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Abstract  

The cotton crop faces direct damage from the spiny 

bollworm, Earias insulana (Boisduval) (Lepidoptera: Noctuidae). 

A new, safer strategy rather than insecticide is urgently needed for 

its control. Nanoemulsions based on plant essential oils have a wide 

range of applications in pesticides and have good insecticidal 

activity against a wide range of agricultural pests. The purpose of 

this work was to enhance the efficacy of a Boswellia sacra essential 

oil-based nanoemulsion (Olibanum NE) formulation with enhanced 

activity by employing an adjuvant. So, olibanum NE with and 

without Provecta® and Polyxyethylens glycol 600 di-oleate 

adjuvants olibanum NE were successfully prepared by a high-

energy ultrasonication process method. Then, different parameters 

were determined for olibanum NE with and without adjuvants. 

Furthermore, study their effects on the different biological aspects 

under laboratory conditions. Results cleared that olibanum NE 

droplet size of 41.30 nm, the PDI was 0.26. While olibanum NE 

with 0.02 % of Polyxyethylens glycol 600- di-oleate was 62.54 nm 

and the PDI was 0.62. Also, olibanum NE with 0.02 % of Provecta® 

was 72.44 nm and the PDI was 0.22, and zeta potential increased 

when adjuvants were added to olibanum NE. Olibanum NE, with 

and without adjuvants, exhibited an acidic pH value. Both adjuvant-

based olibanum NE reduced the surface tension and contact angle 

than olibanum NE alone. The Obtained data also indicated that 

olibanum NE, with and without adjuvants proved to be the most 

effective compound against the second instar larvae of E. insulana, 

and the LC50 values after 72 h were 600.07 μL and 723.44 μL, 
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respectively. While olibanum NE alone was 959.38 μL. The larvae 

feeding of E. insulana on a treated artificial diet with LC50 of 

olibanum NE with adjuvant led to a complex symptom which 

proved as higher prolongation for larval and pupa durations than 

olibanum NE alone and control. And decrease the weight of treated 

larvae and pupation percentage compared to untreated larvae. Also, 

there were significant reductions in the number of deposited eggs, 

hatchability percentages, and fecundity of each female, which were 

developed after treating the larvae with olibanum NE with 

Provecta® and olibanum NE with PEG 600 di-oleate, compared 

with olibanum NE alone and the control. As a result, olibanum NE 

with adjuvant may be an effective alternative to conventional 

pesticide formulations and may be significant in the practical 

application of integrated pest management (IPM) and the 

production of organic cotton farming.  
 

Introduction 

One of Egypt's most important 

commercial crops, cotton, serves as a 

strategic commodity by generating cash for 

the country. The average annual cotton 

production in 2022 is around 320,000 bales 

of 478 pounds net, with a harvested cotton 

area of 97,000 hectares (Omar, 2022). 

Bollworms are the most destructive insect 

pests of cotton crops, and among these spiny 

bollworms, Earias insulana ((Boisduval)) 

(Lepidoptera: Noctuidae) (Khan et al., 2007). 

Infestation reduces cotton quality and 

quantity, whereas a single larva can damage 

several buds and bolls throughout its life. If 

the incidence of spiny bollworm infection 

increases by 1%, production is lowered by 

2.5 to 6% (Al-Juboori, 2000 and Mansour et 

al., 1990). 

 Chemical control plays a major role 

in pest management programs in both 

developing and industrialized countries. 

Cotton uses more pesticides than any other 

crop; it is estimated that 25% of the global 

use of pesticides and 10% of pesticide use are 

due to the cultivation of cotton (Ahmad and 

Hasanuzzaman, 2020). Many of today's 

insecticides are organic chemicals with low 

water solubility (Less than 1%). These 

include pyrethroids, neonicotinoids, 

polychlorinated hydrocarbons, carbamates, 

organophosphates, antraniliproles, benzoyl 

urea derivatives, and others. As a result, 

massive amounts of organic solvents are 

often needed to dissolve these products to 

achieve an effective and uniform application 

in this area. The random use of conventional 

pesticides has led to several problems, 

including resistance and pest resurgence 

(Bajya et al., 2010), and has negatively 

affected the population densities of natural 

enemies. Utilizing compounds that have an 

enhanced effect on insects is a novel method 

of controlling insect pests; as a result, 

pesticide usage is lowered by half while still 

positively impacting insect management 

(Dewer et al., 2017). Additionally, the 

environment is cleaner, economic profit 

benefits, and farmer health is enhanced 

(Kouser and Qaim, 2011). Considering the 

concern about minimizing health hazards and 

environmental pollution, natural plant 

extracts are a substantial and efficient 

alternative to pesticide alternatives (Sharma 

et al., 2006). 
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Olibanum, often known as 

Frankincense, is a natural resin derived from 

the trees of the species Boswellia, which is 

found across Arabia and India. As previously 

reported (Metayi et al., 2022), we performed 

essential oil analysis and oil component 

identification on frankincense, Boswellia 

sacra. The most prevalent chemical 

discovered was α-pinene (Subin, 2021 and 

Pavela et al., 2021). In contrast, Al-Harrasi 

and Al-Saidi (2008) found that the most 

abundant compounds were E-β-ocimene and 

limonene. Recently, there has been a lot of 

interest in the use of self-nanoemulsifying 

delivery systems. Nanoemulsions are one of 

the most promising approaches in the field of 

nanotechnology. It is a collection of scattered 

particles. Nanoemulsion is a type of oil-in-

water emulsion that contains very small, 

spherical oil droplets (<200 nm). As a result, 

they are also known as ultrafine emulsions, 

submicronic emulsions, or miniemulsions 

when compared to traditional or macroscopic 

emulsions, and they have a smaller 

polydispersity. Because of their simplicity of 

manufacture and a vast range of industrial 

applications, interest in nanoemulsion 

formulation research has grown. 

The creation of innovative, safer, and 

more efficient formulations is given 

increased importance today. Incorporating 

specific additives pesticide formulations 

would increase their bioactivity and field 

performance, which would lead to reduced 

application rates, low-cost plant protection, 

and a move toward the integrated pest 

management (IPM) approach by reducing 

environmental risks (Morpeth, 1995). 

Numerous researchers revealed a correlation 

between additives and the physical properties 

of pesticide spray solutions because they had 

an impact on both retention and pesticide 

effectiveness. Adjuvants modify the 

physicochemical properties of the spray 

solution to make it more efficient, stable, and 

resistant to degrading factors. Adjuvants are 

used with pesticides for a variety of reasons, 

including improving wetting and spreading 

on the treated surface, increasing adhesion, 

decreasing drift, and improving deposit 

(Chapman and Mason, 1993). The goal of 

this research is to improve the properties of 

Boswellia sacra essential oil-based 

nanoemulsion (Olibanum NE) by adding 

adjuvants such as Polyxyethylens glycol 600 

di-oleate and Provecta® against second instar 

larvae of the spiny bollworm, E. insulana, 

detecting a latent effect on subsequent stages, 

and reducing doses, which reduces the 

economic cost of farms and increases their 

income. To our knowledge, no literature 

exists on the insecticidal properties of 

olibanum nanoemulsion with different 

adjuvants against the second instar larvae of 

spiny bollworm, E. insulana, which 

stimulated our interest in investigating this 

further. 

Materials and methods 

1. Materials : 

Olibanum oil (B. sacra) was obtained 

from Al Barakah Factory for Herbal Oils, 

L.L.C, Al Maabilah Industrial Area, Seeb, 

Muscat, Sultanate of Oman. Scientific 

distributors in Cairo, Egypt, provided Tween 

80. Polyxyethylens glycol 600 di-oleate as a 

non-ionic surfactant produced by the 

Egyptian Company for Starch, yeast and 

Detergents, Egypt. Provecta® The organo-

modified siloxanes were administered using 

the product (ICBPharma) which more 

specifically, contains polyalkyleneoxide 

modified heptamethyltrisiloxane. produced 

by ICB Pharma Tomasz Świętosławski, 

Paweł Świętosławski Spółka Jawna, Poland. 

Vitamins mixture (Grand Vit with Iron 

Syrup), produced by Sigma Pharmaceutical 

industries for Sina Pharm. 

2. Insect rearing: 

A lab strain of E. insulana was 

obtained from a lab colony at the Bollworms 

Research Department, Plant Protection 

Research Institute, Agricultural Research 
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Center, Giza, Egypt. According to Amer 

(2015), it had been reared on a semi-artificial 

diet for multiple generations without being 

exposed to any pesticides. The experiment 

was conducted in an incubator under 

carefully monitored conditions at 26 ± 1 °C, 

65 ± 5% RH., and a photoperiod of 12: 12 hrs. 

(L: D). 

3. Diet preparation : 

To prepare the tested diets, boiling 

water was mixed with 250 g kidney beans and 

125 g of grated wheat. It was heated for 70 

minutes. After that, it was allowed for 20 

minutes to cool and clear the water from 

them. They were mixed in an electric blender 

with 100 mL of milk and refrigerated for 24 

hrs. Following that, further components (49 g 

dry active yeast, 3 g ascorbic acid, 1.75 g 

sorbic acid, 1.75 g methyl parahydroxy 

benzoate, 8 ml of vitamin combination, and 

2.5 ml of formaldehyde 34-38%) were added 

and properly combined. Following that, the 

prepared diet was refrigerated for 24 hrs. 

before use. 

4. Preparation of nanoemulsion:   

Oil-in-water (O/W) nanoemulsion of 

olibanum oil was prepared in the laboratory 

of the pesticide formulation research 

department, central agriculture pesticides 

laboratory, agricultural research center, al-

Sabahia, Alexandria, Egypt; the preparation 

process was described in a prior work by Abd 

El-Naby et al. (2020). Initially, a coarse 

emulsion of 5% oil, Tween 80, and water was 

made with a magnetic stirrer at 250 rpm for 

10 min, which was then subjected to 

ultrasonic emulsification using a 20 kHz 

sonicator (BANDELIN Sonopuls, Germany). 

Then, the formulated olibanum NE was 

mixed with 0.02 % of each adjuvant, 

characterized, and stored at 4°C for further 

bioassays. 

5. Characterization of prepared 

nanoemulsion macroscopical analysis: 

Droplet size, polydispersity index 

(PDI) and zeta potential of nanoemulsion 

formulations were determined using 

(Zetasizer Nano ZS, Malvern Instruments, 

Malvern-UK, 4700 model, Germany) using a 

dynamic light scattering (DLS) droplet 

analyzer at 25 °C. The nanoemulsion sample 

was diluted using deionized water.  

6. Physicochemical properties of olibanum 

nanoformulation: 

6.1. pH measurement:  

Utilizing a pH meter and an electrode 

system, the pH value of the undiluted 

olibanum NE alone and with two adjuvants 

was measured using a Mettler ToledoTM 

Seven Easy pH meter. The pH value was 

measured at room temperature with the 

electrode submerged in the sample for 5 

minutes without stirring. Before taking the 

measurement, the instrument must be 

calibrated. To eliminate all remnants of the 

prior sample, the electrode was carefully 

cleaned between samples using a stream of 

distilled water. 

6.2. Surface tension:  

The surface tension of the olibanum 

NE alone and with two adjuvants was 

determined using a du Nouy Ring, a 

platinum/iridium ring, and a sigma force 

tensiometer 700 from the United States. The 

instrument should be recalibrated before 

testing, and the material being measured 

should be clean, uniform, and devoid of 

bubbles, with a stable surface. Surface 

tension (dyne/cm) is measured with a 

tensiometer (ASTM, 2014). 

6.3. Evaluation of the insecticidal activity 

of prepared olibanum nanoemulsion on 

larval mortality and different biological 

aspects: 

6.3.1. Toxicological studies:  

The toxicity of the olibanum NE 

alone, olibanum NE with Provecta® and 

olibanum NE with Polyxyethylens glycol 600 

di-oleate against the second instar larvae of 

E. insulana was studied. Different volumes 

of tested compounds (300, 600, 900, 1200, 

and 1800 μL per plate) were mixed with Five 
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grams of diet placed in Petri-dish (9 cm in 

diameter) while the control (Treated with 

water only), and then left until dry. The 15 

second instar larvae were transferred to a 

treated diet, and the Petri dishes were covered 

with tissue paper below the glass cover to 

prevent larvae from escaping, and then left to 

feed. Each treatment and control were 

replicated four times. They were incubated 

under controlled conditions in an incubator at 

26 ± 1°C and relative humidity of 65 ± 5%. 

Afterwards, Mortality percentages were 

recorded after 24, 48 and 72 hrs.  

6.3.2. Biological studies:  

  The latent effects of the olibanum NE 

on certain biological aspects of the spiny 

bollworm, E. insulana, the calculated LC50 

used were 959.38, 723.44, and 600.07 μL per 

plate for olibanum NE alone, olibanum NE 

with Polyxyethylens glycol 600 di-oleate and 

olibanum NE with Provecta®, respectively. 

They were mixed with three grams of diet 

placed in glass tubes (2 × 7.5 cm) and 

incubated previously under the same 

conditions as before. Surviving larvae from 

LC50 treatments were transferred 

individually to an untreated diet after 3 days 

of treatment to complete their life cycle. The 

tubes were inspected daily until pupation. 

Some parameters were estimated, such as 

larval mortality, larval and pupal duration, 

larval and pupal weight, and percentage of 

adult emergence. The pupae were separated 

in a glass jar (Half a kg) until the moth’s 

emergence. 

The resulting moths were sexed and 

divided into four groups based on the 

combination: group one consisted of treated 

males with untreated females (T♂xU♀), 

group two included treated males with treated 

females (T♂ x T ♀), group three included 

untreated males with treated females (U ♂ x 

T ♀) and group four, which served as the 

control group, was untreated males with 

untreated females (U ♂ xU♀), each group 

was replicated four times. The moths were 

fed a 10% sugar solution. The number of 

deposited eggs as well as the hatchability 

percentage were both recorded. The 

hatchability percentages of the eggs were 

calculated using the following equation by 

El-Shennawy et al. (2019): 

% 𝐄𝐠𝐠 𝐡𝐚𝐭𝐜𝐡𝐚𝐛𝐢𝐥𝐢𝐭𝐲 =
𝐧𝐨.𝐨𝐟 𝐡𝐚𝐭𝐜𝐡𝐞𝐝 𝐞𝐠𝐠𝐬

 𝐧𝐨.  𝐨𝐟 𝐝𝐞𝐩𝐨𝐬𝐢𝐭𝐞𝐝 𝐞𝐠𝐠𝐬
 X 100 

The Fecundity percentage was calculated 

according to Crystal and Lachance, (1963) 

as follows: 

% 𝐅𝐞𝐜𝐮𝐧𝐝𝐢𝐭𝐲 =
𝐧𝐨.  𝐨𝐟 𝐞𝐠𝐠𝐬/ 𝐭𝐫𝐞𝐚𝐭𝐞𝐝 𝐟𝐞𝐦𝐚𝐥𝐞

 𝐧𝐨.  𝐨𝐟 𝐞𝐠𝐠𝐬/ 𝐮𝐧𝐭𝐫𝐞𝐚𝐭𝐞𝐝 𝐟𝐞𝐦𝐚𝐥𝐞
 X 100 

7. Statistical analysis: 

All data were subjected to a one-way 

ANOVA, then a Duncan multiple ranges test 

(Duncan, 1955) to identify significant 

differences in treatment mean values at 0.05 

probabilities. Furthermore, using the Ldp-

line software (www.Ehabbakr software/Ldp 

line), the LC50 of the tested compounds was 

determined in accordance with Finney 

(1971). 

Results and discussion 

1. Characterization of fresh olibanum 

nanoemulsion:  

1.1. Droplet size and Poly dispersity index 

(PDI):  

The mean size (z-average diameter) 

can be obtained by using various algorithms 

from the correlation function, which can be 

taken by fitting a single exponential to the 

correlation function and an estimate of the 

width of the distribution (PDI). According to 

Figure (1), olibanum NE formulation is 

considered a good quality nanoemulsion with 

an average droplet size of 41.30 nm, 

characterizes the uniform distribution of 

droplets in the nanoemulsion the PDI was 

0.26. While, as shown in Figure (2) libanum 

NE formulation with 0.02 % of 

Polyxyethylens glycol 600 di-oleate adjuvant 

was 62.54 nm and the PDI was 0.62. Also, as 

shown in Figure (3) olibanum NE 

formulation with 0.02 % of Provecta® 
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adjuvant was 72.44 nm and the PDI was 0.22. 

When the adjuvant was mixed with olibanum 

NE, the droplet size increased slightly, but it 

remained in the nano scale. As demonstrated 

by this finding, the nano metric size 

preparation for olibanum NE was successful. 

Our findings corroborate those that good 

nanoemulsion had droplet sizes of 20–200 

nm in accordance with those reported by 

other researchers (Massoud et al., 2018; Al-

Mansoori, 2018; Molai et al., 2022 and Abd 

El-Naby et al., 2022). 

 

 

              
Figure (1):  Olibanum NE alone with droplet size distribution measured by dynamic light scattering (DLS). 

 

Figure (2): Olibanum NE with Polyxyethylens glycol 600 di-oleate adjuvant with droplet size distribution 

measured by dynamic light scattering (DLS). 

 
Figure (3): Olibanum NE with Provecta® adjuvant with droplet size distribution measured by dynamic light 

scattering (DLS). 
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1.2. Zeta potentials (Electrophoretic 

properties): 

The zeta potential is a crucial variable 

that has a direct bearing on the colloidal 

system's physical stability (Pawar and Vavia, 

2016). Figures 4, 5 and 6 showed that the zeta 

potential of the olibanum nanoformulation 

with both adjuvants was in the negative zeta 

potential region. The zeta potential of 

olibanum NE alone was in the negative zeta 

potential region, has a zeta potential of -29.8 

mV. While olibanum NE with adjuvant 

Polyxyethylens glycol 600 di-oleate was -

40.67 mV. Also, olibanum NE with 

Provecta® adjuvant has a zeta potential of-

50.3 mV. When adjuvants were mixed with 

olibanum NE, the zeta potential increased 

when adjuvants added to olibanum NE, based 

on the findings, we can conclude that stable 

nanoemulsion have zeta potential values of 

more than 30 mV, independent of the prefix 

being positive or negative. 

 Analogous results were reported by 

Wahba (2020) reported comparable results, 

demonstrating that the high stability of grape 

seed oil and pomegranate fruit peel oil could 

be attributed to their high zeta potentials of -

36.7 and -31.0 mV, respectively.  Colloidal 

stability for a range of zeta potentials displays 

quick flocculation or coagulation from 0 to 5, 

incipient instability from 10 to 30, moderate 

stability from 30 to 40, and good stability 

from 40 to 60 (Kumar and Dixit, 2017). 

When the zeta potential increases, the 

attractive force between the droplets 

decreases and the repulsive force rises. 

 

                  

Figure (4): Zeta potential measurement of olibanum NE alone using Malvern Zetasizer Nano ZS. 

 

 
Figure (5): Zeta potential measurement of olibanum NE mixed with Polyxyethylens glycol 600 di-oleate 

adjuvant using Malvern Zetasizer Nano ZS. 
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Figure (6): Zeta potential measurement of olibanum NE mixed with Provecta® adjuvant using  

Malvern Zetasizer Nano ZS. 

1.2. Physicochemical properties of the 

nanoformulation: 

1.2.1. The pH value: 

             The most important aspects of 

chemical stability are accelerated testing 

results and pH profile kinetics (Issa et al., 

2000). The surface properties around the 

droplet determine the pH value as an 

indicator of nanoformulation stability. It was 

observed from the results that the olibanum 

NE with adjuvants exhibited an acidic pH 

value. Also, the olibanum NE formulation 

alone was 6.45. It is noticeable that when 

olibanum NE was mixed with the Provecta® 

adjuvant, the pH value slightly decreased to 

6.20 compared to olibanum NE alone was 

6.45, and the lowest pH value was given 

when olibanum NE was mixed with PEG 600 

di-oleate adjuvant was 5.03. Results showed 

that they had an acidic character, which is in 

agreement with Abd El-Naby et al. (2022) 

reported that the prepared castor oil 

nanoemulsion had an acidic pH value. Also, 

Mesbah et al. (2022) showed that the 

prepared geranium nanoemulsion exhibited 

an acidic pH value.  

  We deduce from that that they will 

have high biological activity (Issa et al., 

2000). Lowering the pH of the spray solution 

may improve the attractiveness of the 

sprayed solution to the treated plants, hence 

enhancing the insecticidal efficacy (Tawfic 

and El-Sisi, 1987). Previous research has 

found that excessive alkalinity or acidity of 

nano-formulations causes neem component 

breakdown, lowering the formulation's bio-

efficacy (Gianeti et al., 2011). 

1.2.2. Surface tension: 

Surface tension values were  lower 

with using adjuvants than without, where the 

olibanum NE formulation alone was 53.69 

dyne/cm and when olibanum NE was mixed 

with PEG 600 di-oleate adjuvant was 43.81 

dyne/cm and when mixed with the Provecta® 

adjuvant, the surface tension value was 45.16 

dyne/cm. Based on the findings, we can 

conclude that both adjuvant based olibanum 

NE can reduce surface tension and contact 

angle. These results are in harmony with 

those obtained by Iqbal et al. (2022) who 

tested and proved that neem colloidal 

nanoemulsion with botanical adjuvant based 

nanoemulsion improved adhesiveness and 

wetting with reduced surface tension and 

contact angle. This decrease in surface 

tension predicts an increase in wettability and 

spreading on the treated plant surface (Jiang 

et al., 2008 and Hussein et al., 2010). Wetting 

is a crucial factor that is closely related to 

surface tension and contact angle (Hussein et 

al., 2010). 

2. Toxicological effect of the examined 

compounds: 

The susceptibility of E. insulana 

larvae to olibanum NE alone, olibanum NE 

with PEG 600 di-oleate adjuvant, and 

El‑Habal et al., 2023 
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olibanum NE with Provecta® adjuvant was 

shown in Table (1). The obtained results 

revealed that olibanum NE with the 

Provecta® adjuvant was the most toxic 

insecticide against the second instar larvae of 

E. insulana, whereas olibanum NE alone was 

the least toxic one. Among the compounds, 

olibanum NE with PEG 600 dioleate 

adjuvant occupied the middle position. The 

corresponding LC50 values were 600.07, 

723.44, and 959.38 μL.  In the same trend, 

Metayi et al. (2022) revealed that the 

accumulated mortality percentages of E. 

insulana increased significantly more than 

untreated larvae with a formulated 

frankincense nanoemulsion. With regard to 

the fourth instar larvae of the cotton leaf 

worm Spodoptera littoralis (Boisduval) 

(Lepidoptera: Noctuidae) , Abd El-Naby et 

al. (2022) discovered that castor oil 

nanoemulsion was more effective than castor 

bulk oil under laboratory conditions. 

Moustafa et al. (2015) assessed the 

effectiveness of the eucalyptus nanoemulsion 

against the larvae of E. insulana and 

Pectinophora gossypiella and discovered 

excellent effectiveness in reducing cotton 

bollworms. 
Table (1): Toxicity of tested insecticides on second instar larvae of Earias insulana. 

 

Compound 

 

LC50 μL 

Confidence limits  

Slope X2 
Lower  Upper 

O NE 959.38 733.2 1025 2.86 22.21 

O NE + Provecta® 600.07 489.8 749.1 2.39 22.91 

O NE + PEG 600 di-

oleate 

723.44 562 976.2 2.31 17.38 

3. Biological aspects: 

3.1. Insecticidal activity of the three 

formulations of olibanum essential oil 

against the second instar of Earias 

insulana larvae. 

The data in Table (2) showed that the 

addition of both Provecta® and PEG 600 di-

oleate adjuvants to olibanum NE improved 

its bioefficacy against second-instar larvae of 

E. insulana compared to olibanum NE alone. 

The larval mortality percentages were 51.94, 

58.03, and 63.93% for olibanum NE alone, 

olibanum NE with PEG 600 di-oleate 

adjuvant, and olibanum NE with Provecta® 

adjuvant, respectively. These results were 

attributed to the adjuvants' ability to either 

lower the surface tension or boost the surface 

activity of a pesticide solution. The result is 

in agreement with Saad et al. (2013), who 

discovered that adding PEG 600 di-oleate 

adjuvants to pesticides such as lambda-

cyhalothrin, abamectin, emamectin benzoate, 

imidaclopride, and oxamyl improved both 

their effectiveness and their residual effects.  

Also, all treatments caused a 

significant reduction in pupation percentage, 

especially treatment olibanum NE with 

Provecta® and treatment olibanum NE with 

PEG 600 di-oleate compared to treatment 

with olibanum NE alone, as shown in Table 

(2). The highest pupal percentage in 

treatments was 35.96% with olibanum NE 

alone, and the lowest was 11.98% with 

olibanum NE with Provecta®; olibanum NE 

with PEG 600 di-oleate adjuvant treatment 

recorded 18.62%, while the pupal percentage 

in control was 96.60%.  

These results agree with Metayi et al. 

(2022), who reported that the treatment with 

frankincense nanoemulsion caused a 

significant decrease in pupal percentages of   

E. insulana. Also, Ammar and Abd-ElAzeem 

(2021), observed that application of gelatin-

copper nanoparticles to the spiny bollworm 

induced the highest levels of pupal mortality 

and pupation while releasing the lowest LC50 

levels. The failure in pupation as a result of 

olibanum NE with adjuvant and olibanum 

NE alone treatment which caused incomplete 
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larval molting and failure to pupate this 

explained by (Adel et al., 2018 and Abd El-

Naby et al., 2022) who recorded that the 

harmful effects of nano-emulsion to insects 

may be explained by their small size and 

large surface area, which increases biological 

activity and penetration in the living cells.  

In addition, all tested compounds 

caused a significant reduction in E. insulana 

moth emergence. The average percentage of 

adult emergence was 93.30% in the control. 

This average decreased significantly to 

49.23, 33.33, and 10.63% for olibanum NE 

alone, olibanum NE with PEG 600 di-oleate 

adjuvant, and olibanum NE with Provecta® 

adjuvant, respectively. These results 

corresponded with the findings of Metayi et 

al. (2022), who reported that the frankincense 

nanoemulsion caused a significant reduction 

in E. insulana moth emergence. Also, El-Din 

et al. (2020) found that jojoba oil 

significantly reduced the percentage of adult 

emergence. 

Table (2): Effect of Olibanum NE with and without adjuvant on larval mortality, pupation percentage and 

adult emergence percentages of Earias insulana. 

Tested Compound Conc. μL  
Accumulated mortality 

of larval stages % 

Pupation  

% 

Adult 

emergence  

% 

Olibanum NE 959.38 51.94 35.96 49.23 

Olibanum NE + Provecta® 600.07 63.93 11.98 10.63 

Olibanum NE + PEG 600 di-oleate 723.44 58.03 18.62 33.33 

Control 00.00 00.00 96.60 93.30 

LSD 0.05  9.01* 4.59* 7.20* 

     Data is the means ±SD of the three replicates of immature stages. LSD mean not significantly (P>0.05). 

3.2. Larval duration and weight: 

         Data in Table (3) illustrates the latent 

effect of tested compounds on the larval 

duration and weight of E. insulana. The three 

tested compounds prolonged the duration of 

the larval stage significantly. While olibanum 

NE treatment with adjuvant prolonged the 

duration more than olibanum NE alone. 

These periods were estimated at 17.14, 

19.31and 21.29 days for olibanum NE alone, 

olibanum NE with Provecta® adjuvant and 

olibanum NE with PEG 600 di-oleate 

adjuvant, respectively, compared with 

14.20days in control. In addition, the average 

larval weight decreased significantly in 

0.044, 0.038, and 0.035g/ larva for olibanum 

NE alone, olibanum NE with Provecta® 

adjuvant, and olibanum NE with PEG 600 di-

oleate adjuvant, respectively, while it was 

0.080g/ larva in control. Also, statistically, 

there was a non-significant difference found 

between the larval duration of the three tested 

compounds and the control. While there was 

a significant difference found between the 

larval weight of the three tested compounds 

and control. 

2.3. Pupal duration and weight: 

Analysis of the variance of the results 

in Table (3), showed that olibanum NE alone 

gave a slight prolongation in pupal duration, 

while olibanum NE with adjuvant showed a 

significant prolongation in pupal duration 

compared with the control. These periods 

were estimated at 7.11, 7.51 and 7.90 days 

for olibanum NE alone, olibanum NE with 

Provecta® adjuvant and olibanum NE with 

PEG 600 di-oleate adjuvant, respectively, 

compared with 7.00 days in control. From the 

data presented in Table )3(, showed that all 

tested compounds led to a significant 

decrease in pupal weight, but only olibanum 

NE with PEG 600 di-oleate adjuvant was the 

highest one that caused a significant decrease 

in pupal weight. These weights were 

estimated at 0.041, 0.034 and 0.030 grams for 

olibanum NE alone, olibanum NE with 

Provecta® adjuvant and olibanum NE with 

PEG 600 di-oleate adjuvant, respectively, 
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compared with 0.052 grams in control. 

Statistically, there was a non-significant 

difference found between the pupal duration 

of the three tested compounds and control. 

While there was a significant difference 

found between the pupal weight of the three 

tested compounds and control. 

Table )3(: Latent effects of Olibanum NE with and without adjuvant on immature stages of Earias insulana. 

Tested Compound 
Conc. 

μL  

Larval  Pupal  

duration  

(days) 

Mean± SE 

Weight 

(g) 

Mean± SE 

duration  

(days) 

Mean± SE 

Weight 

(g) 

Mean± SE 

Olibanum NE; 959.38 17.14 0.044 7.11 0.041 

Olibanum NE + Provecta® 600.07 19.31 0.038 7.51 0.034 

Olibanum NE + PEG 600 di-oleate 723.44 21.29 0.035 7.90 0.030 

Control 0 14.20 0.080 7.00 0.052 

LSD 0.05 - 5.36 0.02 3.23 0.02 

Data is the means ±SD of the three replicates of immature stages. LSD mean not significantly (P>0.05). 

Results on the latent effect of 

olibanum NE on the rate of egg 

production are presented in Table )4(. The 

results indicated that when adult males 

that came from treated larvae mated with 

untreated females, the fecundity of these 

females decreased with treatment with 

olibanum NE alone, olibanum NE with 

Provecta® adjuvant, and olibanum NE 

with PEG 600 di-oleate adjuvant which 

gave 37.8, 27.2 and 0.00 % respectively. 

The reduction in fecundity was increased 

when olibanum NE treatment with 

adjuvant was applied to adult males. A 

significant reduction of 0.00% occurred 

when adult males were treated with 

olibanum NE with PEG 600 di-oleate 

adjuvant. Also, from the results, when 

adult males and females that came from 

treated larvae mated, the fecundity of 

these females decreased with olibanum 

NE treatment with adjuvant which gave 

18.3 and 13.9% with olibanum NE with 

Provecta®, and olibanum NE with PEG 

600 di-oleate adjuvant respectively. The 

reduction in fecundity was increased 

when olibanum NE treatment with 

adjuvant was applied to adult males than 

treatment with olibanum NE alone. No 

hatched egg occurred when adult males 

were treated with olibanum NE + PEG 

600 di-oleate. On the other hand, when 

females that emerged from treated larvae 

were mated with untreated males, the 

fecundity of such females decreased 

significantly with treatment of olibanum 

NE with adjuvant.  

It is noticeable from Table )4(, that 

when the treated females were mated with 

untreated males, the fecundity was much 

lower than when the treated males were 

mated with untreated females. The results 

from the present study highlighted the 

inhibitory effect of olibanum NE with and 

without adjuvant on fecundity and 

fertility of E. insulana with types of 

mating combination have a significant 

effect.  
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Table )4:( Latent effect of Olibanum NE with and without adjuvant and combination between male and 

female adults on total eggs laid and hatchability percentages of Earias insulana under laboratory conditions. 
Tested Compound Conc. 

μL 

Mating 

possibilities 

Average no. of 

eggs/♀ (Mean ± SD) 

Hatched Eggs 

(Mean ± SD) 

Hatchability

% 

Fecundity

% 

♀ ♂ 

Olibanum NE 
 

959.38 

T T 50.0± 3.35 26.0± 2.35 52.0 27.8 

T U 54.0± 3.35 32.0± 2.00 59.3 30.0 

U T 68.0± 5.00 46.0± 3.35 67.7 37.8 

 

Olibanum NE + 

Provecta® 

 

600.07 

T T 33.0± 2.00 10.0± 4.16 30.3 18.3 

T U 42.0± 1.35 19.0± 2.00 45.2 23.3 

U T 49.0± 3.35 28.0± 2.35 57.1 27.2 

 

Olibanum NE + 

PEG 600 di-oleate 

 

723.44 

T T 25.0± 1.65 10.0± 4.16 40.0 13.9 

T U 33.0± 2.00 6.00± 1.15 18.2 18.3 

U T 40.0± 1.35 0.00± 0.00 0.0 0.00 

Control 0 U U 180±10.35 173± 8.35 96.11 100 

LSD 0.05 - - - 14.9 15.5 - - 

Data are the means ±SD of the three replicates of immature stages. LSD mean not significantly (P>0.05). 

These results concurred with Metayi 

et al. (2022) confirmed that frankincense 

nanoemulsion caused a significantly lower 

hatchability percentage compared to the 

untreated control and the types of mating 

combinations have a significant effect on the 

fecundity of E. insulana. In addition, using a 

bio-inspired adjuvant of Cymbopogon 

citratus and Prosopis juliflora (Iqbal et al., 

2022), they demonstrated significant 

insecticidal activity against Bemisia tabaci in 

eggplant (91.24%) by lowering the surface 

tension and contact angle. Ocimum basilicum 

oil was tested in a bioassay against late third-

instar Anopheles Stephensi larvae with and 

without the synergist PBO (Yadav et al., 

2009), and the LC50 value for O. basilicum 

was shown to have been decreased from 

44.19 ppm to 23.87 ppm.  

When geranium essential oil-loaded 

nanoparticles were used to treat Phthorimaea 

operculens, Adel et al. (2014) found that both 

the percentage of hatchability relative to 

untreated females and the percentage of 

fecundity with regard to control decreased 

significantly. Hategekimana and Erler (2020) 

reported that EOs had an inhibitory influence 

on fecundity, with eucalyptus oil treatment 

T♀ × U♂ combination recording 47.55% 

greater than U ♀× T ♂ recorded 37.68% and 

anise oil treatment T♀× U♂ combination 

recording 74.24% higher than U ♀ × T ♂ 

recorded 49.33%. In this line, Ammar and 

Abd-ElAzeem (2021) also showed that 

gelatin-copper nanoparticles (G-CuNPs) 

treatment significantly reduced the 

percentage of hatchability and egg counts of 

E. insulana as compared to the untreated 

group.  

The decrease in hatchability 

percentage might be caused by sterilizing the 

eggs or the sperms, or it can be caused by the 

sperm's failure to reach the female during 

copulation (Ismail, 1980). The sterility of 

treated larvae may be due to the malnutrition 

caused by the antifeedant effect, which 

requires food before they can deposit fertile 

eggs, as in the case of many lepidopteron 

species. Malnutrition may also inhibit the 

development of sex organs, resulting in 

infertile eggs. 

Our findings have shown 

satisfactory results in improving the 

bioinsecticidal properties of olibanum 

nanoemulsion and biological activity by 

adding an adjuvant; the results revealed 

enhanced insecticidal activity and decreased 

lethal concentration values (LC50). 

Alsocaused long-term inhibition effects on 

larvae, pupae and the adult longevity and 

reproductive capacity of E.insulana.  
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On the other hand, the physical 

properties of the prepared olibanum 

nanoemulsion with and without adjuvant, 

such as pH, surface tension, mean droplet 

size, and polydispersity index, were studied. 

Thus, the olibanum nanoemulsion with 

adjuvant might be a viable alternative to 

traditional pesticide formulations and could 

play an important role in Integrated Pest 

Management (IPM) and organic cotton 

agriculture. However, more research is 

required before these compounds can be used 

in the field, particularly to evaluate their non-

target toxicity on aquatic and soil 

invertebrates and to confirm the bioactivity 

that has been observed over time. 
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