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           The greater wax moth Galleria mellonella L. is a dangerous 

pest for the apiculture industry in the world. The objective of the 

present study was to evaluate the insecticidal activity of the auxin 

plant growth regulator, Indole-3-acetic acid (IAA), against G. 

mellonella and its effect on the growth, development, metamorphosis 

and morphogenesis of this insect pest. The 3rd instar larvae were 

force-fed on an artificial diet supplemented with six concentrations, 

viz., 100, 10.0, 1.0, 0.1, 0.01 & 0.001ppm of IAA. The most important 

results could be summarized as follows. IAA exhibited the strongest 

acute toxicity on larvae at the higher two concentrations. At other 

concentrations, various degrees of toxicity on larvae were found in a 

dose-dependent course. No pupae or adults were produced at the 

higher two concentrations. IAA failed to display chronic toxicity on 

the developed pupae. All emerged adults died at 1.00ppm of IAA but 

no adult mortality was observed at the three lower concentrations. 

LC50 value was calculated in 0.24 ppm. IAA enhanced the treated 

larvae to grow with increasing weight gain. Also, it promoted the 

treated larvae, since the growth rate increased with the increasing 

concentration. IAA exhibited a retarding effect on the pupation, only 

at the higher two concentrations. The larval and pupal durations were 

significantly prolonged, in a dose-dependent manner. On the other 

hand, IAA failed to disturb the hormonal regulation of the 

development program, since no intermediate creatures were 

produced. Also, it failed to disrupt the pupal morphogenesis, since no 

pupal deformities had been observed.  
 

 

INTRODUCTION 

 

              The greater wax moth Galleria mellonella Linnaeus (Pyralidae: Lepidoptera) is a 

cosmopolitan serious insect for the apiculture industry (Kwadhaet al., 2017). It can be 

found in beehives or stored waxes because its larvae feed on the honeycomb, honey and 
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wax (Büyükgüzel and Kalender, 2009; Roh et al., 2020). It is responsible for serious 

economic losses to beekeepers in developing countries (Nurullahoglu and Susurluk, 2001; 

Viraktamath, 2010). Although the adults of G. mellonella do not feed, because they have 

atrophied or ill-developed mouth parts, the voracious feeding nature of its larvae leads to 

the destruction of the honeycomb, and subsequent to the death of weak colonies (Ellis et 

al., 2013; Elbehery et al., 2016). Furthermore, it can destroy wax combs either inside or 

outside the hives (Awasthi and Sharma, 2013; Kwadha et al., 2017). Besides damaging 

wax combs and destroying frames and wooden parts in the hive, adults and larvae of G. 

mellonella can transfer pathogens of serious bee diseases, e.g. the bacterial disease 

foulbrood (Charrière and Imdorf, 1997; Owayss and Abd-Elgayed, 2007). 

                In the last few decades, several techniques have been developed to control G. 

mellonella. Different mechanical and chemical methods have been applied outside the 

hives (Ellis et al., 2013). On the other hand, the control measures inside the hives are very 

limited (Abou-Shaara, 2017). In addition, the physical, chemical and biological methods 

are insufficient (Ali et al., 1974; Burges, 1981). However, some chemicals had been 

reported for controlling G. mellonella by some manipulations in the hive and other 

treatments to stored combs (Calderone, 2000; Owayss and Abd-Elgayed, 2007). Although 

the use of these chemicals is somewhat easy and effective, some precautions of safety and 

contamination of bee products are considered. Moreover, some of these chemicals seemed 

to be ineffective against eggs of G. mellonella (Owayss and Abd-Elgayed, 2007). 

Although synthetic pesticides are capable of killing a wide range of agricultural pests, their 

overuses are responsible for many environmental problems (Czeher et al., 2008, 

Yadouleton et al., 2010) in addition to their hazardous effects onhuman health (Whitehorn 

et al., 2012; Hallmann et al., 2014). To avoid the previously mentioned hazards, it is 

important to search for new effective and safe alternatives with negligible effects on the 

ecosystem (Dubey et al., 2010; Chandler et al., 2011; Korrat et al., 2012). One promising 

alternative may be the use of plant growth regulators (PGRs) against pest species. Several 

researchers have focused on the effects of various PGRs on herbivores, since these 

compounds may have considerable impacts on the survival, development and reproductive 

potential, as well as on other physiological processes and induction of the oxidative stress 

of many insect pests (Tsagkarakis etal., 2012; Prado and Frank, 2013; Abdellaoui et al., 

2015; Kaur et al., 2016). Also, many authors (Kaur and Rup, 2002; Silva et al., 2003; 

Paulson et al., 2005; Abdellaouiet al., 2013) have even suggested the use of certain PGRs, 

like gibberellic acid (GA3) and Indole-3-acetic acid (IAA), as successful chemosterilants 

against insect pests.  

               Over the last few years, several entomologists have been investigating the PGRs 

and their adverse effects on the biology and physiology of some insects, such as the greater 

wax moth G. mellonella (Altuntaş et al., 2012; Er and Keskin, 2016). To the best of our 

knowledge, the two major classes: gibberellins and auxins, among different PGRs, had 

been widely tested against G. mellonella (Uçkan et al., 2014, 2015; Altuntaş et al., 2012, 

2014). Auxins (Auxs) were discovered as the first class of PGRs (Zhao, 2010). Aux is 

produced at the shoot apex in young leaves and actively moves down but not upwards into 

buds (Ljunget al., 2001). To the best of our knowledge, one of the most interesting Aux 

compounds is IAA, a plant growth stimulator with the chemical name: 2-(1H-indol-3-yl) 

ethanoic acid. Because of the wide usage of the indolic compounds as PGRs in the 

environment, non-target organisms, such as biological control agents could be negatively 

affected, many authors (Rup et al.,  2002;  Kaur and Rup, 2003;  Uçkan et al.,  2011; Uçkan 

et al., 2014; Uçkan et al., 2015; Çelik et al., 2017) reported that IAA caused adverse effects 

on survival, developmental duration, adult longevity, reproductive potential, hemocytes 

responses and haemolymph metabolites of various lepidopterous pest species. However, 
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very few studies thoroughly examined the insecticidal, biological, physiological and/or 

haemtological activities of PGRs against G. mellonella. Therefore, the objective of the 

present study was to evaluate the insecticidal activity of IAA against G. mellonella, and its 

effect on the growth, development, metamorphosis and morphogenesis of this insect pest.  

 

           MATERIALS AND METHODS 

 

1. Culturing of the Greater Wax Moth: 

              A culture of a susceptible strain of the greater wax worm Galleria mellonella L. 

(Lepidoptera: Pyralidae) was established in the Department of Zoology, Faculty of Science, 

Al-Azhar University, Cairo, Egypt, and maintained for several successive generations 

under controlled conditions (27±2oC, 65±5% R.H., photoperiod 14 h L and 10 h D). This 

culture was originally initiated by a sample of larvae kindly obtained from Desert Research 

Center, Cairo, Egypt. Larvae were transferred into glass containers, tightly covered with a 

muslin cloth. Different techniques for preparing the artificial diet had been described by 

some authors (Metwally et al., 2012; Nitin et al., 2012). In the present culture of G. 

mellonella, an artificial diet was formulated depending on the method of Bhatnagar and 

Bareth, (2004). The diet contained maize flour (400 g), wheat flour, wheat bran and milk 

powder, 200 g of each. Also, it was provided with glycerol (400g), bee honey (400g), yeast 

(100g). However, improved manipulation of different developmental stages had been done 

according to Ghoneim et al. (2019 a, b).  

2. Plant Growth Regulator and Larval Treatment: 

             The compoundIndole-3-Acetic Acid (IAA) is a plant growth stimulator. It is a 

synthetic auxin compound with the chemical name: 2-(1H-indol-3-yl) ethanoic acid and 

molecular formula: C10H9NO2. It was purchased from Milipore Sigma, Burlington, MA 

01803, USA Merk Ltd., Cairo, Egypt. A series of six concentration levels of IAA was 

prepared by diluting the compound with distilled water in volumetric flasks,as follows: 

100.0, 10.0, 1.0, 0.1, 0.01 and 0.001 ppm.  

Ten grams of the previously described artificial diet were mixed with 2 ml of each 

concentration of IAA before introduction to the newly moulted 3rd instar larvae, as a food. 

These larvae were allowed to continuously feed on the treated diet throughout the larval 

stage. Control larvae were provided with distilled water-treated diet. Ten replicates of 

treated and control larvae (one larva/replicate) were kept separately in suitable glass vials 

under controlled laboratory conditions (27±2oC, 65±5% R.H., photoperiod 14 h L and 10 

h D). All survival and biological criteria were recorded daily after the first 24 hrs of feeding.  

3. Criteria of Study: 

3.1. Insecticidal Activity: 

             All mortalities of treated and control larvae, pupae and adults were recorded daily. 

The total mortality was corrected according to Abbott’s formula (Abbott,1925) as follows  

% Corrected mortality = 
% test mortality − % control mortality

100 − % control mortality
X 100 

LC50 values were calculated for general mortality by Microsoft® office Excel (2007), 

according to Finny (1971). 

3.2. Growth, Development and Metamorphosis: 

Larval Body Weight Gain: Each individual larva (treated or control) was carefully 

weighed daily, using a digital balance, for calculating the body weight gain as follows:  

Initial weight (before the beginning of experiment) - final weight (at the end of experiment) 

The growth rate was calculated according to Waldbauer (1968) as follows:   

Fresh weight gain during feeding period / feeding period x means fresh body weight of 

larvae during the feeding period. 
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Developmental duration and rate: Dempster’s equation (1957) was applied for 

calculating the developmental duration. Richard’s equation (1957) was used for calculating 

the developmental rate. 

Metamorphosis:Pupation rate was expressed in % of the successfully developed pupae. 

The deranged metamorphosis programs were detected and calculated in larval-pupal or 

pupal-adult intermediates (%). Pupal water loss was calculated depending on the dataof 

the initial and final weights of the pupae, as follows: 

Water loss % = [initial weight – final weight /initial Weight] × 100 

Morphogenesis: The impaired morphogenesis program of pupationwas expressed in % of 

pupal deformities.  

4 Statistical Analysis of Data: 

                Data obtained were analyzed by the student's t-distribution, and refined by Bessel 

correction (Moroney,1956) for the test significance of the difference between means using 

GraphPadInStat© v. 3.01 (1998). 

 

          RESULTS 

 

1. Toxic Effect of IAA on Different Developmental Stages of G. mellonella: 

               After force-feeding of 3rd instar larvae of G. mellonella on diet mixed with six 

concentrations of IAA (100, 10.0, 1.0, 0.1, 0.01 and 0.001 ppm), data of its insecticidal 

activity were assorted in Table (1). Depending on these data, IAA exhibited the strongest 

acute toxicity on larvae at the two higher concentrations, since all treated larvae died, 

compared to 0% mortality of control larvae. At other concentrations, IAA exhibited various 

degrees of toxicity in a dose-dependent course (80, 40 & 20% larval mortalities, at 1.0, 0.1 

& 0.01 pp, respectively, vs. 0% mortality of control larvae. Moreover, no mortality was 

recorded for IAA at its lowest concentration. In the light of these data, no pupae or adults 

were produced at 100 & 10.0 ppm IAA. The present PGR failed to display chronic toxicity 

on the successfully developed pupae because no pupal mortality was observed. Depending 

on data of the same table, force-feeding of larvae on 1.00ppm IAA-treated diet resulted in 

complete mortality of the successfully emerged adults (100% adult mortality, at 1.0 ppm, 

vs. 0% mortality of control congeners) while no adult mortality had been recorded at the 

three lower concentrations. However, the corrected mortality was determined in a dose-

dependent manner, with an exception of the lowest concentration, at which IAA failed to 

affect the survival of G. mellonella. LC50 value was calculated at 0.24 ppm (Fig. 1).  

 

Table 1: Toxicity of Indole-3-acetic acid against G. mellonella (as expressed in 

mortality%) after force-feeding of 3rd instar larvae on treated artificial diet. 

 
Conc.: Concentration level, Develop.: Developmental. 
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Fig. 1: Regression line to calculate LC50 of Indole-3-acetic acid against G. 

mellonella after force-feeding of 3rd instar larvae on treated artificial diet. 

 

2. Effect of IAA on Growth, Development, Metamorphosis And Morphogenesis of G. 

mellonella: 

              After continuous force-feeding of the 3rd instar larvae of G. mellonella on diet 

supplemented with the sublethal concentrations of IAA, data of the affected growth and 

development were arranged in Table (2). 

2.1. Affected Somatic Weight Gain and Growth Rate: 

              As clearly shown in Table (2), somatic weight gain of the treated larvae 

considerably increased, in a dose-dependent course (80.0±0.70, 61.0±1.41, 

60.2±0.28&60.0±0.14mg, at 1.0, 0.1, 0.01 & 0.001ppm, respectively, compared to 

55.8±1.13mg of control larvae). Thus, IAA enhanced the treated larvae to grow with 

increasing weight. Also, this PGR promoted the growth of treated larvae, since the growth 

rate increased with the increasing concentration (193.2±0.28, 117.2±0.28, 110.6±0.84 & 

108.0±1.41, at 1.0, 0.1, 0.01 & 0.001ppm, respectively, vs. 78.9±1.27 of control larvae, 

Table 2). 

2.2. Perturbed Developmental Durations and Rate: 

                On the basis of data contained in the previously mentioned table, the duration of 

the IAA-treated larvae was highly significantly prolonged, in a dose-dependent manner 

(29.2±0.28, 28.7±0.98, 25.5±0.42&25.5±0.70 days, at 1.0, 0.1, 0.01 & 0.001ppm, 

respectively, vs. 23.4±0.56 days of the control larvae). In addition, the pupal duration was 

remarkably prolonged, almost in a dose-dependent course (10.2±0.28, 10.1±1.14, 

10.0±2.82 & 8.40±0.56 days, at 1.0, 0.1, 0.01 & 0.001ppm, respectively, vs. 8.20±0.28 

days of the control pupae). Data of Table (2), also revealed that the developmental rate was 

slightly regressed in no certain trend (4.27, 4.60, 4.48 & 4.44, at 1.0, 0.1, 0.01 & 0.001ppm, 

respectively, compared to 4.71 of control congeners).  

2.3. Disrupted Developmental and Metamorphosis Programs: 

                Depending on data assorted in Table (2), IAA treatment led to a weak retarding 

effect on the pupation process, since 80 & 80% of pupation were determined at the higher 

two concentrations but no effect was exhibited by the compound at other concentrations. 

Also, the water loss might indicate the deaths of pupae, since increasing water loss% was 

determined in a parallel trend to the IAA concentration (51.4, 39.8, 30.1 & 29.6, at 1.0, 0.1, 

0.01 & 0.001ppm, respectively, in comparison with 28.7% water loss of control pupae, 

Table 2). 
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Table 2: Effect of Indole-3-acetic acid on growth and development of G. mellonella after 

force-feeding of 3rd instar larvae on treated artificial diet 

 
Conc., Develop.: see footnote of Table (1). Develop. stage: Developmental stage. Mean±SD 

followed with (a): insignificantly different (P>0.05). (b): significantly different (P<0.05), (d): very 

highly significantly different (P<0.001). 

 

              It was strikingly that IAA failed to adversely affect the development program 

(larval-pupal transformation), since no indicating features, like the larval failure of ecdysis 

or the production of larva-pupal intermediates had been observed. Moreover, the tested 

PGR failed to disturb the hormonal regulation of development, since no extra moult, 

supernumerary larval instar, superlarvae, or permanent larvae, had been observed. Also, 

this PGR failed to impair the pupation program, since no pupal deformities had been 

recorded. Furthermore, IAA had no anti-morphogenic property on G. mellonella.  

 

           DISCUSSION 

 

Affected Survival of G. mellonella byIndole-3-acetic Acid (IAA): 

             Various plant growth regulators (PGRs) had been reported to exhibit insecticidal 

activities against G. mellonella, such as Abscisic acid (ABA) which caused mortality of 

last instar larvae in a dose-dependent dose (Er and Keskin, 2016); Ethephon (ETF) 

exhibited considerable acute toxicity to G. mellonella larvae (Altuntaş et al., 2016); rearing 

of G. mellonella larvae on mebendazole-treated diet resulted in some mortalities of last 

instar larvae (Calık et al., 2016).  

              Results of the present studywere, to some extent, in accordance with the 

previously reported results, since IAA exhibited the strongest acute toxicity on G. 

mellonella larvae at the higher two concentrations and various degrees of toxicity at other 

concentrations. IAA failed to display chronic toxicity on the developed pupae or emerged 

adults except for its 1.00ppm at which the emerged adults completely died. Also, the 

present results may be in corroboration with some reported results of different PGRs' 

toxicities against various insects, such as miraculan and milstim (Harikesh and 

Blattacharya, 2001) and Gibberellic acid (GA3) (Shiwani and Karnatak, 2012) against the 

tobacco cutworm Spodoptera litura; GA3 against the Egyptian cotton leafworm 

Spodoptera littoralis larvae and the migratory locust Locusta migratoria nymphs 

(Abdellaoui et al., 2009, 2013); Coumarins (Cns) against the melon fly Bactrocera 

cucurbitae (Kaur and Rup, 2003) and the fall armyworm Spodoptera frugiperda (Vera et 

al., 2006); GA3 and jasmonic acid (JA) against S. frugiperda (Nagaratna et al., 2021); 

Siapton against the jute hairy caterpillar Spilarctia oblique (Gupta et al., 2009); and kinetin 

against the lesser wax moth Achroia grisella (Çelik and Sak, 2021).  

               It may be important to explicate the toxicity of IAA, against larvae of G. 

mellonella in the current investigation. Some scenarios could be suggested as follows. (1) 
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IAA may possess an insecticidal property per se or by conversion into toxic molecules after 

ingestion (Lajide et al., 1993). (2) The hormone ecdysone plays a major role in shedding 

old cuticles in a process known as "moulting" in insects. When IAA entered into larvae, 

the ecdysone activity was inhibited and subsequently, the larvae failed to moult, and 

ultimately died (Jeyasankar et al., 2013; Sivaraman et al., 2014; Chennaiyan et al., 2016). 

In addition, IAA might interfere with the synthesis or/and deposition of chitin on the 

criticized internal structures, such as the peritrophic matrix, leading to death (Merzendorf 

and Zimoch, 2003; Merzendorf, 2005). (3) It is possible that the insecticidal property of 

IAA might disrupt some metabolic activities in larvae resulting in death (Jeyasankar et al., 

2014; Chennaiyan et al., 2016). (4) The larval deaths might be due to the prevention of 

feeding and continuous starvation of the treated larvae (Ghoneim et al., 2000). To interpret 

the toxic effect of IAA on adult moths of G. mellonella, in the present study, this PGR 

might be retained and distributed in the body, as a result of direct and rapid transport from 

the gut of treated larvae into other tissues, through haemolymph, and by lower 

detoxification capacity of adults against the tested PGR (Osman et al., 1984).  

               In respect of LC50 of IAA against G. mellonella, in the present study, it was 

calculated at 0.24 ppm. Other PGRs had been reported with various LC50 values against 

some insects since ETF exhibited LD50 for force ETF-fed larvae as 344 µg/5 µl (Altuntaş 

et al., 2016) and Cytokinine (CTK) exhibited LC50 (380 ppm) against mustard aphid 

Lipaphis erysimi (Rup et al., 2000). Apart from PGRs, Er et al. (2017) topically applied 

Azadirachtinonto G. mellonella larvae and determined LC50 in 16.564 ppm. The 

Sesquiterpene compound epi-β-bisabolol showed high toxicity against early 3rd instar 

larvae of the malaria mosquito Anopheles stephensi with LC50= 14.68 µg/ml, the yellow 

fever mosquito Aedes aegypti with LC50= 15.83 µg/ml and the southern house mosquito 

Culex quinquefasciatus with LC50= 17.27 µg/ml (AlShebly et al., 2017). Another 

sesquiterpene compound, Farnesol, exhibited toxicity against Aphis craccivora and 

Leucania separate with LC50 values of 20.2 and 15.2 mg L-1, respectively (Tang et al., 

2011).  Also, Ghoneim et al. (2020) determined LC50 values of Farnesol after treatment 

ofpenultimate instar larvaeand last instar larvaeof S. littoralis as 36.56 and 33.67 ppm, 

respectively.  However, LC50 values usually depend on several factors, such as 

susceptibility of the insect and its treated stage or instar, lethal potency of the tested 

compound or product and its concentration, method and time of treatment or exposure, as 

well as the experimental conditions (Ghoneim et al., 2017).  

Disrupted Growth and Development of G. mellonella by IAA: 

             Neumann (1982) reported that the supplementation of food with different PGRs 

had been demonstrated to deleteriously affect the growth, development and other 

physiological processes in several insects, such as on B. cucurbitae (Kaur and Rup, 2002), 

S. oblique (Gupta et al., 2009), G. mellonella (Altuntaş et al., 2012; Er and Keskin, 2016) 

and the solitary endoparasitoid Apanteles galleriae (Uçkan et al., 2014). 

1. Affected the Larval Weight and Growth: 

             PGRs had been reported to diversely affect the larval body weight and growth in 

various insects, since some PGRs enhanced the larval body weight and growth rate, while 

other PGRs reduced the body weight and inhibited the larval growth. Early, El-Ibrashy and 

Mansour (1970) demonstrated that chlormequat chloride (Chch) reduced the larval growth 

of black cutworm Agrotis ypsilon on castor bean leaves. Feeding of the corn earworm 

Helicoverpa zea larvae on Mepiquat chloride (Mch)-treated cotton plants resulted in the 

reduction of larval body weight (Zummo et al., 1984). Four PGRs, viz., Cn, kinetin, GA3 

and IAA, had been applied onto B. cucurbitae larvae. All compounds exerted growth-

inhibitory effects on larvae (Kaur and Rup, 2003). JA reduced the body weight of final 

instar larvae of S. frugiperda after feeding on treated rice (Singh and Bhattacharya, 2003), 
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cotton (Meszaros et al., 2011), or soybean (Gordy et al., 2015). Feeding of S. littoralis 

larvae and L. migratoria nymphs on diet treated with GA3 resulted in significantly reduced 

larval body weight in both insects (Abdellaoui et al., 2009). Rearing the newly hatched 

larvae of S. litura on an artificial diet supplemented with GA3 resulted in a gradual decrease 

of growthwith the increasing concentration (Shiwani and Karnatak, 2012). Feeding of S. 

litura larvae on an artificial diet mixed with Miraculan resulted in suppression of larval 

growth, in a dose-dependent course (Singh and Bhattacharya, 2001; Bhatnagar et al., 

2012). Recently, the foliar treatment of maize with JA against S. frugiperda resulted in 

reduced larval weight (Nagaratna et al., 2021). 

               Results of the present study on G. mellonella disagreed with the previously 

reported results, since thesomatic weight gain of the IAA-treated larvae considerably 

increased, in a dose-dependent course. Also, IAA promoted the growth of treated larvae, 

since the growth rate was found increasingly with the increasing concentration. Our results 

were in agreement with several reported results of increasing larval body weight and/or 

enhanced growth rate of different insects by various PGRs. For example, feeding of the 

bollworm Heliothis virescence larvae on diet supplemented with GA3 resulted inincreasing 

larval body weight (Guerra, 1970).The larvae of the tobacco hornworm Manduca sexta 

grew significantly larger on plants treated with 10 µM GA3, compared to the control plants 

(Fabisch, 2013). Tanjung (2007) recorded increasing body weight of the last instar (5th) 

larvae of the mulberry silkworm Bombyx mori after treatment with GA3. Raghunath and 

Narayanaswamy (2013) topically treated the 5th instar larvae of B. mori with GA3 and 

observed the highest growth rate of larvae at 100µg/ml. Also, topical application of GA3 

onto B. mori caterpillars led to the significantly increased larval weight of the 5th instar 

larvae (Sepperumal and Sukumar, 2014).  

              In this context, explication of the reduction of larval body weight in insects by 

PGR treatments may be provided by some authors (Neumann, 1982; Bhattacharya et al., 

2011). On the contrary, the increased larval body weight gain and promoted growth rate of 

G. mellonella after treatment with IAA, in the current study, might be due to a 

phagostimulatory action of this PGR on the larval appetite, nutrition and absorption of plant 

material (Visscher, 1982).  

2. Prolonged Developmental Durations And Regressed Developmental Rate: 

              Literature sources indicate that some PGRs failed to affect the development rate 

and developmental durations of some insects. For example, neither Cch nor Mch had any 

effect on the larval duration of S. oblique, regardless of the dose added to the artificial diet 

(Singh and Bhattacharya, 2002). Also, the application of GA3 had no influence on the pupal 

duration of S. oblique (Gupta et al., 2009).In a recent study, the foliar treatments of maize 

with GA3 and JA against S. frugiperda resulted in no significant effect on larval duration 

(Nagaratna et al., 2021). Çelik and Sak (2021) investigated the effect of kinetin against A. 

grisella and found no significant change in thedevelopment duration.  

                In contrast, force-feeding of 3rd instar larvae of G. mellonella on diet mixed with 

different concentrations of IAA, in the present study, resulted in significantly prolonged 

larval and pupal durations, in a dose-dependent manner. Also, the developmental rate was 

significantly regressed. These results were consistent with many reported results of 

prolongation of the developmental durations and regressed developmental rate of different 

insects by various PGRs, such as significantly prolonged larval duration of the bivoltine B. 

mori after topical application with IAA (Hugar and Kaliwal, 1997); a prolongation of the 

larval and pupal durations of the banana fruit fly Zaprionus paravittiger was reported when 

their diet contained low doses of kinetin (25 ppm and above)(Rup et al., 1998); a 

prolongation of the developmental period of B. cucurbitae was recorded after larval feeding 

on an artificial diet containing GA3 (Kaur and Rup, 1999) or  Cn, kinetin or IAA (Kaur and 
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Rup, 2003);  GA3 prolonged the larval period of S. oblique at the recommended and higher 

doses (Gupta et al., 2009); feeding of S. litura larvae on an artificial diet fortified with 

Miraculan resulted in prolonged larval and pupal durations (Bhatnagar et al., 2012); 

injection of ABA into the haemocoel of the G. mellonella larvae led to prolongation of 

larval duration (Er and Keskin, 2015).  

                 On the other hand, the present results disagreed with the reported results of 

shortened developmental durations and promoted developmental rate, such as significantly 

shortened larval duration after topical application of GA3 or Kinetin (Sepperumal and 

Sukumar, 2014) or  2,4-Dichlorophenoxy acetic acid (2,4-D) and Naphthoxy acetic acid 

(NOA)(Goudar and Kaliwal, 2001) onto caterpillars of B. mori;  Cch caused a significant 

shortening in the pupal period in S. oblique, at certain concentrations (Gupta et al., 2009) 

and shortened developmental duration of G. mellonella after feeding the 1st instar larvae to 

the last instar on Mebendazole -treated diet (Calık et al., 2016).  

                 To explicate the prolongation of larval and pupal duration and retarded 

developmental rate of G. mellonella after force-feeding of 3rd instar larvae on diet mixed 

with IAA, in the current study, the present PGR might indirectly interfere with the 

neuroendocrine organs responsible for the synthesis and release of tropic hormones, such 

as prothoracicotropic hormone (Subrahmanyam et al., 1989), or interfere with some 

endocrinal metabolic processes involved in development (Kaur and Rup, 2002). The 

prolongation of larval duration might be due to decreased food intake, caused by 

phagodeterrence of IAA (Awad and Ghazawy, 2016), or by a deviation of part of the taken 

food to the detoxification metabolism (Tanzubil and McCaffery, 1990). With decreased 

food ingestion and low biomass conversion, the insect takes longer to reach the critical 

weight for ecdysis, leading to the prolongation of larval duration (Giongo et al., 2015). 

Also, the final step of the chitin biosynthesis pathway might be inhibited by IAA and the 

precursor was not converted into chitin leading to a prolongation of the developmental 

period (Djeghader et al., 2014).  

3. Inhibited Pupation: 

                In the present study, force-feeding of 3rd instar larvae of G. mellonella on diet 

mixed with IAA led to suppression of the pupation rate (as expressed in decreased 

pupation%) only at the higher two concentrations. This result was,to a great extent, in 

accordance with some reported results of reduced pupation of some insects after treatment 

with various PGRs. For example, the pupation rate in B. cucurbitae was reduced when the 

larvae were fed an artificial diet containing GA3 (Kaur and Rup, 1999). To a great extent, 

a similar reduction of pupation was recorded in S. lituraafter larval feeding on a Miraculan-

treated diet (Bhatnagar et al., 2012) and in G. mellonella after injection of ABA into the 

larval haemocoel (Er and Keskin, 2015). 

               Apart from PGRs, different plant products or plant-derived compounds hindered 

the pupation process of various insect species (Jilani et al., 2006; Kaur et al., 2010; Kaur 

et al., 2017; Gupta et al., 2017), such as S. frugiperda after treatment with eucalyptin, 

chrysin, eucalyptin, quercetin, luteolin, and betulinic and oleanolic acids (Salazar et al., 

2015); S. litura after feeding of 3rd instar larvae on diet mixed with alantolactone and 

isoalantolactone (Kaur et al., 2017) and S. littoralis after larval treatment with Farnesol 

(Ghoneim et al., 2020) or Nerolidol (Ghoneim et al., 2021). 

               To understandthe hindered pupation or regressed pupation rate of G. mellonella, 

in the current investigation, IAA might exhibit an inhibitory effect on the synthesis of 

specific storage proteins in the fat body during the last larval instar and their deposition at 

the time of pupation (Gupta,1985). IAA might exert a suppressive action on the chitin 

synthesis and prevented the normal deposition of the new cuticle during apolysis 

(Retnakaran et al., 1985). IAA might disrupt the ecdysteroid metabolism or might 



Abo Elsoud, A.A. et al. 182 

alternatively act directly to inhibit the release of an ecdysis-triggering hormone (Gaur and 

Kumar, 2010). 

Disturbed Metamorphosis and Morphogenesis Programsof G. mellonella by IAA: 

              In insects, the disturbing development or metamorphosis program can be indicated 

by failure of ecdysis of larvae or the production of extra moult, superlarva, permanent 

larvae, larval-pupal, or/and pupal-adult intermediates. All or some of these symptoms or 

features had been recorded for certain insects by some plant-derived compounds (Kaur et 

al., 2014; Palanikumar et al., 2017), such asthe confused flour beetle Triboliumconfusum 

after treatment with Andrographolide (Lingampally et al., 2013), S. litura after treatment 

with Andrographolide (Edwin et al., 2016), S. littoralis after treatment with farnesol 

(Ghoneim et al., 2020) or nerolidol (Ghoneim et al., 2021). As far as our literature survey 

could ascertain, no information was available on the impairing effects of PGRs on the 

development or metamorphosis program. On the other hand, only scarce studies examined 

the disruptive effects of certain PGRs on the morphogenesis program of insects. To our 

knowledge, the only study involved in this context was conducted by Abdellaoui et al. 

(2009). They observed impaired external morphologyof L. migratoria migratoria, since 

different nymphal deformitieshad been produced after feeding on a GA3-treated diet. In 

addition, the same authors reported some disorders in the internal morphology of the same 

locust. In the present study on G. mellonella, IAA failed to adversely affect the 

metamorphosis program (larval-pupal transformation), since no indicating features, like 

larval failure of ecdysis or the production of larva-pupal intermediates had been observed. 

Moreover, the tested PGR failed to disturb the hormonal regulation of development, since 

no extra moult, supernumerary larval instar, superlarvae, or permanent larvae, had been 

observed. In addition, the tested IAA failed to impair the morphogenesis program, since no 

pupal deformities had been recorded.  

CONCLUSION: 

             Depending on results in the present study, Indole-3-acetic acid (IAA) exhibited 

insecticidal activity against larvae and adults of G. mellonella, at higher concentrations, 

while it failed to affect the survival of pupae. It enhanced larvae to grow with an increasing 

growth rate. It caused significant prolongation of larval and pupal durations. Moreover, it 

exhibited a weak retarding effect on the pupation process and failed to adversely affect the 

hormonal regulation of metamorphosis and morphogenesis programs. Therefore, IAA 

could not be recommended as an effective control agent against G. mellonella.  

 

          REFERENCES 

 

Abbott, W.S. (1925): A method of computing the effectiveness of insecticide. Journal of 

Economic Entomology, 18(2): 265-267. 

Abdellaoui K.; Ben Halima-Kamel M. and Ben Hamouda M.H. (2009): Physiological 

effects of gibberellic acid on the reproductive potential of Locusta 

migratoriamigratoria. Tunisian Journal of Plant Protection, 4: 67-75. 

Abdellaoui, K.; Ben Halima-Kamel, M.; Acheuk, F.; Soltani, N.; Aribi, N. and Ben 

Hamouda, M.H. (2013): Biochemical and histological effects of gibberellic acid 

on Locusta migratoriamigratoria. Pesticide Biochemistry and Physiology, 107: 

32-37. https://doi.org/ 10.1016/j.pestbp.2013.04.009 

Abdellaoui, K.; Ben Halima-Kamel, M.; Acheuk, F.; Soltani, N.; Aribi, N. and Ben 

Hamouda, M.H. (2015): Effects of gibberellic acid on ovarian biochemical 

composition and ecdysteroid amounts in the migratory locust Locusta migratoria 

(Orthoptera, Acrididae). International Journal of Pest Management, 61: 68-72. 

https://doi.org/ 10.1080/09670874.2014.995746 

https://doi.org/%2010.1016/j.pestbp.2013.04.009
https://doi.org/%2010.1080/09670874.2014.995746


Toxicity and Bio-Efficacy of Indole-3-Acetic Acid, A Plant Growth Regulator, Against the Greater Wax Moth 

 

183 

Abou-Shaara, H.F. (2017a): Evaluation of non-chemical traps for management of wax 

moth populations within honey bee colonies. Journal of Agriculture and Urban 

Entomology, 33: 1–9. 

Ali, A.D.; Bakry, N.M.; Abdellatif, M.A. and El-Sawaf, S.K. (1974): The control of greater 

wax moth, Galleria mellonella L., by chemicals. II. Treating combs with 

insecticides for protection against wax moths' larvae. 

ZeitschriftfürAngewandteEntomologie, 75(1-4): 322-326. 

AlShebly, M.M.; AlQahtani, F.S.; Govindarajan, M.; Gopinath, K.; Vijayan, P. and 

Benelli, G. (2017): Toxicity of ar-curcumene and epi-β-bisabolol from 

Hedychium larsenii (Zingiberaceae) essential oil on malaria, chikungunya and St. 

Louis encephalitis mosquito vectors. Ecotoxicology and Environmental Safety, 

137: 149-157. 

Altuntaş, H.; Kiliç, A.Y.; Uçkan, F. and Ergin, E. (2012): Effects of gibberellic acid on 

hemocytes of Galleria mellonella L. (Lepidoptera: Pyralidae). Environmental 

Entomology, 41(3): 688-696. https://doi. org/10.1603/EN11307 

Altuntaş, H.; Uçkan, F.; Kiliç, Y. and Ergin, E. (2014): Effects of gibberellic acid on 

hemolymph free amino acids of Galleria mellonella (Lepidoptera: Pyralidae) and 

EndoparasitoidPimplaturionellae (Hymenoptera: Ichneumonidae). Annals of the 

Entomological Society of America, 107(5):1000-1009 

Altuntaş, H.; ŞanalDemircl, S.N.; Duman, E. and Eegin, E. (2016): Toxicological and 

physiological effects of ethephon on the model organism, Galleria mellonella L. 

1758 (Lepidoptera: Pyralidae). Türkiye Entomoloji Dergisi, 40(4): 413-423. DOI: 

http://dx.doi.org/10. 16970/ted.00995 

Awad, H.H. and Ghazawy, N.A. (2016): Effects of Farnesol on the ultrastructure of brain 

and corpora allata, sex hormones and on some oxidative stress parameters in 

Locusta migratoria (Orthoptera: Acridiidae). African Entomology, 24(2):502-512. 

DOI: 10.4001/003. 024.0502 

Awasthi, P. and Sharma, P. (2013): Designing and binding mode prediction of juvenile 

hormone analogues as potential inhibitor for Galleria mellonella. Journal of 

Computer Science & Systems Biology, 6 (3): 106-111. 

Bhatnagar, A. and Bareth, S.S. (2004): Development of low cost, high quality diet for 

greater wax moth, Galleria mellonella (Linnaeus). Indian Journal of Entomology, 

66(3): 251-255. 

Bhatnagar, S.; Kumar, A. and Karnatak, A.K. (2012): Influence of synthetic plant growth 

stimulant, Miraculan on the survival and development of Spodoptera litura 

(Fab.)(Lepidoptera: Noctuidae). Indian Forester, 138(12): 1160-1163. 

Bhattacharya, A.; Chakrabarty, S. and Kaliwal, B.B. (2011): The effect of indole-3-butyric 

acid (IBA), indole-3-pyruvic acid (IPA) and their synergetic effects on 

biochemical contents on the silkworm, Bombyx mori. Research in Pharmaceutical 

Biotechnology, 3(8): 111-117. 

Burges, H.D. (1981): Control of wax moths:  Physical and biological methods.  Bee World, 

59: 129-139. 

Büyükgüzel, E. and Kalender, Y. (2009): Exposure to streptomycin alters oxidative and 

antioxidative response in larval midgut tissues of Galleria mellonella. Pesticide 

Biochemistry and Physiology, 94: 112-118. https://doi.org/10.1016/j.pestbp.2009. 

04.008 

Calderone, N. (2000): IPM-wax moths, mice, wasps and robber bees. Bee Culture 

Magazine, 128(15): 34-56.  

Calık, G.; Buyukguzel, K. and Buyukguzel, E. (2016): Reduced fitness in adults from 

larval, Galleria mellonella (Lepidoptera: Pyralidae) reared on media amended 

http://dx.doi.org/10.%2016970/ted.00995
https://doi.org/10.1016/j.pestbp.2009.%2004.008
https://doi.org/10.1016/j.pestbp.2009.%2004.008


Abo Elsoud, A.A. et al. 184 

with the Antihelmintic, Mebendazole. Journal of Economic Entomology, 109(1): 

182–187. 

Çelik, E. and Sak, O. (2021): Effects of kinetin on biological parameters and hemocytes of 

Achroiagrisella (Lepidoptera: Pyralidae). Archives of Biological Sciences, 

72(2):181-192. https://doi.org/10.2298/ ABS200107012C 

Çelik D.; Özbek R. and Uçkan F. (2017): Effects of indole-3-acetic acid on hemocytes of 

AchoriagrisellaFabr. (Lepidoptera: Pyralidae). Journal of Entomological 

Research Society, 19(2): 83-93. 

Chandler, D.; Bailey, A.S.; Tatchell, G.M.; Davidson, G.; Greaves, J. and Grant, W.P. 

(2011): The development, regulation and use of biopesticides for integrated pest 

management. Philosophical Transactions of the Royal Society B, 366: 1987–1998. 

Charriere, J.D. and Imdorf, A. (1997): Protection of honey combs from moth damage. 

(Swiss Bee Research Centre, Fedral Hairy Research Station, liebfeld, CH-3003 

Bern Communication No.24). 

Chennaiyan, V.; Sivakami, R. and Jeyasankar, A. (2016): Evaluating ecofriendly 

botanicals of Barlerialongiflora Linn. F. (Acanthaceae) against armyworm 

Spodoptera litura Fab. and cotton bollworm HelicoverpaarmigeraHübner 

(Lepidoptera: Noctuidae).  Annual Research Review of Biology, 10(3): 1-9.  

Czeher, C.; Labbo, R.; Arzika, I. and Duchemin, J.B. (2008): Evidence of increasing Leu-

Phe knockdown resistance mutation in Anopheles gambiae from Niger following 

a nationwide long-lasting insecticide-treated nets implementation. Malaria 

Journal, 7(1): 189. 

Dempster, C. (1957): The population dynamic of Moroccan locust 

Dociostarusmurcocamus in Cyprus. Anti-Locust Bulletin, p.27.  

Djeghader, N.E.H.; Aïssaoui, L.; Amira, K. and Boudjelida, H. (2014): Impact of a chitin 

synthesis inhibitor, Novaluron, on the development and the reproductive 

performance of mosquito Culex pipiens.  World Applied Science Journal, 29(7): 

954-960. 

Dubey, N.K.; Shukla, R.; Kumar, A.; Singh, P. and Prakash, B. (2010): Prospects of 

botanical pesticides in sustainable agriculture. Current Science, 98(4): 479-480. 

Edwin, E.; Vasantha-Srinivasan, P.; Senthil-Nathan, S.; Thanigaivel, A.; Ponsankar, A.; 

Selin-Rani, S.; Kalaivani, K.; Hunter, W.B.; Duraipandiyan, V. and Al-Dhabi, 

N.A. (2016): Effect of andrographolide on phosphatases activity and cytotoxicity 

against Spodoptera litura.  Invertebrate Survival Journal, 13: 153-163. 

Elbehery, H.; Abd El-Wahab, T.E. and Dimetry, N.Z. (2016): Management of the greater 

wax moth Galleria mellonella with Neemazal-T/S, in the laboratory and under 

semi-field conditions. Journal of Apiculture Science, 60(2): 69-76.  

El-Ibrashy, M.T. and Mansour, M.H. (1970): Hormonal action of certain biologically 

active compounds on Agrotisypsilon larvae. Experientia, 26:1095–1096. 

Ellis, J.D.; Graham, J.R. and Mortensen, A. (2013): Standard methods for wax moth 

research. Journal of Apiculture Research, 52: 1–17. 

Er A. and Keskin M. (2016): Influence of abscisic acid on the biology and hemocytes of 

the model insect Galleria mellonella (Lepidoptera: Pyralidae). Annals of 

Entomological Society of America, 109: 244-251. https://doi.org/10.1093/aesa/ 

sav122 

Er, A.; Taşkıran, D. and Sak, O. (2017): Azadirachtin-induced effects on various life 

history traits and cellular immune reactions of Galleria mellonella (Lepidoptera: 

Pyralidae). Archives of Biological Sciences, 69(2): 335-344. https://doi.org/ 

10.2298/ABS160421108E. 

Fabisch, T. (2013): Influence of gibberellins on Nicotiana attenuata’sdefense against 

https://doi.org/10.2298/
https://doi.org/10.1093/aesa/%20sav122
https://doi.org/10.1093/aesa/%20sav122
https://doi.org/


Toxicity and Bio-Efficacy of Indole-3-Acetic Acid, A Plant Growth Regulator, Against the Greater Wax Moth 

 

185 

insects. M.Sc. Thesis, Faculty of Nature and Technic, University of Applied 

Sciences Bremen, Germany, 86pp. 

Finney D.J. (1971): Probit analysis. 3rd ed. Cambridge, England: Cambridge University 

Press, 318 pp. 

Gaur, R. and Kumar, K. (2010): Insect growth-regulating effects of Withaniasomnifera in 

a polyphagous pest, Spodoptera litura. Phytoparasitica, 38(3): 237–241. 

Ghoneim, K.S.; Mohamed, H.A. and Bream, A.S. (2000): Efficacy of the neem seed 

extract, Neemazal, on growth and development of the Egyptian cotton leafworrn, 

Spodoptera littoralisBoisd. (Lepidoptera: Noctuidae). Journal of the Egyptian-

German Society of Zoology,33: 161-179.   

Ghoneim, K.; Hassan, H.A.; Tanani, M.A. and Bakr, N.A. (2017): Toxic and disruptive 

effects of Novaluron, a chitin synthesis inhibitor, on development of the pink 

bollworm Pectinophoragossypiella (Saunders)(Lepidoptera: Gelechiidae). 

International Journal of Entomology Research, 2(2): 36-47. 

Ghoneim, K.; Hamadah, Kh.; Tanani, M.; Abdel-Khaliq, A. and Emam, D. (2019 a): 

Toxicity and disruptive impacts of the honeybee Apitoxin on growth and 

development of the greater wax moth, Galleria mellonella (Lepidoptera: 

Pyralidae). Egyptian Academic Journal of Biological Sciences (F. Toxicology & 

Pest Control), 11(2): 97-106. 

Ghoneim, K.; Tanani, M.; Hamadah, Kh.; Abdel-Khaliq, A. and Emam, D. (2019 b): 

Deteriorated adult performance and reproduction of the greater wax moth, 

Galleria mellonella (Lepidoptera: Pyralidae) by the honey bee Apitoxin. Egyptian 

Academic Journal of Biological Sciences (A. Entomology), 12(4): 95-108.  

Ghoneim, K.; Hamadah, Kh.; and Waheeb, H. (2020): Bioefficacy of Farnesol, a common 

sesquiterpene, on the survival, growth, development, and morphogenesis of 

Spodoptera littoralis (Lepidoptera: Noctuidae). Egyptian Academic Journal of 

Biological Sciences (F. Toxicology & Pest Control), 12(1): 71-99. 

Ghoneim, K.; Hamadah, Kh.; Selim, Sh. and Waheeb, H. (2021): Biopesticidal potential 

of Nerolidol, a sesquiterpene compound, and its drastic impact on growth and 

metamorphosis of the cotton leafworm Spodoptera littoralis (Lepidoptera: 

Noctuidae). Scholars Academic Journal of Biosciences, 9(2): 36-57. DOI: 

10.36347/sajb. 2021.v09i02.004  

Giongo, A.M.M.; Vendramim, J.D.; De Freitas, S.D.L. and Da Silva, M.F.D.G.F. (2015): 

Growth and nutritional physiology of Spodoptera frugiperda (Lepidoptera: 

Noctuidae) fed on Meliaceae fractions. RevistaColombiana de Entomología, 

41(1): 33-40. 

Gordy, J.W.; Leonard, B.R.; Blouin, D.; Davis, J.A. and Stout, M.J. (2015) Comparative 

effectiveness of potential elicitors of plant resistance against Spodoptera 

frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) in four crop plants. PLoS ONE, 

10(9): e0136689. doi: 10.1371/journal.pone.0136689 

Goudar, K, S. and Kaliwal, B.B. (2001): Effect of 2,4-dichlorophenoxyacetic acid (2,4-D) 

and naphthoxyacetic acid (NOA) on the Biochemical Changes in the fat body and 

haemolymph of the silkworm, Bombyx mori L. International Journal of Industrial 

Entomology, 3(1): 83-88.  

GraphPad InStat© v. 3.01 (1998):  GraphPad Software, Inc.7825 Fay Avenue, Suite 230 La 

Jolla, CA 92037 USA. Available online at: http://www.graphpad.com/scientific-

software/instat/ 

Guerra, A.A. (1970): Effect of biologically active substances in the diet on development 

and reproduction of Heliothis spp. Journal of Economic Entomology, 63: 1518-

1521. 

http://www.graphpad.com/scientific-software/instat/
http://www.graphpad.com/scientific-software/instat/


Abo Elsoud, A.A. et al. 186 

Gupta A.P. (1985): Cellular elements in the hemolymph. In: "Comprehensive insect 

physiology biochemistry and pharmacology"(Kerkut, G.A. and Gilbert, L.I., eds.), 

New York: Pergamon Press, 3: 401-451. 

Gupta, G.; Yadav, S.R. and Bhattacharya, A.K. (2009): Influence of synthetic plant growth 

substances on the survivorship and developmental parameters of 

Spilarctiaobliqua Walker (Lepidoptera: Arctiidae). Journal of Pesticide Science, 

82: 41-46. 

Gupta, S.; Arora, R.; Arora, S. and Sohal, S.K. (2017): Evaluation of insecticidal potential 

of 4-Methylthiobutyl isothiocyanate on the growth and development of 

polyphagous pest, Spodoptera litura (Fab.) (Lepidoptera: Noctuidae). 

International Journal of Entomology Research, 2(2): 01-05. 

Hallmann, C.A.; Foppen, R.P.; van Turnhout, C.A.; de Kroon, H. and Jongejans, E. (2014): 

Declines in insectivorous birds are associated with high neonicotinoid 

concentrations. Nature, 511(7509): 34. 

Harikesh, S. and Bhattacharya, A.K. (2001): Role of plant growth regulators on the 

developmental profile of Spodoptera litura: Effect of plant growth stimulants.  

Indian Journal of Entomology, 63: 329-339 

Hugar, I.I. and Kaliwal, B.B. (1997): Effect of phytohormone, indole-3-acetic acid (IAA) 

on the economic parameters of the bivoltine silkworm, B. mori L. Bulletin of 

Sericulture Research, 8: 67-70. 

Jeyasankar, A.; Elumalai, K.; Raja, N. and Ignacimuthu, S. (2013): Effect of plant 

chemicals on oviposition deterrent and ovicidal activities against female moth, 

Spodoptera litura (Fab.) (Lepidoptera: Noctuidae). International Journal of 

Agriculture Science abd Research, 2(6): 206-213. 

Jeyasankar, A.; Chennaiyan, V.; Chinnamani, T. and Ramar, G. (2014): Feeding and 

growth inhibition activities of Tragiainvolucrata Linn. (Euphorbiaceae) on 

Achaea janata (Linn.) (Noctuidae: Lepidoptera) and Pericalliaricini (Fab.) 

(Lepidoptera: Arctidae). Open Access Library Journal, 1: e439.  doi.org/ 

10.4236/oalib.1100439 

Jilani, G.; Khattak, M.K. and Shazad, F. (2006): Toxic and growth regulating effect of 

ethanol extract and petroleum ether extract of Valarianaofficianalis against 

BactrocerazonataSaunder. Pakistan Entomologist, 28: 11-14. 

Kaur, R. and Rup, P.J. (1999): Evaluation of gibberellic acid against immature stages of 

Bactroceracucurbitae (Coquillett). Journal of Insect Science, 12: 9-14. 

Kaur, R. and Rup, P.J. (2002): Evaluation of regulatory influence of four plant growth 

regulators on the reproductive potential and longevity of melon fruit fly 

(Bactroceracucurbitae). Phytoparasitica, 30(3): 224-230. https://doi.org/10. 

1007/BF03039991 

Kaur, R. and Rup, P.J. (2003): Influence of four plant growth regulators on development 

of the melon fruit fly, Bactroceracucurbitae (Coquillett). Insect Science and its 

Application, 23(2):121-125. 

Kaur, A.; Sohal, S.K.; Singh, R. and Arora, S. (2010): Development inhibitory effect of 

Acacia auriculiformis extracts on Bactroceracucurbitae (Coquillett) (Diptera: 

Tephriditae). Journal of Biopesticides, 3: 499-504.  

Kaur, T.; Vasudev, A.; Sohal, S.K. and Manhas, R.K. (2014): Insecticidal and growth 

inhibitory potential of Streptomyces hydrogenans DH16 on major pest of India, 

Spodoptera litura (Fab.) (Lepidoptera: Noctuidae). BMC Microbiology, 14: 227, 

9pp. 

Kaur, N.; Gillett-Kaufman, J.L. and Buss, E.A. (2016):  Effect of plant growth regulators 

on Blissusinsularis (Hemiptera: Blissidae). Florida Entomologist, 99(3):557-558. 

https://doi.org/10


Toxicity and Bio-Efficacy of Indole-3-Acetic Acid, A Plant Growth Regulator, Against the Greater Wax Moth 

 

187 

https://doi.org/10.1653/024.099.0336 

Kaur, M.; Kumar, R.; Upendrabhai, D.P.; Singh, I.P. and Kaur, S. (2017): Impact of 

sesquiterpenes from Inula racemosa (Asteraceae) on growth, development and 

nutrition of Spodoptera litura (Lepidoptera: Noctuidae). Pest Management 

Science, 73(5): 1031-1038. DOI: 10.1002/ps.4429 

Korrat, E.E.E.; Abdelmonem, A.E.; Helalia, A.A.R. and Khalifa, H.M.S. (2012): 

Toxicological study of some conventional and non-conventional insecticides and 

their mixtures against cotton leafworm, Spodoptera littoralis (Boisd.) 

(Lepidoptera: Noctuidae). Annals of Agricultural Science, 57: 145-152. 

Kwadha, C.A.; Ongamo, G.O.; Ndegwa, P.N.; Raina, S.K. and Fombong, A.T. (2017): The 

biology and control of the greater wax moth, Galleria mellonella. Insects, 9, 8(2): 

61. doi: 10.3390/ insects8020061 

Lajide, L.; Escubasm, P. and Mizutani, J. (1993): Antifeedant activity of Aristolochia 

albida root metabolites against the Tobacco cut worm Spodoptera litura. Journal 

of Agriculture and Food Chemistry, 41: 669-673. 

Lingampally, V.; Solanki, V.R.; Kaur, A. and Raja, S.S. (2013): Andrographolide- an 

effective insect growth regulator of plant origin against Triboliumconfusum 

(Duval). International Journal of Current Research, 5(1): 22-26. 

Ljung, K.; Bhalerao, R.P. and Sandberg, G. (2001): Sites and homeostatic control of auxin 

biosynthesis in Arabidopsis during vegetative growth. Plant Journal, 28: 465-474. 

Merzendorf, H. (2005): Insect chitin synthases: a review. Journal of Comparative 

Physiology, B, 176: 1-15. 

Merzendorfer, H. and Zimoch, L. (2003): Chitin metabolism in insects: structure, function 

and regulation of chitin synthases and chitinases. Journal of Experimental 

Biology, 206: 4393-4412.  

Mészáros, A.; Beuzelin, J.M.; Stout, M.J.; Bommireddy, P.L.; Riggio, M.R. and Leonard, 

B.R. (2011): Jasmonic acid-induced resistance to the fall armyworm, Spodoptera 

frugiperda, in conventional and transgenic cottons expressing Bacillus 

thuringiensis insecticidal proteins. EntomologiaExperimentalis et Applicata, 

140(3): 226-237. https://doi.org/10.1111/j.1570-7458.2011.01149.x 

Metwally, H.M.S.; Hafez, G.A.; Hussein, M.A.; Salem, H.A.; Saleh, M.M.E. (2012): Low 

cost artificial diet for rearing the greater wax moth, Galleria mellonella L. 

(Lepidoptera: Pyralidae) as a host for entomopathogenic nematodes. Egyptian 

Journal of Biological Pest Control, 22(1): 15. 

Moroney, M.J. (1956):Facts from figures (3rd ed.). Penguin Books Ltd., Harmondsworth. 

Middle Sex. 

Nagaratna, W.; Kalleshwaraswamy, C.M.; Dhananjaya, B.C.; Sharanabasappa, N. and 

Prakash, N.B.  (2021): Effect of silicon and plant growth regulators on the biology 

and fitness of fall armyworm, Spodoptera frugiperda, a recently invaded pest of 

maize in India. Silicon, 11 pp. https://doi.org/10.1007/s12633-020-00901-8 

Neumann, S.V. (1982): Plant growth hormones affect grasshopper growth and 

reproduction. Proceeding 5th International Symposium on insect plant 

relationships, (Visser, J.H. and Mille, A.K., eds.). pp: 57-62. 

Nitin, K.; Kumar, K.D.; Kumar, M.V. and Sanjay, P. (2012): Effect of economical 

modification in artificial diet of greater wax moth Galleria mellonella 

(Lepidoptera: Pyralidae). Indian Journal of Entomology, 74(4): 369-374. 

Nurullahoglu, U.Z. and Susurluk, A.İ. (2001): Fecundity of Turkish and German strains of 

Galleria mellonella (L.) (Lepidoptera: Pyralidae) reared on two different diets.  

S.U. Fen-EdebiyatFakültesi Fen Dergisi, 18: 39–44. 

Osman, E.E.; Rarwash, I. and El- Samadisi, M.M. (1984): Effect of the anti-moulting agent 

https://doi.org/10.1653/024
https://doi.org/10.1111/j.1570-7458.2011.01149.x
https://doi.org/10.1007/s12633-020-00901-8


Abo Elsoud, A.A. et al. 188 

"Dimilin" on the blood picture and cuticle formation in 

Spodopterealittoralis(Boisd.) larval. Bulletin of Entomological Society of Egypt 

(Economic Series), 14: 3-46. 

Owayss, A.A. and Abd-Elgayed, A.A. (2007): Potential efficacy of certain plant volatile 

oils and chemicals against greater wax moth Galleria mellonells L. (Lepidoptera: 

Pyralidae). Bulletin of Entomological Society of Egypt (Economic Series), 33: 67-

75.  

Palanikumar, M.; Pravin, Y.; Navaneethan, M.; Mahendren, S.; Mohanraj, R.S. and 

Dhanakkodi, B. (2017): Callistemon citrinus (Myrtaceae) methanolic leaf extract: 

a potent mosquitocidal agent for controlling dengue vector mosquito Aedes 

aegypti (Diptera: Culicidae). Journal of Entomology and Zoology Studies, 5(3): 

1051-1059. 

Paulson, G.S.; Hull, L.A. and Biddinger, D.J. (2005): Effect of a plant growth regulator 

prohexadione-calcium on insect pests of apple and pear. Journal of Economic 

Entomology, 98: 423-431. 

Prado S.G. and Frank SD. (2013): Tritrophic effects of plant growth regulators in an aphid-

parasitoid system. Biological Control, 66: 72-76. https://doi.org/10.1016/ j. 

biocontrol.2013.03.019  

Raghunath, B.V. and Narayanaswamy, K.C. (2013): Effect of Plant Growth Regulators on 

Consumption Indices of Silkworm, Bombyx mori L. Indian Journal of Ecology, 

40(1): 92-95. 

Retnakaran, A.; Granett, J. and Andennis, T. (1985): Insect growth regulators. In: 

"Comprehensive Insect, Physiology, Biochemistry and Pharamacology"(Kerkut, 

G.A. and Gibert, L.I., eds.). Pergamon, Oxford, 12: 529-601. 

Richard, A.G. (1957): Cumulative effects of optimum and suboptimum temperatures on 

insect development. In: "Influence of Temperature on Biological Systems" 

(Johnson, F.H., ed.). American Physiological Society, 15: 35-38.  

Roch, M.; Varela, M.C.; Taglialegna, A. and Rosato, A.E. (2020): Tedizolid is a promising 

antimicrobial option for the treatment of Staphylococcus aureusinfections in 

cystic fibrosis patients. Journal of Antimicrobial Chemistry, 75:126–134. DOI: 

10.1093/jac/dkz418 

Rup, P.J.; Kaur, R. and Kaur, J. (1998): Effect of gibberellic acid (GA3) on the protein, 

lipid and carbohydrate contents of banana fruit fly, Zaprionusparavittiger larvae. 

Insect Science and its Application, 18: 145-148. https://doi.org/10.1017/ 

S1742758400007785 

Rup, P.J.; Sohal, S.K.; Sohi, R.; Kaur, G.; Sandhu, N.; Gurm, S.K.; Dhingra, P. and 

Wadhwa, S.K. (2000): Influence of PGRs on carbohydrate content in 

Lipaphiserysimi (Kalt.). Indian Journal of Experimental Biology, 38: 1066-1068.  

Rup P.J.; Sohal, S.K.; Kaur, G. and Sharma, R. (2002): The possible role of five enzymes 

in the metabolism of kinetin in mustard aphid, Lipaphiserysimi (Kaltenbach). 

Journal of Aphidology, 16:1-8. 

Salazar, J.R.; Torres, P.; Serrato, B.; Dominguez, M.; Alarcón, J. and Céspedes, C.L. 

(2015): Insect Growth Regulator (IGR) effects of Eucalyptus citriodora Hook 

(Myrtaceae). BoletínLatinoamericano y del Caribe de PlantasMedicinales y 

Aromáticas, 14(5): 403-422. 

Sepperumal U. and Sukumar S. (2014): Impact of kinetin and gibberellic acid on the 

commercial characteristics of the silkworm, Bombyx mori L. (Lepidoptera: 

Bombycidae). Journal of Microbiology and Biotechnology Research, 4(1):11-20. 

Shiwani, B. and Karnatak, A. K. (2012): Effect of gibberellic acid on the developmental 

profile of Spodoptera litura (Fab.). Pantnagar Journal of Research, 10(1): 18-21. 

https://doi.org/10.1016/
https://doi.org/10.1017/


Toxicity and Bio-Efficacy of Indole-3-Acetic Acid, A Plant Growth Regulator, Against the Greater Wax Moth 

 

189 

Silva, G.; Lagunes, A. and Rodríguez, J. (2003): Control de Sitophilus zeamais(Coleoptera: 

Curculionidae) con polvosvegetales solos y enmezcla con carbonato de calcio 

enmaízalmacenado. International journal of agriculture and natural resources, 

30: 153–160. 

Singh, H. and Bhattacharya A.K. (2001): Role of plant growth regulators on the 

developmental profile of Spodoptera litura: Effect of plant growth stimulants.  

Indian Journal of Entomology, 63(3): 329-339. 

Singh, H. and Bhattacharya, A.K. (2002): Effect of plant growth regulators on the 

developmental profile of Spodoptera litura: effect of plant growth retardants. 

Annals of Plant Protection Science, 10(1): 141-143. 

Singh, H. and Bhattacharya, A.K. (2003): Susceptibility of Spodoptera litura (Fabr.) to 

diflubenzuron. Annals of Plant Protection Science, 11(2): 243-245. 

Sivaraman, G.G.; Paulraj, M.; Ignacimuthu, S. and Al-Dhabi, N.A. (2014): Bioefficacy of 

Cleome viscosa L. and Sinapis alba L. seed extracts against Helicoverpaarmigera 

(Hubner) (Lepidoptera: Noctuidae). International Journal of Pure and Applied 

Zoology, 2(3): 211-217. 

Subrahmanzam, B.; Müller, T. and Rembold, H. (1989): Inhibition of turnover of 

neurosecretion by azadirachtin in Locusta migratoria. Journal of Insect 

Physiology, 35: 493-500.  

Tang, X.; Chen, S. and Wang, L. (2011): Isolation and insecticidal activity of farnesol from 

Stellerachamaejasme. Asian Journal of Chemistry, 23(3): 1233-1235. 

Tanjung, M. (2007): The effectiveness of Gibberellic acid (GA3) supplementation in 

stimulating the efficiency conversion ingested (ECI) and the efficiency conversion 

digested (ECD) and growth of the silkworm (Bombyx mori L.).  JurnalBiologi 

Sumatera, 2(2): 33-36. 

Tanzubil, P.B. and McCaffery, A.R. (1990): Effects of azadirachtin and aqueous neem seed 

extracts on survival, growth and development of the African armyworm, 

Spodoptera exempta. Crop Protection, 9: 383-386. 

Tsagkarakis, A.E.; Rogers, M.E. and Spann, T.M. (2012): Applications of plant growth 

regulators to container-grown citrus trees affect the biology and behavior of the 

Asian citrus psyllid. Journal of the American Society for Horticultural Science, 

137: 3-10.  

Uçkan, F.; Haftacı, İ. and Ergin, E. (2011): Effects of indol-3-acetic acid on biological 

parameters of the larval endoparasitoidApantalesgalleriae (Hymenoptera: 

Braconidae). Annals of the Entomological Society of America, 104: 77-82. 

Uçkan, F.; Soydabaş, H.K. and Özbek, R. (2014): Effect of Indol-3-acetic acid on the 

biochemical parameters of Achoriagrisellahemolymph and Apantelesgalleriae 

larva.  Pakistan Journal of Biotechnology, 11(2):  163-171. 

Uçkan, F.; Özbek, R. and Ergin, E. (2015): Effects of indole-3-acetic acid on the biology 

of Galleria mellonella (Lepidoptera: Pyralidae) and its 

endoparasitoidPimplaturionellae (Hymenoptera: Ichneumonidae). Belgian 

Journal of Zoology, 145(1): 49-58. 

Vera, N.; Popich, S.; Luna, L.; Cravero, R.; Sierra, M.G. and Bardon, A. (2006): Toxicity 

and Synergism in the Feeding Deterrence of Some Coumarins on Spodoptera 

frugiperda Smith (Lepidoptera: Noctuidae).  Chemistry and Biodiversity, 3: 21-

26. 

Viraktamath, S. (2010): Incidence, damage potentiality and management of Galleria 

mellonella: seasonal incidence, damage potentiality and management of the 

greater wax moth, Galleria mellonella (L.). VDM Verlag Dr. Müller. 284 pp. 

Visscher, S.N. (1982): Plant growth hormones affect grasshopper growth and reproduction. 



Abo Elsoud, A.A. et al. 190 

In: Proceedings of the 5th International Symposium of Insect-Plant Relationships 

(Visser, J.H. and Minks, A.K., editors). Wageningen: Pudoc, Pp: 57-62. 

Waldbauer, G.P. (1968): The consumption and utilization of food by insects. Advances of 

Insect Physiology, 5: 229-288. 

Whitehorn, P.R.; O’connor, S.; Wackers, F.L. and Goulson, D. (2012): Neonicotinoid 

pesticide reduces bumble bee colony growth and queen production. Science, 

336(6079): 351-352. DOI:10.1126/science. 1215025 

Yadouleton, A.W.; Padonou, G.; Asidi, A.; Moiroux, N.; Bio-Banganna, S.; Corbel, V.; 

N’guessan, R.; Gbenou, D.; Yacoubou, I.; Gazard, K. and Akogbeto, M.C. (2010): 

Insecticide resistance status in Anopheles gambiae in southern Benin. Malaria 

Journal, 9(1): 83. 

Zhao, Z.; Andersen, S.U.; Ljung, K.; Dolezal, K.; Miotk, A.; Schultheiss, S.J. and 

Lohmann, J.U. (2010): Hormonal control of the shoot stem-cell niche. Nature, 

465: 1089–1092. 

Zummo, G.R.; Benmedict, J.H. and Segers, J.C. (1984): Effects of plant growth regulators, 

Mepiquat chloride on host plant resistance in cotton bollworms (Lepidoptera: 

Noctuidae). Journal of Economic Entomology, 77: 922–924. 

 
 

 

 

 

 

 


