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Abstract 
Massa, R., G. Panariello, M.D. Migliore, D. Pinchera, F. Schettino, R. Griffo, M. Martano, K. Power, P. Maiolino and E. 

Caprio. 2019. Microwave heating: a promising and eco-compatible solution to fight the spread of red palm weevil. Arab 

Journal of Plant Protection, 37(2): 143-148. 
 The red palm weevil is one of the major pests of palms. Until now no effective and economic method has been adopted for the total 

eradication of this pest and some concerns are raised for chemical methods, mainly in ornamental plants located in urban areas. Among the 

proposed techniques, a very promising and eco-compatible solution is the palm microwave heating, which could be integrated in a IPM 

approach. Advantages of microwave disinfestation include speed, efficiency and the absence of toxic, hazardous or polluting residues. 

Moreover, insects are not likely to develop a resistance to radiation as they often do to chemical insecticides. This work aims to resume our 

results on the feasibility of microwave applications on infested Phoenix canariensis palms. Temperatures that can be lethal to insects applied 

on the external layers do not affect the internal palm tissues. Moreover, microwaves can influence the ability of reproduction of the survived 

weevils. Once the physical/thermal parameters of the tissues were determined, a protocol of duration of time and schedule (on-off cycles) was 

developed for a better control of the temperature profile inside the palm. In this way, the lethal temperature dose for the insects was applied 

using a ring microwave applicator. 

Keywords: non ionizing radiation, pest control, alien invasive pest. 

 

Introduction1 
 

The invasive Red Palm Weevil (RPW), Rhynchophorus 

ferrugineus Olivier (Coleoptera, Curculionidae) is one of the 

most destructive pests in palms in the world. In the 

Mediterranean Basin it is particularly damaging for Phoenix 

canariensis Hort. ex Chabaud. Different control methods 

have been applied within an integrated pest management 

(IPM) strategy (Gliblin-Davis et al., 2013) including 

synthetic insecticides, insect traps, plant extracts and 

biological control (Ajlan, 2000; Di Ilio et al., 2018; El-Shafie 

et al., 2011; EPPO, 2008; Faleiro, 2006; Murphy and 

Briscoe, 1999; Nassar and Abdullah, 2001; Oehlschlager, 

1993; Wattanpongsiri, 1966). Until now no effective and 

economic method has been adopted for the total eradication 

of RPW and chemicals techniques are the most used. Due to 

different commercial products authorized by the national 

ministries of different countries, different results in the 

applications of the adopted molecules both in ornamental and 

date palms have been obtained. For this reason, a 

considerable interest towards solutions able to control the 

pest, with a minimum impact on the environment, has risen. 

The experience gained until now suggests that it is necessary 

to adopt preventive strategies that have primarily a protective 

character. If the palms are treated in the early stages of attack 

they can recover and their stability is not compromised. In 

this contest microwave heating is a particularly interesting 

                                                           
http://dx.doi.org/10.22268/AJPP-037.2.143148 

© 2019 Arab Society for Plant Protection  العربية لوقاية النباتالجمعية  

tool. In recent years this technique has attracted great interest 

in the environmental engineering field. It is based on the 

transformation of the energy of these non-ionizing 

radiations, which cover both radiofrequency (RF) and 

microwaves (MW), into thermal energy when they interact 

with polar molecules (as water) and ions (Gabriel et al., 

1996). Dielectric heating has been investigated for several 

applications designed for the volumetric heating of materials 

as rubber, wood, paper, agricultural products, for food 

processing and disinfestations (wheat, rice, fruit) 

(Lewandowski, 2001; Vincent et al., 2003; Wang and Tang, 

2001; Wang et al., 2003) and it has been approved by the 

International Plant Protection Convention (IPPC) for the 

treatment of wood packaging materials, according to ISPM 

15 Regulation of Wood Packing Material in International 

Trade of the FAO (FAO 2014, 2018; Henin et al., 2014). The 

idea of using MW against RPW is based on the fact that this 

radiation should be able either to induce a thermal increase 

in the pest, heating it to a lethal temperature without harming 

the plant tissues, or to affect the reproduction of survivors as 

reported in other papers (Hamid, 1968). In this work we 

present the feasibility of this approach and its application in 

Phoenix canariensis palms. The efficacy of the treatment has 

been proved in semi-field tests. RPW lethal temperatures can 

be easily reached in the external layers of the trunk. The 

surviving RPW (time) can be reduced as MW is able to affect 

their longevity and induce morphological alterations of the 

https://bioone.org/search?author=H._A._F._El-Shafie
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ovaries and testes in adult RPWs (both male and female). 

The measurements of thermal and electromagnetic 

parameters of the tissues involved (both insect and plant 

host) allowed to develop a thermal-electromagnetic model 

that is the base of a software validated both numerically and 

experimentally. The treatment can be optimized on the basis 

of the evaluation of the performance of the applicator and the 

developed tool, that can be easily adopted by not skilled 

operator. Once parameters (dimension of the palm, ambient 

temperature, wind conditions, penetration depth) are set, it is 

then possible to establish the power, modulation and duration 

of the treatment.  

 

Effectiveness of palm microwave sanitation in 

laboratory and semi-field tests 
 

The feasibility of microwave treatments of Phoenix 

canariensis to control RPW was reported by Massa et al. 

(2011). A preliminary semi-field test was performed on an 

infested plant (30 cm diameter) treated with a truncated 

waveguide connected to a magnetron source (2.45 GHz, 1 

kW) for 30 min. During irradiation, thermal images were 

recorded with an infrared (IR) thermocamera and data 

showed that only the external region of the palm directly 

involved in the treatment reached high temperatures (about 

70 °C). Larvae and adults present in this section were found 

dead. These results highlighted a low thermal conductivity 

and were in agreement with that expected on the basis of 

laboratory tests on the electromagnetic characterization of 

both plant tissues (healthy and damaged by the pest) and 

insects (Massa et al., 2011; 2014). The data showed a 

microwave penetration depth of the order of a couple of 

centimeters at 2.45 GHz, due to the high water content in the 

plant tissues. In particular, by applying Ulaby model to our 

data (Ulaby and El-Rayes, 1987), the volume fraction of free 

water resulted higher than that of the bulk vegetation-bound 

water mixture in the damaged tissues. In the case of insects 

at 2.45 GHz, the loss factor on the surface of the adult 

resulted much lower than that of the larva (due to the reduced 

water content of the insect at this stage compared to that of 

the larva), and the penetration depth in the chamber was of 

many centimeters, thus allowing microwaves to reach the 

larva/adult depending on the stage of metamorphosis.  

 Microwave exposures carried out in the laboratory 

under controlled conditions confirmed these results. Larvae 

or adults were introduced into a short-circuited waveguide 

fed by a microwave source (2.45 GHz), incident and 

reflected powers were measured by power meters and 

temperatures were monitored by an IR thermocamera 

(Figure 1). With an incident power density of 5W/cm2, larvae 

suddenly reached lethal temperature, while adults longevity 

depended on the time exposure. 

  

 
 

Figure 1. (A) Microwave exposure set up; (B) insect inserted into 

the waveguide; (C) thermogram acquired during the exposure 

 

 Finally, an additional set of tests was performed on 

bigger Phoenix canariensis palms (50 cm diameter) to 

estimate the efficacy of the treatment and the effect of the 

induced thermal stress. Eight out of thirteen palms were 

infested. Four infested palms and two healthy plants were 

microwave treated with a commercially available ring 

applicator (Ecopalm ring, Bielle s.r.l.). In Table 1 the 

exposure time and the number of alive and dead insects 

found in dissected palms (24 h after treatment) are reported. 

 As expected, an extremely high mortality was recorded 

in the case of insects blocked into cocoons. Adults were more 

affected than larvae (that were probably more inside the 

plant). The total effectiveness was between 60-90%. 

Regarding the healthy microwave treated plants, they were 

observed for one month and compared with healthy and un-

treated palms. No effects of thermal stress were qualitatively 

observed. 

 

Impact of microwaves on RPWs reproductive 

organs  
 

Among the factors that influence the RPW’s invasive 

potential there are the ability to complete several generations 

in a year even in the same tree and the high female fecundity. 

Females are usually attracted by palm volatiles and lay 

several eggs in dying or damaged parts of palms, although 

undamaged palms could also be attacked. After few days, 

eggs hatch into larvae which develop within the trunks of 

palms, frequently leading to the plant death (Faleiro, 2006; 

Giblin–Davis et al., 2013; Murphy and Briscoe, 1999; 

Wattanpongsiri, 1966).  

 

  

Table 1. Effectiveness of the treatment. Alive or dead insects found after microwave treatment 

 

Infested 

Palm 

Treatment 

time 

Living 

Adults 

Dead 

Adults 

Living 

Larvae 

Dead 

Larvae 

Living 

Pupae 

Dead 

Pupae 

%Dead 

Adults 

%Dead 

Larvae 

%Dead 

Pupae 

%Dead 

Total 

#1 30 min 3 1 0 0 0 6 25 - 100 70 

#2 45 min 2 25 3 2 0 6 92 40 100 87 

#3 45 min 15 21 0 0 3 6 58 - 67 60 

#4 45 min 5 10 0 1 0 1 67 100 100 71 
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At present, different pest control methods have been 

adopted. Nevertheless, none has proven completely 

effective. Currently, a Sterile Insect Technique (SIT) (Dyck 

et al., 2005) is being developed to reduce fertility of the 

entire population of a specific pest in a particular area with 

minimal toxic effects (Llacer et al., 2013). Exposure to 

ionizing radiation is currently one of the methods for 

rendering insects reproductively sterile and it was proven 

effective even in RPW (Al- Ayedh, 2008; El Naggar et al., 

2010; Paoli et al., 2014). Recently, microwaves heating has 

proven to be very useful in the environmental field. In a 

recent study, the morphologic and histological features of the 

male and female reproductive system of the RPW irradiated 

(Figure 1) at three different exposure time (5 s, 15 s, and 30 

s) with microwaves (2.45 GHz, 5 W/cm2) were investigated 

(Martano et al., 2018). This study reported that the 

histological lesions in irradiated male and female RPWs 

were characterized by alterations of various severity levels 

ranging from degeneration to necrosis of germinal cells 

(Figure 2). The severity of the lesions increased with increase 

of irradiation time, showing severe alterations (necrosis) at 

30 s, in all female samples and in almost all males (75%). 

Furthermore, the histological effects of radiation were 

similar to that observed in RPWs treated with insecticidal 

agents (El-Bokl et al., 2010), gamma rays (El Naggar et al., 

2010; Paoli et al., 2014) and zinc sulfate (Al-Dhafar and 

Sharaby, 2012). Based on the results obtained, authors 

suggest that the impact of MWs on ovaries could lead to a 

progressive reduction of egg production and sterility of eggs, 

while on testis could induce loss of germinal cell, leading to 

a total lack of germ cells, with consequent arrest of 

spermatogenesis. These observations allow us to say that the 

MW could be an efficient way to reduce RPW population, 

because they could reduce or stop completely the 

reproductive ability of this insect. 

 

 
 
Figure 2. (a) Female RPW. Ovary. Vacuolar degeneration and 

necrosis of germinal cells were observed in 30 s irradiated samples 

(c; 20X) (Hematoxylin and Eosin). (b) Male RPW. Testis. In 30 s 

irradiated samples degenerative changes appeared in the precursors 

of spermatids and seminal epithelium (40X) (Hematoxylin and 

Eosin). 

 

Microwave optimization treatment 
 

One of the key problems in the microwave treatments of 

palms is their optimization, i.e. to estimate the microwave 

energy that must be radiated in order to reach the lethal 

temperature for the insect without damaging the palm. To 

reach this goal we proposed an electro-thermal model 

allowing the simulation of the thermal and electromagnetic 

processes involved in microwave heating. The model was 

validated both numerically and experimentally (Massa et al., 

2017) and resulted in an in-house software named 

ThermPalm. 

In this article a brief description of the steps followed 

to develop such a model is sketched. The interested reader 

can find more details in earlier reports (Massa et al., 2017), 

while in this paper we focus the attention on the practical 

indications obtained from the simulations, with special 

attention to the ThermPalm program results, that allow to 

identify the power, time and schedule necessary to obtain the 

lethal temperature at a certain depth, depending on the 

assumed palm infestation level. 

 We assumed a rapid substitution, during irradiation, of 

the evaporating water by other water drained by the plant (as 

Ulaby model suggested) and a negligible temperature 

dependence of thermal and electromagnetic parameters. In 

addition, we considered a cylindrically symmetric 

microwave illumination around the trunk of the palm and a 

longitudinal invariance. Consequently, all physical quantities 

in both thermal and electromagnetic models only depend on 

the radial coordinate and time and the analysis can be easily 

carried out by means of an FDTD (Finite Difference Time 

Domain) approach.  

 The thermal parameters of the palm were evaluated on 

an alive palm by measuring the temperature behavior during 

both microwave heating and cooling phases (Massa et al., 

2017). To this end, a WR340 waveguide, fed by a magnetron 

source (1 kW incident power), was placed in front of the 

palm to be heated and two fiber optic probes, connected to 

the thermometer, were positioned at different depths inside 

the palm allowing accurate and non-perturbative temperature 

measurements in two points along the radius of the palm. The 

measurements of electromagnetic parameters, determined 

with the truncated coaxial technique (Migliore, 2000; 

Panariello et al., 2001; Romeo et al., 2011) and the mass 

density, are reported earlier (Massa et al., 2014). On the basis 

of thermal and electromagnetic parameters, taking into 

account the boundary conditions, and both natural and forced 

convection, a simple mono-dimensional electromagnetic-

thermal code is able to predict, quite in real time, the 

thickness of the annular area in “living” palms wherein the 

RPW lethal dose (temperature and time) is reached without 

damaging the palm core that is the most relevant area for the 

life of the palm itself. The code has been employed with the 

commercial ring microwave applicator EcoPalm (patented 

by Bi.Elle s.r.l., (Figure 3) but could be used with different 

applicators. It consists in 12 magnetrons (2.45 GHz, 1kW 

nominal power) arranged in a ring that can be closed around 

the palm in order to surround a section of the trunk. The 

magnetrons can be automatically controlled in order to 

optimize the treatment and can be turned on and off with a 

proper temporal cycle in order to increase the temperature 

inside the palm without reaching a too high temperature on 

the surface.  

 The user can set a number of parameters: 

environmental temperature, diameter of the palm, presence 

of wind, treatment depth and goal temperature. Other 

parameters are the power of the microwave applicator and 

the section of the palm to be treated (i.e. the height of the 

section of the palm), depending on the applicator. On the 

basis of these information the output is the duration of an on-
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off sequence of the magnetrons able to give the target 

temperature within the treatment depth set.   

 

 
 

Figure 3. The EcoPalm ring applicator (patented by Bi.Elle s.r.l.). 

 

 As an example, we consider a 40 cm diameter palm, 

environmental temperature of 20 °C with no wind, 10 cm 

treatment depth and 55°C as goal temperature. The program 

identifies an optimal treatment with 7 on-off sequences 

lasting 7 min each.  

 In Figure 4, the heat distribution during the treatment 

is shown. The central figure (black curve) represents the turn 

on and turn off sequence. The temperature distribution (false 

colors) in a section of the palm and at different depths are 

shown in the higher and lower figure, respectively. At the 

beginning (time t=0) the section of the palm has uniform 

temperature equal to the environment temperature. Then the 

magnetrons are turned on at the maximum power for 7 

minutes. The increase of the temperature in the palm is 

clearly visible in the lower figure. Then the magnetrons are 

turned off. The outer part of the palm starts cooling, while 

the inner part increases the temperature due to the thermal 

diffusion process. After 7 minutes, the magnetrons are turned 

on again, causing a fast increase of the temperature on the 

outer part of the palm section. This helps the increase of the 

temperature in the inner part of the palm caused by the 

diffusion process. This turn-on turn-off process is repeated 

in order to meet the requirements set in the ThermPalm 

window. 

 The simulation clearly shows the physical processes at 

the basis of the increase of temperature of the palm. The 

microwave power is directly transferred to the palm tissue in 

the first 4-7 cm, due to its high water content that strongly 

limits the penetration depth of microwaves inside the palm. 

In this area temperature increases very quickly since it is 

caused by direct microwave energy delivery. Instead, in the 

inner sections of the palm the thermal increase is due to the 

low heat conduction that is a much slower process. The on-

off optimized sequence balances this two heating processes, 

allowing to reach the target temperature without dangerous 

thermal stress of the outer part of the trunk. It is worth noting 

that heat transfer due to convection on the surface of the palm 

is a parameter that plays an important role. Indeed, cooling 

of the surface can modify the temperature distribution inside 

the palm. In Figure 5, it is shown that the estimated 

temperature distribution inside the palm at the end of the on-

off sequence with and without wind. A shift of the maximum 

temperature can be observed.  

 

 
 

Figure 4. Temperature distribution in false colour in a section of 

the palm as function of time during the on-off cycles of the 

microwave applicator; the black curve represents the turn on-turn 

off sequence of the magnetron; in the lower figure the temperature 

at different depths of the palm (vertical axis of the figure) as 

function of time (horizontal axis of the figure) is shown; depth=0 is 

the surface of the palm, depth= 20 cm is the radius of the palm. 

 

 

 
 

Figure 5. effect of wind on temperature distribution in the palm: 

left – no wind, right – strong wind. 

 

Conclusions 
 

MW heating of Phoenix canariensis palm resulted in an 

efficient, cheap and eco-compatible method to control RPW 

without affecting the plant, which could possibly be 

integrated in an IPM approach. Data showed that, with the 

adopted conditions, the microwave heating affects only the 

outer section of the palm, while the core remains quite cool. 

This is a relevant feature, since it matches two important 

requirements: the layers involved in the process are the 

regions where both the early stage and the pupal stage occur 

(it is worth noting that if the pest reaches the inner tissues, 

the palm irremediably dies and any treatment is useless); 

while keeping the core of the palm at lower temperature 

guarantees that microwaves do not affect the health of the 

plant. The process can be optimized by means of a suitable 

heating/cooling cycle, estimated by an in-house software 

implementing a simple electro-thermal model, validated both 

numerically and experimentally. 

 The knowledge and experience gathered in the case of 

Phoenix canariensis could be extended to other palm species 

attacked by one of the most destructive pests in the world. 
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 الملخص

التسخين بالموجات . 2019 .كابريو إ. و مايولينو. ب باور،. ك مارتانو،. م جريفو،.ر تينو،اش. ف بينشيرا،. د ميغليور،. د. مبانريالو،  ر.، ج. ماسا،

 .148-143 (:2)37مجلة وقاية النبات العربية، الدقيقة: حلٌّ واعد وملائم بيئياً للحدّ من انتشار سوسة النخيل الحمراء. 

، ةكلّيبصورة  للقضاء على هذه الآفة   ومجدية  اقتصاديا  ناجعة   ولغاية تاريخه لم يتمّ اعتماد طريقة  . لأشجار النخيل من الآفات الرئيسة الحمراءسوسة النخيل تعدّ 

ومن بين التقنيات  الحضرية/المدنية.ظهور مخاوف بشأن استخدام الطرائق الكيميائية للمكافحة ولاسيّما في حالة نباتات الزينة المزروعة ضمن المناطق فضلا  عن 

وتشتمل عدا  وصديقا  للبيئة، ويمكن دمجه ضمن مقاربات برنامج المكافحة المتكاملة للآفات. النبات النخيل حلّا  والميكروية /دقيقةالمقترحة، يعدّ التسخين بالموجات ال

حشرات بزوغ ؛ وفوق ذلك، فمن غير المرجّح رة أو الملوّثةة، وغياب المتبقيات السمّية والخط  مزايا التخلّص من الآفة باستخدام الموجات الدقيقة على السرعة، الكفاء

معاملات الموجات الدقيقة على أشجار نخيل  الجدوى مننتائجنا حول متابعة يهدف هذا العمل إلى مقاومة  للإشعاع على غرار ما تفعله غالبا  تجاه المبيدات الكيميائية. 

على الأنسجة الداخلية لشجرة  للنبات لا تؤثرّ ةالخارجي طبقاتإنّ درجات الحرارة التي يمكنها قتل الحشرات والمطبّقة على ال المصابة. Phoenix canariensisالزينة 

عقب الانتهاء من تحديد المؤشرات الفيزيائية/الحرارية  ؤثرّ على القدرة التكاثرية لحشرات السوس الباقية.النخيل؛ وعلاوة  على ذلك، يمكن للموجات الدقيقة أن ت

للوصول إلى تحكّم  أفضل بوضع درجات الحرارة داخل نسيج النخيل.  الاغلاق(-تطوير بروتوكول للمدّة الزمنية وجدولا  زمنيا  )دورات التشغيلللأنسجة النباتية، تمّ 

   شرات باستخدام قضيب الموجات الدقيقة الحلقي. وعلى هذا النحو، فقد تمّ تطبيق جرعة الحرارة القاتلة للح

 .مكافحة الآفة، آفة دخيلة غازية، أشعة، أشعةّ غير مؤينّة كلمات مفتاحية:
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