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Introduction 

The melon fruit fly Zeugodacus cucurbitae (Coquillett) (Diptera: 

Tephritidae) is one of the most destructive pests of cucurbit crops 

worldwide and is recognised as a quarantine pest in numerous 

countries due to its ability to disperse rapidly and inflict severe 

economic losses (1). Its quarantine status restricts the international 

trade of host crops and necessitates rigorous phytosanitary 

measures (2, 3). The pests’ global importance is underpinned by its 

exceptionally high reproductive potential, remarkable adaptability 

to diverse climatic zones and a broad host range exceeding 125 plant 

species (4-6). Nevertheless, Z. cucurbitae continues to cause 

alarming yield losses across its range. In India, crop damage varies 

from 30 % to 100 %, depending on the crop species, growing season 

and prevailing environmental conditions (4,7). Several recent 

regional studies confirm this high impact and document heavy 

infestations in major cucurbit-growing states: for example, intensive 

melon-fly outbreaks and damage have been reported from multiple 

locations in Uttar Pradesh (including Varanasi and the eastern plain 

zone), where cucurbit fruit infestation and maggot loads were 

shown to reach very high levels during peak seasons. Comparable 

high losses have also been documented from Madhya Pradesh 

(Mandsaur region), with seasonal fruit-damage records for cucurbits 

frequently reaching tens of percent and sometimes exceeding 50 % 

in untreated plots (8-12). Comparable levels of devastation have 

been reported elsewhere: 53–100 % losses in Mozambique, 10–100 

% in Kazakhstans’ Kyzylorda region and 80–90 % in Central Asia due 

to the Baluchistan melon fly, Myiopardalis pardalina, a species 

distinct from Zeugodacus cucurbitae (13-17). Furthermore, 

widespread infestations throughout Southeast Asia, Africa and the 

Pacific Islands have repeatedly led to near-total crop failures (2, 15, 

18). Among cucurbits, bitter gourd (Momordica charantia) is 

especially susceptible, owing to its volatile attractants and nutrient 

profile, which enhance pest development (4). Infestation not only 

diminishes marketable yield but also predisposes fruits to secondary 
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Abstract  

Chemical control has traditionally served as the principal method for managing pests in cucurbit crops; however, the urgent need to mitigate 
environmental risks and ensure food safety has driven the exploration of sustainable alternatives. The present study was carried out during 

Kharif 2024 at the Entomology Laboratory, ICAR–Indian Institute of Vegetable Research, Varanasi, to evaluate the influence of insecticides 

from diverse chemical groups on the biology and morphometrics of the melon fruit fly, Zeugodacus cucurbitae. The test insecticides included 
chlorantraniliprole, cyantraniliprole, thiamethoxam, imidacloprid, indoxacarb and azadirachtin. Their effects were examined on 

developmental duration, adult longevity, oviposition period, fecundity and body dimensions. The results revealed that anthranilic diamides 

exerted the most pronounced impact. Chlorantraniliprole and cyantraniliprole markedly prolonged developmental time (female longevity of 

37.23 and 33.76 days, respectively, versus 30.82 days in control) and azadirachtin, as well as cyantraniliprole, significantly suppressed 
fecundity (52.40 and 54.26 eggs compared with 81.40 in control). Among concentrations, imidacloprid at 16 ppm (45.33 eggs) and azadirachtin 

at 16 ppm (50.48 eggs) per female adult caused the greatest reduction in fecundity, whereas indoxacarb at 4 ppm showed minimal effect 

(79.78 eggs). Morphometric traits were similarly affected, with chlorantraniliprole reducing larval length (1st instar 1.49 mm and 3rd instar 9.15 

mm against 1.85 mm and 10.05 mm in control) and adult female width (13.55-14.41 mm vs 15.79 mm in control). Indoxacarb responses closely 
resembled control, while azadirachtin produced intermediate suppression. Overall, the findings indicate that anthranilic diamides, 

particularly chlorantraniliprole and cyantraniliprole, along with the botanically derived azadirachtin, are promising candidates for disrupting 

the growth and reproduction of Z. cucurbitae. When used in rotation or integrated with botanicals and ecological strategies, these insecticides 

can form a sustainable foundation for melon fruit fly management.    

Keywords: azadirachtin; bitter gourd; chlorantraniliprole; cyantraniliprole; melon fruit fly; Zeugodacus cucurbitae   
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infections and rapid decay, resulting in significant economic losses. 

Consequently, understanding the pests’ biology on this host is 

essential for devising sustainable management strategies. Critical 

parameters such as developmental duration, morphometrics and 

fecundity play a decisive role in shaping population dynamics (19). 

Morphometric traits, including egg, larva, pupa and adult size, 

provide insight into host suitability and nutritional adequacy, while 

fecundity reflects reproductive potential (20). 

 Despite considerable advances in pest control, chemical 

insecticides remain the principal tool for managing Z. cucurbitae. 

However, indiscriminate use has accelerated the development of 

resistance, led to residue accumulation and adversely affected non-

target organisms. This underscores the urgency of transitioning 

toward integrated pest management (IPM) approaches (21). Recent 

investigations have identified newer chemistries such as 

chlorantraniliprole, cyantraniliprole, thiamethoxam, imidacloprid, 

indoxacarb and azadirachtin as promising alternatives. These 

compounds exhibit diverse modes of action, ranging from ovicidal 

and larvicidal to neurotoxic and repellent and have demonstrated 

considerable efficacy in suppressing fruit fly populations (22-28). 

Chlorantraniliprole and cyantraniliprole impair insect muscle 

contraction; neonicotinoids such as thiamethoxam and 

imidacloprid disrupt neural transmission; indoxacarb inhibits 

sodium channel function; and azadirachtin, a neem-derived 

compound, acts as an antifeedant and growth regulator. Their 

repellency potential, particularly when applied at varying 

concentrations, offers a pathway to safer and more ecologically 

compatible pest control strategies. 

 For these reasons, the present investigation was designed to 
elucidate the biology of Z. cucurbitae on bitter gourd, with emphasis 

on developmental duration, morphometric characteristics and 

fecundity under exposure to chlorantraniliprole, cyantraniliprole, 

thiamethoxam, imidacloprid, indoxacarb and azadirachtin at 

different concentrations. By integrating biological data with 

insecticide performance, the study aims to identify effective agents 

for behavioural disruption and to contribute to an IPM-based, crop-

specific strategy. The ultimate goal is to reduce dependency on 

conventional insecticides while enhancing the efficacy, sustainability 

and environmental compatibility of control measures for Z. 

cucurbitae in bitter gourd cultivation.  

 

Materials and Methods  

Rearing technique of melon fruit fly in bitter gourd  

The respective rearing method was developed with necessary 

modifications, adhering to the methodology established (29). 

Infested bitter gourd (Momordica charantia) fruits harbouring melon 

fruit fly (Zeugodacus cucurbitae Coquillett) larvae were collected 

from the experimental farm of ICAR-IIVR, Varanasi, during Kharif, 

2024. The extracted maggots were transferred into petri dishes 

containing a layer of moist sand to regulate moisture levels, which 

was covered with tissue paper in order to avoid fungal 

contamination. Fresh, tender bitter gourd slices were placed atop 

the tissue paper and housed within a rearing cage to facilitate larval 

development. To sustain larval feeding, fresh bitter gourd slices were 

provided at 48 h intervals. Fully developed maggots were allowed to 

pupate within the sand substrate. Pupae were readily identifiable 

due to the presence of white tissue paper, strategically placed for 

contrast against the sand. Upon pupation, the pupae were carefully 

collected and transferred to a separate container with the provision 

of sand before being introduced into the rearing cage for adult 

emergence. Emerging adult flies were captured manually using 

insect collection tubes within the rearing setup, ensuring minimal 

disturbance. Subsequently, male and female flies were sexed and 

paired before being transferred into a wooden oviposition cage. Due 

to their tendency to settle inside the tubes immediately upon 

capture, removing the tubes without escape risk proved challenging. 

To mitigate fly loss, the tubes were left inside the cage until the flies 

acclimatised. Adult flies were sustained on cotton soaked in a 20 % 

honey solution as adult food. For oviposition, fresh, tender bitter 

gourds every 48 h intervals were introduced into the oviposition cage 

(45 cm × 45 cm × 45 cm), allowing females to lay eggs. As the larvae 

emerged, they were relocated to the rearing cage, where they 

continued their life cycle, ultimately pupating in the sand, thus 

perpetuating the life cycle (Fig. 1). The experiment was conducted at 

25 ± 2ºC, 65 ± 5 % relative humidity and a 12:12 h (light: dark) 

photoperiod. 

Observations taken  

The present study investigated the effects of selected insecticidal 

treatments on key biological parameters of Zeugodacus cucurbitae 

infesting bitter gourd. Parameters assessed included the duration of 

developmental stages, morphometric traits such as length, width 

and wing span (adult), as well as fecundity. The insecticides 

evaluated are given in Table 1, each tested at three concentrations 

(4, 8 and 16 ppm).  

Fecundity assessment  

Each insecticide was tested with three replications. Five mating pairs 

of melon fruit flies were introduced into an experimental cage. A 20 

% honey solution, serving as adult food, was applied to cotton 

swabs and affixed to the inner walls of the cage. Additionally, moist 

tissue papers were placed on petri plates to maintain optimal 

humidity. Fresh bitter gourd (Momordica charantia) fruits were 

procured, sliced and subjected to insecticidal treatment by 

immersion in solutions at concentrations of 4, 8 and 16 ppm for 15 

min. The treated fruits were then air-dried and positioned on the 

tissue paper. Following the ingestion of the honey solution, 

copulation occurred among the flies, with females initiating 

oviposition on the treated bitter gourd slices. Mating was observed 

predominantly during the evening, aligning with the species' natural 

reproductive behaviour. The subsequent day, the bitter gourd pieces 

were meticulously examined for egg deposition. The eggs were 

quantified using a trinocular microscope (COSLAB). Egg counts were 

recorded daily for five pairs per replication across all treatments and 

concentration groups.  

Insecticide (Formulation) Recommended dose Test concentrations (ppm) 
Chlorantraniliprole 18.50 % SC 0.2 mL L-1 4, 8, 16 
Cyantraniliprole 10.26 % OD 1.8 ML L-1 4, 8, 16 
Thiamethoxam 25 % WG 0.33 g L-1 4, 8, 16 
Imidacloprid 17.80 % SL 0.33 g L-1 4, 8, 16 
Indoxacarb 14.50 % SC 1.0 ML L-1 4, 8, 16 
Azadirachtin 300 ppm 5.0 mL L-1 4, 8, 16 

Table 1. Insecticides used in the experiment and their applied concentrations 
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Fig. 1. Rearing procedure of the melon fruit fly. 
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Morphometrics of all developmental stages  

Morphometric measurements of all the life stages were 

conducted using Vernier callipers and a trinocular microscope 

integrated with COSLAB software. Mean values were calculated 

from 5 individuals per replication for each concentration and 

treatment (Fig. 2).  

Duration of all the developmental stages of the melon fruit 

fly  

Infested bitter gourd fruits containing Zeugodacus cucurbitae 
larvae were collected from the field and reared as per the 

established protocol. Tender bitter gourd slices were treated 

with six insecticides (Table 1), each replicated thrice. Treated 

slices were placed in the petri dishes to allow adult flies to lay 

eggs. The durations of egg, larval, pupal and adult stages were 

recorded, with means calculated from 5 individuals per replicate 

per treatment.  

Statistical analysis 

The experimental data on morphometrics, developmental 

durations at each life stage and fecundity of female adults of 

Zeugodacus cucurbitae were subjected to statistical analysis 

using SAS software (version 9.3) by using the procedure 

generalised linear model (PROC GLM). The experiment was 

conducted in a completely randomised design (CRD) set-up with 

six insecticidal treatments, each tested at three concentrations, 

with three replications, along with a control. An analysis of 

variance (ANOVA) was performed for each parameter based on 

the design adopted. Treatment means were compared using 

tukeys’ honest significant difference (HSD) test at P = 0.05. The 

square root data transformation √ (x + 0.5) was applied to the 

parameter fecundity to meet the normality assumption.  

 

Results 

Fecundity 

The fecundity of melon fruit fly was significantly influenced by the 

tested insecticides (F = 17.97; P < 0.0001). Tukeys’ HSD test (MSD = 

0.77) revealed that azadirachtin (7.28) recorded the lowest fecundity, 

significantly lower than all other treatments and control (9.05), 

making it the most effective in reducing oviposition. In contrast, 

indoxacarb (8.68) showed the highest fecundity among insecticide 

treatments, statistically similar to control and, thus, being the least 

effective (Table 2). 

 The interaction between insecticides and concentrations 

was also highly significant (F = 7.72, P < 0.0001). Tukeys’ HSD test 

(MSD =1.27) revealed that imidacloprid 16 ppm (6.77) followed by 

azadirachtin 16 ppm (7.14) achieved the greatest reduction in 

fecundity, significantly lower than the control, whereas indoxacarb 

4 ppm (8.96) had the highest value amongst all the insecticides 

(Table 3). 

Morphometrics 

The morphometric traits of Zeugodacus cucurbitae were 

significantly affected by insecticidal treatments across 

developmental stages. Both egg length and width differed among 

treatments (ANOVA: length df = 6, F = 6.03, P = 0.0027; width df = 6, F = 

41.22, P < 0.0001). Tukeys’ HSD (Length MSD = 0.10; Width MSD = 

0.03, α = 0.05) showed that chlorantraniliprole (1.19 mm) and 

cyantraniliprole (1.22 mm) produced significantly shorter eggs than 

the control (1.32 mm). Cyantraniliprole produced the narrowest 

eggs (0.19 mm) (significant vs control; Table 4). The insecticide × 

concentration interaction also affected both traits (interaction 

ANOVA significant); for example, azadirachtin 16 ppm gave the 

smallest length observed (1.18 mm), though this value was not 

significantly different from the control at the tested MSD. 

Cyantraniliprole 16 ppm and imidacloprid 16 ppm produced the 

narrowest widths (0.16 mm each), both significantly smaller than the 

Table 2.  Effect of different  insecticidal treatments on the fecundity 
of melon fruit fly 

Insecticides Fecundity* 

Chlorantraniliprole 8.08bc(64.79) 

Cyantraniliprole 7.40cd (54.26) 

Thiamethoxam 8.10bc(65.11) 

Imidacloprid 7.48cd(55.45) 

Indoxacarb 8.68ab(74.84) 

Azadirachtin 7.28d (52.50) 

Control 9.05a(81.40)  

Means followed by the same letters in a column are not significantly 
different at P =0.05 based on Tukeys’ honest significant difference 

(HSD); *Data were subjected to square root transformation √ (x + 
0.5), values in parentheses represent original values.  

Table 3. Interaction effect of different insecticidal treatments and their concentrations on the fecundity of melon fruit fly 

Insecticides Concentration Fecundity* 

Chlorantraniliprole 
4ppm 8.66abc(74.99) 
8ppm 7.90abcde(61.91) 

16ppm 7.64bcde(57.87) 

Cyantraniliprole 
4ppm 7.50 cde (55.75) 
8ppm 7.35de(53.52) 

16ppm 7.34de(53.38) 

Thiamethoxam 
4ppm 8.15abcd(65.92) 
8ppm 8.11abcd(65.27) 

16ppm 7.97abcde(63.02) 

Imidacloprid 
4ppm 8.28abcd(68.06) 
8ppm 7.30de(52.79) 

16ppm 6.77e(45.33) 

Indoxacarb 
4ppm 8.96a(79.78) 
8ppm 8.86ab(78.00) 

16ppm 8.21abcd(66.90) 

Azadirachtin 
4ppm 7.44cde(54.85) 
8ppm 7.26de(52.21) 

16ppm 7.14de(50.48) 
Control 9.05a(81.40) 

Means followed by the same letters in a column are not significantly different at P =0.05 based on Tukeys’ honest significant difference (HSD); 
*Data were subjected to square root transformation √ (x + 0.5), values in parentheses represent original values.  
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control (Table 5). 

 Treatments reduced both length and width for first-instar 

larvae (ANOVA: length F = 11.91, P < 0.0001; width F = 6.73, P = 0.0016). 

Tukeys’ HSD (length MSD = 0.16; Width MSD = 0.04) identified 

chlorantraniliprole (1.49 mm) as producing the shortest larvae 

compared to the control (1.85 mm) (Table 4). Interaction effects were 

significant (interaction ANOVA); e.g., azadirachtin 16 ppm also 

yielded a short length (1.49 mm) and chlorantraniliprole 16 ppm the 

narrowest width (0.19 mm), both significantly reduced versus the 

control. By contrast, lower-dose thiamethoxam (4 ppm) and 

azadirachtin (4 ppm) produced the largest larvae and were 

statistically comparable to the control (Table 5). 

 Length differed among treatments while width did not for 

second-instar larvae in the main-effect ANOVA (length F = 4.50, P = 

0.0096; width F = 1.30, P = 0.3179). Tukeys’ HSD (length MSD = 0.58) 

showed that chlorantraniliprole (5.66 mm) and azadirachtin (5.51 

mm) gave significantly shorter larvae than the control (6.25 mm) 

(Table 4). Interaction effects were significant for both traits 

(interaction ANOVA); at 16 ppm, chlorantraniliprole (4.78 mm) and 

azadirachtin (5.03 mm) were the shortest lengths and 

chlorantraniliprole 16 ppm (1.04 mm), cyantraniliprole 16 ppm (1.06 

mm) and azadirachtin 16 ppm (1.09 mm) produced the narrowest 

widths (Table 5). 

 No main-effect difference was detected for third-instar larvae 

length (F = 1.79, P = 0.1740), but width varied significantly (F = 3.77, P = 

0.0191). Tukeys’ HSD (width MSD = 0.20) indicated thiamethoxam 

(1.82 mm) and chlorantraniliprole (1.85 mm) produced significantly 

narrower larvae than the control (2.08 mm) (Table 4). Interaction 

effects were significant; notably, chlorantraniliprole 16 ppm showed 

strong size reduction (length 8.02 mm reported under interaction) 

and narrowest widths for chlorantraniliprole 16 ppm (1.68 mm) and 

cyantraniliprole 16 ppm (1.73 mm) (Table 5). 

 Pre-pupal morphometrics showed that length, but not 

width, was significantly influenced by treatment (length F = 4.15, P = 

0.0133; width F = 2.37, P = 0.0862). Tukeys’ HSD (length MSD = 0.57) 

identified chlorantraniliprole (6.11 mm), cyantraniliprole (6.12 mm) 

and azadirachtin (6.14 mm) as significantly shorter than the control 

(6.79 mm) (Table 3). Interaction effects were present (interaction 

ANOVA); chlorantraniliprole 16 ppm (6.00 mm) and imidacloprid 16 

ppm (5.99 mm) were the shortest and chlorantraniliprole 16 ppm 

(1.73 mm) and imidacloprid 16 ppm (1.75 mm) the narrowest pre-

pupae (all significant vs control; Table 4). 

 Pupal length did not differ among main treatments (F = 0.23, 

Table 4.  Effect of different  insecticidal treatments on the morphometrics of  all developmental stages of melon fruit fly 

Insecticides 
gEL 

(mm) 

hEW 
(mm) 

i1IL 
(mm) 

j1IW 
(mm) 

k2IL 
(mm) 

l2IW 
(mm) 

m3IL 
(mm) 

n3IW 
(mm) 

oPPL 
(mm) 

pPPW 
(mm) 

qPL 
(mm) 

rPW 
(mm) 

sFL 
(mm) 

tFW  
(mm) 

uML 
(mm) 

vMW 
(mm) 

aCh 1.19c 0.20de 1.49c 0.24c 5.66b 1.09a 9.15a 1.85b 6.11b 1.84a 5.68a 2.32b 9.45a 14.25ab 7.99a 10.31b 
bCy 1.22bc 0.19e 1.61bc 0.28ab 5.91ab 1.14a 9.19a 1.92ab 6.12b 1.89a 5.89a 2.40ab 9.46a 14.42ab 8.10a 10.36b 
cTh 1.29ab 0.24bc 1.69b 0.30a 5.97ab 1.20a 9.53a 1.82b 6.19b 1.91a 5.94a 2.44ab 9.47a 15.25ab 8.28a 10.94ab 
dImi 1.22bc 0.22cd 1.58bc 0.26abc 6.04ab 1.17a 9.11a 1.93ab 6.15b 1.85a 5.86a 2.38ab 9.37a 14.65ab 8.16a 10.80ab 
eIndo 1.31ab 0.24b 1.71ab 0.28abc 6.07ab 1.20a 9.46a 1.91ab 6.22ab 1.88a 5.96a 2.46ab 9.54a 15.29ab 8.24a 11.06ab 
fAza 1.24abc 0.23bcd 1.69b 0.28ab 5.51b 1.17a 9.03a 1.91ab 6.14b 1.89a 5.73a 2.34b 9.36a 14.13b 8.08a 10.43b 
Control 1.32a 0.29a 1.85a 0.24bc 6.25a 1.22a 10.05a 2.08a 6.79a 2.06a 5.72a 2.66a 9.97a 15.79a 8.78a 11.82a 

Means followed by same letters in a column are not significantly different at P=0.05 based on Tukeys’ Honest Significant Difference (HSD) (aCh- 
Chlorantraniliprole, bCy-Cyantraniliprole, cThi-Thiamethoxam, dImi-Imidacloprid, eIndo-Indoxacarb, fAza- Azadirachtin, gEL-Egg Length, hEW- 

Egg Width, i1IL-1st Instar length, j1IW- 1st Instar Width, k2IL-2nd Instar Length, l2IW- 2nd Instar Width, m3IL- 3rd Instar Length, n3IW- 3rd Instar Width, 
oPPL-Prepupal length, pPPW-Prepupal Width, qPL-Pupal Length, rPW-Pupal Width, sFL- Female Length, tFW- Female Wing span, uML- Male 

Length, vMW- Male Wing span)  

 

Fig. 2. Developmental stages of melon fruit fly. A. Egg stage; B. 1st instar maggot; C. 2nd instar maggot; D. 3rd instar maggot; E. Pupa; F. Adult 
emerging from pupal case; G. Female adult, H. Male adult.  
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P = 0.9595), whereas pupal width did (F = 3.50, P = 0.0251). Tukeys’ 

HSD (Width MSD = 0.29) indicated chlorantraniliprole (2.32 mm) and 

azadirachtin (2.34 mm) were significantly narrower than the control 

(2.66 mm) (Table 4). Interaction effects were significant for both 

traits; chlorantraniliprole 16 ppm produced among the shortest 

pupal lengths reported under interaction (5.05 mm) and the 

narrowest pupae (chlorantraniliprole 16 ppm 2.17 mm; imidacloprid 

16 ppm 2.20 mm) relative to control (Table 5). 

 In female adults, length did not differ among main 

treatments (F = 1.96, P = 0.1403), but wing span did (F = 3.80, P = 

0.0186); azadirachtin-treated females were significantly narrower 

winged (14.13 mm) than controls (15.79 mm) (Table 4). Interaction 

effects indicated chlorantraniliprole 16 ppm and azadirachtin 16 

ppm produced the shortest females (lengths reported under 

interaction: chlorantraniliprole 16 ppm 9.03 mm; azadirachtin 16 

ppm 9.08 mm), while cyantraniliprole 16 ppm produced the 

narrowest winged females (13.50 mm) (Table 5). In males, significant 

interaction effects were found for both length and wing span; 

chlorantraniliprole 16 ppm produced the shortest males (7.76 mm) 

and imidacloprid 16 ppm the narrowest winged males (9.62 mm) 

compared with the control (length 8.78 mm; width 11.82 mm). 

 In summary. chlorantraniliprole, cyantraniliprole and 

azadirachtin consistently and significantly produced the largest and 

most concentration-dependent reductions in length and width 

across immature stages. Imidacloprid showed size-suppressing 

effects at higher concentrations, whereas lower-dose thiamethoxam 

and indoxacarb generally produced minimal or no significant 

reductions relative to control. 

Duration 

Results demonstrated that insecticidal treatments significantly 

affected the egg stage duration of Zeugodacus cucurbitae, both as a 

main effect (F = 33.15, P < 0.0001 and through their interaction with 

concentration (F = 37.86, P < 0.0001) Tukeys’ HSD test (main effect: 

MSD = 0.09; Interaction effect: MSD = 0.13, α = 0.05) confirmed that, 

under the main effect, indoxacarb (1.07) recorded the shortest 

durations and was statistically comparable with control (1.08) and 

significantly lower than chlorantraniliprole (1.36), which exhibited 

the longest duration (Table 6). In the interaction analysis, 

chlorantraniliprole 16 ppm (1.64) remained significantly superior to 

all treatments, while the control (1.08) and indoxacarb 16 ppm (1.10) 

showed the shortest durations, statistically at par with each other. 

Thus, chlorantraniliprole 16 ppm was most effective in extending the 

egg stage, whereas indoxacarb showed the least effect, being at par 

with the control (Table 7). 

 Significant treatment effects were observed for 1st instar 

larval duration (main effect: F = 32.62, P < 0.0001; Interaction effect: F 

= 36.80, P < 0.0001). According to Tukeys’ HSD (main effect MSD = 

0.09; Interaction effect MSD = 0.12), chlorantraniliprole (1.31), 

followed by cyantraniliprole (1.27) and azadirachtin (1.27), were at 

par with each other and recorded the longest duration under the 

main effect, significantly exceeding the control (1.03) and the rest of 

the treatments. Indoxacarb (1.06) was statistically similar to the 

control, showing the shortest durations (Table 6). In the interaction 

effect, chlorantraniliprole 16 ppm (1.56) was the longest, significantly 

outperforming all others, while indoxacarb treatments (1.04–1.10) 

remained equivalent to the control, indicating minimal impact 

(Table 7). 

 ANOVA indicated a strong influence of treatments on 2nd 

instar duration (main effect: F = 46.16, P < 0.0001, MSD=1.30; 

Interaction effect: F = 90.87, P < 0.0001, MSD=0.13). Under the main 

effect, cyantraniliprole (2.57) followed by azadirachtin (2.53) and 

chlorantarniliprole (2.50), which were at par with each other, 

recorded the longest duration, significantly exceeding the control 

(2.08) and all other treatments. Indoxacarb (2.21) and control were 

the shortest and statistically similar (Table 6). In the interaction 

analysis, chlorantraniliprole 16 ppm and cyantraniliprole 16 ppm 

(both ~2.81) recorded the maximum durations, significantly higher 

than all others, while indoxacarb 4 ppm (2.05)  and control remained 

the shortest and at par (Table 7). 

 Treatment effects were also significant for 3rd instar duration 

(main effect: F = 10.97, P = 0.0001, MSD=0.25; Interaction effect: F = 

42.91, P < 0.0001, MSD=0.19). Under the main effect, cyantraniliprole 

(3.09) achieved the longest duration, significantly exceeding the 

control (2.58) and other treatments. Indoxacarb (2.61) was statistically 

comparable with the control, recording the shortest duration (Table 6). 

In the interaction effect, cyantraniliprole 16 ppm (3.26) remained 

significantly superior, while indoxacarb treatments (2.51-2.76) were 

the shortest and statistically similar to the control (Table 7). 

 For the pre-pupal stage, significant differences were 

observed (F = 20.47, P < 0.0001, Interaction effect: F = 28.69, P < 

0.0001). Main effect analysis (MSD = 0.11) revealed that indoxacarb 

(1.10), being statistically comparable with control (1.03), produced 

the shortest duration, significantly lower than azadirachtin (1.28), 

chlorantraniliprole (1.27) and cyantraniliprole (1.27), which formed 

the top statistical group (Table 6). In the interaction effect (MSD = 

0.12), cyantraniliprole 16 ppm (1.45) followed by chlorantarniliprole 

(1.37) showed significantly longer duration than all others, while 

indoxacarb treatments matched the control for the shortest 

duration (Table 7). 

 Pupal duration was significantly affected (main effect: F = 

29.55, P < 0.0001; Interaction effect: F = 68.43, P < 0.0001). Under the 

main effect (MSD = 0.31), indoxacarb (6.64) recorded the shortest 

duration, while cyantraniliprole (7.33), imidacloprid (7.14) and 

chlorantraniliprole (7.11) recorded significantly longer durations 

than control (Table 6). Interaction analysis (MSD = 0.22) identified 

chlorantraniliprole 16 ppm (7.57) and cyantraniliprole 16 ppm (7.56) 

Table 6. Effect of different  insecticidal treatments on the  duration of all developmental stages of melon fruit fly 

Insecticides 
Egg  

(days) 

1st  
instar larva 

(days) 

2nd  
instar larva 

(days) 

3rd  
instar larva 

(days) 

pre-pupa  
(days) 

Pupa  
(days) 

Female  
(days) 

Male  
(days) 

Oviposition 
(days) 

Chlorantraniliprole 1.36a 1.31a 2.50ab 2.81bcd 1.27a 7.11ab 37.23a 32.29a 19.27ab 
Cyantraniliprole 1.33a 1.27ab 2.57a 3.09a 1.27a 7.33a 33.76b 30.42a 20.20a 
Thiamethoxam 1.12bc 1.09c 2.27c 2.76bcd 1.10bc 6.80c 25.22d 23.14cd 17.95bc 
Imidacloprid 1.22b 1.18b 2.40b 2.91ab 1.18ab 7.14ab 26.70d 24.81bc 19.96a 
Indoxacarb 1.07c 1.06c 2.21cd 2.61cd 1.10c 6.64c 22.71e 21.08d 16.65cd 
Azadirachtin 1.21b 1.27ab 2.53ab 2.84abc 1.28a 6.84bc 27.09d 27.06b 17.95bc 
Control 1.08c 1.03c 2.08d 2.58d 1.03c 6.30d 30.82c 26.78b 16.25d 

Means followed by the same letters in a column are not significantly different at P=0.05 based on Tukeys’ honest significant difference (HSD) 
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as top performers, while indoxacarb at 4 ppm (6.51) remained 

statistically similar to the control (Table 7). 

 Highly significant differences were recorded for female 

longevity (main effect: F = 155.49, P < 0.0001; Interaction effect: F = 

383.85, P < 0.0001). Under the main effect (MSD = 1.98), indoxacarb 

recorded (22.71) the shortest duration, significantly lower than 

chlorantraniliprole (37.23) and all other treatments (Table 6). 

Interaction analysis (MSD = 1.50) confirmed chlorantraniliprole 16 

ppm (41.48) as significantly superior to all others, while indoxacarb 

treatments (21.78–23.80) were the shortest and at par with each 

other (Table 7). 

 Male longevity was also significantly affected (main effect: F = 

49.00, P < 0.0001; Interaction effect: F = 10.59, P < 0.0001). The main 

effect results (MSD = 2.71) showed chlorantraniliprole (32.29) and 

cyantraniliprole (30.42) as producing the longest duration, 

significantly higher than control (26.78), while indoxacarb (21.08) was 

the shortest and comparable to control (Table 6). Interaction effect 

results (MSD = 8.52) identified chlorantraniliprole 16 ppm (37.23) as 

significantly producing the longest duration, while the duration 

recorded with indoxacarb, even at 16 ppm (15.78), was statistically 

similar to the control (Table 7). 

 Ovipositional period was significantly influenced by 

treatments (main effect: F = 24.69, P < 0.0001; Interaction effect: F = 

33.73, P < 0.0001). Main effect analysis (MSD = 1.51) revealed 

indoxacarb (16.65) and control (16.25) as the shortest and comparable, 

being significantly lower than cyantraniliprole (20.20) and imidacloprid 

(19.96) (Table 6). In the interaction effect (MSD = 1.38), cyantraniliprole 

16 ppm (21.06), which recorded the longest duration, while indoxacarb 

4 ppm (16.12), indoxacarb 8 ppm (16.70), as well as indoxacarb 16 ppm 

(17.47) recorded the shortest durations, being statistically at par with 

each other and control (Table 7). 

 Insecticidal treatments significantly influenced most 

developmental stages, adult longevity and oviposition of 

Zeugodacus cucurbitae (P < 0.0001). Chlorantraniliprole and 

cyantraniliprole consistently prolonged the egg, larval, pre-pupal 

and pupal durations, as well as male and female longevity and 

oviposition period. In contrast, indoxacarb showed minimal effects, 

with durations often statistically similar to the control. Overall, 

chlorantraniliprole and cyantraniliprole were most effective in 

extending developmental and reproductive traits, whereas 

indoxacarb had a negligible impact.  

 

Discussion 

The toxicological impacts of insecticides such as chlorant-raniliprole, 

cyantraniliprole, thiamethoxam, imidacloprid, indoxacarb and 

azadirachtin on the biology of a wide range of insect pests are 

extensively documented. For instance, chlorantraniliprole has been 

shown to significantly impair development and reproduction in 

Aedes aegypti, while cyantraniliprole alters growth patterns and 

detoxifying enzyme activity in Spodoptera exigua. Indoxacarb 

negatively affects development, reproduction and detoxification 

enzyme activity in Helicoverpa armigera, whereas azadirachtin 

demonstrates notable bioefficacy against Leucinodes orbonalis (30-

32). Despite the breadth of such investigations across multiple insect 

taxa, the specific effects of these compounds on the melon fruit fly 

(Zeugodacus cucurbitae), particularly when reared on bitter gourd, 

remain largely unexplored. The present study fills this knowledge 

gap by providing the first comprehensive assessment of these 

insecticides against Z. cucurbitae, thereby offering critical insights 

into their relative potency, sublethal effects and potential roles 

within integrated pest management (IPM) programs. 

 Among the evaluated compounds, chlorantraniliprole 
emerged as the most effective. As an anthranilic diamide, 

chlorantraniliprole functions by activating ryanodine receptors, 

triggering uncontrolled calcium release in muscle cells, which 

ultimately leads to muscle paralysis, feeding inhibition and death (22

-23). In this study, chlorantraniliprole markedly reduced 

morphometric parameters, extended developmental durations and 

significantly suppressed fecundity in Z. cucurbitae. The strongest 

impacts were consistently observed at 16 ppm, demonstrating a 

clear dose–response relationship. These findings are highly 

consistent with those from other insect species. For example, 

reduced fecundity was observed in Spodoptera frugiperda across 

generations, while some researchers reported similar reproductive 

declines in Plutella xylostella and Harmonia axyridis, respectively (24, 

34, 35). Likewise, reduced egg viability in Spodoptera litura and 

Table 7. Interaction effect of different insecticidal treatments and their concentrations on the duration of  all developmental stages of melon fruit fly  

Insecticides Conc. 
Egg  

(days) 

1st  
instar larva  

(days) 

2nd  
instar larva  

(days) 

3rd  
instar larva  

(days) 

pre-pupa 
(days) 

Pupa  
(days) 

Female 
(days) 

Male  
(days) 

Oviposition 
(days) 

Chlorantraniliprole 
4ppm 1.12defgh 1.10fghi 2.15gh 2.55hi 1.19cde 6.79efgh 34.63d 28.05bcd 19.05de 
8ppm 1.31c 1.24cde 2.61bc 2.67ghi 1.26bcd 6.97def 36.25c 31.58abc 19.21cde 

16ppm 1.64a 1.56a 2.81a 3.21ab 1.37ab 7.57a 41.48a 37.23a 19.53bcd 

Cyantraniliprole 
4ppm 1.24cd 1.20defg 2.40de 2.91de 1.14defg 7.24bc 30.97e 27.83bcd 19.33bcde 
8ppm 1.32c 1.27bcd 2.51cd 3.11abc 1.27bc 7.36ab 34.23d 30.35abc 20.60ab 

16ppm 1.48b 1.37b 2.81a 3.26a 1.46a 7.56a 37.87b 35.65ab 21.10a 

Thiamethoxam 
4ppm 1.12defgh 1.04i 2.11gh 2.61ghi 1.04fg 6.67ghi 23.15hi 20.98de 17.18gh 
8ppm 1.12defgh 1.09ghi 2.31ef 2.67ghi 1.09efg 6.72ghi 26.18g 24.20cde 18.13efg 

16ppm 1.13defgh 1.13efghi 2.41de 3.01cd 1.16cdef 7.01de 26.32g 24.25cde 18.53defg 

Imidacloprid 
4ppm 1.21cdefg 1.09ghi 2.31ef 2.76efg 1.09efg 7.01de 26.45g 23.48cde 18.75def 
8ppm 1.22cdef 1.22def 2.36e 2.87def 1.19cde 7.07cd 26.53fg 24.60cd 20.50abc 

16ppm 1.23cde 1.24cde 2.56bc 3.11abc 1.27bc 7.36ab 27.08fg 26.35cd 20.63ab 

Indoxacarb 
4ppm 1.04h 1.04i 2.05h 2.51i 1.04fg 6.51ij 21.78i 15.78e 16.12h 
8ppm 1.07h 1.05hi 2.21fg 2.56hi 1.04fg 6.57hi 23.22hi 19.80de 16.70h 

16ppm 1.10efgh 1.09ghi 2.36e 2.76efg 1.11efg 6.86defg 23.80h 21.32de 17.47fgh 

Azadirachtin 
4ppm 1.09fgh 1.17defgh 2.31ef 2.71fgh 1.19cde 6.77fgh 25.99g 25.85cd 17.22gh 
8ppm 1.21cdefg 1.27bcd 2.61bc 2.76efg 1.32b 6.81efg 27.28fg 27.28bcd 18.13efg 

16ppm 1.32c 1.36bc 2.66b 3.06bcd 1.32b 6.96def 28.02f 28.05bcd 18.52defg 
Control 1.08gh 1.03i 2.08gh 2.58ghi 1.03g 6.30j 30.82e 26.78cd 16.25h 

Means followed by the same letters in a column are not significantly different at P=0.05 based on Tukeys’ honest significant difference (HSD) 
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substantial reproductive impairment in Mamestra brassicae were 

documented (36, 37). 

 Diamide insecticides, such as chlorantraniliprole and 

cyantraniliprole, activate insect ryanodine receptors (RyRs), 

triggering uncontrolled release of Ca2+ from internal stores and 

disrupting calcium homeostasis (e.g., the high-resolution cryo-EM 

structure clearly shows diamide binding opens the RyR channel) 

(38). This disruption of calcium balance can lead to endoplasmic 

reticulum (ER) stress and downstream signalling changes: for 

instance, in Spodoptera exigua, transcriptome profiling reveals that 

chlorantraniliprole-induced RyR activation causes ER stress and 

upregulation of calcium-regulating genes, which may impair cell 

function or survival (39). In insects exposed to sublethal diamide 

doses, life-history studies report delayed larval development, 

reduced weight and diminished fecundity, consistent with the idea 

that Ca2+-mediated signalling disruption interferes with processes 

like oogenesis and maturation (40). 

 Chlorantraniliproles’ impacts extended beyond 

reproduction. Reduced morphometric traits, particularly female 

body size, closely mirrored the findings of previous studies, which 

reduced pupal weight and fitness in Phthorimaea absoluta (41). Such 

changes may be attributable to impaired feeding efficiency and 

disruptions in calcium homeostasis, as previously demonstrated in 

Helicoverpa armigera (42). Developmental delays, including 

prolonged egg, larval, pre-pupal and pupal durations, were also 

evident, aligning with earlier observations in diverse pest species (33, 

42-45). Additional support comes from the researcher, who linked 

chlorantraniliprole exposure to extended pre-oviposition and 

oviposition periods (46). Molecular investigations suggest these 

effects may be mediated by disruptions to oogenesis and oocyte 

maturation pathways (47-49). Collectively, this body of evidence 

underscores the consistent and multi-dimensional sublethal effects 

of chlorantraniliprole across insect taxa, affirming its promise as a 

key component of IPM for Z. cucurbitae. 

 Cyantraniliprole, another anthranilic diamide sharing a 

similar mode of action, also demonstrated pronounced sublethal 

impacts. Acting through ryanodine receptor modulation that 

triggers abnormal calcium release, cyantraniliprole disrupts 

muscular coordination, feeding and reproductive behaviours (25). In 

our study, 16 ppm cyantraniliprole substantially suppressed 

fecundity, altered morphometric traits and extended 

developmental durations in Z. cucurbitae. These results are in close 

agreement with those of some researchers who documented similar 

effects in S. exigua, P. xylostella, Agrotis ipsilon and Ostrinia furnacalis 

(34, 50-53). Mechanistically, reproductive suppression may be linked 

to interference in vitellogenin synthesis and resource allocation 

trade-offs between detoxification and reproductive investment (54-

56). Developmental delays observed here also resonate with the 

findings from the experiments, where such prolongation with 

disrupted ecdysteroid biosynthesis and impaired energy 

metabolism was successfully associated. Abnormal calcium 

signalling further compromises muscle function, mating and 

oviposition (57-61). While both diamides displayed broadly similar 

effects, subtle differences suggest species-specific receptor 

interactions may fine-tune their relative efficacy. 

 In stark contrast, neonicotinoids such as thiamethoxam and 

imidacloprid exhibited limited activity against Z. cucurbitae. 

Thiamethoxam, which acts by binding to insect nicotinic 

acetylcholine receptors (nAChRs) and disrupting synaptic 

transmission, produced only negligible reductions in fecundity and 

morphometric traits, even at 16 ppm (26). These findings diverge 

from its strong efficacy against hemipterans like Laodelphax 

striatellus and Aphis glycines but corroborate the general 

observation of tephritid tolerance to neonicotinoids (62-64). 

Contributing factors may include elevated detoxification enzyme 

activity and resistance selection from field exposure (65, 66). 

Similarly, imidacloprid, another neonicotinoid that irreversibly binds 

nAChRs, displayed weak and inconsistent outcomes (27). While high 

concentrations modestly reduced certain traits, lower 

concentrations were largely ineffective. Such results parallel reports 

of hormetic or transient effects in other pests (63, 67-69). Taken 

together, these findings suggest that neonicotinoids are 

comparatively less effective than diamides and azadirachtin for 

inclusion in IPM programs targeting Z. cucurbitae. 

 Among botanicals, azadirachtin, a neem-derived limonoid 

known to interfere with neuroendocrine signalling and disrupt 

ecdysteroid and juvenile hormone pathways, demonstrated 

moderate but consistent impacts in suppressing morphometric 

growth and delayed development in our study., exhibited the 

strongest suppressive effect on fecundity, markedly reducing egg-

laying potential compared to other treatments (70-72). This indicates 

that azadirachtin exerted a pronounced impact on the reproductive 

physiology of the pest. Comparable results have been reported in 

Chrysomya chloropyga, Drosophila suzukii and P. xylostella (73-75). 

Its growth-retarding effects are well-documented and often linked to 

hormonal disruption and tissue degeneration (76-78). While less 

potent than diamides, azadirachtins’ botanical origin, multi-modal 

activity and eco-friendly profile support its use in rotation or 

combination with synthetic insecticides in IPM programs. 

 Indoxacarb, an oxadiazine pro-insecticide, requires metabolic 

activation to block voltage-gated sodium channels, thereby halting 

nerve impulse transmission (28). In this study, indoxacarb exhibited 

negligible to intermediate impacts, with only isolated morphometric 

responses observed. Developmental and reproductive parameters 

were largely unaffected, even at higher concentrations. This limited 

efficacy may reflect enhanced detoxification capacity or target-site 

insensitivity in Z. cucurbitae, consistent with species- and dose-specific 

variability reported by some researchers in Orius similis and 

Conogethes punctiferalis (79-81). 

 Overall, the differential responses of Z. cucurbitae across 

insecticides highlight the influence of both concentration and mode 

of action. At higher concentrations, strong physiological stress 

disrupted growth and reproduction, while lower doses permitted 

near-normal development. Among the tested compounds, 

chlorantraniliprole and cyantraniliprole consistently exerted the 

strongest and most reliable effects; azadirachtin produced 

moderate impacts on morphometry and developmental duration 

but the strongest suppressive effect on fecundity; neonicotinoids 

exhibited intermediate efficacy, whereas indoxacarb remained 

largely ineffective. 

 This work provides the first systematic evaluation of these 

insecticides on Z. cucurbitae reared on bitter gourd, underscoring 

the critical need for pest-host-specific toxicological assessments. The 

results suggest that diamides, particularly chlorantraniliprole and 

cyantraniliprole, should be prioritised within IPM programs, while 

azadirachtin offers value as a rotational or complementary option. 



SUMAN  ET AL  10     

https://plantsciencetoday.online 

Future research should focus on validating these laboratory findings 

under field conditions, elucidating the physiological and 

biochemical mechanisms underlying sublethal effects and exploring 

synergistic combinations with botanicals or microbial agents. Such 

strategies will enhance efficacy, delay resistance development and 

support sustainable management of Z. cucurbitae.  

 

Conclusion  

The present investigation provides the first comprehensive 

assessment of how selective insecticides influence the 

developmental and reproductive biology of Zeugodacus cucurbitae 

reared on bitter gourd. Results clearly demonstrate that anthranilic 

diamides, particularly chlorantraniliprole and cyantraniliprole, 

exerted the strongest sublethal effects, significantly extending 

developmental durations, suppressing growth parameters and 

reducing fecundity. These impacts were most pronounced at higher 

concentrations, highlighting their dose-dependent efficacy. By 

contrast, neonicotinoids such as thiamethoxam and imidacloprid 

exhibited limited or inconsistent effects, underscoring the reduced 

susceptibility of Z. cucurbitae to this insecticide class. Indoxacarb, 

despite its sodium channel–blocking action, showed the weakest 

influence and was largely comparable to the untreated control, 

indicating poor suitability for fruit fly management. Azadirachtin 

exerted moderate but variable effects on larval growth; however, its 

consistently superior suppression of fecundity underscores its utility 

as a botanical option within integrated pest-management 

programs, even though its growth-related effects were less uniform 

than those of diamides. Overall, the findings establish 

chlorantraniliprole and cyantraniliprole as the most promising 

candidates for incorporation into bitter gourd pest management 

programs, either alone or in rotation with botanicals such as 

azadirachtin to delay resistance buildup and minimise 

environmental risk. Their ability to disrupt both development and 

reproduction makes them valuable tools for reducing the 

population growth potential of Z. cucurbitae. Importantly, this study 

emphasises that reliance on a single chemical class is unsustainable; 

instead, selective chemistries must be strategically integrated with 

cultural, biological and ecological practices to achieve long-term, 

environmentally compatible suppression of the melon fruit fly. 

 While this study highlights the promising role of anthranilic 

diamides in suppressing Z. cucurbitae populations on bitter gourd, 

several aspects warrant further exploration. First, long-term field 

evaluations are essential to confirm the laboratory findings under 

variable agro-ecological conditions. Second, resistance monitoring 

should be prioritised, as intensive reliance on diamides may 

eventually reduce their efficacy. Incorporating rotation schemes with 

botanicals such as azadirachtin, or combining them with cultural 

and biological approaches, could enhance sustainability and delay 

resistance buildup. Equally important is the assessment of these 

insecticides on non-target organisms, including pollinators and 

natural enemies, to ensure compatibility within integrated pest 

management (IPM) frameworks. Finally, future studies should 

explore synergistic or additive interactions between selective 

chemistries and eco-friendly practices such as pheromone trapping, 

sterile insect technique and augmentative biological control to 

design robust, multi-pronged strategies. By bridging laboratory 

insights with field-based, ecosystem-oriented approaches, such 

integrated efforts will contribute to more sustainable, resilient and 

environmentally compatible management of Z. cucurbitae across 

diverse production systems.    
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