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The Conference of the Ministers of Agriculture of the date palm producing
countries, organized by Khalifa International Award for Date Palm and Ag-
ricultural Innovation and hosted by United Arab Emirates in Emirates Pal-
ace, Abu Dhabi on 09 March 2019, under the patronage of His Highness
Sheikh Mansour Bin Zayed Al-Nahyan, Deputy Prime Minister and Minis-
ter of Presidential Affairs and in cooperation with FAO and the Ministry of
Climate Change & Environment, constitutes a milestone in supporting the
international efforts aiming at preparing the Framework Strategy to elimi-
nate the Red Palm Weevil that threatens our food security and our ability to
produce high quality and nutritious dates.

The significance of this conference stems from the major risk of the Red
Palm Weevil in the Date Palm Sector. This cross-border pest is spreading
like the wildfire all over the world and infests different kinds of trees such as
the date palm and the coconut palm. We clearly notice in the region of the
Middle East, North Africa and the Mediterranean basin, the severe harms
of this pest. It negatively affects the date palm production and threatens
our main sources of nutrition and food security. Further, it significantly af-
fects our natural resources and our ability to make sustainable development
in the agricultural sector, which necessitates preparing key measures and
plans for controlling this pest in most date palm regions of the world.

We are very keen, here in UAE, to fully contribute to the support of all Red
Palm Weevil Control Programs in cooperation with all countries interested
in this matter and with all competent international organizations. We further
strongly support the creation of a Trust Fund to provide the required financial
support to execute the decisions adopted in this conference including the
adoption of a proper framework strategy to eliminate the Red Palm Weevil.
We also support FAQ's efforts in hosting this exceptional multi-donor fund
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and facilitating its governance and administration at the highest standards
of efficiency and competence to achieve the most benefit of all experienc-
es and expertise available and to provide the required help to all member
countries; especially in the field of building the national capabilities in every
country in order to control the Red Palm Weevil.

These significant initiatives are an embodiment of successful regional
and international cooperation in the field of protecting palm trees and en-
suring their important place in the social and economic processes for the
date producing regions all over the world. From this point, | want to express
my appreciation for the efforts of all Ministries of Agriculture in the affected
countries. | further appreciate the efforts of the competent international or-
ganizations. It is really pleasuring to witness this outstanding regional and
international cooperation together on the way of eliminating the Red Palm
Weevil and its detrimental effects on all levels.

Nahayan Mabarak Al-Nahayan
Minister of Tolerance

and Chairman of the Board of Trustees
of Khalifa International Award

for Date Palm and Agricultural Innovation



The Red Palm Weevil is a major cross-border pest that infests Date, Co-
conut and Ornamental Palms. Although infection was detected in South
Asia, it is spreading all over the world like wildfire. In the Near East, this pest
severely damaged the date palm and affects the production and livelihood
of almost 50 million farmers. Moreover, infection with the Red Palm Weevil
was also detected in North Africa and the Mediterranean Basin. Hence, the
Red Palm Weevil is considered one of the Quarantine Pests in the Near
East, North Africa and, Latin America countries and thus it is targeted by the
emergency measures of the Europe.

The weakness of quarantine measures and the difficulties facing the early
detection of the date palm infected with the Red Palm Weevil have in turn
contributed to the rapid spread of this pest that was not effectively con-
trolled, despite the efforts exerted and resources provided by countries and
organizations. In addition, extended researches have been conducted on
the Red Palm Weevil control until it became significantly recognized that the
challenges arising from the Red Palm Weevil must be treated as soon as
possible on the national, regional and global level, which necessitates the
enhancement of cooperation and solidarity between countries and regions;
especially in the coordination of monitoring and control strategies.

From this point came the importance of holding the Ministries of Agricul-
ture’s Conference of the date producing countries in Abu Dhabi on 09 March
2019 organized by the General Secretariat of Khalifa International Award
for Date Palm and Agricultural Innovation under the patronage of His High-
ness Mansour Bin Zayed Al-Nahyan, Deputy Prime Minister and Minister of
Presidential Affairs and in cooperation with Food & Agriculture Organization
(FAQO) and the Ministry of Climate Change & Environment. This conference
has resulted in a Declaration for the support of the Trust Fund and the Re-
gional Program for controlling the Red Palm Weevil, which is a significant
achievement and step on the right track in reducing the risk of the Red Palm
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Weevil on the national economy, food security and livelihood for rural soci-
eties and the environment.

Out of the Award’s General Secretariat's recognition of the cultural, so-
cial and economic dimensions of the blessed date palm tree, whose fruits
were the main food of several countries of the region over centuries; it ap-
preciates the great efforts exerted by the affected countries for supporting
and improving the date palm sector, and further pays tribute to the donor
countries and organizations for supporting the Trust Fund supporting the re-
gional program. Again, we confirm our support for the Framework Strategy
and the Regional Program for eliminating the Red Palm Weevil under the
umbrella of FAO.

Prof. Abdelouahhab Zaid
Secretary General

of Khalifa International Award

for Date Palm and Agricultural Innovat



Abu Dhabi Declaration On Red Palm Weevil

We the Agriculture Ministers and Heads of Delegation of countries attend-
ing the donor ministerial meeting to support the trust fund and the regional program
to combat Red Palm Weevil (RPW) convened on Saturday 9 March in Abu Dhabi:

Recognizing the cultural, religious, social, and economic dimensions of the
blessed palm tree, the fruits of which have constituted the basic food for many
nations in the arid regions of the Middle East and North Africa for centuries;

Valuing the great efforts that the countries of the region have made to
support and develop the palm date sector in the region;

Aware of the threat that terrible pest of Red Palm weevil poses for date
palm tree and its negative effects om national economy, on food security,
and livelihoods of rural communities and on the environment;

Reaffirm our support to the framework strategy and the regional pro-
gramme to eradicate RPW developed under the FAO auspices;

Commend donor states and organizations, such as the United Arab Emir-
ates, Kingdom of Saudi Arabia,and the Sultanate of Oman, for their finan-
cial support to the trust fund aimed at supporting the regional programme;

Express high appreciation and gratitude to the leadership of UAE and the
Khalifa International Award for Date Palm and Agricultural Innovation for
hosting this meeting and for the warm hospitality

Extend warm gratitude to FAO, and Director General Jose Graziano da
Silva, for its leadership in putting the sustainability of the date palm at the

forefront of its sustainable development priorities .

Abu Dhabi, 9 March 2019
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in Date Palm in Pre and
Post Invasion Situations

J. R. Faleiro
FAO Expert (Red Palm Weevil)
Goa, India
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Management of Red Palm Weevil in Date Palm
in Pre and Post Invasion Situations

Abstract

Date palm, Phoenix dactylifera L. is an important crop of the arid region
of the world, providing lively hood security to rural agrarian communities in
several countries of the Near East and North Africa (NENA) region where
the crop tolerates severe abiotic stress conditions due to severe tempera-
tures, decreasing water availability and increasing salinity levels. The NENA
region accounts for over 60% of the world’'s date production. During the
mid-1980s the red palm weevil (RPW), Rhynchophorus ferrugineus Olivier
gained foot hold on date palm in the Gulf region of the Middle-East and has
since spread throughout the NENA region mainly through infested planting
material, becoming a severe pest of date palm that is a challenge to control.
There are no accurate estimates on the loss incurred due to RPW. Howev-
er, the direct and indirect losses due to RPW infestation in date palm could
run into millions of dollars annually notwithstanding the actual expenditure
incurred on RPW control through national RPW control programs in several
countries. During March, 2017 the Food and Agriculture Organization of the
UN organized a ‘Scientific and High-Level Meeting on the Management of
RPW and through the ‘Rome Declaration’ called for the urgent need to com-
bat RPW by collaborative efforts and commitments at the country, regional
and global levels to stop the spread of this devastating pest. A framework
strategy formulated for eradication of RPW at the Rome meeting aims to
support national programs to control RPW.

This article gives an overview on the management of RPW in pre and post
invasion situations based on country experiences in several date producing
countries.

Introduction

The Red Palm Weevil (RPW) Rhynchophorus ferrugineus Olivier (Cole-
optera: Curculionidae) is key invasive pest of palms causing wide spread
damage to 40 palm species in diverse agro-ecosystems the world over
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(Anonymous, 2013; Giblin-Davis et al., 2013). The geographical range
of this pest is constantly increasing with recent first reports coming from
Abkhazia in the Republic of Georgia where it was detected on the canary
island palm and Djibouti in East Africa, where it has been reported to in-
fest date palm. In the Middle East and North Africa (NENA region) RPW
is a threat to the lively hood security of date palm farmers in rural com-
munities, where it is designated as a category-1 pest by the Food and
Agriculture Organization of the UN (FAO, 2019). Worldwide date palm
is cultivated in nearly 1.0 million ha of which 60% is in the NENA region
where nearly 50 million date palms are young and in the susceptible
age group of less than 20 years. This makes RPW control in the region
a huge challenge. Palms in the late stage of attack by RPW exhibit ex-
tensive tissue damage, do not respond to curative insecticide treatments
and enhance dispersal of adult weevils resulting in new infestation foci.
Besides early detection of infested palms, enforcing strict quarantine re-

Vast stretches of young date palm plantations in the NENA region makes RPW management a challenging task
(Photo: J.R. Faleiro)
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gimes to regulate movement of palms for farming and ornamental gar-
dening is important to curtail spread of this cryptic pest (Faleiro, 2006;
FAQO, 2019). There is a clear lack of data on the socio-economic impacts
of RPW (Abdedaiem et al., 2017). Furthermore, lack of farmer participa-
tion in the control program in several countries is a limitation for the suc-
cessful management of this lethal pest (Aldobai and Ferry,2017; Faleiro
et al., 2019).

During March, 2017 he Food and Agriculture Organization of the UN or-
ganized a ‘Scientific and High-Level Meeting on the Management of RPW
and through the ‘Rome Declaration’ called for the urgent need to combat
RPW by collaborative efforts and commitments at the country, regional and
global levels to stop the spread of this devastating pest. A framework strate-
gy formulated for eradication of RPW at the Rome meeting aims to support
national programs to control RPW (FAO, 2019).

Although, there are several research publications and ongoing research
programs on RPW, in many countries where the pest is endemic there is
an urgent need to further intensify RPW research to develop user friendly
technologies with respect to early detection, phytosanitary measures, new
semiochemical techniques involving attract and Kill and push-pull strate-
gies, preventive and curative treatments, biological control, removal and
disposal of severely infested palms and data collection using GIS for effi-
cient decision-making that will foster farmer/nomestead owner participation
in the management of this deadly pest.

Red Palm Weevil Management: Challenges and Future Thrusts

In order to keep RPW out of the non-infested areas it is essential to im-
plement the following strategy that revolves around quarantine, monitoring/
surveillance and capacity building;

1. Quarantine: (implementing strict phytosanitary regimes where im-
port of palms is prohibited and a strict watch is kept on the movement
of palms within the country)

- No palm tree should leave nurseries/farms without movement certificate
issued by the Competent Authority.

- Prohibit the import of palm trees in to a country where RPW doesn'’t exist.



- Permit palm trade only by officially certified nurseries.

- In order to localize infestation in case of an outbreak, movement of palms
across the country should not be permitted.

- Plant nurseries should be inspected officially at least three times a year.

- Enhance /strengthen the level quarantine enforcement along the border,
especially with neighboring countries/regions where RPW has been report-
ed.

2. Monitoring / Surveillance: (monitoring based on periodic inspection
of palms)

- Regular (every 45 days) visual inspection of palms in the susceptible age
group of less than 20 years, in the non-infested areas.

- Pheromone traps need high level of expertise and supervision and should
not be used to monitor RPW in non-infested areas.

3. Training and Capacity Building: (capacity building of all stakehold-
ers (Government officials & farmers/ home dwellers) to control RPW if
detected)

- Train and build capacity of all stake holders (farmers, home owners, Ag-
riculture officers, Quarantine officials, NGOs, Cooperatives, Hotel owners
etc.) on the RPW eradication strategy should be carried out/ intensified.
Much attention needs to be given on building capacity of all concerned in
the non-infested areas. Should infestation be detected, a control program
needs to be implemented without delay.

- Build capacity with a goal to encourage farmer/home owner participation
and involvement in the control program, especially with regard to detection
of infested palms.

- Initiate a nationwide propaganda campaign to disseminate information
on RPW through the electronic media (TV) / press (newspaper).

- Plan and undertake study tours for key officials working in the control
program to countries/regions where RPW has been successfully con-
trolled.

- Draft a contingency plan to be applied in the event that an infested or
group of palm trees are detected in the non-infested areas is essential.
In this case immediate removal and disposal (eradication) of the infested
palms is strongly recommended irrespective of the stage of attack.
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Although RPW is difficult to control, there have been success stories in the
NENA region where infestation levels in date palm have been maintained
below the threshold of 1%infested palms (Hoddle et al, 2013; Al-Dosary
et al., 2016) and in Mauritania the pest is nearing eradication. The man-
agement of RPW broadly revolves around the components as depicted in
Figure 1.

There exist gaps and challenges in almost all the components of the cur-
rent RPW-IPM strategy, particularly with regard to early detection of the
pest, developing and implementing phytosanitary measures, lack of effec-
tive biological control agents in the field and poor farmer participation in
the control programmes has made RPW control and eradication extremely
difficult.

The components of the strategy are depicted at four levels in Figure1.

At Level-1 of the strategy, components connected with the day to day op-
erations in the field are highlighted (FAO, 2019). Here, detecting infestations
through periodic 45 day interval inspection of date palms in the susceptible
age group of less than 20 years old is vital to break the cycle of the pest by
locating an infested palm before adults emerge. Due to the lack of an effi-

RPW-IPM Strategy

Pheramons Trapping |
« Monlicring |
“Mass Trapping

Delocting Infostations Choemical Traalmaonis
(vigLial chearvalions ) w—) “« Curative ! Proventive

1

| Eradicata/Remove Saverely infested Paims

T I
Validate the Program.
Trap Captures/|nfestalicn Repors/GIS

L e Snt v Eioga st

v Ttmil-_Fa; asn _Wem'n'd-.\_
~ Dutect Hiddun Browding Siles
Y Adopt Good Agronom|ic Practices |

w4 Training on RPWIPM:
“Workabwps - Olficipla

«IFM Field Days: Farmses

Figure 1. Operational details of the RPW-IPM strategy implemented at different levels
(Updated from hitp://www.fao.org/3/a-ms665e.pdf)



cient RPW infestation detection device, visual inspection to locate infested
palms in the field is commonly adopted. This component of checking palms
to locate infestations is to be supported by a mass trapping programme us-
ing food baited pheromone (ferrugineol) traps at a suitable trapping density.
Current levels of infestation in the NENA region may warrant a trap density
of four traps / ha to be deployed in the field with the best-known trapping
protocols. In some countries, the pest is known to be managed below the
acceptable threshold of 1% infested palms without the use of preventive
chemical sprays. It is essential to keep preventive insecticide treatments
at the bare minimum in and around plantations where a heavily infested
palm is eradicated. In some countries where the pheromone trap work is
outsourced to private agencies, bureaucratic procedures in issuing work
orders to contractors often results in delays which needs to be addressed
on priority. Un-serviced traps pose a risk to healthy palms in the vicinity of
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the trap. Recently the bait and trap free technique of attract and kill has
been used to curtail the emerging adult RPW population (El-shafie et al.,
2011; Faleiro et al., 2016). The dry ElectrapTM is another service-less RPW
dry trap that works without the food bait/water (Al-Saroj et al., 2017). Smart
traps capable of recording and transmitting weevil capture data on a 24x7
basis have been developed (Aldhryhim and Al-Ayedh 2015) but have yet to
be deployed on a large scale in control programmes.

1-Poorly maintained and 2- Wrongly installed RPW pheromone traps
(Photo: J.R. Faleiro)



Attract and Kill application in Mauritania: A trap-free and service-less RPW pheromone dispensing aption
(Photo: J.R. Faleiro)

Preventive insecticide treatments need to be deployed only on a need
basis where weevil activity is high as visualized from the trap capture data
and also on the basis of the number of severely infested palms removed
and disposed (eradicated). Curative chemical treatments where palm tissue
damage is less that 30% of the trunk diameter involves simple drilling of 3-4
slanting holes after light cleaning of the palm tissue around the infested site
on the palm, inserting of a tube and pouring of the insecticide in the tubes is
capable of killing all resident stages on an infested palm in the early stage
of attack. While using pressure injectors to treat infested palms, care should
be taken to ensure that the machine is operated at not more than 2bar. In
some countries aluminum phosphide tablets are used to treat infested date
palms. Utmost safety precautions need to be followed while using aluminum
phosphide, besides ensuring the use of the lethal dose for the appropriate
duration ensuring complete entrapment of the phosphine gas. Extensive
field studies in Saudi Arabia showed that a single application of 10 alumin-
ium phosphide tablets for 5 days inserted in air tight black plastic wrapping
resulted in complete mortality of larva, pupae and adult stages of the pest
(Al-Ballaa and Faleiro, 2019).
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Tubes inserted in drilled holes around infested site on the palm to deliver insecticide: A low cost and effective tech-
nique adopted by the farmers in Siwa, Egypt to treat (stem injection) RPW infested date palms (Photo: J.R. Faleirc)
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Severely infested palms that have to be eradicated, often harbor adult
weevils. These infestations contribute to adult dispersals in the field
and dilute achievements of the control programme. With the present
RPW control options available worldwide and best detection levels,
around 20% of the palms are eradicated as these palms are in the late
stage of attack harboring several stages of the pest and are beyond
any treatment. In-situ (on farm site) removal and disposal of severely in-
fested palm tissue by cutting into small pieces (20x10 cm) and soaking
with insecticide is recommended (Ferry, 2017) to limit the dispersal of
adult weevils while transporting the infested palm to the shredding site.
Shredding machines are very expensive and need specialized staff to
operate. In some countries where removal of severely infested palms
is outsourced to private agencies, bureaucratic procedures in issuing
work orders to contractors often results in delays which results in the
spread of the weevil and also reversing success achieved in control of
the pest.

‘."..# 1 i .’-' ll-.“l’ L H."_
Severely infested date palms by RPW waiting for removal (eradication):
A source of new infestations (Photo: J.R. Faleiro)
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Further, the abandoned and neglected plantations have to be closely
monitored for incidence of RPW by intensive inspections campaigns and
high-density mass trapping programmes. Farmer cooperation to assist in
tackling the pest in neglected gardens should also be sought through per-
sistent awareness programmes.

Validation of the strategy at periodic intervals to assess trap captures and
infestation levels using GIS based models is essential to reinforce the IPM
programme where required and re-deploy resources (men &material). In this
context real time data base and web portal for the management of RPW at
the local, national and NENA Region needs to be developed. Furthermore,
a mobile app for android and iOS smart phones to record geo-referenced
data at the field location on a standard form needs to be developed. FAO
has made initiatives in this regard both at the regional (NENA) and global
levels (Yaseen, 2018; Cressman, 2019).




At Level-2, movement of planting material (offshoots/paims) for both
farming and landscape gardening has to be strictly regulated where only
treated and pest-free material is allowed to be transported within nation-
al boundaries (Faleiro, 2006; FAO, 2019). Although regulations/decrees
to regulate the movement of palms for planting exist in several countries,
implementing the decree in letter and spirit is often lacking (FAO, 2019;
Balijepall and Faleiro 2019). In this context some of the European Union
(EU) protocols governing palm trade in Europe in light of the RPW men-
ace in the Mediterranean basin countries could be revised and adopted
to suit needs of the NENA region. The EU guidelines are delimitation of
survey and demarcated areas; three monthly official inspections; annual
crop declaration; application of phytosanitary treatments; registration of
planting material movement and use of plant passport to monitor trade
of palms.

At Level-3 of the strategy, adopting proper agronomic practices that
discourage the inoculation and build-up of RPW is necessary (Sallam
et al., 2012). Treating of fresh wounds on priority almost simultaneously
after frond and offshoot removal is vital to discourage the gravid female
weevil getting attracted to these sites for oviposition. Though crucial to
curtail population buildup of the weevil, this component of the strategy
often goes unrecognized. Another agronomic practice where palms are
flood irrigated and the irrigation water touches the trunk at the ground
often encourages adult weevils to oviposit in the collar region of such
palms, resulting in new infestations. Enhanced ingroove humidity due
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Open flood irrigation together with poor farm sanitation (excessive growth of fodder crop and weeds around the
palms) facilitating RPW attack (Photo: J.R. Faleiro)
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to flood irrigation and close planting is known to attract and harbor adult
weevils (Aldryhim and Al- Bukiri, 2003). Although, date palm cultivars
are reported to be tolerant/susceptible to RPW (Alayedh, 2008), farm-
ers usually prefer to cultivate the most preferred commercial cultivar.
Furthermore, identifying hidden breeding sites (cut palms) in closed
gardens is also important to restrict buildup and spread of the pest. Al-
though previous reports on the use of biological control agents against
RPW are mostly restricted to laboratory or semi-field conditions (Mazza
et al., 2014), the recent success in treating RPW infested palms with
beneficial fungi and nematodes (Al-Dawood et al., 2018), needs to be
further investigated.

At Level-4 the strategy envisages to regularly disseminate the latest
information on RPW-IPM to officials and farmers through training pro-
grammes and also the electronic and print media (FAO, 2019). Efforts
need to be made to ensure as much as farmer participation in the control
programme. In several Middle East countries, farmer participation in the
RPW control programs is almost none. Farmer participation and coop-
eration is vital for any IPM program to succeed (Yu and Leung, 2006).
The challenge is therefore to enhance the involvement by farmers in the
control of RPW in their farms especially in the GCC countries and keep
state support/participation in the program to the bare minimum.

Outsourcing RPW control to private companies:

In some countries RPW control work is outsourced to private companies.
In such cases, there is a need for the Government authorities to efficiently
supervise, monitor and evaluate the control program implemented by the
private company, on a regular basis. There is also a need to ensure that
the companies hire staff that are qualified and experienced in area-wide
RPW control. Lack of proper supervision will result in waste of precious
resources, besides proliferation of the pest. It has been observed in coun-
tries where RPW control is entrusted to private agencies that there is a
delay in providing necessary inputs (pheromones, insecticides etc.) and
also in issuing the new work order to continue the field operations on
expiry of the previous order. Efficient control of RPW in the field calls
for maintaining continuity of the field operations. Therefore, finalizing the
tender/quotation for the ensuing period well in advance before the expiry

o b Wt
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of the on-going tender is imperative, so that there is no break in the RPW
control program.

Country Scenarios (Pre-invasion, Early-invasion, Endemic situation)

RPW gained entry in the NENA region in the mid-1980s when it was first
reported from the UAE where it was introduced through imported palms
and spread rapidly throughout the region during the next two decades
mainly through infested planting material transported for date palm farm-
ing (offshoots) and ornamental gardening (large palms). National RPW
control programms actively supported by international organizations in-
cluding, FAO of the UN, Khalifa International Award for Date Palm and
Agricultural Innovation (KIADPAI), International Centre for Agricultural
Research in the Dry Areas (ICARDA), Arab Organization for Agriculture
Development (AOAD) and the Near East Plant Protection Organization
(NEPPO) have been striving to tackle the problem of RPW in date palm in
the NENA region.

Algeria is the only country in the region that is still RPW free. Sudan is
another important date producing country and has done well to keep this
pest at bay in spite of being surrounded by several RPW infested counties.
Mauritania has done well to contain the pest in its original foci in Tidjikja and
is free of RPW since mid-2017. In Morocco and Tunisia RPW is reported on
the Canary palm from Tangier and Tunis, respectively but poses a severe
threat to the Southern date palm oasis of these countries. In Irag, RPW in-
festation is confined to the South in Safwan region along the border with Ku-
wait, from where there exists a high risk of future RPW invasions in Safwan.
This calls for the enhancement of regional cooperation between Kuwait and
Iraq for the joint control of the pest in date farms along the border. There is
another scenario where the pest is endemic and exists in almost the entire
country (Egypt, GCC countries, Jordan etc).

Table 1 enlists the components of the RPW-IPM strategy where i) the
pest is a threat but does not exist (Pre-invasion: Sudan/Algeria), ii) RPW is
contained or nearing eradication due to actions implemented early (Early
invasion- Morocco/Mauritania) and where the pest is endemic and exists for
several years (GCC countries, Egypt, Palastine, Libya etc). Based on the
country experiences of the author, major components of the action plan to
contain and control RPW in the region is presented below.
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Pest is a threat
but does not exist
in the country: Su-
dan/Algeria

Table 1. Prioritizing the RPW control program in Pre and post invasion situations

Pre-invasion Post Invasion

Pest contained or nearing eradica-
tion: Morocco/ Mauritania/lraq

Pest endemic/Infestation exists for
several years: GCC countries, Egypt,
Libya, Jordan, Palestine, Iran etc.

Surveillance and
monitoring (espe-
cially in countries
where RPW does
not exist)

Surveillance and monitoring

Implementing the control /IPM pro-
gram

resources

gram (eradicate all infested palms)

Quarantine
Build capacity of Quarantine Quarantine
all stake holders
GIS based data
Implementing the control /IPM pro- o
base on the palm Monitoring

GIS based data base on the palm
resources and the control program

Capacity building

Build capacity of all stake holders

GIS based data base on the palm re-
sources and the control program

Meeting/Workshops for National ex-
perts

Meeting/Workshops for National ex-
perts

Facilitate extension activities to dis-
seminate knowledge on RPW control
through the print (bulletins, pamphlets)
and electronic media (TV)

Facilitate extension activities to dis-
seminate knowledge on RPW control
through the print (bulletins, pamphlets)
and electronic media (TV)

Research on RPW to develop practi-
cal solutions for the control of RPW

Networking/establish linkages at the
national, regional and global level

Establish a repository [data base] of
RPW experts




Should Infestation Occur in an RPW Free Country— What is to
be Done?

In this case, the goal should be to contain the spread and eradicate the
pest. To achieve this;

- Remove (eradicate) all infested palms. Cut infested portion of the palm
into small bits (20x10 cm) and drench with insecticide in-situ (in the infested
farm).

- Do not move the infested palm for eradication/disposal to another site.

- Establish a 10Km radius buffer zone.

- Intensify phytosanitory/ quarantine regulations.

- Inspect all palms in buffer zone at bi-monthly intervals.

- Mass trap the area [1Km radius from the infested palm] @ 1trap/ha.

- Deploy attract & kill if infestation is severe / 3 weevils/trap/week.

- Prohibit movement of all palms from the buffer zone.

- Intensify training on RPW- IPM.

- Strengthen extension programs through the print and electronic media to
spread awareness about RPW.

- Encourage Farmer participation in the RPW-IPM program especially with
regard to detection of infested palms.

Based on the international protocol, any country is to be declared pest
(RPW) free if no new infestation/weevil is detected for three years.

Resources, Capacity Building, Monitoring and Reporting

Although many control means based on conventional and innovative technol-
ogies are today put in place, FAO attributes the failure to manage RPW in most
of the countries to the lack of awareness and systematic and coordinated control
actions or management strategies that involve all stakeholders, which is related
to inadequate human and financial resources available to combat the pest. Upon
recording the pest, it is essential to quickly provide the necessary resources
(men and material) for the control and eradication of RPW in an adequate and
timely manner for the rapid control of the pest. In area-wide RPW control pro-
grams, the means (resources) to control the pest are directly correlated with the
intensity of the pest. Three scenarios exist depending on the means (men & ma-
terial) made available to control the RPW, considering of course that organizing
and techniques are optimum and similar for the three scenarios (FAQ,2019);
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i) The means are supe-
rior to the needs (pest is
controlled/eradicated)

i) The means remain §
more or less equal to the
needs (prolonged effort to
control the pest over sev-
eral years with little or no
success) and;

iii) The means are inferi-
or to the needs (failure to
control the pest).

In all area-wide RPW |[.
control programs, provid- :
ing adequate man pow-
er and material is a major
challenge. In this context,
every infested area should
have at least one full time
officer with support staff,
to look after the day to day
field operations, with re-
gard to pheromone trap-
ping, checking palms to
detect infestations, need
based preventive chemical treatments, curative treatments, removal and
disposal of severely infested palms, phytosanitary inspections, data collec-
tion, compilation and record keeping. In this context, the team needs to be
adequately supported with vehicles and the basic tools (power drills, chain
saws, sickles, pheromone traps and lures, attract &Kill products, insecticides,
knapsack sprayers, motorized sprayer, etc) to carry out the field operations.

- Intensify the training on RPW control to highlight new techniques among
all stakeholders (officials, farmers, home owners, students).
- Intensify the extension & awareness on RPW among all stakeholders
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(farmers, officials) through the electronic (TV) and print media (newspaper/
pamphlets etc.).

- Collaborate with the authorities in the region to prevent entry of infested
palms across the border.

Monitoring and evaluation form the basis for clear and accurate reporting
on the results achieved by the national programs. Currently most of the na-
tional RPW-IPM Programs lack the component of the Monitoring and Eval-
uation (M&E). This has an adverse impact on the success of the programs,
sustaining the positive results achieved and judicious use of resources
(FAO, 2019). In the context Fajardo, 2019 proposed to;

- Continuously assess (monitor & evaluate) the strategy at the implemen-
tation level by program coordinator.

- Continuously monitor the measures and results on the GIS web applica-
tion and data base.

- Conduct weekly meetings with all worker to explain the outcome of the
previous/current week and target of the next week.

- Generate monthly and yearly reports with the updated situation (includ-
ing Info-graphs, tables). These reports are shared with all key stakeholders.

- Generate reports for extraordinary situations (severe outbreaks).

- The main tools to prepare the reports are the GIS web application and viewer.

- Pending use of GIS, it is essential to maintain an efficient manual / com-
puter aided data base of all the operations carried out to control RPW in
different areas.

Recent FAO initiatives against RPW

Based on the recommendations of the “Scientific Consultation and
High-Level Meeting on Red Palm Weevil Management” held in Rome during
March 2017, FAO has initiated two major projects against RPW during 2018.

This regional initiative aims to support efforts/programs of countries in the
NENA region to contain the spread and eradication of RPW. The key out-
puts of the project, revolve on the governance (policies and regulations in
order to support the sustainable management of RPW, including phytosani-
tary and quarantine management practices for fast eradication of RPW and
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rational use of pesticides), monitoring (early warning, and risk assessment
system of RPW control), scientific research (innovation for long-term solu-
tions), capacity building (for stakeholders, farmers, and improved access to
sustainable management practices for RPW) and coordination (RPW con-
trol response coordinated across countries and the region).

The program boosts ongoing research on the applicable approaches of
biological control and innovative detection and control methods (Yaseen,
2018).

FAO is developing a global RPW monitoring and early warning system.
This project is an effort in this direction that aims to address critical short-
comings in the field for effective monitoring and management of RPW., to
systematically collect standard geo-referenced data.

RPW-IPM data will be collected in the field through a system that consists of
a mobile App for data collection and GIS- based online system for data anal-
ysis and mapping combined with remote sensing imagery (Cressman, 2019).

Conclusion

Considering that the RPW is extremely difficult to control, date palm grow-
ing countries that do not have the pest (Sudan, Algeria) but are in the vi-
cinity of RPW infested countries need to adopt a pre-invasion strategy that
revolves mainly around surveillance, quarantine and capacity building and
also have a contingency plan in case RPW is detected. In the post-invasion
situation, countries that have recently detected RPW (Mauritania, Iraq, Dji-
bouti) need to quickly control (localize) and eradicate the pest by adopting the
components of the post-invasion strategy besides adopting a robust RPW-
IPM program and an extension campaign to sensitize all stake holders, while
in countries where the pest is endemic (GCC countries, Egypt, Jordan) and
exists for several years, area-wide control of RPW needs to be reinforced
by providing adequate men and material. These countries could also intensi-
fy research on RPW to develop sustainable and user-friendly technologies.
Geo-referencing of palms, infestation, traps etc. needs to be adopted in both
pre and post-invasion situations for efficient data management to facilitate
surveillance, monitoring and periodic validation of the strategy.

Farmer participation in the control program, will go a long way to control
and eradicate the menace of RPW in date palm.

k. WRC
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Innovative and Sustainable Approaches
for the Control of Red Palm Weevil

CIHEAM, Bari-ltaly, 23-25 October 2018
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International Meeting:
Innovative and Sustainable Approaches
for the Control of Red Palm Weevil

Background

Following the Scientific Consultation and High-level Meeting on Red Palm
Weevil (RPW) Management that was held in FAO, Rome from 29-31, March
2017, and the RPW Steering Committee Meeting held in FAO-RNE Cairo,
Egypt from 22-24 May 2017, a multi- disciplinary and multi-regional strategy
document for the management of RPW, was prepared by RPW experts’
team, with the support of FAO, CIHEAM and NEPPO technical officers.
Among the proposed actions, the RPW experts highlighted the importance
to organize an international meeting, which will focus on the identification
and transfer of the applied innovative techniques, to control the RPW and
form a multi-disciplinary international network of stakeholders. Relatively,
the working group also proposed to postpone the 2nd FAO global meeting
to 2019, in order to allow enough time for the establishment of the global
platform and discuss the outcomes of the cited meeting.

Furthermore, during the 6™ International Date Palm Conference (SIDPC)
at Abu Dhabi (UAE), during March, 2018 orgnized by the Khalifa Interna-
tional Award for Date Palm and Agricultural Innovation (KIADPAI), a master
session on RPW was organized, in which the importance of using a multi-
disciplinary program with an integrated approach to control the RPW (i.e.
regulation, awareness, inspection, mass trapping, preventive treatments
and eradication of the infected palms) was highlighted. In the same session,
the RPW trust fund was also presented and particular emphasis was given
to the research, capacity development and knowledge transfer.

In this context, CIHEAM Bari and FAO organized In cooperation with
(KIADPAL), a three-day meeting at the CIHEAM Bari during the period from
23-25 October 2018. An organizing committee and also a scientific commit-
tee was constituted to oversee the hosting and organizing of the meeting.
This international meeting focused on the multidisciplinary approach, with
a particular emphasis on the identification and transfer of the new technol-
ogies/innovative methods to control the RPW, including different specific
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topics such as the socio-economic impact, the early surveillance and de-
tection of the RPW, phytosanitation and eco-friendly control measures. The
scientific committee selected and indicated during this meeting, the most
promising scientific activities, for the efficient and sustainable application to
control RPW in the main palm-cultivated agro- ecosystems.

The meeting was widely publicized through the CIHEAM website. A total of
167 participants from 31 countries from North Africa, Middle-East, Europe,
Asia, North and South America were registered. Among them, 102 per-
sons belonging to 24 countries (Algeria, Albania, Brazil, Colombia, Egypt,
France, India, Israel, Italy, Jordan, Oman, Morocco, Netherlands, Pakistan,
Palestine, Saudi Arabia, Serbia, Spain, Syria, Tunisia, United Arab Emir-
ates, United Kingdom and United States of America), and seven interna-
tional organizations (Food and Agriculture Organization of the United Na-
tions (FAQ), Mediterranean Agronomic Institute of Bari (CIHEAM), Khalifa
International Award for Date Palm and Agricultural Innovation (KIADPAL),
International Centre for Agricultural Research in the Dry Areas (ICARDA),
Arab Organization for Agricultural Development (AOAD), Near East Plant

—
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Protection Organization (NEPPO) and the Arab Society of Plant Protection
(ASPP), attended the 3-day Meeting.

In this context, 78 abstracts were received and presented during the meet-
ing, which included 10 technical sessions and 2 Poster sessions.

Opening Session

Mr. Maurizio Raeli, Director of the CIHEAM-Bari, welcomed all the par-
ticipants and highlighted the importance of date palm in the Near East and
North Africa (NENA) regions, representing the top 10 date-producing coun-
tries, with around 90% of the global date production. He also emphasized
that date palm is considered as one of the most symbolic trees and was
mentioned 20 times in the Holy Qur'an and 50 times in the Bible and the
Torah.

He underlined the importance to strengthen regional and international co-
operation, which can greatly contribute to the containment and eradication
of Red Palm Weevil, (RPW), the most dangerous insect pest of economic
palm trees, such as the date and coconut palms in Asia and Middle East,
and ornamental palm trees in the Mediterranean basin and Europe.

He also emphasized the importance to use an integrated approach, which
focuses on biological control, early detection, sanitation, information tech-
nology and socio-economic aspects.

Finally, after reviewing the main activities and research programs of the
CIHEAM-Bari, Mr

M. Raeli, highlighted the fruitful collaborations between CIHEAM and FAQO,
particularly the co-organization of the scientific consultation and high-level
event on RPW management (FAO, Rome, March 2017). The meeting fo-
cused on the identification and transfer of the applied innovative techniques
to control the RPW and form a multi-disciplinary international network of
stakeholders.

This speech was followed by the address of Mr. Mohamad Ali Bob from
AOAD, who re- affirmed the support of his organization for the present meet-
ing and the framework strategy finalized during the Rome meeting. Further,
Mr M. Ali Bob, highlighted the importance of strengthening the date value
chain in the NENA region and the urgent need to develop a sustainable
strategy to control RPW in date palm trees.

Later, Mr. Michael Baum from ICARDA, presented the programs and
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achievements of ICARDA during these last years, including date palm IPM
programs in the Middle East and North Africa.

At the end of the opening session, Mr. Thaer Yaseen, FAO-RNE, Cairo,
Egypt, overviewed the RPW trust fund programme for the eradication of
this pest. In his address, Mr. Yaseen mentioned the objective of this project,
supporting efforts/programs of countries to contain the spread and eradi-
cation of the pest. He also evidenced the key outputs of the project, which
revolve on the Governance (policies and regulations in order to support the
sustainable management of RPW, including phytosanitary and quarantine
management practices for fast eradication of RPW and rational use of pes-
ticides), Monitoring (early warning, and risk assessment system of RPW
control), Scientific Research (innovation for long-term solutions), Capaci-
ty building (for stakeholders, farmers, and improved access to sustainable
management

practices for RPW) and Coordination (RPW control response coordinated
across countries and the region).

Mr Yaseen mentioned that the project, will also create a framework for
cooperation and coordination of efforts at the regional level for supporting
the integrated and sustainable management programs to control RPW, and
to reduce its devastating effects on the environment and food security, and
socio-economic impact on rural communities.

Research priorities on RPW will be identified and suitable funding will be
approved based on the following criteria:

* Innovation

» Applicability

* Transferability

» Field Experience

* Sustainability

» Simplicity/practicality

* User friendly technologies

Mr. Yaseen confirmed also that currently, the Kingdom of Saudi Arabia has
pledged USD 2.0 million, while the contribution of Sultanate of Oman will be
USD 0.1 million to the RPW trust fund.

The opening session was followed by the technical sessions and the high-
lights of each technical session were presented below.

o
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There were five presentations in this session as listed below.

- The world situation and the main lessons learned of 30 years of fight
against RPW- M. Ferry.

- State of the art of the RPW in EU-Med ornamental palms- K. Djelouah.

- Current regulatory framework of RPW in EU and Italy- R. Griffo.

- Policies to control RPW based on the recommendations of the Rome
meeting- S. AlDobai.

- Is policy paralysis on quarantine issues in the Near East and North Africa
region leading to the build-up and spread of red palm weevil?- S.B.Balijepall

The highlights of this session were as follows:

World situation:

The world situation on RPW is quite alarming. In the NENA region, only
Algeria and Sudan are free of RPW while, Djibouti in East Africa were the
latest countries to report RPW. Although there are success stories in many

54



Movements of palms are mainly responsible for new reports. Large-scale
introduction of infested palm material still exists. Weak adoption of quaran-
tine procedures is a serious problem.

Furthermore, there are serious socio-economic impacts. Containment of
the pest must be with the aim for rapid control of the RPW. Eradication as
a long-term aim is a strategic mistake. The RPW containment strategy has
to be changed to win the race against this pest. There is a need to include
socio-economists, participatory approach and use of GIS for better data
management and decision-making.

All EU-Mediterranean countries are infested. RPW infestation in EU has
resulted in huge environmental and social impacts. Palms worth 485 million
Euros destroyed. Policies in EU revolve around requirements for imports,
movements, surveys and demarcation of zones. There are difficulties in ap-
plying regulations. Few authorizations are allowed for the use of some pes-
ticides in EU landscape environment.

RPW is no longer a quarantine pest in EU but a quality pest. All efforts to
contain the pest are not efficient without cooperation of all stakeholders. Only
three chemicals are authorized in Italy for foliage and endo-therapy treatments.

Policies:

FAO has a framework strategy for eradication of RPW. The policies for
RPW control revolve around regulatory, phytosanitary, resources, program
management, stakeholder involvement and awareness, research and de-
velopment and monitoring and eradication. During the Rome meeting in
March, 2017, recommendations were proposed to improve RPW policies/
strategies. The FAO-CIHEAM Framework Strategy provides clear guidance
for the effective policies to be adopted by countries to effectively manage
and eradicate RPW.

Lessons from Algeria and Sudan, about phyto-sanitation, need to be learnt.
It is pertinent to mention that Algeria has put a strong surveillance program
after the pest was detected in Morocco along its border with Morocco and
Tunisia. In addition, there is a ban on the importation of palms into Algeria.
Although Sudan has a pre-invasion strategy in place, detection of RPW in
Sudan is probably a matter of time. The status requires further and quick
investigations to confirm RPW status draw lessons and urge the Sudanese
authorities to tighten the measures.
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Incentive-based phytosanitary based regimes for KSA could serve as a
model for the region. Enforcement of plant quarantine protocols, specifica-
tion of planting material produced and certified based on IPPC standard and
establishment of tissue culture laboratories for RPW free planting material
is essential to enhance the current phytosanitation regimes against RPW.

With regard to phytosanitation on RPW at the regional and international
level, 10 regional PP organizations are coordinating at the regional level
and IPPC coordinates at the international level. In Europe, the regulations
to import are the same however, each country can include

additional measures. Several aspects of the strategy need further research
and this is what to be identified during the meeting.

There were two oral presentations during this session on the community
preferences for the preservation of Canary palm from RPW infestation in the
City of Bari and on the economic impact of RPW in Egypt entitled,;

- Community preferences for the preservation of Canary Palm from Red
Palm Weevil infestation in the City of Bari - R. Sardaro,

- The economic impact of Red Palm Weevil in Egypt - M.K. Abbas

In the city of Bari, over 30 % of the Canary palms were infested and killed
by RPW. The citizens expressed their willingness to pay to increase the
number of palms in various districts of the city. This kind of work is very im-
portant to convince decision makers to dedicate efforts and means for the
preservation of the palms.

In Egypt, the percentage of infestation ranged from 2% to 35%. It would be
of 23% in Bahria. In Sharkia, the control operations cost was estimated to 3
million US dollars from 1992 to 2000. Furthermore, 260 tonnes of pesticides
have been sprayed.

During the discussion, the importance of economic impacts of the RPW
was stressed and the need to obtain reliable data on infestation was also
emphasized. Nevertheless, because of the disastrous consequences of
this pest, it was suggested to prohibit the sale of palms from RPW infested
countries. In this context, exporters have a responsibility but it is the duty of
the importers and PPO from the importing country to efficiently oversee the
technical guarantees presented by the exporter regarding the health status



of the palms. In many countries, due to lack of guarantees, imports of palms
of more than 6 cm diameter are totally forbidden.

The following three topics were presented in this session

- Integrated approach for red palm weevil management: current status and
future prospects. — A.S. Aldawood

- Management of the Red Palm Weevil Rhynchophorus ferrugineus (Oliv-
ier) using sustainable management options. - M. Ali Bob.

- Dates Value Chain Development and the control of red palm weevil in
Egypt (FAO Project TCP/EGY/3603). - M.K. Abbas.

Trials carried out in Saudi Arabia indicated that both EPNs and EPFs were
promising in the curative treatments of RPW infested date palms. Further
trials are in progress. The research findings need to be published. Further-
more, in KSA, agricultural practises were found to play an important role in
the management of RPW, where the pest was efficiently managed in a pri-
vate plantation using a blend of control measures including early detection
through visual inspection, pheromone trapping, adopting good agricultural
practices, injecting palms in the early stage of attack with Emamectin ben-
zoate and eradicating severely infested palms. While

in Egypt, where the situation due to RPW is alarming in date palm, impor-
tance of involvement of farmers in any strategy to control RPW was empha-
sized, besides training of farmers on the management of RPW.

There were three presentations in this session as mentioned below;

- Fungal endophytic communities and palm susceptibility to the red palm
weevil in its invaded range. - F. Monroy

- The RPW and SAPW as vectors of nematodes.- F. Porcelli

- Characterization of CRISPR-Cas systems in Serratia marcescens isolat-
ed from Rhynchophorus ferrugineus (Olivier, 1790) (Coleoptera: Curculion-
idae). - M. Scrascia.

The highlights of this session were the following:
Studies on fungal endophytic communities and palm susceptibility
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showed that Washingtonia palm is the least preferred by RPW. Fungal
endophytic communities in the palm differed in their composition and
chemical composition between palm species. Many times, endophytes
cannot be cultured. Palm-associated microorganisms can determine
host preference in RPW. 5-7 species of nematodes are associated and
present in RPW. These are not EPNs but could be phoretic nematodes.
Serratia marcescens is an important symbiont associated with RPW.
Deeper analysis of the interaction between RPW and Serratia marc-
escens could identify new potential molecules to reduce RPW fitness.
Care should be to taken to see that the symbionts do not develop resis-
tance to the antibiotics.

Poster Session

The following posters were presented during the first day of the meeting:

- Welfare loss and social costs for the damage by Red Palm Weevil to
Canary Palms in the City of Bari.-

- Use of entomopathogenic nematodes against adults of Rhynchophorus
palmarum as potential tool for biological control of Rhynchophorus ferru-
gineus for Tropical America - V.A. Dalbon,

In city of Bari, the welfare loss and social costs due to the damage by
RPW to canary palms revealed that between 2011-2013, the city of Bari
lost a total of 164 Canary palms due to RPW infestation amounting to 2-2.5
million Euros. The annual cost of saving the remaining Canary palms in the
city is justified.

Studies carried out on the use of EPNs against adults of R. palmarum
show that the use of selected EPN species with host finding capacity and
high pathogenicity, hold promise for future testing against R. palmarum with
a potential to control RPW.

During this session eight oral presentations, as mentioned below, were
delivered:

- Pathogenicity of entomopathogenic nematodes against immature stages
of Rhynchophurus palmarum as potential tool for biological control of Rhyn-
chophorus ferrugineus for Tropical America. - J.P.M Acevedo.

- A simple and low-cost injection technique to protect efficiently ornamen-
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tal Phoenix against the red
palm weevil during one year.
- S. Gomez.

- Effect of entomopatho-
genic fungi on mortality,
fertility and fecundity of red
palm weevil. - W.Wakil.

- Microwave heating: a
promising and eco-com-
patible solution to fight the
spread of Red palm Weevil.
-R. Massa.

- Is the use of entomopatho-
genic fungi a viable option
for the control of Red Palm
Weevil? M. El Bouhssini.

- Direct and indirect ma-
nipulation of the fungal en-
dophytic communities of
Phoenix dactylifera and its §
associated effect on leaf |
chemistry. - £ Monroy.

- Importance of field oper-
ations for reducing RPW in-
festation on date palm. - M. &
Ben Salah.

The talk on the Pathoge-
nicity of entomopathogenic .
nematodes againstimmature |8
stages of Rhynchophurus
palmarum (SAPW) as poten-
tial tool for biological control '.
of Rhynchophorus ferrugine- |
us was presented remotely (2%
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from Brazil via Skype, wherein experiences of using EPNs to control Rhyn-
chophurus palmarum in South America were presented. Significant differ-
ences in pathogenicity were reported among nematode species and strains.
EPNs hold a good potential of being used to control RPW.

Concerning the studies carried out in Southern France, relatively to the
use of a very simple technique based on infusion of Emamectin benzoate
(EMA) formulation at 3.5% concentration (one treatment /year), the method
demonstrated to be very efficient, indeed, after one year the infestation %
by RPW was less than 1.4% of the Canary palms. However, due to con-
cerns arising from insecticidal residues, it was cautioned not to use this
technigue in date palm.

Studies carried out in Pakistan on EPFs showed that local isolates did not in-
duce only high mortality of the pest but also reduced oviposition rate, fecundity,
hatching and larval survival. Further, studies on fungal isolates of Beauveria
bassiana collected from coastal areas of Syria showed that these isolates were
effective against different stages of RPW under laboratory conditions. The most
promising results were obtained with a combination of Beauvera Bassiana and
Metharhizium anisopliae. Trials carried out in Italy on the manipulation of fungal
endophytic communities of Phoenix dactylifera showed that the fungal endo-
phytic communities of palm could be easily manipulated by means of common-
ly used pesticides and fertilizers, opening new avenues for pest control.

Microwave heating of infested palms as a curative treatment in Italy showed
promising and eco-compatible solution in fighting RPW. However, concerns
were raised about the ease of using this technigue in the field and the high
cost of microwave heating equipment. It could however be useful in quar-
antine treatments. Further, the impact of different agronomic and cultural
practices on the incidence and intensity of date palm pests including RPW
were presented. With regard to RPW, the importance of adopting proper
plant density (spacing), irrigation methods, frond and offshoot pruning and
removal were emphasized.

During the discussion, it was suggested that research on biological control
against RPW should be given serious trials (field transfer) by a specialized
working group that would test the best EPNs/EPFs using a uniform protocol
in different RPW infested countries. The role of adopting good agricultural
practices in date palm to combat RPW need further studies.
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During this session five oral presentations as mentioned below were de-
livered,;

- Comparison between dry traps efficiency in Napoli and Bari (ltaly) urban
areas. - F. Nugnes.

- Efficiency of food baits, synthetic attractants and trap type on Rhyncho-
phorus ferrugineus (Olivier) trapping in palm Plantations of Ismailia, Egypt
by aggregation pheromone traps. - M.K. Abbas.

- Red Palm Weevil monitoring and early warning system. - K. Cressman.

- Automatic localization of Phoenix by satellite image analysis. - R. Cousin.

- Nanomatrix powder dispenser for control red date palm weevil. - H. E/
Mahy.

The presentations on RPW traps indicated promising results from Italy us-
ing the dry Electrap™, which was found superior to the food baited Novored
trap. The higher temperature inside the Electrap™ resulted in possible more
intense lure dispersion. Studies from Egypt showed that the best RPW trap
components was water, pheromone, palm tissue and 15% molasses in wa-
ter. Ethyl acetate: ethanol (1:3) was able to generate high synergy with the
pheromone and was almost as effective as the complete bait.

In order to address critical shortcomings to systematically collect standard
geo-referenced data in the field for effective monitoring and management
of RPW, FAO is developing a global RPW monitoring and early warning
system. This system consists of a mobile App for data collection in the field
and GIS- based online system for data analysis and mapping. The possible
name of the mobile app could be ‘Soosa-hamra’.

Further, an interesting presentation based on studies carried out in France
demonstrated the automatic localization of Phoenix palms in urban areas
by satellite image analysis. The results are accessible on a database and
exploitable using GIS software. The web application will also allow locating
RPW infested palm trees.

In the next presentation, Crop IQ Technology’s nano-matrix powder dis-
penser enhanced the delivery of the RPW pheromone by slowing down
the release rate of the pheromone and is useful in RPW mass trapping
programs.
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During this session, 10 oral presentations (including five from the private
sector) were discussed,

- Novaluron, a potent IGR suppressing the growth and disturbing the an-
tioxidant defense mechanism of Rhynchophorus ferrugineus (Olivier). - A.
M. AlJabr.

- Studies on curative treatment of Red Palm Weevil, Rhynchophorus ferru-
gineus Olivier infested date palms based on an innovative fumigation tech-
nique. - S.R. Al Ballaa.

- Investigating the immunocompetence in Red Palm Weevil developmen-
tal stages and sexes. - £ Cappa.

- Studies on service free semiochemical mediated technologies to control
red palm weevil Rhynchophorus ferrugineus Olivier based on trials in Saudi
Arabia and India. - J.R. Faleiro.

- Innovative and emerging technologies in RPW control strategy. - B. Léhr.

- Innovative formulations of pheromone for RPW mass trapping: compo-
nents, concentrations, longer controlled release. - O. Guerret.

- Sensors for early detection of Red Palm Weevil in palm trees- E. Lipman.

- CEO Artificial intelligence and internet of things to tackle Red Palm Wee-
vil. - M. Khalil.

- Biorational control strategies for sustainable management of Red Palm
Weevil, Rhynchophorus ferrugineus. - N. Hassan.

- Cloud based RPW Integrated Management System. - S. Al Zaidi,

This session started with the presentation on the studies of using insect
growth regulator (Novaluron) as a potential RPW control, by inducing high
mortality, growth and antioxidant response. The second presentation by a
farmer from Saudi Arabia was dedicated to the applied curative treatment of
RPW infested date palms based on a fumigation technique, with Aluminum
phosphide tablets, ensuring complete entrapment of phosphine gas. The
third presentation was dedicated to the investigation on the immune re-
sponse of different developmental stages of RPW using both generic patho-
gen and entomopathogenic parasites, the trials revealed the most suscep-
tible target of infection. Results showed that larvae were considerably more
resistant than adults to bacterial challenge.



The next presentation concerned further studies, carried out in Saudi Ara-
bia and India, which showed that attract and kill technology could be easily
deployed in the field where additional food baited traps have to be installed.
Also, the dry Electrap™, eliminates the cost of servicing food baited phero-
mone traps. Though, trap shut down studies identified potential RPW repel-
lents, further studies are required to evaluate the extent of tree protection by
RPW repellents when deployed in a push-pull strategy.

After that, an interesting talk was on Studies carried out by researchers
from Colombia, which showed that the tachinid fly, Billaea rhychophorae, ef-
ficiently parasitizes the American palm weevil, and could be useful to make
trials on the possible RPW control.

Following this talk, French researchers presented an interesting field stud-
ies in Tunisia which evidenced that RPW pheromone traps baited with M21
dispensers recorded better captures as compared to the ISCA lures. Par-
affin when added to RPW pheromone traps, prevents escapes of captured
adults.

Concerning the Private sector, the speakers presented their innovative
tools, in order to integrate them in an efficient integrated management of
the RPW. Firstly, Agrint, USA presented results on the field tests of a tree
sensor capable of accurately identifying RPW infested palms. Whereas, the
Platform Nakheel, UAE, presented an autonomous innovative system for
the early detection of RPW, based on ‘internet of things and artificial intelli-
gence'. Furthermore, studies from Spain reported on the various aspects of
a new biopesticide against RPW based on the patented B. bassiana strain
203. This EPF is currently produced commercially. Subsequently, Russell
IPM- UK, presented various bio-rational strategies for the sustainable man-
agement of RPW, including a slow release pheromone, a natural product

based RPW repellent, and also an innovative hydraulic paim injection sys-
tem to deliver insecticide into the palm.

This was followed by a cloud based RPW integrated management sys-
tem from the same company that is supported by a mobile app for periodic
health check of the palm, including timely alert of infestation and its subse-
quent treatment and progress.

Discussions that followed raised questions on the ease and cost of using
the technologies and the real need to introduce at the earliest either these

|
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advanced techno-
logical tools or the
traditional meth-
ods, which if used
correctly, could be
sufficient for early |
detection of the in-
festation.

Whereas, some &
other participants
asked about the
sustainability of the
sensors, the real
price of these tools and the differences existing between the sensors
presented by the different companies. In conclusion, the participants
highlighted the importance of validating these innovative tools on a large
scale in the field before their adoption in RPW control programs.

Poster Session

The following posters were presented during the second day of the
meeting

- Environmentally safe preventive and curative control measures for Rhyn-
chophorus ferrugineus Oliv. (Coleoptera : Curculionidae) in palm orchards
in Egypt.- S. M. Hashim.

- The use of microwaves in the control of the red date palm weevil Rhyn-
chophorus ferrugineus oliv. (Coleoptera: Curculionidae): effects on ovary
and testis. - M. Martano.

- Monitoring Rhynchophorus ferrugineus (Olivier) in ornamental paim tree
plantations in the north western coast of Egypt. — S.M. Hashim

- The effect of preventive measures in reducing red palm weevil infesta-
tion. — M.K. Abbas.

- Early detection and warning by ferrugineol combined with other volatile
compounds for the biocontrol of Rhynchophorus ferrugineus (Coleoptera:
Curculionidae): a quarantine pest in Brazil. — V.A. Dalbon.

- "RED ALERT” — How Brazil and Colombia are preparing themselves for
the potential arrival of the Red Palm Weevil Rhynchophorus ferrugineus
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(Olivier) (Coleoptera: Curculionidae). E.C. Guzzo.

The posters in this session were on a wide range of topics of RPW control
including safe preventive control of RPW in Egypt, effects of micro wave
treatment on the reproductive organs of RPW and also the preparedness
for RPW emergence in the South American countries of Brazil and Colom-
bia based on experiences to control R. palmarum.

There were six presentations during this session.

- Recent advances in palm weevil trap and lure design and A&K tech-
niques for RPW, - S. Kharrat.

- Red Palm Weevil (Rhynchophoru sferrugineus) small scale laboratory
rearing for its evaluation in a SIT program.- M. Cristofaro.

- An effective strategy to obtain very rapidly the red palm weevil decline in
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an area planted with ornamental palms, M. Ferry.

- Next generation of feeding inhibition to control tree borers, particularly
the Red Palm Weevil.- S.Sermani.

- Effects of two natural mix oils on the larval and adult stages of RPW.- N.
Metwaly.

Technologies Ajman FZ|UAE) Electrap™ .- V.Russo.

The main problem evidenced for mass trapping (MT), is the elimination of
the food bait and the water losses, and its constant servicing requirements.
Nevertheless, RPW can be successfully managed with mass trapping. The
recommendation was that no need for the food bait for the Electrap™. There
were two successful experiments on Attract and Kill (A&K) (India, Malaysia)
for three months.

The main conclusions were:

« MT is effective to help eradicate RPW (Canary Islands)

« MT requires constant servicing and is problematic under high tem-
peratures

* A&K provides a fast knockdown of RPW

* MT is supported by more than 2 decades of use

« A&K needs trials to define its optimal use (but locks like lasts 9
months)

The black dry trap collected more RPW than the red moist trap. The at-
tractant was not really an aggregation pheromone but it attracted RPW nev-
ertheless.

Area-wide strategies are not implemented because of a lack of efficient
collective organization and costs are too high. Classical means are costly
and complicated and eradication is very costly and there is often a misman-
agement of the waste (palm residue). In order to reduce RPW populations,
at least 75% has to be achieved; if only 50% is achieved, then the population
remains stable —neither increasing nor decreasing. Studies were performed
in five municipalities on the French Riviera (2011-2015) where mass trap-
ping contributed to reduce RPW populations. Other examples were cited, in
Tunisia and Israel on crnamental palms.

Following this presentation, a new, low-cost technology uses electricity
that can hear the larvae scratching in the palm trunk was presented. It has
shown the importance to work on the first larval stages in order to control
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the RPW. The rel-
ative data can be
collected using |
sensors during 2-3
months. Two videos
demonstrated the 7
response of the lar- [§
va to the electricity, f
where only 2-3 volts
were needed to kill B
them.

The use of natural
oil mixes was investigated, showing that BRK86 resulted in high RPW mor-
tality after 3-5 days and effective for 3-4 months. Several catch and release
experiments were also presented.

In this session two presentations were delivered:

- Controversial aspects about Red date palm weevil- H.Al Ayedh.

- Overview of the gaps, challenges and prospects of red palm weevil man-
agement, R. Faleiro.

The major concern of the presented works concerning controversial as-
pects about RPW was about the use of Aluminium phosphide for treating
RPW infested palms. Even though, this is a cheap insecticide, but very
hazardous and should be used under restricted protocols. In addition, there
has been resistance reported for this pesticide. Concerns related to traps
and early detection and the “flooding” of technologies by the different com-
panies on these two aspects of RPW management was highlighted. There
is a need to rely on scientific evidence to select management approaches
to use for the control of RPW.

The presentation on the overview of the gaps, challenges and prospects
of RPW management highlighted the following;

- Need to know the socioeconomic impact of RPW infestation and control.

- The early detection devices should be cost-effective so that farmers can
use them.
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- Because of the problems associated with servicing traps, we need to
move to dry traps, using push/pull and attract/kill approaches.

- Quarantine protocols need to be implemented and reinforced within and
across countries.

- Farmers need to be involved in all the management aspects of RPW.

- Capacity building of plant protection personnel and farmers on IPM of
RPW need to be developed

During the discussion of this session, it was pointed out that chemical res-
idues in dates needs to be monitored.

This was an open house session where participants deliberated and com-
mented on various issues related to the control of RPW. Following are the
significant actions (outcomes) and recommendations made by the partici-
pants in addition to the outcomes related to, farmers’ participation in control
of RPW / FFSs, research on RPW, networking/working groups, host plant
resistance, phytosanitation/quarantine, socio-economic studies, extension
and awareness and other related aspects.

Following are the Highlights of this session

Farmer Participation in Control of RPW / FFSs

- Develop the program for the benefit of the farmers with practical, easy
to use and low- cost solutions. Technologies should be farmer friendly,
accessible and affordable. It is for the farmer to decide if the technology
tested is useful. Participatory approach among farmers and researchers
is essential.

- Identify some solutions that can be delivered in the field.

- FFSs can play an important role in RPW control and can help facilitate
the participatory approach.

- FFSs should be managed by farmers (down to top). Support technology
transfer and FFSs by involving farmers, public sector, companies etc in se-
lected areas.

- Implement a small participatory program (demonstration) with the best
technologies for RPW control in KSA, Oman and UAE.

- The demonstration plots may have to be country specific.
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- In the next meet-
ing it is essential to
involve farmers, other
stakeholders and ex-
tension agencies.

- Farmers are con-
fused and eager for
solutions. There are
too many technologies
but how many can be
used in the field? Con-
centrate on simplicity
and cost.

- Farmers cannot implement costly technologies.

- From experience in Africa, before we go to the farmers through FFSs,
we should know what is working in the field and develop a comprehensive
package for the field.

- Important to look at the size of the farmer’s holdings.

- Stakeholder involvement (other stakeholders, garden owners) in the con-
trol program is essential

- Participatory approach and not only FFSs is required. Make tailor made
programs for participatory approach for each country.

Research on RPW

- All the research proposals should be tried in designated farms so that
the technology is validated. Research is continuous and we should work on
what we have in hand.

- Test the components in a package of the RPW-IPM.

- Start with the list of gaps. All technologies should be supported with sci-
entific data.

- There is a need to support research on biological control of RPW.

- Need to cover both date palm and ornamental palms.

- Companies should cover their own cost for testing the technology.

- Need to have a multi-disciplinary approach.

- Cost of the technology is an important factor.

- Focus on the host plant to tackle the problem.
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- There must be an end point for research.

- Biological control to be addressed on priority.

- Need to generate data on the damage / loss due to RPW.
- Studies on insecticide resistance are essential.

- Essential to validate the technologies in the field.

Networking/ Working Groups

- Establish small network (sub-groups) on biological control, pesticide ap-
plication and resistance, application of Apps, agricultural practices, monitor-
ing & surveillance and awareness & extension.

- In addition, add phytosanitary protocols, certified propagation mate-
rial, monitoring and use of IT and Socio-economic study group. Create
sub groups with same experts (1-2) for having connection between the
groups.

- The sub-groups need to focus on a specialised topic.

Host Plant Resistance
- Pay attention to the host (palm) itself. Value of the Genetic resources to
combat RPW to be assessed.

Phytosanitation/Quarantine

- Quarantine is very important for the eradication of RPW and to sustain
control efforts.

- In March 2017, the quarantine laws have changed in EU with respect to
RPW.

- Need to harmonize homogenize phytosanitary laws in the region.

- Incentive based phytosanitary system may be implemented.

- Look at certification of planting material and establish certified nurs-

eries.
- Focus on quarantine laws and by-laws.
- Currently there is no enforcement of phytosanitary regulations.

Socio-economic studies
- Need to carry out socio-economic study urgently with quantification of
the impacts.

Extension and Awareness
- Create awareness (pamphlets, guides etc.) on RPW and its control.
- Publish pamphlets on RPW control in language of workers.
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- Update the manu- E‘
al with outcome of this
meeting.

- In the RPW manual,
we have some guide-
lines for phytosanitary
measures.

Other points dis-
cussed

-Agricultural practices
should also be focused
upon. Crop and field
sanitation and cultural
practices are important
to combat RPW.

- Use micro-wave [
technology to eradi- &
cate severely infested
palms.

- Based on the gaps,
analyse what is work- &
ing in the field.

- Implement monitor-
ing and smart solutions. |

- Link the outcome of
the meeting to solutions
| recommendations. .

- For trials by King
Saud University, KSA,
responsible  farmers
who will implement the
technologies will be
selected for the trials.
Companies can join in
these trials.

A J {
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Side Session: Meeting of the organizing and scientific committees
The organizing and scientific committees met after the conclusion of the
technical session to discuss the outcome of the meeting and put the light
on the most promising technologies / innovative tools to control RPW with
a proposal for field validation trials in the main palm growing areas. Accord-
ingly, the following five topics were identified;
« Biological control (Lead Organization: ICARDA).
« Phytosanitary Systems — Border control, Protocols etc (Lead Orga-
nization: IPPC in collaboration with NEPPO and EPPO).
« Certified propagation material (Lead Organizations: NEPPO / Cl-
HEAM).
« Monitoring, IT for early detection (Lead Organization: FAO).
« Socio-economy (Lead Organization: AOAD in collaboration with
ICARDA).

It was decided to form Technical Working Groups (TWGs) on the above
topics for which ‘Concept Note’ will be prepared by each TWG that will
eventually develop into a research proposal for testing and validation in the
field.

During this side session, members of the organizing and scientific commit-
tees also agreed upon the meeting declaration (Annex-1)

Annex-1 BAR| DECLARATION

Innovative & sustainable approaches to control the Red Palm Weevil
(RPW) - CIHEAM Bari, Italy, 23-25 October 2018

We, the representatives of the relevant organizations attending the Inter-
national Meeting on Innovative and Sustainable Approaches to Control the
Red Palm Weevil (RPW), jointly organized by FAO and CIHEAM Bairi in col-
laboration with KIDPAI, ICARDA and AOADat CIHEAM Bari headquarters in
Italy, during the period from 23-25 October2018:

Acknowledge the efforts of FAO and CIHEAM and their excellent initiative
to organize this fruitful meeting bringing together all players from around the
globe that are concerned or involved in the management of the RPW,

Recognize the serious threat posed by the red palm weevil to dates pro-
duction, income and livelihoodoffarmercommunitiesaswellastheadverseef-
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fectsontheenvironmentintheNear East and North Africa Region(NENA);

Highlight the need of assessing the socio-economic impact of the RPW,

ReaffirmtheimportanceofusinganintegratedapproachtoRPWmanage-
mentincludinginter alia biological control, environment friendly tactics, eco-
nomic sustainability along with information technology and remotesensing;

Agree on the need to focus on the identification, validation and transfer
of innovative techniques, user-friendly, affordable solutions to farmers and
other stakeholders for effective, successful management and containment
of the RPW;

Value the efforts of FAO and CIHEAM Bari and other partners for the ini-
tiative to create a multi-disciplinary international network of experts to share
the results of research and best practices;

Express our readiness for cooperation on the establishment and viable
operation of a global platform on RPW management by sharing knowledge
and expertise;

Value the commitment of international Funding/Government agencies to
promote field validation of the most promising technologies/innovative tools
to control RPW in the main palm growing areas across the NENA region;

Emphasizetheneedofcollaborativeeffortstodevelopandsupportasurveillan-
ceprogramme based on the use of informationtechnology;
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Sudan Thematic Implementation
Plan for Management of

Invasive Red Palm Weevil (RPW),
Rhynchophorus Ferrugineus (Olivier)

Dr. Mahdi Abdlerhman Ahmed
Shambat Research Station (ARC)
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Republic of Sudan
Ministry of Agriculture and Forestry
Agricultural Research Corporation (ARC)

SUDAN THEMATIC IMPLEMENTATION PLAN
FOR MANAGEMENT OF INVASIVE RED PALM WEEVIL (RPW),
RHYNCHOPHORUS FERRUGINEUS (OLIVIER).

Abstract

Sudan is rich in biodiversity within diverse environmental systems making
it endowed with flora and fauna which are being threatened by natural fac-
tors and human activities.

Date palm (Phoenix dactlylifera) is believed to be cultivated in northern
Sudan and upper Nubia since 3200 BC. Dry date cultivars might have origi-
nated in Southern Egypt and Northern Sudan. Date palm (Phoenis dactylif-
era L.) in Sudan is an economic and food security crop. Estimated annual
date production from 8 million date palm trees is about 431.000 mt which is
far below the country’s potential. Sudan has been famous in the world for
production of dry dates. Different local and old cultivars and seedling races
are known in the country. Six good local commercial cultivars are available
and research is coming up with better composition of cultivars by local se-
lection and foreign introduction from tissue laboratories. Sudan is still free
from-devastating red palm weevil - and the destructive bayoud caused by
Fusarium oxysporum f.sp. albedensis.

Red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier), is catego-
ry-1 pest on date palms in the Middle-East countries. It is one of the biggest
threats to global agriculture these days. These little crimson devils eviscer-
ate coconut, date and oil palms, and are native to South Asia. Over the last
three decades they've spread to more than 60 countries from the Caribbean
to Southern Europe. For farmers across East Asia, North Africa, Europe and
the Middle East, the red palm weevil evokes serious anxiety. These pests,
which attack 40 different species of palm, have caused economic losses in
the millions of dollars annually worldwide. One female weevil can lay up to
300 eggs — hiding them inside holes and cavities in the trunk of a palm.
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Once they hatch, “the larvae burrow deep inside the palms,” munching their
way through the tree, and destroying it from the inside. Sudan is expecting
that RPW would come eventually.

The thematic implementation plan has the major components of a strategy
to be adopted for a country that is not infested with RPW, which revolves
around 1) Quarantine, 2) Monitoring/Surveillance and 3) Training/ Capaci-
ty Building. Here are some points that could be adopted to strengthen the
aforementioned components besides a plan should infestation occur in Su-
dan. In this case, the strategy should be containing the spread and eradi-
cating the pest.

Key notes: Sudan, Date palm, Red palm weevil, Strategy adopted

Introduction

Sudan is a vast country with an area of 1.8 million km2. It lies between
latitudes 10° and 22° N and longitudes 22° to 38° E. Its landscape consists
primarily of gently sloping plain, with the exception of Jebel Marra Mass-
sif, Red Sea Hills and Nuba Mountains. Mean annual temperatures vary
between 26°C and 32°C across the country. The northern part is almost
desert and semi desert with average annual temperatures around 30°C and
average annual rainfall of about 150 mm. The central part is semi-desert
to savannah with average annual temperatures around 27°C, and average
annual rainfall of about 200 mm. Rainfall, which supports the majority of the
agricultural activity, is erratic and increasing in amount southward. Sudan
can be ecologically divided into five vegetation zones according to rainfall
patterns from North to South .These are: Desert, Semi-desert, Low rainfall,
savannah High and rainfall savannah.

Sudan is endowed with a wide range of ecosystems and species diversity.
The ecological zones extend over a wide range from the desert in the ex-
treme north to the savannah. According to Land Cover Atlas of Sudan (FAO,
2012), forests and rangelands represent 35.6% of the total country area.

Sudan is rich in biodiversity within diverse environmental systems making
it endowed with flora and fauna which are being threatened by natural fac-
tors and human activities.

Date palm (Phoenix dactlylifera) is believed to be cultivated in northern Su-
dan and upper Nubia since 3200 BC. Dry date cultivars might have originated
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in Southern Egypt and Northern Sudan. Date palm (Phoenis dactylifera L.) in
Sudan is an economic and food security crop. Estimated annual date produc-
tion from 8 million date palm trees is about 431.000 mt (FAO, 2010), which is
far below the country’s potential. Sudan has been famous in the world for pro-
duction of dry dates. Different local and old cultivars and seedling races are
known in the country. Six good local commercial cultivars are available and
research is coming up with better composition of cultivars by local selection
and foreign introduction from tissue laboratories (Khairi, 2015).

However, the date palm industry is facing many serious problems, related
to low yields, lack of appropriate packing and presentation as well as limit-
ed processing of date products. The low yields in most countries, including
Sudan, are due to soil salinity, poor fertility, insect pests and diseases, lack
of maintenance and care due to increasing cost of labour and to shortage
of personnel trained in improved cultural practices. As a result of the high
cost of production and low prices of the produce, farmers tend to neglect or
even abandon their orchards. Although the commonly known, insect pests
like devastating red weevil and the destructive diseases like bayoud caused
by Fusarium oxysporum f.sp. albedensis, have not been reported, in Sudan
(Ahmed 2013 , Felaero, 2017and Elhassan 2006), the date palm is affected
by many biotic factors among which insects are the most important.

Welcome Tropical Research Laboratories in Khartoum started insect col-
lection and identification efforts in Sudan in 1902. Since then, intensive sur-
veys were made to cover all geographical regions. Although the National
Insect Collection Unit of ARC is concentrating on insect species of agricul-
tural and environmental importance, it is considered as one of the biggest
and oldest insect collections in Africa. Over 5000 insect species belonging
to 246 families and 15 orders. The order Coleoptera (beetles) which , con-
tain about 69 family and 2089 species represent the most dominant insect
species in Sudan, Based on their economic importance.

Red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier), is catego-
ry-1 pest on date palms in the Middle-East countries. It is one of the biggest
threats to global agriculture these days. These little crimson devils eviscer-
ate coconut, date and oil palms, and are native to South Asia. Over the last
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three decades they’'ve spread to more than 60 countries from the Caribbean
to Southern Europe. For farmers across East Asia, North Africa, Europe and
the Middle East, the red palm weevil evokes serious anxiety. These pests,
which attack 40 different species of palm, have caused economic losses in
the millions of dollars annually worldwide Red palm weevil (RPW), Rhyncho-
phorus ferrugineus (Olivier) is a lethal pest of date palm. The pest has its
home in south and south east Asia where it has been a key pest of coconut,
and is now reported from nearly 50 countries in all the continents on 40 palm
species worldwide (Wattanapongsiri, 1966; Faleiro, 2006; Giblin-Davis et al.,
2013; http://www.savealgarvepalms.com/en/weevil-facts/host-palm-trees).
The global spread of RPW has been rapid during the last three decades
especially through infested planting material and FAO has designated RPW
as a category-1 pest of date palm. Early detection of infested palms is the
key for the successful control this pest in countries where it occurs. In case
of Sudan, enforcing strict external and internal quarantine regimes is vital to
prevent the entry of the pest in to the country.

Distribution map
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Source: http://'www.cabl.org/isc/datasheet/47472
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Sudan is expecting that RPWW would come eventually.

e. There’s good reason for all the panic, says Mark Hoddle, an entomolo-
gist at the University of California, Riverside. “Red palm weevils are notori-
ously difficult to detect — until it's too late,” he says. One female weevil can
lay up to 300 eggs — hiding them inside holes and cavities in the trunk of a
palm. Once they hatch, “the larvae burrow deep inside the palms,” munch-
ing their way through the tree, and destroying it from the inside, Hoddle
explains.

The thematic implementation plan

The thematic implementation plan has the major components of a strategy
to be adopted for a country that is not infested with RPW, which revolves
around 1) Quarantine, 2) Monitoring/Surveillance and 3) Training/ Capaci-
ty Building. Here are some points that could be adopted to strengthen the
aforementioned components besides a plan should infestation occur in Su-
dan. In this case, the strategy should be containing the spread and eradi-
cating the pest.

:



New infestation from Egypt
Eldakhla oasis —New Valley

* Registration of nurseries/ importers: The Ministry of Agriculture / National
Plant Protection Organization (NPPO) should keep a register for all palm
nurseries/ importers (growers, nurseries, dealers, etc.) and establish a da-
tabase on importation and destination of palms.

* No palm tree should leave nurseries without movement certificate issued
by the NPPO.

* Prohibition of importation of palm trees from a particular origin (infested
area/countries).

« Palm trees originating from authorized nurseries should only be imported,
from non-infested countries.

* In case of date palm, only date palm from vitro propagation could be im-
ported in test-tubes from officially certified nurseries.

» Offshoots produced within the country should be permitted to be transport-
ed under close supervision of NPPO, preferably after treatment (dipping of
the bole of offshoots in 0.004% Fipronil for 30 minutes). A simple superficial
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spray does not help.

» In case of tissue culture palms produced within Sudan, localize geograph-
ically (GIS) the mother tree, label it (each mother plant must be marked with
the year, sampling area and serial number), under the supervision of the
NPPO.

* Movement of offshoots from one oasis to another across the country
should not be permitted, to localize infestation in case of an outbreak.

* Nurseries should be inspected at least three times a year.

* Import of offshoots should be banned from infested countries.

* Develop regulation manuals with clear requirements for import, movement
and nursery certification.

« Support the establishment of tissue culture laboratories for the production
and supply of RPW free planting material.

* Train Plant Quarantine Staff and other law enforcement authorities.

1. Create awareness among farmers and other stakeholders about the seri-
‘;r"—'—-—‘__ N E '

A SURVEY WAS CONDUCTED 1N 2013
(USING PHEROMONES) IN NORTHERN SUDAN.
NO RPW HAS BEEN DETECTED




ousness of the RPW issue.

2. Develop a protocol for visual inspection in a simple and easy to under-
stand languages of the farmer and other support staff.

3. Urgent need to develop a quick and reliable, cost effective, and easy to
handle early detection device for RPW. Remote sensing, acoustics, thermal
imaging, chemical signatures, laser induced breakdown spectroscopy, near
infrared spectroscopy, X-ray, biological and physiological stress indicators,
sniffer dogs etc.

1. Regular inspection and monitoring.

2. Population disruption (pheromone trapping).

3. Plant quarantine.

4. Extension programs.

5. RPW-IPM

In addition to regular visual inspection of date palms in the susceptible
age group (< 20 years), it is recommended to monitor the incidence of adult

L |
RPW Survey N
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weevils during peak activity of the weevil from March to May and again
from September to November. This could be achieved by setting food baited
pheromone traps in plantations along roads at a distance of 1Km between
two monitor traps.

1. Strengthen extension programs, activities, knowledge sharing mecha-
nisms, communications, and farmers’ organizations.

2. Establish defined coordination mechanisms with NGO's, private sector,
and cooperatives to make the program more effective.

3. Introduce participatory approach (Farmers Field School) for farm-
ers and farm workers to empower them with knowledge and field prac-
tices.

4. Use of social media to expedite transmission of information.

5. Strengthen cooperation among institutions at the National level and ini-
tiate programs of cooperation at the Regional and International

Training and capacity building of all stake holders (Farmers, Agriculture
officers, Quarantine officials, NGOs, Cooperatives, Farmer Groups etc.) on
the RPW eradication strategy (should the pest be detected) should be car-
ried out/ intensified.

Farmer participation and involvement in the RPW control programs in cru-
cial for successful control of RPW.The advantage of involving the farmers
and other stakeholders in the control program is considerable as they pres-
ent in the farm and can assist in detecting infested palms in the early stage
of the attack, an action that constitutes the key to control and eradicate the
pest.

Pilot projects to experiment and demonstrate the feasibility to involve farm-
ers/stakeholders could be initiated in all the major date palm oasis of Sudan

1. Mass trapping to be taken up by lead / trained farmers.

2. Introduce attract and kill strategy in mass trapping programs.

3. Evaluate the dry trap using electro-magnetic technology.

4. Carry out a risk assessment of the area adopting visual observation and
pheromone traps.
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5. Develop good agronomic practices that limit RPW attack.

6. Preventive measures including sanitation, wounds treatment, removal
of neglected orchards, pheromone trapping, and insecticide applications via
spray and injection should be practiced.

7. Explore potential indigenous strains of entomopathogenic nematodes
and fungi and develop an efficient delivery system.

8. Develop RPW-IPM programs and ensure farmers/stakeholder partici-
pation.

1. Develop a GIS and spatial data base to be used operationally by coun-
tries.

2. Managing mass trapping through the GIS with RFID (Bar coding) of
traps.

3. Use a remote sensing imagery to geo-reference palm trees in countries
to be used as primary base map in the GIS.

4. Develop a user friendly mobile application for reporting, data collection
and transmission.

Should an infestation occur — What is to be done?
In this case the goal should be to contain the spread and eradicate the
pest. To achieve this
-Remove (eradicate) all infested palms. Cut infested portion of the palm
into small bits (20 cm long) and drench with insecticide in-situ.
- Do not move the infested palm for eradication to another site.
- Establish a 10Km radius buffer zone.
- Intensify phytosanitory/ quarantine regulations.
- Inspect all palms in buffer zone at bi-monthly intervals.
- Mass trap the area [1Km radius from the infested palm] @ 1trap/ha.
- Deploy attract & kill if infestation is severe / 3 weevils/trap/week.
- Prohibit movement of all palms from the buffer zone.
- Intensify training on RPW- IPM.
- Encourage Farmer participation in the RPW-IPM program especially with
regard to detection of infested palms.
- The country is to be declared pest (RPW) free if no new infestation/weevil
is detected for three years.
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Distribution of RPW in the world
The weevil is now present in all continents of the world and in Africa; it
exists in Egypt, Libya, Tunisia, Morocco, and Mauritania (recent detection).

The host range

RPW is reported to attack about 40 different species of palms including
ornamentals.

The host range should be given attention with respect to quarantine mea-
surements. The weevil could be introduced with hosts other than date palm
and there is a possibility of being introduced as hitchhiker on imported or-
namentals.

Challenges in red palm weevil mentoring
1. Early detection difficulties of RPW infestation.
2. Farming system.
3. Lack of adequate human and financial resources.
4. Lack of active involvement/ training of farmers.

Successful lesion from Sudan for control one of the exotic pest
in Date palm

Sudan has good experience to deal with invasive pests, for example, the
green date palm scale insect as an exotic pest appeared in Northern Sudan,
Considered in the other palm groves of the world to be of minor or no im-
portance, developed here in a very explosive way. Total number of infested
trees is 1200; 000.Following intensive research an Integrated Pest Man-
agement (IPM) was starting with cultural practices or sanitary measures,
supplemented with chemical control using systemic insecticides and impact
of natural enemies together with plant quarantine legislations. Acomprehen-
sive program by Plant Protection Directorate (PPD) has been conducted in
infested areas. Sustainable biological control of the green pit scale was im-
plemented based on results of surveys revealed that many natural enemies
associated with insect have been recorded, the nitidulid beetle Predators
found in all surveyed areas were Nitidulidae beetle Cypocephalus dudichi
L., lady bird Pharoscymnus numidicus , Chrysoperia sp and the parasitoid
Metaphycus sp. was found in association with green pit scale insect

Thematic implementation plan for management of invasive Red Palm

Weevil
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Implementing

Theme Recommended Actions :
Agencies

i. Develop and implement a public aware-
ness program about that invasive insect and
its impact on biodiversity and livelihood of
the local communities .

ii. Encourage media organizations and ex-
tension workers to participate in dissemina- M of Agric.,
tion of information about the impact of this

: o M of Educ.,
Awareness, |invasive insect ...
i .. . . NGOs,
Training and | iii. Support education institutions to incor-
_ . : L ARC,
Education |porate issues of RPW, identification, preven- : 1
Universities.

tion, eradication and management into their
curricula.

iv. Develop database of RPW, identification
guides and make the information accessible
to the Stakeholders .

v. Qualify and train taxonomy specialists in
insects.

i. Strengthen quarantine measures and bor-
der control to ensure that intentional introduc-
tions are subject to appropriate authaorization.

ii. Develop risk assessment and manage-
ment programs and guidelines for newly in-
troduced species.

iii. Develop and implement effective re-
sponse procedures for the prevention of new
Policies |potential invasive species. M. of Agric.

iv. Encourage and support the involvement
of all stakeholders in alien invasive species
management program.

v. Develop invasive species management plans
that emphasize prevention of introductions, con-
trol and eradication of invasive species.

vi. Develop effective systems and tools for
monitoring and evaluation of invasive species.
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i. Harmonize state and sectoral rules and
regulations relevant to invasive species and
formulate policy and legislation for the con-| M. of Agric. &
Legislation |trol of introductions, movement and man- PPD
agement of date palm.

ii. Enforcing the international regulation for
RPW.

i. Identify RPW problems and recommend
management actions.

ii. Develop appropriate methods to monitor,
prevent and stop spread of invasive RPW.

iii. Assess the movement of RPW and de-
velop maps of distribution of the invasive
RPW.
Conservation| iv. Formulate and implement result orient-
ed research on characterization of invasive
RPW:; wvulnerability of ecosystems, social
and economic impact; prevention, control,
eradication and management methods.

v. Promote research on the use of tradition-
al knowledge in the development and imple-
mentation of measures to manage RPW.

ARC

i. Strengthen an existing institution to coor-
dinate research, management and eradica-
Sustainable |tion of invasive RPW.

Use ii. Produce an inventory of RPW and eval-
uate their economic, social and environmen-
tal impacts

M of SC,
ARC, Univer-
sities
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Artificial Diet and Date
Palm Offshoots

H. A. F. EI-Shafie
Date Palm Research Center of Excellence,
King Faisal University, KSA
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Mass Rearing of Red Palm Weevil on Artificial Diet and
Date Palm Offshoots

Introduction

The red palm weevil (RPW) is originally from South and Southeast Asia
(Wattanpongsiri, 1966). RPW had been described as a fatal pest on coconut
and date palm moare than 100 years ago (Lefroy, 1906; Brand, 1917). The
weevil moved from its central origin to invade the rest of the world through
different pathways including movement of infested planting materials (Fa-
leiro, 2006). In the Middle-East RPW was first reported from Rass-El-Khai-
ma in the UAE in 1985 (Zaid et al.,2002) and reached the eastern region of
the Kingdom of Saudi Arabia in 1987 from where it spread to other areas
of the country (Abuzuhairah et al. 1996, Al-Abdulmohsin, 1987). The first
report of RPW from Africa came from Egypt in 1992 (Cox, 1993) while in Eu-
rope it was detected in southern Spain in 1995 (Barranco et al., 1996). The
weevil has become the number one pest of date palm in the Middle East
and North Africa during the last 30 years. RPW invaded and established
its population in Europe, which is now considered a serious pest on the
Canary Island date palm. Globally, the weevil is found in 42 countries from
the Middle East, North Africa, Europe, South and South-east Asia, and the
Americas (Curacao Islands- Caribbean). Although the weevil attacks many
host plants, it is considered of great significance on coconut, date palm and
Canary Islands date palm where serious damage occurs. Damage to date
palm is mainly caused by the larval stage feeding within the trunk of palms.
Adult females of RPW lay eggs in protected parts of the date palm tree,
including wounds on the trunk of established trees, at the base of fronds,
the crown of the tree and adjacent to offshoots (Faleiro 2006). The RPW
is hidden palm tissue borer and the larvae feed voraciously on the internal
tissues of the palm, and severe infestation may finally leads to palms death.
The external symptoms of infestation by the RPW include oozing of brown
fermented fluid, tunneling of tissues, drying of infested offshoots, presence
of dead adults and pupae at the base of fronds, and appearance of mats of
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brown loose tissues at the crown of
young date palm (Fig. 1). The RPW
management strategy comprises
several components - monitoring and
mass trapping with pheromone traps,
early detection of infestations in the |
field, elimination of hidden breeding
sites, preventive and curative chemi-
cal treatments, and eradication of se-
verely infested palms, implementing
quarantine regulations, training, and
education.

Purpose and objectives of RPW
mass rearing

In many cases, the laboratory rear-
ing and mass production of RPW is
very important to maintain purity, age,
physiological stage homogeneity,
and sex-based selection to carry out
lab, semi-field and field experiments.
Mass rearing and production of RPW
has the following objectives:
* Refining existing RPW rearing protocols to ensure the continuous avail-
ability of high quality RPW larvae and adults (free of insecticide residues)
for bioassay tests and experimental purposes throughout the year. For ex-
ample, studying toxicity of different insecticides to different developmental
stages of the weevil including eggs, larvae, pupae and adults as well as the
egg-laying preferences and response of females to kairomones of different
date palm cultivars.
* Maintaining a self-sustaining reproductive culture of RPW control system.
« Studying important competitive biological traits of the weevil such as num-
ber of larval instars, fecundity of females, egg hatchability, adult longevity,
survival, mating behavior and developmental periods of different stages.
Construction of life table parameters of RPW such as intrinsic rate of in-
crease (rm), doubling time (T), net reproductive rate (Ro) on different date

Fig. 1: Visual symptoms of RPW damage
on a young date palm
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palm cultivars, the infinite rate of increase (A), and sex ratio in the progeny.
Information about life history of insects is important for understanding pop-
ulation dynamics, life table analysis, key factor analysis and other important
investigations, to determine their community structure (Mohammadi, et al.
2010).

« Quantifying basic flight attributes of the weevil such as flight velocity, flight
frequency, flight periodicity and distance flown. Testing response of adult
males and females for attraction to aggregation pheromones and factors
affecting these responses such as weevil sex, age, and mating status.

* Production of RPW larvae for human consumption. In Thailand, red palm
weevil is commercially mass reared and harvested as food (Hoddle, 2015)
(Fig. 2).

» The aforementioned data are useful for ecological studies and in the de-
velopment of management strategies and their application for the control
the red palm weevil in date palm groves.




Rearing RPW naturally on bolts of date palm

Many investigators have reared RPW on natural host for experimental
purposes (Kaakeh, 2005; Al-Ayedh, 2008; Ju, et al., 2010, Hagley, 1965,
and Aldawood and Rasool, 2011; EI-Shafie et al., 2013). Aldawood and Ra-
sool (2011) described a protocol for rearing the red palm weevil on bolts
(trunks) of different date palm cultivars. Here is the details of the protocol
with some modifications. 3-4 years old date palm offshoots are used for
the purpose of mass production of RPW. First, all fronds and fibers of the
offshoots are removed using electric chainsaw. The bolt which then about
0.75 to 1 m long with varying trunk diameters is cut longitudinally into two
equal halves. A cavity of about 20 cm X 20 cm is made in the inner surface
of one of these halves (Fig. 3). Five male-female pairs of healthy active
weevils are then inoculated into the cavity and covered with cotton mat to
prevent escape of the weevils. The two halves of the bolt are then placed
together and tightly wrapped with flexible steel wire. All openlng in the cut

Fig. 3: Preparauon of date palm bolts for inoculation with RPW

A
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Fig. 4: Stacking of inoculated date palm bolts in the rearing cage

bolts are sealed with cotton to prevent rapid drying of the offshoots and si-
multaneously avoid escaping of weevils. The inoculated bolts are then kept
in special cage made of weevil-proof double steel mesh (Fig. 4). The cage
is enclosed in insect-proof plastic mesh with double doors to ensure high
security against accidental escape of the weevils. The bolts are inspected
three weeks after inoculation with the weevils to monitor larval development
and harvesting of larvae. Schedule of reopening the inoculated bolts could
be stipulated according to the desired larval age required or any other par-
ticular stage such as pupae or adults. If virgin females are required, pupae
can be harvested and isolated individually in a separate plastic vial before
being kept in an incubator at 27°C and 60% R.H. for adult eclosion.

Rearing in plastic containers

In Thailand, farmers mass reared the RPW in closed plastic containers.
They grind the coconut palm fronds (leaves) using a mechanical grinder and
the resulting saw dust is soaked in water and the excess water is drained
by squeezing the mash. Pellets of pig feed are added to the mash and the
mixture is packed in plastic containers. Adult female weevils are introduced
into the container and left to oviposit. Stabs of wood and barks are used to
cover the inoculated containers and later provide materials for the larvae to
construct their pupal cocoons (Hoddle, 2015). This rearing method is rela-
tively simple and cost-effective in comparison to other methods of rearing.
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The mash waste and drained liquids resulting after harvesting of the larvae
can be used as compost fertilizer and for soil amendment.

RPW rearing on artificial diet

Rahalkar, et al. (1978) developed an artificial diet, for rearing RPW, con-
sisting of sugarcane, bagasse, fresh coconut cake, brewer’s yeast, sug-
arcane, potassium hydroxide, methyl parahydroxyl benzoate, and sorbic
acid solutions. El-Sabey et al. (2003) developed an artificial diet for RPW
consisting of potato, carrot, casein, agar, cereals, and vitamin B and D.
Martin and Cabello (2006) used agar, brewer’'s yeast, wheat germ, corn
flour, ascorbic acid, benzoic acid, amino acid-vitamin mix, chloramphenicol
and nipagin to rear RPW. For mass production of RPW on artificial diet, a
healthy vigorous colony of weevils should be available at hand to provide a
continuous supply of fertile eggs. Additionally, a diet containing the essential
nutritional elements for the development of the weevil as well as the optimal
conditions for growth should be available.

Freshly collected adult females and males of RPW were brought from the
Directorate of Agriculture in Al-Ahsa. Adult weevils were placed in perfo-
rated plastic containers and fed on sugar cane (Fig. 5). Weevils are sexed
based on the presence of a tuff of fine bristles on the dorsal end of the ros-
trum in males and their absence in the females.

Fig. 5: A colony of RPW feeding on sugar cane
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Sugar cane provides food for adult weevils and substrate for egg laying by
the females.

The provided pieces of sugarcane are carefully inspected and peeled in
search of eggs, which are collected and transferred into petri dishes lined
with wet Watman papers using a fine camel hairbrush. To obtain the max-
imum hatchability percentage, only clean ivory colored and shining eggs
should be collected. The eggs are then kept for three days in an incubator
at 27-C and 50% RH for hatching and the newly hatched larvae are then
carefully transferred to cups containing artificial diet.

The protocol most commonly used for mass rearing of RPW including the
ingredients of larval diet has been developed by Martin and Cabello (2006) and
modified by El-Shafie et al. (2013). The main ingredients of the diet include agar,
yeast, wheat meal, corn flour, in addition to other basic ingredients. Chemical
preservatives such as benzoic and sorbic acids are incorporated in the diet to
prevent fungal and bacterial contaminations. Thirty-seven gram of agar is mixed
in 875 ml distilled water in glass beaker. The mixture is then put in a microwave
oven at maximum potency for 8 minutes and stirred using magnetic stirrer at
minutes 2, 4 and 6 to dissolve the agar. The mixture is removed from the oven to
facilitate each stirring and finally removed at minute 8. The main ingredients are
mixed with agar jelly using a kitchen blender, previously washed with distilled

water and surface sterilized with 0.5% sodium hypAochlorite (Table 1).
Table 1: Ingredients and amount needed to prepare one liter of RPW artificial diet (El-Shafie et al., 2013)

Ingredient Amount

Distilled water 875 ml
Agar 18.5g
Brewer’s yeast 45¢g
Wheat grains 45¢g

Corn flour 45¢g

Sorcic acid 169
Ascorbic acid 44
Aminobenzoic acid 1649
Pharmaton® capsule (1.55g/capsule) 2 capsules
Tetracycline (250 mg) 2 capsules
Amino/fatty acids additive 25 ml




Fig. 6: Artificial diet in plastic containers

The mixture is homogenized at high speed for 2-3 minutes and left to cool
till 60 =C. As the diet cooled, two multi-vitamins (PharmatonTM) capsules
and one tetracycline tablet are added while stirring the media. The diet is
then poured into surface sterilized plastic containers while still warm, left
to solidify (Fig. 6). To prevent spoilage of the diet, it should be kept in the
refrigerator until use. The cups containing diet should be kept at room tem-
perature to warm up before neonate larvae are introduced into them. Small
tunnels may be made on the diet surface to facilitate establishment and bur-
rowing of the neonate larvae. Large number of larvae with homogeneous
weight and physiological age could be obtained on artificial diet (Fig. 7).

Fig. 7: Large number of RPWV larvae produced on artificial diet

A J {
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One of the challenges facing those who rear RPW on artificial diet is to get
the final instar larvae to pupate. Entomologists have extensively used sugar
cane stem for this purpose. However, the diameter of stem is a determining
factor in the success of this process. Sugarcane stem with narrower diam-
eter, in most cases, lead to small size adults in addition to its low efficiency
(EI-Shafie et al. 2013). The food-fiber pupation technique, as the name im-
plies, consisted of two layers of date palm fiber and a layer of sugarcane
pieces (15 cm long), split longitudinally and stacked side by side to make a
mat 20 cm wide. The sugarcane pieces were sandwiched between the lay-
ers of date palm fiber and wrapped with fine plastic mesh. The sugar cane-
date palm fiber mat was rolled into a cylindrical bundle resembling date
palm offshoot (Fig. 8) (El-Shafie et al., 2013). The date palm fiber and the
sugarcane there by simultaneously provided material for the construction
of the cocoon for fully matured larvae that wanted to pupate and nutrients
for those larvae that require additional time to complete their development.
The sugarcane stem also provide a solid support that is required by the lar-
vae during the cocoon spinning process. The food-fiber bundles are kept in

Plastic mesh Date palm fiber Last instar larvae

Fig. 8: RPW Food-fiber pupation technique (Source: EI-Shafie et al., 2013)



30x20x14cm plastic container spe-
cially fabricated with 20 holes (5mm
diameter; 8 on the lid, 4 at the bottom
and 2 on each side below the con-
tainer rim) to provide aeration and to
conserve the required humidity. The
bundles are checked carefully after
three weeks for presence of cocoons
without disturbing the pupating larvae.
However, when fibers are unavailable
for the larvae to spin cocoons, they
may pupate even in the absence of
such protective pupal cases (Fig. 9)

. Fig. 9: An adult RPW successfully developed
(El-Shafie, unpublished data). on artificial diet without pupal cocoon

Constraints of RPW mass rearing
The mass rearing of RPW on date
palm trunks is laborious and expen-
sive (Al-Ayedh, 2011). Moreover, the
offshoots used in the rearing process
should be healthy and free from in-
festation by other coleopteran borers
such as the longhorn beetle and the
fruit bunch borer. Infested offshoots
may lead to the attack of the red
palm weevil by phoretic mites (Fig. . ;
10). Rearing of RPW on artificial diet ~ Fi9- 10: RPWadult and pupa severely infested
by a pharetic mite
is more difficult and labor intensive,
because it requires diet preparation and replacement of the diet on regular
basis, and handling of delicate larvae. Most of the artificial diets are suscep-
tible to microbial contamination, which sometimes resulted in complete col-
ony failure. Therefore, diet preservatives are needed that might have neg-
ative impacts on insect health (Aldawood and Rasool, 2011). Agar, which is
commonly used in preparation of insect rearing diet, is expensive (Ahmed
et al. 1998). Although there is some success in efforts to rear successive
generations of economically important insects entirely on an artificial, in
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many cases they may lose their both
fitness and reproductive potential
which cause longer development
times and lower fecundity (Coudron
et al. 2002). In this respect, it has
been found that the average size of
red palm weevils reared on artificial
diet and sugar cane is smaller than
the size of those reared on date palm
(Fig. 11) (EI-Shafie et al., 2013). The
larvae have to be transferred to con-
tainers with fiber and adhesive solid
objects so that they can successfully
spin their cocoons. This will add more
work and makes the process of rear-
ing labor intensive. Additionally, no
numerical data is available at hand _
on the cost of rearing the RPW on g 11: Rew adutts reared on artificial diet (top)
either date palm offshoots or artificial and on date paim bolt (bottom)

diet. Therefore, future studies are needed to optimize rearing process in
term of technical protocols and production cost.

Conclusions

Mass production of high quality weevils on either date palm offshoots or
artificial diet is possible and may be required for research and bioassay
experiments. The main shortcomings of RPW mass rearing is the relatively
high cost of production. As RPW is serious invasive palm pest, weevil-proof
rearing facilities are needed to avoid the risk of adult weevils escaping into
the environment.
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EFFECT OF DISTANCES BETWEEN TRAPS IN INFESTED
AREAS OF DATE PALM TREES AND PHEROMONE TYPES
ON THE NUMBER OF RED PALM WEEVIL,
Rhynchophorus ferrugineus (OLIVIER)

ADULTS ATTRACTED TO PHEROMONE TRAPS.

ABSTRACT

The red palm weevil (RPW) Rhynchophorus ferrugineus (Olivier) (Curcu-
lionidae: Coleoptera) is the most important pest attracting date palm trees
in Egypt. Aggregation pheromone traps were distributed in three areas;
450, 900 and 1350 m2 in three farms at EL-Kassasein district (Abo-Nagi)
Ismailia governorate during 2013 season. Pheromone traps were placed at
different spaces arranged discerningly as follows: Traps at 450 m2 (trap /
150 m2) was the best to attract RPW where the numbers of captured bee-
tles were 988 adults represented 43.81% of the total catch, followed by 900
m2 (trap /300 m2.) that caught about 725 adults represented 32.15% of
the total catch, and 1350 m2 (trap/450 m2) caught about 542 adults repre-
sented 24.04% of the total catch. These results also revealed that the num-
ber of females captured were more than males, where the male sex ratio
percentage were 41.59% ,44.41% and 41.88% for 450, 900 and 1350 m2
,respectively. In the same season three types of pheromones were hanged
in aggregation pheromone traps, they were Costa Rica, France and Spain
pheromones. Costa Rica pheromone was the best to attract RPW where
the number of captured beetles were 725 adults represented 41.05% of
the total captured compared with France pheromone where it caught about
523 adults represented 29.61% of the total catch. Spain pheromone caught
518 adults represented 29.33% of the total catch.In all traps the number
of females captured were more than males, where the male percentages
were 41.38%, 39.96% and 17.95% for Costa Rica, France and Spain, re-
spectively.

Keyword: Rhynchophorus ferrugineus (Olivier) type area, 450, 900,
1350 m2, type pheromone, Costa Rica, France, Spain.



INTRODUCTION

Date palm, Phoenix dactylifera (Linn.), is one of the most important fruit
crops in the Middle East. It has been cultivated since ancient times (Lee,
1963 and Riad, 2006). It is thought to be a native of Shat EI-Arab or Persian
Gulf region. From this regions, the date palm was distributed to other parts
of the world .The date palm cultivation in Egypt goes back thousands of
year. (Sharif and Wajih, 1982).

Date palm trees are liable to be attacked by many insect pests and
mites which cause serious damage to the different parts of roots, trunks,
leaves and fruits and causing economic loss to date fruit yield. The red
palm weevil, Rhynchophorus ferrugineus (Olivier) (RPW) (Family: Cur-
culionidae, Order: Coleoptera) was first recorded in Egypt in date palm
plantations of Sharkia and Ismailia Governorates by Saleh (1992). The
main recarded host plants are coconut palm (cocos nucifera ), date palm
(Phoenix dactylifera), sago palm (Metroxylon sago), sugar palm (Aren-
ga saccharifera),canary island palm (phoenix canariesis), indian date
palm (phoenix sylvestris), California palm (Washingtonia filifera),palmyra
palm (Borassus flabellifera) and oil palm (Elaeis guineesis) as reported
by Banks (1906), Ghosh (1912), Buxton (1920), Leefmans (1920) and
Rahalkar et al. (1985).

The present investigation was carried out during one year from January
2013 until December 2013 in Abo Nagi farm at El-Kassassin, Ismailia Gov-
ernorate, The aims of the study were: effect of distances between traps
on infested areas of date palm trees and pheromone types on the number
adults of red palm weevil, Rhynchophorus ferrugineus (Olivier) attracted to
pheromone traps.

* Corresponding author: Tel.: +201207176937
E-mail address: olfatelsayed@yahoo.com
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MATERIAL AND METHODS

The experimental area was 15 feddan at El-Kassassein (Abo-Nagi farm),
Ismailia Governorate during one year (2013).Eighteen aggregation phero-
mone -baited traps were placed equally spaced and a part 100 m., as one
in each block.

The recommend bucket traps were distributed uniformly in the selected
severely infested area. Records were kept in the experimental date palm
field area with Zaghloul, Hayani, Samani, Bent-Esha and Amry varieties.
The field trials were carried out for one date palm growing season during,
2013.

1.1. Trap design and related compounds

Funnel bucket traps were used in the present study consists of plastic buck-
et (9 liter in size). The bucket was punctured around its wall with 4 holes each
of 2.5 cm diameter at 15 cm from the bottom to allow adult weevils' entry in-
side the trap safely and easily. Applying funnel without cover 8 cm in diameter
on the top of bucket traps and placed tightly on soil surface (Plate 1).

1.2. Aggregation pheromone
1.2.1. Synthetic aggregation pheromone lures

The commercially used pheromone “Ferrugineol” is a synthetic pheromone
lures. It is a mixture of 4-methyl-5-nanol and 4-methyl-5- nanone (9:1). Itis

Plate (1): Trap design and related compounds
Plate (3): Ethyl acetate (Kairomone) in pheromone trap



study. Pheromone sac was placed
underside trap top surface. The pher-
omone releases its active chemicals
blames through a plastic membrane |
(3-10 mgl/day) from 400 and 1500
N/tube, respectively under laborato- [
ry conditions of 27°C and 50% R.H. §
(Plate 2).

1.2.2. Ethyl acetate (Kairomone)

Selected Kairomone was used as a
synergist to activate the potent abili-
ty of releasing ethyl acetate blooms.
Ethyl acetate bags were hanged from
the underside surface of the trap top
releasing chemicals through a fine
plastic tube (as 100 and 128 mg/day) Plate (2) / Plate (4):: Costa Rica pheromone
(Plate 3).

1.2.3. Reduce surface tension material
Liquid soap was mixed with top water used in the inside bucket trap.

1.3. Effect of infested areas of date palm trees on the number of at-
tracted adults to pheromone traps

Three pheromone traps (holes and funnel without cover and height at
ground level and 5 date palm trees trunks varieties being, Zaghloul, Hayani,
Samani, Bent-Esha and Amry were distributed in three covering areas were
450, 900 and 1350 m2 in three farms at EL-Kassasein (Abo-Nagi) in which
date palm trees were extensively distributed for one year (2013). Three
pheromone-baited traps / area were observed.

The collected weevils caught in the pheromone traps was counted, sexed
and recorded weekly. While the mixture water liquid soap was replaced bi-
weekly kairomone (Ethyl acetate) and pheromone capsules within each trap
were changed by other fresh ones every two months during the trapping
period from 1/1/2013 until 31/12/2013. Nine pheromone traps holes and
funnel without cover were used in the present study (Fig.1). Traps were
finally placed on soil surface.
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1.4. Effect of pheromone types on capturing

Three types of pheromones were chosen in experiments as follows: (Cos-
ta Rica, France and Aspani pheromones) produced from different compa-
nies. The experimental area at EL-Kassasein district (Abo-Nagi) was cho-
sen for one year of 2013. Nine pheromone traps holes and funnel without
cover and height at ground level and 5 date palm trees trunks varieties
being, Zaghloul, Hayani, Samani, Bent-Esha and Amry were distributed (3
traps/ for each pheromone) and arranged as one trap/100 m in every types.

1.4.1. Synthetic aggregation pheromone lures

The commercially used pheromone “PO28 Ferrolure+” is a synthetic pher-
omone lure, (a mixture of 4-methyl-5-nonancl and 4-methyl-5-nonanone
(9:1). Purity of both > 95%. Components imported from ChemTica Inter-
national S.A., Costa Rica was used. Pheromone sac was hanged on the
underside of trap top surface. The pheromone releases its active chemicals
blames through a plastic membrane. Release Rate (3-10 mg /day). Mini-
mum 700 mg / lure total mixture from 400 and 1500 N/tube, Bubble formu-
lation one lure per pack. Colorant and stabilizer added. Respectively under
laboratory conditions of 27°C and
50% R.H. under identical conditions.
(Hallet, et al., 1993) (Plate 4).

Was determined by numbers of
captured RPW adults based on ag-
gregation pheromone traps in se-
lected area. The number of collect-
ed weevils caught in the pheromone
traps was counted weekly and sexed
and recorded. Kairomone (Ethyl ace-
tate) and pheromone capsules within
each trap were changed by new fresh
ones every two months, while the wa-
ter soap solution was replaced with
fresh one W86k|)‘- (Plate 5) Plate (3): France pheromone
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The commercially used phero-
mone “Pheromone Dispenser’ RPW
nominal dose per dispenser 200 mg.
AgriSense BCS Ltd., Taffs Mead,
Treforest Industrial Estate, Pon-
typridd, Mid-Glamorgan, CF37%
SU. (Plate 86).

IV-RESULTS AND DISCUSSION

PR OO, DS NSE W
B Mgt fy e

1.1. Evaluation of the efficiency of
areas spaces

Data in Table (1) and illustrated by
Fig. (1) based on weekly numbers of
both adult sexes captured in aggregation pheromone traps placed in date
palm tree orchards zone in Abo-Nagi farm, El-Kassassein, Ismailia Gover-
norate, during 2013 season.

Plate (6): Spain pheromone

1.1.1. Spaces areas

The trap placed in different spaces may be arranged discerningly as fol-
lows: Trap pheromone sited in 450 m2 (trap / 150 m2.) was considered
the best to attract RPW where the number of captures were 988 adults
represented 43.81% of the total catch, followed by 900 m2 (trap /300 m2.)
it caught about 725 adults represented 32.15% of the total catch, and best
in 1350 m2 (trap/450 m2) caught about 542 adults represented 24.04% of
the total catch.

Three different spaces included 450 m2, 900 m2 and 1350 m2 were the
relative efficienient of number of captured adults increased in traps in 450
m2 and 900 m2 than 1350 m2, considered with the number of infested date
palm trees. Data agree with Faleiro et al. (2011) but disagreed with those
Al-Eryan et al. (2010) who found that the occurrence of adults of RPW was
in the center of Tobruk and El-Gaghboob oasis ,300 km south Tobruk.The
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mean recorded numbers ranged between 0.33-7.91 adults/trap/ week . The
total numbers of collected adults was 565 during the investigation period.
Traps placed at Tobruk borders and El-Gaghboob oasis, more than 15 km
from the city center did not record any adults.

1.2. Adult population densities and sex ratios

Results in Table (1) revealed that high number of male weevils was re-
corded when traps placed as trap/150 m2 where 988 (411 &' representing
42 81%) of total males captured, followed by traps as trap/300 m2.where
725 (3227 representing 33.54%) and the least number was recorded by
traps in 1350 m2 trap /450 m2 542 (227 Jrepresenting 23.65%).

The results also revealed that the number of females captured more than
males, where the male sex ratio percentage was 41.59%, 44.41% and
41.88% for 450, 900 and 1350 m2, respectively. Data agree with Faleiro et
al. (2011) and disagreed with those Bue et al. (2010) who placed 47 pher-
omone traps at the rate of 1 trap / 200 m. Twenty-cne traps were placed
along the city coast; and twenty-six in the city center. In total, 4010 adults
of RPW were captured. The sex ratio was female biased 1:2.1. Traps in the
city center caught about 10 times more than traps located along the city
coast.




Table (1): Monthly average number of R.ferrugineus (Oliv.) adults captured
by nine pheromone traps without cover and with four holes top placed in 3
different areas placed on ground level in a date palm orchard during 2013
season at Abo-Nagi farm, El-Kassassein, Ismailia Governorate.

(Trap/150 n.) (Trap/300 m?)) (Trap/450 m#.)

Total

7 ot Total

% of

Jan. 3 6 9 |3333| 9 3 3 6 50 6 0 3 3 0 3

Feb. 5 4 9 |5556| 18 4 8 12 |3333| 18 6 5 11 | 54.55| 14

Mar. | 42 55 97 |4329| 115 | 40 39 79 |5063| 97 | 26 24 50 52 64

Apr. | 58 78 | 136 |4265| 251 52 58 110 (4727 | 207 | 37 35 72 | 5139 136

May. | 52 59 111 |46.85| 362 | 34 36 70 |48.57| 277 | 29 26 55 | 5273 191

Jun. | 45 | 64 | 109 |4128| 471 | M 45 86 [4767| 363 | 32 38 70 14571 | 261

Jul. 29 68 97 |2989| 568 | 25 42 67 |[37.31] 430 | 29 44 73 |39.73| 334

Aug. | 32 54 86 |37.21| 654 | 26 38 | 64 |4063| 494 | 20 30 50 40 | 384

Sep. | 33 41 74 | 4459 | 728 | 27 32 59 |45.76| 553 | 16 33 49 |3265| 433

Oct. | 35 47 82 |4268| 810 | 30 33 63 (4762| 616 | 14 14 28 50 | 461

Nov. | 56 58 | 114 | 4912 924 | 20 45 65 |30.77 | 681 9 46 55 |16.36| 516

Dec. | 21 43 64 (3281| 988 | 20 24 44 | 4545 725 9 17 26 (3462 542

Total | 411 | 577 | 988a 322 | 403 | 725D 227 | 315 | 542¢c
Mean | 34.25 | 48.08 | 82.33 26.83 | 33.58 | 60.42 18.92|26.25 | 45.17
%SOf 41.59 | 58.40 4441 |55.59 41.88 | 58.12

% |42.81|44.56 |43.81 335431123215 2365|2432 |24.04
SE+| 520 | 653 | 11.36 413 | 449 | 835 338 | 409 | 6.73

M=male F=female Accu. =accumulation %=percentage S.E.£=-
standard error L.S.D.0.01=1.703 d=male  m=meter
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Fig. (1): Numbers of captured red palm weevil adults in pheromone traps placed
at 3 different space levels (450 m2, 900 m2and 1350 m2) placed at a date palm
orchard during 2013 at Abo-Nagi farm, El-Kassassein, Ismailia Governorate.

2.1. Evaluation of the efficiency of pheromone

Data in Table (2) and illustrated in Fig. (2) are based on the weekly num-
bers of both sexes captured by different pheromones in date palm tree or-
chards during 2013 in Abo-Nagi, Ismailia Governorate.

2. 1. 1. Pheromones

Costa Rica pheromone was considered the best to attract RPW where
the number of captures were 725 adults represented 41.05% of the total
captured compared with France pheromone that caught 523 adults rep-
resenting 29.61% of the total catch. Spain pheromone caught 518 adults
representing 29.33% of the total catch.

Data obtained agreed with Abbas and Al-Nasser (2012) but disagreed with
data obtained by Sujatha et al. (2006) who reported that Chem Tica phero-
mone lure is significantly superior in catch of the adult weevils RPW show-
ing total number of weevils trapped in Chem Tica lure (1865 nos. with an
average catch of 155.4 /trap).
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2.1.2. Effect of different pheromone on population densities and sex
ratio

Results in Table (2) revealed that highly number of males of weevils was re-
corded with Costa Rica traps 725 (300 representing 49.83% of total males
captured) followed by France traps 523 (209 J' representing 34.72%), and
the least number was recorded during Aspani traps 518 (93 Jrepresenting
15.45%).

Also, results revealed that the number of females captured was more than
males, where the male percentages were 41.38%, 39.96% and 17.95% for
Costa Rica, France and Spain, respectively. Obtained data agree with those
obtained by Abbas and Al-Nasser (2012) indicated that the high release rate
pheromone obtained from Chem Tica Natural, Costa Rica type pheromone
was more attractive for RPW than France and Spain types’ pheromone.
Results also, appeared that the captured females contain eggs that were
not deposited. The mean number of egg per female attracted and newly
female was 220.2 and 261.8 eggs, respectively. No significant differences
were found between numbers of eggs for the newly female and the female
attractive. The sex ratio of male to female was 1:2.

A J {
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Table (2): Monthly average number of R.ferrugineus (Oliv.) adults captured by
pheromone traps with different pheromone placed on ground level in a date palm
orchard during 2013 at Abo-Nagi farm, El-Kassassein, Ismailia Governorate.

Phero-

et Costa Rica France Aspani

Date Total i Total Total

Jan. 3 3 6 50 6 3 5 40 5 3 4 25 4
Feb. 5 8 13 |38.46| 19 4 8 50 13 8 9 |11 | 13
Mar. | 31 | 27 | 58 |5345| 77 31 | 51 [3922| 64 27 | 37 |27.03| 50
April | 53 | 57 | 110 |48.18| 187 35 | 72 |5139| 136 57 | 70 |1857| 120
May | 35 | 44 | 79 |4430| 266 28 | 53 [47.17| 189 44 | 52 |1538| 172
Jun. | 28 45 73 |38.36| 339 30 62 |51.61| 251 45 59 |23.73| 231
Jul. | 30 50 80 | 375 | 419 37 60 [38.33| 3N 50 57 [12.28| 288
Aug. | 24 | 34 | 58 |41.38| 477 22 | 37 |40.54| 348 34 | 41 [17.07] 329
Sep. | 23 | 23 | 46 | 50 | 523 23 | 33 [30.30| 381 23 | 30 |2333| 359
Oct. | 33 | 36 | 69 |47.83| 592 24 | 44 |4545| 425 36 | 45 | 20 | 407
Nov. | 10 73 83 [12.05| 675 58 68 |14.71| 493 73 83 [12.05| 487
Dec. | 25 25 50 50 | 725 19 30 (36.67| 523 25 31 [19.35| 518
Total | 300 | 425 | 725a 314 | 523b 425 | 518c
Mean| 25 |3542 (6042 26.17 | 43.58 35.42 | 43.17

%SOf 41.38 | 58.62 60.04 82.05

% |49.83(36.51|41.05 26.98 | 29.61 36.51(29.33
SEx| 402 | 577 | 847 423 | 631 578 | 6.68

M =male F =female Accu. =accumulation % = percentage
S.E.+= standered error L.S.D.0.01 =0.32149 & = male
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Fig. (2): Number of captured red palm weevil adults in pheromone traps
supplied with different pheromones (Costa Rica, France and Aspani) placed
in a date palm orchard during 2013 at Abo-Nagi farm, El-Kassassein, Is-
mailia Governorate.

REFERENCES

1. Abbas, M.K.A. and A. S.Al-Nasser (2012). Ecological studies and
evaluation of some aggregation pheromone types with measuring the
potential of female reproductive system in red palm weevil, Rhyncho-
phorus ferrugineus (Olivier). Nat. Sci., 10(12):188-193.

2. Al-Eryan, M.A.S.; I. M. El-Ghariani, A. Massry; H.A. Agleyo; S. A.
Mohamed; A.A. Ilkraem and S.S. Ismail (2010). First record of the red
palm weevil, Rhynchophorus ferrugineus Oliv. (Coleoptera: Curculioni-
dae) in Libya. Acta Horticultural, 882: 413-418.

3.Banks, C.S. (1906). The principal insects injurious to the coconut
palm .Philippine Jour.Sci.1:143-158.

4.Bue, P.L.; S. Guarino; P. Lucido ; E. Peri ; M. Pulizzi and S. Colazza
(2010). Trapping of the red palm weevil with traps baited with phero-
mone and allomones in urban areas. Protezione delle Colture, 4:46-49.

5. Buxton, P.A. (1920). Insect pests of dates and the date palm in Mesopo-
tamia and elsewhere. Bulletin of Entomological Research, 11 (3):287-304.

International Efforts to Combat Red Palm weevil 123



6. Faleiro, J.R.; M.A. El-Saad and A.H. Al-Abbad (2011). Pheromone
trap density to mass trap Rhynchophorus ferrugineus (Coleoptera:
Curculionidae/ Rhynchophoidae / Dryophthorinae) in date plantations
of Saudi Arabia. International Journal of Tropical Insect Science, 31
(1/2):75-77.

7. Ghosh, C.C. (1912). Life Histories of Indian Insects-lll, The rhinoc-
eros beetle (Oryctes rhinoceros) and the red palm weevil, (Rhyncho-
phorus ferrugineus). Memoirs of the Dept. Agric. India (Ent. Ser.), Il
(10):205-217.

8. Hallet, R.H.; G. Gries; R. Gries; J.H. Borden; N.P.D. Angerilli and
A.Rauf (1993). Aggregation pheromone of two Asian palm weevil, Rhyn-
chophorus ferrugineus and R.vulneratus, Naturwissenschaften, 80:328-
331.

9. Lee, D.R. (1963).”Date cultivation in the Coachella valley California”
the Ohio Journal of Sciences, 63(2):82-87.

10. Leefmans, S. (1920). De palmsnuitkever (Rhynchophorus ferru-
gineus (Oliv.)) The palm weevil, R.ferrugineus. Medded. Inst. Planten-
ziekten Buitenzorg, 43:; 1 -90.

11. Rahalkar,G.W.; M.R. Harwalker; H.D. Rananavare; A.J. Tamhnkar
and K. Shantaram (1985). The biology of red palm weevil, Rhynchopho-
rus ferrugineus Olivier, A handbook of insect rearing, Pritam Singh and
R.F.Moore (Eds.). Elsevier Sci. Pub., B.V. Amsterdam, Vol. 1. 279-286.

12. Riad, M. (2006) .The date palm sector in Egypt, Ciheam - Options
Mediterraneennes, 45-53.

13. Saleh, M.R.A. (1992). Red palm weevil, Rhynchophorus ferrugine-
us (Olivier). The first record for Egypt and indeed the African Continent,
List No. 10634 Africa, Collection No. 22563. British Museum Report of
International Institute of Entomology, 56 Queen’s Gate, London, SW 75
JR UK: 1p.

14. Sharif, M. and |. Wajih (1982). Date palm pests and diseases in
Pakistan. The First Symposium on Date Palm in Saudi Arabia: 440-450.

15. Sujatha, A.N.; B.V.C. Rao and D.V.R. Rao (2006). Field evaluation
of two pheromone lures against red weevil, Rhynchophorus ferrugine-
us (Oliv.) in coconut gardens in Andhra Pradesh. Journal of Plantation
Crops, 34 (3): 414-416.

‘ 124



=
]
=
(]
a5
<
Y-
@
w0
3
VI
pg
m
=
@
=
Q.
m
(=)}
=
g
(=)
£
o

A
SN 4
J

&L




Y 23
|

_ 7 |
ot
o < .-
. e

=i
-l R 2
(s . r
[ e
1 /|
W Sl f

%

o
aN]

"N
-

d VYOS .
o " ™ .l.-d o
e | " kﬂl

NS S
.h_,mu.j_..)@h
ROS AT,

,. \ \ e Al o T et = L . +.
. S o

11111

% B

4
A

B)



f»’*
& 2 C I' 6 a
Cenfro Stud e Ricerche \5( -y u
por 0 Palme - Sanremo .

Rhynchophorus ferrugineus
(Olivier) in Italy

Claudio Littardi' and Fernando Monroy?
1 Centro Studi e Ricerche per le Palme, Sanremo, Italy. E-mail: claudiolittardi@gmail.com
2 CREA - Council for Agricultural Research and Economics, Corso degli Inglesi 508, 18038
Sanremo, ltaly. E-mail: fernando.monroy@crea.gov.it

A
International Efforts to Combat Red Palm weevil 127 *



The red palm weevil
Rhynchophorus ferrugineus (Olivier) in Italy

Introduction

The Red Palm Weevil (RPW) Rhynchophorus ferrugineus (Olivier) was re-
ported for the first time in ltaly already 15 years ago (Longo and Tamburino,
2005). In Europe, this exotic beetle (Coleoptera: Curculionidae), native from
South East Asia and Melanesia (Murphy and Briscoe, 1999), has spread
from initial outbreaks in Spain (Barranco et al., 1996) followed by subse-
guent colonization throughout the Northern Mediterranean basin and the
Atlantic coast causing the death of thousands of plants. There is no updated
census of the total number of dead palms in ltaly; previous reports point-
ed to estimates of about 40 000 individuals (Griffo, 2011), but current data
indicate more than 50 000 infested palms just in the Sicily region (Figure
1). As a result, the urban landscape of many Mediterranean cities has dra-
matically changed. This observed transformation is largely because one the
most preferred hosts for the RPW, the palm species Phoenix canariensis, is
also the most abundant palm in city areas due to its undisputed ornamental
value.

The spread of the RPW in the Mediterranean basin is a good example of
the observed increase in the number of biological invasion events during
the last century, which are linked to the intensification of trading and trans-
port of commodities on a global scale (EPPO database, 2015). The first
records of R. ferrugineus date back to the end of the 19th century in India
(Ridley, 1889), where the insect was reported to infest coconut palms (Co-
cos nucifera, L.) and also date palms (Phoenix dactylifera, L.). In 1985, the
RPW was found in the Arabian Peninsula, later spreading to Egypt (Cox,
1993) and afterwards to Israel, Syria, Jordan, Algeria, Libya and Morocco.
In 2004 it was reported in northern Italy (Sacchetti et al., 2005) and succes-
sively in Sicily, where it was causing important damage (Lo Verde and Mas-
sa, 2007). After spreading into the Lazio and Campania regions, the RPW
showed up in the Liguria region (northwestern Italy) in the summer of 2007

N



(Littardi and Nario, 2009). In the following years, the infestation range of R.
ferrugineus extended into the French Céte d'Azur. Nowadays, the presence
of the RPW can be reported in most of the Mediterranean coastal areas of
Spain, France and Italy.

The introduction and spread of R. ferrugineus were facilitated not only by
the favourable environmental conditions found in Italy, but also by the diffi-
cult detection of the early stages of infestation and by uncontrolled trading
of infested palms from unaware nurseries (Cangelosi et al., 2012; Suma et
al., 2013). The abovementioned preference of the RPW for the abundant
palm species P. canariensis was another important factor contributing to the
spreading of this insect pest (Longo et al., 2011) (Figure 1). A specific pref-
erence of the RPW for male individuals of P. canariensis has been hypoth-
esized based on observational data (Littardi, 2006; Uribarrena, 2013), but
little is known about the biological factors that could determine such choice.
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Figure 1: No. of RPW infested palms reported between the years 2005-2018 in the Sicily region (Santi Longo,
personal communication; updated from Longo et al., 2011) and between the years 2007-2016 in the city of Bor-
dighera (source: municipality of Bordighera), Liguria region, Italy. Note the logarithmic scale (log10) of the y-axis.
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The economic impact of RPW infestations in Italy and in other European
countries is mainly related to their negative influence on tourism (Pimentel
et al., 2001). Except for the species Chamaerops humilis L., palm trees are
not native to the ltalian territory. In areas like that between the northwestern
cities of Sanremo and Bordighera, there is evidence of an ancient presence
of the date palm that dates back to the 14th century (Calvini, 1983; Viacava,
2001). At that time, date palms were cultivated not for date production but
for the harvesting of palm leaves which were commercially exported for their
use in Christian and Jewish religious events (Littardi, 2015). In the 19th cen-
tury, the Italian Riviera became an important area for the acclimatization of
palm species from tropical and subtropical zones. This introduction process
made possible the cultivation of over 30 species (Deleuze and Jacquemin,
1995) and today their presence, both in public and private gardens, rep-
resents a main component of the urban landscape. In the last years, this
extraordinary cultural and naturalistic heritage is being seriously threatened
by the establishment of the RPW.



Preventive actions

A detailed program of control actions has been initially issued by the Euro-
pean Union through the EU directive 365/CE of 25 May 2007, including guide-
lines for the application of specific phytosanitary measures (Griffo, 2011).
Despite the efforts made by national and regional administrations, RPW out-
breaks became more frequent, in part due to logistic reasons such as the
number and size of palm trees and because of the need of reliable methods
for the early detection of the infestations (Littardi et al., 2013). On a national
level, the ltalian Ministry of Agriculture, the MiPAAF, has financed two main
research projects (PROPALMA and DIPROPALM) in order to develop new
and specific control methods to contain the spread of the weevil. In parallel,
many dissemination actions were organized to enhance the awareness of
public and private institutions and for the general public. Unfartunately, most
of these activities led to non-conclusive results from the point of view of the
containment of the pest, as in other areas with the same problem (Jaques et
al., 2017). An inadequate degree of coordination among the different actors
involved in the control programs has been pinpointed as one of the signifi-
cant factors to explain the limited success of the adopted measures (Littardi,
2009). The obligation, by private owners and public bodies, to inform the
competent phytosanitary services of the presence of infestations has not
always been respected (Nardi et al., 2011). Irresponsible behaviours, such
as the conservation of heavily infested palms or parts of dead plants, and the
irregular disposal of plant material resulting from demolition or rehabilitation
of infested individuals (Nario, 2012), were neither in compliance with the EU
directives nor with the recommendations of the phytosanitary services. In
this context, the invaded range of the RPW is still expanding after 15 years,
posing a serious risk to the remaining palm groves.

Dendrosurgery or mechanical sanitization

The mechanical sanitization technique (Littardi, 2007) was initially tested
in the northern city of Bordighera and in Sicily (La Mantia et al., 2009). It can
be performed on palms at the early stages of infestation and consists in the
removal of larvae and pupal cells in the infested tissues. In the case of the
Canary palms, where sanitization often implies the removal of the canopy,
the growth of the shoot apex can be seen after a relatively short period. The
regrowth rate depends on the age of the plant, the degree of infestation and
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the season in which the intervention took place. Since the risk remains that
the sanitized palm is infested again (Littardi, 2008), mechanical sanitization
requires repeated pesticide treatments to protect the plant at least during the
regrowth phase. Unfortunately, more than 80% of the palm trees that have
undergone mechanical sanitization in the Liguria region have died during the
following two years, as in Palermo and Sicily (La Mantia et al., 2010).

Pheromone traps

Pheromone traps (Hallet et al., 1999, Faleiro et al., 2011) are useful to
detect the presence of the RPW in areas where the insect has not yet been
reported and to identify optimal periods for carrying out phytosanitary treat-
ments. The density and the position of the traps requires a detailed planning
in order to maximize the number of captures. Research into the use of pher-
omone traps contaminated with entomopathogenic fungi has been undertak-
en in ltaly, among others, by the CREA of Florence (Francardi et al., 2014).

Chemical control

Chemical control programmes for the RPW are based on the preventive
and repeated application of synthetic insecticides by spraying the palm can-
opy or through endotherapy into the palm trunk (Polizzi et al., 2009). Their
main limitations are the small number of active substances authorized for
use and the difficulties associated to the logistics of the treatments in popu-
lated areas. Most of the palms are in urban zones, where treatment restric-
tions are particularly severe. In large palm trees, chemical treatments are
mostly applied using a pipe system fixed along the trunk and equipped with
sprayers at the canopy level. In that way, the selected insecticide can be
placed in a ground tank and pumped onto the top of the palm, minimizing
treatment costs. The use of endoxylematic injections for the transport of
insecticidal compounds through the trunk until the palm canopy is still con-
troversial (Sacco et al., 2011), due to the limited opportunity for that kind of
transport in the discontinuous vascular systems of monocot plants.

Biological control

The presence of palms in urban zones tends to favour the use of biologi-
cal control methods against the RPW (Murphy and Briscoe, 1999; Dembilio
and Jacas, 2013; Mazza et al., 2014). At present, the use of entomopatho-
genic nematodes (EPNs) (Llacer et al., 2009) is authorized in Italy against



the RPW. EPNs can be found in different commercial formulations, includ-
ing those enriched with chitosan, a natural polysaccharide able to preserve
the viability of these organisms for longer periods of time (Dembilio et al.,
2010a). The use of EPNs has led to satisfactory results in some cases, but
adverse climatic conditions can interfere with the effectiveness of this type
of treatment (Saleh and Alheji, 2003). The use of entomopathogenic fungi
(EPFs), like the ascomycete Beauveria bassiana is also a valid option to
the use of nematodes (EI-Sufty et al., 2009; Dembilio et al., 2010b; Jagues
et al. 2017). Although the authorization for their use in Italy is still pending,
EPFs — alone or in combination with EPNs — are a sustainable alternative
to the application of chemical pesticides. EPFs can be inoculated into the
host plant (McKinnon et al., 2017) or applied using “attract and infect” traps
(Hajjar, 2015). The use of drones has been recently proposed as a quick
method to inoculate palm trees with extreme precision (Besse et al., 2016),
although the use of these devices can be limited in gardens located close to
roads and inhabited buildings.
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Prospects for RPW control

The pervasive presence of the RPW in the Italian territory has led to the
abrogation, from 1st October 2018, of the Ministerial Decree 7/2/2011 con-
taining emergency measures for the control of the RPW. This decision
makes necessary a reassessment of the criteria for the replacement of dead
palm individuals in order to avoid new outbreaks of this pest (Littardi and
Cangelosi, 2010). The new palms should be chosen among those species
less susceptible to the RPW, with a plain exclusion of P. canariensis and P,
dactylifera. Observational data provides information about the occurrence
of palm genera, species and/or hybrids less susceptible to the attacks of
the RPW (Gros-Balthazard, 2013; Raciti et al.,, 2013) (Figure 1). There is
evidence that this lower susceptibility could be explained by the presence
of certain chemical compounds (Cangelosi et al., 2015, 2016), suggesting
that the RPW might be able to adapt to the new palms. Accordingly, special
attention should be paid to the early detection of infested plants (Pontikakos
et al., 2017).



The systematic replacement of
dead palms by palms from other spe-
cies has been already experimented
in many ltalian cities. Replacement
programs such as the Jericho Project
(Progetto Gerico) are an example of [
this alternative approach to reduce |
the impact of the RPW on the urban
landscape. This project is part of an
initiative undertaken by the Sanremo |
Research Center for Palm Trees in
collaboration with municipalities and
research institutions for the mass pro-
duction, through seeds, of thousands
of young palm trees (Littardi, 2016).
The propagated palm species have
been chosen in view of their observed
lower susceptibility to R. ferrugineus
(Raciti et al., 2013), which could be
explained by the effect of toxic com-
pounds present in the palms (Cange-
losi et al., 2016) or by other undefined
mechanisms able to constrain either
oviposition or early larval develop-
ment (Dembilio et al., 2009). An ap-
proximate number of 10 000 palm
trees have been sown, using seeds
from different locations in order to
maximize their genetic variability. The
young seedlings are donated free of
charge to citizens or public and pri-
vate bodies that request it. Since
young individuals are in general more
susceptible to the RPW, the replace-
ment process must be accompanied
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by a program of preventive treatments. In a context of sustainability and
integrated pest management (IPM), priority should be given to the use of
biological agents to prevent the formation of new RPW outbreaks.

In conclusion, the RPW problem in Italy and in Europe in general is mainly
associated to the historical, naturalistic and ornamental value of the infested
palms, which represent an important touristic resource for the cities of the
northern Mediterranean basin. In other countries, where the RPW can infest
not only urban areas but also oases and date palm cultivations, the spread
of this insect may still result in unprecedented ecological and economical
losses. The repeated use of chemical pesticides in large cultivation areas
must be reassessed in order to minimize future environmental impacts and
negative effects on the quality of date production. The sustainability of the
programs for the preservation of oases from RPW outbreaks should be also
taken in consideration. Future actions should follow an IPM approach based
on the experience accumulated by the different countries regarding the con-
trol of this insect pest. In this regard, the new IPM strategy recently developed
under the sponsorship of the Food and Agriculture Organization of the United
Nations (FAO, 2017) should become a reference point for the next years.
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