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Abstract: Fruit flies are among the most important group of pests causing economical losses by 

damaging fruits worldwide. They have countless economic significance in Pakistan due to their 

substantial losses. In current research entomopathogenic nematode (EPNs) and bacterial based 

spinosad was checked against melon fruit fly, Bactrocera cucurbitae under laboratory conditions. 

Different concentrations of nematodes and spinosad sole and in combination was applied on B. 

cucurbitae. Bacterial based spinosad was applied by dip method whereas nematodes were applied 

on the soil surface. Mortality data was checked against larvae, pupae and adults. Single and 

combine effect of EPNs and spinosad was also checked on fruit fly developmental time. Results 

showed that spinosad bacterial based concentrations cause maximum mortality against melon fruit 

fly as compared to nematode. While combine effect of spinosad and nematode mortality was 

increased gradually with increasing concentrations as compared to alone treatment. Our results 

conclude that nematode and bacterial based spinosad have a sound base for the effective 

management of fruit flies species. These results could be helpful for application of nematode and 

spinosad in Insect Pest Managements Programs.  
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1. Introduction 

Among vegetables bitter gourd, Momordica 

charantia L. is considered important part of 

agriculture product in Pakistan. This vegetable is 

grown worldwide with more importance in Asia like 

India, Sri Lanka, Bangladesh, and China as medicinal 

and nutritional vegetable (Rahman and Norton, 2019; 

Islam et al., 2017). The bitter gourd production is 

extremely effected by fruit flies species especially by 

Bactrocera  cucurbitae (Dipteran: Tephritidae), that 

cause huge economic losses in bitter gourd 

production (Khursheed and Raj, 2019). Fruit flies 

especially melon fruit fly (B. cucurbitae) has become 

most serious pest of cucurbits. While it has been 

reported in many countries like India, Myanmar, 

Malaysia, Thailand, China, Philippines, East Africa, 

Guam, Taiwan, Northern Mariana Islands, Solomon 

Islands, Papua Guinea, as well as in Hawaiian Island 

(Dominiak and Worsley, 2018; Hadapad et al., 2016).  

B. cucurbitae is widely distributed throughout the 

world with around 81 host plants as well as major 

pest of cucurbitaceous crops. The losses due to B. 
cucurbitae vary between 30-100 % based on crops 

and seasons (Dhillon et al., 2005).  Fruit flies have 

great importance with quarantine point of view, 

imposing strict regulations in developing countries 

while this species causes direct losses by infestation 

as well as indirect losses in export and import 

mailto:amento3762@hotmail.com
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commodities and decreases trade value (Badii et al., 

2015; Chen and Ye, 2007).   

The adults of B. cucurbitae deposit their eggs 

within fruit pulp by their sharp ovipositor as well as 

in plant tissues, young plants, seedlings and unopened 

flowers by making the plant sick and unable to grow 

well, and in extreme case, leading to death of plants 

(Kate et al., 2009). Hatched maggots feed on fruit 

pulp by making zigzag galleries, and promotes 

bacterial infections and fungal growths resulting in 

complete deterioration of fruit (Dominiak, 2018). 

Melon fly oviposition in upper sheath of fruits not 

only damages the fruits but also deteriorate their 

quality as well as economic value (Sapkota et al., 

2013). This economical important pest imposing 

serious threats to fruit industry and in trade values 

throughout the world (Hossain and Khalequzzaman, 

2018; Badii et al., 2015; Joomaye et al., 2000). 

Successful control of this fruit fly is a challenge 

because maggots feed inside the fruits and directly 

not exposed to pesticides or other suitable control 

techniques (Deguine et al., 2015; Devaraju et al., 

2018). Due to these faced problems the trend for 

control of fruit flies species now been changing to 

other suitable pest management tactics like use of 

biological control agents (Joseph et al., 2017; 

Klungness et al., 2005). Use of microbial agents as 

bio-pesticides is considered an effective management 

component for the control of fruit flies species 

(Quesada et al., 2012).  

Another microbes component, entomopathogenic 

nematodes (EPNs) are also a possible tools for 

managing fruit flies (Aatif et al., 2019; Gazit et al., 

2000). EPNs have been widely practiced for the 

control of agricultural pests with importance to fruit 

flies especially B. cucurbitae, Out of all EPNs 

Heterorhabditidae has achieved better importance 

(Ahmad et al., 2017; Joseph et al., 2017; Kapranas et 

al., 2020). EPNs have been practiced reproductively 

for the control of soil dwelling pests as well as for 

above ground insect pests in cryptic habitats (Arthers 

et al., 2004; Jaffuel et al., 2020; Shapiro-Ilan et al., 

2012). They have wide host range spectrum, causing 

mortality of the host within two days with long period 

efficacy, easy mass rearing and applications as well 

as considered environmentally safe  (Kaya, 1990). 

Insecticides especially the group 

organophosphates still the main components 

employed widely for the control of fruit flies as lethal 

baits (Borges et al., 2015). Microbial pesticides 

spinosyns relatively received more attention as they 

are less toxic to humans and environmentally safe. 

Spinosyns are selective for beneficial insects (Galm 

and Sparks, 2015; Shutze et al., 2018).  

Due to emerging issues by fruit flies outbreak 

current research was focused on biological 

management of B. cucurbitae by EPNs and spinosad. 

Mortality as well as effect of both bio-control agent 

on developmental time against melon fruit fly was 

also checked in single and in combinations. The result 

of this research will provide a sound base for 

effective IPM strategies. 

2. Materials and Methods 

2.1. Insect Culture 

Population of B. cucerbitae was maintained in 

Laboratory. The infected fruits by melon fruit fly 

were collected from the fields and were placed in the 

card boxes half filled with sieved and sterilized sand 

under optimal conditions 28±2 ºC, 65±5% RH and 

12:12 (Day: Light) photoperiod.  B. cucurbitae larvae 

were hatched out from fruit pulp, after completing 

their growth were going down to the ground sand for 

pupation. Then pupae were placed in the rearing 

cages till the adult emergence and placed in 

incubators without lighting under similar conditions 

of rearing room. All emerging adults were transferred 

to mating cages equipped with honey, protein, and 

sugar-water solution 5% in a small petri dish and dry 

sugar as well as pieces of cotton moistened with 

water as a source of protein for females and to 

improve the activity of mating of males. The eggs 

were collected from oviposition and placed them onto 

the artificial diet. The fruits after three days were 

transferred to card boxes, containing sterilized sand, 

for obtaining the next progeny and then this 

procedure was used to mass culture of melon fruit fly. 

2.2. Nematodes culture  

For rearing EPNs and promoting their strains 

nematodes were cultured on matured larvae of wax 

moth, Galleria mellonella L. as experienced by other 

researchers (Kaya and Stock, 1997). Killed larvae of 

wax moth were placed on white traps for the 

collection of emerging infective juveniles stages (IJs). 

Collected nematodes were shifted to petri dishes and 

wrapped with parafilm and stored at 10ºC.  

2.3. Experiment bioassay 

Experiment was subjected to perform in plastic 

cups (6 cm diameter, 4 cm height) each filled with 35 
g sterilized soil. Cup lids were modified with holes so 

that normal air can pass. This experiment was 
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conducted on 3 life stages of fruit fly i.e. larvae, 

pupae and adult. Around ten last instar larvae of fruit 

fly were placed in separate plastic containers while 

EPNs concentrations were 100 and 150 IJs/cm2. The 

EPN H. indica applied with the help of pipette 

(Kamali et al., 2013). After application of EPNs, 

larvae were placed in containers for settlement after 

that two concentrations of Spinosad (30 g and 40 g) 

were applied with glass stirring rod, and these 

treatments are used alone and combined form. Ten to 

nine days old pupae and ten adults were used in 

separate containers while control treatments received 

water only. Each treatment consisted of five replicates 

and whole experiment was repeated three times. First 

mortality data was taken after 7 days of applications 

in both alone and combined treatments and then taken 

on a daily basis continuing up to 14 days. Seven days 

after treatment, soil was sieved and dead insects were 

counted. Same treatments was applied to check their 

effect on developmental time against melon fruit fly, 

B. cucurbitae. The laboratory conditions were 

maintained at 25±1°C, 62±5 % RH and 16:8 (Light: 

Dark) photoperiod (Beris et al., 2013). There were no 

differences resulted in day night temperature. 

2.4. Statistical analysis 

Mortality rate caused by nematodes and spinosad 

subjected to analyze with One way Analysis of 

Variance (ANOVA) using analytical software 

(Statistix 8.1, SPSS 16.0) in Complete Randomized 

Design (CRD). When results was significant, 

comparisons among means were made using Tukey 

test at 5% significance level. Excel sheet (2016) was 

used to draw tables and concluding data. 

3. Results and Discussion 

Results of research concluded that the applied 

concentrations of bio-pesticide spinosad and 

nematode H. indica showed significant effects against 

pupae, adult and larvae in alone and in combinations 

against B. cucurbitae. These both bio-control agents 

H. indica and bacterial based spinosad used in 

experiment also showed the significant effect on the 

developmental stages of B. cucurbitae and the table 

of analysis of variance of mortality and 

developmental stages data of B. cucurbitae revealed 

significant differences between different treatments.  

3.1. Effect of bio-control agents against larval 

mortality of B. cucurbitae 

Significant difference was observed in third instar 
larval mortality of B. cucurbitae when treated with 

different concentrations of spinosad and nematode. 

Spinosad caused higher mortality as compared to H. 

Indica: as their maximum concentrations (Table 1). 

The mortality of larvae increased as the concentration 

of treatments increased. When treatments applied 

alone I2 (40mg /30g sand) caused maximum mortality 

(62.59%) followed by I1 (30mg /30g sand) caused 

maximum mortality (52.59%), which are in 

agreement with the findings of Boiteau and Noronha 

(2007).  Moreover, direct spray applications killed 

flies quickly, consistent with the study in other insects 

comparing topical versus residual toxicities spinosad, 

which perform as a nicotinic acetylcholine receptors 

(Brown 2006). While nematodes Hi1 (100 IJS cm-2) 

caused maximum mortality (42.53%) and Hi2 (150 

IJS cm-2) caused maximum mortality (45.55 %). 

While the combined application of both agents yield 

maximum mortality as compared to alone treatments 

(Table 1). 

In combined applications maximum mortality was 

observed against highest concentrations of both 

agents (85.92 %) followed by (76.12 %), (74.45%) 

and (67.78 %). Overall more mortality (85.92%) 

caused in larval stage because it’s more susceptible 

stage. Fruit flies maggots are fully active and often 

moves around, which may provide EPNs and 

spinosad a greater possibility to be exposed without 

more struggles. Results of larval mortality with EPNs 

relate with other researchers to their EPNs efficacy to 

fruit flies (Lezama-Gutierrez et al., 2006), R. 

indifferens (Yee and  Lacey, 2003 and Sirjani et al. 

2009) which also showed higher susceptibility of fruit 

fly larvae. Larval duration increased as concentration 

of treatment were increased and larval survival 

percentage decreased, mean larval survival 

percentage from 82.95% to 32.80%. (Table 4).   

Table 1. Mean mortality of B. cucurbitae larvae 

exposed to two different concentrations of H. indica 

and Spinosad. 

Treatments Mortality (%±SE) 

Hi1‒ H. indica (100 IJs) 42.53 ± 2.30e 

Hi2‒ H. indica (150 IJs) 45.55 ± 2.94e 

SP1‒ Spinosad (30 mg) 52.59 ± 1.74de 

SP2‒ Spinosad (40 mg) 62.59 ± 2.45cd 

Hi1+SP1 67.78 ± 1.65bc 

Hi1+SP2 74.45 ± 2.53ab 

Hi2+SP1 76.12 ± 2.49ab 

Hi2+SP2 85.92 ± 2.96a 

Control 19.22±3.14 

Means sharing different letters are significantly different at 

5% interval (P < 0.05, Tukey HSD test); Hi: 

Heterorhabditis indica; SP: Spinosad. 
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The stage of insect development has a significant 

effect on vulnerability to EPNs (Kaya and Hara, 

1980). In general, reduction in adult longevity, 

oviposition, egg hatching, fecundity.  Gazit et al. 

(2000) also reported similar results when checked 

different nematodes species against C. capitata. 

Laborda et al. (2003) and Koppler et al. (2004) 

reported less activity of EPNs against pupae of fruit 

fly C. capitata and R. cerasi, respectively. 

3.2. Effect of bio-control agents against pupal 

mortality of B. cucurbitae 

Significant difference was observed in pupal 

mortality of B. cucerbitae when treated with different 

concentrations of spinosad and nematode. When 

treatments applied alone I2 (40mg /30g sand) caused 

maximum mortality (54.26 %) followed by I1 (30mg 

/30g sand) caused maximum mortality (45.74 %), Hi1 

(100 IJS cm-2) caused maximum mortality (33.15 %) 

and Hi2 (150 IJS cm-2) caused maximum mortality 

(42.22 %) (Table 2). Hard integument of the pre-

pupae which prevents EPNs penetration through the 

puparium. According to Barbosa-Negrisoli et al. 

(2009) pupa stage of A. fraterculus was susceptible to 

some EPNs species, including S. riobrave and H. 

bacteriophora. Radhakrishnan and Shanmugam 

(2017) reported that by increasing the concentrations 

of H. indica and S. glaseri, mortality were also 

increased in S. litura. In their study H. indica reported 

to be more effective under pot culture conditions. 

While the combined application of both agents yield 

maximum mortality as compared to alone treatments. 

Negrisoli et al. (2010) reported that mortality of the 

pre-pupae of S. frugiperda was significantly different 

when treated with insecticide and EPNs as compared 

single applications of EPNs. 

Table 2. Mortality of B. cucurbitae pupae exposed to 

different concentrations of H. indica and Spinosad. 

Treatments Mortality (%±SE) 

Hi1 33.15 ± 2.73f 

Hi2 42.22 ± 2.67ef 

SP1 45.74 ± 2.02de 

SP2 54.26 ± 2.02cd 

SP1 + Hi1 57.59 ± 1.69bc 

SP1 + Hi2 66.11 ± 2.00ab 

SP2 + Hi1 69.45 ± 2.64a 

SP2 + Hi2 76.11 ± 2.49a 

Control 17.23±4.14 

Means sharing different letters within each columns are 

significantly different at 5 %   interval (P < 0.05, Tucky 

HSD test). Hi1‒ Heterorhabditis indica (100 IJs); Hi2‒ 

Heterorhabditis indica (150 IJs); SP: Spinosad; S1‒ 

Spinosad (30 mg); S2‒ Spinosad (40 mg). 

Table 3. Mortality of B. cucurbitae larvae exposed to 

different concentrations of H. indica and Spinosad. 

Treatments Mortality (%±SE) 

Hi1 30.18 ± 2.85f 

Hi2 35.55 ± 2.05ef 

SP1 42.40 ± 1.68de  

SP2 52.59 ± 1.74cd 

SP1 + Hi1 54.07 ± 2.77bc 

SP1 + Hi2 64.26 ± 2.65ab 

SP2 + Hi1 65.92 ± 2.64a 

SP2 + Hi2 72.78 ± 2.34a 

Control 18.12±2.14 
Means sharing different letters within each columns are 

significantly different at 5 %   interval (P < 0.05, Tucky HSD 

test). Hi1‒ Heterorhabditis indica (100 IJs); Hi2‒ 

Heterorhabditis indica (150 IJs); SP: Spinosad; S1‒ Spinosad 

(30 mg); S2‒ Spinosad (40 mg). 

3.3. Effect of bio-control agents against adult 

mortality of B. cucurbitae 

The mortality rate of adult fruit flies was increased 

as the concentration of treatments increased (Table 3). 

Varying interactions between insecticides and 

pathogens, like chlorpyrifos have been reported 

(Koppenhofer and Grewal 2005, Shapiro-Ilan et al. 

2011). Alone I2 (40mg /30g sand) caused maximum 

mortality (52.59 %) followed by I1 (30mg /30g sand; 

mortality 42.40 %), Hi1 (100 IJs cm-2; mortality 

30.18 %) and Hi2 (150 IJs cm-2; mortality 35.55 %). 

While the combined application of both agents yield 

maximum mortality as compared to alone treatments.  

Results showed that the EPNs species and 

insecticide concentrations as well as their mixtures 

had more to be effective on the pupae. In combined 

application maximum mortality was observed against 

highest concentrations of both agents (76.11 %) 

followed by (SP2 + Hi1; 69.45 %), (SP2 + Hi1; 66.11 

5%) and (SP1 + Hi1; 57.59 %). All combinations 

exhibited synergistic interaction. Combine infectivity 

of H. indica and spinosad presented an additive effect 

(Table 2). Mean pupal survival percentage ranged 

from 50.01% (Hi1) to 13.89% (SP2 + Hi2) and in 

control (74.73%). Guo et al. (2016) showed an 

additive effect of combinations of H. bacteriophora 

with imidacloprid and chlorantraniliprole on second 

instars larvae of H. oblita, causing higher mortality 

than the nematode species or insecticides alone. High 

concentrations of the insecticides with nematodes, 

strongest synergistic effects were found. In combined 

application maximum mortality was observed against 

highest concentrations of both agents (SP2 + Hi2; 

72.78 %) followed by (SP2 + Hi1; 65.92 %), (SP1 + Hi2; 
64.26 %) and (SP1 + Hi1; 54.07 %). 
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Table 4. Effect of Spinosad and nematode, H. indica on the development of melon fruit fly, B. cucurbitae.  

Treatments Adult 

longevity 

(days) 

Eggs/ 

female/ 

days 

Egg 

hatching 

%age 

Fecundity Pre-

Oviposition 

period 

(days) 

Larval 

duration 

(days) 

Larval 

Survival 

%age 

Pupal 

Duration 

(days) 

Pupal 

Survival 

%age 

Hi1 44.21 de 

±0.57 

21.48b 

±1.52 

64.11bc 

±0.98 

193.4b 

±1.61 

11.11 

±1.61 

11.12 

±0.71 

57.1cd 

±2.31 

12.33bc 

±1.23 

50.01c 

±1.81 

Hi2 41.92d 

±0.75 

18.51bc 

±1.38 

71.34b 

±0.89 

186.8bc 

±1.39 

14.09 

±1.44 

13.23 

±1.42 

51.4de 

±1.97 

14.01bc 

±1.77 

41.12d 

±1.66 

SP1 33.89e 

±1. 23 

16.41bc 

±1.34 

57.0c 

±1.26 

174.1bc 

±1.43 

15.46 

±1.12 

9.45 

±0.33 

67.1b 

±1.46 

10.30cd 

±1.51 

59.11b 

±2.11 

SP2 29.66cde 

±1.14 

14.91cd 

±1.21 

48.23cd 

±1.49 

163.3cd 

±1.33 

17.33 

±2.41 

10.20 

±1.12 

60.3bc 

±2.09 

11.02cd 

±1.13 

53.20bc 

±1.91 

SP1 + Hi1 28.71 c 

±1.11 

13.1de 

±2.51 

34.02e 

±2.12 

159.2cd 

±1.29 

19.93 

±1.06 

14.95 

±1.18 

48.1de 

±1.39 

16.19ab 

±2.27 

31.32e 

±1.44 

SP1 + Hi2 26.21 c 

±2.02 

11.47ef 

±0.47 

27.46ef 

±1.01 

151.9ef 

±2.20 

21.21 

±1.21 

16.45 

±1.69 

44.3de 

±2.12 

17.41ab 

±0.92 

25.43ef 

±1.23 

SP2 + Hi1 23.56ab 

±0.99 

9.56ef 

±2.22 

23.05fg 

±0.89 

142.4ef 

±0.99 

23.22 

±2.89 

17.89 

±1.29 

35.9ef 

±2.03 

19.33a 

±0.73 

20.22g 

±0.17 

SP2 + Hi2 20.45a 

±0.79 

7.38efg 

±0.67 

19.21fg 

±0.69 

135.2fd 

±2.09 

29.56 

±1.71 

19.92 

±1.63 

29.0fg 

±1.71 

21.21a 

±0.21 

13.89h 

±1.11 

Control 54.12f 

±1.19 

27.45a 

±1.59 

89.01a 

±1.47 

300.1a 

±1.23 

9.79 

±1.24 

8.67 

±1.09 

81.8a 

±2.56 

9.02e 

±1.12 

74.73a 

±1.67 

Means sharing different letters within each columns are significantly different at 5 %   interval (P < 0.05, Tucky 

HSD test). Hi1‒ Heterorhabditis indica (100 IJs); Hi2‒ Heterorhabditis indica (150 IJs); SP: Spinosad; S1‒ Spinosad 

(30 mg); S2‒ Spinosad (40 mg). 

According to Zimmerman and Cranshaw (1990) 

which  reported high levels toxicity of chlorpyrifos to 

S. feltiae but with less toxicity to S. carpocapsae and 

heterorhabditid. Negrisoli et al. (2010) reported 

coaction between nematodes (S. glaseri and H. indica) 

with chlorpyrifos when targeting armyworm, S. 

frugiperda. According to Jiang and Feng (2006) long 

term compatibility between two agents (chlorpyrifos 

and the fungus), were observed as well as synergistic 

interaction between imidacloprid and white grubs. 

Koppenhofer et al. (2000) checked that the 

mechanisms laid to reduced pests activity because of 

the chemical, which allowed the nematode to 

overcome the insect’s defenses. 

3.4. Effect of bio-control agents against 

developmental time of B. cucurbitae 

For the first time the effect of nematodes and 

bacterial based spinosad was checked against 

developmental time of B. cucurbitae. When nematode 

H. indica and spinosad was applied in single doses 

the spinosad showed high infection rate which 

reduced the adult longevity, eggs laying capacity, 

eggs hatching percentage, fecundity rate, larval 

duration, pupal duration while nematodes also 

showed same results with little differences. Pupal 

survival, larval survival and pre-oviposition period 

was increased in spinosad treatments, which was 

observed low in nematodes.  

In combine treatments spinosad and nematode 

with highest concentration (40g, 150IJs) showed 

gradually highest effect as compared to other treated 

combinations. While control treated with distilled 

water showed highest developmental rate. According 

to current results it was suggested that combination of 

nematodes and insecticides can provide a best control 

strategy as compared to others. This was first time 

study who reported these results, due to this it was 

becomes difficult to compare with other studies. 

However we want to compare our results with Guo et 

al. (2017); Khan et al. (2018) and Heve et al. (2017) 

who did some aspects of our current research and got 

significant results as compared to our study. 

According to reviews, and current research it is 

suggested that the best approaches to counteract with 

fruit flies is to use combined treatments of nematodes 

and bacterial based spinosad, which could provide 

effective results, and might be helpful at farmer level. 

5. Conclusion  

Present research was focused to control fruit flies 

species especially melon fruit fly with appropriate 

management tactics. In the past researchers largely 

considered pesticides applications for control of fruit 

flies, but unfortunately due to multiple application 

these pests has developed resistance against certain 

types of organophosphates. Broad spectrum 
applications of pesticides also imposed some global 

warming threats including human’s health issues. 
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Under such circumstances current research was 

focused to control fruit flies species biologically 

rather than excessive pesticide application. Present 

research was based on use of EPNs with combination 

of bacterial based spinosad for successful control of 

fruit flies. Fruit flies larvae, pupae and adults was 

exposed to combine and single treatments of both 

currently applied bio-control agents. Effect of these 

both bio-control agents was also evaluated on the 

development of fruit flies. Obtained results suggested 

that both bio-control agents showed significant 

control of B. cucurbitae with expected mortalities. 

Bacterial based spinosad was observed more toxic 

than EPNs. In combined applications of both bio-

control agents significant results were obtained with 

causing maximum mortalities. As concentration was 

increased mortality rate was also increased. This 

research provides an environmentally safe fruit flies 

control technique. This research could provide a 

sound base for the effective management of fruit flies 

species. 
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