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Abstract 
 Insecticide imidacloprid and ento-
mopathogenic nematode (EPN), Heterorhabditis 
indica alone and in combinations of imidacloprid 
and EPN were evaluated against early and late 
3rd instars of coconut white grub, Leucopholis 
coniophora. Field collected 3rd instars white 
grubs were placed in pots with sweet potato 
treated with imidacloprid, the EPN, or both. In all 
nematode-imidacloprid combinations, both early 
and late 3rd instars grub mortality was signifi-
cantly higher than in the H. indica alone and im-
idacloprid alone treatments. Combinations of 
imidacloprid and nematodes had a strong syner-
gistic effect on mortality at different concentra-
tions of imidacloprid. Nematodes were admixed 
with various concentrations of imidacloprid 
ranging from 0.04 to 1.25% could not significant-
ly affect the survival of infective juveniles result-
ing in only a negligible mortality (3.5%). Results 
revealed that different imidacloprid concentra-
tions, exposure time and interaction between 
imidacloprid and exposure time not affected 
nematodes mortality in bioassay. Combinations 
of imidacloprid and entomopathogenic nema-
todes may provide a powerful and economically 
feasible curative control in white grub manage-
ment in coconut.  
Keywords:  Coconut, white grub, entomopatho-
genic nematodes, Heterorhabditis indica, Leu-
copholis coniophora, imidacloprid, early and late 
instars. 
 
Introduction 
 Coconut white grub, Leucopholis coni-
ophora (Burm.) (Melolonthinae: Coleoptera) has 
become a menace to coconut and various rhi-
zomatous intercrops grown in palm garden.  
White grubs or root grubs are pests of coconut 
in some localised tracts of Kerala and Karnataka. 
The grubs are brown headed, soft, white bodied 
ones inhabitating the soil. Adult cockchafers 

emerge during May-June on receipt of pre-
monsoon showers. Beetles lay eggs in soil at dif-
ferent depths. Eggs hatch in about three weeks. 
The newly emerged grubs feed on the roots of 
small plants and after a few days they feed on 
the apical soft region of the coconut roots. Infes-
tation affects the process of absorption of nutri-
ents adversely. Infested palms show yellowing of 
leaves and immature nut fall. Infestation in a gar-
den continuously for a few years results in stunt-
ing of growth of young palms. In nurseries, they 
cause drying up of leaves and gradual death of 
seedlings. The life cycle is completed in about an 
year. Grubs are seen in soil at different depths 
depending on the soil moisture/water table of 
the garden and availability of food.  
 Since the grubs are subterranean, their 
management has always been problematical. 
Due to the difficulty in predicting damage by 
grubs. Several practices to control coconut white 
grubs have already been utilized and the appli-
cation of insecticides is the most popular 
farmer’s practice. Unfortunately, the use of them 
has negative impact both on the environment 
and on human health. Since the use of pesticide 
could become a serious problem with concerns 
of environmental safety. Several insecticides are 
recommended for the control of white grubs, but 
because no insecticide is effective unless used at 
a very high dose, their application is not a sus-
tainable strategy. Several nonchemical control 
alternatives exists but all of the have limitations. 
EPNs do not always provide consistent white 
grub control (Georgis and Gaugler 1991, Klein 
1993). Because these limitations, chemical insec-
ticides are still first choice of coconut growers for 
white grub control. Currently, imidacloprid is one 
of the most popular insecticides for preventative 
white grub control because of its high efficacy, 
relatively low vertebrate toxicity, low application 
rates, and long systemic persistence (Schroeder 
& Flattum 1984, Elbert et al. 1991). Because its 
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efficacy declines with advancing white grub de-
velopment (Potter 1998), imidacloprid is applied 
in a preventative approach, the optimum period 
for application being during the month preced-
ing egg hatch until the time when grubs are be-
ginning to hatch (Potter 1998). However, white 
grub outbreaks are difficult to predict because 
they tend to be localized and sporadic and the 
eggs and first instars are difficult to sample for. 
The combination of imidacloprid and nematodes 
would allow curative treatments against older 
white grub stages, and because these stages are 
easier to detect, treatments could be limited to 
infested areas only, reducing cost and environ-
mental impact. 
 Nematode combinations with low-
environmental impact insecticides such as im-
idacloprid may offer an efficient alternative that 
is highly preferable over the use of conventional 
soil insecticides or widespread applications of 
imidacloprid. Recently research has shown that 
imidacloprid enhances the pathogenicity of the 
Metarhizium anisopliae (Paula et al. 2011), Bacil-
lus thuringiensis (Salem et al. 2007), spinosad 
enhances the pathogenicity of the Metarhizium 
anisopliae (Sharififard et al. 2011) and imidaclo-
prid also know to synergists with EPNs against 
scarab beetle larvae (Koppenhofer and Kaya 
1998; Koppenhofer et al. 2003). Our hypothesis 
was that imidacloprid act as stressor on 3rd-instar 

white grubs and increases their susceptibility to 
EPNs. A stressor is defined as any stimulus that 
disrupts the normal homeostasis of an organism 
(Steinhaus and Martignoni 1970). Specifically, the 
odjectives of our study were to test the compati-
bility of imidacloprid and nematodes and to de-
termine the effect of combined applications of 
imidacloprid and nematodes on early and late 3rd

-instar L. coniophora. 
 
Materials and Methods 
Insects 
 The field collected early and late 3rd in-
star coconut white grubs were collected from 
coconut garden at the Central Plantation Crops 
Research Institute (CPCRI) farm in Kasaragod and 
College of Agriculture, farm in Nileshwar, Kerala, 
India. None of the sites had been treated with 
either insecticides or nematodes during the pre-
vious year. Grubs were kept individually at room 
temperature (22-25ºC) for 1wk in a mixture of 
organic compost and loamy sand with sweet po-
tato (Ipomoea batatas L.) provided as food. Only 
apparently healthy grubs were used in the bioas-
says.  
Nematodes 
 The entomopathogenic nematode, Het-
erorhabditis indica from the live nematode cul-
ture of the Department of Crop Protection, 
CPCRI, Kasaragod, India, was used in this study. 

Fig 1. The effect of treatment with imidacloprid concentrations (IMI 1-6), two application rates (Hi1 = 1500 
and Hi2 = 3000 infective juveniles/grub) each concentration of the entomopathogenic nematode Het-
erorhabditis indica, or the combination of each concentration of nematode treatment with each concentra-
tion of imidacloprid on the mortality (mean of 5 replicates ± SE) of early third instar Leucopholis coniopho-
ra in pots with potato. Means of columns with the same letter are not significantly different (P < 0.05) using 
Tukey’test. An asterisk indicates significant synergistic interactions between nematode and imidacloprid. 
An ‘*’ indicates significant synergistic interactions between nematode and the imidacloprid insecticide. 

Synergism of Entomopathogenic Nematode and Imidacloprid 
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Prior to the assays, H. indica was cultured on last 
instars of the greater wax moth, Galleria 
mellonella (L.) (Lepidoptera: Pyralidae). Prior to 
the assays, nematodes were reared (Kaya and 
Stock 1997). After harvesting infective juveniles 
(IJs) from G. mellonella, the nematodes were 
stored in tap water at 13°C for up to 1 week prior 
to the assays. Nematode viability was 100%. Un-
less otherwise stated. A serial dilution of the 
nematode stock solution was conducted to 
achieve the necessary concentration of nema-
todes.  
Insecticide 
 The insecticide, Imidacloprid (Confidor 
17.8 SL, Bayer Crop Science Ltd.) was chosen as 
the insecticide standard because it is alternative 
use to choloropyriphos insecticide for manage-
ment of coconut white grub.  
Compatibility of imidacloprid and nematodes 
 Compatibility of imidacloprid and H. in-
dica was tested by assessing nematode viability 
and infectivity after exposure to various concen-
trations of imidacloprid. Suspension of H. indica 
(500 IJs/ml) containing 0, 0.04, 0.08, 0.16, 0.31, 
0.63 or 1.25% imidacloprid were filled in 50-ml 
Earlinemeyer flasks (20 ml per flask) and agitated 
on a shaker at 65 rpm for 24 or 48 h. There were 
5 replicates per treatment. Nematode mortality 
was evaluated 24 and 48 h after their exposure to 

various concentrations of imidacloprid solutions. 
The IJs were separated from imidacloprid by 
pouring the suspension through a sieve followed 
by an additional 500 ml of tap water. The IJs 
were washed from the sieve into clean flask and 
resuspended in 10 ml of sterilized water. To as-
sess the nematode mortality after 24 h or 48 h, 
200 µl samples were taken from each treatment 
and placed in a 100-mm Petri dish lid to count 
the number of living and dead nematodes by 
using dissecting microscope. Immobile IJs were 
touched with a probe and considered dead if 
they did not react. The IJs were washed 3 times 
in sterilized, distilled water. The infectivity of H. 
indica was determined by adding 1 ml of suspen-
sion containing 30 IJs and one wax moth larva to 
a 100-mm Petri dish lined with Whatman tissue 
paper. There were 5 Petri dishes per treatment. 
Wax moth larval mortality was observed after 4 
days. Dead larvae were dissected individually in a 
Petri dish and digested in a pepsin solution 
(Mauleon et al. 1993) to count the number of 
nematodes that had penetrated the wax moth 
larva.  
Efficacy of imdiacloprid and EPN mixture to 
control coconut white grub  
 To determine effect of imidacloprid and 
on H. indica against early and late 3rd instars of L. 
coniophora, a laboratory experiment was con-

Fig 2. The effect of treatment with imidacloprid concentrations (IMI 1-6), two application rates (Hi1 = 
1500 and Hi2 = 3000 infective juveniles/grub) each concentration of the entomopathogenic nematode 
Heterorhabditis indica, or the combination of each concentration of nematode treatment with each con-
centration of imidacloprid on the mortality (mean of 5 replicates ± SE) of late third instar Leucopholis 
coniophora in pots with potato. Means of columns with the same letter are not significantly different (P < 
0.05) using Tukey’test. An asterisk indicates significant synergistic interactions between nematode and 
imidacloprid. An ‘*’ indicates significant synergistic interactions between nematode and the imidacloprid 
insecticide. 

Jagadeesh Patil et al. 
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ducted. Half liter plastic pots (14 cm diameter by 
11 cm height) filled with a soil and sand mixture 
(1:1) with sweet potato as food source. Four early 
and late 3rd instars grubs were placed in each pot 
separately 1 d before the start of an experiment. 
Any grub remaining on the soil surface was con-
sidered unhealthy and replaced with other grub. 
After 1 d pots were inoculated with the following 
treatments: 1. imidacloprid at different concen-
trations (0.04, 0.08, 0.16, 0.31, 0.63 or 1.25%); 2. 
H. indica (1500 or 3000 IJs/grub); 3. a combina-
tion of each imidacloprid concentration and H. 
indica; 4. control (water only). Treatment were 
applied 50 ml of water per pot followed by 30 ml 
of water to rinse the treatments into soil. The 
pots were kept in an incubator at 24 ± 1° C in the 
dark. The pots were destructively sampled 7 d 
after treatments. Each treatment was replicated 

five times in a completely random design. At the 
time of evaluation, all larvae were removed from 
the containers and mortality was recorded. Ca-
davers were examined for signs of nematode 
infection (i.e., coloration) (Woodring and Kaya 
1988). Dead grubs were kept on White traps to 
observe nematode emergence from nematode-
killed insects. 
Statistical analysis 
 To normalize data before analysis, per-
centage of IJs survival and number of IJs pene-
trating into wax moth larvae were arcsin-square 
root-transformed. Analysis was undertaken on 
the transformed data and back transformed data 
only is presented. Nematode inoculation rates, 
imidacloprid concentration and time their inter-
active effects on nematode survival and early and 
late 3rd instar grubs mortality were subjected to 

Table 1. Survival and infectivity of Heterorhabditis indica infective juveniles for agitated 24 and 48h in 
imidacloprid solution. 

Imidacloprid 

(%) 

Survival (%)a Infectivityb 
24h 48h 24h 48h 

0.0 98.0 ± 0.4 97.8 ± 0.5 9.8 ± 0.5 9.5 ± 0.6 
0.04 97.8 ± 0.3 97.5 ± 0.3 9.5 ± 0.6 9.8 ± 0.6 
0.08 97.5 ± 0.3 97.3 ± 0.5 9.8 ± 0.5 9.8 ± 0.5 
0.16 78.3 ± 0.5 97.0 ± 0.4 9.8 ± 0.9 9.5 ± 0.6 
0.31 97.0 ± 0.4 97.0 ± 0.4 10.0 ± 0.4 9.8 ± 0.9 
0.63 96.8 ± 0.8 96.8 ± 0.9 9.5 ± 0.6 9.5 ± 1.0 
1.25 96.8 ± 0.5 96.5 ± 0.6 9.8 ± 0.5 10.0 ± 0.9 

P value         
Imidacloprid (I) 0.3041 

0.7368 

0.9968 

0.9967 

0.8851 

0.9993 

Time (T) 
IxT 

  a Survival was assessed in subsamples of approximately 100 infective juveniles. 
 b Mean number of nematodes recovered from a wax moth larva after 3 d of exposure to 30 infective juveniles  

Table 2. Interaction between insecticide and entomopathogenic nematode, Heterorhabditis indica over 
mortality of Leucopholis coniophora seven days after treatment in laboratory.  

Early 3rd instar Late 3rd instar 
Treatments MN

a MI
b MIN

c % ME
d Ie MN MI MIn % ME I 

0.04 + Hi1 10.0 10.0 30.0 19.0 + 20.0 20.0 50.0 36.0 + 
0.08 + Hi1 10.0 15.0 45.0 23.5 + 20.0 25.0 55.0 40.0 + 
0.16 + Hi1 10.0 20.0 55.0 28.0 + 20.0 30.0 60.0 44.0 + 
0.31 + Hi1 10.0 25.0 60.0 32.5 + 20.0 35.0 65.0 48.0 + 
0.63 + Hi1 10.0 30.0 65.0 37.0 + 20.0 40.0 70.0 52.0 + 
1.25 + Hi1 10.0 50.0 75.0 55.0 + 20.0 50.0 85.0 60.0 + 
 a Observed proportional percentage mortality caused by nematodes alone. 
 b Observed proportional percentage mortality caused by imidacloprid alone. 
 c expected additive proportional mortality for the nematode–imidacloprid combinations. 
 d expected additive proportional mortality for the nematode–imidacloprid combinations. 
 e Interaction between treatments : antagonist (X2 > 3.84 & MIN-ME = a negative value), additive (X2 < 3.84), synergistic (X2 > 3.84 & 

MIN-ME = a positive value), being 3,84 correspondent to1liberty degree at P < 0.05.  
 ‘+’ indicates synergistic interactions between nematode and the imidacloprid insecticide. 
   Hi1 = 1500 infective juveniles/grub. 

Synergism of Entomopathogenic Nematode and Imidacloprid 
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analysis of variance (ANOVA). When ANOVA was 
significant, comparisons of relevant means were 
made using the Turkey’s significance test values 
at the 5% level of significance. Synergistic, addi-
tive, or antagonistic interactions between agents 
in the combination treatments were determined 
using a X2 test (Finney 1964, McVay et al. 1977, 
Koppenhofer et al. 1998). Grub mortality was cal-
culated by subtracting the number of surviving 
grubs from the number of grubs released for 
each replicate. The expected additive proportion-
al mortality ME for the nematode-imidacloprid 
combinations was calculated by ME = MN + MI (1 
- MN), where MN and MI are the observed propor-
tional mortalities caused by nematodes and im-
idacloprid alone, respectively. Results from a X2 
test, X2 = (MIN - ME)

2/ME, where MIN is the ob-
served mortality for the nematode-imidacloprid 
combinations, were compared to the X2 table 
value for 1 df. If the calculated X2 value exceeded 
the table value, a non-additive effect between 
the two agents was suspected (Finney 1964). If 
the difference MNC - ME had a positive value, a 
significant interaction was considered synergistic. 
If the difference had a negative value, a signifi-
cant interaction was considered antagonistic. 
Differences among means in all experiments 
were considered significant at P < 0.05. Means ± 
SE are presented. This methodology was fol-
lowed many researchers (Koppenhofer et al. 
1998, 2000) All statistical evaluations were per-
formed using PROC. GLM (SAS software, version 
9.3, SAS institute). 
 
Results and Discussion 
Compatibility of imidacloprid and nematodes 
 There was no significant (F= 1.24; df = 
42, 6; P = 0.3041) difference in the moratlity of H. 

indica following direct exposure to the different 
concentrations of imidacloprid. Nematode mor-
tality after 24h of agitation in imidacloprid solu-
tions ranged between 2.2 and 3.2% and for 48h 
ranged between 2.5 and 3.5%, and was not sig-
nificantly affected by imidacloprid (Table 1). Sim-
ilarly, there was no significant (F= 0.11; df = 42, 
6; P = 0.7368) difference between the exposure 
times. At the time of dissection, there was also 
no significant (F= 0.09; df = 42, 6; P = 0.9967) 
differences in the development of the nema-
todes, most nematodes were in the adult stage. 
Similarly, there was no significant (F= 0.02; df = 
42, 6; P = 0.8851) difference between the expo-
sure times. This data show that imidacloprid has 
no negative effects on nematode survival and 
reproduction in white grubs. Similarly, Kop-
penhofer and Fuzy (2008) also reported that im-
idacloprid has no negative effects on nematode 
reproduction in white grubs and fitness of the 
emerging progeny.  
 Infectivity, that is, capacity of H. indica to 
cause Galleria mellonella larval death was not 
statistically different after being exposed to the 
insecticides data not shown. The analysis of vari-
ance revealed there was no significant two-way 
interaction between imidacloprid concentrations 
and exposure time. (Table 1). Presently, H. indica 
appears to be the nematode of choice for combi-
nations with imidacloprid for curative treatments 
because of the limited availability of H. indica. 
However, the stronger interaction of H. indica 
with imidacloprid would allow for the use of low-
er nematode application rates and may make 
this nematode more attractive for commercial 
production. 
Efficacy of imdiacloprid and EPN mixture to 
control coconut white grub  

Table 3. Interaction between insecticide and entomopathogenic nematode, Heterorhabditis indica over 
mortality of Leucopholis coniophora seven days after treatment in laboratory.  

Early 3rd instar Late 3rd instar 
Treatments MN

a MI
b MIN

c % ME
d Ie MN MI MIN % ME I 

0.04 + Hi2 15.0 10.0 45.0 19.0 + 30.0 20.0 60.0 36.0 + 
0.08 + Hi2 15.0 15.0 50.0 23.5 + 30.0 25.0 65.0 40.0 + 

0.16 + Hi2 15.0 20.0 55.0 28.0 + 30.0 30.0 70.0 44.0 + 
0.31 + Hi2 15.0 25.0 60.0 32.5 + 30.0 35.0 75.0 48.0 + 
0.63 + Hi2 15.0 30.0 70.0 37.0 + 30.0 40.0 85.0 52.0 + 

1.25 + Hi2 15.0 50.0 80.0 55.0 + 30.0 50.0 95.0 60.0 + 

 a Observed proportional percentage mortality caused by nematodes alone. 
 b Observed proportional percentage mortality caused by imidacloprid alone. 
 c expected additive proportional mortality for the nematode–imidacloprid combinations. 
 d expected additive proportional mortality for the nematode–imidacloprid combinations. 
 e Interaction between treatments : antagonist (X2 > 3.84 & MIN-ME = a negative value), additive (X2 < 3.84), synergistic (X2 > 3.84 & 

MIN-ME = a positive value), being 3,84 correspondent to1liberty degree at P < 0.05.  
‘+’ indicates synergistic interactions between nematode and the imidacloprid insecticide. 
 Hi2 = 3000 infective juveniles/grub. 

Jagadeesh Patil et al. 
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 The results documented the efficacy of 
imidacloprid, EPN, H. indica alone and in combi-
nation with imidacloprid + H. indica against early 
and late 3rd instar of white grub, L. coniophora. In 
present investigation early and late 3rd instar L. 
conoiphora mortality was significantly affected 
by imidacloprid rate (F= 6.75; df = 46, 8; P = 
0.0001) and H. indica (F= 8.42; df = 46, 2; P = 
0.0008), but there was no interaction between 
imidacloprid rate and H. indica. As far as interac-
tion between imidacloprid and EPN is concerned, 
it was verified that the main reason for successful 
application of imidacloprid and nematode syner-
gism is the slow movement of grubs under the 
influence of imidacloprid, allowing nematodes to 
easily penetrate the host insect (Koppenhofer et 
al. 2000). In our study the synergism between 
imidacloprid and H. indica was consistent, we 
may accept good results even in field conditions. 
Similarly, (Koppenhofer et al. 2000) reported that 
imdacloprid and EPN combination results were 
more successful in the field rather than in labora-
tory.  
 When both early and late 3rd instar grubs 
were inoculated with 2000 and 3000 IJs/grub, we 
could only 10, 20, 15 and 30% mortality respec-
tively. But both the grub stages were treated 
with 1.25% of imidacloprid we found 50% mor-
tality (Fig 1 & 2). In all nematode-imidacloprid 
combinations, mortality was significantly higher 
than in the H. indica alone and imidacloprid 
alone treatments. When different concentrations 
of imidacloprid were applied simultaneously with 
H. indica against L. coniophora, mortality differed 
significantly between treatments (F=12.06; df 
=20, 84; P =0.0001). We did not study the mech-
anism responsible for the interaction between 
imidacloprid and H. indica. Imidacloprid disrupts 
the normal defensive and evasive behaviors that 
white grubs display in response to EPN attack 
and thereby increases the white grubs’ nematode
-susceptibility (Koppenhofer et al., 2000). Combi-
nations of H. indica and imidacloprid had a 
strong synergistic effect on early and late 3rd in-
star mortality (Table 2 & 3). However, Koppenho-
fer and Fuzy (2008) showed that synergistic inter-
actions also occur when H. bacteriophora and 
imidacloprid are applied against younger larvae 
(i.e., second instar and early third instar), and that 
similar control levels could be achieved with re-
duced nematode and imidacloprid rates. 
 To achieve sustainable coconut cropping 
systems with minimal reliance on chemical pesti-
cides, imidacloprid–nematode combinations 
could be tested in noncurative control approach-
es. For example, imidacloprid could improve 
nematode establishment after augmentative re-
leases. Imidacloprid could also be used to trigger 
epizootics of endemic nematode populations 

that are common in white grub populations 
(Campbell et al. 1998). Finally, imidacloprid–
nematode combinations may also be applicable 
to other cropping systems and insect pests. In 
this study we have not worked out the econom-
ics of the examined combinations, and field ex-
periments are necessary to give a better idea 
about the economics.  
Acknowledgements 
 The authors thank the Director, Central 
Plantation Crops Research Institute, Kasaragod 
for providing the research facilities and Indian 
Council of Agricultural Research, New Delhi for 
financial support. 
 
References 
Campbell J F, Orza G, Yoder F, Lewis E and 
Gaugler R (1998). Spatial and temporal distribu-
tion of endemic and released entomopathogenic 
nematode populations in turfgrass. Entomol Exp 
Appl 86: 1–11. 

Elbert A, Becker B, Hartwig J and Erdelen C 
(1991). Imidacloprid-A new systemic insecticide. 
Pflanzenschutz-Nachr. Bayer 44: 113–136. 

Finney D J (1964). Probit Analysis. Cambridge 
University Press, London. 

Georgis R and Gaugler R (1991). Predictability in 
biological control using entomopathogenic nem-
atodes. J Econ Entomol 84: 713–720. 

Kaya H K and Stock S P (1997). Techniques in 
insect nematology. In: Lacey, L. (Ed.), Manual of 
Techniques in Insect Pathology. Academic Press, 
San Diego, Pp. 281–324. 

Klein M G (1993). Biological control of scarabs 
with entomopathogenic nematodes. In 
“Nematodes and the Biological Control of Insect 
Pests” (R. Bedding, R. Akhurst, & H. Kaya, Eds.), 
CSIRO, East Melbourne. Pp. 49–58. 

Koppenhofer A M and Fuzy E M (2008). Early tim-
ing and new combinations to increase the effica-
cy of neonicotinoid-entomopathogenic nema-
tode (Rhabditida: Heterorhabditidae) combina-
tions against white grubs (Coleoptera: Scarabae-
idae). Pest Manag Sci 64:725–735. 

Koppenhofer A M and Kaya H K (1998). Syner-
gism of imidacloprid and an entomopathogenic 
nematode: A novel approach to white grub con-
trol in turfgrass. J Econ Entomol 91: 618–623. 

Koppenhofer A M, Cowles R S, Cowles E A, Fuzy E 
M and Kaya H K (2003). Effect of neonicotinoid 
insecticide synergists on entomopathogenic 
nematode fitness. Entomol Exp Appl 106: 7–18. 

Synergism of Entomopathogenic Nematode and Imidacloprid 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
4.

13
9.

15
8.

11
4 

o
n

 d
at

ed
 1

5-
Ju

n
-2

01
5

 

 190 

Koppenhofer A M, Grewal P S and Kaya H K 
(2000). Synergism of entomopathogenic nema-
todes and imidacloprid against white grubs: the 
mechanism. Entomol Exp Appl  94: 283–293. 

Mauleon H, Briand S, Laumond C and Bonifassi E 
(1993). Utilization d’enzyme digestives pour 
l’e´tude du parasitisme des Steinernematidae 
and Heterorhabditidae envers les larves d’in-
sectes. Fund Appl Nematol 16: 185–186. 

McVay J R, Gudauskas R T and Harper J D (1977). 
Effects of Bacillus thuringiensis nuclear-
polyhedrosis virus mixtures on Trichoplusia ni 
larvae. J Invert Pathol 29: 367–372. 

Paula A R, Carolino A T, Paula C O and Samuels R 
I (2011). The combination of the entomopatho-
genic fungus Metarhizium anisopliae with the 
insecticide Imidacloprid increases virulence 
against the dengue vector Aedes aegypti 
(Diptera: Culicidae). Parasit Vectors 4: 1-8. 

Potter D A (1998). Destructive Turfgrass Insects: 
Biology, Diagnosis, and Control. Ann Arbor Press, 
Chelsea, MI. 

Salem S A, Abdel-Rahman H A, Zebitz C P W, 
Saleh M M E, Ali I, Fawkia and El-Kholy M Y 
(2007). Interaction between entomopathogenic 
nematodes and Bacillus thuringiensis as a new 
approach for biological control of some lepidop-

terous pests. J Appl Sci Res 3: 333-342. 

SAS Institute Inc. (2011). SAS Version 9.3 System 
options: Reference, Second edition. Cary NC: SAS 
Institute, Inc. 

Schroeder M E and Flattum R F (1984). The mode 
of action and neurotoxic properties of the nitro-
methylene heterocycle insecticides. Pest Biochem 
Physiol 2: 148–160. 

Sharififard M, Mossadegh M S, Vazirianzadeh B 
and Zarei-Mahmoudabadi A (2011). Interactions 
between entomopathogenic fungus, Metarhizium 
anisopliae and sublethal doses of spinosad for 
control of house fly, Musca domestica. J Arthro-
pod Borne Dis 5: 28-36. 

Steinhaus E A and Martignoni M E (1970). An 
abridged glossary of terms used in invertibrtae 
Pathology, 2nd edn. USDA forest service, Pacific 
Northwest forest and range experiment station, 
Portland, Oregon. 

Woodring J L and Kaya H K (1988). Steinerne-
matid and heterorhabditid nematodes: a hand-
book of techniques. Series Bulletin 331. Fayette-
ville: Arkansas Agricultural Experiment Station 
Pp. 30. 

Jagadeesh Patil et al. 


