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ABSTRACT
Entomopathogenic nematodes (EPN) proved to be efficient control agents against thrips
under soil stages. However, few studies were reported on foliar application of EPNs
against the feeding stages which cause the initial infestation. Therefore, the aim of this
study was to evaluate the efficacy of three formulated parasitic nematodes, two native and
an adapted exotic species, against the onion thrips, Thrips tabaci L., under green house
conditions in aquaculture. The nematode species were in vivo produced using larvae of
the greater wax moth. Nematodes were formulated using mixed polymer based on
calcium alginate and their viability was tested before each application. The experiment
was done inside the greenhouse on onion plants heavily infested with onion thrips, T.
tabasi. Population density of the pest was estimated before and after spraying with the
tested bioformulated EPNs. EPNs species caused significantly higher mortality than
control treatment in different developmental stages of T. tabaci. In general the three
formulated nematodes, BA1, BA2 and OBIII had significantly better shelf-lives than the
control. Data showed that S. carpocapsae BA2, was the most commonly applied species
for control of foliar pests. They are ideal candidates for pest insects that are encountered
on the surface soil when they descend from foliage. The market of EPNs-based
biopesticides has faced great success in relation to few marketing failures during the past
two decades. Due to the rapid increase in EPNs production technology, their prices
become more compatible to other insect control strategies. Therefore, the development of
simple; cheap and innovative formulations should not only target increasing EPNs
performance but also enhancing storage ability and application methods
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For many years and due to the rapid
INTRODUCTION
development of the thrips resistance to
Due to their relative small size and high chemical insecticides, the hidden life habits
reproductive rate, the onion thrips (OT), and short life cycle of T. tabaci population
Thrips tabaci consider a serious cosmopolitan (Maniania et al., 2003), biocontrol means have
pest attacking wide range of economically been considered. One of the most promising
important crops including field and bio-control agents is the entomopathogenic
greenhouse crops. This pest can cause more nematodes (EPNs) (Hussein et al., 2018),
than 50% yield reduction (Kashkouli et al. which can successfully attack pests in different
2014). It can damage plants directly by habitats including soils as well as on canopy
feeding on their different parts and indirectly (Tradan et al., 2009; Nouh and Hussein, 2014;
by transmitting plant viral diseases such as Hussein et al., 2015). EPNs have strong
tomato spotted wilt virus (Jones, 2005).
pathogenic effect against a variety of soil
inhabiting insects and their life cycle consists
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of an egg, four juvenile stages, and an adult
(Boemare et al., 1996). The 3rd stage infective
juvenile (IJ) carries pathogenic bacteria inside
its gut, which is the main responsible about
killing host pest by septicemia (Kaya and
Gaugler, 1993; Abdel Rahman and Hussein,
2007). Members of Heterorhabditidae and
Steinernematidae proved to be efficient control
agents against thrips soil stages (Ebssa et al.
2001). However, few studies were reported on
foliar application of EPNs against the feeding
stages which cause the initial infestation
(Chyzik et al., 1996). Therefore, the aim of
this study was to evaluate the efficacy of three
formulated entomopathogenic nematodes, two
native and an adapted exotic species, against
the onion thrips, Thrips tabaci L., under
aquaculture system in greenhouse conditions.
MATERIALS AND METHODS
Nematodes Culture
Three EPNs Heterorhabditis bacteriophora
(BA1) and Steinernema carpocapsae (BA2),
two native isolates of EPNs (Hussein and
Abou El-Sooud, 2006) and an exotic
commercial species, S. feltiae, was used. The
three nematode species were in vivo produced
using larvae of the greater wax moth, Galleria
mellonella L. (Lepidoptera: Pyralidae)
according to Metwally et al., (2012).
Nematodes were stored at 7°C in a cold room
until used (<3 mo). Nematodes were
formulated using mixed polymer consists
mainly from calcium alginate according to
Hussein and Abdel-Aty (2012) and their
viability was tested before each application by
dissolving a pinch (~10 mg) of
each
formulated nematode into water and observing
nematode shape and mobility under a light
microscope. Healthy nematodes were opaque
in color and S-shaped with oscillating
movements. Dead or unhealthy nematodes
were translucent, straight, and lacked
movement. The product was used if viability
was >50% and discarded if <50% viable.
Insects and greenhouse plots
This experiment was conducted at “El-Bustan
Farm”, Alexandria Desert Road; the first
commercial farm adopted the aquaponic
system in Egypt. Water circulates from tanks
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hosting schools of fleshy Nile tilapia through
hydroponic trays which grow vegetables
including cucumber, basil, lettuce, kale,
peppers, tomatoes watercress and onion on
floating foam beds with run-off flushed out to
irrigate olive trees planted around the farm.
The experiment was done inside the
greenhouse on onion plants heavily infested
with onion thrips, T. tabasi. Population density
of the pest was estimated before and after
spraying with a concentration of 2 x 104
IJs/Plant of 3 formulated EPNs. For each
nematode species 6 plates were sprayed each
plate carries 36 pots of onion plants. Control
plates were sprayed with nematode suspension
in only water. Three days later, No. of pests in
each plate was counted and % mortality was
calculated.
RESULTS
Overall, all EPNs species caused significantly
higher mortality than control treatment in
different developmental stages of T. tabaci.. In
general and as represented in Figs. 1-3.
Formulated nematodes, BA1, BA2 and OBIII
had significantly better shelf-lives than the
control although the test was done in midsummer at high temperature.
Fig. 1. Efficiency of encapsulated Steinernema

carpocapsae BA2 in controlling Thrips tabasi
infested onion in greenhouse

As data recorded the proportion of adult
emergence in the control was relatively high
since control received only water. However,
all EPNs strains tested caused significantly
higher mortality than natural mortality in the
control (P ˂ 0.001). Significant differences in
thrips mortality were observed between the
tested EPNs strains, with highest mortality
recorded in the BA2 and OBIII and lowest in
the BA1 treatments, respectively (Figs. 1-3).
In case of the native H. bacteriophora BA1,
the mean average no. of onion thrips recorded
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was 9.21insect/plant reduced to 5.1insect/plant
after application of formulated heterorhabtid
nematodes (Fig. 1). Also, In case of the native
S. carpocapsae BA2, the mean average no. of
onion thrips recorded was 10.42 insect/plant
reduced to 3.5insect/plant after application of
formulated steinernematid nematodes (Fig. 2).
Fig.2. Efficiency of encapsulated Steinernema
feltiae OBIII in controlling Thrips tabasi infested
onion in greenhouse

Meanwhile, when the exotic formulated S.
feltiae OBIII nematodes were applied to onion
pots infested with mean average no. of onion
thrips recorded was 14.71insect/plant, thrips
were reduced to mean average no. of
6.17insect/plant (Fig. 3).
Fig.3. Efficiency of encapsulated Heterorhabditis
bacteriophora BA1 in controlling Thrips tabasi
infested onion in greenhouse

DISCUSSION
The date obtained in the present study agreed
with that of Saleh et al. (2015) which showed
that S. carpocapsae BA2, was the most
commonly applied species for control of foliar
and other above-ground pests. Due to its
ambusher host-finding strategy, they are ideal
candidates for pest insects that are encountered
on the surface soil when they descend from
foliage.
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The progression in EPN formulation for foliar
application has been greatly noticed during
this decade. Hussein and Abdel-Aty (2012)
reported improved storage ability of two
native Egyptian strains of EPNs H.
bacteriophora and S. carpocapsae specifically
and pathogenicity as well. Control of Cydia
pomonella L. (Lepidoptera: Tortricidae) was
improved in the laboratory using H.
zealandica formulated with a superabsorbent
starch hydrogel (de Waal et al., 2013) and in
the field enhanced the survival and
pathogencity against pear orchards pests.
The same as well for Plutella xylostella L.
(Lepidoptera:
Plutellidae)
which
was
significantly controlled on cabbage foliage
using S. carpocapsae in an appropriate
formulation (Schroer et al., 2005) and on
watercress (Hussein et al., 2015). Our data
were similar to that recorded by Navon et al.,
(2002), who improved the shelf life and the
efficiency of EPNs against some insect pests at
room temperature and in greenhouse tests.
Nematodes were successfully encapsulated in
an alginate polymer. Moreover, a polymer
based on an alginate used to develop
innovative methods for EPN delivery (Hiltbold
et al., 2012). Our data is strongly supported by
Kaya and Nelsen (1985). Capsules of S. feltiae
and H. heliothidis in an alginate based
polymer were still able to attack Spodoptera
exigua Hübner (Lepidoptera: Noctuidae) and
no obvious reduction in their survival or their
potency during the formulation process.
The market of EPNs-based biopesticides has
faced great success in relation to few
marketing failures during the past two
decades. Due to the rapid increase in EPNs
production technology, their prices become
more compatible to other insect control
strategies (McMullen and Stock, 2014).
Therefore, the development of simple; cheap
and innovative formulations should not only
target increasing EPNs performance but also
enhancing storage ability and application
methods.
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