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ABSTRACT

Mokhtar Abd El Raouf Abd El Aty Abo Naeem: Proposed
Measurements for the Efficiency of Entomopathogenic
Nematodes. Unpublished M.Sc. Thesis, Department of Plant

Protection, Faculty of Agriculture, Ain Shams University, Y+ Y.

Accurate, quick and economic measurements of the quality of
entomopathogenic nematodes (EPNs) were proposed and applied on
two Egyptian nematode isolates, namely Steinernema carpocapsae
(Weiser) BAY and Heterorhabditis bacteriophora Poinar S).
Proposed measurements on infective juveniles (IJs) included assays
of the image analysis, dry weight, heat tolerance and heat shock. For
testing their validity, results of proposed measurements were
compared with those of the viability assay, traditional laboratory
bioassay and semi-field assay of the nematode efficiency using larvae
of Agrotis ipsilon (Huf.) and/or Galleria mellonella (L.). Five levels
of the nematode quality were induced by storing IJs at YA°C for
different durations and the resulting nematodes were used for detailed
comparisons. The nematodes were finally sprayed in a corn field for
assessing their field performance against larvae of A. ipsilon and
Spodoptera littoralis (Boisd.). Results on nematode species showed a
strong positive correlation (r > +,%) between the image analysis,
mean dry weight (MDW) and traditional bioassays of the nematode
quality in laboratory and semi-field scales. Mean gray level (MGL)
had a strong correlation with all other measurements of the quality of
S. carpocapsae BAY except with the heat tolerance (HT) and heat
shock (HS). The correlation was positive with all measurements
except with the storage period (SP). MDW had also a significant
strong correlation with all other measurements of the quality of S.
carpocapsae BAY and H. bacteriophora S\ except with HT and HS.
The heat assays (HT and HS) looked independent in their relation to

other quality measurements of S. carpocapsae BAY and H.



bacteriophora S). These two assays were also independent in
relation to each other. S. carpocapsae BAY caused )+ :/ larval
mortality for A. ipsilon and S. littoralis in the field, while H.
bacteriophora SV induced AY,A) and YY,°VZ mortality for the two
species, respectively. For testing the potential of an EPN species, the
image analysis is recommended as an accurate, quick and economic
quality measurement instead of the traditional laboratory bioassay
and semi-field assay.

Key words: Steinernema carpocapsae, Heterorhabditis
bacteriophora, image analysis, dry weight, heat tolerance, heat

shock, nematode efficiency.



ACKNOWLEDGMENTS

All praises to Almighty Allah alone, the most merciful and
the most compassionate and his Holy Prophet Muhammad (PBUH)
the most perfect and dignified, exalted one among and of ever borne
on the surface of the earth, who is forever torch of guidance and
knowledge for the humanity.

I feel great pleasure in expressing my appreciation and
gratitude to my worthy supervisor, Dr. Abdalla S. M. Kassab,
Professor Emeritus of Agric. Zoology, Plant Protection Dep., Faculty
of Agriculture, Ain Shams University, for sharing proposing the

subject, supervision, guidance and his beneficial criticism.

I thank with deep emotion of gratitude and great appreciation
to Dr. Abdel-Mohsen M. A. Hekal, Professor Emeritus of Economic
Entomology, Plant Protection Dep., Faculty of Agriculture, Ain
Shams University, for his regardless help, sincere advices, revising

the manuscript and introducing it on the proposed text.

Sincere thanks to Dr. Mahmoud M. E. Saleh, Prof
Researcher, Entomology, Pests and Plant Protection Dep., National
Research Centre, for proposing the subject, supervision, valuable

suggestion and preparing the manuscript.

Cordial thanks are also extended to Dr. Magdy H. Abbas,
Associate Research Professor of Economic Entomolog, Pests and
Plant Protection Dep., National Research Centre, for valuable

criticism, supervision and his constant encouragement.

I am also indebted to Dr. Mohamed S. Abdel-Wahed,
Professor Emeritus of Economic Entomology, Plant Protection Dep.,
Faculty of Agriculture, Ain Shams University, for sharing proposing

during the period of his supervision.



I am very grateful to Dr. Mona A. Hussein, Associate
Research Professor of Economic Entomology, Pests and Plant
Protection Dep., National Research Centre, for making available
strain of Steinernema carpocapsae (BAY) and Heterorhabditis

bacteriophora (SV), constructive discussion and great support.

My thanks also go out to my colleagues in Pests and Plant
Protection Department, National Research Centre, and all those past
and present who shared the lab with me. The atmosphere was always
constructive and they often made even the most tedious work fun and
enjoyable. Special Thanks to Dr. Hala M. Sayed, Assistant

researcher, for her sincere help and encouragement.

Last but not least, I have deep appreciation and the best regard
for the affection and financial cooperation of my Father, Mother,
Brother and Sisters without whose sacrifice and prays, the present
study would have been a mere dream, may Allah give them a long

and happy life with me. “Ameen!”



CONTENTS

Page
List of tables i
List of figures v
I- INTRODUCTION \
II- REVIEW OF LITERATURE °
‘- Entomopathogenic nematodes and their ¢
bioassays
Y- Quality control definition and importance A

Y- Quality traits of entomopathogenic ‘Y
nematodes

t- Assessment of lipid reserves in nematodes Ve

°- Effects of temperature on quality of EPNs V4

III- MATERIALS AND METHODS vy

A- Insects vy

\. Galleria mellonella (Lepidoptera: Pyralidae) vy

Y. Agrotis ipsilon (Lepidoptera: Noctuidae) vy

Y. Spodoptera littoralis (Lepidoptera: Noctuidae) YY

B- Nematodes e
\. Steinernema carpocapsae BAY AR

Y. Heterorhabditis bacteriophora S) Ak

C- Maize, Zea mays L. e
D- Experimental methods Yo
V- Nematode viability ve

Y- Bioassay of nematode efficiency AR

¥- Determination of nematode concentration for YV

semi-field experiments.

t- Semi-field assay of nematode efficiency YA
°- Image analysis YA
1- Mean dry weight (MDW) ¥

V- Heat tolerance and heat shock Yo



A- Field performance of S. carpocapsae BAY and
H. bacteriophora S\ in controlling A. ipsilon
and S. littoralis

E- Statistical analyses

IvV-

VI-
VII-

RESULTS AND DISCUSSION

V- Nematode viability

Y- Bioassay of nematode efficiency
a- Efficiency against G. mellonella
b- Efficiency against A. ipsilon

Y- Determination of nematode concentration
for semi-field experiments.

t- Semi-field assay of nematode efficiency
against A. ipsilon larvae infesting corn plants

°- Image analysis

1- Mean dry weight

V- Heat tolerance

A- Heat shock

- Interrelationships among measurements of
nematode quality

\+-Field performance of S. carpocapsae BAY
and H. bacteriophora S) in controlling A.
ipsilon and S. littoralis

SUMMARY

REFERENCES

ARABIC SUMMARY

Yy
Yy
Yy
s
s
YA
¢y

1 2%
o)
ot
oV
T

v
\A



No

LIST OF TABLES

Viability percentages in infective juveniles of
Steinernema carpocapsae BAY and Heterorhabditis
bacteriophora S)stored at YA°C for different durations.
Relationship between storage period at YA°C of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their efficiency
against Galleria mellonella last instar larvae.
Relationship between storage period at YA°C of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their efficiency
against Agrotis ipsilon ¢M instar larvae.

Efficiency of infective juveniles of Steinernema
carpocapsae BAY and Heterorhabditis bacteriophora S)
applied at different concentrations in controlling Agrotis
ipsilon ¢™ instar larvae infesting corn plants in pots.
Mortality percentages in Agrotis ipsilon ¢™ instar larvae
infesting corn plants in pots after spraying infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S).

Values of mean gray level measured by an image
analyzer of infective juveniles of Steinernema
carpocapsae BAY and Heterorhabditis bacteriophora S)
corresponding to different durations of storage at YA°C.
Mean dry weight of infective juveniles of Steinernema
carpocapsae BAY and Heterorhabditis bacteriophora S)

stored at YA°C for different durations.

Page

Y¢

Yv

Y4

¢y

£

£A

oY



R

'Y

Survival percentages in infective juveniles of
Steinernema carpocapsae BAY and Heterorhabditis
bacteriophora S stored at YA°C for different durations
then exposed to ¢ +°C for Y hours.

Survival Percentages in infective juveniles of
Steinernema carpocapsae BAY and Heterorhabditis
bacteriophora S stored at YA°C for different durations
then exposed to £°°C for ¥+ minutes.

Matrix of correlation coefficient values among quality
measurements of infective juveniles of Steinernema
carpocapsae BAY.

Matrix of correlation coefficient values among quality
measurements of infective juveniles of Heterorhabditis
bacteriophora S).

Mortality percentages in ™ instar larvae of Agrotis
ipsilon and Spodoptera littoralis after spraying infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) in an infested corn
field in Wadi El-Natron during April, Y+ Y.

00

oA

R

T

¢



No

LIST OF FIGURES

Infective juveniles of Steinernema carpocapsae All
strain.

Life cycle of entomopathogenic nematodes.

Huge numbers of the nematode offspring emigrate from
the cadaver of Galleria mellonella larva

Multi-well plate (Y ¢ cells) containing last instar larvae of
the greater wax moth, Galleria mellonella used for the
five-on-one efficiency bioassay.

Image analysis system (a microscope with a video
cameraattached to a computer with Leica QWin ©+
program).

Linear relationship between storage period at YA°C of
infective juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their viability
percentages.

Linear relationship between storage period at YA°C of
infective juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora SV and their efficiency
against Galleria mellonella last instar larvae.

Linear relationship between storage period at YA°C of
infective juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora SV and their efficiency

against Agrotis ipsilon ¢™ instar larvae.

Linear relationship between concentration of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their efficiency in
controlling Agrotis ipsilon ¢™ instar larvae infesting corn

plants in pots.

Page

Yv

Y4

ye

YA

¢¢



R

'Y

'Y

V¢

\e

1

\

Linear relationship between storage period at YA°C of
infective juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their efficiency
against Agrotis ipsilon larvae infesting corn plants in
pots.

Images of infective juveniles of Heterorhabditis
bacteriophora S\ representing different quality levels.
Relationship between storage period at YA°C of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their lipid content
expressed as mean gray level (Y°1 degree-scale)
measured by an image analyzer.

Relationship between storage period at YA°C of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their dry weight
(mg)/ ©x) + " nematodes.

Relationship between storage period at YA°C of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their survival
percentage at £ +°C for Y hours.

Relationship between storage period at YA°C of infective
juveniles of Steinernema carpocapsae BAY and
Heterorhabditis bacteriophora S) and their survival
percentage at £°°C for Y+ minutes.

Efficiency of infective juveniles of Steinernema
carpocapsae BAY and Heterorhabditis bacteriophora S)
in controlling ¢M instar larvae of Agrotis ipsilon and

Spodoptera littoralis in a corn field.

2%

£9

oy

o

04

h Y



I- INTRODUCTION

The agricultural production still depends on the use of chemical
pesticides. In Y+++-Y++), an average of Y,¥% x Y+ tons of active
ingredients of pesticides was used in the world (Kiely et al., ¥+ ¢). The
use of insecticides has caused adverse consequences such as soil and
water pollution, impacts on food chains (Wood and Ehui, Y+ +¢) and
developing resistance in insects (Van Bortel ef al., ¥ + + ). The biological
control methods appear to be feasible options for pest management
(Lacey et al., Y++1%). Entomopathogenic nematodes (EPNs) have been
effective in many agroecosystems (Jenkins et al, Y:+V). EPNs of
Steinernematidae and Heterorhabditidae have been known for decades
(Poinar, Y44 +). Both steinernematids and heterorhabditids pass through
four juvenile stages before the maturing. Only the third-stage infective
juvenile can survive outside the insect host and move from one insect to
another. Infective juveniles (IJs) carry symbiotic bacteria (Xenorhabdus
spp. for steinernematids and Photorhabdus spp. for heterorhabditids) in
their intestines and release them in the insect haemolymph (Akhurst and
Boemare, )44 +). Nematodes invade through natural openings (spiracles,
mouth and anus) or the cuticle of certain insects (Bedding and
Molyneux, Y4AY & Peters and Ehlers, '44¢). The nematode secretes
proteinaceous substances, which inhibit the activity of the insect immune
system (Simoes et al., Y 43Y) and paralyse its nervous system (Burman,
V4AY) to provide initial conditions for developing a bacterial colony.
Bacterial cells proliferate and eventually kill the insect host within VY h.
The bacterial species breaks down the haemolymph and provides a
suitable diet for the nematode development. It also releases high
antibiotic substances that protect the cadaver from the invasion of
opportunistic organisms to allow undisturbed nematode development
(Kondo and Ishibashi, Y4A% & AKhurst, Y449 +). At YA-YA°C, the life

cycle lasted 1-YA days depending on the insect host and the nematode



species (Poinar, Y44+ and Zioni ef al., Y24 Y). Invading 1Js belonging to
Steinernema develop into females or males and those of Heterorhabditis
develop into hermaphrodites. One-three progeny generations develop
inside one host and the reproduction continues until host nutrients are
depleted. Nematodes become third-stage 1Js that leave the cadaver to
search for new hosts.

EPNs have a broad host range, search actively for hosts and
present no hazard to mammals (Gaugler and Boush, Y3V%). Although
EPNs are listed among the important microbial control agents, no
standard universal assays for evaluation of the nematode quality or
efficiency exist (Kaya et al., Y 43Y). The lack of fundamental knowledge
on the nematode-bacterium-host interaction has blocked the development
of such assays. The susceptibility of important insect pests to EPNs has
been tested in laboratory bioassays. The most commonly used bioassay
consists of the insect exposure to the 1J stage in filter paper arenas (Kaya
and Hara, Y%A+ and Glazer, Y44Y). Assuming a positive correlation
between the nematode dose and the host mortality, the probit analysis has
been used to analyze data from dose-response tests and calculate the
LD.. (Morris et al., 4%+ and Glazer, Y%4Y). However, when a
pathogen is highly virulent, the probit analysis is not useful, since the
bioassay results are likely biased by large errors in the dosage (Burges
and Thomson, '4VY) and Huber and Hughes, Y 4A¢). The estimation of
the nematode virulence by LD.. values is questionable, since a single
steinernematid or heterorhabditid 1J is capable of killing an insect. The
efficacy of field applications is affected by the nematode (invasion rate
and bacterial release), the bacterium (establishment and multiplication
rate), the host (behavior and immune response) and the environment
(insect location, temperature, moisture, pH, soil composition and texture).
Molyneux (Y 4A%), Fan and Hominick (Y 44%)), Mannion and Jansson
(Y44Y) and Westerman ()%4¢) developed a series of sand- or soil-

based assays to simulate closely the effect of these factors on the



