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ABSTRACT 
 

The date palm is a cultural and economic heritage of many nations. The red palm weevil, 

Rhynchophorus ferrugineus Olivier (Coleoptera, Curculionidae) is among the world’s most serious 

insect pests of palms that have rapidly expanded its geographical distribution and host plant range 

during the last decades. Integrated pest management (IPM) is followed to suppress the pest using the 

most economical and least hazardous methods to humans and the environment. Since R. ferrugineus is a 

serious pest of date palm production worldwide, farmers, researchers, and scientists have developed 

many tactics to eradicate this pest. However, there was no published article covering and integrating the 

current status, biology, ecology, and future control tactics of R. ferrugineus and proposes an IPM 

program. Therefore, in this review, R. ferrugineus geographical distribution, host plant range, economic 

importance, infestation symptoms, morphology, biology, and its management tactics were thoroughly 

discussed. These tactics include early detection of R. ferrugineus infestation, trapping, chemical 

applications, use of bio-agents, bioinsecticides (plant extracts), resistance cultivars, cultural practices, 

sterile insect technique, gene silencing technology, quarantine, and geographical information system. In 

conclusion, all available control tactics suggest that R. ferrugineus could be successfully managed by 

developing IPM programs comprising several means of control. It is hoped that this review will 

highlight some aspects of date palm management and raise research gaps and directions deserving 

further investigations to develop a better understanding of R. ferrugineus management and therefore 

contributes to the sustainability of date palm cultivation worldwide. 
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1 Introduction  

Nowadays the main challenge of the world is to increase 

agricultural production sustainably. Invasive pest pressures, misuse 

of a pesticide, scarcity of water, biodiversity losses, land 

degradation, decreased ecosystem services, desertification, and 

climate changes are some serious consequences in agricultural 

production, along with food security and life on the earth (Al-

Zyoud, 2014c; Al-Dosary et al., 2016). Date palm, Phoenix 

dactylifera L. (Arecales: Arecaceae) is considered the cultural 

heritage of many nations worldwide. P. dactylifera is the oldest 

known fruit crop, and has been cultivated in the Middle East and 

North Africa (MENA) since 5,000 years ago (Tenghberg, 2012). P. 

dactylifera is most likely originated in Western India or Southern 

Iraq (Chao & Krueger, 2007). Hereafter, the cultivation of date 

palm spread throughout the Arabian Peninsula and MENA region. 

Globally, there are 100 million trees of date palm (Jonoobi et al., 

2019), covering an area of 1.1 million hectares with a total 

production of 8.5 MT (FAOSTAT, 2018). Dates are utilized as 

fruits or in beverages, and their leaves are harvested for fiber. In 

addition, dates have several medicinal qualities such as antifungal, 

antibacterial, antiulcer, and antitumor (El-Hadrami & Al-Khayri, 

2012). 

The increase in the area under date palm cultivation offers an ideal 

ecological place for pests to manifest. P. dactylifera is subjected to 

damage by 112 insects and mite species in 42 families (El-Shafie, 

2012). The red palm weevil, Rhynchophorus ferrugineus Olivier 

(Coleoptera, Curculionidae) is the most common of these pest 

species (Abd El-Fattaha et al., 2021). R. ferrugineus was firstly 

reported in the Middle East in the UAE in 1985, from where it was 

spreading to other countries worldwide, mainly via infested plant 

materials (Al-Shawaf et al., 2013; Kurdi et al., 2021). R. 

ferrugineus is a serious insect pest of palms in many agro-

ecosystems worldwide (Faleiro et al., 2014, 2019). The pest has 

expanded its geographical distribution and host plant range during 

the last three decades (Giblin-Davis et al., 2013). It has been 

recorded to infest 40 species of palms, in which date palm, coconut 

palm, and canary palm are the most susceptible ones (Mohammed 

et al., 2020). R. ferrugineus is considered as a hidden borer of 

palms, thus it is extremely difficult to detect its infestation early. 

The infestation mostly occurs at the trunk base near the soil 

(Sallam et al., 2012), making detection extremely challenging and 

difficult (Dembilio & Jacas, 2012). Larvae live inside the tree 

trunk, damage the vascular system and dig deeply in the host, 

leading to date palm tree collapse, if not treated, the palm could die 

during a period of six to eight months (Ju et al., 2011). 

The cryptic lifestyle of R. ferrugineus larvae in the trunk exhibits 

management difficulties and challenges (Hussain et al., 2019). Its 

control depends mainly on the intensive use of synthetic 

insecticides such as emamectin benzoate (Chihaoui-Meridja et al., 

2020), chlorpyrifos, fipronil, and methomyl (El-Gohary et al., 

2015), imidacloprid (Abd El-Fattahaet al., 2021), applied as tree’ 

trunk injection or fumigation, soil treatment, the crown drenching 

of infested trees and wound dressing (Hussain et al., 2013). 

However, synthetic insecticides have exerted many side effects on 

human health and the environment, and the weevil has developed 

resistance against many insecticides (Wakil et al., 2018). 

Sustainable agriculture is essential to the future of human beings 

(Shojaei et al., 2013), and aims to achieve adequate safe food 

production, and improve the livelihoods of growers (Uwagboe et 

al., 2012). Integrated pest management (IPM) is used to control 

pest damage by the most cost-effective means and the least hazards 

to humans and the environment (Ofuoku et al., 2009). IPM is a 

decision-based process involving the coordinated use of many 

tactics for optimizing pest control in an economically and 

environmentally sound manner (Al-Zyoud, 2013, 2014a, b, 2015). 

However, large areas under agricultural production are facing 

unacceptable losses due to pests or suffering from intense use of 

pesticides worldwide, which led scientists to suggest that new 

paradigms are required (Kogan, 1998). 

2 Objectives and scope of the study 

Understanding of pest life history and habits is the foundation of 

effective pest management tactics. Furthermore, date palm 

producers have numerous difficulties and hurdles in eradicating R. 

ferrugineus; there is no systematic IPM program in place, failure to 

detect infestations early, insufficient quarantine measures, and a 

lack of farmer training on R. ferrugineus management. Although 

many efforts have been made to develop IPM strategies during the 

previous years, it is still unable to successfully control R. 

ferrugineus in an environmentally sound manner. In addition, 

successful pest managers learned that incorporating several 

effective control tactics into an IPM strategy is the most acceptable 

and effective way to manage pests over the long term. Thus, 

coherently addressing the R. ferrugineus problem at a global level 

is urgently needed to efficiently manage the pest on a sustainable 

basis. However, no information was available on the integrated 

work to comprehensively cover the current management strategies, 

challenges, and future perspectives of R. ferrugineus eradication 

despite the outbreaks experienced over the last three decades 

worldwide. Therefore, this article aims at providing a better 

understanding of the current status of the pest, biological and 

ecological parameters, and future control options of R. ferrugineus. 

An overview of R. ferrugineus control strategies used to manage R. 

ferrugineus in palm cultivation is presented in this review article. 

This review article focused on the geographical distribution, host 

plants, economic damage, infestation symptoms, morphology, and 

biology of R. ferrugineus. In addition, this review also provides a 

discussion on the pest surveillance for early detection of 
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infestation, trapping, chemical applications, bio-agents, plant 

extracts, host plant resistance, cultural practices, sterile insect 

technique (SIT), gene silencing technology, quarantine, and 

geographical information system (GIS), and to recommend an 

efficient IPM program to eradicate R. ferrugineus worldwide. It is 

hoped that this review will highlight some aspects of R. 

ferrugineus and raise research gaps and directions deserving 

further development to create a better understanding of R. 

ferrugineus management through sustainable IPM programs. 

3 The red palm weevil R. ferrugineus 

3.1 Geographical distribution and host range 

The red palm weevil is the most destructive pest of date palms 

worldwide (Faleiro et al., 2014; Ferry, 2019; Sabit et al., 2021). 

The pest has expanded its geographical distribution and host range 

during the last three decades and threatened worldwide date palm 

trees (Giblin-Davis et al., 2013). FAO has been considered R. 

ferrugineus as a category-1 pest on date palm in the Middle East 

(FAO, 2017). R. ferrugineus has a significant socio-economic 

influence on the date palm production sector in the pest-infested 

countries, especially in the MENA region, in which this region 

accounts for 90% of the global date production. The geographic 

origin of R. ferrugineus was claimed to be South East Asia (Sabit 

et al., 2021) and it was first reported as a pest on the Indian 

coconut palm in 1906 (Lefroy, 1906), and then on date palm in 

1917 (Brand, 1917). In the Middle East countries, R. ferrugineus 

was first detected in the UAE during 1985, hereafter the pest 

spread through infested plant materials to other data-producing 

countries in the region (Faleiro et al., 2012; Al-Shawaf et al., 

2013). Thereafter, the pest was reported in the KSA in 1987, 

Jordan in 1994, Palestine in 1999, Italy in 2004, the Canary Islands 

in 2005, France and Greece in 2006, and Turkey in 2007 (Kehat, 

1999; Kontodimas et al., 2006). However, R. ferrugineus has 

gained a foothold on palms in the Middle East, and then expanded 

its geographical distribution to many Asian, European, African, 

American, and Australian countries (Giblin-Davis et al., 2013; 

Wahizatul et al., 2013). Recently, the pest is reported in 46 palms 

growing countries and attacking 40 palm species of which date 

palm, coconut palm, and canary date palm are the most infested 

ones (Giblin-Davis et al., 2013; Faleiro et al., 2014). It has a long 

host plants list including nigbong palm, yeara palm, ornamental 

palm, oil palm, royal palm, sedang palm, sago palm, talipot palm, 

sugar palm, and many other species, i.e. Borassus flabellifer, 

Arenga pinnata, Areca catechu, Oreodoxa regia, Caryota urensi, 

Caryota cumingii, Caryota maxima, Corypha elata, Cocos 

nucifera, Livistona decipiens, Elaeis guineensis, Metroxylon sagu, 

Phoenix canariensis, Phoenix sylvestris, Phoenix dactylifera, 

Phoenix theophrasti, Trachycarpus fortune, Sabal umbraculifera, 

and Washingtonia spp. 

3.2 Economic importance and infestation symptoms 

Direct losses due to the R. ferrugineus attack can be attributed to 

the value of damaged palms, loss in date yield, and cost of 

implementation of the management program. Each year, the 

removal of badly afflicted trees alone costs the Gulf countries and 

the Middle East is of USD 8 million. Pest treatment, removal, and 

replacement of infested palms and loss of benefits cost over €90 

million in Italy, Spain, and France by 2013. If a strict containment 

program is not implemented, the cost is expected to rise to €200 

million by 2023 (FAO, 2017). The estimated costs of curative 

control of date palms in the early stage of infestation are $US 

103.7 million at a 5% infestation level (Sarwar, 2016). Indirect 

losses may result from the restriction of trees’ movement, 

curtailing the expansion of new plantations, adversely affecting the 

environment and landscape due to the massive use of chemicals. 

Early symptoms are difficult to detect (Mahmud et al., 2015) 

because R. ferrugineus spends its immature stages inside the tree 

trunk, and the final stages of its life cycle are only detected when 

the palm tree is no longer viable (Chong, 2015), and mostly 

infest young trees less than 20 years old (Faleiro, 2006). The 

infestation differs according to the age and height of the tree. 

With respect to the height of palms, Khalifa et al. (2007) 

suggested that 78% of the pest infestation occurs at 0-50 cm and 

only 20% at 51-100 cm, in which 98% of the infestation occur 

below 1 m height. However, above 3 m, the infestation could be 

rarely detected. Further, concerning tree age, 13% infestation 

level was found at ages up to 5-year-old and 65% at 6-10years of 

age, and there is a negative correlation between the infestation 

percentage and the age of the tree up to 20-year-old (Faleiro, 

2006). This might be due to the fact that infestation occurs at the 

crown base of the tree, and then the pest larvae move downward 

until the tree collapsed at that height. 

The red palm weevil may exhibit the following symptoms of 

infestation; oozing of brownish fluid, larval tunnels inside the tree 

tissues, drying of outer leaves, fruit bunches and infested offshoots, 

presence of the pest stages at the frond base or near the infested 

palm trees, and the toppling of the trunk in case of heavy damage 

(Faleiro et al., 2012). The infestation of R. ferrugineus can also 

cause yellowing and wilting of trees that leading to the death of the 

trees. The crown wilts first, and then will follow by the lower 

leaves due to damage to the tree vascular tissues (Pereira, 2017). 

At higher pest infestation, sounds of larval chewing can be heard 

by placing one's ear to the tree trunk (Martin, 2015). Secondary 

infections of bacterial and fungal pathogens may occur within the 

damaged tissues, which resulted in the accelerating the damage. As 

time progresses, the external symptoms are observed, and damage 

is enough to kill the palm tree, and the infestation may have been 

presented for at least 6 months. 
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3.3 Biology and morphology 

The pest completes its development within the palm trunk and passes 

through 4 life stages; eggs, larvae, pupae, and adults. After mating, 

which characteristically involves multiple inseminations to assure 

fertility, the females disperse in searching for oviposition sites 

(Dembilio & Jacas, 2011). Volatiles emitted from fresh palm wounds 

attract gravid females for egg-laying (Salama & Abdel‐Razek, 2002). 

To lay eggs, the females use their long rostrum to bore a hole into 

tree tissues. Each female lays 250-500 creamy white, glossy, oval 

shaped eggs (1-2.5 mm) in wounds, crevices, and cracks in the tree 

trunk, and deposited eggs hatch in 2-6 days (Salama & Abdel‐Razek, 

2002). The newly emerged larvae are yellow-white in color and 

legless, with a chitinous head capsule, which is dark-brown than the 

rest of the body. Larvae burrow from leaf axils to crown using strong 

horizontal conical jaws, where they feed on tree tissues and bore 

their way into the tree center. The larval development duration 

depends upon host nutrition, temperature, and humidity, and it passes 

through 13 larval instars (Giblin-Davis et al., 2013). Larvae are 

curculioni form, and the last larval stage is 5 cm long×2 cm wide. 

Larvae feed on the tree's internal tissues by digging deep galleries in 

the palm. Hereafter, the galleries are filled with debris mixed with 

the plant ferment. This fermentation process produces heat up to 

40°C, which is favorable to the larval development whatever the 

outside temperature. After completing its development, the larva 

forms a cocoon (3.5 cm long×1.5 cm wide). The pupal stage lasts 15-

30 days after which a reddish-brown adult (4.0 cm long× 1.2 cm 

wide) emerges and can live for 3 months (Hallett et al., 2004; Al-

Dosary et al., 2016). There are two colors for R. ferrugineus; 

predominantly reddish-brown or dark with red streaks. Adult males 

are characterized by a tuff of bristles on the dorsal tip of the rostrum 

(Al-Dosary et al., 2016). 

Being a destructive pest, R. ferrugineus can reproduce and spread 

very fast as it only needs a short period of 3-4 months to finish its 

life cycle (Hussain et al., 2013). Oviposition in R. ferrugineus is 

strongly affected by temperature with 1-2 generations/year. Within 

a single afflicted palm, multiple generations of R. ferrugineus may 

coexist (Dembilio & Jacas, 2012). In the Middle East, adults are 

most active during March to May, and once again in October and 

November (Soroker et al., 2005). In nature, R. ferrugineus 

population is highly aggregated since the infestations often occur 

in clusters (Massoud et al., 2012). The adults are powerful fliers, 

flying up to 900 m at a time, and they can move up to 7 km within 

a week (Abbas et al., 2006). Flight mill studies indicated that 

adults could potentially fly a distance of 50 km with flight activity 

being predominantly diurnal (Hoddle et al., 2015). 

4 Pest management 

A constant battle for higher crop yields is needed to meet the 

increasing global food demands worldwide. Agricultural pests 

destroy important food reserves in every part of the world (Kring, 

1998). The main method of pest control adopted by the majority of 

farmers is abusive of pesticides (Al-Zyoud, 2013, 2014a,b,c, 2015; 

Chihaoui-Meridja et al., 2020). Pesticides helped the world meets 

the increasing food demand by enhancing agriculture production 

through controlling pests, however, the misuse of pesticides in 

agriculture caused their widespread diffusion to all environmental 

compartments (Morohashi et al., 2012; Al-Zyoud, 2014c). IPM 

approach has been applied in many R. ferrugineus-infested 

countries (Gomez et al., 2009; Al-Dosary et al., 2016, Ferry, 

2019). Several control tactics have been established and/or are 

currently being in use to tackle threats in date palm plantations, i.e. 

pest surveillance, trapping, chemical control, limited use of bio-

agents, bioinsecticides, host plant resistance, cultural practices, 

sterile insect technique (SIT), gene silencing technology, 

quarantine, and GIS (Vacas et al., 2017; Wakil et al., 2017; 

Musmeci et al., 2018; Al-Dawsari, 2019; Malik et al., 2019; 

Chihaoui-Meridja et al., 2020; Sabit et al., 2021). However, an 

effective R. ferrugineus-IPM strategy is still awaited. 

4.1 Early detection and surveillance 

Unfortunately, visible symptoms of R. ferrugineus infestation 

appear at a later stage after severe damage of plant tissues, where it 

is late to save the tree (Chong, 2015; Mahmud et al., 2015). Thus, 

delay in detection of infestation is the main obstacle in R. 

ferrugineus control. Before implementing the IPM strategy, 

surveillance is essential to ascertain the presence of R. ferrugineus. 

Developing a reliable method that can detect the infestation at an 

early stage is needed for effective control. However, several 

detection tactics such as visual inspection, pheromone traps, 

thermal detection and spectral imaging, chemical detection, and 

acoustic detection have been tested to determine the infestation at 

early stages (Potamitis et al., 2009; Mankin et al., 2011; Kurdi et 

al., 2021). The current state of knowledge indicates that, although 

no single method perfectly detects the infestation, a combination of 

detection methods can provide almost 100% success. A worthy 

detection method should be fast, accurate, non-destructive, and at 

an affordable cost. 

4.1.1 Visual inspection 

The most obvious approach to detect pest infestation is the visual 

examination of the crown, stem, offshoots, and base of palm trees 

(Mankin et al., 2011). These can be holes on trunk and bases of 

frond petiole, oozing, frass composed of chewed tree tissue with 

fermenting odor, adults and their pupal cocoons near the tree, dry 

offshoots, and breaking of trunk/crown (El-Shafie & Faleiro, 

2020). Monthly monitoring of highly infested trees could 

effectively maintain the infestation at less than 1% level (Al-

Shawaf et al., 2012) because the infestation is detected before 

adults’ emergence, which takes 1.5 months from egg to adult 
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emergence. Nevertheless, the visual monitoring of date palms to 

determine the infestation is time consuming and laborious, but in 

combination with pheromone traps; it forms a main aid component 

of IPM. 

4.1.2 Pheromone traps 

Monitoring pheromone traps are a common tool in sustainable IPM 

programs on a wide scale as an alternative to hazardous 

insecticides. Due to the synthesis of R. ferrugineus male produced 

aggregation pheromone (ferrugineol, 4-methyl-5-nonanol) (Hallett 

et al., 1993), pheromone traps are broadly used in mass trapping of 

the pest in the infested countries (Faleiro, 2006; Oehlschlager, 

2016). R. ferrugineus is attracted to the aggregation pheromone 

which adult males released to attract both sexes to host trees that 

are suitable for larval feeding. Neither the stressed-palm odor nor 

the adult aggregation pheromone is very effective in pest attracting 

on their own, but the combination of both can be effective in 

attracting adults to traps (Soroker et al., 2017; Vacas et al., 2017). 

For better results, the pheromone traps should be regularly 

examined for trapped adult collection, trap cleaning, renew of food 

bait and, replacement of exhausted pheromones. Although R. 

ferrugineus pheromone trap captures females, only a part of the 

pest population is captured by pheromone traps, and therefore 

trapping should be combined with other IPM tactics. 

4.1.3 Thermal detection and spectral imaging 

Conventional visual detection of infestation is not only laborious 

and costly but also inaccurate; especially in cases where the 

damage occurs below the crown. This situation calls for large 

scale-area wide detection methods; however, another alternative 

approach is using thermal imaging to monitor physiological 

changes that occur in palm trees. Two approaches have been 

evaluated: (1) monitoring local increase in stem temperature (4-

26°C above the ambient level) caused by intensive fermentation of 

plant tissues following larval feeding activity (El-Faki et al., 2016; 

Soroker et al., 2017), and (2) water stress in palms is being 

monitored due to damage to the tree's vascular system caused by 

larval digging through the stem tissues (Cohen et al., 2012). 

Temperature elevation can be monitored by probes inserted into 

the palm stem (El-Faki et al., 2016). On the other hand, the change 

in crop-water status that reflects the decrease in stomatal 

conductance causes an increase in canopy temperature that can be 

detected by inspecting the thermal portion of the spectrum of the 

reflected irradiation before any visible symptoms were detected 

(Golomb et al., 2015). Aerial photography can be used to obtain 

remote thermal canopy imaging. These technological 

advancements allow for the acquisition of spatial data, allowing for 

the mapping of palm canopy temperature across a large region in a 

single aerial imaging session (Golomb et al., 2015). Infrared 

cameras were also used to detect a rise in temperature in infested 

palms. 

4.1.4 Chemical detection 

The potential of the chemical method of pest inspection is based 

on the assumption that infested palm trees emit characteristic 

volatile materials. These volatiles may be derived from R. 

ferrugineus itself, its frass, or infested palm wounds. Thick 

brown repulsively-smelling oozing liquids are often associated 

with R. ferrugineus infested palms (Vacas et al., 2014). It is 

stated that the amount of volatiles produced by palm tree is very 

low but some changes in volatile emission can be noticed as the 

pest infestation progress. Thus, it is likely that chemical 

detection can be done using targeted olfactory sensors, i.e. 

electronic nose/tongue (Littardi et al., 2013). However, the 

chemical detection tactic for R. ferrugineus infested trees has 

been successfully implemented using sniffing dogs. Golden 

Retriever, labrador, and german shepherd dogs have successfully 

sniffed and detected the oozing secretion produced by R. 

ferrugineus infested palm trees (Suma et al., 2014). After 

training, dogs were 70-80% accurate in detecting the infested 

trees even when palms were infested with only one larva (Suma 

et al., 2014; Soroker et al., 2017). Still few pitfalls require 

consideration; a dog implementation requires professional and 

trained personal. 

4.1.5 Acoustic detection 

Acoustic technology has been used for the detection of hidden 

infestation (Mankin et al., 2016). Several acoustic detection 

systems have been successfully used to detect R. ferrugineus larval 

sounds under laboratory and field conditions (Rach et al., 2013; 

Mankin et al., 2016). Automated systems have been developed to 

identify spectral and temporal patterns in larval feeding and 

movement activities which help distinguish the larval sounds from 

background noise (Mankin et al., 2008; Hetzroni et al., 2016). 

Introducing microcontroller platforms such as Arduino Uno and 

Atmel SAMG55 has enabled the development of low-cost 

detection systems that provide onboard signal processing and 

memory storage (Mankin et al., 2016). Because many of the 

current field studies make use of Global Positioning System (GPS) 

coordinates for mapping of infestations (Mankin et al., 2016), the 

new devices could be made more user-friendly by including GPS 

features in the software. Potamitis & Rigakis (2015) reported an 

automated pheromone E-trap that uses optoelectronic sensors 

connected to a microcontroller platform to sense when the pest 

falls into the pheromone trap and then transmits time of detection 

to a cell phone or network interface linked through a global system 

for mobile communication protocols. Psirofonia et al. (2017) 

reported the use of unmanned aerial vehicles to identify visible 

signs of infestation in palm plantations. 
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4.2 Trapping 

4.2.1 Lure and kill (semiochemicals) 

The ‘lure and kill’ technology has been used to control insect pests 

in a wide range of crops worldwide (El-Shafie et al., 2011). ‘Lure 

and kill’ products formulated as a paste using ferrugineol and 

cypermethrin have been evaluated on a large scale to control R. 

ferrugineus in infested date palm in the KSA and oil palm in India 

(Faleiro et al., 2016). The card system of Smart Ferrolure
TM

 

combines the pheromone lure (ferrolure + ethyl acetate) attached to 

a card laced with cypermethrin (El-Shafie et al., 2011). Providing 

the traps with non-repellent and odorless insecticides will prevent 

escaping the captured adults (Faleiro, 2006). A 3-month field trial 

in date palms in the KSA to control R. ferrugineus showed that the 

trapping efficiency of the bait-free method (Ferrugineol @ 15% 

and the insecticide cypermethrin @ 5% are combined in an 

amorphous and flowable paste to create a food bait-free 'attract and 

kill' formulation) is comparable to the food baited-pheromone traps 

(El-Shafie et al., 2011). 

4.2.2 Attract and infect 

This strategy could assist in augmenting biological control efforts 

against R. ferrugineus using the entomopathogenic fungi (EPF) set 

in the pheromone traps. The trap should restrain R. ferrugineus 

adults long enough to be infected by the fungus, and also allow 

adults to leave the traps in enough healthy conditions so that the 

adults have the chance to find a mate and transfer the fungus 

(Soroker et al., 2015). Hajjar et al. (2015) reported the possibility 

of infecting R. ferrugineus adults with the fungus, Beauveria 

bassiana solid formulation using pheromone traps under laboratory 

and semi-field caged conditions. 

4.2.3 Dry traps 

Soroker et al. (2015) determined several R. ferrugineus host 

attractants (ethyl propionate, ethyl alcohol, ethyl acetate, gamma-

nonanoic lactone, and pentan-1-ol, 2-methoxy-4-vinyl phenol). 

Once these attractants are used as food baits in the pheromone 

traps they increase adult captures several folds. These attractants 

are potential R. ferrugineus pheromone lures and could eliminate 

the need for frequent food bait replacement in the trap. The Electra 

Trap TM is a dry trap of dome shape with the pheromone and a co-

attractant (ethyl acetate). This trap does not need any servicing for 

at least 4 months, and its trapping efficiency is similar to the 

traditional food baited trap where the food bait has to be renewed 

at least bi-weekly (El-Shafie et al., 2011). However, developing 

smart dry traps would ensure automatic data collection and 

transmission that would be useful in decision making of an area-

wide control program. 

4.2.4 Trap components 

A wide range of R. ferrugineus pheromone (ferrugineol) lures are 

available commercially. A related ketone (ferrugineone) increased 

adult capturing by 65% (Abraham et al., 1998). Ideally, a lure 

should last long in the field and R. ferrugineus pheromone lures 

have been reported to have 3-month field longevity when traps are 

placed under the shade (Hallett et al., 1999). Combining the 

pheromone with food odor significantly increases the pest 

attraction (Faleiro, 2006). Fermenting food baits is important for 

enhancing and sustaining the efficiency of R. ferrugineus 

pheromone traps (Oehlschlager, 2016). In an area-wide operation 

where mass trapping is practiced, it would be advisable to use food 

bait that is not only efficient but also readily available and not 

costly. The odorless insecticide is added to the food bait and water 

to kill the trapped adults and prevent their escapes, while 

insecticide-free funnel traps have been reported to be effective in 

retaining captured adults (Hallett et al., 1999). Ethyl acetate is a 

known co-attractant (kairomone) when incorporated in food-baited 

pheromone traps increases adult captures by 2-5 folds compared to 

ferrugineol alone (Oehlschlager, 2016; Vacas et al., 2017). The 

most attractive traps at present are those containing fermenting 

food and emitting both pheromone and ethyl acetate. Pheromone is 

usually emitted at 3-10 mg/day, food is added at a rate of 150-350 

g/day and ethyl acetate is evaporated at a rate of 200-400 mg/day 

(Oehlschlager, 2016). 

4.2.5 Trap’s design, color, placement and density 

Traps' efficacy is not only depending on the lure, but it also 

depends on several other factors such as trap’ design, color, 

placement, and density. With regard to trapping design, 4-window 

bucket traps are the most widespread model used to capture R. 

ferrugineus due to their operational ease in servicing and trapping 

efficiency (Vacas et al., 2013). Dome-shaped traps (Picusan) 

capture more adults as compared to bucket traps (Vacas et al., 

2013). Both bucket and Picusan traps should be serviced at 

fortnightly intervals when the food bait and water are renewed. A 

rough-outer trap surface is recommended to facilitate the entry of 

arriving adults into the trap. Placing pheromone traps on the 

ground away from young trees in the susceptible age group (<20 

years old) offers a landing surface for the attracted adults, which 

later move into the traps. Pheromone traps may be hung on trunks 

of mature trees at 1-meter palm stumps hollowed in the center. 

Dark colored traps (black, red, or reddish-brown) capture 

significantly more adults than white colored ones (Zohary & Hopf, 

2000; Abuagla & Al-Deeb, 2012; Al-Saoud, 2013). Trap spatial 

distribution is another important issue to be considered. Trap 

density in mass trapping programs would be governed by the 

extent of human resources available for trap servicing and also by 

the adult activity in the field. In case of persistent adult captures in 

monitoring traps or the infestation is detected, mass trapping could 
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be initiated at 1-4 traps/ha, however, in palm trees with high adult 

activity 4-10 traps/ha are efficiently captured the newly emerging 

adults (Soroker et al., 2005; Faleiro et al., 2011). 

4.3 Chemical control 

Pesticides are very important for the world to meet the increasing 

food demand by improving agriculture production through 

managing agricultural pests (Al-Zyoud, 2014a,b,c). Synthetic 

insecticides are the most common control method used against R. 

ferrugineus and can apply in several ways. The most commonly 

used insecticides are chlorpyrifos, fipronil, and methomyl (El-

Gohary et al., 2015), emamectin benzoate (Chihaoui-Meridja et al., 

2020), imidacloprid (Abd El-Fattaha et al., 2021), and carbaryl 

(Hernandez-Marante et al., 2003). Insecticidal applications protect 

fresh injuries from adult’ female infestation and prevent egg-laying 

(Abraham et al., 1998). Nowadays, preventive and curative 

insecticides apply to control the pest. The preventive treatments are 

repeated every 3 months especially during R. ferrugineus peak 

activity periods of the year (April to June and September to 

November). Curative treatments are applied as a spray (shower) or 

stem injection. Curative insecticide applications of trees at early 

infestation through stem injection methods are known to save the 

trees. The stem injection method has been widely used against R. 

ferrugineus (Ferry & Gomez, 2014a, 2015; Dembilio et al., 2015). 

For stem injection, points should be marked around the tree trunk, 

either in spiral manners or at the trunk’ base, and these are 

depending on insecticide use and infestation pattern. Treatments by 

injection are based on introducing an insecticide in the palm 

through holes in the stipe realized by drilling or by percussion. 

This technique leads to the creation of wounds (Dembilio et al., 

2015). Various factors contribute to increasing wound size such as 

high pressure and type of insecticide or dilution (Ferry & Gomez, 

2015). In the case of pressure injection, the pressure should not 

exceed than 1 bar to avoid tissue damage when the chemicals are 

forced into the tree at high pressure (Al-Shawaf et al., 2012). The 

holes’ size and number must be as small as possible but must be 

sufficient to obtain a good insecticidal dispersion. If all offshoots 

have been removed, the treatment is easier to apply (Ferry & 

Gomez, 2015). Long persistency synthetic insecticides have great 

benefits by decreasing the number of injections and interventions. 

In urban areas, the use of such techniques is more practical and 

safe for both humans and the environment than soaking the trees 

(Ferry & Gomez, 2014b). Drilling three small holes, each 1 cm in 

diameter and 10-15 cm in-depth, and filling them with a simple 

and low-cost device is all that is required for an injectable 

treatment (dosing gun or funnel). Chemical treatment is based on 

two different conceptions on the way to reach and kill the larvae by 

direct contact of the insecticide through reaching the galleries 

made by the larvae. This technique can be efficient but it requires 

high pressure obtained with pumps. High pressure will make part 

of living tissues cells explode and create stipe mechanical 

weakness that could generate a palm failure risk in the future. 

Treatments with synthetic systemic insecticides injected in the soil 

or diluted in the irrigation water have been used with positive 

results (Kaakeh, 2006; Dembilio et al., 2010a). In injection 

techniques, it is very important to take into consideration not only 

the active ingredient but also the formulation of the insecticide 

(Ferry & Gomez, 2014a). 

Initially, organophosphates and carbamates were used in both 

preventive and curative applications (Faleiro, 2006). However, a 

new insecticidal generation (neonicotinoid and phenylpyrazole) is 

used to suppress the pest infestation (Kaakeh, 2006; Al-Shawaf et 

al., 2010). However, there is a lack of protocols for carrying out 

preventive and curative treatments commonly used to control R. 

ferrugineus (Ferry & Gomez, 2014a; Dembilio et al., 2015). 

Regular preventive insecticide applications could often be 

excessive and unnecessary. Intensifying periodic inspection to 

detect infestation instead of periodic sprays could help successfully 

control R. ferrugineus. A new injectable technique, microinfusion 

of an avermectin pesticide, allows palm trees to be protected 

simply and affordably for a year. The most important issue in 

insecticidal treatments is how to reach R. ferrugineus in its 

different forms rather than the insecticide kind to apply (Ferry & 

Gomez, 2012). It is known that the pest adults hide deeply at the 

base of the frond petioles. To reach this location, the traditional 

insecticide sprays are not effective (Vidyasagar et al., 2000), 

although it is still frequent to check such mode of treatments 

applied. For treatment effectiveness against the pest adults in 

palms of <2-3 meter stipe height, the offshoots, frond, and petioles 

bases must be soaked, while for tall palms, the base of central and 

medium crown leaves must be soaked. 

One of the first concerns in the use of insecticides for productive 

date palms is the insecticide residues in the dates (Al-Samarrie & 

Akela, 2011; Abd-Rabou et al., 2015). According to El-Saeid & 

Al-Dosari (2010), chlorpyrifos residual is detected in Riyadh dates 

in the KSA market. Frequent insecticide treatments are 

unsustainable and create a health risk for the workers and for oasis 

inhabitants. The effectiveness of insecticide treatments is very 

often assessed without taking into consideration that these 

treatments have to be considered imperatively as one of the 

components of an IPM program (Al-Dosary et al., 2016). 

4.4 Biological control 

There is a growing body of interest in finding control methods for 

pests other than pesticides worldwide (Al-Zyoud, 2015), due to the 

development of pesticide resistance (Kranthi et al., 2001), and the 

successful use of natural enemies against many pest species (Al-

Zyoud, 2013). Biological control is an ecological approach that 

provides environmentally harmonious, economical pest 
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management, and a safe alternative method for pest suppression 

(Sarwar, 2016). However, biological control of pests by natural 

enemies represents a major tactic whose potential effectiveness has 

gone unrealized in many affected cropping systems worldwide 

(Naranjo & Ellsworth, 2009). Recently, it has become clear that new 

control methods in the agricultural industry are required (Hosseini et 

al., 2010), and it has become increasingly important to policy-makers 

and the agricultural industry (Marsh & Gallardo, 2009). Various 

natural enemies including the entomopathogenic microorganisms 

(fungi, nematodes, bacteria, viruses, and protozoa), and predators, 

and parasitoids have been reported to attack R. ferrugineus. 

4.4.1 Entomopathogenic fungi (EPF) 

Some species of the EPF affect the existence and multiplication of 

R. ferrugineus. B. bassiana is a promising bio-agent candidate 

against R. ferrugineus (Hussain et al., 2015; Jalinas et al., 2015). B. 

bassiana infects all developmental stages of the red palm weevil 

(Llacer et al., 2013), reduces fecundity and egg hatching (Dembilio 

et al., 2010b), and causes high adult mortality under field 

conditions (Guerri-Agullo et al., 2011). Sewify et al. (2009) 

showed a considerable reduction of R. ferrugineus populations 

after applying B. bassiana. The fungi, Metarhizium anisopliae, and 

M. pingshaense have revealed good pathogenicity against R. 

ferrugineus (Francardi et al., 2013; Cito et al., 2014). A novel 

method of microencapsulation technology has been developed to 

increase the shelf life and tolerance to UV light of B. bassiana, and 

such technology needs to be explored in the future for 

incorporation in IPM strategies. These results confirm that the 

fungi are noteworthy to be used in R. ferrugineus IPM programs 

(Mazza et al., 2014). 

4.4.2 Entomopathogenic nematodes (EPNs) 

The entomopathogenic nematodes (EPNs), Teratorhabditis 

synpapillata Sudhaus, and Praecocilenchus ferruginophorus Rao 

& Reddy are parasitized R. ferrugineus adults (Kanzaki et al., 

2008). Heterorhabditis indicus Poinar has a great control potential 

against R. ferrugineus with 100% larvae and adult mortality in the 

laboratory and 67% larval mortality in the field (Abbas et al., 

2001; Elawad et al., 2007). The EPNs, Steinernema carpocapsae 

Weiser and H. bacteriophora infect different stages of R. 

ferrugineus (Mastore et al., 2015; Santhi et al., 2015). The EPNs, 

S. affine, S. feltiae, and H. bacteriophora cause mortality to R. 

ferrugineus larvae, with the highest larval mortality caused by H. 

bacteriophora (94%) (Gozel et al., 2015). In another study, H. 

bacteriophora was reported as the most effective species on R. 

ferrugineus larvae followed by S. longicaudum, S. glaseri, S. 

carpocapsae, and S. Krausse (Triggiani & Tarasco, 2011). S. 

carpocapsae and H. bacteriophora caused 97% and 86% mortality 

of R. ferrugineus, respectively (Manzoor et al., 2017). Thus, it 

could be recommended that EPNs could be used as bio-agents for 

R. ferrugineus management, and integrated with EPF for 

successful control of R. ferrugineus (Wakil et al., 2017). 

4.4.3 Entomopathogenic bacteria (EPB) 

The entomopathogenic bacteria (EPB), Bacillus thuringiensis 

(Manachini et al., 2009), B. sphaericus, B. laterosporus, B. 

megatherium, Pseudomonas aeruginosa (Salama et al., 2004), and 

Serratia marcescens (Pu & Hou, 2016) are found to be pathogenic 

to R. ferrugineus. B. thuringiensis can be used in R. ferrugineus 

control as a potential bio-agent and it caused 94% mortality of the 

2
nd

 larval instars after 15 days of application (Pu et al., 2017). 

Mahmoud et al. (2011) demonstrated the highest R. ferrugineus 

mortalities of 76%, 84%, and 100% after 24, 48, and 72 hours of B. 

thuringiensis application. B. thuringiensis subsp. kurstaki caused 

70% larval mortality in the laboratory (Manachini et al., 2009). 

Malik et al. (2019) suggested that the combination use of the 

fungus, B. bassiana, and the bacterium, B. thuringiensis could be 

an effective tactic in the red palm weevil control. 

4.4.4 Viruses and protozoa 

The highly potent cytoplasmic polyhedrosis virus infected all 

developmental stages of R. ferrugineus, and laboratory infection of 

older larvae resulted in malformed adult’ development 

(Gopinadhan et al., 1990). El-Minshawy et al. (2005) found that 

even when the virus was stored at -4°C for 18 months, there were 

no significant differences in LC50 between the frozen stored 

Rhynchophorus-polyhedrosis virus and the newly extracted one 

against the red palm weevil. In addition, in the digestive tracts of 

R. ferrugineus, there seems to be synergistically degraded by 

flagellated protozoa (Ragaei et al., 2009). 

4.4.5 Parasitoids and predators  

The scollid wasp, Scolia erratica Smith (Hym., Scoliidae) is 

considered as an ectoparasitoid of the red palm weevil larvae 

(Sarwar, 2016), while the sarcophagid fly, Sarcophaga fuscicauda 

Bottcher attacks adults (Mazza et al., 2014). The parasitoid mites, 

Tetrapolypus rhynchophori Ewing, Rhynchopolipus swiftae 

Husband &O’Connor, and R. rhynchophori (Ewing) have been 

recorded parasitizing adults (Abdullah, 2009; Al-Deeb et al., 

2012). The predatory earwigs, Chelisoches morio (Fabr.), 

Anisolabis maritime Bonelli and Euborellia annulipes (Lucas), and 

the anthocorid, Xylocorus galactinus (Fieber) are some of the 

common predators of the pest (Mazza et al., 2014; Sarwar, 2016). 

The predatory bug, Platymeris laevicollis Distant preyed upon R. 

ferrugineus (Mazza et al., 2014). 

4.5 Bioinsecticides (Plant extracts) 

The drawbacks of synthetic chemical insecticides in the agriculture 

sector led to increase the interest in using plant extracts as an 
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alternative control method in pest management (Shannag et al., 

2015). Using plant extracts to control insect pests could result in 

declining environmental pollution, eliminating toxicity to humans, 

and preserving non-target organisms (Sarwar et al., 2013). The 

active ingredient (Azadirachtin) of the neem tree is the most 

known promising plant species being used for the synthesis of 

bioinsecticides (Shannag et al., 2015), and more than 200 insect 

species were reported to be controlled by extracts derived from the 

neem tree. Nassar & Abdullah (2001) reported that Azadirachtin 

was very toxic against different developmental stages of R. 

ferrugineus. Seed powder of cardamom, Elettaria cardamomum 

and clove, Syzygium aromaticum resulted in 100% adult mortality 

of R. ferrugineus after 3 days of application (Al-Dawsari, 2019). 

Among 13 plant extracts for controlling R. ferrugineus, the ethanol 

extracts of sea ambrosia (91% mortality), French cotton (86% 

mortality) and curcuma (85% mortality) have the highest toxicity 

against R. ferrugineus in laboratory and field experiments (Salama, 

2007). Topical application of Jojoba, Boxus chinensis oil resulted 

in R. ferrugenius larval mortality of 99% and adult mortality of 

73% (Nassar & Abdullah, 2005). However, to control R. 

ferrugineus, more emphasis should be paid to the insecticidal 

capabilities of plant secondary metabolites such as rotenone, 

coumarin, limonine, and piperine (Al-Jabr et al., 2017). Thus, plant 

extracts could be exploited in developing more effective strategies 

to control of R. ferrugineus. 

4.6 Host plant resistance 

Over millions of years of interaction with herbivores, plants have 

evolved a broad range of defensive mechanisms to pest attacks 

(Smith & Clement, 2012). The use of plant resistant cultivars 

against pests is desired control method due to their effectiveness, 

safe to humans and environment, maintenance of natural balances 

within the ecosystem, and a major component of IPM strategies 

worldwide (Al-Zyoud et al., 2009, 2015). Host plant resistance is 

important for the successful management of R. ferrugineus in date 

palms. Date palm cultivars like Mazafati with hard tissues and high 

calcium contents inhibit the development of red palm weevil 

(Faleiro, 2006; Al-Ayedh, 2008). However, it was found that the 

date palm cultivars, Khlas (Faleiro et al., 2014) and Sukkary (Al-

Ayedh, 2008) are highly preferred by R. ferrugineus, while the 

European fan palm and the California fan palm appear to be 

resistant to the pest (Dembilio et al., 2009). Although host plant 

resistance mechanisms involving antixenosis and antibiotic effects 

are known (Dembilio et al., 2009; Faleiro et al., 2014), host plant 

resistance is not well utilized at the present for R. ferrugineus 

management. 

4.7 Cultural control 

Due to the adverse effects of pesticides (Kranthi et al., 2001), the 

interest in cultural control methodologies for pest management is 

renewed, and nowadays they form a major component of IPM. 

Cultural control methodologies have been used to manage 

agricultural pests for centuries because these practices are safe 

with less expenditure (Al-Zyoud, 2014a,b). However, cultural 

practices influence both R. ferrugineus infestation in the field 

(Sallam et al., 2012), and the detection efficiency of visual 

inspection. In this regard, the role of offshoot management, frond 

pruning, irrigation method, field sanitation, and palm tree density 

is needed to be adopted to prevent R. ferrugineus from spreading 

from infested palms, reduce the risk of pest attack and facilitate the 

management of R. ferrugineus. Once infested, the trees must be cut 

into small pieces, buried deeply, or burned. Pruning of palm leaves 

when they are green must be avoided, this is due to the fact that 

pruning constitutes a strong attraction for R. ferrugineus adults and 

may facilitate egg laying by females. Pruning should be avoided 

during the periods of adult activity so it should be carried out 

during the winter period when the adults are not active and 

followed directly by insecticidal application on the pruned/cut 

parts of the tree. Avoiding mechanical damage to trees reduces the 

pest infestation since R. ferrugineus females prefer to lay their 

eggs in the soft tree tissues (Sallam et al., 2012). 

4.8 Sterile insect technique (SIT) 

Management of R. ferrugineus using traditional methods is not 

effective because detecting early infestation is so difficult. The SIT 

is highly specific to the target pest. As part of the future IPM of R. 

ferrugineus, trials were set up to assess the possibility of including 

SIT to target the pest population (Musmeci et al., 2013). To check 

the efficiency of a SIT strategy, some physiological and behavioral 

parameters of R. ferrugineus reproduction were investigated. By 

confining females with either irradiated males or wild-type males, 

the paternity of progeny from multiply mated females was 

determined. The progeny was almost created by the sperm of the 

second males, demonstrating that R. ferrugineus has a high level of 

last-male sperm precedence and providing good insights for an 

area-wide R. ferrugineus management utilizing the SIT technique 

(Musmeci et al., 2018). 

4.9 Gene silencing technology 

The infestation by R. ferrugineus is primarily mediated by its 

ability to locate a host plant by the olfactory detection of 

aggregation pheromones produced by males (Gunawardena & 

Bandarage, 1995). When the OR protein forms a heterodimer with 

the olfactory co-receptor (Orco), it helps with selectivity and 

sensitivity. Deleting Orco has been resulted in degrading the OR 

protein function (Larsson et al., 2004), and thus Orco silencing 

may inhibit the response of the insect to the pheromones, which 

could provide a newly advanced tactic for the management of 

pests. Molecular methods using olfaction interference have the 

potential to disrupt insect mating and plant locating, and thus 
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disturbing insect reproduction. Many authors reported that Orco is 

a promising target candidate (Franco et al., 2016). Orco disruption 

by silencing the gene (RNA interference, RNAi) is used widely in 

protecting crops (Price & Gatehouse, 2008). The olfactory 

detection genes were already identified in R. ferrugineus (Antony 

et al., 2016; Soffan et al., 2016). When dsRNA was injected into 

the dorsal abdomen of R. ferrugineus pupae, RferOrco expression 

was significantly reduced compared to control weevils (not 

injected). It seems that olfactory disruption applications could 

successfully lead to the development of a novel pest-management 

strategy for eradicating R. ferrugineus (Soffan et al., 2016).  

4.10 Quarantine 

Abraham et al. (1998) showed the significance of implementing 

rigorous quarantine regulations as the main element of R. 

ferrugineus management. Transportation of palm offshoots results 

in the movement of the pest to new regions. Furthermore, applying 

strict quarantine regulations to manage the palm nurseries are 

important to apply IPM of R. ferrugineus, prohibit the spread of 

the pest via plant materials, and maintain control level. Although 

both domestic and international quarantine regulations do exist to 

prevent the transportation of infested palm materials, their 

enforcement is still poorly implemented. Farmer’s awareness and 

cooperation, lack of trained staff, transportation through alternate 

routes, dearth of certified palm nurseries, and lack of coordination 

among law enforcement agencies are challenges in the proper 

implementation of quarantine regulations (Abraham et al., 1998). 

Dipping offshoots of date palms in insecticides are considered a 

successful quarantine procedure (Al-Shawaf et al., 2013).  

4.11 Geographical information system (GIS) 

The GIS is the main support tool for decision making in IPM 

programs, movement control of plant materials, and contingency 

plans. The wide geographical dispersion and a large amount of 

data are the keys to the importance of using GIS. A GIS is a 

system set up to capture, store, handle, analyze, manage and 

present geographic data. However, the GIS technique was used to 

check the efficiency of pheromone traps in regions infested by R. 

ferrugineus. A statistical model has already been proposed 

depending on adult capture information and supports the use of 

GIS in IPM programs (Massoud et al., 2011, 2012). Systematic 

GIS-linked data collection is required, for example, employing a 

large number of maps (traps and adult catches), so that 

geographical variations in R. ferrugineus spread can be tracked and 

infested palms may be located. High accessibility to mobile-GIS 

devices enables the development of location-aware surveillance 

and facilitates the collection of agro-environmental data on time. 

Regular accumulation of R. ferrugineus and distribution and 

conditions of palm plantation together with treatment history is 

considered the basis for the decision-making processes. 

Conclusions and future perspectives 

The red palm weevil, R. ferrugineus has been spreading into new 

territories and continues to be a destructive pest worldwide; 

causing economic losses to date palm estimated at billions of 

dollars. The current review article provides a thorough discussion 

of the geographical distribution, host plants, economic importance, 

infestation symptoms, morphology, and biology of R. ferrugineus. 

Furthermore, this article presents an overview of all control tactics 

that have been developed to manage R. ferrugineus worldwide; 

including pest surveillance, trapping, chemical control, biological 

control, bioinsecticides, host plant resistance, cultural control, SIT, 

gene silencing technology, quarantine, and GIS. 

The cryptic lifestyle of R. ferrugineus larvae in the trunk exhibits 

serious detection and management difficulties. Thus, there is an 

urgent need to develop a fast, accurate, cost-effective, and easily 

applicable protocol for early detection of R. ferrugineus infestation 

taken into account the trap’ type, design, color, placement, density, 

components, and serviceability.  

Many challenges facing date palm farmers to control R. 

ferrugineus including the non-existence of any structured IPM 

program, poor quarantine protocols, lack of farmer trainings on R. 

ferrugineus issues, and lack of efficient implementation and 

coordination of all control measures. Thus, it is of vital importance 

to implement strict quarantine regimes worldwide to limit the 

spread of R. ferrugineus. To sum up, it is recommended to promote 

awareness among farmers, citizens, municipalities, researchers, 

non-governmental organizations, and decision makers about the 

significance of the R. ferrugineus issue. Furthermore, there is a real 

need to intensify coordination and cooperation among institutions 

at the global level, use of social media to information transmission, 

well-known journalists to contribute to raising awareness, 

networking, capacity building, communication, extension service, 

and research. 

The current state of knowledge indicates that, although no single 

method perfectly detects R. ferrugineus infestation, a combination 

of detection methods (visual inspection, pheromone traps, thermal, 

chemical, and acoustic detection) can provide a successful 

detection of the pest. R. ferrugineus control depends mainly on the 

intensive use of insecticides. However, injection insecticidal 

treatments lead to the creation of wounds and mechanical 

weakness that could generate a palm failure risk in the future. 

Furthermore, there is a lack of protocols for carrying out 

preventive and curative treatments commonly used to control R. 

ferrugineus, and regular preventive insecticide applications should 

be avoided to reduce residues in dates. 

Although considerable efforts have been made to develop IPM 

tactics throughout the last 30 years, it is still unable to completely 
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manage R. ferrugineus in an ecofriendly manner using biological 

control, plant extracts, SIT, and gene silencing technology. The 

information available in this review confirms that the 

entomopathogenic bio-agents (EPF, EPNs, and EPB) are worth to 

be taken into account for inclusion in R. ferrugineus-IPM 

programs. It appears that future studies are urgently needed on the 

use of plant extracts, SIT, and gene silencing technology, and the 

development of transgenic plants to be used as novel effective and 

environmentally sound strategies to eradicate R. ferrugineus. 

Finally, it is hoped that this review will contribute to the 

sustainability of date palm production worldwide. 
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