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The red palm weevil, Rhynchophorus ferrugineus (Olivier, 1790), is an invasive insect species in Egypt. It is the most 
damaging insect pest of palm trees in the world. Synthetic chemical insecticides are recommended to control this 
dangerous pest despite their negative impacts on the agro-ecosystem. The present field study was carried out in Bahariya 
Oasis, Giza, Egypt on 32060 date palm trees as a prophylactic approach. Field experiments were conducted in three Fall 
seasons in November of the years 2017, 2018, and 2019 and two Spring seasons in April of the years 2018 and 2019 in 
8 different regions of this Oasis. The tested essential oils emulsion was applied with Ultra-Low Volume (ULV) sprayers. 
The used essential oils consisted of 20% cinnamon leaf oil, 20% citronella grass oil, 15% lemon eucalyptus oil, 15% 
spearmint oil, 25% sweet orange oil, and 5% Tween® 80 as an emulsifier. The GC-MS of the original mixed essential oils 
revealed the main chemical components to be D-Limonene (37.05%), Undecanal, 2-methyl (29.40%), and Citronellal 
(14.91%). The final mixed EOs were diluted with distilled water, sesame seed oil as a carrier, and the emulsifier, Tween® 
80 to reach a final concentration of 15% oils emulsion. The present fieldwork has reduced the red palm weevil infection 
in the treated date palm trees by 90%. In conclusion, this novel, environmentally friendly, and relatively inexpensive 
control method has the potential to replace conventional chemical control methods for the red palm weevil, especially in 
countries where polluted chemical pesticides are the major component of insect management programs. 

Keywords: Prevention of insect infection; essential oils as insecticides; field application; invasive species; red palm weevil; Rhynchophorus 
ferrugineus (Olivier, 1790); Ultra-Low Volume (ULV) sprayers. 

 
INTRODUCTION 

The Red Palm Weevil (RPW), Rhynchophorus 
ferrugineus (Olivier, 1790) (Coleoptera: Curculionidae) is 
an economically important invasive tissue borer with a 
broad host range restricted to different species of palm 
trees (Hussain et al., 2013). Red palm weevil has destroyed 
thousands of date palm trees in the gulf area and the Middle 
East causing a significant economic loss in palm orchards 
(El-Sabea et al., 2009). Consequently, much more attention 
should be given to expanding the cultivation of date palm 
orchards to increase the production of date fruits (Bekheet 
& El-Sharabasy, 2015). The RPW infects most palm 
varieties especially young trees where the stem is still soft, 
juicy, and easily penetrated (EPPO, 2008;  Dembilio, 2011;  
El-Mergawy & Al-Ajlan, 2011; Al-Ayedh, 2020). In 1992, this 
dangerous palm tree pest was first detected in Egypt on 
date palm trees in Ismailia governorate (Cox 1993; 
Yuezhong et al., 2009). The discovery of this pest in Egypt 
was the first record of this Asian insect in Africa. It is now 

the most economic palm tree pest spreading in most 
countries of North Africa and Southern Europe. This pest 
alone can limit the cultivation of date and ornamental palm 
plantations in Asia, North Africa, and Southern Europe 
(Ostojic et al., 2019).  

Synthetic chemical insecticides such as 
organophosphate, Chlorpyrifos-ethyl (O, O-diethyl O-3,5,6-
trichloro2-pyridyl phosphorothioate), profenophos, 
chlorpyrifos, cypermethrin, deltamethrin, spinosad, and 
lambda-cyhalothrin (Wakil et al., 2018) as well as 
imidacloprid (Dembilio et al., 2010) were and still are used 
to manage RPW in Egypt. However, chemical insecticides 
are not only toxic to vertebrates but will eventually damage 
the whole agroecosystem. They are also not adequately 
effective against different cryptic insect stages hiding inside 
the trunk of infected palm trees (Faleiro, 2006). In addition, 
the used synthetic insecticides remain in the date fruits as 
harmful residues post-treatment (El-Tokhy & Amer, 2017). 
Furthermore, the prolonged use of many conventional 
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chemical insecticides leads the red palm weevil to develop 
resistance against most of these detrimental chemicals 
(Wakil et al., 2018).  

Management of the RPW includes the application of 
both preventive and curative techniques that aim to reduce 
the chance of initial infestation and recover the already 
infected palm trees. One of the preventive methods against 
the infection of the RPWs is spraying the cut scars and 
wounds, caused by pruning the palm trees, with chemical 
insecticides or covering them with tar and/or cement to 
prevent gravid females of the RPW from laying their eggs 
on the palm tree trunks (Abraham, 1971). Spraying the cut 
scars with insecticides either chemical or biological should 
also be carried out immediately after the palm branches or 
leaves are cut and before the plant tissue dries (Faleiro, 
2006). In date palm plantations, dipping offshoots in fipronil 
(phenylpyrazole) 3.5% (Thripguard 35 SCTM) or 
Imidacloprid 35% (Confidor 350 SCTM) was also 
considered a good prophylactic procedure (Al-Shawaf et 
al., 2013). Significant recent interest in essential oils (EOs) 
has focused on their bioactivities against pests and disease 
causative agents and consequently their potential use as 
safe and potent alternatives to chemical pesticides for crop 
protection, vector control, and other pest management 
situations (Upadhyay and Amemad, 2011; Fierascu et al., 
2020). Research on essential oils has enormously 
increased lately due to their simple extraction, preparation, 
and analysis relative to other natural products, and their 
relatively known major terpenoid components that are 
common and shared between plants that belong to the 
same taxon (Isman, 2020a). Botanical oils were tested 
against different stages of the red palm weevil and already 
showed positive impacts as insecticides against this palm 
pest (Ahmed et al., 2015).   

Commercialization of essential oils as biopesticides 
started with the exemption of certain essential oils and a 
few of their major ingredients from the usual regulatory 
approval process required for other synthetic chemical 
pesticides (Isman et al., 2011). Such exemption has 
allowed these relatively safe botanicals to join and 
compete, in a shorter time, with other chemical commercial 
products that take more time, data, and costs to be 
registered and used legally on the pesticides market. Some 
of the current commercial botanical insecticides have a 
blend of several essential oils and may also have one or 
more of their major terpenoid constituents (Tak & Isman, 
2017).  

In the present fieldwork, a 15% of five essential oils 
mixture including cinnamon; citronella grass; lemon-
scented gum (lemon eucalyptus); spearmint (common 
mint); and sweet orange as well as the fixed sesame seed 
oil as a carrier was applied. All these oils were well blended 
using the emulsifier, Tween® 80 in high shear stainless-
steel mixing tanks (Figs. 3A & 3B). This mixture of essential 
oils was sprayed on the date palm trees by Ultra-Low 
Volume (ULV) sprayers as a preventive approach against 
the infection with the RPW. The present field application of 

essential oils has reduced the red palm weevil infection in 
the treated date palm trees by 90%.  
  
MATERIALS AND METHODS 
 

A 15% concentration of the five essential oils blend 
(Tables 2 & 3) was sprayed in the palm fields using Ultra-
Low Volume (ULV). Each palm tree was sprayed with very 
fine fog-like droplets (10-20 microns each) to evenly 
distribute the oil emulsion and save the expensive materials 
of essential oils at the same time. The final mixed EOs were 
diluted with a carrier sesame seed oil, distilled water, and 
the emulsifier Tween® 80 to reach a final concentration of 
15% oils emulsion. Field experiments were conducted from 
November 2017 and ended in November 2019 in Bahariya 
Oasis in the heart of the Western desert at a distance of 
about 370 km to the southwest of Cairo and located in Giza 
governorate, Egypt. It lies between latitudes: 28o 00′ and 
28o 50′ N; longitudes: 28o 20′ and 29o 10′ E; altitude: 128 m. 
The present extended fieldwork is the first to test essential 
oils against the red palm weevil on thousands of date palm 
trees using ULV sprayers.  

Gas chromatography-mass spectrometry (GC-MS) 
analysis of the 5 essential oils blend 

The chemical composition of the tested 5 essential oils 
mixture was determined using GC-TSQ mass spectrometer 
(Thermo Scientific, Austin, TX, USA) with a direct capillary 
column TG–5MS (30 m x 0.25 mm x 0.25 µm film 
thickness). The column oven temperature was initially held 
at 50°C and then increased by 6°C /min. to 250°C with hold 
2 mins. The injector temperature was kept at 270°C. Helium 
was used as a carrier gas at a constant flow rate of 1 
ml./min. The solvent delay was 4 min and diluted samples 
of 1 µl. were injected automatically using Autosampler 
AS3000 coupled with GC in the split mode. EI mass spectra 
were collected at 70 eV ionization voltages over the range 
of m/z 50–650 in full scan mode. The ion source and 
transfer line were set at 200 °C and 280 °C respectively. 
The components were identified by comparison of their 
mass spectra with those of WILEY 09 and NIST14 mass 
spectral database (Abd El-Kareem et al., 2016).  

Formulation of the applied essential oils 
The most lethal essential oils against the red palm 

weevil and other invasive tree insect pests were selected 
from the literature (Ravindran et al., 2019; Szelényi et al., 
2020). They were the first laboratory tested as natural lethal 
compounds in our facilities at the Applied Center for 
Entomonematodes, Faculty of Agriculture, Cairo University 
with the financial support provided by Cairo University (CU), 
Giza, Egypt, project # 1/2016 (project reports, unpublished 
data).The used five essential oils were the most potent 
against the red palm weevil. They include 1) Cinnamon leaf 
oil [Cinnamomum verum Presl. syn. C. zeylanicum Blum.- 
Family: Lauraceae];                   2) Citronella grass oil 
(Rendle oil) [Cymbopogon nardus (L.) Rendle- Family: 
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Poaceae]; 3) Lemon-scented gum oil (lemon eucalyptus) 
[Corymbia citriodora (Hook.)- Family: Myrtaceae K. D. Hill 
and L. A. S. Johnson]; 4) Spearmint oil (common mint) 
[Mentha spicata L.- Family: Lamiaceae]; 5) Sweet orange 
oil [Citrus sinensis (L.) Osbeck- Family: Rutaceae]. In 
addition, the fixed sesame seed oil [Sesamum indicum L., 
Family: Pedaliaceae] was used as a carrier oil for the five 
previously mentioned essential oils mixture. 

The five essential oils (EOs), the carrier sesame seed 
oil, and the emulsifier, Tween® 80 were purchased from two 
Egyptian companies. The cinnamon leaf oil, the citronella 
grass oil, the lemon eucalyptus oil, and the emulsifier 
Tween® 80 (polysorbate 80, C32H60O10) were purchased 
from "Nerol" company (http://www.neroeg.com/), Cairo, 
Egypt. Meanwhile, the spearmint, the sweet orange, and 
the sesame seed oils were purchased from "Areej@" 
company (https://areejaromatherapy.com/), Cairo, Egypt. 
The stability and relative nontoxicity of Tween® 80 allows it 
to be used as a detergent and emulsifier in several 
domestic, food, scientific, and pharmacological applications 
(Ayorinde et al., 2000).  

An emulsion of the Sesame seed oil, distilled water, 
and Tween® 80 blend was used to spray the control trees, 
in the same concentrations used to spray the treated palm 
trees without adding any of the tested essential oils. The 
five original concentrated essential oils were formulated for 
the field application through two major steps. The first 
aimed at mixing the 5 original concentrated essential oils in 
a small stainless steel tank, 35 liters in size, equipped with 
a 1.5 HP, 1500 rpm motor (Fig. 3A)  & (Tables 2 & 3). The 
final weight of the original and concentrated mixed 5 
essential oils didn't exceed "30" kg.  

The first step of mixing the original five essential oils in 
the small mixing tank was conducted in the following order. 
Seven and a half Kg. of sweet orange oil (25% of the total 
30 Kg.) was placed first in the small mixing tank. The 
second component of 6.0 Kg. of cinnamon oil (20% of the 
total 30 Kg.) was added and blended after adding 375 g. of 
the emulsifier Tween® 80 (25% of the total emulsifier 
contents). The third added component was 6.0 Kg. of 
citronella grass oil (20% of the total 30 Kg.) and blended 
with another 375 g. of Tween® 80. The fourth component 
was 4.50 Kg. of lemon eucalyptus oil (ca 15% of the total 
30 Kg.) added and blended with another 375 g. of Tween® 
80. The fifth and final component was 4.5 Kg. of spearmint 
oil (ca 15% of the total 30 Kg.), added and blended with the 
final 375 g. of Tween® 80. Each component was blended 
for 5 minutes before adding the next one. A final bulk of a 
very well blended 30 Kg. of the tested 5 essential oils was 
obtained.  

The second step was to make a 15% concentration of 
200 Kg. of the five tested essential oils mixture. It was 
prepared in a large 250 liters stainless steel mixing tank 
(Fig. 3B). This tank was equipped with a 3 HP, 3000 rpm 
motor. The previously prepared 30 Kg. of the well-blended 
five essential oils along with a 75 Kg. (37.5%) of the sesame 
seed oil as a carrier, a 75 Kg. (37.5%) of distilled water, and 

a 20 Kg. (10%) of concentrated Tween®80 were mixed to 
reach the final 200 Kg. of 15% concentration of the mixed 
five essential oils to be sprayed on the treated date palm 
trees using two ULV sprayers (Table 3). The check (control) 
trees were sprayed, with the same previous concentrations 
of sesame seed oil, distilled water, and the emulsifier 
Tween® 80, without any essential oils added. The previous 
two main steps were repeated until we get a final 3.4 tons 
of 15% well blended 5 essential oils to be tested as a 
prophylactic procedure preventing infection with the Red 
Palm Weevil (RPW) during five consecutive seasons. The 
total number of check trees was approximately 11.0% of the 
treated ones (Table 9). Thus, the emulsion used to spray 
the check trees was prepared in the large tank twice, 200 
Kg. each,  to reach 400 Kg. of a mixture free of essential 
oils required to spray the control trees. The prepared oil 
emulsions were stored in a black or dark blue 25 Kg. of 
high-quality "PET" plastic Jerry cans in a dark, dry, and cool 
storage room in the basement of our Applied Center for 
Entomonematodes (ACE) building at the experimental 
station of Faculty of Agriculture, Cairo university. The 
storage room was equipped with ceiling and floor fans to 
keep the ambient temperature around 25oC during the 
storage period. The used oil emulsions were freshly 
prepared each year to be used in two seasons per year, the 
Spring and the Fall.   

If the essential oils blend was prepared and stored 
according to the previously mentioned two steps, the oils 
blend will not rancid for two years of proper storage. The 
prepared essential oils blend was sprayed on the date palm 
trees with two ULV sprayers operated and maintained by 
two field teams of 3 persons each, two persons to switch 
carrying the ULV sprayers, and a mechanic to maintain 
each sprayer in an operable prime condition. Each tank of 
the ULV sprayer (3.5 Kg. in size) filled with the 15% oil 
emulsion sprayed ca 35 date palm trees, at a rate of 100 g. 
per tree. The treated trees were sprayed with the essential 
oils emulsion and the control trees were sprayed with a 
15% blend of sesame seed oil, Tween 80, and water in the 
same concentrations used to spray the treated trees. 

Timing of field applications and the used ULV sprayers 
The 3.4 tons of the well-blended 15% five essential oils 

and the 400 Kg. of the essential oils free emulsion were 
adequate to spray a total of 32,060 treated date palm trees 
and 3525 control palm trees (Table 9). Date palm trees 
were treated five times in 3 years, the first was in the Fall 
season of November 2017, the second was carried out 
during the Spring season in April 2018, while the 3rd was 
applied during the Fall season of November 2018, whereas 
the 4th was carried out in the Spring season of April 2019, 
while the 5th and final application were performed in the Fall 
season of November 2019. The 15% oils emulsion (Tables 
3-8) was sprayed using two ULV sprayers (TwisterTMXL 3 
model 3950 Series 4 motorized knapsack ULV sprayer 
manufactured by Curtis Dyna-Fog® company, Ltd., 
Indiana, USA). The TWISTER™XL was powered by a 35cc 
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4-stroke GX-35 Honda motor. The two ULV sprayers 
employed in this work were mainly made to be used for 
vector control (mosquitoes and flies). In the current 
fieldwork, the sprayers were adapted for the first time to 
spray essential oils against an agricultural insect pest such 
as the Red Palm Weevil (RPW). The engine and blower 
assembly of these ULV sprayers were mounted on a 
lightweight, padded frame that is worn on the operator's 
back. The spray tube in the ULV TWISTERTM directs the 
15% oils blend into the air mass where it is sheared into 
billions of tiny fog-like droplets of 10-20 microns each 
(Qualls et al., 2012) and propelled through the air to cover 
the date palm tree trunk and leaves with only 100 grams for 
each palm tree in about 25 seconds which was a very fast 
rate and uniform field application, saving both relatively 
expensive materials of the essential oils and the application 
time. No essential oils were used to spray the control palm 
trees. 

Experimental sites of field application 
The current mass fieldwork was applied on date palm 

trees located in 8 regions include: Ain Toon, El-Gafra, El-
Harra, El-Qasaa-1, El-Qasaa-2, El-Qasaa-3, El-Zabu, and 
Mandisha in Bahariya Oasis, Giza, Egypt (Fig. 2). 
Experiments were applied on the Saidi cultivar of date palm 
trees, the most common cultivar of date-palm, Phoenix 
dactylifera L. in Bahariya Oasis, Egypt. The treated trees 
were sprayed with the essential oil emulsion (Tables 2 and 
3) in 33 different orchards using two field teams equipped 
with two ULV sprayers. The tested blend of the five 
essential oils was applied on 32,060 date palm trees 
throughout five prolonged field trips, two weeks each, 
during 2 Spring seasons of April 2017 and April 2018, and 
3 Fall seasons in November of the year 2017, 2018, and  
2019.  

The field application started in the Fall season of 2017. 
Seven hundred palm trees were selected to start the 
treatments in the El-Qasaa-1 region between two 
mountains (the airport mountain and the English mountain) 
located in the El-Bawiti area, Bahariya Oasis (Fig. 2). 
Another 75 trees occurred in the same location, no less 
than 100 meters away from the treated trees, were selected 
as check (control) trees (Table 4). The treated 700 trees 
were selected from seven different palm orchards. Those 
trees as well as the control were selected from well-
examined healthy, non-infected ones. Treated date palm 
trees were sprayed immediately after tree pruning in the 
Fall season (Table 4). Trees selected as control were 
sprayed with a mixture of the carrier fixed sesame seed oil, 
distilled water, and the Tween®80 emulsifier without any 
added essential oils. Each palm tree, either treated or 
controlled, was sprayed with 100 g. of the oil emulsion.   

During the Spring season of April 2018, the same 
method was applied to palm orchards located between two 
roads in a desert area in El-Gafra and El-Qasaa-1 regions. 
The two field teams have sprayed 5050 palm trees in the 
El-Gafra region and 900 palm trees in the El-Qasaa-1 

region in 8 different palm orchards. Five hundred palm trees 
were selected in the El-Gafra region and 90 were selected 
in the El-Qasaa-1 region as control trees (Table 5).  

In the Fall season of 2018, field application was carried 
out in 3 different regions; Ain Toon, El-Qasaa-1, and El-
Zabu including 4460 treated and 400 control palm trees in 
Ain Toon, 2500 treated, and 250 control palm trees in El-
Qasaa-1, and finally 210 treated and 20 control palm trees 
in El-Zabu (Table 6).  

Meanwhile, in the Spring season of April 2019 the same 
method was applied on 1080 treated and 100 control palm 
trees in Ain Toon, 2160 treated and 200 control palm trees 
in El-Harra, 405 treated and 40 control palm trees in El-
Qasaa-1, 300 treated and 30 control palm trees in El-
Qasaa-2, 2310 treated and 200 control palm trees in El-
Qasaa-3, and finally 2450 treated and 600 control palm 
trees in El-Zabu region (Table 7). 

Finally in the Fall of 2019 field application was 
accomplished in 6 regions of Bahariya Oasis: Ain Toon, El-
Harra, El-Qasaa-1, El-Qasaa-2, El-Zabu, and Mandisha 
(Table 8). Our prophylactic procedure was applied to date 
palm trees against the infection with the red palm weevil 
after the date fruit harvest and pruning of palm trees. Our 
two field teams have sprayed 9535 palm trees divided 
between the 6 regions as follows: 300 treated and 30 as a 
control in Ain Toon, 1480 treated and 150 as a control in El-
Harra, 415 treated and 40 as a control in  El-Qasaa-1, 1250 
treated and 200 as a control in El-Qasaa-2, 3165 treated 
and 300 as a control in El-Zabu, and finally 2925 treated 
and 300 as a control in Mandisha.  

Detection of date palm trees infections by the Red Palm 
Weevil (RPW) 

Both treated and control palm trees were carefully 
examined for the presence of the RPW infection, before 
and two months after each treatment by a trained team of 
ten locally resident agricultural engineers. Young offshoots 
(basal and high) were the first to be examined since they 
have softer tissues than the main older trunk of the palm 
trees. Both offshoots and the mother palm trees were 
examined for the following nine typical symptoms as the 
main criteria to determine whether the palm tree is infected 
by the RPW or not according to the severity of infection 
(Dembilio, 2015; Mahmud & Farminhao, 2015). Nine 
criteria were used to reveal the presence of the red palm 
weevil immature stages inside the date palm trees starting 
from light and ending with severe infection: 
1) Yellowing, wilting, and death of palm leaves located in 
the inner and/or middle whorls, especially in the crown 
region.  
2) Crunching (gnawing) sounds or noises as the insect 
larvae feed inside the tree trunk and eat their way into the 
tree's growth point where softer and sweeter tissues exist. 
Veterinary 3M™ Littmann® Master Classic II™, 
Stethoscopes with a single-sided chest piece were used. 
These devices are sensitive enough to easily detect the 
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sounds of burrowing and feeding larvae inside the infected 
trees. 
3) Longitudinal splitting of the leaves bases usually occurs 
due to the feeding activities of insect larvae. 
4) Palm leaves with straight edges rather than pointed tips 
are also one of the symptoms. 
5) The presence of small circular holes on the stem and 
extrusion of damaged fibers from these holes, bitten fronds, 
and oozing out of a reddish-brown viscous fluid.  
6) The presence of tunnels at the base of the fronds and 
stems due to the burrowing behavior of insect larvae. 
7) Fallen central shoot and palm leaves in the infected 
areas are usually coming off easily when pulled.  
8) The emission of a highly distinctive foul odor of ammonia 
coming out from the burrowing tunnels where damaged and 
fermented dead tissues of the palm tree exist. 
9) Chewed plant material and frass usually exist at the 
external entrances of the feeding tunnels.  

Statistical analysis 
The Chi-square test (P > 0.05) was applied for the 

statistical analysis of all data obtained from each field 

location (Camilli & Hopkins, 1978; Field, 2018). Chi-square 
statistical analysis was used to determine differences 
between the application localities in each season and 
establish the minimum expected cell frequencies (Tables 4 
to 8). Differences were determined between application 
localities in different seasons with repeated treatments 
during the 5 seasons as well as the minimum expected cell 
frequencies (Table 9). The computer software package of 
SPSS version 26.0 was used to perform the current 
statistical analysis (IMB SPSS Statistics, 2019). 
 
RESULTS  

Chemical composition of the tested 5 essential oils 
blend 

The chemical composition of the tested blend of five 
essential oils represented 11 compounds. The main 
chemical components were D-Limonene (37,05%), 
undecanal 2-methyl (29.40%, and Citronellal (14.91%) 
(Table 1).  

 

Table 1: The major and minor chemical constituents of the final applied essential oils blend. 
 

Peak R.t.* 
 

Name Area % Molecular 
Weight 

Molecular  
formula 

RSI** 

1 6.48 D-Limonene 37.05 136 C10H16 909 

2 16.77 Undecanal, 2-methyl 29.40 184 C12H24O 926 

3 9.28 Citronellal 14.91 154 C10H18O 913 

4 12.77 Estragole 5.24 148 C10H12O 931 

5 60.67 Hexadecanal, 2-methyl- 5.02 254 C17H34O 902 

6 11.98 Geranyl vinyl ether 3.00 180 C12H20O 784 

7 35.75 Glycidyl oleate 1.51 338 C21H38O3 852 

8 17.27 Undecanoic acid, 10-
methyl-, methyl ester 

1.32 214 C13H26O2 816 

9 18.60 Methoxyacetic acid, 3-
tridecyl ester 

1.15 272  
C16H32O3 

827 

10 27.74 Cholestan-3-ol, 2-
methylene-,(3á,5à)- 

1.01 400 C28H48O 768 

*R.t., retention time (min), **RSI, matching factor between getting mass spectrum and database mass spectra. 
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Figure 1: The GC-MS chromatogram of the tested five essential oils mixture. 

Field work and data collected in each season 
The present fieldwork was applied by spraying a 

mixture of five essential oils using Ultra-Low Volume (ULV) 
sprayers. It is a novel method to prevent the infection of 
date palm trees with the red palm weevil (RPW). When the 
current preventive method was adopted and before the 
start of the experiments in each season, palm trees 
involved in this fieldwork, either in the treated or the control 
trees,  were carefully checked and no infection whatsoever 
with the red palm weevil was detected in the selected date 
palm trees. In addition, all date palm trees involved were 
examined two months post-treatment time and the efficacy 
of the tested blend of five essential oils as a preventive 
treatment was detected and recorded (Tables 4-9). The 
date palm trees were sprayed from bottom to top and it was 
estimated that each palm tree has been approximately 
treated with 100 grams of very fine oil droplets (10-20 
microns in diameter) to cover the entire palm tree surface. 
One full tank of each ULV sprayer (ca 3.5 Kg.) will treat up 
to 35 date palm trees. Field application has been conducted 
as follows: The Fall season of 2017: Data in table 4 
revealed differences between the application locality and 
the applied season [X2 (1, N = 700) = 5.824a, P = 0.016]. 
The minimum expected cell frequency was 82.5. The 
efficacy of the tested 5 essential oils-blend as a preventive 
treatment was 98%, while 33.33% of the control trees were 
infected with the RPW, two months post experimental time 
(Table 4 and Figure 4). The Spring season of 2018: Data in 
table 5 presents the experimental results post-treatment of 
date palm trees in April of the year 2018. Differences 
between treated date palm trees in two localities of El-Gafra 
(P = 0.424) and El-Qasaa-1 (P = 0.421) were recorded. The 
efficacy of the tested 5 essential oils-blend as a preventive 
treatment was 99.8% in the El-Gafra region and 100% in 
El-Qasaa-1. Two months post-treatment time, 11% and 
11.11% of the control trees were infected with the RPW in 
El-Gafra and El-Qasaa-1 regions respectively (Table 5 and 
Figure  5).  

 

The Fall season of 2018: Data confirmed the significant 
differences between the application locality, and the 
applied season (Table 6). Significant differences were 
recorded  between the treated date palm trees in Ain Toon 
(P = 0.466), El-Qasaa-1 (P = 0.719), and El-Zabu (P = 
0,046). The current data emphasize the impact of spraying 
date palm trees in different regions. The efficacy of the 
tested essential oils as a preventive treatment was 99.0% 
in all the 3 treated regions. While the infection rates in the 
control trees were 10.75% in Ain Toon, 6% in El-Qasaa-1, 
and 20% in El-Zabu regions (Table 6 and Figures 6A & 6B). 

The Spring season of 2019: Differences were detected 
between the treated palm trees during the Spring season in 
the six application regions as follows, Ain Toon (P = 0.339), 
El-Harra (P = 0.039) , El-Qasaa-1 (P = 0,419), El-Qasaa-2 
(P = 0.047), El-Qasaa-3 (P = 0.233) and El-Zabu (P = 0513) 
(Table 7). The minimum expected cell frequencies were 
92.5 in Ain Toon, 87.0 in El-Harra, 92.5 in El-Qasaa-1, 89.0 
in El-Qasaa-2, 90.0 in El-Qasaa-3, and 94.5 in El-Zabu. 
The efficacy of the 5 tested essential oils-blend as a 
preventive treatment was 99.0% in Ain Toon, El-Harra, and 
El-Zabu. While the preventive impact in El-Qasaa-1, El-
Qasaa-2, and El-Qasaa-3 was 98%. The infection rates of 
the control trees, two months post treatments, were 14.0%, 
15.0%, 12.5%, 20.0%, 17.5%, and 9.83% in Ain Toon, El-
Harra, El-Qasaa-1, El-Qasaa-2, El-Qasaa-3 and El-Zabu 
regions respectively (Table 7 and Figures 7A & 7B). 

The Fall season of 2019: Significant differences were 
recorded in the treated date palm trees in Ain Toon (P = 
0.047), El-Harra (P = 0.663), , El-Qasaa-2 (P = 0.463), and 
El-Zabu (P = 0.510). No significant differences were 
detected between the two regions of El-Qasaa-1 (P = 
0.560) and Mandisha (P = 0.560) (Table 8). The minimum 
expected cell frequencies were 89.0 in Ain Toon, 95.0 in El-
Harra, 94.0 in El-Qasaa-1, 93.0 in El-Qasaa-2, 93.5 in El-
Zabu, and 94.0 in Mandisha (Table 8). The efficacy of the 
5 tested essential oils-blend as a preventive treatment was 
98.0% in all the 6 treated regions. Whereas the infection 
rates in the control trees were 20.0% in Ain Toon, 8.0% in 
El-Harra, 10.0% in El-Qasaa-1, 11.5% in El-Qasaa-2, 
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11.33% in El-Zabu, and 9.67.0% in Mandisha (Table 8 and 
Figures 8A & 8B).  

Differences were determined by Chi-Square test to 
resolve the relationship among the 8 treated regions in 
different seasons (Table 9) as follows; Ain Toon (P = 
0.421), El-Gafra (P = 0.424), El-Harra (P = 0.463), El-
Qasaa-1 (P = 0.419), El-Qasaa-2 (P = 0.233), ElQasaa-3 
(P = 0.466), El-Zabu (P = 0.560), and Mandisha (P = 0.766) 
regions. According to the previous data significant 
differences were detected between the El-Qasaa-2 region 
and the other 7 regions as well as the Mandisha region and 
the other 7 regions. The minimum expected cell 
frequencies were 93.5 in Ain Toon, 94.5 in El-Gafra, 93.0 in 
El-Harra, 92.5 in El-Qasaa-1,  90.0 in El-Qasaa-2, 94.0 in 
El-Qasaa-3, 94.0 in El-Zabu, and 90,0 in Mandisha regions 
(Table 9).  

The efficacy of the 5 tested essential oils-blend as a 
preventive treatment ranged from 98% in El-Harra, El-

Qasaa-2, El-Qasaa-3, and Mandisha and reached 99% in 
Ain Toon, El-Qasaa-1, and El-Zabu. Finally, the preventive 
treatment has reached a maximum of 100% in the El-Gafra 
region. Meanwhile, the infection rates in the control trees 
were 11.89% in Ain Toon, 11.0% in El-Gafra, 12.0% in El-
Haraa, 11.92% in El-Qasaa-1, 12.60% in El-Qasaa-2, 
17.5% in El-Qasaa-3, 10.54% in El-Zabu, and 9.67% in 
Mandisha (Table 9 and Figures 9A and 9B).  

3.3. Costs of the materials used to apply the present 
methodology 

As listed in Table 3, the check trees will be sprayed with 
very well mixed materials of 75 Kg. of sesame seed oil, 75 
Kg. of distilled water, and 20 Kg. of the emulsifier, Tween® 
80 without adding any of the essential oils. These materials 
were mixed in the large high shear stainless-steel mixing 
tank (250 Kg. capacity) (Fig. 3B).  

 

 
Figure 2: Map of the Bahariya Oasis, Giza, Egypt. 

 
Figure 3: High shear stainless-steel mixing tanks. A) The small tank on the left-hand side of the figure is 35 liters 
in size and equipped with a 1500 rpm, 1.5 HP motor. It was used to blend the five concentrated commercial essential 
oils. B) The large tank on the right-hand side of the figure, is 250 liters in size and equipped with a 3000 rpm, 3 HP 
motor, used to mix the five essential oils coming out of the small tank and blend them with the carrier sesame seed 
oil, distilled water, and the emulsifier, Tween@80. The final 15% oil emulsion was used in the current field 
application to prevent the infection of the Red Palm Weevil (RPW) on date palm trees in Bahariya Oasis.
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Table 2: List of the essential oils (EOs) blended and sprayed on date palm trees using Ultra-Low Volume (ULV) sprayers to prevent the infection with the 
red palm weevil, Rhynchophorus ferrugineus (Oliv.) in Bahariya Oasis, Giza, Egypt.   

 

The common name of 
the used essential oil   

Family, Latin names & 
(percentages of each plant used to 
get the EO)    

%  Major constituents of each oil used in 
the current mixture from the literature 
(reference)* 

Plant part used to 
extract the EOs & CAS 
numbers** 

Cinnamon 
 

Family: Lauraceae 
Cinnamomum verum Presl. syn. C. 
zeylanicum Blum (20%). 

Eugenol (85.66%), Acetyl eugenol 
(6.07%), Cinnamaldehyde (2.07%), 
β Caryophyllene(1.07%), Linalool 
(0.97%), & Myrcene (0.76%) (Liyanage 
et al., 2017). 

Leaf 
8015-91-6 
 
 

Citronella grass 
(Rendle oil) 

Family: Poaceae 
Cymbopogon nardus (L.) Rendle 
(20%). 
 

Citronellal (33.06 %), geraniol (28.40 
%), nerol (10.94 %), elemol (5.25 %) & 
delta-elemene (4.09 %) (Bayala et al., 
2020). 

Leaf and stem 
8000-29-1 
 
 

Lemon-scented gum 
(lemon eucalyptus)  

Family: Myrtaceae 
Corymbia citriodora (Hook.)  
K. D. Hill and L. A. S. 
Johnson (15%). 

α-citronellal (56%), α-citronellol (14.7%), 
citronellol acetate (12.3%), isopulegol, & 
eucalyptol (Pino et al., 2020 ; Salem et 
al., 2018). 

Leaf 
129828-24-6 
 
 

Spearmint 
(common mint) 
 

Family: Lamiaceae 
Mentha spicata L. (15%). 

1,8-Cineole (19.55 %), menthol (14.4 
%), 1-p-menthen-8-yl acetate (6.42%), 
4-terpineol (6.28%), α-terpineol (5.38 
%), α-pinene (5.26 %), β-pinene (4.72 
%), p-cymene (3.52 %) & delta 3-carene 
(3.09 %) (Mohafrash et al., 2020). 

Leaf 
8008-79-5 
 
 
 

Sweet orange Family: Rutaceae 
Citrus sinensis (L.) Osbeck 
(25%). 
 

D-Limonene (91.12%), myrcene 
(4.11%), α-Pinene (1.11%), Linalool 
(0.65%), α-terpineol (0.60%), & Decanal 
(0.44%) (Torres-Alvarz et al., 2017; 
Fierascu et al., 2020).  

Fresh peel 
8008-57-9 
 
 

Tween® 80*** 
(an emulsifier) 

Polysorbate 80 (C32H60O10)  
(5%). 

A mixture of the partial esters 
of sorbitol and its mono- and 
dianhydrides with edible oleicacid and 
condensed with around 20 moles of 
ethylene oxide per mole of sorbitol and 
its anhydrides (Ayorinde et al., 2000). 

A polyethylene sorbitol 
ester, with 20 ethylene 
oxide units, 1 sorbitol, 
and 1 oleic acid as the 
primary fatty acid.  
9005-65-6 

*Major components of the essential oils extracted by hydro-and steam-distillation as provided by "Areej@", and  "Nerol" companies, Giza & Cairo governorates, Egypt.  
**CAS number: Registry number assigned by the Chemical Abstracts Service.  
***Tween® 80 or Polysorbate 80 [polyoxyethylene (80) sorbitan monooleate].  
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Table 3. A final mixture of the five essential oils listed in Table 2, the sesame seed carrier oil, distilled water, and Tween® 80 was used to get a final 200 Kg 
of 15% concentration of the oils-blend emulsion to prevent the infection by the red palm weevil on date palm trees in Bahariya Oasis, Giza, Egypt. 

 

Name & weight of each oil 
and emulsifier used to prepare 

the 200 Kg. of the final 
oil-blend emulsion 

%  Major constituents of the final oil blend, 
the sesame seed oil, 

and Tween® 80 
 

Bulk commercial prices 
in US Dollars for one Kg. 

of each  component 

The original EOs blend: 
Cinnamon leaf oil (20%). 
Citronella grass oil (20%). 
Lemon eucalyptus oil (15%). 
Spearmint oil (15%). 
Sweet orange oil (25%). 
Tween® 80 (5%). 
(30.0 Kg.) 

1) 1,8-Cineole (Eucalyptol);  2) 1-p-menthen-8-yl acetate; 
3) 4-terpineol; 4) Acetyl eugenol; 
5) Cinnamaldehyde; 6) Citronellal; 
7) Citronellol acetate; 8) Decanal; 
9) Delta 3-carene; 10) Delta-elemene; 
11) D-Limonene; 12) Elemol; 
13) Eugenol; 14) Geraniol; 
15) Isopulegol; 16) Linalool; 
17) Menthol; 18) Myrcene; 
19) Nerol; 20) P-cymene; 21) α-citronellal; 
22) α-citronellol; 23) α-pinene; 
24) α-terpineol; 25) β Caryophyllene; &  26) β-pinene. 
(References are listed in Table 2 

1) Cinnamon = $40.0 
2) Citronella grass = $35.0 
3) Lemon eucalyptus = $39.0 
4) Spearmint = $30.0 
5) Sweet orange = $33.0 

7. Sesame seed oil (carrier oil), 
Family: Pedaliaceae, 
Sesamum indicum L. 
(75.0 Kg.) 

Fatty acids: linoleic acid C18:2 (40.31%), 
and oleic acid C18:1 (42.94 %) (Zahran et al., 2020). 

6) Sesame seed oil = $15.0 

8. Distilled water (75.0 Kg) H2O. 7) Distilled water = $0.15 

9. Tween® 80*** (the surfactant), 
Polysorbate 80 
 
(20.0 Kg.) 

Tween® 80 is a polyethylene sorbitol ester containing approximately 
20 units of ethylene oxide per unit of sorbitol. 
The fatty acid composition is heterogeneous with 
oleic acid as the major component (min. 58 %) (Ayorinde et al., 2000). 

8) Tween® 80 = $8.00 

 
Table 4. Effect of the five essential oils-blend as a preventive approach to the infection by the red palm weevil on date-palm trees in  
El-Qasaa-1 region of Bahariya Oasis during the Fall season of  2017. 

 

Experimental region No. of treated  
palm trees 

No. and (% of infected 
 treated trees)* 

# Control palm 
 trees 

No. and (% of infected control 
trees)* 

Chi-square** P-value 

El-Qasaa-1 700 14.0 (2%) 75 25.0 (33.33%) 5.824 0.016 
*Date palm trees were inspected for RPW infection 2 months post-treatment. 
**The minimum expected cell frequency is 82.5. 
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Figure 4: Potency of the tested blend of 5 essential oils as a method used to prevent the infection by the red palm 
weevil (RPW) on date-palm trees in El-Qasaa-1 region of Bahariya oasis during the Fall season of the year 2017. 
(All treated and control palm trees were inspected for RPW infection 2 months post-treatment). 

 
Figure 5: Efficiency of the tested blend of 5 essential oils as a preventive method used against the red palm weevil 
(RPW) infection on date-palm trees in El-Gafra and El-Qasaa-1 regions of Bahariya oasis during the Spring season 
of the year 2018. (All treated and control palm trees were inspected for RPW infection 2 months post-treatment). 
 
Table 5:The potency of 5 essential oils-blend as a preventive approach to the infection by the red palm weevil on 
date-palm trees in El-Gafra, and  El-Qasaa-1 regions of Bahariya Oasis during the Spring season of  2018. 

Experimental 
region 

No. of treated 
palm trees 

No. and (% of 
infected treated trees)* 

No. of Control 
palm trees 

No. and (% of 
infected control 

trees)* 

Chi-square** P-value 

El-Gafra 5050 61.0 (1.21%) 500 55.0 (11%) 0.640a 0.424 

El-Qasaa-1 900 ------- (0.0%) 90 10.0 (11.11%) 0.640a 0.421 
*Date palm trees were inspected for RPW infection 2 months post-treatment. 
**The minimum expected cell frequency is 94.5. 

 
Table 6. Impact of the 5 essential oils-blend as a preventive approach to the infection by the red palm weevil on 
date-palm trees in Ain Toon, El-Qasaa-1, and El-Zabu regions of Bahariya Oasis during the Fall season of  2018. 

Experimental 
region 

No. of 
treated 

palm trees 

No. and (% of infected t 
reated trees)* 

No. of Control 
palm trees 

No. and (% of 
infected control 

trees)* 
Chi-square** P-value 

Ain Toon 4460 45.0 (1%) 400 43.0 (10.75%) 0.532 a 0.466 

El-Qasaa-1 2500 25.0 (1%) 250 15.0 (6%) 0.130 a 0.719 

El-Zabu 210 2.0 (1%) 20 4.0 (20%) 2.017a 0.046 
*Date palm trees were inspected for RPW infection 2 months post-treatment. 
**The minimum expected cell frequency is 94.0. 
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6. A. 

 
6. B. 

Figure 6: Competence of the tested blend of 5 essential oils as a method used to prevent the infection of the red 
palm weevil (RPW) on date-palm trees in Ain Toon, El-Qasaa-1, and El-Zabu regions of Bahariya oasis during the 
Fall season of the year 2018. 6. A. In the treated trees, and 6. B. In the control trees. (All treated and control palm 
trees were inspected for RPW infection 2 months post-treatment). 
 
Table 7: Influence of the 5 essential oils-blend as a preventive approach to the infection by the red palm weevil on 
date-palm trees in Ain Toon, El-Harra, El-Qasaa-1, El-Qasaa-2, El-Qasaa-3, and El-Zabu regions of Bahariya Oasis 
during the Spring season of the year 2019. 
 

Experimental 
region 

No. of treated  
palm trees 

No. and (% of 
infected treated 

trees)* 

No. of Control 
Palm trees 

No. and (% of 
infected control trees)* 

Chi-square** P-value 

Ain Toon 1080 11.0 (1%) 100 14.0 (14%) 0.914a 0.339 

El-Harra 2160 22.0 (1%) 200 30.0 (15%) 3.310b 0.039 

El-Qasaa-1 405 8.0 (2%) 40 5.0 (12.5%) 0.654a 0.419 

El-Qasaa-2 300 6.0 (2%) 30 6.0 (20%) 1.820c 0.047 

El-Qasaa-3 2310 46.0 (2%) 200 35.0 (17.5%) 1.422d 0.233 

El-Zabu 2450 25.0 (1%) 600 59.0 (9.83%) 0.429e 0.513 
*Date palm trees were inspected for RPW infection 2 months post-treatment. 
**The minimum expected cell frequencies are 92.5 in a, 87.0 in b, 89.0 in c, 90.0 in d, and  94.5 in e. 
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7. A. 

 
7.B. 

Figure 7: Potency of the tested blend of 5 essential oils as a method used to prevent the infection by the red palm 
weevil (RPW) on date-palm trees in Ain Toon, El-Harra, El-Qasaa-1, El-Qasaa-2, El-Qasaa-3, and El-Zabu regions of 
Bahariya oasis during the Spring season of the year 2019. 7. A. In the treated trees, and 7. B. In the control trees. 
(All treated and control palm trees were inspected for RPW infection 2 months post-treatment). 
 
 
Table 8: Impact of the 5 essential oils-blend as a preventive approach to the infection by the red palm weevil on 
date-palm trees in Ain Toon, El-Harra, El-Qasaa-1, El-Qasaa-2, El-Zabu, and Mandisha regions of Bahariya Oasis 
during the Fall season of the year 2019. 
 

Experimental 
region 

No. of treated  
palm trees 

No. and (% of 
infected treated 

trees)* 

No. of Control 
palm trees 

No. and (% of infected 
control trees)* 

Chi-
square** 

P-
value 

Ain Toon 300 6.0 (2%) 30 6.0 (20%) 1.820a 0.047 

El-Harra 1480 30.0 (2%) 150 12.0 (8%) 0.189b 0.663 

El-Qasaa-1 415 8.0 (2%) 40 4.0 (10%) 0.340c 0.560 

El-Qasaa-2 1250 25.0 (2%) 200 23.0 (11.5%) 0.538d 0.463 

El-Zabu 3165 63.0 (2%) 300 34.0 (11.33%) 0.433e 0.510 

Mandisha 2925 59.0 (2%) 300 29.0 (9.67%) 0.340c 0.560 
*Date palm trees were inspected for RPW infection 2 months post-treatment. 
**The minimum expected cell frequencies are 89.0 in a, 95.0 in b, 94.0 in c, 93.0 in d, and  93.5 in e. 
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8. A. 

 
8. B. 

Figure 8: Efficiency of the tested blend of 5 essential oils as a preventive method used against the red palm weevil 
(RPW) infection on date-palm trees in Ain Toon, El-harra, El-Qasaa-1, El-Qasaa-2, El-Zabu, and Mandisha regions 
of Bahariya oasis during the Fall season of the year 2019. 8. A. In the treated trees, and 8. B. In the control trees. 
(All treated and control palm trees were inspected for RPW infection 2 months post-treatment). 

 
 

 
9. A. 
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9. B. 

Figure 9: Competence of the tested blend of 5 essential oils as a method used to prevent the infection of the 
red palm weevil (RPW) on date-palm trees in the 8 tested regions of Ain Toon, El-Gafra, El-Harra, El-Qasaa-1, El-
Qasaa-2, El-Qasaa-3, El-Zabu, and Mandisha regions of Bahariya oasis during the five seasons of 3 consecutive 
years starting from 2017 and ending in 2019. 9. A. In the treated trees, and 9. B. In the control trees. (All treated and 
control palm trees were inspected for RPW infection 2 months post-treatment). 

 
The application of essential oils as a preventive 

methodology against the Red Palm Weevil (RPW) 
infections should be economically feasible to win their 
competition with synthetic chemical insecticides. The 
following is the fiscal estimate required to apply the present 
methodology in mass field applications. 

I) Bulk commercial prices of the concentrated blend of 
the five essential oils produced in the small mixing tank of  
30 Kg. as listed in Table 3 and the costs are calculated as 
follows:  

 
1) Cinnamon (20%):  $40.0 X 6.00 Kg. =  240.0 US $. 
2) Citronella garss (20%): $35.0 X 6.00 Kg. =  210.0     
    US $. 
3) Lemon eucalyptus (15%): $39.0 X 4.50 Kg. =    
    175.5 US $. 
4) Spearmint (15%): $30.0 X 4.50 Kg. =  135.0 US $. 
5) Sweet orange (25%): $33.0 X 7.50 Kg. =  247.5 US     
     $. 
6) Tween® 80 (5%): $8.0 X 1.50 Kg. =  12.0 US $. 
 
Total bulk commercial prices of the concentrated 30  
Kg. of the five used essential oils are: 
240.00 + 210.00 + 175.50 + 135.00 + 247.50 + 12.00  
= 1020.00 US $. 
II) Bulk prices of the tested 200 Kg. of 15% five  
    essential oils-blend produced in the large mixing  
    tank of 250 Kg. capacity (Fig. 3A) & (Table 3): 
1) Price of  30 Kg. of the five absolute essential oils =  
    1020.00 US $. 
2) Price of 75.0 Kg. of sesame seed oil = $15.0 X 75.0  

     =  1125.00 US $. 
3) Price of 75.0 Kg. of distilled water = $0.15 X 75.0 = 

11.25 US $. 
4) Price of  20 Kg. of Tween® 80 = $8.0 X 20.0 = 160.00 

US $. 
 
Thus, the total price to produce 200 Kg. (the capacity 

of one large mixing tank) of the final oils emulsion = 1020.00 
(1) + 1125.00 (2) + 11.25 (3) + 160.00 (4) = 2316.25 US $. 
Consequently, the price of producing 3.4 tons of the final oil 
blend used to spray the 32060 palm trees is 2316.25 (the 
price of 200 Kg.) X 17 (numbers of filling the mixing tanks 
to get the 3400 Kg.) = 39,376.25 US$ to prepare 3,400 Kg. 
of 15% of the five essential oils-blend.  

The prepared amount of the oil emulsion was adequate 
to spray 32,060 date palm trees treated with 15% essential 
oils-blend. Therefore, the price to spray one date palm tree 
will be: 39,376.25 (the US $) divided by (÷) 32,060 (treated 
palm trees) = 1.2282 US$ per date palm tree, which is 
effective, economic, and environmentally safer to apply 
than synthetic chemical insecticides. The current 
methodology of field application reduced RPW infections by 
almost 90% (Table 9 and Figures 9A & 9B). 
 
DISCUSSION 

The excessive use of synthetic chemical insecticides 
against the RPW in Egypt raised levels of environmental 
pollution and developed insect resistance toward most of 
the commonly applied synthetic chemicals (Wakil et al., 
2018). These two serious problems have driven both the 
pesticide corporations as well as the end users of date palm 
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growers to search for safe and potent alternatives. The 
current research work involves the use of five essential oils 
extracted from plants that belong to several botanical 
families such as Lauraceae (cinnamon oil), Poaceae 
(citronella grass), Myrtaceae (lemon eucalyptus), 
Lamiaceae (spearmint), and Rutaceae (sweet orange) 
against the red palm weevil, Rhynchophorus ferrugineus 
(Olivier) in expanded field experiments. Generally, 
essential oils either used singly or synergistically, have 
potent effects as repellents and killers of economic insect 
pests including the Curculionid weevils (Isman, 2020a; 
Isman, 2020b; Isman et al., 2011; Garrido-Miranda et al., 
2022).  

Essential oils (EOs) and their constituents are fast-
acting neurotoxins in insects, interacting with multiple 
receptor types in the insect nervous system (Devrnja et al., 
2022). These natural compounds also display potentially 
important sublethal behavioral effects in insect pests, 
including anti-feeding, oviposition deterrence, and 
repellence (Isman, 2020c). Numerous publications were 
and still are dealing with the impact of essential oils mostly 
against coleopteran insect pests in various laboratory 
experiments with promising results (Ebadollahi and Sendi, 
2015; Garrido-Miranda et al., 2022).  

The current research work is the first to use a mixture 
of multiple essential oils extracted from aromatic plants that 
belong to different botanical families. Results obtained in 
the present expanded field application indicated that the 
tested essential oils were effective as preventive and if 
compared with synthetic chemicals are relatively safe 
biological materials (Isman, 2020a; Isman; 2020b; Garrido-
Miranda et al., 2022) used against insect pests such as the 
Red Palm Weevil (RPW).  

Both the Spring and Fall seasons were selected to 
apply the tested five essential oils blend because, in the 
Spring, RPW adult insects are coming out of their 
hibernation during the winter, starting their activities, 
feeding, mating, and the gravid females lay their eggs on 
healthy palm trees, while during the Fall season, and after 
harvesting of date fruits, palm trees are usually pruned. 
This procedure without any protective measures will drive 
adult females of the red palm weevil, attracted by the 
secreted palm kairomones, to lay their eggs on the freshly 
cut parts of the date palm tree and start new cycles of 
infection. When we planned to apply our fieldwork, we took 
into consideration the data collected by Metwally and 
Basheer (personal communication) who found in the same 
Oasis that populations of the RWP reached their peaks in 
the Spring and Fall seasons of the year 2014 and the 
Spring, Summer, and Fall seasons of the year 2015.  

Although the control palm trees were selected among 
those located in each tested area at least 100 meters away 
from the treated palm trees, the repeated treatments of 
palm trees with essential oils have reduced the infection 
rate in the control trees also throughout the subsequent 
seasons. For example, palm trees in El-Qasaa-1 were the 
first to be treated in the Fall of 2017 (Table 4) with a 33% 

infection rate, evaluated two months post-treatment. 
Meanwhile, the infection percentage in the control trees 
dropped to 10.9% in the next Spring season of 2018 (Table 
5) and dropped to 6% in the Fall season of 2018 (Table 6), 
and finally settled at the 10% level in the Fall of 2019 (Table 
8).  

In the present fieldwork, ULV sprayers were used for 
the first time against the red palm weevil either with 
chemical and/or biological insecticides. Our field results 
agree with the data listed in the review work of Faleirio 
(2006) who reported that RPW was attracted by injured 
palm tree tissues secreting kairomones. That is why all 
unnecessary pruning of palm leaves must be avoided or 
immediately treated with organic sulfur compounds or any 
insecticides either chemical and/or biological to repel the 
adult RPWs gravid females and prevent the new cycles of 
infection. Botanical essential oils (EOs) and/or plant 
extracts varied in their toxicity and repellency to insect 
pests. Research work on the use of essential oils against 
the RPW has started almost 20 years ago and most of the 
research work was carried out in the laboratory. EOs used 
in the present work was successfully tested against several 
curculionid insect pests in several publications from the 
literature through laboratory and limited field experiments 
(Garrido-Miranda et al., 2022). 

In Andalusia, southern Spain, control of the red palm 
weevil was first based on both curative and preventive 
approaches with relatively high costs. The protocol, later 
adopted in all of Spain, was mainly based on preventive 
treatments, as in our current approach, but was different in 
using both the chemical insecticide, Imidacloprid and the 
entomopathogenic nematode, Steinernema carpocapsae 
as a biocontrol agent. That protocol would reduce the 
management costs of this insect pest similar to our 
procedure of using essential oils. Three frequencies of 
using Imidacloprid and S. carpocapsae were evaluated in 
Spain at 45, 60, and 90 days. They have found that 
preventive treatments against the RPW can reduce the 
reproductive potential of this dangerous pest, but do not 
entirely halt the infestation of the target palm host which 
was the canary island palm trees. Frequent applications of 
the preventive treatments every sixty days (6 times a year) 
had effectively reduced costs and increased the survival of 
the ornamental palm trees (Tapia et al., 2011). Our present 
protocol is a preventive approach, similar to the Spanish 
protocol, but instead of using entomopathogenic 
nematodes and a chemical insecticide, essential oils should 
be adopted to spray date palm plantations in Bahariya 
Oasis and other date palm orchards in Egypt.  

Depending on our data and the data mentioned by 
Metwally and Basheer (2019), field applications of the 
essential oils blend only 4 times a year are adequate to 
significantly reduce the infection with the red palm weevil 
on date palms. The timing of field application is related to 
certain seasons of activity and productivity of both the 
insect pest and the date palm trees in Bahariya Oasis. The 
recommended treatments with essential oils should be 
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applied first in the Spring season and second during the 
mid-Summer season. Two extra treatments should also be 
applied during the Fall season, one after date fruit 
harvesting, and the second immediately on the same day 
of pruning the date palm leaves near the end of the Fall 
season to prevent egg laying behavior by the RPW gravid 
females. The suggested four treatments each year with 
EOs are expected to prevent the possible outbreaks of this 
insect pest according to both our findings and those of 
Metwally and Basheer (2019). 

Adults of the RPW, especially gravid females, are very 
threatening to palm trees. They are the reproductive stages 
producing fertile eggs and that is mainly why disrupting 
and/or limiting the effect of semiochemicals on adult 
females will lead this pest to lay fewer eggs on palm trees, 
reducing the numbers of the damaging insect larvae 
stages, and lowering the RPW infection rate.  

In laboratory experiments conducted in both Israel and 
Italy, 1-octen-3-ol, alkenyl alcohol, and a volatile 
compound, was the most potent behavior-modifying 
compound in the RPW, eliciting a significant and/or 
marginally significant reduction in both feeding and 
oviposition at the lowest tested doses. The effects of these 
plant volatiles on the behavior of the RPWs were evaluated 
in limited field experiments in both countries (Guarino et al., 
2015). Botanical volatiles included; α-pinene, citronellol, 
geraniol, citral, and 1-octen-3-ol were tested for their ability 
to disrupt the attraction of adult RPW females to 
pheromone-kairomone and molasses baited traps. Field 
experiments showed reduced captures in traps loaded with 
geraniol (−57%), 1-octen-3-ol (−50%), or α-pinene (−45%  
to −60%). Geraniol and α-pinene are two of the 
components of our current tested EOs blend (Tables 2 & 3) 
and generally caused a strong reduction in feeding and 
oviposition at each dose tested in Israel, or at the highest 
dose in Italy. While α-Pinene caused some reduction in 
feeding activity at the highest dose tested only in Italy. Both 
laboratory and field data supported the potential of using 
the three essential oils constituents, 1-octen-3-ol, geraniol, 
and α -pinene for RPW population management (Guarino 
et al., 2015). These results are in support of our data since 
the Citronella grass and Spearmint oils used in the current 
fieldwork (Tables 2 & 3) contain two of the three 
compounds tested in the work by Guarino et al., 2015.  

Recent studies on the use of essential oils and their 
derivatives as antifeeding and insecticides against the Red 
Palm Weevil (RPW) have shown positive results e. g. the 
use of Eugenol and thymol derived from clove and thyme 
essential oils (Yan et al., 2021). In Addition, essential oils 
extracted from flowers and leaves of Crofton weed, 
Eupatorium adenophorum, and the aerial parts of Indian 
wormwood, Artemisia nilagirica were used as antifeedant 
agents against the RPW (Shukla et al.,2012). All the 
previous publications are in agreement with our results 
proving that essential oils can prevent the infection with the 
RPW either by halting feeding activities or repelling the 
adult insects. 

Likewise, Abdel Kareim et al., 2017 have tested four 
Egyptian essential oils extracted from fresh green parts of 
clove (Syzygium aromaticum), eucalyptus (Cinnamomum 
eucalyptusa), lemongrass (Cymbopogon citratus), and 
sweet basil Osmium basilicum). These oils were tested in 
the greenhouse as oviposition deterrent against adult 
females of the RPW. At 15% essential oils concentration, 
clove oil was the highest oviposition deterrent with 98.17% 
efficiency followed by eucalyptus oil with 97.9% deterrent 
effect and lemongrass was the least one with 94.06% 
effective repellency. When 10% of the clove and eucalyptus 
essential oils were applied, they reduced egg laying 
significantly and gave a promising oviposition deterrent 
effect of 80.74% for the clove oil and 66.77% for the 
eucalyptus oil. Moreover, a blend of 15% clove and 
eucalyptus oils showed a synergistic effect of higher 
oviposition deterrent activity of 100% than the other tested 
oils or their mixtures. These results indicated that both 
clove and eucalyptus essential oils can be included in the 
IPM programs against the red palm weevil. The previous 
results of Abdel Kareim et al., 2017 concur with our present 
expanded field results that showed a preventive impact of 
the five tested essential oils-blend against the RPW. These 
oils are usually working as deterrents for insect adult 
females, preventing them from laying their eggs Abdel 
Kareim et al., 2017. Similar results were obtained in the 
current work by using a blend of 5 essential oils instead of 
using them singly against the red palm weevil to benefit 
from their synergistic action.  

Similar behavioral responses were recorded by 
Ravindran et al., 2019 in a laboratory study on another 
serious coleopteran palm pest, the coconut rhinoceros 
beetle, Oryctes rhinoceros L., which is also a date palm 
pest in the gulf area. Three essential oils were tested 
including; Ocimum basilicum (basil), Eucalyptus citriodora 
(lemon eucalyptus), and Trachyspermum ammi (caraway), 
and their major constituent, thymolin have caused 70-85% 
repellent effect to the tested beetles and both lemon 
eucalyptus and basil oils inhibited hatching of 70% of the 
insect eggs and caused larval mortality ranged from 61-
66%. In our present fieldwork, lemon eucalyptus essential 
oil was also used and gave promising results not only at the 
laboratory level as a single component (unpublished data) 
but at the field level mixed with four essential oils as well.  

In recent behavioral bioassays, essential oils such as 
Cinnamon, eucalyptus, and lavender acted as oviposition 
deterrence against females of the box tree moth, Cydalima 
perspectalis Walker, another invasive insect pest in Europe 
causing severe damage both in natural and ornamental 
vegetative parts of boxwood, Buxus spp. (Szelényi et al., 
2020). They indicated that the tested EOs have adequate 
deterrent results; however, cinnamon oil which is also used 
in the present fieldwork, exhibited the strongest effect 
among the 3 tested essential oils. From the present data, 
our essential oils blend is recommended for field application 
four times annually in the Bahariya oasis, Egypt. The 1st in 
the Spring, while the 2nd in the Summer, whereas the 3rd at 
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the beginning of the Fall season after date fruit harvesting, 
and the 4th and final one should be applied immediately 
after tree pruning, near the end of the Fall season of each 
year. It will cost about 13.0 US dollars worth of materials 
per tree every year. The current methodology will almost 
prevent the infection of date palm trees by a destructive 
palm pest such as the red palm weevil.  

Our current results and the data obtained by Szelényi 
et al., 2020 may serve as a basis for the development of a 
potent, practical, and chemical-free plant protection 
methodology against both invasive insect species such as 
the red palm weevil and the box tree moth. 

CONCLUSION 
      The present application of 5 essential oils (EOs) blend 
against the red palm weevil is the first expanded fieldwork 
to prevent the infection of this dangerous palm borer. 
Although EOs are relatively safe, they are more expensive 
than synthetic chemical insecticides. But when Ultra-Low 
Volume (ULV) sprayers were used, each palm tree was 
adequately treated with far less quantity and well-dispersed 
droplets of the mixed essential oils that evenly covered 
each treated tree with potent natural materials and 
significantly reduced the RPW infection levels from ca 
14.30% down to the level of 1.43% with a cost of ca five US 
dollars to spray each date palm tree four times a year. The 
current innovative approach is useful, environmentally safe, 
less time-consuming, and reasonably priced. It will also 
raise awareness among date palm growers in Egypt and 
other RPW-infested countries about the importance of the 
proper use of essential oils as biological products to ensure 
their potency, sustainability, and relative safety.  
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