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ABSTRACT

Pathogenicity of Heterorhabditis bacteriophora (native isolate), the foreign isolate HP88, and Steinernema
carpocapsae All strain to Peach froit fly, Bactrocera zonata (Saund.) and the Mediterranean fruit fly, Ceratitis capitata
(Wiedemann) (Diptera: Tephritidae) was measured through their virulence, invasion and production rates. H.
bacteriophora {native isolate) was more virulent than HP88 and S. carpocapsae to both insects. The same isolate was
also faster in penetrating the host’s body and its production rate was higher than the other two isolates.
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INTRODUCTION

The Peach fruit fly, Bactrocera zonata
(Saunders} and the Mediterranean fruit fly, Ceratitis
capitata (Wiedemann) are key pests of fruits in
Egypt. Beside use of traps and chemical control
methods, no other means are currently registered for
the control of these pests in organic orchards. Hence,
high infestation level can often be observed and
severe yield loss can be an undesirable result.
Entomopathogenic nematodes heterorhabditids and
steinernematids containing mutualistic bacteria are
lethal to many insect pests. They possess impressive
attributes for the biological control of many soil-
inhabiting insects in addition to their high virulence,
ease of culture and application and high safety level
{Gaugler, 2002).

Previous  studies had  demonstrated  the
susceptibitity of different species of fruit flies
(Tephritidae) to several strains of entomopathogenic
nematodes (Lindegren and Vail, 1986; Lindegren et
al., 1990; Soliman, 2002; Toledo er af. 2001, 2005,
2006 and Hertz et al. 2007). Virulence, invasion and
production rates of a nematode isolate are important
criteria o measure the potential of such a nematode
isolate for controlling the target pest. Shapiro et al,
(2002) noted that if nematode did not possess a high
level of virulence towards the target pest, there was
a little hope of success. It was then suggested that
invasion rate could serve as a criterion to measure
the intectivity of different nematode isolate. Also,
production rate (infective juveniles’ recovery from
the host) serve as a measure of success and
suitability of used nematode species and or isolate
against Lhe target pest and increasing nematode
population in soil may help in decreasing the (arget
pest population along the time of contro).

The aim of the present work is to measure the
potential of Heterorhabditis bacteriophora (native
isolate), HP88, and Steinernema carpocapsae All
strain as bio-control agents against B. zonata and C.
capitata larvae, - particularly when they popped
inside the soil for pupation expressed in determining
their virulence, invaston and production rates.

MATERIALS AND METHODS

Insects and nematodes sources

B. zonata and C. capitata were obtained from the
Insect Horticulture Department, Plant Protection
Research Institute (PPRI), Dokki, Giza, Egypt. Both
insects were reared using artificial diet for larval
development according to the technique of Tanaka er
al. (1969). The nematodes; H. bacteriophora (NS},
HP88 and S. carpocapsae All strain were reared and
multiplied using the Greater wax moth larvae,
Galleria mellonella L. according to the method
described by Kaya and Stock, (1997)

Virulence

Nematode-host exposures were carried out in
Petri dishes (5 cm) containing 15 gm of moistened
sand. 5, 10, 15, 20, 25, 50, 75, 100, and 125 1Js
Narva were distributed randomly on sand surface
{(final moisture reached 10% after adding 1ls). Ten
full-grown larvae of each insect species were
introduced to nematodes. Each IJs concentration was
replicated 5 times tor each insect species. A parallel
control experiment was carried out at the same time,
All Petri dishes were kept at 25 +°C and 65 ~ 70 RH.
Mortality of exposed larvae was recorded afterl0
days (as the adult emerges from pupae after 9 days).

Invasion rate _
Invasion rate was determined by measuring the
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effect of exposing insect larvae to IIs for 0.5, 1, 1.5,
2. 4, 6 and 8 hours on the level of insect mortality.
Petri dishes measured 3.5 cm contained 9 gm of
moisiened sand were used for this purpose. Fifty [Js
were randomly distributed on the sand surface. A
single larva was introduced the 1Js in each Petri dish
and left for the previously mentioned time periods.
Larvae were removed, washed with tap water to get
rid of any attached nematode on their body surface
and kept for 48 hrs in nematode free dishes. Each
treatment was replicated 10 times for each insect
species. Dead larvae were counted percentages of
mortality were calculated.

Production rate

Production rate was measured by the mean
number of juveniles produced from host cadaver.
Petri dishes (5 cm) contained 15 gm of moistened
sand acted as the nematode-host interaction stage.
25, 50 und 100 Ils/larva concentrations were
distributed on sand surface, and then 10 fresh
coilected larvae were (ransferred to the infected
sand. 48 hours later, every single larva was removed
and washed using tap water and transferred to white-
trap for the produced juveniles' extraction. Daily
produced juveniles were harvested and counted till
the end of production (no juveniles produced). Every
nematode-host interaction was replicated 5 times for
each insect species.

Data analysis _
Data was subjected to analysis of variance
(ANOVA) (SAS Insutute, 1996). In the virulence
test, all mortality values were comected usSing
Abbot’s tformula. LT50 and LT9) were calcuiated
using Probit analysis. :

RESULTS AND DISCUSSION

All nematode strains showed increased mortality
in paralict with increasing concentrations (P<0.05).
Also, C. capirata displayed high sensitivity to
nematode tnfection by the native isolate of H.
buacteriophora (F= 2.01; df=8; P<0.05), HP88 (F=
3.83:df =8 ; P<0.05) and 8. carpocapsae (F= 14.17;
df = 8: P<0.05).The native H. bacteriophora isolate
was the most virulent isolate to both insects
(F=3.32. dI= 8; P<0.05) Tabie (1). A. bacteriophora
(NS) waus the fastest in penetrating the host’s body
(F=2.81. df = 6; P<0.05), followed by HP8S
(F=5.91: df = 6; P< 0.05) while 8. carpocapsae All
strain was the slowest (F=12.4; df=6; P<0.05). L.T50
and LT90 values of H. bacteriophora (NS) were the
lowest while those of §. carpocapsae All strain were
the highest, Table (2). Production rate of the three
nematode strains at different concentrations tor both

insects showed significant differences among them.
Also, production period of B. zonatq was (wice more
than C. capitata (4 days and 2 days, respectively).
The results showed that infective juveniles
production increased by increasing concentrations
Table (3). Emergence of Is from the cadavers
started 12 and !4days post infection from B. zonara
and C. capitata, respectively. The total number of
IJs recovered was considerably different in the two
insects.

The main objective of the present work was to
explore the potential of H. bacteriophora (NS),
HP88 and §. carpocapsae All strain as bio-control
agents expressed in determination of their virulence,
invasion rate and reproduction ability inside B.
zonata and C. capitata. It could be concluded that H.
bacteriophora (NS} strain is the best candidate for
control of both insects as it caused mortality to target
pests. The high virvience of H. bacreriophora native
isolates to the tested insects unclear but may be able
to be attributed to the rapid penetration in or rapid
bacterial growth inside host’s body. Toledo et al.
(2005) used H. bacteriophora strain and §. feltiae
against Anastrepha {udens (Diptera: Tephritidae)
and  mentioned that the first caused high
pathogenicity than the second. Previously, Campbell
et al. {1996) reported that: §. feltive tends to move
horizontally close to the soil surface, whereas H.
bacteriophora cuan disperse vertically and infect
hosts at greater depths. Invasion or penetration rate
at definite exposure time 15 used as a criterion to
evaluate nematode activity in previous studies.
Molta and Hominick (1989) measured the infectivity
of 8. carpocapsae and H. bacteriophora against
third instars of yellowfever mosquito Aedes aegypti
larvae by dose-response assay as well as exposure
time assay; they found that larval mortality showed a
positive linear correlation with both nematode
dosage and duration of exposure. Glazer (1992)
stated that 5. carpocapsae All strain was less
effective than H. bacteriophora HPE8 when applied
to different lepidopteran pests according to L.D50
and LT50 values. The rate of 1Js recovery per single
larva varied between the tested hosts. Also, it seems
that there is some sort of specificity between the
pathogen and the host. Reproduction depends mainly
upon the ability of the associated bacterium 10
establish itself inside the haemocoel of the dead
hosts and inhibits other contaminants (Molyncaux et
al. 1983; El-Bishry, 1994). The host’s body contents
may act as another reason Tfor differences in
production rate for IJs. Soltman (2002) found a
destruction of cytoplasm fat cells appeared as large
vacuoles in C. capitata larvae after infection with A.
bacteriopiiora AS1 (a native strain). Yoo et «l.



Table (1): Virulence of three nematode strains w Buctrocera zonata (Saund.) and Ceratitis capitata (Wied.)
larvae at different concentrations

% of B. zonata larval mortality (SE) at Us concentrations/larva

5 10 15 20 25 50 5 100 125

H. bacteriophora (NS) 18.58 43771 4643 60.03 6879 8147 8568 9335 1000
(1.60)  (L57y (1.54) (1.51) (1.55)  (1.38) (1.14) (1.42) (1.49)

H. bacteriophora HP88 7.41 1112 2592 3353 4119 48.14 5677 78.01 83.33
{027) (0.39) (0.54) (0.67)  (0.72) (0.82) (1.12) (1.24) (1.35)

S. carpocapsae All strain - 2,15 342 4.67 5.39 9.17 16.28  25.03 3798 43.37
(0.18)  (0.36) (0.31) (0.57) (0.23) (0.67) (0.79) (1.02) (0.94)
% of C. capitata larval mortality (SE) at 1Js concentrations/larva

5 10 15 20 25 50 75 100 125,

H. bacteriophora (NS) 48.11 5198 6331 6673 9256 1000 1000 1000 1000
. (L44)  (1.28)  (1.15) (1.87) (2.26) (237 (1.26) (1.87) (2.09)

H. bacteriophora HPS8 11.89 26,67 3453 36.13 4661 73.19 89.12 9630 100.0
(0.12) (0.22) (0.36) (0.53) (0.68) (1.19 (1.42) (1.65) (1.76)

S. carpocapsae All strain 3.25 3.71 3.85 1821 1931 2146 29.01 3746 52.47
(0.08) (0.21) (037 (087 (1.08) (0.65) (1.19) {0.88) (1.51)

All mean molrtiil'i'ty'val'ues were corrected using Abbot’s formula (1925)

Table (2): LT 50 and LT 90 values of three nematode &.lrams ut;ed agam%t Bactrocera zonata (Saund. ) and
Cemmn capitata (Wied.) larvae '

B. zonata
Nematode strain : LT50 Fiducial limits - LT90 Fiducial limits
lower upper o lower upper
H. bacteriophora (NS) 1.053 0794 - 1.261 1.576 1.315 2.468
HPZ8 2870 2347  3.445 4731 3.883 6.633
S. carpocapsae 7.331 6.281 10.789 10.462 8.378 40.717
C. capitata
Nematode strain LT50 Fiducial limits LT90 Fiducial limits
) lower - ‘upper lower upper
H. bacteriophora (NS). 1.184 0.915 . 1.434 1.841 1.510 3.173
HP88 ‘ - 3.650 2.823 4.743 7.530 5.599 13.261 -
S, carpocapsae 6.044 4.814 8.197 10.28 7.752 28.588

Table (3): Infective juveniles' production of three nematode 1&.0](1&,5 penetrated Bactrocere zonata (Saund.)
and Ceratitis capitata (Wied.) larvae

" Mean numbers of produced IJs /10 larvae (SE)

Insectspecies H. bactenophom (NS) H. bacteriophora HP83 S. carpocapsae
25 50 100 25 50 100 25 50 100
B. Zonuta 15563 30926 6113.3 91266 16113 48631 603.66 11156 20186
(0.42)  (0.08) (3.53) (1.52) (0.87y 2770y (0.8%) (lL.el) (0.92)
C. capitata 979.66 2013.6 43266 780.66 1617.6 30093 50733 980.66 1890.93

(1.23) (1.1 (2.08y (7D (204 {057y (181 (.64 (1.37)
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(2001) reported that H. bacteriophora and its
symbiont  bacterium need lipids for growth.
A comparison or analysis of the body contents of
B. onuta and C. capitata larvae should be
investigated in the near future to explain the
difference in reproduction and IJs recovery from
infected hosts. H. bacteriophora (NS) represented
higher [Js recovery from B. zonata than C. capitata.
In addition, it emerged from B. zonaia 2 days earlier
than those in C.capitata.

As u conclusion, H. bacteriophora {(NS) seems to
be a suitable highly pathogenic biological control
ageni for the control of B. zonata and C. capitata.
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