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Use of Entomopathogenic Bacterium Pseudomonas putida (Enterobacteriaceae) and
its Secretion Against Greater Wax Moth, Galleria mellonella Pupae
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Department of Agriculture, The University of Reading, P.O. Box 236, Earley Gate, Reading RG6 6AT, UK

Abstract: The bacterium from Pseudomonas putida from Steinernema abbasi and its metabolic secretions
caused the mortality of the Galleria mellonella pupae. Experiments were conducted in sand and filter paper
on time exposure, temperature, moisture, dose and time of penetration of bacterium in pupae and tested stored
or dried toxic metabolites using G. mellonella pupae as a test target organism. Death of pupae was probably
due to the toxic metabolites. Pseudomonas putida cells were recovered from the haemocoele when bacterial
cells were applied to the G. mellonella pupae indicating that bacterial cells can enter the haemocoele 1n the
absence of nematode vector. Penetration of bacterium was found rapidly after application on G. mellonella
pupae. Pseudomonas putida or its toxic secretions can be used as a microbial control for insect control. The
experimental results mndicate that there 1s possibility of using P. putida and its toxic secretions as a biopesticide
and can contribute in the development of new microbial and biological control aganst insect pests.
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INTRODUCTION

Microbial control agents have excellent potential for
use m IPM programme. They can be effective and serve
as alternatives to broad spectrum chemical msecticides.
However, their increased utilization will require increased
pathogen speed of kill, improved
pathogen performance under challenging environmental
conditions!!. Greater efficiency in their production,
improvements in formulation that enables ease of
application, increased environmental persistence and
longer shelf life and better understanding of how they will
fit into integrated systems and their mteraction with the
environment and other Integrated Pest Management

virulence and

(IPM) components™.
Pseudomonas putida, insect pathogenic gram-
negative  bacterium, belonging to the family

Enterobacteriaceae, exhibits swarming motility and form a
symbiotic relationship with the entomopathogenic
nematode Steinernema abbasi”®. Different species of
Steinernema carry different bacterial species. The
bacterium FP. putida is a very satisfactory symbiont for
infectivity, establishment and reproduction. P. putida
differs from Xenrorhabdus spp. because it 1s aerobic and
has one polar flagellum in contrast to Xenrorhabdus spp.
which are facultatively anaerobic and have numerous

peritrichous flagella™.

The bacterium 1s carried in the gut of the infective
juveniles of the nematode which, on entry in an insect
host, releases the bacteria directly into the haemocoele.
The bacteria starts to multiply and septicemia sets in
killing the msect within 24-48 h. They support nematode
reproduction by producing nutrients and antimicrobial
agents that inhibit the growth of a wide range of other
organisms'”. The bacterium can be grown as free-living
organisms under standard laboratory conditions.
Insecticidal toxin protein secreted by P. putida has been
found lethal to insects™™. P. putida has been shown to
control against the beet army worm, Spodoptera exigua
Hitbner™ and X. nematophila against the fire ant,
Solenopsis invicta Burer (Hymenoptera:Formicidae)"".

The 1.D,, dose for X. nematophila ranged from one to
few cells per insect after intrahaemoccelic injection"
suggesting that X. nematophila 1s a very effective insect
pathogen, able to completely resist the antibacterial
defense mechanism of insect. Several species of
Xenorhabdus are also lethal to insects when injected at
these low levels. They release a wide variety of virulent
factors including high molecular weight toxin complexes,
lipopolysaccharides, proteases and a range of different
antibiotics!"”, which can be assayed in the culture media.
Besides imsecticidal  toxins, Xenorhabdus and
Photorhabdus produce different antibiotics, under both
in vivo and in vitro conditions but generally there is less
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diversity among the types of antibiotic substances
produced by Photorhabdus spp. than by Xenorhabdus
spp.".

Recently the pathogenicity of toxic genes from
entomopathogenic bacterium FPhotorhabdus huminescens
(isolated from Heterorhabditis bacteriophora) has been
researched extensively!*'”. Less attention has been paid
to the toxin genes from the entomopathogenic bacteria
(isolated from wvarious species of Steinernema) but
recently a patent has been filed in the USA!? for the use
of toxins from Xemorhabdus spp. for msect control.
Essentially the efficacy of the treatments was similar to
the results reported in the present experiments, except that
our applications were done in sand and filter paper whle
their treatments were done on foliage and diet.

This study describes pathogenicity of bacterial cells
and secretions from P. pufida conducted m laboratory
experiments considering many factors were used to
control the G. mellonella pupae which can lead the
control of other msect pests.

MATERIALS AND METHODS

Galleria mellonella larvae were obtained from the
Mealworm Co., Universal Crescent, Sheffield, S 31 7717,
UK. Pupae were obtained when larvae were placed in 30°C
for the period of one week in incubator. Larvae were
infected with 1Is of S. abbasi and cultured at 30°C.
Nematodes IJs suspensions were supplied by CAB
Tnstitute of Parasitology, St. Albans, UK. Nematodes were
cultured in the greater wax moth, G. mellonella and were
stored at 15°C. P. putida bacterium symbiont was 1solated
from infected cadavers of G. mellonella larvae.

Isolation of bacterial symbionts: Pseudomonas putida
was obtained from the hemolymph of G. mellonella
infected with ITs of S. carpocapsae. Dead G. mellonella
larvae were surface-sterilised in 70% alceohol for 10 min,
flamed and allowed to dry in a laminar airflow cabinet for
2 min. Larvae were opened with sterile needles and
scissors, care being taken not to damage the gut and a
drop of the oozing haemolymph was streaked with a
needle onto nutrient agar (NBTA) plates [37 g nutrient
agar (BDH); 25 mg Bromothymol blue powder (Raymond);
4 mL of filtrates of 1% 2, 3, 5 Triphenyl-tetrazolium
Chloride (BDH); 1000 mL distilled water]. The agar plates,
sealed with Parafilm, were incubated at 30°C m the dark for
24 h, when single colonies of bacteria were selected and
streaked onto new plates of nutrient agar. Sub-culturing
was continued until colomes of umform size and
morphology were obtained. The pathogenicity of the
isolates was confirmed by inoculating the bacteria into
G. mellonella larvae and streaking the haemolymph of the
infected larvae on NBTA plates.
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Production of bacterial cell suspensions and its secretion
in broth and water: A single colony of the bacterium was
selected and inoculated into 500 mL of nutrient broth
solutions, contaimng 15 g nutrient broth (BDH) and
500 mL of distilled water in a flask stoppered by sterile
cotton wool and placed in a shaking incubator at 150 rpm
for one day at 28°C. The bacterial concentration of the
broth suspension was determined by measuring the
optical density using a spectrophotometer adjusted to
600 nm wave length. Based on results obtained”, the
concentration of the bacterial cells used in the present
experiments was adjusted to 4x107 cells mL™" and 3%
Tween 80 was added as an emulsifier.

To obtain solutions containing only toxic secretions
from the bacterial symbionts the broth suspension was
centrifuged at 4100 rpm for 20 mim. A bacterial pellet was
formed at the bottom of the centrifuge tube;, the
supernatant broth solution was drawn off and replaced by
distilled water. The concentration of bacterial cells was
estimated as previcusly and adjusted to 4x107 cells mL ™"
To obtain cell-free solutions of the metabolites from the
bacterial symbionts, the bacterial suspensions in broth or
water were filtered using a Whatman 25 Mm GD/X filter
with a pore size of 0.2 pm. Purty of cell-free toxin
solutions were tested on agar plates before application
against G. mellonella pupae. In all experiments fresh pure
colonies of bacterium, P. putida were used.

Experiment 1. Time exposure to G mellonella pupae: The
efficacy of the P. putida suspensions and cell-free
secretions in broth and water n sand against the pupae of
G. mellonella at different time mtervals was tested.
Suspension and secretion of P. putida cells in broth and
water were prepared at concentration of 4310’ mL ™" were
produced, 1% Tween-80 was mixed m all treatments. In
100 g of sterilized sand 16.4 mL of suspension or secretion
was mixed in order to keep 14% moisture content. G.
mellonella pupae of similar age and size were surface
stenlised with 2% Hymine for 5 min and then dried under
the laminar airflow. Ten pupae were placed m the moist
sand in sterilized plastic containers (110%25 mm) with
bacterial suspension or secretions. Control treatments
were with water and broth. All containers were mecubated
at 30°C. The mortality was assessed daily for five days.
Replication was 4 fold. The dead pupae were sterilised in
70% industrial methylated spirit for five minutes to kill
the bacteria on the surface of the G. mellonella pupae
(it had been previously determined that 70% industral
methylated spirit was lethal to living bacterial cells). A
sample from dead pupae was then taken from the
haemocoele of the abdomen and streaked onto nutrient
agar to determine whether or not bacteria were present in
the haemocoele.
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Experiment 2. Sand and filter paper substrate test to
G mellonella pupae: The objective of this experiment was
to test the efficacy of cell suspensions and its secretions
of P. putida on the filter paper and sand substrate on the
pupae of G. mellonella. Fresh suspensions and
secretions of P. putida in broth and water were prepared
as described already. The concentrations were adjusted
to 4x107 cells mL™". 1% Tween—80 was mixed in all
suspensions. Replications were four fold. G. mellonella
pupae were surface sterilized with 2% Hymine for 5 min.
Two Whatman filter papers were placed on 9 c¢m in
sterilised petridish. Two milliliter from each suspension
was sprayed on the filter paper with a hand sprayer. Ten
G. mellonella pupae were placed m each petridish and
then sealed with Paraflim. In sterilized plastic containers
(110=25 mm), 100 g sterilised fine sand was adjusted
to 14% moisture content with bacterial suspension and its
solutions. Controls were treated with water and broth. Ten
G.  mellonella pupae were placed on the sand, sealed
with Parafilm and incubated at 30°C. The mortality for
G. mellonella pupae was assessed after five days. The
cause of mortality of pupae was confirmed by taking
samples from the haemolymph of the dead pupae and
smeared on NBTA agar plates.

Experiment 3. Moisture test for G mellonella pupae:
Fresh suspensions and secretion of P. putida in
broth and water were prepared as described already.
The bacterial cell concentration was  adjusted to
4xx107 cells mL™". . mellonella pupae were washed
with 2% Hymine for 5 min. Moisture content was adjusted
to 10, 14 and 18% with adding of ten mL of suspension or
secretion in each treatment. Ten G. mellonella puape were
placed in plastic contamers (110x25 mm), sealed with
Paraflim and mcubated at 30°C. Replications were four
fold. The mortality for pupae was assessed after five days.
The cause of mortality of pupae was confirmed by taking
samples from the haemolymph of the dead pupae and
smeared on NBTA agar plates.

Experiment 4. Temperature test to G mellonella pupae:
The objective of this expermment was to test the
pathogenicity of P. putida cells and their secretions in
broth and water at three different temperatures against
G. mellonella pupae. Suspensions and secretions from
P. putida cells m broth and water were prepared at
concentration of 410" mL ™" as described in experiment 1.
Sterilised fine sand (100 g) was adjusted with 14%
moisture with bacterial suspension or its secretion.
Ten G. mellonella pupae were placed in each sterilised
plastic containers (110x25 mm). Control treatments used
were water and broth. Replication was four fold. The
containers of each treattment were mcubated at 20, 25 and
30°C. Pupal mortality was recorded after five days. The
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cause of mortality of pupae was confirmed by taking
samples from the haemolymph and smearing it on NBTA
agar plates.

Experiment 5. Dose concentration against G mellonella
pupae: Six concentrations of P. putida bacterial cell
suspensions, 4x107, 4107, 4x1 0, 4x10F, 4x10F, 4=1(F cells
mL™" in broth and water were prepared. Autoclaved 100 g
samples of fine sand with 14% moisture with the bacterial
suspension were placed m sterilised plastic containers
(110=25 mm). G. mellonella pupae of similar age and size
were washed with 2% Hymine as a surface sterile for 5 min
and then dried under the laminar airflow cabinet. Ten
pupae were placed 1 each container. All contamers were
incubated at 30°C. Replication was four fold. Mortality of
pupae was recorded after five days. All dead pupae were
confirmed by streaking the haemolymph on agar plates.
Experiment 6. Penetration of bacterial cells in
G. mellonella pupae: The objective of this experiment
was to determine the time for the bacterial cells to enter
the pupae. Suspemsions in broth and water at
concentration of 4x10” mL ™" were produced as mentioned
already. G. mellonella pupae were washed and surface
sterilised using 2% Hymine for 5 min. Ten G. mellonella
pupae were placed on a Whatman filter paper m 9 cm
petridish. Two mL from each suspension was sprayed
with a hand sprayer on the filter paper in sterilized
petridish under the laminar airflow cabinet. Containers
were placed at 30°C. Replication was four fold. Results
assessing the bacterial penetration to insects whether
alive or dead were sampled after 15, 30min. 1,2, 4, 8,16, 24
and 30 h on agar plates.

Experiment 7. Stored bacterial secretion to G mellonella
pupae: The objective of this experiment was to test the
efficacy of stored of bacterial toxinsg on the pathogenicity
of G. mellonella pupae. Fresh bacterial toxin solutions in
broth and water were produced as described before. The
bacterial toxin selution of P. putida was stored at the 25°C
for 4 weeks. Tween-80 was mixed in each solution at the
rate of 1%. Sterilized fine sand was adjusted with 14%
moisture. Stored toxic solution was mixed in sand.
Ten G. mellonella pupae were washed with Hymine and
placed 1in each sterilised plastic containers of size
(11025 mm). Containers were placed at 30°C. Replications
were four fold. Mortality of pupae was assessed after five
days of application of stored toxin solution in all weeks.

Experiment 8. Dried bacterial secretion to G mellonella
pupae: This experiment was designed to test the effect of
drying bacterial toxins on pathogenicity of G. mellonella
pupae. Fresh bactenal toxin solution i broth and water
was produced 1n same mamnmer as mentioned already.
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Bacterial toxin solutions were dried in the sterilized
containers at the 25°C for two days under laminar airflow.
Dried toxins were rewetted with either broth or water
solution. Tween-80 was mixed i each solution at the rate
of 1%. Sterilized fine sand (100 g) was adjusted with 14%
moisture with each toxin soluton Ten G. mellonella
pupae were washed with Hymine and placed in each
sterlised plastic contamners of size (110x25 mm).
Containers were placed at 30°C. Experiment was designed
1 four replications. Mortality of pupae was recorded after
five days of treatment.

Statistical analysis: Data were analysed by using a
factorial analysis of variance, statistical technique of
GENSTAT-6, Release 5.1 (Lawes Agricultural Trust,
Rothamsted Experimental Station, UK). Error bars on
histograms represent the least significant difference at the
5% level of probability.

RESULTS

Time exposure: Mortality of the G. mellonella pupae
increased as the time was increased (Fig. 1). The maximum
mortality of 100% found when treated with bacterial
suspensions or secretions of P. putida in broth after five
days. Secretions in water caused 80% mortality. Bacterial
suspensions in water caused 75% mortality. In the
controls only 15 and 12.5% mortality was found with
broth and water. Statistical analysis showed that time has
highly sigmficant effect (p<0.001) on the mortality of
G. mellonella pupae. There was no significant effect of
the broth treatments as compared with water treatments.

Sand and filter paper substrates: The maximum mortality
of G. mellonella pupae 100% occurred when treated with
cell suspension or secretions m broth P. putida and
applied in sand but in filter paper only 40 and 47.5%
mortality was observed for same treatments. Bacterial
suspensions in water caused 82.5% and cell secretion in
water caused only 77.5% mortality in sand media. Same
mortality of 32.5% was observed when P. putida
suspension or secretions m water were applied using filter
paper (Fig. 2). Greater mortality of G. mellonella pupae
was obtamed in sand compared to filter paper. The
mortality on sand was higher than the treatment on filter
paper (p<0.001). There was no significant difference in the
mortality of G. mellonella pupae either cells or cell-free
secretions.

Moisture effect: The maximum mortality of G. mellonella
pupae of 100.0% was observed at 14% moisture in cell
secretions in broth treatments as compared to 10 and 18%
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Fig. 1: Percent mortality of G. mellonella pupae when
treated with P. putida cells and its secretions in
broth and water at different days. Error bars
represent the Standard Error of Difference (SED)
within means. Values are means of four replicates
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Fig. 2: Percent mortality of G. mellonella pupae when
treated with P. putida cells and its secretions in
broth and water using sand and filter paper. Error
bars represent the Standard Error of Difference
(SED) witlhin means. Values are means of four
replicates
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Fig. 3: Percent mortality of G. mellonella pupae when
treated with P. putida cells and its secretions at
different moisture levels. Error bars represent the
Standard Error of Difference (SED) within means.
Values are means of four replicates

moisture where only 77.5 and 82.5% mortality occurred
(Fig. 3). In case of cell suspension in broth the maximum
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Fig. 4: Percent mortality of G. mellonella pupae when
treated with P. putida cells and its secretions at
different temperatures. Error bars represent the
Standard Error of Difference (SED) within means.
Values are means of four replicates
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Fig. 5: Percent mortality of G. mellonella pupae when
treated with different doses of P. putida cells in
broth and water. Error bars represent the Standard
Error of Difference (SED) within means. Values are
means of four replicates

mortality of 97.5% was observed at 14% moisture as
compared to 10 and 18% where only 65 and 80% mortality
of pupae was noticed. Cell suspension or secretion in
water caused lower mortalities than suspended in broth
solution. Control mortality in 18% was observed only
47.5% in broth and 35% in water. So 14% moisture
showed the better mortality than 10 and 18% moisture.

Temperature effect: Temperature has significant effect
(p<t0.001) on the mortality of G. mellonella pupae. Results
showed that the higher mortality from 85 to 100% of the
G. mellonella pupae was recorded when these were
exposed at 30°C as compared to 25 and 20°C (Fig. 4).
There was no difference in the mortality caused by either
cell of P. putida suspension or cell free secretions.
Bacterial secretions were found more effective and caused
100% dead insects when suspended in broth as compared
towater (95%) at 30°C. Minimum mortality was found only
52.5 to 55% at 20°C when treated with cell secretions in
water and cell suspensions in water.

Bacterial dose concentration: Cells in broth treatments
were found effective than cells in water even at the lowest
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Fig. 6: Percent penetration (#) of P. putida cells in broth
(a) and water (b) in G. mellonella pupae and
percent dead (™) at different time (h). Error bars
represent the Standard FError of Difference
(SED) within means. Values are means of four
replicates.

concentration of 4x1(* also caused 45 to 53% mortality
when cell were applied in water or broth suspensions
(Fig. 5). Mortality was found increased when dose
concentration was increased. The maximum mortality of
100% was found when 4x107 dose in broth was used.
Statistical analysis showed that there was a significant
difference in the different dose concentrations of the
bacterial suspensions for G. mellonella pupae. Mortality
for bacterial suspensions in broth was significantly
different from the suspensions in water (Fig. 5).

Time of penetration of bacterial cells: Fig. 6a and b
indicated the time of penetration when cells inbroth
suspension and cells in water entered the pupae of
G. mellonella. In 1 h time 65% cells in broth were entered
but only 50% cells in water were found inside of
G. mellonella pupae in 1 h. All G. mellonella pupae were
infected with bacterial cells in broth and water with in
16h. Only 70% pupae were found dead when treated with
cells in broth suspension but cells in water caused only
35% mortality of G. mellonella pupae with in 32 h of time
observed.

Stored secretions: Fresh toxin secretions were found
more effective to G. mellonella pupae (Fig. 7). Mortality
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Fig. 8: Percent mortality of G. mellonella pupae when
treated with dried secretions in broth and water
from P. putida cells. Error bars represent the
Standard Error of Difference (SED) within means.
Values are means of four replicates.

effect degraded from 100 to 60% mortality with i four
weeks when stored secretions of P. putida were applied
against G. mellonella pupae. The mortality rate decreased
in secretions in water from 95 to 47.5% in four weeks time.
Statistical analysis showed that there is significant effect
of stored toxin on the G. mellonella pupae n different
weeks and there was also significance difference between
the stored secretions of P. putida in broth and water
solutions.

Dried secretions: Dried toxin secretions have induced
high mortality to G. mellonella pupae (Fig. 8). Secretions
of P. putida in broth resulted the maximum mortality of
100% than 90% secretions in water when observed after
five days. There was no sigmficance difference between
the dried secretions from either in broth or water solution
of P. putida.
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DISCUSSION

The results of present experiments suggest that
G. mellonella pupae can be controlled by P. putida
bacterium or its secretions at proper envirommental
conditions in the laboratory. Optimal temperature, moist
sand, soil or foliar conditiens can increase the
effectiveness of this bacterium against any msect pests.
Tt is possible that these entomopathogenic bacteria or
their could be used to reduce the pest
damage. The present results are similar with the findings
that have been reported for the control of the fire ant,

Solenopsis invicta”. The efficacy of X. nematophila

secretions

(S. carpocapsae) and P. putida (S. abbasi) using the
same moisture content 14% and same dose of bacterial
cells against the beet army worm Spodoptera exigua
larvae and pupae in sand media bioassay produced 100%
mortality of larvae and 80% mortality in pupae after 5 days
using 28°C™

The pathogenicity of G. mellonella pupae and
diamondback moth (DBM) pupae using X. rnematophila
cells and its secretions in broth and water in sand media
resulted that there was highly significant difference in
values of LC, and LT, values for G. mellonella pupae as
well as for DBM pupae. He applied the same dose of cells
of X. nematophila in broth and water suspension against
diamondback moth larvae and pupae. He observed the
100% penetration of cells with in 4-8 h and 100%
mortality occurred with in 48-36 h for DBM larvae and
pupae. In case of G. mellonella larvae and pupae 100%
penetration of cells occurred with in 8-16 h and 100%
mortality o f G. mellonella larvae was observed after
6 days of X. nematophila cells application but all
pupae died with in 4 days after application.

Bacterium Pseudomonas putida and their secretions
resulted 80% mortality in pupae of S. exigua when they
used bacterial suspension in broth using sand bicassay.
In an other experiment they concluded that 91% mortality
of G. mellonella larvae was found in 14% moist sand but
100% pupae were found dead after 6 days of treatment
of P. putida cells in broth™. The pathogenicity of
G. mellonella larvae using X. nematophila cells in broth
and water in sand media resulted that there was hghly
significant difference in values of LC,, and LT, values
for G. mellonella larvae!™.

The differential toxicity of the entomopathogemic
bacteria could be attributed to the produced exoenzymes
that affect the virulence of the bacteria towards thewr
hosts. Phospholipase C is the best-described bacterial
lipase toxin andthis enzyme damages G. mellonella.
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Non-spore forming bacteria toxic to insects also, contain
toxic proteinase and chitinases™. P. putida is also non-
spore formmg bacterium and possibly contain a high
degree of these enzymes which mclude the toxic
components in different degrees. Lipopolysaccharide
(LPS) is a component of the outer membrane of the
bacterial  cells and has been shown to damage
haemocytes and mhibit activation of the
immune system. Findings of secretion are more or less
similar ®” when applied the metabolite secretions extracts

humoral

of X. mematophila against the G. mellonella larvae. It
caused the 100% mortality with 1 24 h of treatment. They
studied the optimal conditions for the in vitro production
of the entomotoxin.

The cells of X. nematophila (All) and other four
strains of different bacteria were found highly pathogenic
when injected into the Spodotera littoralis. They
recorded the complete mortality of insect after 64 h
exposure™. Their findings are similar to the present™.
However mteraction between insect immunity and an
insect-pathogenic nematode with symbiotic bacteria using
the diapause pupae of Hyalophora cecropia temained as
a model system. They found that in normal pupae LD,
(the mjected dose that cause death of 50% of the
population) of the bacteria X. nematophila were about
500 cells; for immunized pupae it was 5x10° cells. Cecropia
pupal immunity did not affect the nematodes. Fewer than
ten nematodes with bacteria were lethal, while LD, of
axenic nematodes was about 500. Immune hemolymph
caused lysis of X. nematophila. Tmmune proteins P9 A
and P9 B were identified as the active components in
pupae of Cecropia immunity against X. rematophila.

When beet armyworm pupae were exposed to 200
mfective juveniles per pupae of the (All) stramn of
S. carpocapsae, they were the most susceptible of the soil
pupating Lepidopteraocus tested with 63% mortality but
our bacterial application showed better mortality than
nematode application™. Resistance of beet armyworm
pupae to the S. carpocapsae (All stramn) was reported
with the LC; value of 1.129 per pupae™. Two
entmopathogenic nematodes were tested against the
pupae of three insects, pink bollworm, Pectinophora
gossypiella (Saunders), Cabbage looper, Trichoplusia ni
and beet armyworm Spodoptera exigua in laboratory
conditions. Completely formed or uninjured pink bollworm
pupae were not susceptible to infection by S. riobravis
or S. carpocapsae nematode. However cabbage looper
were susceptible with 43.5 and 83.3% nematode-related
mortalities for S. riokravis and S. carpocapsae,
respectively. Beet armyworm pupae were resistant to both
nematode species with no sigmficant difference in

nematode-related  mortality™. These results are

83

contrasting, as G. mellonella pupae were found most
susceptible in the present when P. putide and its
secretions were used.

Different levels of susceptibility of lepidopterous
pupae were reported due to different strains, nematode
viability or especially with fragility of pupae that may
receive handling injuries””. Pupae were not susceptible to
S. carpocapsae unless the pupal integument was
punctured with a pin whereas in case of bacterium
P. putida or its secretion has caused rapid penetration in
the pupae of G. mellonella pupae™. Prepupal and
pupal S. riebravis parasitism were found in corn earworm,
Helicoverpa zea and fall armyworm, Spodoptera
Sfrugiperdad™.

We have proved the lethality of P. putida bacterium
and 1its secretions against the G. mellonella pupae. Less
attention has been paid to test the pupae of other
insect pests. Recently a patent has been filed in the
USAM" for the use of toxins from Xenorhabdus spp.
for insect control.

Further identify  the
characteristics of this bacterium or its toxic secretions to
enhance the potentiality of P. putida as a biocontrol
agent which can be used against insect pests.

studies are needed to
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