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Abstract 

Background  Bactrocera dorsalis (Hendel) poses a significant threat to global fruit production and quality, includ-
ing in Pakistan, where it causes substantial losses. Traditional control methods have heavily relied on the indiscrimi-
nate and imprudent use of insecticides, leading to challenges such as insecticide resistance, environmental pollution, 
fruit contamination, and health risks. This study explores the insecticidal potential of seven selected botanicals: Artemi-
sia vulgaris L., Capparis spinosa L., Mentha longifolia, Mentha piperita, Peganum harmala, Eucalyptus globulus, and Callis-
temon viminalis, each at three different concentrations (10mL, 20mL, and 30mL), against Bactrocera dorsalis (B. dorsalis). 
Two in vitro experiments involving the application of plant extracts mixed with protein bait and direct spray were 
conducted.

Results  Both experimental results demonstrated a direct correlation between the concentration of plant extract 
and the mortality of B. dorsalis. In the plant extract mixed with protein bait, results recorded after 96 h at 10 mL 
ranged from 8.667 ± 1.52–47.000 ± 3.00, at 20 mL from 18.667 ± 1.52–53.667 ± 6.02, and 30 mL from 26.000 ± 5.29- 
67.667 ± 2.08. Meanwhile, for direct spray, mortality ranged from 2.333 ± 1.15–32.333 ± 6.80 at 10 mL, 1.000 ± 1.00–
42.667 ± 7.02 at 20 mL, and 9.667 ± 2.30–61.333 ± 8.50 at 30 mL, respectively. The plant species exhibiting the high-
est toxic potential against the respective pests was C. viminalis, followed by A. vulgaris L. In contrast, the least toxic 
effect was observed in Eucalyptus globulus at all concentrations. The highest mean mortality and repellence % 
were recorded in C. viminalis and E. globulus in both experimental trials. The results revealed the highest efficacy 
of C. viminalis with an LC50 value of 9685.15 and 19,909.11 ppm, for the extract mixed with protein bait and sprayed, 
was obtained, respectively, the most toxic to the pest followed by the extracts E. globulus and C. spinosa L.

Conclusion  Based on our experimental results, it is concluded that C. viminalis and A. vulgaris L. are an effective alter-
native for the management of B. dorsalis.
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Background
Fruit flies are recognized as serious pests, with the annual 
cost of infestation estimated to be in the range of 1300–
1900 million USD (Enkerlin, 2021). In Pakistan, multiple 
fruit fly species, including Bactrocera and Drosophila, 
have been reported attacking various fruits, particularly 
mangoes and guavas. The global rejection of mango 
export shipments poses a significant economic threat 
(Khan et  al., 2017). Fruits hold paramount importance 
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globally, both nutritionally and economically, serving 
local consumption and export purposes.

Apricots (Prunus armeniaca L.) are a staple fruit in 
Gilgit-Baltistan (GB), cultivated across all ten districts 
(Akhtar & Khan, 2014; Akram et  al., 2023). However, 
apricots are susceptible to pest infestations, which lead 
to reduced productivity and substantial monetary losses. 
The apricot fruit fly (Akram et al., 2023) stands out as one 
of the most destructive insects globally, particularly in 
GB. B. dorsalis (Hendel) is an extremely invasive species, 
posing a significant quarantine risk worldwide (Akram 
et al., 2023; CABI, 2019). This pest targets over 250 dif-
ferent types of fruits and vegetables (CABI, 2019; David 
& Ramani, 2011), causing damage levels of up to 100% in 
unprotected fruits like apples (Malus domestica), apri-
cots (P. Armeniaca L.), nectarines (Prunus persica var. 
nucipersica), pears (Pyrus communis), peaches (Prunus 
persica), and quinces (Cydonia oblonga) (Akram et  al., 
2023; David & Ramani, 2011; USDA, 2016).

Chemical insecticides (Malathion, Methomyl, and 
Pyrethroids) have been the primary means of controlling 
B. dorsalis since the middle of the last century (Skouras 
et al., 2007; Wang et al., 2023). Recently, "attract and kill" 
tools for fruit flies, utilizing food lures (protein baits) 
or semi-chemicals combined with an insecticide, have 
emerged as a novel control strategy in tephritid Inte-
grated Pest Management (IPM). This approach is par-
ticularly applicable to limited apricot tree canopy areas, 
offering a selective method that primarily affects the tar-
get tephritid pest while minimizing impacts on non-tar-
get species (Gregg et al., 2018; Papadopoulos et al., 2023).

Traditionally, organophosphates like dimethoate and 
fenthion were incorporated into tephritid baits (Rizzo 
et al., 2020), known for their documented negative effects 
on beneficial insects (Inskeep, 2022). The adverse impacts 
of excessive pesticide use on human health (e.g., sting-
ing eyes, rashes, blisters, blindness, nausea, dizziness, 
diarrhea, and even death) have been underscored (Shah, 
2020), as well as its environmental consequences, includ-
ing a decrease in overall soil biodiversity (Mahmood 
et al., 2016). Furthermore, it can lead to the development 
of cross- and multi-resistance in targeted insect popula-
tions (Sparks & Nauen, 2015). In response to these con-
cerns, recent "attract and kill" initiatives have shifted 
towards replacing synthetic pesticides with environmen-
tally friendly natural active ingredients, such as spinosad 
(Boulahia-Kheder, 2021).

There is a growing interest in environmentally friendly 
management measures, encompassing the utilization of 
mineral products like clay and copper (Thakur & Gupta, 
2016), as well as natural products such as biopesticides 
like abamectin, imidacloprid, and diazinon (El-Gendy 
et al., 2021; Pavela & Benelli, 2016). Recent studies have 

highlighted the antifungal, antimicrobial, cytostatic, 
and insecticidal properties of plant essential oils (EOs) 
(Miresmailli & Isman, 2014).

Essential oils are natural mixtures of compounds with 
low molecular weight, volatility, and lipophilic nature 
found in various plant families, including Asteraceae, 
Apiaceae, Lamiaceae, Myrtaceae, Lauraceae, and Ruta-
ceae, exhibiting significant insecticidal action (Pavela 
et  al., 2019). Moreover, many of these natural products 
are considered safe by the US FDA (Food and Drug 
Administration) and EPA (Environmental Protection 
Agency). As a result, some of these essential oils hold 
promise for the development of real-world insecticides 
(Isman, 2020; Miresmailli & Isman, 2014).

While the potential of essential oils (EOs) as sources of 
green pesticides for practical applications against various 
arthropods of agricultural importance (primarily aphids 
and moths) and those relevant to public health (primar-
ily mosquitoes and ticks) has been thoroughly explored 
(Benelli & Pavela, 2018a, 2018b; Stevenson et al., 2017), 
our understanding of their effectiveness against tephritid 
species remains incomplete. The insecticidal activity of 
EOs has been primarily studied against the Mediterra-
nean fruit fly, Ceratitis capitata (Wiedemann) (Diptera: 
Tephritidae) (Ghabbari et  al., 2018), with limited infor-
mation available for the olive fruit fly (Bactrocera oleae) 
(Canale et al., 2013), and other Bactrocera flies (El-Min-
shawy et al., 2018).

Recent research has emphasized the potential utility 
of EOs as sources of chemicals for attracting and killing 
control efforts (Barud et  al., 2014; Canale et  al., 2013; 
Malheiro et al., 2015). Based on this premise, in the pre-
sent study, we selected plant extracts obtained from 
seven plant species. The herbs included Mugwort (Arte-
misia vulgaris L.), Caper (Capparis spinosa L.), Horsem-
int (Mentha longifolia), Peppermint (Mentha piperita), 
and Wild rue/Harmel (Peganum harmala). Meanwhile, 
the shrubs Southern blue gum (E. globulus) and Bot-
tlebrush (C. viminalis) yielded intriguing outcomes for 
potential usage as natural pesticides in the future. These 
have been recently reported on various insect pests and 
vectors (Abbas and Nisar, 2020; Ahmad et al., 2023; Akter 
et  al., 2021; Alkhaibari & Alanazi, 2022; El Amin et  al., 
2022; Gao et  al., 2020; Mazumder et  al., 2022; Nassar, 
2019; Rekioua et al., 2022).

Furthermore, obtaining plant extracts from commer-
cially grown crops could offer a cost-effective means of 
production. Given the aforementioned considerations, 
the objective of this study was to assess the effectiveness 
of extracts from A. vulgaris L., C. spinosa L., M. longifo-
lia, M. piperita, P. harmala, E. globulus, and C. viminalis 
as insecticides against B. dorsalis. The leaf extracts from 
these seven plants were incorporated into protein bait 
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and applied through spraying. Laboratory ingestion bio-
assays were then conducted to evaluate their insecticidal 
activity against B. dorsalis adults.

Methods
Plant material
Leaves from the plants A. vulgaris L., C. spinosa L., M. 
longifolia, M. piperita, and P. harmala were collected 
from Barkulti Yasin (36°28′56’N; 37°23′39″ E, 2442  M) 
village in Ghizer District. Meanwhile, leaves from E. 
globulus and C. viminalis were sourced from Karako-
ram International University (35°55′33’N; 74°21′52″ E, 
1483 M), GB, in June 2022. These plants are widely avail-
able in GB, Pakistan.

Plant extract extraction and filtration
Plant leaves were air-dried in the shade for three months. 
The dried plant leaf material was then ground to a pow-
der using an electric grinder. Subsequently, 500  g of 
the dried plant leaves was soaked overnight with 2L 
of distilled water in a 5-L round flask and boiled for 
approximately 2  h. Metabolites were extracted at room 
temperature using a soaking process with the organic sol-
vent methanol (Khan et al., 2016; Padin et al., 2013). The 
solvent layer was filtered with Whatman No.1 filter paper 
after 2  days, and this process was repeated three times. 
The filtrate was concentrated at 35  °C using a rotary 
evaporator, and the resulting extracts were stored at 4 °C.

Fruit fly rearing
The fruit flies were obtained from the Integrated Pest 
Management (IPM) laboratory of the Department of 
Agriculture, Government of GB. Adults of both sexes 
were placed inside plastic boxes (30 × 30 x 45  cm) and 
placed in a climatic room at 21 ± 1  °C with a 16:8 (L/D) 
photoperiod. Flies were fed and reared with an aque-
ous solution of artificial protein bait weighing a total of 
500  mL (by volume). The bait was formulated with egg 
yolk (50  g), banana (250  g), leader syrup (0.2–0.4  mL), 
yeast (1  g), honey (∼ 4.2  g), sugar (50  g), and distilled 
water, which were blended in an electric blender to form 
a uniform paste (Hasnain et al., 2023; Khan et al., 2016; 
Rizzo et al., 2020).

Ingestion toxicity bioassays
Bioassays were conducted using groups of 90 adults 
of both sexes, randomly selected from the main rear-
ing cages and aged between 10–15  days. The flies were 
placed inside transparent plastic boxes measuring 
15 × 15x20cm, with a thin mesh on top for air exchange, 
following the protocol outlined by Benelli et  al. (2012) 
and Canale et  al. (2013). Fruit flies were provided with 

various concentrations (10, 20, and 30  mL/1000  mL) of 
the tested extracts mixed with protein bait and sprayed.

To prevent insect drowning, a small dish of sterile cot-
ton wool soaked with water was placed inside a plastic 
petri dish, and both were positioned within each plas-
tic box. Protein baits were mixed with the tested extract 
concentrations at 10, 20, and 30  mL. Three replicates 
were maintained for each concentration, and data were 
recorded at 24-h intervals, following the methodology 
described by Khan et al. (2016). All tests were conducted 
in a climatic room with a photoperiod of 16:8 (L/D) and a 
temperature of 21 ± 1 °C (Rizzo et al., 2020).

Data analysis
The study employed a completely randomized design 
(CRD), with each treatment divided into three replicates. 
The formula used to determine percent repellence was as 
follows:

where R represents repellence, A represents half of the 
number of flies settled on both treated and untreated 
diets, and B represents the number of flies settled on the 
treated diet (Khan et al., 2016; ur Rehman et al., 2009).

Differences in mortality and repellence induced by dif-
ferent plant extracts were analyzed using one-way analy-
sis of variance (ANOVA), and complementary pairwise 
comparisons of means were made using Tukey’s HSD test 
(p < 0.05). All statistical evaluations were performed using 
Statistix 8.1 software. Statistical analysis after the experi-
mental mortality was corrected using Abbott’s formula 
(1925). Whereas, using probit analysis, the ingestion LC50 
and its associated 95% confidence interval (CI) and Chi-
squares were calculated (Finney, 1978).

where C represents the control, X represents % living in 
the check, Y represents % living in the treatment, and 
X–Y represents the % killed by the treatments.

Results
The seven leaf extracts tested in this study demonstrated 
significant insecticidal activity against B. dorsalis when 
incorporated into protein baits and sprayed (Tables  1, 
2, 3, and 4). Figures 1 and 2 reveal a positive linear rela-
tionship between the concentrations of extracts and 
the % mortalities of the fruit flies in both experiments. 
However, an inverse effect was observed between the 
increases in concentration and % repellence.     

Significant effects of the tested extracts of A. vulgaris 
L., C. spinosa L., M. longifolia, M. piperita, P. harmala, 
E. globulus, and C. viminalis, their concentrations (10, 

%R = [1/2 (A− B)/A]× 100,

%C = X−Y /X × 100,
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20, and 30  mL/1000  mL), and the interaction of the 
tested extract consent were observed. The % mortal-
ity and repellence were recorded at 24, 48, 72, and 96 h 
post-treatment.

B. dorsalis mortality in plant extract mixed with protein 
bait
The highest efficacy was achieved by testing the concen-
tration of 10-30 mL (10–30%) extract mixed with protein 

bait from C. viminalis, ranging from 47.000 ± 3.00B−D-
67.667 ± 2.08A (52.22–75.18%) after 96 h. In contrast, the 
least efficacy was recorded in E. globulus within the range 
of (8.667 ± 1.52I-26.000 ± 5.29F−H) with a mean mortality 
% range of (9.62–28.88%) at the end of the experiment.

The other extracts demonstrated efficacy within 
ranges, such as A. vulgaris L. (29.62–59.25% 
with a range of 26.667 ± 5.77F−H-53.333 ± 7.63B), 

Table 1  Toxic potential of botanical extracts mixed with protein baits against adults of Bactrocera dorsalis 

Mean mortality ± SD within a column followed by the same letter does not differ significantly (ANOVA followed by Tukey’s HSD test, p < 0.05). Each value is the mean of 
3 replications with 90 insects per replicate

Plant extract(10 ml) mixed with diet

Treatments 24H (Mean. M ± SD) 48H (Mean. M ± SD) 72H (Mean. M ± SD) 96H (Mean. M ± SD)

Artemisia vulgaris L 3.333 ± 5.77BC 16.667 ± 5.77A−E 23.333 ± 5.77B−F 26.667 ± 5.77F−H

Capparis spinosa L 0.00 ± 0.00A 12.667 ± 2.51B−E 17.333 ± 2.51D−G 18.667 ± 1.52HI

Mentha longifolia 0.000 ± 0.00A 20.667 ± 1.15A−E 30.667 ± 2.08B−E 36.333 ± 4.72C−F

Mentha piperita 0.00 ± 0.00A 12.667 ± 3.78B−E 19.333 ± 0.57C−G 25.000 ± 5.00GH

Peganum harmala 1.333 ± 1.52BC 4.333 ± 3.78DE 11.333 ± 1.52FG 16.667 ± 3.51HI

Eucalyptus globulus 1.000 ± 1.73C 2.667 ± 3.05E 4.000 ± 4.58G 8.667 ± 1.52I

Callistemon viminalis 10.667 ± 9.29A−C 17.000 ± 15.13A−E 27.333 ± 15.30B−F 47.000 ± 3.00B−D

Table 2  Toxic potential of botanical extracts mixed with protein baits against adults of Bactrocera dorsalis 

Mean mortality ± SD within a column followed by the same letter does not differ significantly (ANOVA followed by Tukey’s HSD test, p < 0.05). Each value is the mean of 
3 replications with 90 insects per replicate

Plant extract (20 mL) mixed with diet

Treatments 24H (Mean. M ± SD) 48H (Mean. M ± SD) 72H (Mean. M ± SD) 96H (Mean. M ± SD)

Artemisia vulgaris L 6.667 ± 5.77A−C 18.333 ± 2.88A−E 31.667 ± 10.40A−E 40.000 ± 13.22C−E

Capparis spinosa L 3.000 ± 3.00BC 10.667 ± 2.08 C−E 20.333 ± 2.51C−G 27.333 ± 2.51F−H

Mentha longifolia 12.000 ± 2.64A−C 26.000 ± 3.60A−C 33.333 ± 3.51A−D 47.333 ± 2.51BC

Mentha piperita 12.333 ± 2.51A−C 20.667 ± 4.04A−E 26.667 ± 6.50B−F 36.000 ± 3.60D−G

Peganum harmala 3.667 ± 6.36BC 7.667 ± 8.02DE 16.000 ± 6.08D−G 22.667 ± 6.65H

Eucalyptus globulus 2.667 ± 2.51BC 5.000 ± 4.35DE 13.667 ± 3.51E−G 18.667 ± 1.52HI

Callistemon viminalis 11.333 ± 11.01A−C 21.000 ± 9.84A−D 34.333 ± 3.78A−D 53.667 ± 6.02B

Table 3  Toxic potential of botanical extracts mixed with protein baits against adults of Bactrocera dorsalis 

Mean mortality ± SD within a column followed by the same letter does not differ significantly (ANOVA followed by Tukey’s HSD test, p < 0.05). Each value is the mean of 
3 replications with 90 insects per replicate

Plant extract (30 mL) mixed with diet

Treatments 24H (Mean. M ± SD) 48H (Mean. M ± SD) 72H (Mean. M ± SD) 96H (Mean. M ± SD)

Artemisia vulgaris L 18.333 ± 2.88A 30.000 ± 5.00AB 41.667 ± 7.63AB 53.333 ± 7.63B

Capparis spinosa L 13.667 ± 3.21AB 21.667 ± 2.88A−D 26.333 ± 3.21B−F 27.333 ± 2.51F−H

Mentha longifolia 13.333 ± 3.51A−C 30.000 ± 8.88AB 41.667 ± 7.37AB 56.000 ± 3.60B

Mentha piperita 18.333 ± 2.88A 26.333 ± 3.51A−C 37.000 ± 3.00A−C 47.000 ± 2.64B−D

Peganum harmala 4.000 ± 4.58BC 14.000 ± 3.46AE 28.000 ± 2.64B−F 35.667 ± 3.78E−G

Eucalyptus globulus 4.000 ± 3.60BC 11.333 ± 2.30C−E 18.667 ± 3.21C−G 26.000 ± 5.29F−H

Callistemon viminalis 17.000 ± 6.08A 32.000 ± 10.44A 50.333 ± 9.07A 67.667 ± 2.08A
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C. spinosa L. (20.74–30.37% with a range of 
18.667 ± 1.52HI-27.333 ± 2.51F−H), M. longifolia (40.3–
62.22% with a range of 36.333 ± 4.72C−F-56.000 ± 3.60B), 
M. piperita (27.77–40% with a range of 25.000 ± 5.00GH-
47.000 ± 2.64B−D), and P. harmala (18.51–39.62% with a 
range of 16.667 ± 3.51HI-35.667 ± 3.78E−G) of mortality, 
as shown in Tables 1, 2, and 3 and Fig. 1.

B. dorsalis mortality in plant extract sprayed
The highest and lowest mortality ranges for the direct 
spray method of the extracts were observed for the 
10–30% (10-30 mL) concentration of C. viminalis, rang-
ing from (32.333 ± 6.80B-61.333 ± 8.50A) with the mean 
mortality percentage range of 35.29–68.14% at 10 and 
30% concentration of the extract. In contrast, E. globu-
lus showed 2.59–10.74% mean % mortality with the 

Table 4  Toxic effect of different concentrations of botanical extracts spray on adults of Bactrocera dorsalis 

Mean mortality ± SD within a column followed by the same letter does not differ significantly (ANOVA followed by Tukey’s HSD test, p < 0.05). Each value is the mean of 
3 replications with 90 insects per replicate

Plant extracts (10 mL) sprayed

Treatments 24H (Mean. M ± SD) 48H (Mean. M ± SD) 72H (Mean. M ± SD) 96H (Mean. M ± SD)

Artemisia vulgaris L 21.667 ± 2.88BC 24.333 ± 5.13B 31.000 ± 4.00C 34.000 ± 5.56B

Capparis spinosa L 0.0000 ± 0.00E 2.333 ± 1.15C 3.667 ± 1.15DE 9.3332.51CDE

Mentha longifolia 0.0000 ± 0.00E 2.667 ± 0.57C 3.667 ± 0.57DE 6.667 ± 1.15C−E

Mentha piperita 0.0000 ± 0.00E 1.333 ± 1.52C 4.000 ± 3.46DE 5.000 ± 3.60DE

Peganum harmala 0.0000 ± 0.00E 0.333 ± 0.57C 0.667 ± 0.57E 2.333 ± 0.57E

Eucalyptus globulus 0.0000 ± 0.00E 0.333 ± 0.57C 2.000 ± 1.00E 2.333 ± 1.15E

Callistemon viminalis 17.333 ± 4.61B−D 23.667 ± 8.32B 29.000 ± 7.22C 32.333 ± 6.80B
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Fig. 1  Percent means mortality and repellence of different concentrations of botanical extracts mixed with protein baits against adults 
of Bactrocera dorsalis 
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range of (2.333 ± 1.15E-9.667 ± 2.30C−E) at the same con-
centrations at the end of the experiment. However, the 
other extracts demonstrated efficacy in between the 
highest mortality and lowest mortality. The range was 
observed in A. vulgaris L. (37.77–60.74% with a range 
of 34.000 ± 5.56B-54.667 ± 5.50A), C. spinosa L (10.37–
17.03% with a range of 9.333 ± 2.51C-E-15.333 ± 5.68CD), 
M. longifolia (7.4–19.62% with a range of 6.667 ± 1.15C−E-
17.667 ± 2.08C), M. piperita (5.55–16.66% with a range of 

5.000 ± 3.60DE-15.000 ± 5.56CD), and P. harmala (2.59–
11.11% with a range of 2.333 ± 0.57E-10.000 ± 3.00C−E). 
The results are shown in Tables 4 and 5 and Fig. 2.

B. dorsalis repellence
The mean lowest and highest repellence percentages 
recorded in the plant extract mixed with protein bait 
(diet) were 24.82% for C. viminalis at 30 mL and 90.38% 
for E. globulus at 10  mL at the end of the experiment. 

y = 1.4426x
R² = 0.3937

y = 5.5342x
R² = 0.7324
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Fig. 2  Percent means mortality and repellence of different concentrations of botanical extracts sprayed against adults of Bactrocera dorsalis 

Table 5  Toxic effect of different concentrations of botanical extracts spray on adults of Bactrocera dorsalis 

Mean mortality ± SD within a column followed by the same letter does not differ significantly (ANOVA followed by Tukey’s HSD test, p < 0.05). Each value is the mean of 
3 replications with 90 insects per replicate

Plant extracts (20 mL) sprayed

Treatments 24H (Mean. M ± SD) 48H (Mean. M ± SD) 72H (Mean. M ± SD) 96H (Mean. M ± SD)

Artemisia vulgaris L 25.667 ± 5.13AB 29.333 ± 4.04AB 36.000 ± 9.00BC 42.667 ± 7.02B

Capparis spinosa L 5.0000 ± 5.00DE 7.333 ± 3.51C 11.333 ± 4.61DE 16.667 ± 4.61C

Mentha longifolia 6.6667 ± 5.77DE 7.667 ± 4.93C 9.667 ± 4.16DE 12.000 ± 4.35C−E

Mentha piperita 6.6667 ± 5.77DE 7.333 ± 5.50C 8.000 ± 4.35DE 9.667 ± 4.16C−E

Peganum harmala 0.0000 ± 0.00E 0.667 ± 0.57C 0.667 ± 0.57E 1.333 ± 1.52E

Eucalyptus globulus 0.0000 ± 0.00E 0.667 ± 0.57C 1.000 ± 1.00E 1.000 ± 1.00E

Callistemon viminalis 22.000 ± 7.21AB 29.667 ± 3.05AB 35.667 ± 4.61BC 42.333 ± 6.80B
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The other extracts exhibited repellence percentages fall-
ing between the highest and lowest mean repellence per-
centages, as depicted in Fig.  1. For the spray treatment, 
the highest mean repellence percentage was observed as 
98.89% in E. globulus at 20  mL, while the lowest mean 
repellence percentage of 31.86% was recorded in C. vimi-
nalis at 30  mL. The remaining extracts showed mean 
repellence percentages falling between the lowest and 
highest mortality percentages, as illustrated in Fig. 2.

LC50 of the extracts in both treatments
LC50 values for each extract in both experiments are 
presented in Table  6, with significant LC50 and the 
highest mean mortality observed in the extract of C. 
viminalis. This indicates that the plant extract can 
cause 50% of deaths in B. dorsalis at a concentration of 
9.68 mL/1000 mL (9685.15 ppm) when mixed with pro-
tein bait. Conversely, the lowest mean mortality and 
LC50 were observed in the extract of the plant C. spinosa 

L., indicating that the extract of this plant can cause 
50% deaths at a concentration of 55.57  mL/1000  mL 
(55,576.32 ppm) when mixed with protein bait. The other 
plants exhibited LC50 and mean mortality values between 
the highest and lowest for B. dorsalis in extract mixed 
with protein bait, as represented in Fig. 3.

For the direct spray of extracts on B. dorsalis, LC50, 
the highest and lowest mean mortality values are pre-
sented in Table  7. The highest mean mortality was 
recorded in C. viminalis, indicating that a concentration 
of 19.9 mL/1000 mL (19,909.11 ppm) of extract can cause 
50% of deaths in B. dorsalis, representing the best LC50 
value. Conversely, the least LC50 and mean mortality were 
observed in the treatment of M. piperita, showing that 
this plant extract can cause 50% of deaths in B. dorsalis 
at a concentration of 90.13 mL/1000 mL (90,136.08 ppm). 
Similarly, extracts of other plants showed values between 
the highest and lowest mean mortality and LC50 values, 
as represented in Fig. 3.

Table 6  Toxic effect of different concentrations of botanical extracts spray on adults of Bactrocera dorsalis 

Mean mortality ± SD within a column followed by the same letter does not differ significantly (ANOVA followed by Tukey’s HSD test, p < 0.05). Each value is the mean of 
3 replications with 90 insects per replicate

Plant extract (30 mL) sprayed

Treatments 24H (Mean. M ± SD) 48H (Mean. M ± SD) 72H (Mean. M ± SD) 96H (Mean. M ± SD)

Artemisia vulgaris L 36.333 ± 7.09A 39.667 ± 7.02A 47.333 ± 8.08AB 54.667 ± 5.50A

Capparis spinosa L 6.6667 ± 5.77DE 9.000 ± 6.92C 11.333 ± 6.65DE 15.333 ± 5.68CD

Mentha longifolia 7.0000 ± 6.08DE 11.000 ± 3.60C 15.333 ± 4.04D 17.667 ± 2.08C

Mentha piperita 7.3333 ± 6.42C−E 9.667 ± 6.11C 11.000 ± 7.00DE 15.000 ± 5.56CD

Peganum harmala 6.6667 ± 5.77DE 7.667 ± 4.93C 8.000 ± 4.35DE 10.000 ± 3.00C−E

Eucalyptus globulus 6.6667 ± 5.77DE 8.000 ± 4.35C 8.333 ± 3.78DE 9.667 ± 2.30C−E

Callistemon viminalis 26.667 ± 6.02AB 39.667 ± 1.15A 52.000 ± 6.08A 61.333 ± 8.50A

y = 13565x
R² = 0.683

y = 6274.8x
R² = 0.605
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Discussion
Management of fruit flies, specifically B. dorsalis, poses 
significant challenges for researchers and pest managers 
(Mohanpuria et al., 2021). The global demand for horti-
cultural crops, especially fruits free of fruit fly infestation, 
is on the rise (Khan & Naveed, 2017; Papadopoulos et al., 
2024). Despite the existing control measures (Boulahia-
Kheder, 2021), there is an ongoing need for environ-
mentally sustainable and effective management (Nisar 
et al., 2020). The use of insecticides to control the orien-
tal fruit fly, B. dorsalis Hendel (Diptera: Tephritidae), is 
a fundamental aspect of the fruit fly’s current manage-
ment (Wang et  al., 2024). However, the prolonged use 
of synthetic insecticides has led to reports of resistance 
and cross-resistance to insecticides such as organophos-
phates, carbamates, and pyrethroids (Chou et  al., 2010; 
Hsu & Feng, 2006; Kamran et  al., 2022).In addition, 
botanical pesticides are an effective alternative way for 
removing numerous pest insects (Damalas & Koutrou-
bas, 2020).

The results of our bioassay revealed that all seven plant 
leaf extracts in both treatments (extract mixed with pro-
tein bait and extract direct spray) can kill and repel B. 
dorsalis fruit flies to varying degrees due to their different 
modes of action (Jaffar & Lu, 2022). There is a strong pos-
itive association between all characteristics and dosage, 
particularly concentration and mode of action (Elsayed 
et al., 2022). A high pesticide dosage has long been rec-
ommended for effectively controlling agricultural insects 
and pests while limiting the emergence of resistance (Jac-
quet et al., 2022; Tandon & Mittal, 2018).

C. viminalis exhibited higher toxicity in both experi-
ments, causing the most significant mortality impact on 
B. dorsalis compared to the other plant extracts. Nota-
bly, C. viminalis showed significantly lower repellence. 

Our current findings on mortality and repellence 
induced by C. viminalis align with the studies of (Das 
et  al., 2024; Nassar, 2019; Starr et  al., 2007), which 
reported the insecticidal potential of C. viminalis 
against the genus Bactrocera (B. dorsalis) species. Simi-
lar insecticidal efficiency of C. viminalis has also been 
documented by (Silvestre et  al., 2021; Somnuek et  al., 
2021; Yingklang et al., 2022).

Similarly, E. globulus treatment revealed the lowest 
mortality and maximum repellence in B. dorsalis. These 
findings align with the results of (Boulamtat et al., 2021; 
Sadraoui-Ajmi et al., 2022), who reported that E. glob-
ulus essential oils have the potential to kill the Medi-
terranean fruit fly C. capitata (Tephritidae). However, 
various studies discussed the insecticidal properties of 
E. globulus against Bactrocera species, including Dros-
ophila melanogaster (Boulamtat et al., 2021), Drosoph-
ila suzukii (Pineda et al., 2023; Souza et al., 2022), and 
B. oleae (Giunti et  al., 2022). Similarly, other studies 
have discussed the insecticidal properties of E. globulus 
(Bessike et al., 2023; Čmiková et al., 2023).

Our results demonstrated that A vulgaris L. pos-
sesses insecticidal properties, showing significant 
mortality and repellence against B. dorsalis in both 
experiments. These findings are consistent with pre-
vious studies conducted by Liu et  al. (2010) and Jaffar 
and Lu (2022). However, Artemisia species were used 
against B. zonata (Niroumand et  al., 2016), and Bac-
trocera correcta (Echavarría et  al., 2020). Similarly, 
various studies discussed the insecticidal potential of 
Artemisia (Alhuraysi et al., 2021; Gao et al., 2020; Sofi 
et al., 2022; Xiao et al., 2023). In addition, C. spinosa L 
showed insecticidal activity against B. dorsalis although 
it caused less mortality and repellence in both experi-
ments; however, it has the insecticidal quality against 
B. cucurbitae (Hamid et al., 2013; Mani, 2022), whereas 
studies found the insecticidal potential of C. spinose L 
(Alkhaibari & Alanazi, 2022; Ladhari et al., 2013).

Similarly, the extract of M. longifolia also caused 
mortality in both experiments, the protein bait mixture, 
and direct spray, in B. dorsalis. These findings were 
supported by Ramniwas and Singh (2021), whereas 
Tajdar et  al. (2020) discussed the repellence potential 
of M. longifolia in B. zonata, and their results sup-
port our findings. However, various studies found the 
insecticidal efficacy of M. longifolia (Hassan et al., 2021; 
Kadoglidou & Chatzopoulou, 2023), while the find-
ings have also shown that M. piperita has insecticidal 
properties and causes mortality in B. zonata (Elsayed 
et al., 2022; Tajdar et al., 2023), although it has signifi-
cant efficacy as an insecticidal, as discussed in previous 
literature (Peeyush et  al., 2011; Prasannakumar et  al., 
2023).

Table 7  LC50 of botanical extracts sprayed and mixed with diet 
treatments against adults of Bactrocera dorsalis 

90 individuals per replicate, three replicates per concentration, 3 concentrations 
per assay, adults for every test; LC: lethal concentration (10, 20, and 30mL Mixed 
method and in spray method), CL: confidence limits

LC50 values for various plant extract treatments

Plant extract Plant extracts 
sprayed (ppm)

Plant extract 
mix with diet 
(ppm)

Artemisia vulgaris L 21,176.82 23,755.2

Capparis spinosa L 81,454.34 55,576.32

Mentha longifolia 79,802.66 18,426.89

Mentha piperita 90,136.08 28,182.68

Peganum harmala 88,964.36 40,151.1

Eucalyptus globulus 88,473.21 51,167

Callistemon viminalis 19,909.11 9685.15
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The treatments of P. harmala extracts showed less 
mortality, but it showed strong repellence in both experi-
ments such as extract mixed with protein bait and spry 
against B. dorsalis species, which supports the results of 
Fazeli-Dinan et  al. (2023) who discussed the repellence 
activity of P. harmala in B. oleae, whereas their insecti-
cidal properties against B. zonata were also discussed in 
studies of ur Rehman et al. (2009). However, in the cur-
rent experiments, C. viminalis with the combination 
of protein bait and the spray treatment of the extract 
showed significant mortality and the best LC50 value in 
the experiments (Oladipupo, 2022). The current study 
showed the insecticidal activity of selective plant leaf 
extracts and their efficacy against B. dorsalis and recom-
mended C. viminalis as a potential insecticide against the 
Bactrocera species.

Conclusions
This research underscores the potential of plant extracts 
from Artemisia vulgaris L., Capparis spinosa L., Mentha 
longifolia, Mentha piperita, and Peganum harmala in 
pest management strategies. Among these, Callistemon 
viminalis exhibited the highest efficacy, significantly 
increasing insect mortality with rising concentrations, 
highlighting its potential for effective dosage and dura-
tion-based applications. Additionally, Eucalyptus glob-
ulus and P. harmala showed considerable repellence 
against Bactrocera dorsalis. In underdeveloped nations, 
farmers frequently rely on synthetic pesticides to control 
tephritid fruit flies, often leading to harmful residues in 
fruits that jeopardize human health and the environment. 
This study revealed LC values from plant extract test-
ing that are consistent with prior findings on ingestion 
toxicity against B. dorsalis adults. Particularly, M. longi-
folia, A. vulgaris L., and C. viminalis at concentrations 
of 10–30  mL/1000  mL demonstrate significant promise 
for the development of eco-friendly lure-and-kill for-
mulations. Future research should focus on isolating the 
active compounds in these promising extracts through 
advanced chromatographic techniques. These isolated 
chemicals should be further evaluated for their chemos-
terilant, neurotoxic, and genotoxic properties, as well as 
their effects on insect hormonal balance and reproduc-
tive functions. Such studies will provide critical insights 
into developing safe, effective, and commercially viable 
biopesticides to combat insect pests while reducing envi-
ronmental and health risks.

Abbreviations
IPM	� Integrated Pest Management
EO	� Essential oil
US	� United State
GB	� Gilgit-Baltistan
FDA	� Food and Drug Administration
EPA	� Environmental Protection Agency

CI	� Confidence interval
L	� Light
D	� Dark
LC	� Lethal concentration

Acknowledgements
The authors would like to pay a vote of thanks to the Faculty of Life Sciences 
Department of Agriculture & Food Technology Karakoram International Uni-
versity and the IPM laboratory of the Department of Agriculture Government 
of GB for their permission to use their facilities during research.

Author contributions
AH, team leader, contributed to manuscript designing and review. WA was 
involved in the manuscript drafting and data analysis, field and lab research 
activities and descriptive statistics and manuscript designing. Both authors 
provided responses and comments on the research flow, data analysis, and 
interpretation as well as the shape of the manuscript. However, QA and AA 
have significantly contributed to the revision and improvement of the final 
manuscript, warranting recognition for their valuable input. The authors have 
read and approved the final manuscript.

Funding
Higher Education Commission Pakistan under the National Research Grant 
financially supported this research work for Universities (NRPU) Grant No: 
20–11429/NRPU/RGM/R&D/HEC/2020. The funders had no role in the study 
design, data collection, analysis, decision to publish, or preparation of the 
manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 February 2023   Accepted: 8 December 2024

References
Abbas, S. R., & Nisar, M. (2020). Herbal significance of horse mint (Mentha longi-

folia) a review. Journal of Biotechnological Sciences, 8, 138–143.
Abbott, W. S. (1925). A method of computing the effectiveness of an insecti-

cide. Journal of Economical Entomology, 18(2), 265–267.
Ahmad, F., Javaid, A., Zaheer, T., Saeed, Q., Ali, Z., Shabbir, A., & Naseem, S. 

(2023). Bioactivity of medicinal plant extracts from Peganum harmala and 
Cichorium intybus against Tribolium castaneum Herbst (Coleoptera: Ten-
ebrionidae). International Journal of Environmental Science and Technology, 
20(1), 769–776. https://​doi.​org/​10.​1007/​s13762-​022-​04121-y

Akhtar, J., & Khan, A.N. (2014). Gilgit-baltistan, agriculture statistics, survey 
report. Agriculture Statistics cell, Department of Agriculture Gilgit-Baltistan.

Akram, W., Hussain, A., Ali, S., & Hussain, I. (2023). Geostatistical analysis of 
spatio-temporal variability and mapping genus bactrocera in apricot 
orchard in Northern Pakistan. Pakistan Journal of Zoology, 55(2), 765–761. 
https://​doi.​org/​10.​17582/​journ​al.​pjz/​20211​12510​1104

Akter, M. M., Theary, K., Kalkornsurapranee, E., Prabhakar, C. S., & Thaochan, 
N. (2021). The effects of methyl eugenol, cue lure and plant essential 
oils in rubber foam dispenser for controlling Bactrocera dorsalis and 
Zeugodacus cucurbitae. Asian Journal of Agriculture and Biology, 2021(2), 
202010530. https://​doi.​org/​10.​35495/​ajab.​2020.​10.​530

https://doi.org/10.1007/s13762-022-04121-y
https://doi.org/10.17582/journal.pjz/20211125101104
https://doi.org/10.35495/ajab.2020.10.530


Page 10 of 12Akram et al. The Journal of Basic and Applied Zoology           (2024) 85:63 

Alhuraysi, A., Elsheikh, T. M., & Abu El-Ghiet, U. M. (2021). The insecticidal 
activity of Artemisia absinthium leaves extracts against blowfly, Chrys-
omya albiceps (Calliphoridae). EgyptianAcademic Journal of Biological 
Sciences, F. Toxicology and Pest Control, 13(1), 115–127. https://​doi.​org/​
10.​21608/​eajbsf.​2021.​146336

Alkhaibari, A. M., & Alanazi, A. D. (2022). Chemical composition and insecti-
cidal, antiplasmodial, and anti-leishmanial activity of Capparis spinosa 
essential oil and its main constituents. Evidence-Based Complementary 
and Alternative Medicine. https://​doi.​org/​10.​1155/​2022/​63712​74

Barud, F. J., López, S., Tapia, A., Feresin, G. E., & López, M. L. (2014). Attractant, 
sexual competitiveness enhancing and toxic activities of the essential 
oils from Baccharis spartioides and Schinus polygama on Ceratitis capi-
tata Wiedemann. Industrial Crops and Products, 62, 299–304. https://​doi.​
org/​10.​1016/j.​indcr​op.​2014.​08.​045

Benelli, G., Flamini, G., Canale, A., Cioni, P. L., & Conti, B. (2012). Toxicity of 
some essential oil formulations against the Mediterranean fruit fly 
Ceratitis capitata (Wiedemann)(Diptera Tephritidae). Crop Protection, 42, 
223–229. https://​doi.​org/​10.​1016/j.​cropro.​2012.​05.​024

Benelli, G., & Pavela, R. (2018a). Beyond mosquitoes—Essential oil toxicity 
and repellency against bloodsucking insects. Industrial Crops and Prod-
ucts, 117, 382–392. https://​doi.​org/​10.​1016/j.​indcr​op.​2018.​02.​072

Benelli, G., & Pavela, R. (2018b). Repellence of essential oils and selected 
compounds against ticks—A systematic review. Acta Tropica, 179, 
47–54. https://​doi.​org/​10.​1016/j.​actat​ropica.​2017.​12.​025

Bessike, J. G., Ndiwe, B., Fongnzossie, E. F., Pizzi, A., Mfomo, J. Z., Biwole, A. B., 
& Akono, P. N. (2023). Evaluation of the potentials of Jatropha curcas 
seed oil and in combination with leaf extracts of Cymbopogon citratus, 
Ocimum basilicum, and Eucalyptus globulus as wood preservatives 
against Macrotermes bellicosus termites. Industrial Crops and Products, 
195, 116205. https://​doi.​org/​10.​1016/j.​indcr​op.​2022.​116205

Boulahia-Kheder, S. (2021). Advancements in management of major fruit 
flies (Diptera: Tephritidae) in North Africa and future challenges: A 
review. Journal of Applied Entomology, 145(10), 939–957. https://​doi.​
org/​10.​1111/​jen.​12938

Boulamtat, R., Mesfioui, A., El-Fakhouri, K., Oubayoucef, A., Sabraoui, A., Aas-
far, A., & El-Bouhssini, M. (2021). Chemical composition, and insecticidal 
activities of four plant essential oils from Morocco against larvae of 
Helicoverpa armigera (Hub.) under field and laboratory conditions. Crop 
Protection, 144, 105607. https://​doi.​org/​10.​3390/​insec​ts121​11007

CABI. (2019). Bactrocera dorsalis. In: Invasive species compendium. UK- CAB 
International, Willingford Available: www.​cabi.​org/​isc.

Canale, A., Benelli, G., Conti, B., Lenzi, G., Flamini, G., Francini, A., & Cioni, P. L. 
(2013). Ingestion toxicity of three Lamiaceae essential oils incorporated 
in protein baits against the olive fruit fly, Bactrocera oleae (Rossi)(Dip-
tera Tephritidae). Natural Product Research, 27(22), 2091–2099. https://​
doi.​org/​10.​1080/​14786​419.​2013.​784871

Chou, M. Y., Haymer, D. S., Feng, H. T., Mau, R. F., & Hsu, J. C. (2010). Potential 
for insecticide resistance in populations of Bactrocera dorsalis in Hawaii: 
Spinosad susceptibility and molecular characterization of a gene 
associated with organophosphate resistance. Entomologia Experimen-
talis Et Applicata, 134(3), 296–303. https://​doi.​org/​10.​1111/j.​1570-​7458.​
2009.​00962.x

Čmiková, N., Galovičová, L., Schwarzová, M., Vukic, M. D., Vukovic, N. L., 
Kowalczewski, P. Ł, & Kačániová, M. (2023). Chemical composition and 
biological activities of Eucalyptus globulus essential oil. Plants, 12(5), 
1076. https://​doi.​org/​10.​3390/​plant​s1205​1076

Damalas, C. A., & Koutroubas, S. D. (2020). Botanical pesticides for eco‐
friendly pest management: Drawbacks and limitations. Pesticides 
in Crop Production: Physiological and Biochemical Action, 181–193. 
https://​doi.​org/​10.​1002/​97811​19432​241.​ch10

Das, S., Singh, V. K., Dwivedy, A. K., Chaudhari, A. K., & Dubey, N. K. (2024). 
Insecticidal and fungicidal efficacy of essential oils and nanoencapsu-
lation approaches for the development of next generation ecofriendly 
green preservatives for management of stored food commodities: An 
overview. International Journal of Pest Management, 70(3), 235–266.

David, K. J., & Ramani, S. (2011). An illustrated key to fruit flies (Diptera: Teph-
ritidae) from Peninsular India and the Andaman and Nicobar Islands. 
Zootaxa, 3021(1), 1–31.

Echavarría, A. P., D’Armas, H., Matute, N., & Cano, J. A. (2020). Phytochemical 
analyses of eight plants from two provinces of Ecuador by GC-MS. Inter-
national Journal of Herbal Medicine, 8, 10–20.

El Amin, O. A. H., Nosiar, H. R., & Ibrahim, R. I. H. (2022). Peppermint (Mentha 
piperita) extract modulates the genotoxic effects of Cypermethrin and 
Malathion insecticides on Allium cepa root cells. Res Square. https://​doi.​
org/​10.​21203/​rs.3.​rs-​15894​22/​v1

El-Gendy, I. R., El-Banobi, M. I., & Villanueva-Jimenez, J. A. (2021). Bio-pesticides 
alternative diazinon to control peach fruit fly, Bactrocera zonata (Saun-
ders)(Diptera: Tephritidae). Egyptian Journal of Biological Pest Control, 31, 
1–8. https://​doi.​org/​10.​1186/​s41938-​021-​00398-2

El-Minshawy, A. M., Abdelgaleil, S. A., Gadelhak, G. G., Al-Eryan, M. A., & Rabab, 
R. A. (2018). Effects of monoterpenes on mortality, growth, fecundity, 
and ovarian development of Bactrocera zonata (Saunders)(Diptera: Teph-
ritidae). Environmental Science and Pollution Research, 25, 15671–15679. 
https://​doi.​org/​10.​1007/​s11356-​018-​1780-1

Elsayed, D. A. E., El Shafei, A. M., Mosallam, A. M. Z., Negm, A. A. K. H., & 
Maamoun, S. A. M. (2022). Toxicity and biological effects of certain pesti-
cides and natural oils on the peach fruit fly, Bactrocera zonata (Saunders, 
1841)(Diptera: Tephritidae). Polish Journal of Entomology, 91(1), 1–10. 
https://​doi.​org/​10.​5604/​01.​3001.​0015.​7350

Enkerlin, W. R. (2021). Impact of fruit fly control programmes using the sterile 
insect technique. Sterile insect technique (pp. 979–1006). Boca Raton: CRC 
Press.

Fazeli-Dinan, M., Osia-Laghab, S. H., Amini, M., Davoodi, A., Nikookar, S. H., 
Yazdani Charati, J., & Enayati, A. (2023). Phytochemical composition, toxic-
ity, and repellent effects of medicinal plants Peganum harmala, Pterocarya 
fraxinifolia, and Tanacetum parthenium extracts against Sitophilus oryzae 
L. Toxin Reviews, 42(2), 548–558. https://​doi.​org/​10.​1080/​15569​543.​2023.​
21780​13

Finney, D. J. (1978). Statistical method in biological assay (3rd ed., p. 508). New 
York: Charles Griffin & Company.

Gao, S., Zhang, K., Wei, L., Wei, G., Xiong, W., Lu, Y., & Li, B. (2020). Insecticidal 
activity of Artemisia vulgaris essential oil and transcriptome analysis of 
Tribolium castaneum in response to oil exposure. Frontiers in Genetics, 11, 
589. https://​doi.​org/​10.​3389/​fgene.​2020.​00589

Ghabbari, M., Guarino, S., Caleca, V., Saiano, F., Sinacori, M., Baser, N., & Lo Verde, 
G. (2018). Behavior-modifying and insecticidal effects of plant extracts on 
adults of Ceratitis capitata (Wiedemann)(Diptera Tephritidae). Journal of 
Pest Science, 91, 907–917. https://​doi.​org/​10.​1007/​s10340-​018-​0952-6

Giunti, G., Laudani, F., Lo Presti, E., Bacchi, M., Palmeri, V., & Campolo, O. (2022). 
Contact toxicity and ovideterrent activity of three essential oil-based 
nano-emulsions against the olive fruit fly Bactrocera oleae. Horticulturae, 
8(3), 240. https://​doi.​org/​10.​3390/​horti​cultu​rae80​30240

Gregg, P. C., Del Socorro, A. P., & Landolt, P. J. (2018). Advances in attract-and-kill 
for agricultural pests: Beyond pheromones. Annual Review of Entomology, 
63, 453–470. https://​doi.​org/​10.​1146/​annur​ev-​ento-​031616-​035040

Hamid, R., Masood, A., Wani, I. H., & Rafiq, S. (2013). Lectins: proteins with 
diverse applications. Journal of Applied Pharmaceutical Science, 3(4), S93–
S103. https://​doi.​org/​10.​7324/​JAPS.​2013.​34.​S18

Hasnain, M., Saeed, S., Naeem-Ullah, U., & Ullah, S. (2023). Evaluation of chem-
osterility effect of different insect growth regulators on Bactrocera zonata 
population. Science Progress, 106(1), 00368504231155388. https://​doi.​org/​
10.​1177/​00368​50423​11553​88

Hassan, M. F., El-Badawy, S. S., Draz, M. G., & Ibrahim, E. S. (2021). New acaricidal 
activities and chemical compositions of orange oil and extracts of (wild 
mint and henna) against Tetranychus urticae Koch (Acari.: Tetranychidae). 
Archives of Phytopathology and Plant Protection, 54(19–20), 1848–1863. 
https://​doi.​org/​10.​1080/​03235​408.​2021.​19505​08

Hsu, J. C., & Feng, H. T. (2006). Development of resistance to spinosad in 
oriental fruit fly (Diptera: Tephritidae) in laboratory selection and cross-
resistance. Journal of Economic Entomology, 99(3), 931–936. https://​doi.​
org/​10.​1093/​jee/​99.3.​931

Inskeep, J. R. (2022). The behaviour of the Queensland fruit fly, Bactrocera 
tryoni (Diptera: Tephritidae), and its implications for improving integrated 
pest management using the sterile insect technique (Doctoral disserta-
tion, Macquarie University). https://​doi.​org/​10.​25949/​20399​373.​v1

Isman, M. B. (2020). Botanical insecticides in the twenty-first century—Fulfilling 
their promise? Annual Review of Entomology, 65, 233–249. https://​doi.​org/​
10.​1146/​annur​ev-​ento-​011019-​025010

Jacquet, F., Jeuffroy, M. H., Jouan, J., Le Cadre, E., Litrico, I., Malausa, T., Reboud, 
X., & Huyghe, C. (2022). Pesticide-free agriculture as a new paradigm for 
research. Agronomy for Sustainable Development, 42(1), 8.

https://doi.org/10.21608/eajbsf.2021.146336
https://doi.org/10.21608/eajbsf.2021.146336
https://doi.org/10.1155/2022/6371274
https://doi.org/10.1016/j.indcrop.2014.08.045
https://doi.org/10.1016/j.indcrop.2014.08.045
https://doi.org/10.1016/j.cropro.2012.05.024
https://doi.org/10.1016/j.indcrop.2018.02.072
https://doi.org/10.1016/j.actatropica.2017.12.025
https://doi.org/10.1016/j.indcrop.2022.116205
https://doi.org/10.1111/jen.12938
https://doi.org/10.1111/jen.12938
https://doi.org/10.3390/insects12111007
http://www.cabi.org/isc
https://doi.org/10.1080/14786419.2013.784871
https://doi.org/10.1080/14786419.2013.784871
https://doi.org/10.1111/j.1570-7458.2009.00962.x
https://doi.org/10.1111/j.1570-7458.2009.00962.x
https://doi.org/10.3390/plants12051076
https://doi.org/10.1002/9781119432241.ch10
https://doi.org/10.21203/rs.3.rs-1589422/v1
https://doi.org/10.21203/rs.3.rs-1589422/v1
https://doi.org/10.1186/s41938-021-00398-2
https://doi.org/10.1007/s11356-018-1780-1
https://doi.org/10.5604/01.3001.0015.7350
https://doi.org/10.1080/15569543.2023.2178013
https://doi.org/10.1080/15569543.2023.2178013
https://doi.org/10.3389/fgene.2020.00589
https://doi.org/10.1007/s10340-018-0952-6
https://doi.org/10.3390/horticulturae8030240
https://doi.org/10.1146/annurev-ento-031616-035040
https://doi.org/10.7324/JAPS.2013.34.S18
https://doi.org/10.1177/00368504231155388
https://doi.org/10.1177/00368504231155388
https://doi.org/10.1080/03235408.2021.1950508
https://doi.org/10.1093/jee/99.3.931
https://doi.org/10.1093/jee/99.3.931
https://doi.org/10.25949/20399373.v1
https://doi.org/10.1146/annurev-ento-011019-025010
https://doi.org/10.1146/annurev-ento-011019-025010


Page 11 of 12Akram et al. The Journal of Basic and Applied Zoology           (2024) 85:63 	

Jaffar, S., & Lu, Y. (2022). Toxicity of some essential oils constituents against 
oriental fruit fly, Bactrocera dorsalis (Hendel)(Diptera: Tephritidae). InSects, 
13(10), 954. https://​doi.​org/​10.​3390/​insec​ts131​00954

Kadoglidou, K. I., & Chatzopoulou, P. (2023). Approaches and applications of 
mentha species in sustainable agriculture. Sustainability, 15(6), 5245. 
https://​doi.​org/​10.​3390/​su150​65245

Kamran, M., Shad, S. A., Binyameen, M., Abbas, N., Anees, M., Shah, R. M., 
& Hafez, A. M. (2022). Toxicities and cross-resistance of imidacloprid, 
acetamiprid, emamectin benzoate, spirotetramat, and indoxacarb in field 
populations of Culex quinquefasciatus (Diptera: Culicidae). InSects, 13(9), 
830.

Khan, R. A., & Naveed, M. (2017). Occurrence and seasonal abundance of fruit 
fly, Bactrocera zonata Saunders (Diptera: Tephritidae) in relation to mete-
orological factors. Pakistan Journal of Zoology, 49(3), 1003. https://​doi.​org/​
10.​17582/​journ​al.​pjz/​2017.​49.3.​999.​1003

Khan, S., Shah, M. M., Ahmad, R., & Haq, I. U. (2016). The insecticidal potential 
of botanical extracts for management of Peach fruit fly, Bactrocera zonata 
Saunders, 1842 (Diptera: Tephritidae). Turkiye Entomoloji Dergisi, 40(4), 
445–453.

Khan, S., Taning, C. N. T., Bonneure, E., Mangelinckx, S., Smagghe, G., & Shah, 
M. M. (2017). Insecticidal activity of plant-derived extracts against differ-
ent economically important pest insects. Phytoparasitica, 45, 113–124. 
https://​doi.​org/​10.​1007/​s12600-​017-​0569-y

Ladhari, A., Omezzine, F., Chaieb, I., Laarif, A., & Haouala, R. (2013). Antifeeding 
and insecticidal effects of Capparis spinosa L. on Spodoptera littoralis (Bois-
duval) larvae. African Journal of Agricultural Research, 8(42), 5232–5238.

Liu, Z. L., Liu, Q. R., Chu, S. S., & Jiang, G. H. (2010). Insecticidal activity and 
chemical composition of the essential oils of Artemisia lavandulaefolia 
and Artemisia sieversiana from China. Chemistry and Biodiversity, 7(8), 
2040–2045. https://​doi.​org/​10.​1002/​cbdv.​20090​0410

Mahmood, I., Imadi, S. R., Shazadi, K., Gul, A., & Hakeem, K. R. (2016). Effects of 
pesticides on environment. Plant, soil and microbes: volume 1: implica-
tions in crop science, 253–269. https://​doi.​org/​10.​1007/​978-3-​319-​27455-
3_​13

Malheiro, R., Ortiz, A., Casal, S., Baptista, P., & Pereira, J. A. (2015). Electrophysio-
logical response of Bactrocera oleae (Rossi)(Diptera: Tephritidae) adults to 
olive leaves essential oils from different cultivars and olive tree volatiles. 
Industrial Crops and Products, 77, 81–88. https://​doi.​org/​10.​1016/j.​indcr​op.​
2015.​08.​046

Mani, M. (2022). Organic pest management in horticultural crops. Trends in 
horticultural entomology, 211–241.

Mazumder, A., Anand, U., & Das, S. (2022). Study of in vitro antimicrobial activity 
and in vivo wound healing potentiality of leaves of Callistemon viminalis. 
Indian Journal of Forensic Medicine and Toxicology, 16(3), 96–101. https://​
doi.​org/​10.​37506/​ijfmt.​v16i3.​18259

Miresmailli, S., & Isman, M. B. (2014). Botanical insecticides inspired by plant–
herbivore chemical interactions. Trends in Plant Science, 19(1), 29–35. 
https://​doi.​org/​10.​1016/j.​tplan​ts.​2013.​10.​002

Mohanpuria, P., Govindaswamy, M., Sidhu, G. S., Singh, S., Kaur, S., & Chhuneja, 
P. (2021). Ingestion of bacteria expressing dsRNA to maggots produces 
severe mortality and deformities in fruit fly, Bactrocera dorsalis (Hendel)
(Diptera: Tephritidae). Egyptian Journal of Biological Pest Control, 31, 1–11. 
https://​doi.​org/​10.​1186/​s41938-​020-​00345-7

Nassar, A. M. K. (2019). Pesticide alternatives use in Egypt: The concept and 
potential. Sustainability of Agricultural Environment in Egypt: Part II: Soil-
Water-Plant Nexus, 111–143. https://​doi.​org/​10.​1007/​698_​2018_​254

Niroumand, M. C., Farzaei, M. H., Razkenari, E. K., Amin, G., Khanavi, M., Akbar-
zadeh, T., & Shams-Ardekani, M. R. (2016). An evidence-based review on 
medicinal plants used as insecticide and insect repellent in traditional Ira-
nian medicine. Iranian Red Crescent Medical Journal, 18(2), 22361. https://​
doi.​org/​10.​5812/​ircmj.​22361

Nisar, M. J., Gogi, M. D., Arif, M. J., & Sahi, S. T. (2020). Toxicity and chemosterility 
impact of insect growth regulators baited diet on adult peach fruit fly, 
Bactrocera zonata (Saunders)(Diptera: Tephritidae). Pakistan Journal of 
Agricultural Sciences, 57(4), 1089–1099. https://​doi.​org/​10.​21162/​PAKJAS/​
20.​9962

Oladipupo, S. O. (2022). Toxicity and physiological effects of essential oil 
components against the German Cockroach, Blattella germanica (L.)
(Ectobiidae) (Doctoral dissertation, Auburn University).

Padin, S. B., Fuse, C. B., Urrutia, M. I., & Dal Bello, G. (2013). Toxicity and repel-
lency of nine medicinal plants against Tribolium castaneum in stored 
wheat. Bulletin of Insectology, 66(1), 45–49.

Papadopoulos, N. T., Blaauw, B. R., Milonas, P., & Nielsen, A. L. (2023). Biology 
and management of insect pests. Peach (pp. 366–420). CABI.

Papadopoulos, N. T., De Meyer, M., Terblanche, J. S., & Kriticos, D. J. (2024). Fruit 
flies: Challenges and opportunities to stem the tide of global invasions. 
Annual Review of Entomology, 69(1), 355–373.

Pavela, R., & Benelli, G. (2016). Essential oils as ecofriendly biopesticides? Chal-
lenges and constraints. Trends in Plant Science, 21(12), 1000–1007. https://​
doi.​org/​10.​1016/j.​tplan​ts.​2016.​10.​005

Pavela, R., Maggi, F., Iannarelli, R., & Benelli, G. (2019). Plant extracts for develop-
ing mosquito larvicides: From laboratory to the field, with insights on the 
modes of action. Acta Tropica, 193, 236–271. https://​doi.​org/​10.​1016/j.​
actat​ropica.​2019.​01.​019

Peeyush, K., Sapna, M., Anushree, M., & Santosh, S. (2011). Insecticidal proper-
ties of Mentha species: A review. Industrial Crops and Products, 34(1), 
802–817. https://​doi.​org/​10.​1016/j.​indcr​op.​2011.​02.​019

Pineda, M., Alves, E. L. D. A., Antunes, J. A., Carvalho, V. D. C., & Haddi, K. (2023). 
Low concentrations of eucalyptus essential oil induce age, sex, and 
mating status-dependent stimulatory responses in Drosophila suzukii. 
Agriculture, 13(2), 404. https://​doi.​org/​10.​3390/​agric​ultur​e1302​0404

Prasannakumar, N. R., Jyothi, N., Saroja, S., & Lokesha, A. N. (2023). Insecticidal 
properties of Ocimum basilicum and Mentha piperita essential oils against 
South American Tomato moth, Phthorimaea absoluta (Meyrick)(Lepi-
doptera: Gelichiidae). Pesticide Biochemistry and Physiology, 190, 105329. 
https://​doi.​org/​10.​1016/j.​pestbp.​2022.​105329

Ramniwas, S., & Singh, D. (2021). Impact of four plant extracts on Bactrocera 
dorsalis a pest on fruits. Journal of Pharmaceutical Research International, 
33(53A), 181–186.

Rekioua, N., Boumendjel, M., Taibi, F., Samar, M. F., Jemaa, J. M. B., Benaliouch, 
F., & Haouel, S. (2022). Insecticidal effect of Eucalyptus globulus and Ros-
marinus officinalis essential oils on a stored food pest Ephestia kuehniella 
(Lepidoptera, Pyralidea). Cellular and Molecular Biology, 68(4), 144–157. 
https://​doi.​org/​10.​14715/​cmb/​2022.​68.4.​18

Rizzo, R., Verde, G. L., Sinacori, M., Maggi, F., Cappellacci, L., Petrelli, R., & Benelli, 
G. (2020). Developing green insecticides to manage olive fruit flies? 
Ingestion toxicity of four essential oils in protein baits on Bactrocera oleae. 
Industrial Crops and Products, 143, 111884. https://​doi.​org/​10.​1016/j.​indcr​
op.​2019.​111884

Sadraoui-Ajmi, I., Benali, N., Soltani, A., Chaib, S., Limem, E., Jallouli, S., & Jemâa, 
J. M. B. (2022). Usage of agricultural DAP-fertilizer and Eucalyptus essential 
oils as potential attractants against the mediterranean fruit fly Ceratitis 
capitata (Tephritidae). Journal of Asia-Pacific Entomology, 25(1), 101857. 
https://​doi.​org/​10.​1016/j.​aspen.​2021.​101857

Shah, R. (2020). Pesticides and human health. Emerging contaminants, Emerg-
ing Contaminants. 1–22.

Silvestre, W. P., Vicenço, C. B., Thomazoni, R. A., & Pauletti, G. F. (2021). Insec-
ticidal activity of Callistemon speciosus essential oil on Anticarsia gem-
matalis and Spodoptera frugiperda. International Journal of Tropical Insect 
Science. https://​doi.​org/​10.​1007/​s42690-​021-​00648-8

Skouras, P. J., Margaritopoulos, J. T., Seraphides, N. A., Ioannides, I. M., Kakani, E. 
G., Mathiopoulos, K. D., & Tsitsipis, J. A. (2007). Organophosphate resist-
ance in olive fruit fly, Bactrocera oleae, populations in Greece and Cyprus. 
Pest Management Science: Formerly Pesticide Science, 63(1), 42–48. https://​
doi.​org/​10.​1002/​ps.​1306

Sofi, M. A., Nanda, A., Sofi, M. A., Maduraiveeran, R., Nazir, S., Siddiqui, N., & 
Rehman, M. U. (2022). Larvicidal activity of Artemisia absinthium extracts 
with special reference to inhibition of detoxifying enzymes in larvae of 
Aedes aegypti L. Journal of King Saud University-Science, 34(7), 102248. 
https://​doi.​org/​10.​1016/j.​jksus.​2022.​102248

Somnuek, S., Thipmanee, K., & Jaenaksorn, T. (2021). In vitro effect of Cal-
listemon viminalis and Melaleuca cajuputi ethanolic extracts as botanical 
fungicide and insecticide. Journal of Agricultural Technology, 17(6), 
2363–2374.

Souza, M. T. D., Souza, M. T. D., Morais, M. C., Oliveira, D. D. C., Melo, D. J. D., 
Figueiredo, L., & Bernardi, D. (2022). Essential oils as a source of ecof-
riendly insecticides for Drosophila suzukii (Diptera: Drosophilidae) and 
their potential non-target effects. Molecules, 27(19), 6215. https://​doi.​org/​
10.​3390/​molec​ules2​71962​15

https://doi.org/10.3390/insects13100954
https://doi.org/10.3390/su15065245
https://doi.org/10.17582/journal.pjz/2017.49.3.999.1003
https://doi.org/10.17582/journal.pjz/2017.49.3.999.1003
https://doi.org/10.1007/s12600-017-0569-y
https://doi.org/10.1002/cbdv.200900410
https://doi.org/10.1007/978-3-319-27455-3_13
https://doi.org/10.1007/978-3-319-27455-3_13
https://doi.org/10.1016/j.indcrop.2015.08.046
https://doi.org/10.1016/j.indcrop.2015.08.046
https://doi.org/10.37506/ijfmt.v16i3.18259
https://doi.org/10.37506/ijfmt.v16i3.18259
https://doi.org/10.1016/j.tplants.2013.10.002
https://doi.org/10.1186/s41938-020-00345-7
https://doi.org/10.1007/698_2018_254
https://doi.org/10.5812/ircmj.22361
https://doi.org/10.5812/ircmj.22361
https://doi.org/10.21162/PAKJAS/20.9962
https://doi.org/10.21162/PAKJAS/20.9962
https://doi.org/10.1016/j.tplants.2016.10.005
https://doi.org/10.1016/j.tplants.2016.10.005
https://doi.org/10.1016/j.actatropica.2019.01.019
https://doi.org/10.1016/j.actatropica.2019.01.019
https://doi.org/10.1016/j.indcrop.2011.02.019
https://doi.org/10.3390/agriculture13020404
https://doi.org/10.1016/j.pestbp.2022.105329
https://doi.org/10.14715/cmb/2022.68.4.18
https://doi.org/10.1016/j.indcrop.2019.111884
https://doi.org/10.1016/j.indcrop.2019.111884
https://doi.org/10.1016/j.aspen.2021.101857
https://doi.org/10.1007/s42690-021-00648-8
https://doi.org/10.1002/ps.1306
https://doi.org/10.1002/ps.1306
https://doi.org/10.1016/j.jksus.2022.102248
https://doi.org/10.3390/molecules27196215
https://doi.org/10.3390/molecules27196215


Page 12 of 12Akram et al. The Journal of Basic and Applied Zoology           (2024) 85:63 

Sparks, T. C., & Nauen, R. (2015). IRAC: Mode of action classification and insec-
ticide resistance management. Pesticide Biochemistry and Physiology, 121, 
122–128. https://​doi.​org/​10.​1016/j.​pestbp.​2014.​11.​014

Starr, F., Starr, K., & Loope, L. L. (2007). Potential pest of Ohia (Metrosideros poly-
morpha) and other Myrtaceae. University of Hawaii.

Stevenson, P. C., Isman, M. B., & Belmain, S. R. (2017). Pesticidal plants in Africa: 
A global vision of new biological control products from local uses. 
Industrial Crops and Products, 110, 2–9. https://​doi.​org/​10.​1016/j.​indcr​op.​
2017.​08.​034

Tajdar, A., Ejaz, S., Zaib, M. S., Ishfaq, A., Zaka, S. M., Safeer, H. M., & Abbas, 
K. (2023). Effect of different plant extracts on olfactory response of 
Bactrocera zonata saunder and postharvest quality of banana (Musa 
acuminata colla). Pakistan Journal of Zoology, 55(2), 735. https://​doi.​org/​
10.​17582/​journ​al.​pjz

Tajdar, A., Ishfaq, A., Sarmad, M., & Zaka, S. M. (2020). Repellent and oviposi-
tion deterrent effect of bio-rational green extracts against peach fruit fly 
Bactrocera zonata (Saunders). Journal of the Kansas Entomological Society, 
92(4), 617–626. https://​doi.​org/​10.​2317/​0022-​8567-​92.4.​617

Tandon, S., & Mittal, A. K. (2018). Insecticidal and growth inhibitory activity of 
essential oils of Boenninghausenia albiflora and Teucrium quadrifarium 
against Spilarctia obliqua. Biochemical Systematics and Ecology, 81, 70–73. 
https://​doi.​org/​10.​1016/j.​bse.​2018.​09.​010

Thakur, P., & Gupta, D. (2016). Oviposition deterrence and egg hatch inhibition 
of fruit fly, Bactrocera tau (Walker) by some plant products, bio-pesticides 
and clay. International Journal of Bio-Resource and Stress Management, 7(5), 
1161–1164. https://​doi.​org/​10.​23910/​IJBSM/​2016.7.​5.​1635

ur Rehman, J., Jilani, G., Khan, M. A., Masih, R., & Kanvil, S. (2009). Repellent and 
oviposition deterrent effects of indigenous plant extracts to peach fruit 
fly, Bactrocera zonata Saunders (Diptera: Tephritidae). Pakistan Journal of 
Zoology, 41(2), 101–108.

USDA. (2016). Tropical plant pests’ research unit. 64 Nowelo Street,Hilo, HI 96720, 
http://​www.​ars. usda.gov/; http://​www.​ars.​usda.​gov/.

Wang, Q., Luo, C., & Wang, R. (2023). Insecticide resistance and its management 
in two invasive cryptic species of Bemisia tabaci in China. International 
Journal of Molecular Sciences, 24(7), 6048.

Wang, Y. H., Wee, S. L., De Faveri, S. G., Gagic, V., Hossain, S., Cheng, D. F., 
Chouangthavy, B., Han, P., Jiang, H. B., & Krutmuang, P. (2024). Advance-
ments in Integrated Pest Management strategies for Bactrocera dorsalisin 
Asia: Current status, insights, and future prospects. Entomologia Generalis. 
https://​doi.​org/​10.​1127/​entom​ologia/​2024/​2711

Xiao, J., Liu, P., Hu, Y., Liu, T., Guo, Y., Sun, P., & Wang, Y. (2023). Antiviral activities 
of Artemisia vulgaris L. extract against herpes simplex virus. Chinese Medi-
cine, 18(1), 1–16. https://​doi.​org/​10.​1186/​s13020-​023-​00711-1

Yingklang, M., Priprem, A., Nualkaew, N., Sungthong, B., Pinlaor, P., & Pinlaor, S. 
(2022). Biochemical constituents and insecticidal activities of Callistemon 
viminalis essential oil against adults and eggs of Pediculus humanus capitis 
(Phthiraptera: Pediculidae). Phytomedicine plus, 2(1), 100156. https://​doi.​
org/​10.​1016/j.​phyplu.​2021.​100156

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.pestbp.2014.11.014
https://doi.org/10.1016/j.indcrop.2017.08.034
https://doi.org/10.1016/j.indcrop.2017.08.034
https://doi.org/10.17582/journal.pjz
https://doi.org/10.17582/journal.pjz
https://doi.org/10.2317/0022-8567-92.4.617
https://doi.org/10.1016/j.bse.2018.09.010
https://doi.org/10.23910/IJBSM/2016.7.5.1635
http://www.ars
http://www.ars.usda.gov/
https://doi.org/10.1127/entomologia/2024/2711
https://doi.org/10.1186/s13020-023-00711-1
https://doi.org/10.1016/j.phyplu.2021.100156
https://doi.org/10.1016/j.phyplu.2021.100156

	Insecticidal potential of botanical extracts for management of, the oriental fruit fly, Bactrocera dorsalis (Diptera: Tephritidae)
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Plant material
	Plant extract extraction and filtration
	Fruit fly rearing
	Ingestion toxicity bioassays
	Data analysis

	Results
	B. dorsalis mortality in plant extract mixed with protein bait
	B. dorsalis mortality in plant extract sprayed
	B. dorsalis repellence
	LC50 of the extracts in both treatments

	Discussion
	Conclusions
	Acknowledgements
	References


