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The present review article demonstrates laboratory and field evaluations 
of entomopathogenic nematodes (EPNs) against different developmen-
tal stages of fruit flies. The virulence of the EPNs  differed clearly  even 
on the same insect species and / or by the same nematode species. Such 
differences might be attributed  to some reasons such as the method of 
treatment as well as the concentrations of the tested nematodes. Fruit 
flies are among the most important insect pests infesting vegetables and 
fruits causing considerable losses in the yields worldwide. In laborato-
ry studies, the tested nematodes proved to be highly virulent to larvae 
as  percentage of  mortality may reach 100 %.  As for treated pupae, at 
different ages, the results are variable and controversially; some studies 
revealed their moderate or high susceptibility to nematode infection and 
others indicated low susceptibility or resistance to infection .Treated 
adults, or those emerged from treated larvae or pupae,  are also sus-
ceptible to infection.  In semi-field and field trials, EPNs proved to be 
successful for reducing the populations of some fruit flies with up to 
85 % at concentrations not less than 100 infective juveniles (IJs) / cm2 
of soil. However, the field applications of commercial EPNs have been 
recommended to be 2.5 - 5 x 109 IJs / ha (25-50 IJs/cm2 of soil).
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1. Introduction

The free-living, non-feeding 3rd stage infective ju-
veniles (IJs) of the entomopathogenic nematodes 
(EPNs) (Families Steinernematidae and Hetror-

habditidae) possess attributes of both insect parasitoids or 
predators and microbial pathogens. Like parasitoids and 
predators, they have chemoreceptors and are motile, in soil, 
looking for suitable host. Like pathogens they are highly 
virulent , killing the host quickly and can be cultured easily 
in vivo and in vitro [1]. The members of both families are as-
sociated with mutualistic bacteria of the genera Xenorhab-

dus (forSteinernematidae) and Photorhabdus (for Heteror-
habditidae) [2]. IJs can locate the host by detecting the insect 
excretory products, carbon dioxide levels, temperature 
gradients and movement of the host. The IJs then penetrate 
the host through natural openings; mouth, anus or spiracles, 
and, in addition, IJs in heterorhabditids possess a tooth that 
enable them to penetrate the host through the cuticle of 
certain insects. Once they enter the hemocoel they release 
the bacteria which multiply and kill the host by cepticaemia 
[3]. EPNs have positive characters including their broad host 
range, safety to vertebrates, plants and non- target organ-
isms [4]. exempting from registration in many countries, 



25

Journal of Zoological Research | Volume 02 | Issue 01 | January 2020

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jzr.v2i1.2040

easily applied using a standard spray equipment [5], compat-
ible with many chemical and bio-pesticides and amenable 
to genetic selection [6]. In field application, commercially, a 
dose of 2.5 - 5 x 109 IJs / ha was recommended to give ef-
fective control comparable to chemical insecticides [7]. The 
ENPs have a great potential to be used in integrated pest 
management programmes. They are more specific, proven 
to be safe and effective alternatives to chemical pesticides. 
The susceptibility of insect pests varies depending on the 
selectivity and applied rates of EPN species. Location of 
the host by IJs within the soil is one of the most important 
factors where their movements are affected by temperature 
and oxygen levels. Temperature, moisture, aeration and soil 
type, the species of EPN, age of target insects and soil fau-
na are important factors affecting the activity of EPNs [6].

Dipteran insects are among the most important insect 
pests infesting vegetables, fruits and field crops causing 
considerable losses in the yields worldwide. Besides, hu-
man, animals and chickens suffer from the attack by a num-
ber of dipteran insects that may transmit fatal diseases [8].

The present article reviews some laboratory and field 
evaluations of the efficacy of the entomopathogenic nem-
atodes against different developmental stages of some 
economic dipteran insect pests belonging to different fam-
ilies.

2. Susceptibility of Fruit Flies (Fam. Tephriti-
dae) to EPNs

2.1 Laboratory Experiments 

2.1.1 The Mediterranean Fruit Fly, Ceratitiscapi-
tata (Wied) 

The susceptibility of full-grown larvae and one day old 
pupae of C.capitata to three species of EPNs was studied 
at a concentration of 200 IJs/larva or pupa [9]. The results 
showed that % mortality by H.bacteriophora averaged 
(80, 0, and 35 %) for full-grown larvae, pupae and adults, 
respectively. The respective values were (90, 0, and 45 
%) by H.zealand and (60, 0, and 75% ) by S.khoisanae. 
Infectivity of H. noenieputensis and S. yirgalemense to 3rd 
instar larvae of C. capitata was evaluated in containers 
(250 ml) containing sterile sand sprayed with 2000 IJs 
.The containers were kept at 25° C for 14 days and the 
dead larvae, pupae and adults were then dissected to en-
sure infection. The results showed that percent mortality 
was 99% in larvae and 0.0 % in pupae and adults by H. 
noenieputensis. As for S. yirgalemense, % mortality was 
0.0 % in pupae, 2% in larvae and 53% in adults [10]. 

The virulence of 10 species and isolates of Heteror-
habditis and 5 species of Steinernema to full grown larvae 

and pupae (5-8 days old) of C.capitata was studied in 
Petri-dishes (10 larvae or pupae/dish) at a concentration 
of 200 IJs/larva or pupa [11]. % mortality in larvae ranged 
40 - 87.5 % by Heterorhabditis spp. and isolates and 32.5 
- 86.3 % by Steinernema spp. The respective values for 
pupae were 3.8 - 43.8 % and 17.5 - 43.8 %. 

Similarly, 8 species and strains of Heterorhabditis were 
tested against 3rd instar larvae and one day old pupae of 
C.capitata [12]. The highest averages of mortality were 
obtained by Heterorhabditis sp. (LPP17), Heterorhabditis 
sp. (LPP14) and H.baujardi being 98.5, 95.5 and 90 %, 
respectively. % mortality in one day old pupae above 80 
% was at a concentration of 816 IJs / cm2 of soil. Also, 
the virulence of 15 strains of S.feltiae and 2 strains of 
S.carpocapsae against one day old pupae of C.capitata at 
a concentration of 250 IJs/pupa was investigated [13]. Per-
cent mortality by S.feltiae strains ranged 23 - 45 % while 
it ranged 12 - 28% by the two strains of S.carpocapsae. 
12 EPNs strains and species were evaluated against 3rd 
larval instar of C. capitata [14]. S. riobrave (Sr TX strain) 
and Heterorhabditis sp. (H IS-5 strain) caused more than 
80 % mortality. However, 6 strains caused more than 30% 
and 4 strains caused less than 20% mortality.

The pathogenicity of H.bacteriophora and S.riobrave 
to one day old pupae of C.capitata was tested at concen-
trations of 250, 500 and 1000 IJs/cm2 of sand in cups (one 
pupa/cup) [15]. Mortality % ranged 48-72 % by H.bacterio-
phora and 36-52 % by S.riobrave. Also, the pathogenicity 
of S.carpocapsae and H.bacteriophora against full grown 
larvae and pupae (8-day old) of C.capitata was investigat-
ed in cups (8 larvae or pupae/cup) [16]. Six concentrations 
of the nematodes were used (500-16,000 IJs/cup). H.bac-
teriophora caused 24-98 % mortality in full-grown larvae 
and 22-92 % in pupae at the 6 tested concentrations. In 
contrast, S.carpocapsae and H.bacteriophora did not 
cause mortality in C.capitata pupae (1,3,and 6-day old) 
at concentrations of 12.5, 25 and 50 IJs / cm2 of sand in 
cups [17]. However, the adults emerged from treated 6-day 
old pupae at the same concentrations were highly suscep-
tible to infection as % mortality at 12.5, 25 and 50 IJs/cm2 

ranged 73.3 - 100 % by S.carpocapsae and 60 - 86.7% by 
H.bacteriophora. 

The pathogenicity of S.riobrave and H.bacteriophora 
against 5 ages of C.capitata pupae (8, 24, 48 and 72 hrs 
old as well as 9-day old ones) was tested in plastic cups, 
with sand, at a concentration of 3x103 IJs / cup / 10 pupae. 
% mortality averaged 24.5, 26.2, 4.4, 2.2 and 29.0% in 8, 
24, 48, 72 hrs old pupae and 9-day old ones, respectively, 
by S.riobrave. The respective values by H.bacteriophora 
were 63.0, 29.8, 19.1, 17.0 and 24.4 % [18]. In a similar 
study, the efficacy of S. bacteriophora against pupae and 
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adults of C.capitata was evaluated in cages (25x20x15 
cm) containing sand at a concentration of 1x105 IJs/
cage/100 pupae [19]. Three ages of the pupae were used; 
12 and 24 hrs. as well as 8-day old ones. As for adults, 
9-day old pupae were treated in similar cages (100 pupae/
cage) at the same concentration. The results showed no 
mortality in the treated pupae. % mortality in adults by S.
carpocapsae was 42.7 % while it was 72% by H.bacterio-
phora. Similarly, when adults of C.capitata were exposed 
to S.carpocapsae in Petri-dishes for longer periods the 
nematode caused 45 - 100 % mortality in such adults [20]. 
Infection of pre-pupae and pupae of C.capitata by S.car-
pocapsae in cups at 5 concentrations from 5000 to 50,000 
IJs/cup revealed that % mortality in pre-pupae ranged 9 - 
92 % while the pupae were resistant to infection [21]. 

2.1.2 The Natal Fruit Fly, Ceratitis rosa (Cert.) 

The susceptibility of full-grown larvae and one day old 
pupae of C.rosa to three species of EPNs was investigated 
at a concentration of 200 IJs/larva or pupa [9]. The results 
showed that % mortality averaged 30, 0, 40 % in larvae, 
pupae and adults, respectively, by H.bacteriophora. The 
respective values were 65, 0, 60 % by H.zealand and 15, 0, 
80 % by S.khoisanae.

2.1.3 The Peach Fruit Fly, Bactrocera zonata 
(Saund.) 

The efficacy of S.carpocapsae and H. bacteriophora 
against pupae and adults of B.zonata was tested in cag-
es (25x20x15 cm) containing sand at a concentration of 
1x105 IJs/cage/100 pupae [19]. Three ages of the pupae 
were used; 12 and 24 hrs as well as 8-day old ones. As for 
adults, 9-day old pupae were treated in similar cages (100 
pupae/cage) at the same concentration. The results showed 
that no mortality was obtained in the treated pupae. % 
mortality in adults was 29.4% by S.carpocapsae and 60% 
by H.bacteriophora. However, at 6 concentrations of IJs 
(500 - 16,000 IJs/cup) H.bacteriophora caused 20-94 % 
mortality in full-grown larvae and 16-88 % in pupae (8-day 
old) of B.zonata [14]. S.riobravis did not cause mortality to 
0 - 4-hr as well as 5-day old pupae of B.zonata when treat-
ed in cups ,with sterile sand, (10 pupae/cup) at concentra-
tions of 25, 50 and 100 IJs/cm2 of sand [22]. Also, patho-
genicity of S.carpocapsae and H.bacteriophora to pupae 
(1,3,and 6-day old) and adults (emerged from treated 6-day 
old pupae) of B.zonata was carried out in cups with sand 
at concentrations of 12.5, 25 and 50 IJs / cm2 of sand ( 3 
pupae/cup) [17]. The results (depending on dissection of 
dead insects) indicated that the treated pupae were resis-
tant to infection (no infection was noticed). Dissection of 

treated pupae was carried out because the high humidity, 
not the nematodes, in the cups was found to kill the pupae 
in the control cups. However, the adults emerged from 
treated 6-day old pupae were highly susceptible to infec-
tion as % mortality at 12.5, 25 and 50 IJs/cm2 ranged 80 
-86% by S.carpocapsae and 53 - 60% by H.bacteriophora. 

The pathogenicity of S.riobrave and H.bacteriophora 
against 5 ages of B.zonata pupae (8, 24, 48 and 72 hrs old 
as well as 9-day old ones) was tested in plastic cups, with 
sand, at a concentration of 3x103 IJs / cup / 10 pupae. % 
mortality averaged 25, 4.3, 7.1, 2.1 and 17.0% in 8, 24, 
48, 72 hrs old pupae and 9-day old ones, respectively, by 
S.riobrave. The respective values by H.bacteriophora 
were 29.0, 20.0, 11.1, 4.4 and 21.3 % (18). Two exper-
iments using plastic cups half-filled with sterilized soil 
were carried out to estimate the virulence of S.feltiae to B.
zonata. In the 1stexperiment, S.feltiae (25 IJs/ cm2 of soil) 
was sprayed in the cups then guava fruits (infested with 
larvae of B.zonata) were placed on the treated soil. In the 
2ndone, the nematode was sprayed at the same concentra-
tion on the soil that already contained the pupae of the in-
sect (more than one day old). After 20 days, the results of 
the 1st experiment showed that mortality percentages were 
12.6, 13.3 and 35.6 % in larvae, pupae and adults, respec-
tively. The results of the 2nd one showed that % mortality 
was 0.0% in pupae and 81.1 % in adults [23].

The pathogenicity of S.carpocapsae, S.riobrave and 
H.bacteriophora against full-grown larvae and pupae 
(their age was not given) of B.zonata was studied at 5 
concentrations (100 - 1600) IJs/ml in Petri-dishes (1ml/
dish/18 larvae or pupae) [24]. The results showed that % 
mortality in larvae ranged 40.9 - 88%, 65.8 - 96% and 
70.8 -93% by H.bacteriophora, S.carpocapsae and S.rio-
brave, respectively. In pupae, the respective % mortality 
ranged 33-55%, 6 - 43.7% and 16.6 - 49.7% .Similarly, 
the virulence of S.carpocapsae, S.riobrave and H. bac-
teriophora was tested against pre-pupae and pupae (their 
age was not given) of B.zonata at 4 concentrations (250, 
500, 1000 and 2000 IJs / ml ) in cups with sand (25 in-
dividuals/cup).The results showed that % mortality in 
pre-pupae ranged 34 - 93%, 27 - 92% and 26 - 81% at the 
tested concentrations for S.riobrave, S.carpocapsae and H. 
bacteriophora, respectively. As for pupae, the respective 
% mortality ranged 32-79%, 29 - 74% and 39-91% % [25].

Also, at concentrations of 50 - 800 IJs / Petri-dish, 
S.feltiae caused 4 - 56 % and 0 - 20 % mortalities in one 
and 6-day old pupae of B.zonata, respectively. Mortali-
ty percent in 3rd instar larvae at the same concentrations 
ranged 32 - 88 % [26]. The newly formed and 5-day old pu-
pae of B.zonata were treated with nematodes at concentra-
tions of 25, 50 and 100 IJs / cm2 of sand in cups (5 pupae/
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cup). Steinernema sp. and H.indicus caused 86.7 - 100 
% and 93.3 - 97.8 % mortalities, respectively, in newly 
formed pupae. No mortality was noticed in 5-day old pu-
pae at all tested concentrations of both nematode species 
[27]. The virulence of H. marelatus and H.bacteriophora 
was evaluated against B. zonata pupae (7-day old) at 5 
and 15 IJs/cm2 in plastic containers, 100 cm2 surface area, 
filled with sandy soil and containing 25 pupae each. Seven 
days post treatment, the adult cadavers were dissected for 
nematode infection. The mortality percentages in adults 
at the concentration of 5 IJs/cm2 of soil were 45 and 35% 
by H.marelatus and H.bacteriophora, respectively. The 
respective values for 15 IJs/cm2 were 77.5 and 75% [28].

2.1.4 The Olive Fruit Fly, Bactrocera oleae (Rossi.)

The virulence of 6 EPN species against the 3rd larval instar 
of olive fruit fly, B.oleae was tested in cups with sand at 
a concentration of 25 IJs/cm2. S.feltiae caused the highest 
mortality (67.9%) while H.marelatus caused the least one 
(19%) (29). S.carpocapsae and H.bacteriophora were 
evaluated against B.oleae pupae (their age was not given) 
in 24-well plates filled with sand (one pupa/well/100 IJs). 
They caused 62.5 and 40.6% mortality, respectively, in the 
treated pupae. S.carpocapsae caused 21.9% mortality in 
emerged adult flies [30].

2.1.5 The Queensland Fruit Fly, Bactrocera tryoni 
(Frog) 

The virulence of S.feltiae, S.carpocapsae and H.bacte-
riophora was tested against 3rd instar larvae of B.tryoni 
at 5 concentrations (50 - 1000 IJs/cm2 of sand) in 24-
well bioassay plates (one larva/well). S.feltiae caused the 
highest mortality rates at the 5 concentrations (65-90%), 
S.carpocapsae caused 37-90% while H.bacteriophora 
caused 20-65% mortality. However, the 3 species did not 
cause mortality in the one day old pupae when treated at 
the concentration of 1000 IJs/cm2 [31].

2.1.6 The Mango Fruit Fly, Bactrocera (Dacus) 
dorsalis (Hend) 

Treatment of pre-pupae and pupae of Bactrocera (Dacus) 
dorsalis and the melon fly, Bactrocera (Dacus) cucurbitae 
(Coquillett) by S.carpocapsae in cups at 5 concentrations 
from 5000 to 50,000 IJs/cup revealed that % mortality in 
pre-pupae ranged 9 - 85 % for B.dorsalis and 0.0 - 86 % 
for B.cucurbitae, 6 days post treatment. Pupae of the 2 
species were not susceptible to infection [21]. Pathogenicity 
of 12 EPN species and strains to B. dorsalis at a concen-
tration of 100 IJs /one 3rd instar larva in containers was 
investigated [32]. After14 days insect mortality ranged 7 

- 96 % by the 12 tested nematode species and strains (in-
fected pupae were considered larvae).The same technique 
was used to estimate susceptibility of B.dorsalis larvae 
and pupae to H.taysearae and Steinernema sp. The results 
showed that % mortality in 3rd instar larvae was 94% by 
H.taysearae and 99% by Steinernema sp. As for pupae, 
% mortality averaged 5.5% and 1% in 3-day old pupae by 
H.taysearae and Steinernema sp., respectively [32].

2.1.7 The Cucurbit Fly, Dacus ciliates (Loew.) 

Susceptibility of 2nd instar larvae and pupae (the age was 
not given) of Dacus ciliates to 5 species of nematodes 
was investigated in Petri-dishes (5 larvae or pupae/dish) 
[33]. Two concentrations of the IJs were used for larvae 
(500 and 1000 / 5 larvae / dish) and four concentrations 
for pupae (500 - 4000 IJs / dish). The results showed 
that % mortality in the larvae was 100 % at the two con-
centrations by all tested nematodes. The LC50 values for 
S.feltiae were 254 IJs / larva and 587 IJs / pupa whereas 
they were 269 and 1787, respectively, for H.bacteriophora. 
The bio-control potential of H.bacteriophora and S.car-
pocapsae against 3rd instar larvae, pupae (one day old) 
and adults of D.ciliatus was tested [34]. The LC50 for larvae 
was 27.8 and 325.7 IJs/larva, respectively. % mortality in 
pupae averaged 12.5 % by S.carpocapsae and 8.9 % by 
H.bacteriophora. As for adults, the respective % mortality 
averaged 55.6 and 44.6 %. 

2.1.8 The European Cherry Fruit Fly, Rhagoletis 
cerasi (Linn.) 

Four native EPNs from Turkey were evaluated against 
the 1st instar larvae of Ragoletis cerasi in soil at 3 concen-
trations; 100, 500 and 1000 IJs/larva [35]. The nematodes 
were S.carpocapsae, S. feltiae, H. bacteriophora, and 
H.marelatus. S. feltiae was the most virulent species at all 
concentrations and at 1000 IJs/larva it caused 95% mortal-
ity, followed by H. marelatus (82%) and H. bacteriophora 
(76%).

2.1.9 The Western Cherry Fruit Fly, Rhagoletis 
indifferens (Rhag.) 

The susceptibility of full-grown larvae of R.indifferens to 
5 species of EPNs was investigated at a concentration of 
106 IJs/20 larvae/ Petri-dish [36]. 7 days post treatment, % 
mortality was estimated in the formed pupae as the lar-
vae pupated within 24 hrs. % mortality averaged 65, 50, 
35, 17.5 and 15 % by S.carpocapsae, H. bacteriophora, 
S.feltiae, S.riobravis, and H. marelatus, respectively. The 
infectivity of S.carpocapsae and S.feltiae was evaluated 
against R.indifferens larvae, pupae and adults in cups with 
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soil [37]. % mortality of larvae at a concentration of 50 IJs/
cm2 averaged 78.6 and 77.5 %, respectively. The pupae 
were not infected but the emerged adult flies were infected 
(0.0 - 53%) by the 2 nematode species at a concentration 
of 100 IJs/cm2 .

2.1.10 The South American Fruit Fly, Anastrepha 
fraterculus (Wied) 

Eight nematode isolates were tested against late 3rd instar 
larvae of A.fraterculus in plastic containers (50 ml) (12 
larvae/container) at a concentration of 100 IJs/larva. 20 
days later individuals not giving rise to adults were dis-
sected to check for nematode -infection (79% of larvae 
developed to pupae during the 1st week of treatment). The 
highest mortality was caused by S.carpocapsae (84%) fol-
lowed by H.amazonensis (54%) while Heterorhabditis sp. 
caused 28% mortality [38]. 

2.1.11 The Caribbian Fruit Fly, Anastrepha sus-
pense (Loew) 

Larvae (4-5 days old), pupae (4-8 days old) and adults 
(2-5 days old) of A.suspense were treated with nema-
todes in Petri-dishes (1000 IJs/25 individuals/dish). The 
nematodes were S.feltiae, S.glaseri, H.bacteriophora and 
H.heliothidis. % mortality in adults were 91.7, 58.1, 75.6 
and 86.7 %, respectively. The respective values in larvae 
were 90.7, 15.7, 78.7 and 86.6 %. The pupae showed very 
little infection (0.0 - 1.1%) by the 4 species [39]. Also, the 
pathogenicity of 12 species / isolates of EPNs to 3rd larval 
instar and pupae (their age is not given) of A.suspense 
was evaluated in Petri-dishes lined with filter paper or soil 
(10 larvae or pupae / dish / 2000 IJs). The results showed 
that larval mortality by the 12 species / isolates ranged 15 
- 95% and 10 - 60% in filter paper and soil assays, respec-
tively. The respective values for pupae were 0.0 - 30 and 
1.0 - 30 % [40].

2.1.12 The Mexican Fruit Fly, Anastrepha ludens 
(Anst.) 

The LC50 for 3rd instar larvae of A.ludens treated with 
H.bacteriophora in plastic cups lined with soil was found 
to be 15 IJs/ cm2of soil [41].

2.1.13 The Wheat Fruit Fly, Oscinella frit (L.) 

The efficacy of S.carpocapsae, S.feltiae and H.bacterio-
phora against 3rd instar larvae of Oscinella frit (Family 
Chloropidae) was evaluated in Petri-dishes (5 larvae/dish) 
at concentrations of 250, 500 and 1000 IJs/ml. % mor-
tality by S.feltiae averaged 80, 90 and 96% at the 3 con-
centrations, respectively, whereas it averaged 74, 90 and 

100% by S.carpocapsae and 90, 94 and 100% by H.bacte-
riophora [42].

2.2 Semi-field and Field Experiments 

S.carpocapsae was applied in the field against pre-pupae 
and pupae of Bactrocera (Dacus) dorsalis and the melon 
fly, Bactrocera (Dacus) cucurbitae at a concentration 
of 500 IJs/ cm2 of the soil [21]. The emerging adult pop-
ulations of both insects were reduced by 89% and 94%, 
respectively, than those in the control. Also, application 
of H.bacteriophora and S.feltiae in a greenhouse at a con-
centration of 30,000 IJs / plant reduced, significantly, the 
number of the larvae of cabbage root fly, Delia radicum 
(Linn.) that developed to pupae as well as the root dam-
age caused by such larvae [43]. Soil surface application by 
S.feltiae, in the field, at concentrations of 100,000 and 
200,000 IJs / plant was more effective than sub-surface 
application in preventing damage by the insect larvae [43]. 
S.carpocapsae and S.feltiae were equally effective against 
larvae of Rhagoletis indifference (59-85% mortality) when 
applied to soil under cherry trees at 50-100 IJs/cm2 of soil. 
In addition, mortality rates in the emerged adults ranged 
0.0 - 53 % [37].

Application of H.bacteriophora against Anastrepha 
ludens (Anst.) at concentrations of 115 and 345 IJs / cm2 
of soil in experimental plots in a mango orchard resulted 
in 46.7 and 76.7 % infection in the insect larvae, respec-
tively [41]. Similarly, H.bacteriophora was applied against 
A.ludens at a concentration of 125 IJs / cm2 of soil after 
releasing 50 - 500 third instar larvae of the insect in 0.25 
m2 plot [44]. It was noticed that the application did not 
significantly influence the prevalence of infection by the 
nematode. However, in subsequent experiments, % infec-
tion of the insect pupae were positively correlated with 
the IJs concentrations and reached 74% at the concentra-
tion of 250 IJs / cm2 of soil. Double applications, at 4-day 
intervals, did not greatly improve the prevalence of infec-
tion than a single application. 

The efficacy of indigenous EPNs from Brazil against 
A.fraterculus in peach orchards was tested and it was 
found that the LC50s of H.bacteriophora and S.riobrave 
against 3rd larval instar of the insect were 229 and 347 
IJs/cm2 of soil, respectively [45]. A semi-field experiment 
was carried out using EPNs against C.capitata in a guava 
orchard. It was found that at a concentration of 10 IJs/cm2 
of soil H.indica caused 66 - 93% mortality in pre-pupae 
and one day old pupae of the insect [46]. In a wheat field 
experiment, application of S.carpocapsae, S.feltiae and 
H.bacteriophora twice at a concentration of 2.5x109 IJs/ha 
reduced the infestation level by the wheat fruit fly, O. frit 
and increased the yield of the crop [42]. 
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Table 1. Susceptibility or resistance of fruit flies pupae (at different ages) to EPNs infection  (The letter X indicates 
susceptibility to infection)

ReferenceMortality
%Concentration of NematodeMethod of TreatmentNematode speciesAge of pupaInsect

Malan  and Manrachan 
(2009)

0.0
0.0
0.0

200 IJs /  pupa24- well plates
H.bacteriophora

H.zealand
S.khoisanae

One dayCeratitis capitata and 
C.rosa

Rhode etal (2012)3.8-43.8
17.5-43.8200 IJs / 10 pupaePetri-dishesTen H.spp. and

Five S.spp.5-8 dayC.capitata        X

Minas et al . (2016)80155 IJ , l3 pupaeTubes with sandH.baujardiOne dayC.capitata        X

Campos - Herrera and 
gutierres (2009)

23-45

12 - 28

250 IJ s / pupa24 - well plates
15 strains of S . feltiae

2 strains of S.  carpocab-
sae

One dayC.capitata        X

Nouh (2001)48 - 72
36 - 52250 - 1000 IJs  / cm2/ pupaCups with sandH.bacteriophora

S. riobraveOne dayC.capitata        X

Silva et al.  (2010)66 - 9310 IJs / cm2  of soilSemi - field experi-
mentH.indicaOne dayC.capitata        X

Abbas et al. (2016)

0.0
0.0
0.0
0.0

12.5,25,50 IJs /
cm2 of sand / 8 pupaeCups with sand

S.carpocapsae.
H.bacteriophora
S.carpocapsae

H.bacteriophora

1,3,6   days
1,3,6  days

C.capitata
Bacterocera zonata

Ibrahim et al. (2014)

33 , 16 , 2 and 29%re-
spectively

74 , 30 , 17 and 24 % 
respectively

3000 IJs / 10 pupae
//

Plastic cups with 
sand

//

S. riobrave
H.bacteriophora

6,24,72 hr  and 
9   days oldC.capitata       X

Soliman (2007)

0.0
0.0
0.0
0.0

105  IJs   / cup / 100   pupaePlastic cups with 
sand

S. riobrave
H.bacteriophora

8 , 12 , 24 hr  
and 8 days

C.capitata and
B.zonata

Nouh and
Hussein (2014)

22 - 92%
16 - 88%

500 - 16000 IJ s / 8 pupae
//

Cups with sand
//

H.bacteriophora
//

8 -day
//

C.capitata
X

B.zonata

Lindegren (1990)
0.0
0.0
0.0

500 - 50.000 IJs / cup /100 
pupaeCups with sandS. carpocapsaeNot given

C.capitata
Dacas dorsales

D.cacurbita

Mahmoud et al (2016)0.025 IJs / cm2 of sandPlastic cups with 
sandS.feltiaeMore than one 

dayB.zonata

Rashad et al . (2015)
43.7
49.7
55.4

1600IJs/18 pupaeCups with sand
S.carpocapsae

S.riobrave
H.bacteriophora

One dayB.zonata         X

Atallah and Eweise 
(2002)

29
32
39

250 IJs / 25 pupaeCups with sandS.carpocapsae
S.riobrave

H.bacteriophora
Not givenB.zonata         X

Mahmoud and Osman 
(2006)

4-56
0.0 - 2050 - 800 IJs/ pupaPetri - dishesS. feltiaeOne day

6 daysB.zonata         X

Abbas  and Mahmoud 
(2009)

0.0
0.0

25,50,100 IJs / cm2 / 10 
pupaeSoil in cupsS. riobrave4 hr

5 daysB.zonata

Abdel-Samad &Abul-
Fadl  (2009)

0.0
0.025 ,50,100 IJs/cm2Sand in cupsSteinernema sp.  H.indi-

ca.5 daysB.zonata

Godjo et al (2017)

4.5 %
22.8 %
1.0%
5.5%

100 IJs / pupa24 - well plates

Steinernema sp.
H.taysearae

Steinernema sp. H.bacte-
riophora.

One day
5 daysB.dorsales       X

Langford et al (2014)
0.0
0.0
0.0

1000 IJs / cm2 / one pupa24 - well plates
S.carpocapsae.

S.feltiae
H.bacteriophora

One dayB. tryoni

Torrini et al (2017)62.5
40.6100 IJs / pupaPetri - dishesS.carpocapsae.

H.bacteriophoraUnknownB.oleae            X

Yee & lacey (2003)
0.0
0.0
0.0

100 IJs / cm2 /  pupaSoil in cups
S.carpocapsae.

S.feltiae
S.intermedium

Not givenRagoletis indifferens

Beavers & Calkins 
(1984)0.0 - 1.1 by the 4 species1000 IJs / 25 pupaePetri - dishes

S.feltiae
S.glaseri

H.bacteriophora
H.heliothidis

4-8 daysAnastrepha suspensa

Heve et al (2017)0.0-30%2000 IJs / dish / 10 pupaePetri - dishes12 specis and / or  isolatesNot givenA.suspense      X

Hussein et al (2006)

LC50

828 IJs / pupa
LC50

676 IJs / pupa

1000,2000,4000 IJs / 5 
pupaePetri - dishesS.feltiae

H.bacteriophoraNot givenDacus ciliates  X

Kamali et al (2013)12.5%
8.9%50,100,150  IJs / 10 pupaeContainers with soilS.carpocapsae.

H.bacteriophoraOne dayD.ciliatus         X
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3. Discussion

The present article proved the high virulence of EPNs to 
larvae and adults of fruit flies under laboratory conditions 
as mortality may reach 100 % in both stages. As for the 
pupae, however, some studies revealed the susceptibility 
of different ages of the pupae to nematode-infection while 
others indicated low susceptibility and / or resistance to 
infection especially the late-aged pupae (Table 1). It can 
be suggested that the low susceptibility and / or resistance 
of dipteran pupae to nematode infection (as observed in 
considerable number of references may be attributed to 
different reasons: (1) The completion of puparium and the 
closer of the anal and oral apertures [47], (2) The toughness 
of the puparium and the limited ability of IJs to penetrate 
through pupal spiracles [41], and (3) The small size of spir-
acle-openings that makes penetration of IJs difficult [11]. 
What supports such reasons is that the IJs of S. carpocap-
sae and H. bacteriophora were found to adhere to treated 
one day old pupae of D. ciliates at the natural openings 
but no evidence of entry via these openings was noticed 
[34]. However, newly formed pupae (less than one hr old) 
were found to be susceptible to nematode-infection as the 
IJs entered the host via the anus and possibly through the 
mouth as evidenced by video [47]. In contrast, the relatively 
moderate or high susceptibility of more than one day old 
pupae to EPNs, as reported by some authors, can be at-
tributed, partially, to: (1) Injuries in pupae from handling 
or pupae with incomplete integument that facilitates pen-
etration of the IJs [48]. (2) Very high humidity in the proce-
dure of treatment was found to kill the nematode-treated 
pupae as well as the untreated ones [17]. So, it is necessary 
to prove the nematode-infection of treated insects by 
dissection of the dead insects or by using White-traps for 
migration of infective juveniles (IJs).

In semi-field and field studies, EPNs were successful 
for reducing the populations of fruit flies (up to 85 %) at 
concentrations not less than 100 IJs / cm2 of soil. It is to 
be noted that the field commercial application of EPNs 
has been recommended to be 2.5 - 5 x 109 IJs / ha (25-50 
IJs/cm2). 
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