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Abstract: A study was carried out to determine the efficacy of the entomopathogenic nematodes (EPNs)
Heterorhabditis bacteriophora strain HP88 and Steinernema carpocapsae strain All against full-grown larvae
and pupae of the Mediterranean fruit fly, Ceratitis capitata and Peach fruit fly, Bactrocera zonata. Experiments
were designed as laboratory and semi-field studies. The  efficacy  of  entomopathogenic  nematodes  (EPNs)
H. bacteriophora strain HP88 on full-grown larvae and pupae led to higher efficacy of the applied nematodes
strains (higher mortality rates lower LC ) than application of S. carpocapsae strain All. Also, treatments of all50

the chosen insect species by either of the two strains at 25°C  resulted  higher  mortality  rates  than  among the
treated at 20°C. The tested of full-grown larvae were the highest mortality rates compared to  the  pupae. The
mortality percentage increased as the concentration increased. This study also revealed that not only the
nematode, S. feltiae could be used to control the tephritid flies but also some commercial strains could be
successful. Culturing and application of S. feltiae requirements are in need of special conditions which could
be not available in warm countries such as Egypt. Therefore, adaption of other species for the biological control
of such pests is needed and this was achieved through this study.
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INTRODUCTION insect blood. Here the bacteria reproduce and kill the

The Mediterranean fruit fly, C. capitata (Wiedemann) bacterial biomass and undergo several rounds of
and the Peach fruit fly, B. zonata (Saunders) are important reproduction  before  emerging  from  the  cadaver
and destructive fruit pests in Egypt. The female insect carrying their bacterial symbionts [8]. These nematodes
oviposit its eggs inside the fruits and hatched larvae are used  as   biological  control  agents  for  soil
feeds on the fruit flesh causing its destruction, rotten full inhabiting  insect  pests  [4, 9]. The infective stages of
grown larvae emerged and finally falls to the ground. such   nematodes   (juveniles)   are    non-feeding and
Entomopathogenic  nematodes,  whose   natural  habitat have host finding ability [10, 11]. This infective stage
it  the soil, do not have these undesirable effects; so, enters  the   host's  body  via  the  natural  opening
they many serve as alternative measures for chemical (mouth, anus and spiracles),  bores  through  the  midgut
control  of many insects specially, soil-associated pests or spiracles, releases the bacteria that multiply in the
[1-5]. Entomopathogenic nematodes of the genera host's  hemocoel   and   kill  it  within  24  to  48  hours.
Heterorhabditis and Steinernema may proof  promising The  juveniles  can  survive in moist soil without a host
in this respect. The infective juveniles (IJs) actively seek for several months [12, 13]. Previous studies on the
and invade insects [6]. Infected insects die because of susceptibility of various species of fruit flies to some
septicemia caused  by  the  symbiotic  bacteria  released steinernematid and heterorhabditid nematodes under
by invading nematodes [7]. While the bacteria live in the laboratory or natural conditions suggest that they may
nematode gut, the nematodes live in the soil and infect have potential as biological control agents for tephritid
insect larvae, releasing their symbiotic bacteria into the fruit flies [14-22].

insect by septicemia. The nematodes then feed on the
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Therefore, the aim of this work is to assess the Semi-Field Experiments: This experiment was carried out
susceptibility of different stages of the Peach fruit fly, B. in pots filled with 1 kg sterile sand soil. Series of the (IJs)
zonata and the Mediterranean fruit fly, C. capitata to the of nematodes species at 125000, 250000, 500000 IJs/Cup
entomopathogenic nematodes, Heterorhabditis were applied for each pot in 100 ml water and mixed with
bacteriophora strain HP88 and Steinernema carpocapsae the sterile sandy soil. In this experiment, every 100 larvae
strain All as a step for application of such nematodes as or pupae (8 day old) were placed in plastic cup (30X15X15
biological control agents against fruit flies. cm capacity) covered with plastic lids and the cups were

MATERIALS AND METHODS concentration. The numbers of dead larvae or pupae were

Target Insects carried out at temperature of 25°C±2 and 55-60%±2 RH,
Fruit Flies: The Peach fruit fly, B. zonata and the Water content in the soil was always kept at 20%.
Mediterranean fruit fly, C. capitata were reared on an
artificial diet [23] at 25±2°C and 65% relative humidity Statistical Analysis: Mortality rates were corrected
(RH). This media consisted of 1000 g wheat bran, 200 g according to Abbott’s formula [27], the toxicity lines and
sugar, 250 g brewer's yeast, 10 mL HCl, 12 g sodium LC values were calculated according to Finney [28].
benzoate and 200 mL water. Also, F-test between the average mortality of the two

Galleria mellonella: The greater wax moth, Galleria strain All at different concentrations or at each one was
mellonella larvae were obtained from infested hives and
reared in 2- Kg jars until moths' emergence according to
the previous techniques [24, 25].

Entomopathogenic Nematodes Species: The
heterorhabditid nematode, H. bacteriophora strain HP88
was obtained from Randy Gaugler, Rutgers University,
New Brunswick NJ, USA. Meanwhile, the steinernematid
nematode, S. carpocapsae strain All was received from
Ramon Georgis, Boisys, Palo Alto California, USA. Mass
culturing of both nematode species occured in vivo using
larvae [26] of G. mellonella as a host which was
maintained in Safe Agriculture Group, Centre of Excellence
for Advanced Sciences, National Research Centre (NRC).

Laboratory Experiments: Infectivity of the different EPNs
species to larvae and (8 day old pupae at 25°C±2 and 14
day old pupae at 20°C±2) of the Peach fruit fly, B. zonata
and the Mediterranean fruit fly, C. capitata was tested.
Ten full-grown larvae or ten pupae were placed at 1 cm
depth from the surface and treated with each of the tested
nematodes species. Infection took place in plastic cups
(100 cc capacity) filled with 1 cc sterile sandy soil and
covered with plastic lids. The nematodes suspension was
poured in the vials and mixed with the soil at 6
concentrations 500, 1000, 2000, 4000, 8000 and 1600
IJs/Cup. Five replicates were used for each concentration.
The numbers of dead larvae or pupae were recorded after
7 days of treatment. The experiments were carried out at
two different temperatures of 20°C or 25°C±2 and 55-
60±2% RH. Water content in the soil was always kept at
20% of the soil weight.

lined with sandy soil. Four replicates were used for each

recorded after 7 days of treatment. The experiments was

50

EPNs, H. bacteriophora strain HP88 and S. carpocapsae

calculated.

RESULTS AND DISCUSSION

Laboratory Experiments: Data  in Table (1) and (2) show
the percentage of mortality and the comparative toxicities
of the Mediterranean fruit fly, C. capitata and the Peach
fruit fly, B. zonata (full grown larvae or pupae) one week
post  treatment  with  H.  bacteriophora strain HP88 and
S. carpocapsae strain All at  different  concentrations.
These data showed that H. bacteriophora strain HP88
and S. carpocapsae strain All were more effective on the
treated stages of C. capitata at different temperatures
than B. zonata. The percentage of mortality increased as
the concentration of infective juvenile stage (IJs)
increased. Among the tested stages, C. capitata or B.
zonata  full-grown  larvae  were  the  most  susceptible
(the highest mortality rate and the lowest lethal
concentration 50 (LC )) compared to the pupae of the50

same treatment. The mortality percentages increased at
25°C than at 20°C for all treatments. These data showed
that H. bacteriophora were generally more effective on
the treated stages of both C. capitata and B. zonata than
S. carpocapsae.

Heterorhabditis bacteriophora Strain HP88: Data in
Table (1) show infectivity of H. bacteriophora strain
HP88 against the full-grown larvae, 8 day old pupae at
25°C and 14 day old pupae at 20°C of the Mediterranean
fruit fly, C. capitata and the Peach fruit fly, B. zonata at
different temperature. The results showed that full-grown
larvae  of  the  Mediterranean  fruit  fly,   C.  capitata gave
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Table 1: Mortality percentages of Ceratitis capitata and Bactrocera zonata (full grown larvae or one day old pupae) one week after applying different doses
of Heterorhabditis bacteriophora strain HP88 in a controlled environment (20±2°C or 25±2°C and RH 55-60±2%)

Ceratitis capitata Bactrocera zonata
-------------------------------------------------------------------------- ----------------------------------------------------------------------------------
20°C 25°C 20°C 25°C
----------------------------- ------------------------------- ------------------------------- ------------------------------------

Conc./Cup Pupae Larvae Pupae Larvae Pupae Larvae Pupae Larvae
500 18 20 22 24 12 14 16 20
1000 36 38 36 40 28 30 34 36
2000 46 50 48 58 38 42 42 50
4000 54 66 64 76 52 54 60 62
8000 68 80 78 88 64 68 74 80
16000 80 90 92 98 76 82 88 94
Mean 60.4 68.8 68 76.8 54 58 62.8 68.4
Slope 1.224 1.348 1.26 1.557 1.077 1.17 1.296 1.328
LC 3043.002 1923.41 2041.252 1443.414 3636.168 2988.823 2562.827 2040.08150

Conc.= Concentrations

Table 2: Mortality percentages of Ceratitis capitata and Bactrocera zonata (full grown larvae or one day old pupae) one week after applying different doses
of Steinernema carpocapsae strain All in a controlled environment (20±2°C or 25±2°C and RH 55-60±2%)

Ceratitis capitata Bactrocera zonata
-------------------------------------------------------------------------- ----------------------------------------------------------------------------------
20°C 25°C 20°C 25°C
----------------------------- ------------------------------- ------------------------------- ------------------------------------

Conc./cup Pupae Larvae Pupae Larvae Pupae Larvae Pupae Larvae
500 8 16 18 22 6 10 14 16
1000 20 30 32 36 18 24 30 36
2000 32 44 42 52 34 38 44 46
4000 46 56 58 66 42 54 56 64
8000 58 72 74 82 56 60 68 76
16000 70 84 86 96 68 78 80 90
Mean 46.8 60.4 62 70.8 44.8 52.8 58.4 65.6
Slope 1.126 1.279 1.254 1.371 1.095 1.159 1.11 1.352
LC 5272.496 2776.635 2629.564 1846.513 5831.061 3825.789 2889.794 2260.21250

Conc.= Concentrations

higher mortality percentage (90%) at the highest respectively. At 25°C, H. bacteriophora gave the highest
concentration at a temperature of 20°C more than pupae. efficacy against B. zonata full-grown larvae and pupae,
Larvae showed low LC  1923.41 IJs/Cup, while as pupae showing low LC values 2040.081 and 2562.827IJs/Cup,50

showed LC  3043.002 IJs/cup. Meanwhile, at 25°C, H. respectively.50

bacteriophora strain HP88 was the most effective at the
highest concentration 1600 IJs/cup against full-grown Steinernema carpocapsae Strain All: Data presented in
larvae and pupae recording high mortality rates of 98 and
92% and showed lower LC 1443.414 and 2041.25250

IJs/Cup, respectively. Generally at 25°C, H. bacteriophora
gave the highest efficacy against full-grown larvae and
pupae. Treatment of the full-grown larvae and pupae of
the Peach fruit fly, B. zonata with this nematode species
at 20°C revealed that the lowest concentration 500 IJs/Cup
recorded mortalities of 14 and 12%, respectively.  It  was
noticed that as the applied nematodes concentration
increased to 16000 IJs/Cup, the mortality rates of B.
zonata full-grown larvae and pupae were also increased
to reach 82 and 76%, respectively. LC for this treatment50

was found to be 2988.823 and 3636.168 IJs/Cup,

50

(Table, 2) show the mortality percentages among treated
full-grown larvae and pupae of the Mediterranean fruit fly,
C. capitata and the Peach fruit fly, B. zonata one week
post treatment with S. carpocapsae strain All. In this
experiment, 10 individuals of C. capitata full-grown larvae
and pupae were placed/cup at 20°C treated by S.
carpocapsae of different concentrations. Percent
mortality increased as the concentration of IJs was
increased. LC for S. carpocapsae strain All in full-grown50

larvae and pupae of C. capitata was 2776.635 and
5272.496 Ijs/cup,  respectively.  At  25°C,  treatment  of
full-grown larvae of C. capitata by S. carpocapsae strain
All  at  500,  1000, 2000  and 4000 IJs/Cup caused mortality
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Table 3: Mortality percentages of Ceratitis capitata and Bactrocera zonata (full grown larvae or one day old pupae) at different concentrations of
Heterorhabditis bacteriophora strain HP88 and Steinernema carpocapsae strain All through semi-field treatment at 25°C

Heterorhbditis bacteriophora Steinernema carpocapsae
--------------------------------------------------------------------------- ----------------------------------------------------------------------------------
C. capitata B. zonata C. capitata B. zonata
------------------------------- ------------------------------ ------------------------------- --------------------------------------

Conc./Cup Pupae Larvae Pupae Larvae Pupae Larvae Pupae Larvae
125000 22 26 20 22 20 24 16 18
250000 58 64 48 54 46 52 44 46
500000 86 92 74 80 78 82 68 72
Mean S.E.± 55.34±18.52 60.67±19.13 47.34±15.59 52.00±16.78 48.00±16.77 52.67±16.74 42.67±15.03 45.34±15.59
F value 0.10222 0.070576
Conc.= Concentrations

percentages of 22, 36, 52 and 66%, respectively. showed mortalities of 24, 52 and 82% for full grown larvae
Percentages mortality increased to 82 and 96% when and 20, 46 and 78% for pupae, respectively. The peach
applied concentration was increased to 8000 and 16000 fruit fly treated with S. carpocapsae at 125000, 250000 and
IJs/Cup, respectively. LC  for this treatment was found to 500000 IJs/cup showed mortality percentages of (18%,50

be 1825.789 IJs/Cup. At the same temperature, treatment 46% and 72%) and (16,44% and 68%), respectively.
of C. capitata pupae by S. carpocapsae strain All at high Although pupae were apparently less susceptible to
concentration 16000 IJs/Cup, caused mortality percentage nematode infection than full grown larvae, H.
of 86%. LC value for S. carpocapsae strain All against50

pupae of C. capitata was found to be  2629.564  IJs/Cup.
In this laboratory tests of the Peach fruit fly, B. zonata
(full grown larvae and pupae) at 20°C, LC for this50

treatments reached 3825.789 and 5831.061 IJs/Cup,
respectively. Compared this results with the other
temperature (25°C), of the B. zonata full-grown larvae and
pupae LC  for this treatment reached 2260.212 and50

2889.794 IJs/cup, respectively.

Semi-Field Experiments: Data in Table (3) indicate
mortality percentages among larvae and pupae of the
Mediterranean fruit fly, C. capitata and the Peach fruit fly,
B. zonata at 25°C. It was noticed that H. bacteriophora
was more effective than S. carpocapsae on the treated
stages.

Heterorhabditis bacteriophora Strain HP88: Treatment
of full-grown larvae and pupae of C. capitata with H. concluded that the native strain (adapted to local
bacteriophora strain HP88 recorded 92 and 86% at environmental conditions) had the highest virulence
highest concentration, respectively. Concentration of against the tested fruit flies. Such successful results
500000 IJs/Cup caused 80 and 74% mortalities, 7 days should lead to further studies under field condition using
after exposure of B. zonata full- grown larvae and pupae, these nematodes in an Integrated Pest Management (IPM)
respectively. The Mediterranean fruit fly, C. capitata and program against fruit flies in Egypt.
the Peach fruit fly, B. zonata susceptibility to H. Rohde et al. [31] studied efficacy of the
bacteriophora strain HP88 is not due to number of IJs Mediterranean fruit fly, C. capitata with Heterorhabditis
concentration but it is mainly due to the defense reaction sp. and S. carpocapsae strain All at five different soil
against the nematodes and their associated bacteria. temperatures. The result showed at 25°C, the highest

Steinernema carpocapsae Strain All: One week post carpocapsae and Heterorhabditis sp., respectively.
treatment with S. carpocapsae strain All at three
concentrations, the Mediterranean fruit fly, C. capitata

bacteriophora IJs were able to cause moderate pupal
mortality rate at early pupal ages than S. riobravis in the
two insects. This may be due to the terminal tooth which
is a discriminative feature of heterorhabditids that enables
them to penetrate their host body through cuticle [29].
Laboratory and field studies were  carried  out by
Lindgren [30] to find out the potential of a Mexican strain
of S. carpocapsae (N. carpocapsae) for the control of the
tephritids, C. capitata, Dacus cucurbitae (Bactrocera
cucurbitae)  and   D.  dorsalis  (B.  dorsalis)  in  Hawaii.
Six days after exposure to 5,000-5,000,000 nematodes/cup,
mortalities of 9-92%, 9-85% and 0-86% were recorded for
C. capitata, B. dorsalis and B. cucurbitae, respectively.
In the field, an average of 87.1% mortality was obtained
following treatment with 500 infective juveniles/cm² soil
surface. In further field tests; 97, 94, 79 and 55% mortality
of C. capitata pre-pupae was obtained at the 1 , 4 , 8st th th

and the 14  day post treatment, respectively. It could beth

mortality for both species was 96.7 and 26.7% S.

Rohde et al. [32] controlled the Mediterranean fruit fly, C.
capitata  with  Heterorhabditis  sp.  and  S. carpocapsae
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strain All. It was observed that Heterorhabditis sp. and S. 4. Klein, M.K., 1990. Efficacy of entomopathogenic
carpocapsae were effective in controlling larvae of C.
capitata when applied on the soil surface, with mortality
rates ranging in 26% and 74%. For the range of
application, S. carpocapsae was more efficient when
applied immediately after the transfer of larvae to the soil,
and 24 hours before to infestation (80 and 90% mortality,
respectively). However, Heterorhabditis sp. was more
efficient only when applied 24 hours before to infestation
of the soil (90 % mortality).

CONCLUSION

This study revealed that the efficacy of
entomopathogenic nematodes (H. bacteriophora strain
HP88) on full-grown larvae and pupae led to higher
efficacy (higher mortality rates lower LC ) than50

application of S. carpocapsae strain All. Also, treatments
of all the chosen insect species by either of the two
strains at 25°C resulted higher mortality rates than among
the treated at 20°C. The tested of full-grown larvae were
the  highest  mortality  rates  compared  to  the  pupae.
The mortality percentage increased as the concentration
increased. This study also revealed that not only the
nematode, S. feltiae could be used to control the tephritid
flies but also some commercial strains could be
successful. Culturing and application of S. feltiae
requirements are in need of special conditions which
could be not available in warm countries such as Egypt.
Therefore, adaption of other species for the biological
control of such pests is needed and this was achieved
through this study.
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