبيد) )سدطل التربدة وتحدت سدطل التربدة( تديثر معنويدا  

     عددريض                                                                                   اليرقددات وقددد تبددين أن معددد  الوفدداة يددرتبط ارتباطددا  مباشددرا  بالجرعددة المسددتخدمة وفتددرة الت
    ديدة              ( فدرد يرقدة مع    02 0     ،  01 0     ،  20 0 )  50CL    قيم                           فى الدراسة المعملية كانت و                 واختلاف السلالة

  ت                         ساعة من المعاملة وقد كاند    24                على التوالي بعد   FIN, SAR, Hbs1                     لك  من السلالات الثلاث 
     سدادس                                                                     أكثر قدرة على الإصدابة ننهدا  حققدت أعلدى نسدبة للوفيدات فدى العمدر اليرقدي ال  FIN       السلالة 

    % ،   04      كاندت )             جد أنهــــا و                    ققتها السلالات الثلاثة                                                 للحشرة فعند مقارنة النسبة المئوية للوفيات التي ح
                  يرقة معدية/حشرة       011               وةل  عند تركيز           المعامله        ساعة من     24         %( بعــد   24   %،   41

   %(     0 30    % ،     0 20   %،     0 00 )                                                 أما نتائج التجربدة الحقليدة فقدد حققدت السدلالات الدثلاث
                       التربددة( وةلدد  فددى مقابدد                                                              نسددبة مئويددة للوفيددات فددى العمددر اليرقددي السددادس والمعاملددة )تحددت سددطل 

                                                        %( عنددد معاملددة )سددطل التربددة( علددى التددوالي السدداب) عنددد تركيددز     3 53    % ،     0 30    % ،     3 43 )
  ،  50LC  ( 3 × 01    4  ،  0 0    ×  01    4                               ساعة من المعاملة  وقدد كاندت قديم     24                    يرقة معدية/حشرة بعد    011
  ×      0 3  ،    4  01  ×    4 5  ،  4    01  ×    0 0                                           ( المعاملددة )تحددت سددطل التربددة( وةلدد  فددى مقابدد  ) 4    01  ؛    4 3
       ساعة      24                                                 ( على التوالي الساب) عند معاملة )سطل التربة( بعد  4    01

    بة                                                                          وقددد أوضددحت  النتددائج أن العمددر اليرقددي السددادس للدددودة القارضددة  أكثددر قابليددة ل صددا
        توالي        على ال                        التطبي) على سطل التربة          عنها عند                                           بالسلالات الثلاثة عند التطبي) تحت سطل التربة
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Table (1): Comparative susceptibility of newly moulted 6th instar larvae of A. ipsilon, to three nematode strains 
under controlled laboratory conditions. 

Nematode  
strain 

LC50 (95% confidence limits)* LC90 (95% confidence limits) Model fitting information 

24 h 48 h 72 h 24 h 48 h 72 h X2** df P*** 

Fin 2.5 x104 

1.0 x102 

(6.2 x10- 
4.1 x102) 

17.1 
(13.0 – 
21.0) 

2.6 x107 
3.5 x103 

(6.8 x102- 
9.1 x105) 

67.4 
(52.1- 
99.0) 

11.3, 9.1, 14.5 23 0.98, 0.99, 0.91 

SAR 
3.3 x103 

(3.8 x102- 
5.3 x1036) 

2.0 x102 
(1.0 x102- 
1.6 x103) 

30.9 
(23.8- 
39.0) 

2.4 x105 
(3.6 x103- 
5.6 x1071) 

5.3 x103 
(9.1 x102- 
2.2 x106) 

1.9 x 102 

(1.2 x 102 – 
1.6 x 106) 

19.5, 17.0, 34.8 23 0.67, 0.81, 0.05 

Hbs1 2.5 x104 
2.7 x102 

(1.3 x102- 
2.5 x103) 

41.1 
(32.2 – 
53.4) 

5.7 x106 
5.4 x103 

(9.5 x102- 
1.6 x106) 

2.7 x 102 

(1.6 x 102- 
6.5 x 102) 

14.8, 15.1, 26.9 23 0.90, 0.89, 0.26 

* Significant difference at 95% confidence interval. 
**X2 after 24, 48 and 72 h, respectively. 
***P values after 24, 48 and 72 h, respectively. 
 

  Table (2): Comparative susceptibility of newly moulted 6th instar larvae of A. ipsilon, to three nematode 
strains under open field conditions (surface application). 

Nematode strain 
LC50 (95% confidence limits)* LC90 (95% confidence limits) Model fitting information 

24 h 48 h 72 h 24 h 48 h 72 h X2** df P*** 

Fin 1.4 x104 
2.2 x103 

(9.6 x102- 
9.6 x108) 

3.3 x102 

(2.3 x 102 –  
4.3 x 102) 

4.4 x105 
5.3 x104 

(5.5 x103- 
4.8 x1021) 

1.6 x103 

(1 x 103 –  
4.8 x 103) 

3.3, 3.9, 1.2 7 0.85, 0.79, 0.99 

SAR 1.6 x109 2.7 x104 
5.2 x 102 

(3.6 x 102 –  
8.6 x 102) 

3.9 x1014 8.7 x106 
4.5 x103 

(1.9 x 103- 
9.5 x 104) 

3.8, 7.2, 6.2 7 0.79, 0.41, 0.52 

Hbs1 5.7 x105 8.6 x103 
6.9 x102 

(5.2 x 102 –  
1.2 x 103) 

1.6 x108 2.7 x105 
3.9 x103 

(1.9 x 103 – 
 2.9 x 104) 

6.9, 1.8,1.6 7 0.44, 0.97, 0.98 

   *LC values with no 95% confidence interval don't fulfill the probit model equation. 
   **X2 after 24, 48 and 72 h, respectively. 
   ***P values after 24, 48 and 72 h, respectively. 
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   Table (3): Comparative susceptibility of newly moulted 6th instar larvae of A. ipsilon, to three nematode strains 
under open field conditions (subsurface application). 

Nematode 
strain 

LC50 (95% confidence limits) * LC90 (95% confidence limits) Model fitting information 

24 h 48 h 72 h 24 h 48 h 72 h X2** df p*** 

Fin 1.7 x104 
2.9 x103 

(1.1 x 103 – 
3.6 x 108) 

6.0 x102 
(3.6 x 102 –  
2.9 x 103) 

3.9 x105 
5.0 x104 

(5.6 x 103 –  
8.0 x 1017) 

1.4 x104 
(2.9 x103- 
7.2 x109) 

1.1, 1.8, 4.5 7 0.99, 0.97, 0.72 

SAR 2.1 x105 1.8 x104 
3.9 x102 

(2.6 x 102 – 
5.6 x 102) 

3.9 x107 2.5 x106 
2.9 x103 

(1.4 x103- 
2.2 x104) 

1.9, 1.3, 8.9 7 0.96, 0.99, 0.26 

Hbs1 
2.1 x103 

(1.2 x 103 – 
1.2 x 107) 

1.7 x103 
(9.8 x 102 –  
1.5 x 104) 

6.2 x102 
(4.6 x 102 – 
9.7 x102) 

6.2 x103 
(2.2 x 103 –  
1.1 x 1011) 

1.2 x104 

(3.4 x 103 –  
2.9 x 106) 

3.5 x103 
(1.8 x103- 
2.4 x104) 

5.3, 1.7, 2.6 7 0.06,0.97, 0.92 

*LC values with no 95% confidence interval don't fulfill the probit model equation. 
**X2 after 24, 48 and 72 h, respectively. 
***P values after 24, 48 and 72 h, respectively. 

 

   Table (4): The percentage larval mortality in relation to concentration for the three tested strains under 
controlled laboratory conditions. 

Concentration 
IJS/ larva 

Percentage mortality (Mean ± SE) 

Fin SAR Hbs1 

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 

Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 8±0.20a* 20±0.32 a 38±0.4 a 4±0.24a 12±0.45 a 24±0.6 a 2±0.20 a 8±0.25b 18±0.37 b 

20 10±0.0 a 26±0.00 a 46±0.73 a 6±0.25 a 16±0.49b 32±0.51 a 6±0.25 a 14±0.40 b 28±0.94b 

40 10±0.00 a 40±0.32 a 78±0.58 a 10±0.32 a 30±0.45 a 60±0.73 a 8±0.20 a 18±0.32 b 50±0.77 b 

70 12±0.20a 42±0.32 a 90±0.4 a 16±0.25 a 36±0.55 a 72±0.66 a 6±0.25b 32±0.93 a 66±0.48 b 

100 18±0.58 a 50±0.84 a 98±0.0 a 12±0.58 a 36±0.68b 80±0.60 b 10±0.00 a 32±0.32 b 72±0.37 bc 
  *ANOVA different letters indicate significance level at α= 0.05  
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   Table (5): The percentage larval mortality in relation to concentration for the three tested strains under open 
field conditions  (surface application) 

Concentration 
IJS/ larva 

Percentage mortality (Mean ± SE) 

Fin SAR Hbs1 

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 

Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

150 3.3±0.33a* 13.3±0.33 a 30.0±0.33 a 3.3±0.33 a 10.0±0.00 a 20.0±0.33 b 3.3±0.33 a 6.7±0.67 a 13.3±0.33 bc 

300 10.0±0.0 a 23.3±0.33 a 43.3±0.33  a 6.7±30.33 a 20.0±0.58 a 43.3±0.33 b 3.3±0.33 a 10.0±0.00 b 23.3±0.58 c 

500 10.0±0.0 a 26.7±0.33 a 60.0±0.00 a 10.0±0.0 a 16.6±0.00 a 50.0±1.5 a 6.7±0.33 a 16.6±0.33 b 43.3±0.33 b 

700 10.0±0.58 a 26.6±0.33 a 66.6±0.33 a 3.3±0.33 a 16.6±0.33 a 53.3±0.33 a 6.7±0.33 a 16.6±0.33 a 50.0±0.33 b 

900 16.7±0.67 a 40.0±0.33 a 86.6±0.33 a 6.7±0.33 a 23.3±0.33b 63.3±0.33 b 6.7±0.33 a 20.0±0.33c 56.6±0.33 c 
  *ANOVA different letters indicate significance level at α= 0.05  
 

  
  Table (6): The percentage larval mortality in relation to concentration for the three tested strains under open 

field conditions (subsurface application).  
Concentration 

IJS/ larva 
Percentage mortality (Mean ± SE) 

Fin SAR Hbs1 

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 

Control 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 

150 3.3±0.0.33a* 10.0±0.33 a 33.3±0.33 a 3.3±0.33 a 10.0±0.68 a 26.6±0.33 a 0.0±0.00 a 6.67±0.33 a 16.6±0.33 ab 

300 3.3±0.58 a 13.0±0.33 a 33.3±0.67 a 6.67±0.58 a 13.0±0.67 a 43.3±0.1.2 a 0.0±0.00 a 10.0±0.00 a 30.0±0.57 a 

500 10.0±0.0 a 26.6±0.33 a 43.3±0.67 a 6.67±0.33 a 23.3±0.33 a 56.6±1.2 a 6.7±0.33 a 20.0±0.00 a 36.6.3±1.2 a 

700 6.67±0.33 a 20.0±0.33 a 50.0±1.2 a 6.67±0.33 a 13.3±0.33 a 60.0±0.58 a 10.0±0.00 a 30.0±0.00 ac 56.6±0.88 a 

900 13.3±0.33 a 33.3±1.2 a 93.3±1.8 a 10.0±0.00 a 23.3±0.33 a 73.3±1.2 a 13.3±0.33 a 33.3±0.33 a 63.3±0.33 a 
   *ANOVA different letters indicate significance level at α= 0.05  

 
 


