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 Abstract 

Azadirachtin, a natural insecticide derived from neem, is well known for its 
low toxicity to mammals and its selective effectiveness against pest insects. 
Nonetheless, the sublethal effects on beneficial parasitoid wasps have not been 
thoroughly examined. This research explored the impact of azadirachtin on 
the genital complex morphology of the ectoparasitic wasp Scleroderma 
sichuanensis. Adult females were subjected to six different concentrations (10, 
25, 50, 75, 100, and 150 mg/mL) in a controlled laboratory environment. 
We conducted a morphometric analysis of ovipositor length and width in 30 
individuals per treatment. A concentration-dependent decrease in both 
measurements was noted, with the highest concentration (150 mg/mL) 
leading to a reduction of 72.3% in ovipositor length and 73.5% in width 
compared to the control group. The 50 mg/mL concentration, which is close 
to the recommended application rates in the field, resulted in reductions of 
36.7% and 32.4%, respectively. These results indicate that although 
azadirachtin is regarded as environmentally friendly, it may still present 
sublethal threats to non-target hymenopteran natural enemies. Therefore, the 
incorporation of azadirachtin into pest management strategies should consider 
these morphological changes to maintain biological control functions. 
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INTRODUCTION 
The increasing focus on sustainable agriculture 
has sparked renewed interest in botanical 
insecticides, with azadirachtin standing out as one 
of the most extensively researched and utilized 
compounds (Chhunla et al., 2026).  Extracted 

from the seeds of the neem tree (Azadirachta 
indica), azadirachtin primarily functions as an 
ecdysone antagonist, interfering with molting and 
metamorphosis in insects (Houessou et al., 2023). 
Its advantageous toxicological characteristics- low 
persistence, minimal toxicity to mammals, and 
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relative selectivity have made it a favored option 
for incorporation into integrated pest 
management (IPM) strategies globally (Zhou et al., 
2024). Despite these benefits, the selectivity of 
azadirachtin is not without limitations. Beneficial 
arthropods (Boulahbel et al., 2022), especially 
parasitoid wasps, may be susceptible to sublethal 
doses that do not result in immediate death but 
can impair essential biological functions (Souza et 
al., 2026).  Scleroderma sichuanensis, a bethylid wasp 
that targets wood-boring cerambycid larvae, has 
been effectively utilized as a biological control 
agent in Chinese forestry (Wang et al., 2025).  The 
reproductive success of this wasp is significantly 
reliant on the proper functioning of the 
ovipositor, which is crucial for host location, 
penetration, and egg laying (Csader et al., 2021). 
Any damage to this organ could reduce the wasp's 
ability to control pest populations (Harush et al., 
2021). This study was conducted to assess the dose-
dependent impacts of azadirachtin on the 
ovipositor structure of S. sichuanensis (Mastoi et al., 
2026; Mastoi et al., 2025). By measuring 
alterations in ovipositor size at various 
concentrations, we sought to establish if sublethal 
exposure to azadirachtin presents a considerable 
threat to this beneficial wasp (Gastelbondo-
Pastrana et al., 2025). The current research aimed 
to investigate the dose-dependent effects of 

azadirachtin on the ovipositor morphology of S. 
sichuanensis (Mastoi et al., 2025). Through the 
quantification of changes in ovipositor 
dimensions across different concentrations, we 
intended to ascertain whether sublethal exposure 
to azadirachtin constitutes a significant risk to this 
advantageous wasp (Teixeira et al., 2022). The 
objective of the present study was to evaluate the 
effects of azadirachtin on the ovipositor 
morphology of S. sichuanensis in a dose-dependent 
manner (Gastelbondo-Pastrana et al., 2025). By 
quantifying the variations in ovipositor 
dimensions at a range of concentrations, we aimed 
to determine if sublethal exposure to azadirachtin 
poses a notable risk to this beneficial wasp 
(Bartling et al., 2024). 
 
Materials and Methods 
Insect Rearing 
A laboratory colony of S. sichuanensis was created 
at the Provincial Key Laboratory of Forest 
Conservation, Sichuan Agricultural University. 
The wasps were raised on pupae of Tenebrio 
molitor (yellow mealworm) within glass tubes (7 
mm in diameter × 6 cm in length) under 
controlled environmental conditions (25 ± 1°C, 
60–70% relative humidity). The pupal stage of the 
wasp lasts for approximately 20 days (Figure 1). 

 

 
Figure 1. Parasitoid Life Cycle of Scleroderma sichuanensis on Beetle Larval Host and Observed 

Morphological Variations. 
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Insecticide Preparation and Exposure 
Azadirachtin (95% purity, dust concentrate) was 
sourced from a commercial supplier located in 
Shanghai, China. Stock solutions were formulated 
by dissolving the insecticide in distilled water. 
Seven treatment groups were established: one 
untreated control and six concentrations of 
azadirachtin (10, 25, 50, 75, 100, and 150 
mg/mL). For each concentration, 30 adult female 
wasps were subjected to the corresponding 
solution. After exposure, the wasps were kept for 
24 hours under the same environmental 
conditions. 
 
 
 
 

Morphological Analysis 
Following a 24-hour holding period, genital 
complexes were extracted from each wasp. The 
lengths and widths of the ovipositors were 
measured in micrometers (µm) utilizing a 
calibrated image analysis system, which included a 
digital camera attached to a stereomicroscope 
linked to a computer. Descriptive statistics, 
including mean, standard deviation, minimum, 
and maximum values, were computed for each 
treatment group. Morphometric data collected 
from 210 adult female wasps (30 per treatment) 
demonstrated a clear trend of decreasing 
ovipositor dimensions as azadirachtin 
concentrations increased. The results are 
summarized in Table 1, while Figure 2 depicts 
concentration-response relationships. 

 
Table 1. Ovipositor dimensions of Scleroderma sichuanensis after exposure to azadirachtin (mean ± SD, 
n = 30 per treatment). 
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Figure 2. Comparative morphometric analysis of the female genital capsule (ovipositor complex) of 

Scleroderma sichuanensis specimens. 
 
Ovipositor Length 
The average ovipositor length in the control group 
was 1820.45 ± 85.67 µm, with individual 
measurements ranging from 1700.67 to 1980.23 
µm. When exposed to 10 mg/mL of azadirachtin, 
the mean length decreased to 1660.78 ± 78.45 µm, 
reflecting an 8.8% reduction. At a concentration 
of 25 mg/mL, the mean length further declined to  
 

 
1435.89 ± 72.34 µm, indicating a 21.3% 
reduction. The 50 mg/mL concentration resulted 
in a mean length of 1155.67 ± 58.23 µm, which 
corresponds to a 36.7% reduction. Additional 
decreases were noted at 75 mg/mL (956.78 ± 
32.45 µm; 48.3% reduction), 100 mg/mL (765.89 
± 28.67 µm; 58.3% reduction), and 150 mg/mL 
(505.67 ± 29.34 µm; 72.3% reduction) (Table 2 & 
Figure 3). 
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Table 2. Ovipositor length of Scleroderma sichuanensis following exposure to azadirachtin (mean ± SD, 
n = 30 per treatment). 

Treatments Mean length (µm) Reduction 
Control 1820.45 ± 85.67 — 

10 mg/mL 1660.78 ± 78.45 8.8% 
25 mg/mL 1435.89 ± 72.34 21.3% 
50 mg/mL 1155.67 ± 58.23 36.7% 
75 mg/mL 956.78 ± 32.45 48.3% 
100 mg/mL 765.89 ± 28.67 58.3% 

150 mg/mL 505.67 ± 29.34 72.3% 

 
Ovipositor Width 
In control specimens, the average ovipositor width 
was measured at 885.67 ± 22.34 µm, with a range 
from 849.67 to 920.45 µm. At a concentration of 
10 mg/mL, the mean width decreased to 815.23 ± 
23.12 µm, reflecting an 8.3% reduction. When the 
concentration was increased to 25 mg/mL, the 
width further declined to 708.45 ± 24.56 µm, 
indicating a 19.2% reduction. The treatment at 50 
mg/mL resulted in a mean width of 591.23 ± 

25.67 µm, which corresponds to a 32.4% 
reduction. At 75 mg/mL, the average width was 
recorded at 448.56 ± 26.78 µm, showing a 
significant 48.4% reduction. At the highest 
concentration of 100 mg/mL, the width was 
measured at 320.45 ± 23.45 µm, representing a 
61.0% reduction. Finally, at the maximum 
concentration of 150 mg/mL, the mean width was 
220.34 ± 20.56 µm, reflecting a substantial 73.5% 
reduction (Table 3 & Figure 3). 

 
Table 3. Ovipositor width of Scleroderma sichuanensis following exposure to azadirachtin (mean ± SD, n 

= 30 per treatment). 
Treatments Mean width (µm) Reduction 

Control 885.67 ± 22.34 — 
10 mg/mL 815.23 ± 23.12 8.3% 
25 mg/mL 708.45 ± 24.56 19.2% 
50 mg/mL 591.23 ± 25.67 32.4% 
75 mg/mL 448.56 ± 26.78 48.4% 

100 mg/mL 320.45 ± 23.45 61.0% 
150 mg/mL 220.34 ± 20.56 73.5% 
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Figure 3. Morphological variation and impact of exposure on the genital capsule of Scleroderma 

sichuanensis (Hymenoptera: Bethylidae) 
Discussion 
The findings of this research indicate that 
azadirachtin, known for being a relatively selective 
botanical insecticide, causes significant 
morphological changes in the genital complex of 
S. sichuanensis (Gastelbondo-Pastrana et al., 2025). 
The concentration-dependent decreases in both 
the length and width of the ovipositor imply that 
sublethal exposures could hinder the functional 
efficacy of this essential reproductive organ 
(Mastoi et al., 2026). The extent of the observed 
effects is noteworthy. At the lowest concentration 
tested (10 mg/mL), reductions of about 8–9% 
were already apparent. Although these alterations 
may seem minor, even slight decreases in 
ovipositor length could hinder the wasp's ability to 
access host larvae hidden within wood galleries 
(Yin et al., 2026). Parasitoid wasps depend on 
accurate ovipositor insertion to effectively lay their 
eggs; any reduction in this structure could 
diminish the depth of host penetration or elevate 
the energy expenditure required for oviposition 
(Kraft et al., 2025). The concentration of 50 
mg/mL is particularly significant as it closely 
resembles the application rates typically utilized in 
agricultural and forestry practices (Qiu et al., 
2026). At this concentration, the length of the 
ovipositor was diminished by over one-third, while 

its width decreased by nearly one-third (Kraft et al., 
2025). Such substantial alterations are likely to 
hinder reproductive success. Comparable results 
have been documented for other parasitoid species 
subjected to azadirachtin; for instance, sublethal 
exposure has been shown to decrease fecundity 
and modify oviposition behavior in 
Trichogramma spp (Khan, 2022). The mechanism 
responsible for the morphological changes 
induced by azadirachtin likely relates to its anti-
ecdysteroid properties (Vieira et al., 2024). By 
disrupting the signaling of molting hormones, 
azadirachtin can interfere with cuticle formation 
and tissue differentiation during developmental 
stages (Fan et al., 2023). Although adult wasps 
were the subjects of exposure rather than 
immature forms, the 24-hour holding period may 
have permitted residual effects on cuticular 
structures that remain vulnerable to hormonal 
disruption (Oi et al., 2021; Prato et al., 2022). 
From an Integrated Pest Management (IPM) 
standpoint, these results indicate that even 
insecticides deemed "safe" can unintentionally 
affect beneficial arthropods (Horne & Addison, 
2024). While azadirachtin is generally preferred 
over broad-spectrum synthetic alternatives, apply it 
with precise timing and targeting to reduce 
exposure to natural enemies (Gastelbondo-
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Pastrana et al., 2025). Future investigations should 
focus on whether the identified morphological 
changes lead to diminished reproductive output 
and whether recovery is possible after the cessation 
of exposure (Marlatt et al., 2022). 
 
Conclusion 
Azadirachtin exposure leads to notable, 
concentration-dependent decreases in both the 
length and width of the ovipositor in Scleroderma 
sichuanensis. At concentrations close to those used 
in field applications, reductions surpassed 30% for 
each parameter. These morphological changes are 
likely to hinder the reproductive ability of the wasp 
and may reduce its efficacy as a biological control 
agent. Pest management strategies that utilize 
azadirachtin should take these sublethal effects 
into account and implement practices that reduce 
exposure to beneficial parasitoids. 
 
REFERENCES 
Bartling, M.-T., Brandt, A., Hollert, H., & 

Vilcinskas, A. (2024). Current insights into 
sublethal effects of pesticides on insects. 
International journal of molecular sciences, 
25(11), 6007.  

Boulahbel, B., Ferdenache, M., Sifi, K., & Kilani-
Morakchi, S. (2022). Larval exposure to 
azadirachtin induced locomotor deficits, 
and impairs olfactory and gustatory 
preference in adults of Drosophila 
melanogaster (Diptera: Drosophilidae). 
International Journal of Tropical Insect 
Science, 42(4), 2835-2844.  

Chhunla, C., Sarun, H., Channy, L., & Nara, I. 
(2026). Botanical Pesticides as Sustainable 
Alternatives for Insect Pest Management in 
Vegetable Crops: A Narrative Review. 
Journal of Agriculture and Environment, 
3(1), 87-95.  

Csader, M., Mayer, K., Betz, O., Fischer, S., & 
Eggs, B. (2021). Ovipositor of the braconid 
wasp Habrobracon hebetor: structural and 
functional aspects. Journal of Hymenoptera 
Research, 83, 73-99.  

Fan, S.-T., Wu, M.-Z., Liu, C., Li, H.-H., Huang, 
S.-H., Zheng, Z.-J., Ye, X.-Y., Tan, J.-F., & 
Zhu, G.-H. (2023). Azadirachtin inhibits 
nuclear receptor HR3 in the prothoracic 
gland to block larval ecdysis in the fall 
armyworm, Spodoptera frugiperda. Journal 
of Agricultural and Food Chemistry, 71(42), 
15497-15505.  

Gastelbondo-Pastrana, B., Santorum, M., 
Scudeler, E. L., Fernandes, F. H., Alvis, E. 
M., Chams-Chams, L., & Dos Santos, D. C. 
(2025). Azadirachtin-based biopesticide 
affects fitness and ovarian development of 
the natural enemy Ceraeochrysa claveri 
(Neuroptera: Chrysopidae). Plants, 14(3), 
416.  

Harush, A., Quinn, E., Trostanetsky, A., 
Rapaport, A., Kostyukovsky, M., & 
Gottlieb, D. (2021). Integrated pest 
management for stored grain: potential 
natural biological control by a parasitoid 
wasp community. Insects, 12(11), 1038.  

Horne, P., & Addison, R. (2024). The Role of 
Insecticides within IPM Strategies. In 
Insecticides in Pest Control-Impact, 
Challenges and Strategies. IntechOpen.  

Houessou, L. Y., Djènontin, A., Sossoukpè, E., 
Liady, M. N. D., Adandé, R., Bouraïma, A., 
Soares, C., Akogbéto, M., & Fiogbe, E. D. 
(2023). Exploring phytoplankton 
management for controlling the malaria 
vector Anopheles gambiae in Benin. Journal 
of Applied Phycology, 35(1), 495-508.  

Khan, M. A. (2022). Lethal and parasitism effects 
of selected novel pesticides on the immature 
stages of Trichogramma chilonis 
(Trichogrammatidae: Hymenoptera). 
International Journal of Tropical Insect 
Science, 42(2), 1077-1093.  

Kraft, R., Betz, O., Rack, A., & Eggs, B. (2025). 
Structure and function of the ovipositor of 
the encyrtid wasp Microterys flavus. 
Frontiers in Zoology, 22(1), 24.  

 
 



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH 

International Peer-Reviewed Research Journal 

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972 

Volume 3 • Issue 5 • September 2026 

 

https://ijournalar.com  | Mastoi et al., 2026 | Page 4272 
 

Marlatt, V., Bayen, S., Castaneda-Cortès, D., 
Delbès, G., Grigorova, P., Langlois, V. S., 
Martyniuk, C. J., Metcalfe, C. D., Parent, L., 
& Rwigemera, A. (2022). Impacts of 
endocrine disrupting chemicals on 
reproduction in wildlife and humans. 
Environmental Research, 208, 112584.  

Mastoi, S. M., Bhatti, Q. B., Ruk, M., Kousar, T., 
Memon, K., & Khatri, I. (2026). Toxicity 
and Impact of Lambda-Cyhalothrin on the 
Genital Complex of Scleroderma 
sichuanensis. Planta Animalia, 5(2), 143-
150.  

Mastoi, S. M., Hua, Y., Chandio, W. A., Mastoi, 
P. M., & Wei, Y. (2025). Transcriptomic 
analysis under the stress of insecticides and 
the functional role of three genes related to 
host finding behavior of Scleroderma 
sichuanensis. Comparative Biochemistry 
and Physiology Part D: Genomics and 
Proteomics, 101734.  

Oi, C. A., da Silva, R. C., Stevens, I., Ferreira, H. 
M., Nascimento, F. S., & Wenseleers, T. 
(2021). Hormonal modulation of 
reproduction and fertility signaling in 
polistine wasps. Current zoology, 67(5), 
519-530.  

Prato, A., da Silva, R. C., Oi, C. A., Turatti, I. C. 
C., & do Nascimento, F. S. (2022). Juvenile 
hormone regulates reproductive physiology 
and the production of fertility cues in the 
swarm-founding wasp Polybia occidentalis. 
Chemoecology, 32(4), 171-180.  

Qiu, F., Regmi, S., & Allen, C. M. (2026). A 
Review of Common Crop Residue 
Management Practices in Grain Production. 
Agronomy, 16(6), 625.  

Souza, S. A. d., Padial, I. M. P. M., Conceição da 
Cruz, J. V., Camargo, M. G., Faita, M. R., 
& Mussury, R. M. (2026). From Plant 
Metabolites to Pollinator Safety: Rethinking 
Selectivity of Botanical Insecticides in Bees—
A Review. Biology, 15(12), 948. 

 
 

Teixeira, G. V., De Souza, A. R., Barbosa, W. F., 
Bernardes, R. C., & Lima, M. A. P. (2022). 
Chronic exposure to a common 
biopesticide is detrimental to individuals 
and colonies of the paper wasp Polistes 
versicolor. Science of the Total 
Environment, 810, 152108.  

Vieira, C. S., Bisogno, S., Salvemini, M., Loza 
Telleria, E., & Volf, P. (2024). Azadirachtin 
disrupts ecdysone signaling and alters sand 
fly immunity. Parasites & Vectors, 17(1), 
526.  

Wang, L., Situ, Y., Zhang, J., Kang, K., Xiao, Z., 
Wang, S., Wei, K., & Tang, Y. (2025). The 
thermal adaptability of Sclerodermus guani 
Xiao et Wu (Hymenoptera: Bethylidae), an 
important parasitoid of long-horned beetles 
in China. Biology, 14(9), 1234.  

Yin, H., Wang, Q., Liu, Z., Guo, W., & Li, X. 
(2026). Parasitoid Insect Venom Proteins: 
Identification, Functions, Evolution, and 
Biocontrol Potential—Lessons from 
Hymenoptera and Open Questions in the 
Coleopteran Ectoparasitoid Dastarcus 
helophoroides. Insects, 17(6), 608.  

Zhou, W., Arcot, Y., Medina, R. F., Bernal, J., 
Cisneros-Zevallos, L., & Akbulut, M. E. 
(2024). Integrated pest management: an 
update on the sustainability approach to 
crop protection. ACS omega, 9(40), 41130-
41147.  

 


