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Background: Fruit fly species are most damaging pests around the globe which reduced the commercial
value of fruits at maturity. Entomopathogenic nematodes (EPNs) from genera Heterorhabditis and
Steinernema cause death by inducing septicimia in insect pests in the soil, moreover, endemic nearly
all soils. Current study was planned to manage the oriental fruit fly, Bacterocera dorsalis (Hendel.)
(Diptera: Tephritidae) hazards by using indigenous EPNs (Heterorhabditis bacteriophora, H. indica,
Steinernema asiticum, S. corpocapsae and S. glasseri) as they have host finding ability and recognise as
potential eco-friendly biocontrol agent over synthetic chemicals.
Methods: Study for the assessment of EPNs concentrations, various temperatures, soil type and soil mois-
ture levels against mortality (%) of fruit fly (B. dorsalis) larvae was conducted in completely randomized
design (CRD) under factorial arrangements.
Results: EPNs concentrations (70 IJs/ml, 110 IJs/ml, 150 IJs/ml) showed that S. asiaticum (150 IJs/ml) showed
maximummortality (94.97 %) of B. dorsalis as compared to other used EPNs alongwith their respective con-
centrations. Impact of various temperatures (20 �C, 24 �C, 28 �C, 32 �C, 36 �C) with respect to used EPNs
exhibited thatH. indica (36 �C) showedmaximummortality (94.33 %) of B. dorsalis as compared to all other
treatment. Various soil types (Sandy, Sandy loam, Loam, Clay) impacted the infectivity of EPNs against fruit
fly, In case of sandy loamsoil, S. asiaticum showedmaximummortality (98.05 %) of B. dorsalis followedby all
used treatments. Soil moisture level (12 %, 18 %, 24 %, 30 %) also significantly influenced the infectivity of
EPNs against mortality of fruit fly. In case of 12% moisture level, S. asiaticum showed maximum mortality
(99.06 %) of B. dorsalis over all the applied treatments along with respective moisture levels.
Conclusion: In crux, Steinernema asiaticumhigher concentration exhibited efficient control of fruit fly larvae
in sandy loam soil with 12 % moisture level at 36 �C over the used EPN species. While application of EPNs
against fruit fly is most suitable strategy to manage the fruit fly hazards and it should be included as a part
of integrated pest management control programme.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Fruit flies are damaging pests around the globe which reduced
the commercial value of fruits at maturity (Grechi et al. 2021). It
is declared as quarantine pest among all fly-free regimes due to lar-
val infestation in commercial fruit packages and international trad-
ing (Mwando et al. 2021). Numerous genera and species of invasive
fruit flies (Tephritidae) are known to be problems in orchards
(Diller et al. 2022). The majority of the fruit flies complete their life
cycle between 21 and 40 days under similar climatic conditions. In
tropical and subtropical conditions, fruit flies multiply and spread
quickly to distant fields or locations (Saeed et al. 2022). Khan and
Naveed (2017) conclude that fruit fly population correlated posi-
tively with temperature (optimum 26 to 35 �C) and negatively with
relative humidity (60 %).

When it comes to controlling arthropods, scientists are develop-
ing biopesticides like entompathogenic fungus that won’t harm the
environment or the insects’ natural predators (Idrees et al., 2022a,
2022b, Ahmad et al., 2022, Idrees et al., 2021, Qadir et al., 2021,
Idrees et al., 2016). The management of tephritidae fruit flies, par-
ticularly for the genus Bactrocera, has recently been effective
thanks to the application of biocontrol agents (Luo et al., 2018,
Gu et al., 2018, Cai et al., 2017) and certain molecular approaches
(Zhang et al., 2019a, Zhang et al., 2019b).

Entomopathogenic nematodes (EPNs) from genera Heterorhab-
ditis and Steinernema cause death by inducing infection in insect
pest in the soil, moreover, endemic nearly all soils (Campos et al.
2016). Insect pests which show susceptible behavior towards EPNs
attack failed to induce immunity (Peña et al. 2015; Filgueiras and
Willett 2021). In laboratory conditions, mortality of fruit flies
increased with increasing number of nematode infective juveniles
(IJs) per fruit fly until maximum mortality was reached, beyond
which mortality declined (Minas et al. 2016). This was attributed
to the fact that intraspecific interference between infective juve-
niles of the same species can occur between actively moving IJs
at EPN concentrations higher than the optimum IJ dose and may
negatively affect efficacy of EPNs. In all reports, pupae of fruit flies
largely proved to be more resistant than larvae to EPN infections
(Aatif et al. 2019). However, some reports have shown that reason-
able efficacy can be achieved if EPNs are allowed to attack all fruit-
to-soil stages of fruit flies (Torrini et al. 2017). This suggests that
fruit fly abundance can be reduced by virulent EPNs in the field.
The infectivity of EPNs decreases with time-length of storage
although stored infective juveniles can survive longer at tempera-
tures between 4 and 15 �C. At temperatures near freezing, the
infective juveniles become dormant (the dauer) and fewmay break
dormancy after extended cold conditions. Between 20 and 30 �C,
nematodes are more infective and reproduce faster. Reproduction
and infection of the majority of EPN species are inhibited at tem-
peratures above 32 �C. However, S. riobrave can reproduce at
32 �C and infect an insect at 39 �C (Aryal et al. 2022; Grewal
et al. 2005). Also, EPNs respond to moisture regimes. The majority
of EPN species are more active in moderate moisture regimes to
field capacity of soils whereas others are desiccation tolerant
(Aryal et al. 2022; Shapiro-Ilan et al. 2014).

Key objective of current trial was to evaluate most efficient ento-
mopathogenic specie among H. bacteriophora, H. indica, S. asiticum, S.
corpocapsae for their curative effect at various IJs concentrations,
temperature, soil type and moisture levels against B. dorsalis, a step
towards introduction of novel management strategy.
2. Methods

In vitro study of five different indigenous species of EPNs (H.
bacteriophora, H. indica, S. asiticum, S. corpocapsae) and an exotic
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species (S.glasseri) taken from plant pathology laboratory UAF,
Faisalabad against 3rd instar larvae of B. dorsalis was carried out
in laboratory at Bahadur sub-campus Layyah. Mass production of
G. mellonella were done initially on bee hives and at latter stages
on artificial diet (Aatif et al. 2019). Rearing cages (size
18 � 20 � 20 in.) covered with metallic screen and filter paper
were used.

Petri plates (9 cm) were taken and lined with filter paper and 5
larvae of G. mellonella were placed in each petri plate (Aatif et al.
2015). By using pipette each Petri plate was inoculated with ml
of IJs suspension and sealed with covers. These Petri plates were
then incubated at 24 ± 2 ⁰C. Larvae of G. melonellawere died within
48 h of inoculation and were transferred for IJs extraction after reg-
ular intervals.

2.1. Effect of different concentrations of entomopathogenic Nematodes
species against larvae of fruit fly (B. dorsalis)

The study’s soil was oven-sterilized before being added to the
Petri dishes (90 mm diameter). 20 g of soil with 10 % (v/w) mois-
ture was added to each Petri plate. For each species of EPNs, sepa-
rate Petri plates were filled with various concentrations (70, 110,
and 150 IJs/ mL of the distilled water). Each Petri dish included fif-
teen B. dorsalis larvae in their third instar, arranged individually;
the control treatment contained merely 250 l of distilled water
(without EPNs). For each treatment, seven replications were cre-
ated. Petri dishes were covered with plastic film during the exper-
iment. These Petri plates were kept at 25 5 �C, 85 5 % relative
humidity, and a 12-hour photoperiod in a well controlled environ-
ment (Minas et al. 2016). The experiment was carried out until all
adult emergence in the control treatment had taken place (upto
15 days). By examining the deceased larvae, it was determined that
EPNs killed the larvae.

2.2. Impact of different temperatures on effectiveness of EPNs against
larvae of fruit fly (B. dorsalis)

Petri dishes (90 mm in diameter) lined with Whatman No. 1 fil-
ter paper were used for the experiment, and the temperatures used
were 20, 24, 28, 32, and 36 �C. Each treatment was conducted in
petri dishes containing 175 IJs. In each culture plate covered with
Parafilm, fifteen B. dorsalis third-instar larvae were introduced.
While just 250 l of distilled water is used in the control treatment
(without EPNs). Mortality (%) data was obtained everyday for
10 days by simply counting the numbers that molted into adult
stage across five replicates for each treatment. Dissecting the lar-
vae that had been killed by EPNs provided conclusive evidence of
their demise.

2.3. Efficacy of different soil types on the infectivity of EPNs against
larvae of fruit fly (B. dorsalis)

Impact of different soil types (Sandy soil, Sandy loam soil, Loam
soil, Clay soil) on the infectivity of EPNs against larvae of B. dorsalis
were studied by using Petri dishes (90 mm diameter) in separate
setts. Moisture level was maintained at 10 % (v/w) and 25 g of each
type of sterilized soil was added to the Petri dishes separately. 200
IJs of each species of EPNs (H. bacteriophora, H. indica, S. asiaticum,
S. corpocapsae and S. glasseri) were applied. Calculating the IJs in
each Petri dish allowed for the concentrations to be produced
under the microscope. All EPN species treatments included pipet-
ting 1 mL of each dosage into the soil before 20 fruit fly larvae were
put to Petri plates. In contrast, the control treatment merely
received 250 l of distilled water (without EPNs). The Petri plates
were covered with Parafilm and kept in climate-controlled cham-
bers at 25 2 �C, RH = 70 5 %, and photo phase lasted 12 h. Five repli-



Table 1
The impact of various EPNs and concentrations on
mortality of B. dorsalis.

Factors Mortality (%)
Treatment

Heterorhabditis bacteriophora 74.18B
Heterorhabditis indica 64.58C
Steinernema asiaticum 73.81B
Steinernema carpocapsae 79.39 A
Steinernema glasseri 64.65C
LSD Tr (p � 0.05) 2.55
Concentration
70 IJs/ml 52.69C
110 IJs/ml 72.41B
150 IJs/ml 88.86 A
LSD (p � 0.05) 1.97
Tr � C 4.42

Any two means followed by different letters are
statistically significant at 95% probability level.

H. Muhammad Aatif, A. Afzal, A. Idrees et al. Journal of King Saud University – Science 35 (2023) 102428
cations were taken for each treatment (Minas et al. 2016). Data
was gathered as previously mentioned.

2.4. Effect of soil moisture levels on the virulence of EPNs against
larvae of B. dorsalis

To assess the effectiveness of EPNs against fruit fly at different
soil moisture levels, an experiment was conducted. In this experi-
ment 190 IJs each species of EPNs (H. bacteriophora, H. indica, S. asi-
aticum, S. corpocapsae and S. glasseri) were applied separately.
Moisture level was maintained at 10 % (v/w) and 25 g of sterilized
soil was added to the Petri dishes separately. Four different mois-
ture level (12 %, 18 %, 24 % and 30 %) were adjusted separately.
Treatments were prepared under the microscope as described in
earlier experiments. The larvae of fruit fly were applied by using
fork. The Petri plates were closed by using plastic film, whereas,
control treatment receives only 250 ll distilled water (without
Fig. 1. Interactive effect of various EPNs and c

3

EPNs). Five replications of each treatment were maintained. These
Petri plates were then placed in control chamber to provide con-
trolled conditions (moisture and temperature). Data for insect
mortality were recorded regularly for 10 days. Mortality of larvae
by EPNs was confirmed by dissecting the dead larvae.

The corrected mortality (%) data was recorded by using Abbott’s
formula (1925) given below

Correctedmortality ð%Þ ¼ Mo�Mc
100�Mc

� 100

Mo = Mortality observed.
Mc = Mortality in control.
2.5. Statistical analysis

All experiments used a factorial configuration with five repli-
cates and were done using a Completely Randomized Design
(CRD). Statistical analysis was performed using Statistix 8.01 soft-
ware. Analysis of variance (ANOVA) was used to compare means at
P 0.05, and the least-significant-differences test was used to assess
whether or not the differences were statistically significant (LSD).
3. Results

3.1. Effect of different concentrations of Entomopathogenic Nematodes
species against larvae of fruit fly Bactrocera dorsalis

All EPNs viz. H. bacteriophora, H. indica, S. asiaticum, S. carpocap-
sae and S. glasseri along with their used concentrations (70 IJs/ml,
110 IJs/ml, 150 IJs/ml) significantly (p � 0.05) impacted the mortal-
ity (%) of B. dorsalis.

Higher mortality (%) of B. dorsalis was assessed in case of S. car-
pocapsae (79.43 %) followed by H. bacteriophora (74.18 %), S. asi-
aticum (73.81 %) and S. glasseri (64.65 %), whereas, H. indica
(64.58 %) exhibited minimum mortality of B. dorsalis (Table 1).
oncentrations on mortality of B. dorsalis.



Table 2
The impact of various EPNs and temperatures on mortality of B.
dorsalis.

Factors Mortality (%)
Treatment

Heterorhabditis bacteriophora 79.54 A
Heterorhabditis indica 74.51C
Steinernema asiaticum 77.21B
Steinernema carpocapsae 70.88 D
Steinernema glasseri 74.07C
LSD (p � 0.05) 1.75
Temperature (T)
20 �C 52.39 E
24 �C 66.34 D
28 �C 76.30C
32 �C 88.30B
36 �C 92.89 A
LSD (p � 0.05) 1.74
Tr � T 3.92

Any two means followed by different letters are statistically
significant at 95% probability level.
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Applied EPNs concentrations significantly (p � 0.05) influenced
the mortality (%) of B. dorsalis. Higher concentration (150 IJs/ml)
exhibited maximum mortality (88.86 %) followed by 110 IJs/ml
(72.41 %), whereas, mortality of B. dorsalis was minimum
(52.69 %) in case of 70 IJs/ml applied concentration (Table 1).

Regarding interaction between used EPNs and concentrations sig-
nificantly (p � 0.05) impacted the mortality (%) of B. dorsalis. S. asi-
aticum (150 IJs/ml) showed maximum mortality of B. dorsalis
followed by S. carpocapsae, H. bacteriophora, S. glasseri over H. indica,
whereas, decreasing trend of mortality (%) of B. dorsalis viz. H.
bacteriophora < S. carpocapsae < S. asiaticum < H. indica < S. glasseri
was observed where 70 IJs/ml concentration was applied (Fig. 1).

3.2. Effect of different temperatures on infectivity of EPNs against
larvae of fruit fly B. dorsalis

All EPNs viz. H. bacteriophora, H. indica, S. asiaticum, S. carpocap-
sae and S. glasseri along with various temperature like 20 �C, 24 �C,
Fig. 2. Interactive impact of various EPNs and
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28 �C, 32 �C and 36 �C significantly (p � 0.05) impacted the mortal-
ity (%) of B. dorsalis.

Maximum mortality (%) of B. dorsalis was assessed in case of H.
bacteriophora (79.54 %), S. asiaticum (77.21 %), H. indica (74.51 %)
and S. glasseri (74.01 %), whereas, S. carpocapsae (70.88 %) exhibited
minimum mortality of B. dorsalis (Table 2).

Mentioned temperatures significantly (p � 0.05) influenced the
mortality (%) of B. dorsalis. Higher temperature (36 �C) exhibited
maximum mortality (92.89 %) followed by 32 �C (88.30 %), 28 �C
(76.30 %) and 24 �C (66.34 %), whereas, mortality of B. dorsalis
was minimum (52.39 %) in case of 20 �C temperature (Table 2).

Regarding interaction between used EPNs and temperature sig-
nificantly (p � 0.05) impacted the mortality (%) of B. dorsalis. H.
indica (36 �C) showed maximum mortality of B. dorsalis followed
by S. asiaticum, H. bacteriophora S. carpocapsae over S. glasseri,
whereas, decreasing trend of mortality viz. H. bacteriophora < H.
indica < S. asiaticum < S. glasseri < S. carpocapsae was observed
where temperature was 20 �C (Fig. 2).

3.3. Effect of different soil types on infectivity of EPNs against larvae of
fruit fly B. dorsalis

All EPNs viz. H. bacteriophora, H. indica, S. asiaticum, S. carpocap-
sae and S. glasseri along with used soils (Sandy soil, Sandy loam soil,
Loam soil, Clay soil) significantly (p � 0.05) impacted the mortality
(%) of B. dorsalis.

Maximum mortality (%) of B. dorsalis was assessed in case of H.
bacteriophora (73.44 %) followed by S. asiaticum (72.85 %), S. car-
pocapsae (69.15 %) and S. glasseri (65.30 %), whereas, H. indica
(64.43 %) exhibited minimum mortality of B. dorsalis (Table 3).

Mentioned soil types significantly (p � 0.05) influenced the
mortality (%) of B. dorsalis. Sandy loam soils exhibited maximum
mortality (91.36 %) followed by loam soil (79.00 %) and clay soil
(62.39 %), whereas, mortality of B. dorsalis was minimum
(43.39 %) in case of sandy soils (Table 3).

Regarding interaction between used EPNs and soil types signif-
icantly (p� 0.05) impacted the mortality (%) of B. dorsalis. In case of
sandy loam soil, S. asiaticum showed maximum mortality of
temperature on mortality of B. dorsalis.



Table 3
The impact of various EPNs and soil types on mortality
of B. dorsalis.

Factors Mortality (%)
Treatments

Heterorhabditis bacteriophora 73.44 A
Heterorhabditis indica 64.43C
Steinernema asiaticum 72.85 A
Steinernema carpocapsae 69.15B
Steinernema glasseri 65.30C
LSD (p � 0.05) 2.52
Soil Texture
Sandy 43.39 D
Sandy Loam 91.36 A
Loam 79.00B
Clay 62.39C
LSD (p � 0.05) 2.51
Tr � ST 5.04

Any two means followed by different letters are
statistically significant at 95% probability level.
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B. dorsalis followed by H. bacteriophora, S. carpocapsae, S. glasseri
over H. indica, whereas, decreasing trend of mortality viz. S. asi-
aticum < H. bacteriophora < S. carpocapsae < S. glasseri < H. ndica
was observed in case of sandy soil (Fig. 3).

3.4. Effect of different soil moisture levels on infectivity of EPNs against
larvae of fruit fly B. dorsalis

All EPNs viz. H. bacteriophora, H. indica, S. asiaticum, S. carpocap-
sae and S. glasseri along with different moisture levels (12 %, 18 %,
24 %, 30 %) significantly (p � 0.05) impacted the mortality (%) of B.
dorsalis.

Maximum mortality (%) of B. dorsalis was assessed in case of S.
asiaticum (77.58 %) followed by H. bacteriophora (75.82 %), S. car-
pocapsae (73.93 %) and H. indica (67.72 %), whereas, S. glasseri
(65.66 %) exhibited minimum mortality of B. dorsalis (Table 4).

Mentioned moisture levels significantly (p � 0.05) influenced
the mortality (%) of B. dorsalis. Mortality (%) was higher (89.95 %)
Fig. 3. Impact of various EPNs and so
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at 12 % moisture level followed by 18 % (89.35 %) and 24 %
(59.33 %), whereas, mortality of B. dorsalis was minimum
(49.95 %) in case of 30 % moisture level (Table 4).

Regarding interaction between used EPNs and moisture level
significantly (p � 0.05) impacted the mortality (%) of B. dorsalis.
In case of 12 % moisture level, S. asiaticum showed maximum mor-
tality of B. dorsalis followed by H. bacteriophora, S. carpocapsae, S.
glasseri over H. indica, whereas, decreasing trend of mortality viz.
H. indica < S. asiaticum < S. carpocapsae < H. bacteriophora < S. glas-
seri was observed in case of 30 % moisture level (Fig. 4).

4. Discussion

Current study was planned to identify the most conducive cli-
matic conditions required to evaluate the effectiveness of Ento-
mopathogenic nematodes (EPNs). EPNs modulate their level of
resistance in response to changing climatic conditions i.e. concen-
trations, temperature, moisture, soil texture etc. Results revealed
that increase in IJs concentrations have significant impact on larval
mortality of Bactrocera dorsalis. Some EPN strains may lack the vir-
ulence necessary to generate severe infections in the larval stage of
some fruit fly species. Increasing their concentrations or applying
them at the ideal temperature may boost their efficacy (Aatif
et al. 2019; Langford et al. 2014). Impact of various temperatures
with respect to pathogenicity of EPNs species, it was found that
infectivity of EPNs increases with increase in temperature whereas
negative impact was observed as the moisture increases. Applica-
tion of S. feltiae considerably enhanced the mortality level of
insects after exposure to EPNs at 20–25 �C temperature as com-
pared to 15 �C temperature (Langford et al. 2013). H. bacteriophora
significantly increased the mortality rate in maggots of B. dorsalis
at above 30 �C temperature. Similarly, indiginious species of EPNs
showed maximum infection level against R. cerasi fruit fly maggots
by boosting temperature whereas, S. feltiae proved highly infec-
tious EPN species at different IJs concentration and temperatures
(Kepenekci et al. 2015). Heterorhabditis species have considerably
high ability to indicate maximum level of virulence at 30 �C tem-
il type on mortality of B. dorsalis.



Table 4
Impact of various EPNs and moisture level on mortal-
ity of B. dorsalis.

Factors Mortality (%)
Treatment

Heterorhabditis bacteriophora 75.82 AB
Heterorhabditis indica 67.72C
Steinernema asiaticum 77.58 A
Steinernema carpocapsae 73.93B
Steinernema glasseri 65.66C
LSD (p � 0.05) 2.25
Moisture Level (Ml)
12 % 89.95 A
18 % 89.35 A
24 % 59.33B
30 % 49.95C
LSD (p � 0.05) 2.01
Tr � Ml 4.51

Any two means followed by different letters are
statistically significant at 95% probability level.
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perature (El Khoury et al. 2018). The EPN strains showedmaximum
infection at moderate temperature whereas, their level of
pathogenicity greatly decreased below 20 �C. Heterorhabditis
species are different as compared to Steinernema in their level of
virulence due to their searching capacity. The S. carpocapsae are
slower, whereas most of the Heterorhabditis species are fast moving
(Foelkel et al. 2016). Thus temperature could be another factors,
subsequently Steinernema species are considered highly virulent
at 25 �C temperature, while at 30 �C temperature Heterorhabditis
species showed high infectivity (Rohde et al. 2010).

Various soil types (Lankin et al. 2020; Khan et al. 2020) as well
as different moisture levels (Mokrini et al. 2020) have strong influ-
ence on the infectivity of EPNs. In case of sandy loam soil, maxi-
mum mortality (%) of B. dorsalis were observed by all used
treatments. Sandy loam soil might be favourable in nematode
movement at 10–15 % moisture level (Mokrini et al. 2020). Similar
results was observed by (Kamali et al. 2013) H. bacteriophora and S.
carpocapsi exhibited different levels of mortality in Cucurbit fly,
Fig. 4. Interactive impact of various EPNs and
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Dacus ciliates (Diptera: Tephritidae) for different soil types by
changing the different environmental conditions. Soil moisture
level also significantly influenced the infectivity of EPNs against
mortality of fruit fly. In case of 12 % moisture level, all the tested
species of EPNs exhibited the maximum mortality of B. dorsalis
over all respective moisture levels.

Infesting fruit fly maggots move into the soil in the majority of
orchards during the winter or late summer, when temperatures are
too cool for EPNs application. EPNs may be placed beneath the
canopy of fruit trees in early spring, when adult flies emerge from
the soil at moderate temperatures (Shaurub et al., 2015), however
this fact deserves additional investigation since temperature
changes might alter the efficacy of EPNs and other biological con-
trol agents (Laznik and Trdan 2015). Because no single measure
sufficiently mitigates fruit fly damage, combination of cultural
management options and natural enemies may better reduce den-
sities of fruit flies. Numerous natural enemies (parasites, para-
sitoids, predators, and entomopathogens) of fruit flies have been
documented (Schliserman et al. 2016). Using EPNs in mango orch-
ards infested by fruit fly should control the fruit-to-soil life cycle
stages of the flies. Thus, studies are needed to establish the guiding
principles for the use of EPNs in fruit fly IPM for Pakistan mango
production.
5. Conclusions

In crux, study reveals that EPNs should be the part of IPM
because they exhibited efficient mortality of fruit fly at various
environmental conditions viz. temperature, moisture and soil
texture.
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