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Abstract. Two main species of dynastid or rhinoceros beetle, (Coleoptera:atfemidea:
Scarabaeidae: Dynastinae: Tribe OryctDiyctes eleganBrell, and subspecies @ryctes agamemnon
Burmeister, attack date palms causing significant documented damage. Adbltglefjangore into

the stalks of inflorescences and fruit buesho feed, and oviposit in leaf axils where the larvae develop

and may invade the trunkd. agamemnotarvae bore into frond bases, the trunk, and respiratory roots
where their tunnelling may cause the palm to falls difficult to distinguish the lameof the 2species

in regionswhereboth coexist For control, annual servicing of palms includes cutting off old fronds at
their bases using the correct technique which enables removal of larvae and their breeding places, and
this may be integrated witlight trapping for catching adults. Quarantine measures may hinder these
pestsd spread to uninfest edOmdceshinsceroshave beendoied adul t s
boring into the soft tissue of the growing point, this species has alsorégeried from Yemen.
Pheromone trapping is available for elegandut for effectivenesi requires the addition of fresh date

palm tissue to the traps as a synergist. No pheromone has been identifi@d afgamemnonThe
entomopathogenidletarhizium arsopliaefungus and the nematoéhabditissp. may have potential in
integrated pest management but their possible natural occurrence in an area should be determined prior
to propagation and release. The patho@eyctesNudivirus, successful again€iryctes rhinocerosn

lowering its populations andamage to coconut palms when introduced into areas where this virus did
not previously exist, should be tested against date palm dyn&@tidsesagamemnorandO. elegans

adults attacking date palms do not empto bore into the heart or meristem causinguts to unfurling

fronds or the death of the palm, in contrast to attackS.lmhinoceroson coconut and young oil palms.

Also O. rhinoceroslarvae are found only in dead decomposing wood or other orgatéial, whereas

larvae of date palm pedsts elegansandO. agamemnomay tunnel in living tissue.

1.INTRODUCTION

Dynastid or rhinoceros beetles may cause serious damage to date palms. Adults
attack fruit bunches or frond bases. Larvae may tunnel intwfbases, the trunk

or the root mass causing the death or collapse of the palm. The main pests are two
species ofOryctes namely Oryctes elegandrell, and subspecies d@ryctes
agamemnomBurmeister (ElShafie, 2012). In Iraghere is evidence that adsllof
Oryctes spp. act as vectors of the fungal pathodewmsarium proliferatum
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(Matsushim@ Nirenberg ex Gerlach& Nirenberg which causes wilt disease
symptoms in dte palms (Khulkir et al., 2018). Adults of the wellknown pest of
coconut and oil palm®ryctes rhinocerod.. have been noted as attacking date
palms in India (Butani, 1974.975) and Wited Arab Emirates (UAEjGassouma,
1991) and havalsobeen reported from Yemen (#labshi et al.2006).

Taxonomic studies, with illustrations and a kewthults of the specigdryctes
llliger (Tribe Oryctini) have been provided by Endrddi (1985) and Dechabre
Lachaume (2001). In the order Coleoptera, speci€drpétesare members of the
superfamilyScarabaeoidedamily Scarabaeidaesubfamily Dynastingeand tribe
Oryctini. In the field three species mentionathove (Figures 1, 2, 3yan be
separated from each other based on leg morphologipéab, 2012). The apex of
the hind tibia has two large fixed teeth@ rhinoceros while it has three fixed
teeh in O. agamemnorandO. elegansin turn these two species can be separated
based on the presence of a fixed tooth on the underside of the front tiBia in
elegansand its absence i®. agamemnarA description and illustrations of these
featureshas ben provided foO. elegangHurpin & Fresneau, 1969).

Figure 1.0ryctes eleganadult male(DechambreX Lachaume, 2001; with permission from
Hillside Books, Canterbury, UK

Figure 2. Oryctes rhinocerosnale (left and middle), female (right) (DechamBre
Lachaume, 2001; with permission from Hillside Books, Canterbury, UK)
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tuberlike horn (top right), male (bottom left), and male head with big horn (bottom right)
(Phao: Mohammad AAl-Deel)

Data on the larvae dD. eleganswith illustrations were given by Hurpi&
Fresneau (1969), and its larva together with eggs and pupa are shown here in
Figure 4. Thdarva ofO. agamemnoarabicusandeggs areshown in Figure 5.

Lliil;’ e

Figure 4.Orycteselegansegg; Iaé‘; .pupa(left to right) (‘Photo: KazemMohammadpour)

However a full descriptios of the larvae 0fO. elegansand O. agamemnon
using the method of Ritcher (1966), and a key &iferentiating them, are not
available, ausing difficulty in distinguishing larvae of each in regiavisere the
two species oexist i.e. are sympatric. A full description of the larva 6f
rhinocerosis available (Bedford, 1974).
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Figure 5.0ryctes agaemno arabia (left), larval headshowing big mandibles (top
right), and eggs in dissected abdomen of female in dorsal view (bottom right) (Photo:

Mohammad AAl-Deel)

2. DISTRIBUTION

Orycteseleganss endemic in Iran and Irad®xton, 1920Endrédi, 1985; Rochat
et al., 2004; Payandef Dehghan, 201 Northern Pakistan (Ratcliff& Ahmed,
2010); Saudi Arabia (ADeghairi, 2007) UAE, Bahrin and Qatar El-Haidari &
Al-Hafidh, 1986; Gassouma, 1991). In Irdmcations whereD. eleganshas been
reported Gharib, 1970;Endrodi & Petrovitz,1974; Kazem Mohammadpour-
unpublished)are shownn Figure 6. The distribution of Oryctesspecies in Iraq is

shown in Figure 7.
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Figure 6. Distribution ofQrycteselegang0) and Oryctesagamemnorfz ) in Iran (Kazem
Mohammadpouradaptedfrom Google Maps
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Figure 7. Distribution ofOryctesspecies in Iraq (indicated b&/ black spotslohammed Z.
Khalaf, adaptedrom Google Maps

Various subspeciesf O. agamemnorare repord as attacking the date palm.
In the Arabian Peninsul®. agamemnon arabicuBairmaire is endemic in Saudi
Arabia (Endrodi, 1985), Oman (Aayed& Al-Tamiemi, 1999and in the edsrn
part of UAE in the AJAin Region it is the only species oDryctes found
(Gassouma, 1991Al-Deeb et a] 20123 (Figure 8). In Iragit coexists withO.
elegangBuxton, 1920; Khalaf et gl2013ab) (Figure 7) Subsequent research has
clarified that the material referred to @s elegansn Khalaf et al.(2010; 2011;
2012) is now identified asO. agamemnon arabicufMohammed Z. Khalaf
personal communication, 2015), and the adjustmepplies throughout this
chapter

In Tunisia,0. agamemnon arabicugas accidentally introduced into the oasis
of Mrah Lahouar in thd®jerid zone (Figure 9from the UAEIn the late 1970's.
The pestwasconcealed in offshootsvhich was thepart ofthe datepalminvolved
in varietal exchange of material between the two countries (Soltani, 2009). Lack of
knowledge of this new species both faymers and plant protection services, and
the confusion of its larval stages, with larvae of other species of scarab beetles as
no key was available, permitted its establishment and proliferation. The
development of date palm cultivation in the oases jefi®, with many immature
young palms and offshoots also facilitated its establishment (Soltani, 2009; 2010).
The first recognition of its presence in Tunisia, and its potential as a threat to date
palms, was in 1995 after the sudden falling over of prideidrees in Mrah
Lahouar (Khoualdia et al., 1998pltani et al., 2008k, Soltani, 2004; 2009)As
monoculture of the date palm is common in the oases, with which the beetle is
closely linked, this associatiferatonfacilitates
(Soltani, 2009).
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Figure 8. Map of the Arabian Peninsula. For countries where date palms are subject to
attack byOryctesspecies, see the terd@ptedrom Google Maps
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Figure 9. Geographical distributioof Oryctesagamemnon arabicuis Souhwest Tunisia.
The main foci of infestation are the oases of Mrah Lah@gribn Chabba(z ) and Rjim

Matoug(y) (RasmiSoltanj adaptedfrom Google Maps

During theinitial years after its introduction, the infestation was limited to the

northern edgef Chott El Djerid particularly in Mrah Lahou#887 ha) and Dhraa
El Janoubi (200 ha) oases. In 1987, with the emergence of date palm cultivation in



BIOLOGY & MANAGEMENT OFDYNASTIDS 7

the zone and the lack of offshoots, farmers used plants originating from these
infested areas for new plations in Ibn Chabbatasis located to the north of Mrah
Lahouar and in the southern edge of Chott El Gharsa. This allowed the insect to
spread and develop here, as the importance of sanitary and quarantine measures
had been overlooked (Soltani, 2010).

At the beginning of the 1990's, in offshoots originating from Ibn Chalkiat
pest reached the oases of Rjim Matoug on the southern edge of Chott El Djerid and
presently covers thentire border zone except eastern Matrouha oases (Soltani,
2009 2010). Asthe habits of this pest were not fully understood at that time it was
able to spread mainly through offshoots, as well as by flying adult beetles (Soltani,
2010).

Analysis of DNA markers irD. agamemnon arabicysopulations in Tunisia
showed no significandifferercesin relation to location or host plant varieties,
suggesting a limited number of genotypes would have been presentsedrtiod
the invasion. Substantial gene flow was revealed among populatiomiming
the belief t haspreachishe fesulbdftrahsfert plaptegniaterial
for propagatior{Abdallah et al., 201,22013).

Oryctes agamemnon m#tiesseni Reitter is reported from dithern Iran
(Endrédi & Petrovitz, 1974; Endrodi, 1985Kazem Mohammadpour -
unpublishedlandlrag Mohammed Z. Khalaf unpublished), howevethere is no
information about its biology from these countries. It also occurs Bouthern
Afghanistan and North West Pakistan (Endrédi, 198&)other form of O.
agamemnonsubspecies unknown, has been raggb from Irag Mohammed Z.
Khalaf- unpublished).

3. BIOLOGY

3.1.ORYCTES ELEGANSPRELL

The adult bores a tunnel into tldng partsof the palm such ahe midrib (rachis)

and leaf bases (petioles) of frondausing them to break off during winandinto

the stems of inflorescences, and stalks of fruit bunches (Buxton, 1920; Hussain,
1963; Mohammadpour, 2002).

Males produce a semiochemicalmale aggregation pheromone which attracts
both sexes. It is-4nethyloctanoic acid (Figure 10), and its attianess is strongly
enhanced by the presenceodtfr from fresh date palrtissue (Rochat et al., 2004).
The laboratory protocols for theynthesisof these pheromoneare reported
(Ragoussis et al., 2007; Tabrizian et al., 2(®4tanov et al., 2013

The larvae are found in the axils of fronds and at the junction of dead and
living tissue in crowns (Hussain, 1963; Rochat et al., 2004) and may tunnel toward
the growing point (Buxton, 1920). Groups of larvae may tunnel in moist sissue
inside dying or nely dead palm trunks forming a large hole (Gharib, 1970) which
may topple the palm (Hussain, 1963).
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Figure 10. 4methyloctanoic acig¢4-MO) pheromone oOryctes elegani), ethyt4
methyletanoate (E4MO) (b) (Bedford, 2013; with permission froAmnual Review of
Entomology Volume58 © 2013 byAnnual Reviews

In laboratory studies where larvae were reared on a food mixture ayetec
wood or compost, and coslung, at 2830°C, the average duration of development
was: egg, 10 days; larva, 91 days (thre¢airs3; prepupa, 7 days and pupa, 31 days
(Hurpin & Fresneau, 1969). Larvae were also able to feed on living plant material
e.g. apple, but development time was longer and the resulting adults were smaller
sized (Hurpin, 1970). In another laboratory study 27C, somewhat longer
development times were observed, with mortalities of 5, 23 and 3% recorded for
the egg, larval and pupal stagesspectively (Payandefa Dehghan, 2010).

Adult life span was about four months, and daygjng began 23 weeks after
individuals werebrought together as couples, with an average of 60 eggs laid by a
single femaleerlife cycle (Hurpin & Fresneau, 1969).

3.2. ORYCTESAGAMEMNON ARABICUS BURMEISTER

In Tunisig no attacksby adults on the infloreence and green fronds ree
registeredand little sign of feeding was found under laboratory rearing conditions
(Soltani et al., 2008a,Boltani, 2009; 2010 However, n Saudi Arabiaadults
attacked fruit bunch stalks and the rachis of frondsSayed & AlTamiemi,
1999).

In Tunisia, he larvae are found feeding in the dead respiratory roots around
the base of date palm trunks (Soltani et al.,, 2008b), lbutattacks on the
inflorescences and green fronds by larvae were reported (Soltani et al., 2008a,b;
Soltani, 2009; 2010)ln Tunisig Saudi Arabia and Oman, it breeds in dead dry
bark, dry frond petioles, fdr masses in axils, andfehots Khoualdia et al., 1997;
Al-Sayed& Al-Tamiemi., 1999; Soltani et al., 20083,jile in Iraq they occur in
debris in the bases of lowépnds and in tunnels in dead frond bases, where there
may be up to 143 larvae per tree (Khalaf et al., 2010).

The life cycle ofO. agamemnon arabicua Iraq is illustratedn Figure 11.
Here at 28C, the average durations of the stages are; eggsag$ dotallarval
stages: 196 days and pem0 days (Khalaf et al., 20b4 In Tunisia, laboratory
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rearing at 2% resulted in average durations of egg, firsecone, third-instar
larva, total larval stagepupa, and total immature stagefsl4, 35, 3, 141,227,
24 and 266 daysespectively; at 2C, 12, 35, 44, 118]197,22 and 231 days,
respectively and at 30C, 9.5, 36, 45, 142223, 21 and 254 days, respectively
(Soltani et al., 2008a; Soltani, 2012).

Males ofO. agamemnon arabicusritted a bend of four compoundd) ethyl
4-methyloctanoate, 2)-thethyloctanoic acid, 3)-methyloctanyl acetate, and 4) 4
methyloctanol. Laboratory observations using an olfactometer showed that
compounds 1 and 3 attracted both sexes but females were more dttrgcte
compound 1, virgin females by compound 2, and males by compauRit!8
studies revealed that a mixture of compounds 1 and 2 with date palm core odor was
the most effective in attracting both sexes, with females predominating (Said et al.
(2015).

6

|
Figure 11. Life cycle of Arabian rhinoceros bee@gyctesagamemnon arabicus: eggs,
2: larva, 34: pupae, 5: emerging adult, 6: adult female, 7: adult n{Bleota Mohammed
Z. Khalaj
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4. SEASONAL INCIDENCE

In Irag, adults of O. elegansare attracted tdight from April to September, but
especiallyduring April and May (Buxton, 1920; Hussain, 1963). Light trapping
three orchards showed that flying activity 6 agamemnon arabicustarted
during April (Khalaf et al.,, 2013 and peaked during July (8ihdividuals
caught/trap/month). Population densities as measured by light trap captures then
decreased dramatically in October (Khalaf et al., 22012).

In Iran, O. elegands univoltine, having one generation per year. Here this
species and. agamemon mathiesseniare sympatric; adults are nocturnal and
attract tavardslight. Light trappingrevealed that the adslemerge from March
and April (spring) to late Septembend weremost abundant in June and July
(summer) (Fasihi, 2011and not foundn late autumn. The female @f. elegans
makes a small cavity and lays eggs individually in palrerfib the axils of fronds
and inflorescences, or living tissue where petioles join the trunk, or in damp dead
half-rotten trunks. The larvae overwinter irethfeeding sites in the palm, and each
larva weaves a cocoon of &b(6- x 2 cm). The pupal period in March and early
April lastsfor 3-4 weeks (Gharib, 1970). Pheromone trap catches also showed the
populationof O. elegangeachedo a maximumduring sunmer seasor{mid-July
to mid-August) (Rochat et al., 2004).

In Oman, light trapping showed th@t agamemnoappeared from mid\pril
to early May, with maximum catelsrecorded from early June to early July i.e. the
warmest and driest season, and thechzs fall and cease from late Aigg to
early October (AlSayed &Al-Tamiemi, 1999).

In the AFAIin region of the UAE O. agamemnon arabicuadults were
attracted to street lights and found crawling on the grass of gardens and parks
under lights afteisungt (Mohammad A Al-Deeb- unpublishedl In a twoyear
study using light-trapping in UAE, Al-Deeb et al. (2012a) found thdD.
agamemnorarabicus males and females appeared in the field around April and
May and the population continued to leuilntil maximum numbers were reached
in mid-June.However, athe end of July and early Augushe numbers declined
sharplyandno adults were found after the end of Septemberctesagamemnon
arabicushas one generation per year{B¢eb, 2012; ADeeb et al.20123) unlike
the red palm weevilRhynchophorus ferrugineu®livier, which has several
overlapping generations per year. In Saudi ArabiaP@gihairi (2007) reported
that the highest activity oD. elegansoccuried from April to July and the peak
monthly activty was observed during Juremd no beetle activity during January
and February.

In Tunisia, light trappingshowed a single peak- indicating that O.
agamemnorrabicushas one generation per year (univoltine). The adultsrged
from the date palm breedi sites in mielune and flights continued to mid
October, withthe peakflight activity between midluly and midAugust, the
warmest part of the yeaFhetrap captures decreasafierwards becoming rare in
late September and early October, and thenmg&®m midOctober until June of
the following year. Adults spend most of their time within the green parts of the
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palm, from where they emerge to seek breeding sites and disjreoases, bth
adult and immature stages also occur in compost heaparf5@009).

In Yemen when light traps were used to monitor tl@ rhinoceros
population, itappeaedin March, increased in April, peaked in June, decreased to
low numbers by Septembeandvery low numbersvere caught from October to
February. The sirlg peak of adult captures (sex ratio male: female 1:1.3) indicated
there was one generation per year-fsbshi et al., 2006). In cocorgtowing
areasof the South Pacificit is considered thaD. rhinocerosis only occasionally
attractedoy light (Grest, 1953).

5. DAMAGE AND LOSSES

5.1. Oryctes elegans

When the adult bores into the stalk of the fimiinch (Figure 12)they makea
tunnel on one side of the stadiad the dates on that side of the bunodmain
undersizedwhile on theotherside of the bunch,fruit is of normal size. A heavily
attacked stalk can cause all the dates on a bunch to shrivel, or the stalk breaks and
the whole bunch falls. In Iraghe stalks were attacked straight after fruit set in
April and i n t heofmacheb was [£sS 5hdn@% soiitwdseat t at i on
regarded as a serious pest at that time (Hussain, 1963) whereas heavy damage to
bunches was reported in 1918 (Buxton, 1920). Similar damage to fruit stalks
occurs in Saudi Arabia (ADeghairi, 2007).

In Iran, O. degansdamage is morsignificantin young datepalms(aged 10
20 years}han inold plantations, and more severe where planting distance between
palms was less than 5 m (Latifian et al., 20Ihe long feeding tunnels in the
stalks ofinflorescencegqespecially during the pollination period) and bunches,
weaken them and cause them to br&dley alsofeed onother living partsof the
palm such as the base (petiole) and midrib (rachis) of fronds, causing them to break
off duringwind. In some areathe danagecaused byD. elegangepresent$-20%
of thetotal harvest(Gharib, 1970).

" r('_a & WM m
Figure 12. Damage fror@rycteselegansadults on base of fruit bunch (Phot§azem
Mohammadpour)
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The larval feeding sites dD. elegansmay also serve as the eggpdsition
sites byR. ferrugineus howeveronly a weak correlation between the abundance of
both these species was observed in sixteen date palm orchards of Saudi Arabia
monitored from June 2007 tday 2008 (AtAyedh & Al Dhafer, 2015)In areas
where bothO. elegansand O. agamemnoifregardless of subspecies)egist e.g.
Iraq, at times there carot only be difficulty in attributing damage to the larval or
the adult stagedyut alsoascribing it to one or other tfie speciesmoreover, the
morphologicaldiffereniation of the larvae ofboth speciesis also difficultas no
key is available. In IranOrycteslarvaelive in the crown andrunk, feeding on
petioles andrachis of fronds, andhis injury may allow entry of fungi and
secondaryinsect pests. Whetunnelling in the trunk they may reach the central
bud and kill the palm. Thegisoattack thebaseof thepalmsto feed onsap.

5.2. Oryctes agamemnon

In Oman adults were reported as attacking fruit bunch stalks and the rachis of
fronds, and in Saudi Arabia ftustalks and the rachis and bases of fronds (Al
Sayed& Al-Tamiemi, 1999).

In Iraq, all ages of date palm are infested ®yagamemnon arabicuarvag
but the trees aged over 30 years scored the highest level of infestation in
comparison with middle agand young trees in all experimental date palm
orchards in different provinceblowever, infestation level vid among provinces
asWasit (Al-Nuaamniyah)Figure 7)hadthe highest infestation level leading to
breakdown of trunk especially during wind stons (Khalaf et al. 2013ap;
2014a,b. In situations wheré®. agamemnon arabicus clearlyinvolved, it can
infest most parts of the tree. In the young date palm it infests aerial roots at the
base of the trunk due to the presence of frond bases thailosee to the soil
surface, leading to yellowing and drying of the crown (Khalaf et al., 2014
However, this type of infestation does not occur in the middle aged and old trees.
The lower part of the trunk (about 1 meter above the soil surface) iseihfes
palms of all ages. The insect infests the middle of the trunk in the raddlend
old palms (Khalaf et al., 20a%; 2014,. No infestation has been recorded in the
upper part of the stem close to the crown region in the case of young trees, but
severe infestation was recorded here on middle aged and old date palm trees. The
upper crown, stalk, and frond have not been infested by this species on palms of all
ages. The parts of tlatepalm that are attacked, in relation to the age of the palm,
are summarized in Table 1.

Tablel. Parts of the date palm infested ®gyctesagamemnon arabicurs Iraq

Date palm tree part Young trees Middle age  Old trees(ovel
(4-10 years) trees(10-20 30 years)
years)
Stem base close to the root i.e. aerial + - -

roots atbase of trunk
Lower stem or trunk, about 1 m abowi + + +



BIOLOGY & MANAGEMENT OFDYNASTIDS 13

soil

Middle of the stem (Trunk) - + +

Upper stem ( when the old fronds are - + +

present)

Lower crown - + +

Upper crown -

Fronds - - -

Stalks (frond bases i.e. petioles) - - -
(-) No infestation, (+) Infestation

In Tunisia outbreaks of0. agamemnon arabicugevelop inside plantations
from those that are newly planted up to about 35 years old, with regpdamng
between trees @ x 9 m. This pest does not occur in plantatiortweted in the
traditional system where palms are irregularly spaced and intercropped with other
crops (Soltani, 2009). The feeding activity of larvae causes damage to offshoots,
and to aerial rootend dry petioles of young palms beyond the offshootestag
(Soltani, 2009; 2010).

In offshoots eggs are laid in the mass of fibers in the axils of fronds, and here
young larvae feed unnoticaatil the thirdinstar larvae bore into the heaklost
often, the attacked palms akélledin the first year after phting, and bsses can
reachup t0100% (Figure 13).

Figure 13. Damage caused to offshootlthird instar Oryctesagamemnon arabiclasrva
(left), and offshoot death after larval attagight) (Photo: Rasmi Soltani

In palms that are past the offsha@thge, adults bore holes into the aerial root
mass to oviposit, where damage is mostly due to the subsequentitgnbg
feeding larvae which produces cavities. These cavities progiceess to
subsequent generatiorsd adults for entry and ovipositionGroups of adults,
mainly ovipositing females, can coexist in these cavities, along with larvae, and the
continuous feeding and tunneling activity larvae (Figure 1jican lead to collapse
of the palm after a few years (Figure 15) (Soltani, 2009).
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Figuré 14. Aerial roots attackedbcft).and 'damae ue tDryctagammnon arbicus
larvae fight) (Photo:Rasmi Soltani

When eggs are laid in the mass of fiber in frond petioles, the early tiagms
feed hereandthe thirdinstar larvae tunnel into thary petioles, feeding on the soft
wood and pupate #te end of the tunnels (Figure 16). Any attack to the trunk itself

is less important as only external dead wood is affected (Soltani et al., 2008b;
Soltani, 2009) (Figure 17).

Figure 15. Date palm higly liable to collapse following severe attack®@ryctes
agamemnon arabiclervae at the collar region (PhotdRasmiSoltan)
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Figure 16. Damage due Oryctesagamemnon arabiclasrvae and adults on dry petioles
(Photo: Rasmi Soltani

A
Figure 17. Attak by larvae oDryctesagamemnon arabicas fibermasses in axils and on
bark of the trunk (PhotdRasmi Soltani

6. MANAGEMENT

6.1. Physical Control

This approach is very important in all dapgowing regionsOld and almost dried
frond bases are prunesd removed from the palm trunk in an annual servicing by
cutting them at a downward sloping 45 degree angle, the cut ends allowing the
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farmer to climb the tree. Layers fiber between fronds, frond thorns, and old dried
bunch stalks are alsemoved (Fjuresl8, 19, 2). This eliminates sites for beetles

to hide and oviposit, and for lzae to develop, and allows hapitking of any
larvae found (Figures12 22). The number of larvae found later on serviced i.e.
pruned palms was significantly less th&e number present on unpruned control
palms (Khalaf& Al-Abid, 2013. Pruning also reduces humidity around the trunk
and frond bases so discouraging oviposition. Disinfecting any wounds on trees
with approvedpesticidesmay deter adults (Mohammadpour, 2Q0ZPlantation
sanitation is recommended to remove potential breeding sites such as dead palms
or rotting trunks along with clippings and fronds after pruning, and to try to reduce
excess humidity due to irrigation in palm groves (Gharib, 1970).

Figure 18 A climbing harmness being used in annual servicing of a migkedate palm
(Photo: Mohammed Z. Khalaf
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Khalaf)
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Figure 20. Previously runed trunk sowing frond basasoff at the recommended 45
degreeangle (PhotoMohammed Z. Khalaf
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Figure 21. Larvae ofOryctesagamemnomletected in their tunnels in frond bases during
important annual servicing in Irag. Top right picture shows black tunnels (Photo:
Mohammed Z. Kddaf)

Figure 22. Oryctesspp. larvae collected during annual servicing of date palms in Iraq
(Photo: Mohammed Z. Khalaf



