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16.1 Introduction
According to Howard (2001) the major world crop palms are coconut
palm (Cocos nucifera L), African oil palm (Elaeis guineensis Jacq.) and date
palms (Phoenix dactylifera L). Many other palm species provide products for
international commerce and also grown as ornamentals. Some palm species are
of local or regional importance and have great potential for expanded development
and distribution. In general, commercial production of palms regularly starts on
or near natural habitats with little agricultural development. The constituent
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arthropod fauna in unexploited areas are likely invaders to palm- monoculture
(Hassan, 1972; Forster et al., 2011). For instance, the degree of damage caused
by coconut pests can be related to conditions in the environment, particularly to
the composition of the vegetation associated with the palm as most of the original
host plants of these pests are found adjacent to the cultivation (Lever, 1969). It
is also generally agreed that most of the caterpillar and beetle pests of palms are
native to the area where the palm production is located and that their populations
are often regulated naturally (Tuck, 1998; Howard et al., 2001).
In plantation crops such as palms, pests and diseases have affected potential
expansion to different areas of the world. For instance, according to Genty et
al.(1982) the commercial exploitation of oil palms in South America began in
earnest 40 years ago, but damage from diseases and arthropods rapidly
discouraged further expansion of many plantations. Dhileepan (1991) suggested
that oil, coconut and arecanut in India share a complex of arthropods. Human
intervention and movement of pest-infested palms has caused a displacement
of palm pests from their areas of origin to other areas of the world (i.e.,
Rhynchophorus ferrugineus (Olivier), Raoiella indica (Hirst) and Aceria
guerreronis (Keifer) resulting in a strong need for integrated pest management
(IPM) of palm pests in palm growing regions.
The basis for IPM incorporates the pest’s biology and ecology and pest
sampling, monitoring, economic thresholds, and the application of the management
tactics such as chemical, biological, autocidal, plant resistance, and microbial
control. There are several texts that discuss IPM of palm pests (Menon and
Pandalai, 1958; Dhileepan, 1991; Moura, 1994; Howard et al., 2001). Howard
et al. (2001) classified pests of palms as defoliators, sap feeders, and stem
borers. The defoliators included lepidopterans such as Opisina arenosella
Walker (Oecophoridae), Artona catoxantha Hamps (Zyganeidae), and
Brassolis sophorae L (Nymphalidae); leaf beetles (Coleoptera: Chrysomelidae),
and longhorn grasshoppers (Orthoptera: Tettigoniidae). The sap feeders included
several Hemipterans and Acarina and the stem borers included Orcytes spp.
(Coleoptera: Scarabeidae), Rhynchophorus spp. (Coleoptera: Curculionidae)
and Coptotermes curvignathus Holmgren (Isoptera: Rhinotermitidae).
Information about pests of coconut palms can be found in Hartley (1967), Lever
(1969), Menon and Pandalai (1958), Hassan (1972) and Howard et al. (2002).
Description of pests of oil palms is addressed in Mariau (1982), Genty (1978),
Genty et al. (1982); Tiong et al. (1982), Dhileepan (1991); Hoong and Hoh
(1992). Pests of date palms are summarized in Gassouma (2004), Blumberg
(2008), Al-Jboory (2007) among others.
The history of palm pest management began with sole applications of
insecticides, but later evolved to include other IPM tactics. For example, Wood
et al. (1974) suggested that injections of Monocrotophos (organophosphate
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insecticide) into oil palm trunks was effective for controlling the bagworm, Metisa
plana (Walker) (Lepidoptera: Psychidae), but the residual effect was
shortlived. Wood et al. (1973) also recommended that large field aerial application
of insecticides in Malaysia should be mainly restricted to leaf-eating pests,
particularly against bagworms (Crematopsyche pendula Joannis and M. plana).
Genty (1978) reported on pests of oil palms in Latin America and emphasized
the use of economic thresholds of pests and the condition of the plantation
before initiating chemical control. Genty et al. (1982) reported that defoliators
such as Sibine fusca Stoll occur sporadically and could be controlled by aerial
application of a densonucleosis virus which was considered efficient for containing
pest outbreaks. Sudtharto et al. (1990) reported that while the caterpillars
Calliteara sp., Dasychira sp. (Lymantriidae), Mathusia sp. (Amathusiidae),
Arasada sp. (Noctuidae), and Ambadra sp. (Notodontidae) cause damage to
young oil palms in Sumatra, they are highly parasitized, predated upon and affected
by viral diseases. Huger (2005) emphasized the effectiveness of using a
baculovirus against Orcytes rhinoceros (L) (Coleoptera: Scrabaeidae) as part
of an IPM program for control of O. rhinoceros.
Blumberg (2008) summarized the current knowledge on the distribution,
natural enemies, economic importance and management of 16 major species of
date palms in Israel. An IPM approach was the result of outbreaks of scale
insects in the 1950s. Blumberg (2008) reported that the IPM approach included
physical and cultural control by covering palm fruit bunches with plastic nets
and early harvest of dates, respectively, to achieve efficient control of fruit
moths (i.e., Cadra figulilella Gregson, Spectrobactes ceratoniae (Zeller),
Arenipses sabella Hampson). In Israel, microbial control primarily using Bacillus
thuringiensis against date moths and the use of pheromone traps for controlling
the red palm weevil R. ferrugineus, reduced insecticide applications and
conserved natural enemies. Al-Jboory (2007) emphasized the use of biological
control for pests attacking date palm in Iraq. Talhouk (1991) reported that pest
problems of date palms in the Arabian Peninsula were mostly caused by faulty
management and suggested the use of antifeedants against Orycte ssp. adults
and sex pheromones and anti-steril ants against date fruit moths.
The following pests will be addressed as examples of palm IPM in this
chapter: weevils (Curculionidae), mites (Tenuipalpidae and Eriophyidae), aphids,
scales, mealybugs, whiteflies, and fulgorids (Hemipteran:Sternorrhyncha and
Fulgoromorpha).
16.2 Weevils (Curculionidae)
Geographical distribution and host range
Weevils by large constitute the most serious group of Coleopteran insect
pests attacking a diverse range of palm species worldwide. Among the
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Rhynchophorus species the red palm weevil (RPW) R. ferrugineus is the
only species that has significantly expanded its geographical range from its original
center of origin in South and Southeast Asia to almost the entire globe as compared
with other Rhynchophorus species previously described by Wattanpongsiri
(1966). Ecological niche modeling predicts that this pest can expand its range
still further (Fiaboe et al., 2012). Rhynchophorus vulneratus and R. schach
are synonyms of R. ferrugineus with R. ferrugineus comprising the red palm
and/or the Asian palm weevils (Boheman, 1845; Hallett et al., 2004).The
following is the geographical range of nine Rhynchophorus species as reported
by Wattanapongsiri (1966) and updated by Giblin-Davis et al. (2013) (Fig. 16.1).
The host range of R. ferrugineus has increased ten fold since the mid
1950s when Nirula (1956) reported the pest on only four palm species as
compared to its present host range of 40 palm species worldwide including
Areca catechu L., Arenga saccharifera Labill, A. engleri Becc., A. pinnata
(Wurmb), Bismarckia nobilis Hildebrand and Wend, Borassus flabellifer L.,
B. sp., Brahea armata S. Watson, B. edulis, Butia capitata (Mart.) Becc.,
Calamus merrillii Becc., Caryota cumingii Lodd., C. maxima Blume, Cocos
nucifera, Corypha utan Lamk., (= C. gebanga, C. elata), C. umbraculifera
L., Chamæerops humilis, Elaeis guineensis, Livistona australis (R.Br.) Mart.,
L. decipiens Becc., L. chinensisJacq.R. Br., L. saribus (= L. cochinchinensis)
(Lour.) Merr., Metroxylon sagu Rottb., Oncosperma horrida (Scheff.),
O. tigillarium (Ridl.), Phoenix canariensis (Chabaud), P. dactylifera,
P. roebelinii O’Brien, P. sylvestris Roxb, P. theophrastii Greuter, Pritchardia
pacifica Seemann and Wendland, P. hillebrandii (Kuntze) Becc., Ravenea
rivularis Jumelle and Perrier, Roystonea regia (Kunth.), Sabal umbraculifera
(Jacq.) Martius, Trachycarpus fortunei (Hook), Washingtonia filifera
(L. Lindl), W. robusta H. Wendl., and Syagrus romanzoffiana (Cham.)
(Anonymous, 2013).
Although there are nine Rhynchophorus species as mentioned above,
this chapter describes the biology, damage, seasonality and management of two
major species, R. ferrugineus and R. palmarum, which have their homes in the
Asian and American continents, respectively.
16.2.1 Rhynchophorus ferrugineus
Biology, damage, economic thresholds and seasonality
The female of R. ferrugineus oviposits in holes made with its rostrum
(Nirula, 1956). Eggs are laid in clutches which hatch in 1-6 days. Larvae are
known to live for 25-105 days (Wattanapongsiri, 1966; Avand Faghih, 1996).
Eggs of R. ferrugineus are 2.5 mm long and light yellow (Wattanapongsiri,
1966). Oviposition in R. ferrugineus is strongly affected by temperature.
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Dembilio et al.(2012) reported the lower temperature thresholds for oviposition
and egg hatching to be 15.45°C and 13.95°C, respectively, and under these
circumstances, no new infestations would be expected during most of the winter
in the Mediterranean basin (Dembilio and Jacas, 2012).
The larvae feed on palm tissue while moving toward the interior of the
palm leaving behind chewed-up plant fibers which have a distinctly fermented
odor. Infested palms often exhibit protruding chewed-up fiber where larval tunnels
can reach over a meter in length. In date palm infestations,the galleries are
mostly confined within a meter of the collar region at the base of the trunk
(Abraham et al., 1998; Sallam et al., 2012), versus in P. canariensis infestations
which occur in the crown of the palm (Dembilio et al., 2012). The larval stage
of R. ferrugineus is reported to have 3-17 instars under laboratory conditions
(Nirula, 1956; Martin-Molina, 2004) and is completed in about two months with
larvae increasing in size and becoming 2-3 cm long and 0.5 to 1 cm in diameter
(Wattanapongsiri, 1966). Mature grubs migrate to the periphery of the palm
trunk and prepare a cocoon made of palm fibers. After covering themselves
with the cocoon, larvae enter a prepupal stage followed by a pupal stage (Murphy
and Briscoe, 1999). Studies in live P.canariensis from Spain showed the existence
of 13 larval instars in R. ferrugineus. Depending on mean temperatures, larval
development can be completed in about 40 days in summer and up to 160 days
in winter-spring in the Mediterranean region (Dembilio and Jacas, 2011).
Detecting palms in the early stage of attack with early instar larvae is vital for
the success of an IPM program for R. ferrugineus (Faleiro, 2006). The
availability of efficient and cost effective detection devices that are easy to
handle and sensitive enough to detect R. ferrugineus will significantly enhance
the efficiency of management against this cryptic pest (Faleiro, 2006).
The pupal period is reported to range from 11-45 days. Salama et al.
(2002) estimated the lower and upper temperature thresholds that the pupae of
R. ferrugineus cannot survive are 2.30C and 44 to 450C, respectively. Similar
results have been reported from Spain (Cabello, 2006). A new generation of
adults that emerge may remain within the same host and reproduce until the
palm meristem is destroyed resulting in the palm death. Subsequently, adults will
fly away and look for new hosts (Dembilio and Jacas, 2012). In the Mediterranean
region, less than one generation per year can be expected in areas with mean
annual temperatures (MAT) below 15oC and more than two generations in areas
with MAT above 19oC (Dembilio and Jacas, 2012). The length of the life cycle
(egg to adult) is known to vary among different rearing hosts and ranges from
48-82 days on palm lumps (Ghosh, 1912) to 105-210 days on sago palm pith
(Kalshoven, 1950). Adult weevils are known to live for about three months.
Under laboratory conditions R. ferrugineus requires 40.4 degree days (DD)
for egg hatching, 666.5 DD for complete larval development in living
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P. canariensis and another 282.5 DD to reach adulthood (Dembilio et al., 2012).
Grove humidity due to enhanced soil moisture and flood irrigation provides
temporary harborage to adults and increases the possibility of R. ferrugineus
infestation in date palm (Aldryhim and Khalil, 2003; Aldryhim and Bukiri, 2003).
Rhynchophorus ferrugineuscan infest palms of high economic value
where, if not detected early, can become lethal to the host. Hence, an assumed
low action threshold of 1% infested palms has been recommended to implement
areawide IPM programs for R. ferrugineus (Faleiro, 2006). The population of
R. ferrugineus is also known to be highly aggregated (Faleiro et al., 2002) with
infestations occuring in clusters in and around heavily infested plantations.
Sampling plans incorporating the action threshold, aggregation index, and error
of making the wrong decision have used to develop and validate areawide
R. ferrugineus IPM programs (Faleiro and Kumar, 2008; Faleiro et al., 2010).
Weevil captures in traps baited with R. ferrugineus pheromone
(ferrugineol) have been used to assess seasonal variations in flight activity. In
the Middle East, peak weevil activity is recorded during the period of March
through May while a second smaller peak in trap captures occurs in October
and November in Egypt (El-Garhy, 1996; Sebay, 2003; Kaakeh et al., 2001;
Vidyasagar et al., 2000; Soroker et al., 2005). In India, highest trap captures
occurred in October and November, while the lowest captures occurred in June
and July (Faleiro, 2005). In the more temperate climate of southern Japan, weevil
activity was observed in March through mid December (Abe et al., 2009).
Dembilio and Jacas (2011) studied the oviposition pattern throughout the year in
the Mediterranean basin and found it to extend in the north from early April to
mid October and early November and the egg hatching period from mid March
to late October. However, these periods were much shorter in the south and
although oviposition would stop during the coldest winter months, egg hatching
would continue during the entire year in the southwestern part of the Basin (i.e.
Egypt). Based on these findings, Dembilio and Jacas (2011) recommended that
any cultural management practice producing wounds on the palm should be best
performed in winter, when oviposition is notably reduced and immature mortality
is highest. Pillai (1987) suggested that fresh wounds on the palm tissue should
be protected from invading female weevils, whereas Abraham (1971) proposed
cutting coconut fronds one meter away from the frond base to prevent easy
entry of the pest into the trunk which occurs when fronds are pruned close to
the trunk.
Trapping as a control method : Current IPM strategies for R.
ferrugineus rely on mass trapping of adults using pheromone lures. Traps baited
with insecticide-laced food attractants were used to trap adult palm weevils in
Indonesia, the West Indies and India prior to the discovery of palm weevil
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pheromones (Kalshoven, 1950; Hagley, 1965; Kurian et al., 1979; Abraham et
al., 1989). With the discovery of male-produced aggregation pheromones that
attract both male and female palm weevils, trapping of adult weevils with foodbaited pheromone traps has been widely used to monitor and control both
R. palmarum and R. ferrugineus.
In the case of R. ferrugineus, the aggregation pheromone, 4-methyl-5nonanol (Hallett et al., 1993) along with 10% of a related ketone (4-methyl-5nonanone) increased weevil captures by 65% (Abozuhairah et al., 1996;
Oehlschlager, 2006). The optimal release rate for the pheromone was found to
be three milligrams per day (Hallett et al., 1993). However, release rates as low
as 0.48 milligrams per day have been shown to be effective in Indian coconut
plantations (Faleiro, 2005).
Plant volatiles along with insect-produced chemicals are known to generate
synergy particularly in the order Coleoptera (Borden, 1985). Bucket traps (5-20 l
capacity) containing the pheromone lure along with fermenting food bait laced
with a non-repellant insecticide are currently used in several countries to monitor
and mass trap R. ferrugineus (Faleiro, 2006). Emission of the pheromone alone
from a trap does not attract as many weevils as compared with a fermenting
food source plus pheromone which attracts many more weevils into the trap
(Hallett et al., 1993; Al-Soaud, 2011). Dates and sugarcane are among the best
food baits recommended for use in R. ferrugineus pheromone traps. Trapping
efficiency is reduced if the food baits are not changed every 7-15 days (Faleiro,
2006).Dark coloured traps (red or black) with a rough exterior are known to
increase weevil captures (Hallett et al., 1999; Abuagla and Al-Deeb 2012).
Also, ethyl acetate significantly increases weevil trap captures when incorporated
into R. ferrugineus pheromone plus food traps (Oehlschlager, 1998; Sebay,
2003; Abdallah et al., 2008). Contingent upon the intensity of the pest in the
field, trap density for mass trapping could range from 1trap per ha at relatively
low weevil activity to 10 traps per ha in heavily infested plantations where
weevil activity is high (Faleiro et al., 2011). It is recommended to set the trap
under shade to sustain field longevity of the lure. The need to replace the food
bait periodically in food-baited pheromone traps becomes cumbersome and costly,
especially at a higher trap density and in an areawide operation where traps
have to be set deep inside the plantation without motorable roads. In this context,
a bait-free method to ‘attract and kill’ R. ferrugineus adults was tested and
found to sustain the trapping efficiency at levels comparable to the traditional
food-baitedpheromone traps, during a test period of three months in date
plantations of Saudi Arabia (El-Shafie et al., 2011).
Low bait-lure synergy due to inappropriate trapping protocols could diminish
the trapping eficiency of R. ferrugineus pheromone traps and lead to increased
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infestations around such traps. In Spain, mass trapping is only allowed under
direct supervision of the local Department of Agriculture to limit the possibility
of attracting weevils and also to help prevent the risk of new infestations in an
uninfested area (Dembilio and Jacas, 2012). In several Middle Eastern countries
of the Gulf region, the IPM program for R. ferrugineus, which includes
pheromone trapping, is implemented by officials of the Ministry of Agriculture.
This ensures proper maintenance of the traps thereby making the traps highly
attractive to the adult weevils. Weevil captures in R. ferrugineus pheromone
traps are female skewed (usually two female weevils for every male captured)
which is desirable because these female weevils have been shown to be young,
gravid and fertile (Abraham et al., 2001; Faleiro et al., 2003).These females
could generate new infestations if not trapped and killed, as recorded in several
countries prior to commencement of trapping adult weevils with pheromone
traps. Repellents against R. ferrugineus offer vital protection to palm sites that
are most prone to attack and could be used to enhance captures in
R.ferrugineuspheromone traps through a push-pull strategy. A recent report
from Italy indicates that -pinene, singly or in combination with methyl salicylate
or menthone, could serve as a potential repellent against R. ferrugineus (Guarino
et al., 2013).
Chemical control : Preventive and curative chemical treatments, mostly
in the form of sprays (showers/drenches) and stem injection, respectively, form
an important component of the IPM strategy against R. ferrugineus. Application
of organophosphates and carbamates to control R. ferrugineus since the 1970’s
starting in India indicates that these chemicals were widely used against
R. ferrugineus (Murphy and Briscoe, 1999; Faleiro, 2006; Dembilio and Jacas,
2012). In the recent past new generation insecticides like imidacloprid and fipronil
have been used in both preventive and curative treatments (Barranco et al.,
1998; Kaakeh, 2006; Llácer et. al., 2012). Semi-field trials with imidacloprid
applied by soil injection to P. canariensis showed 100% and 94% efficacies,
respectively (Lláceret al., 2012). In a field assay, two applications of
imidacloprid per year successfully reduced mortality of P. canariensis palms to
less than 27% compared with more than 84% for untreated control palms
(Dembilio et al., 2010a). Insecticide application on fresh wounds of palm tissue
to prevent oviposition and egg hatch has been recommended in the past
(Abraham, 1971; Abraham et al., 1998). Recent studies carried out in Spain
have shown that a single application of an insecticidal paint with 1.5% chlorpyrifos
could prevent infestation for up to 6 months with a mean efficacy of 83.3%
(Llácer et al., 2010). Palms that are severely infested and beyond curative
treatments have to be eradicated by shredding as burning may not result in
complete destruction of the hidden pest stages deep inside the palm tissue. A
recent report on the eradication of severely infested date palms estimated the
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annual loss was from USD $5-26 million in the Gulf countries of the Middle East
at 1-5% infestation level, respectively of which 20% of the palms were removed
and destroyed (El-Sabea et al., 2009).
Biological control : Several natural enemies such as insects, bacteria,
entomopathogenic fungi (EPF), viruses, yeast, entomopathogenic nematodes
(EPN) and birds have been reported attacking R. ferrugineus (Murphy and
Briscoe, 1999; Faleiro, 2006). However, large scale classical biological control
programs have yet to be developed to augment the management of this cryptic
and lethal insect pest. Recent studies from Spain have shown that both EPN
and EPF can provide an alternative to chemical control of R. ferrugineus
(Dembilio and Jacas,2012). Steinernema carpocapsae (Weiser) (Nematoda:
Steinernematidae) proved effective against R. ferrugineus in semi-field trials
in both preventive and curative assays with efficacies of up to 98% and 80%,
respectively (Llácer et al., 2009). Under field conditions, treatments using
imidacloprid and S. carpocapsae, either alone or in combination were not
significantly different from each other, with efficacies ranging from 73 to 95%
(Dembilio et al., 2010a; Tapia et al., 2011). With regard to EPF, Dembilio et al.
(2010b) recorded adult mortality under field conditions in Spain of up to 86%
with a Spanish strain of Beauveria bassiana. More recently, Llácer et al.
(2013) showed that the release of irradiated males infected with the same strain
of B. bassiana should be considered as a practical way to improve the biological
control of R. ferrugineus with EPF. Thus, both EPN and EPF have potential
for large-scale deployment against R. ferrugineus in the field but would need
standardization to withstand local conditions prevailing in different agroecosystems.
Autocidal control : Al-Aydeh and Rasool (2010) studied the influence of
gamma radiation on the mating behavior and the efficacy of sterile insect technique
(SIT) and found no adverse effects of gamma radiation on the mating behavior
parameters of the weevil in the laboratory. During the mid 1970s, large scale
field studies in India in a 400 ha coconut plantation using SIT revealed that 70%
of the eggs laid by female weevils captured in log traps from the test plot were
viable eggs indicating that SIT had almost no impact in curtailing the population
build up (Rahalkar et al., 1977). The opportunity for females to mate with the
natural male population before flying out of the brood (Faleiro, 2006) and
expensive artificial rearing of R. ferrugineus (Dembilio and Jacas, 2012) to
warrant repeated mass releases of male weevils would limit the success of any
technique to manage this pest that depends on mating disruption or interference.
Plant resistance : Naturally occurring defense mechanisms against
R. ferrugineus have not been fully understood and therefore not exploited to
manage this lethal pest of palms. Barranco et al. (2000) and Dembilio et al.
(2009) reported antibiotic and antixenotic mechanisms in some palm species.
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Washingtonia filifera and Chamaerops humilis could not be naturally infested
by R. ferrugineus adult females and antibiosis was found to be the main
mechanism operating in W. filifera (Dembilio et al., 2009). Studies carried out
in China showed that P. canariensis and W. filifera were more suitable hosts
while P. sylvestris was the least suitable host for R. ferrugineus based on
population growth parameters (Juet al., 2011). In coconut, the cultivar Chowghat
Green Dwarf was highly preferred for oviposition by R. ferrugineus while, the
least number of eggs were laid in Malayan Yellow Dwarf (Faleiro and Rangnekar,
2001). Farazmand (2002) and Al-Ayedh (2008) found that date palm cultivars
with high sugar content enhanced growth of R. ferrugineus. Further studies
are needed to understand palm defense mechanisms against this pest.
Regulatory control : Local, regional and international shipments of palms
for landscape gardening and farming have resulted in the quick spread of
R. ferrugineus during the last three decades. The first report of an infestation
of R. ferrugineus in the Middle-East, North African and Mediterranean countries
by Faleiro et al. (2012) suggests that palms shipped for ornamental landscaping
is the primary source of new infestation foci. The need to implement strict preand post-entry quarantine regimes to certify transport of planting material free
of R. ferrugineus has been proposed previously (Faleiro, 2006). The European
Union (EU) has put strict legal measures in place that govern the movement of
palms including the demarcation of a 10-km buffer zone around infested areas,
three monthly official inspection and annual crop declaration of plant nurseries,
implementation of phytosanitary treatments, registration of planting material
movement, and an EU plant passport for all palm shipments moving within the
EU (EPPO, 2008). In Spain, fumigating palms at a dose of 1.14 g aluminium
phosphide m–3 for three days was enough to kill all stages of R. ferrugineus in
an infested P. canariensis palm (Llácer and Jacas, 2010) while in Saudi Arabia,
it is recommended to dip date palm offshoots in 0.004% Fipronil for 30 minutes
before transporting to ensure mortality of the hidden larval stages (Al-Shawaf
et al., 2013). These findings could serve as treatment protocols for certification
prior to shipment.
Other IPM tactics : Besides the above mentioned IPM components for
control of R. ferrugineus, identifying and treating hidden breeding sites,
particularly in closed gardens and other areas difficult to access, is vital to curb
the build-up of field populations and sustain success where the pest is controlled
(Abraham et al., 1998). Periodic training of key stakeholders including officials
implementing IPM strategies, farmers, and palm nursery dealers is important to
ensure capacity building through the technology transfer of the latest IPM
strategies and also to gain cooperation of all concerned in implementing an
areawide R. ferrugineus IPM program.
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Periodic validation of Geographic Information Systems aided with spatial
and temporal models (Massoud et al., 2011) and trap capture data and infestation
reports (Al-Shawaf et al., 2012; Faleiro et al., 2008, 2010) could enable pest
managers to deploy the scarce resource of personnel and materials to areas
where it is most needed in an areawide R. ferrugineus IPM operation.
16.2.2 Rhynchophorus palmarum
The American palm weevil (APW), Rhynchophorus palmarum, is one
of the most important pests in tropical America and considered to have high
invasive potential (Giblin-Davis, 1990; Esser, 1969). Rhynchophorus palmarum
has been reported attacking 35 plant species of different families, but it is mostly
found affecting species within the Arecaceae (Estévez and Cedeño, 2008; Briceño
and Ramírez, 2000; Hernández et al., 1992; Griffith, 1987). The main hosts
within this family are C. nucifera, E guineensis, Euterpe edulis and Bactris
gasipaes. It is also reported from Saccharum officinarum L., Musa spp.,
Carica papaya L., and Annona spp. Rhynchophorus palmarum affects not
only healthy palms, but is also attracted to palms affected by pathogens that
elicit palm fermentation. The female deposits its eggs inside the palm stem and
developing larvae tunnel through the trunk weakening the palm; however, larval
damage to the apical meristem is considered lethal (Griffith, 1987). In addition,
R. palmarum adults are vectors of the nematode Bursaphelenchus cocophilus
(BC), which is the causal agent of red ring disease, which affects Central and
South American commercial plantations of oil palm, coconuts, as well as pejibaye,
which is an important crop for heart of palm production (Pérez and Iannacone,
2006a; Locarno, et al., 2005; Arroyo et al.,2004; Peña-Rojas, 2000). Previously,
Lepesme (1947) and Hagley (1965a) maintained that APW is typically a secondary
pest of palms, rarely observed on healthy trees, but always found in injured or
diseased trees. Majaraj (1965) and Schuiling and van Dinther (1981) reported
that the level of APW infestation in palm groves is positively correlated with the
abundance of injured trees.
Biology and behavior : Rhynchophorus palmarum can be found
attacking palms located at sea level up to 1200 m (Jaffe and Sanchez, 1990).
Adults have a black, hard cuticle and measure 4-5 cm in length and 1.4 cm
wide. Adults show sexual dimorphism; males have a conspicuous brush of hairs
on the antero-central dorsal region of the rostrum. The adults are active during
the day showing bimodal daily activity cycle. Hagley (1965a) reported activity
peaks between 7 and 11 and between 17 and 19h. Field observations showed
that adults fly at velocities of 6.01 m/sec (Hagley, 1965a).
The eggs are placed individually inside the palm tissue near the apical area
of the palm and protected by a brown waxy secretion. Sánchez et al. (1993)
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studied the biology of the insect and indicated that females deposit their eggs
into holes in the plant made by the rostrum. Oviposition or attraction appears to
be increased when the plant tissue is either damaged near or on the internodal
area of the palm trunk next to the crown. The cream-white, legless early instars
are 3-4 mm long and older larvae may reach 5-6 cm in length. The egg incubation
period is 3.2±0.93 days and the larvae have 6-10 instars. The larval stage might
last ca 50-60 days.The pupa is exarate and brown and inhabits a cylindrical
cocoon built with plant fibres organized in a spiral configuration.
The longevity and high oviposition capacity of R. palmarum contribute to
the importance of this pest. The long time span for the larval and adult stages
can last between 40-80 days or 120 to 180 days depending on the report (Mexzón
et al.,1994; Sánchez, et al.,1993; Gonzales and García, 1992; Restrepo et al.,
1982; Jiménez, 1969).The female can deposit an average of 100-250 eggs and a
maximum of 900 during its life span (Mexzón et al.,1994; Hagley, 1963; 1965a).
Another important factor is the larval boring behavior inside the trunk that makes
it difficult to control with insecticidal spray applications. Lastly, thedispersion
capability of adults being able to fly 6 m/sec and 1.6 km/day (Griffith, 1987;OEPP/
EPPO, 2005; Bech, 2011, 2012; ) and its adaptability to different climatic regions
in 29 countries in the Americas and the Caribbean allow for easy spread to new
areas.
Damage and economic importance : The first symptoms of infested
palms are a progressive yellowing of the foliar area, destruction of the emerging
leaf and necrosis in the flowers. Leaves start to dry in ascending order in the
crown; the apical leaf bends and eventually droops. If the palm trunk is dissected,
the galleries and damage to leaf bases produced by the larvae are easily detected
in heavily infested palms. Pupae and old larvae are frequently found when
inspecting the crown of infested plants. Affected plant tissue turns foul, producing
strong characteristic fermented odors (Jaffe et al.,1993; Chinchilla and
Oehlschlager 1993; Sanchez and Jaffe, 1993).
The association R. palmarum with the nematode Bursaphelenchus
cocophilus (BC) which is the causal agent of coconut red ring disease (RRD)
(Ashby, 1921), has resulted in a complex plant health problem that can cause
the total decline of coconut and African oil palm plantations. Esser and Meredith
(1987) reported the incidence of APW in 92% of coconuts infected with BC.
Fenwick (1967) and Griffith (1968) reported that populations of 30 larvae are
sufficient to cause the death of an adult coconut palm. Coconut palms 3-10
years old infected with BC died during the first 2 months after incoculation
(Griffith, 1967). Moreover, Thurston (1984) reported that affected palms take
23-28 days to show the symptoms of red-ring disease, and die 3-4 months after
showing the first symptoms.
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In Colombia, the complex of R. palmarum and BC is present in the Pacific
coast. For example, during 2006-2009, budrot affected approximately 40,000
hectares of African oil palm where the infected palms became the focus of
infestation of R. palmarum (Aldana et al.,2011). Later, Quintana (2012) reported
that during 2010, a million US dollar loss to this crop due to APW and BC. A
similar situation is commonly observed in other countries in Central and South
America (Esser and Meredith, 1987).
Chemical control : Arango and Rizo (1977) suggested that management
of R. palmarum should be aimed at adults instead of larval stages. Earlier,
chemical control applied to the palm rachis or to the whole palm was the norm
(Alfonso and Ramírez, 2004; Dean and Velis, 1976). At the same time, Arango
and Rizo (1977) considered chemical control as inefficient and expensive and
suggested that mass trapping was the best control tactic. The potential list of
insecticides used against APW is extensive. The insecticides methomyl, triclorfon,
pirimiphos-ethyl, fipronil, imidacloprid, abamectin, carbaryl and
imidacloprid+deltametrin have been tested (Dean and Velis, 1976; Martínez
et al.,2010), but control has not been satisfactory. Moura (1994) and Moura
et al.(1995) suggested a preventive measure to brush the leaf rachis with a
0.2% solution of carbofuran or to make incisions to the trunk of a diseased palm
and then apply carbofuran to the incisions in order to kill the insects attracted to
the treated palm. Latest reports deal with the effect of botanical extracts (i.e.,
birthworth fruit) on R. palmarum larvae, demonstrating that this product caused
73% larval mortality. Perez and Iannacone (2006bb) and Perez et al.(2010)
tested the toxicological effects of extracts of Paulliniae clavigera against APW
and showed that the hydroalcoholic and decoction extract showed toxicity to
this pest. While these data are encouraging, it must be emphasized that these
are experimental data from laboratory experiments. Further tests need to be
conducted to analyze the potential of botanical extracts under field conditions.
Trapping : Rhynchophorus palmarum trapping has been practiced since
the 1970s (Mariau, 1968; Griffith, 1969). Earlier, trapping was based on the fact
that adults are attracted to odors of fermenting palms for feeding and reproduction
(Morin et al.,1986). The most commonly used traps before the discovery of a
pheromone were insecticide-treated palm stems (Mariau, 1968, Morin et al.,1986,
Chinchilla et al.,1990; Morales and Chinchilla, 1990; Dean and Velis, 1976) or
using other plant tissue, i.e., pieces of sugarcane, Musa pseudostems, pineapple
and citrus fruits (Costa Miguens et al.,2011; Sumano et al.,2012; Cerda
et al.,1994; Vera and Orellana, 1986; Raigosa, 1974). Hernandez et al.(1992)
evaluated baits using tissues from C. nucifera, E. guineensis, Jessenia
polycarpa Kartst, Jessenia batatua Burret, Mauritia flexuosa L.,
Phenakospermium sp., Euterpe sp. and Antrocarium sp. and reported that
coconut, Phenakospermium sp., Antrocarium sp. and J. batatua attracted the
highest number of adults.
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Pheromones : Rochat et al.(1991a,b) and Oehlschlager et al.(1992)
reported that APW males produce an aggregation pheromone (4S,5E)-2-methyl5-hepten-4-ol or rhynchophorol. Racemic rhynchophorol synergistically enhances
the attraction of plant material in field trapping (Oehlschlager et al.,1992). For
example, Oehlschlager et al.(1992; 1993) demonstrated that more APW were
captured using plastic bucket traps from which rhynchophorol was placed together
with insecticide-laden sugarcane or palm stems. Moura et al.(1997) reported
that capture of APW on oil palm treated with pheromone plus insecticide was
65 to 89% more than those treated with insecticide only. One of the problems of
using plant material is that plant tissue generally loses attractiveness after 12-15
days, necessitating bait renewal (Oehlschlager et al.,1992, 1993; Jaffe et
al.,1993).This fact corroborates the attraction of R. palmarum to plant
kairomones in an effective trapping scheme.Rochat et al.(2000) reported that
blends of “characteristic coconut” odor molecules were as efficient as sugarcane
in synergizing rhynchophorol and luring R. palmarum into traps. Also, host plant
volatiles from sugarcane, coconut, Jacarantia digitata and E. guineensis were
tested. Oehlschlager et al. (2002) reported that pheromone-based trapping of
R. palmarumusing trap densities of 1 trap per 5 ha lowered RRD by over 80%.
Pheromone lures last for 2 to 5 months depending on the season, but the necessary
food component lasts only for a week or two with water evaporation and loss of
attractancy as the two main problems. Oehlschlager (2010) reported that the
key to trapping success was to make the food component of the trap more
attractive as well as adding ingredients to the trap to extend the field life of the
kairomones. This author found that emission of ethyl acetate from dispensers in
pheromone/food traps increases captures compared to pheromone/food traps
by 2-5 times. Also, addition of propylene glycol to traps extends the effective
life of kairomones in traps. It has been suggested that replacement of food for
attractive blends has not been effective in the field to date (Oehlschlager, 2010).
Oehlschager and Gonzalez (2001) reported that pheromone trapping and
removal of red ring nematode infested palms are the only economically viable
techniques used in the Americas to combat palm weevil problems. Trapping is
made difficult by the requirement of replacement of water and food bait in the
traps. Also, the right dose of the aggregation pheromone must be used in order
to avoid repellency. Non-repellant additives can extend the effective life of trap
food bait from 2 to 7 weeks (Oehlschlager and Gonzalez, 2001). While repellants
reduce captures of R. palmarum in pheromone traps by more than 50%, they
could make push-pull strategies to improve management of palm weevils possible
(see R. ferrugineus for push and pull strategies).
Biological control : According to Costa Miguens et al.(2011) few studies
have been conducted on natural enemies of Rhynchophorus species. During
1990-1991, Moura et al.(1993) found 51.1 % of R. palmarum parasitized by
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Paratheresia menezesi Townsed (Diptera: Tachinidae). Ramirez (1998) reported
that in Colombia the prepupae of R. palmarum was parasitized by an unidentified
tachinid and preyed upon by Hololepta sp. However, the action of these natural
enemies was considered insignificant. Mosquera and Viafara (2008) tested the
effect of Paratheresia claripalpis (Wulp.) and Metagonistylum minensis
(Townsed) in the laboratory against R. plamarumand found both species
ineffective.Moura et al.(2006) reported that in the piassava palm in Brazil, R.
palmarum larvae were parasitized by Billaea rhynchophorae (Blanchard)
(Diptera: Tachinidae) with levels of parasitism ranging from 18-50%. Methods
of mass production of these parasitoids are needed.
Microbial control : Four species of commensal nematodes in addition to
BC have been reported from R. palmarum, but they are not pathogenic (Gerber
and Giblin-Davis, 1990).The role of entomopathogenic fungi such as
B. bassiana Balsamo Wuillemin and its effectiveness against R. palmarumis
unclear (Costa Miguens et al.,2011).
16.2.3 Conclusions
The importance of the R. palmarum has increased due to the presence of
budrot in oil palm plantations in Central and South America. Palms that are
affected by budrot decompose fast, and the foul odors attract high weevil densities.
Management of this insect-disease complex has become a key objective to
maintain the African oil palm plantations in this region.The following steps are
considered: 1) reduction of R. palmarum densities by use of mass trapping; 2)
removal of red-ring affected palms.
16.3 Mites (Acari: Tenuipalpidae and Eriophyidae)
16.3.1 Raoiella indica (Acarina: Tenuipalpidae)
Distribution : Raoiella indica Hirst, is a tenuipalpid mite species that
recently invaded the Western Hemisphere. Previous to its arrival in the New
World, R. indica was found in tropical and subtropical areas of Africa and Asia
including Oman and Egypt (Elwan, 2000), Israel (Gerson et al.,1983), Iran (Askari
et al.,2002), Pakistan (Chaudri, 1974), Mauritius (Moutia, 1958), Phillipines
(Gallego et al.,2003), India (Puttarudriah and Channabasavanna, 1956) and Benin
and Tanzania (Zannou et al.,2010). In 2004, this mite was detected in Martinique
(Flechtmann and Etienne, 2004) and subsequently spread to multiple islands of
the Caribbean. It is now reported in Florida, U.S.A. (FDACS, 2007), Venezuela
(Vásquez et al.,2008), Brazil (Marsaro Jr. et al.,2009), Colombia (Carrillo et
al.,2011) and Mexico (NAPPO, 2009). Amaro and de Morais (2013) used a
model to predict the potential geographical distribution of R. indica in South
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America and detected suitable areas for R. indica in northern Colombia, central
and northern Venezuela, Guyana, Suriname, east French Guiana and, the eastern
Amazonas, northern Roraima state (Brazil) and the coastal zones from north
eastern Brazil to north of Rio de Janeiro. Their results indicate the potential for
significant R. indica related economic and social impacts in all of these countries.
Damage : Raoiella indica is a polyphagous species with a wide host
plant range mostly within the Arecaceae (Carrillo et al., 2012a ; Godim et
al.,2013), but it also attacks some plants within the Pandanaceae, Musaceae,
Heliconiaceae, Zingiberaceae and Strelitziaceae. Its major host is coconut,
C. nucifera. Raoiella indica is highly destructive to coconut sometimes reaching
4,000 individuals per pinna (Peña et al.,2009). Infestations found on other palms
(approximately 78 palm species) are lower in numbers but still problematic
because of their importance as ornamental or native plants (Carrillo et al.,2012a;
Godim et al.,2013). Damage caused by this species to most of its host plants
has not yet been characterized. In coconut, R. indica feeding causes an initial
bronzing of the leaves which later turns into necrotic tissues (Figure 16.1). Red
palm mite feeding on coconut results in extensive chlorosis and yellowing of the
leaves similar to damage caused by ‘lethal yellowing’ (LY) (Peña et al.,2012).
However, LY disease differs in that it causes coconuts of all stages to drop from
the tree, it disorts the emerging inflorescences and it causes the male flowers to
become dark brown. The establishment of R. indica in the Caribbean has caused
serious economic harm to coconut production with over 50% yield reductions at
some locations (CARDI 2010).
Biology : Raoiella indica is usually found forming large multigenerational
colonies on the abaxial surface of the leaflets (pinnae) of their host plants (Figure
16.2). Eggs are oblong, smooth, glossy, red in color, and measure 0.12 mm in
length and 0.09 mm in breadth, with a stipe 0.15 long (Moutia, 1958) (Figures
16.2A and 16.2B). A single droplet of an unknown substance is sometimes
found at the tip of the stipe. Upon hatching, larvae are slow in their movements
and start feeding on leaf tissue near the site of emergence. Development of R.
indica passes through two nymphal stages with a quiescent period before each
molt. The immature stages of R. indica are red with blackish marks in the
dorsum and develop near the site of oviposition. The duration of the immature
development varies from approximately 22 to 34 days depending on the host
plant and environmental conditions (Table 16.1).
Males are triangular in form, develop faster and are smaller than females.
They actively seek out females and settle closely behind a quiescent deutonymph
or adult female in a “guarding state” until mating (Figure 16.2B). The
preoviposition period ranges from 3 to 7 days (Moutia, 1958; Flores-Galano et
al.,2010). The type of reproduction in R. indica is unusual because mated females
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(sexual reproduction) produce progeny consisting solely of females and
unfertilized females (asexual reproduction) produce only males (Nageshachandra
and Channabasavanna,1984). The species is reported to have four and two
chromosomes (females and males, respectively) which suggest that its
reproduction is arrhenotokous (Helle et al.,1980). According to Nageshachandra
and Channabasavanna (1984) mated females produce at an average of 22 ±
4.41 (females/female) and unmated females produce 18.4± 1.95 (males/female)
during their adult life on coconuts. Moutia (1958) reported a similar average
fecundity (approximately 28.1 eggs/female) but other studies with other hosts
reported substantially lower fecundities (12.6 ±4.3) on coconut (Gonzales and
Ramos, 2010), and 7.0 ± 3.5 eggs per female on Areca palms (Flores-Galano
et al., 2010). According to Nageshachandra and Channabasavanna (1984),
longevity is greater in females (50.9 ± 11.4 days) than in males (21.6 ± 1.95
days), but this can also be influenced by the host plant (Gonzales and Ramos,
2010). Adults are more active and are responsible for dispersion within the leaf,
to colonize new leaves or new plants.
Seasonality and influence of abiotic factors : Few studies have examined
the effects of abiotic factors on R. indica. Moutia (1958) reported that population
build-up was positively related with temperature and sunshine hours, but negatively
related with rainfall and relative humidity. In agreement, Nageshachandra and
Channabasavanna (1983) reported an increase of mite populations associated
with periods of lower relative humidity, and Taylor et al.(2012) found that when
conditions were hotter and drier, R. indica densities were significantly higher.
Sakar and Somchoudhury (1989) reported that mite density had a significant
positive relation with temperature and that R. indica densities declined with the
onset of the rainy season in India. The available literature suggests that this mite
adapts well to tropical climatic conditions; however, prolonged dry conditions
could favor R. indica population growth.
Sampling : Roda et al. (2012) studied the intra tree spatial distribution of
red palm mite populations on coconut and developed sampling methods to aid in
the timely detection of the pest in a new area. Their studies revealed that the
middle stratum of a palm had signiûcantly more mites than fronds from the
upper or lower canopy; and mite populations did not vary within a frond. Roda
et al. (2012) indicated that the most efficient way to detect infestations and
estimate population densities is to sample one pinna per tree from as many trees
as possible.
Chemical control : Rodriguez and Peña (2012) conducted several acaricide
trials in Puerto Rico and Florida in order to provide chemical control alternatives
to minimize the impact of this pest. Spiromesifen, dicofol and acequinocyl were
effective in reducing the population of R. indica in coconut in Puerto Rico.
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Spray treatments with etoxanole, abamectin, pyridaben, milbemectin and sulfur
showed mite control in Florida.
Biological control : The host plant range and dispersal of R. indica
throughout natural, agricultural, recreational and residential areas suggest that
large scale mitigation programs are required for managing this species. Chemical
control, host plant resistance and cultural control tactics could be used to manage
local populations; however, the most promising approach is to find a practical,
long-lasting solution in the form of biological control. One of the factors
contributing to the aggressiveness of invasive species is that they often invade
new areas without their specific natural enemies (Herren and Neuenschwander,
1991). Thus, one of the most common approaches to suppress invasive species
is to search for natural enemies in their site of origin and reunite pest and natural
enemies through importation of the latter (i.e. Classical biological control) (Van
Driesche and Bellows, 1996). However, in many cases indigenous natural
enemies may provide some suppression of the invasive pest. In addition, biological
control might be found among species that have not experienced close prior
relationship with the target organism (Hokanen and Pimentel, 1984).
Twenty-eight species of predatory arthropods, including mites and insects,
have been reported in association with R. Indica in Asia, Africa and the
Neotropics (Carrillo et al.,2012c). In addition, pathogenic fungi associated with
R. indica in the Caribbean have been reported. The available literature indicates
that each site has a different natural enemy complex with only one predator
species, Amblyseius largoensis (Muma) (Acari: Phytoseiidae), present in all
the geographical areas.This predatory mite species has shown a conspicuous
association with R. indica and it represents the most important biotic factor
known to be acting over R. indica in the different places where this pest is
present.The interaction between A. largoensis and R. indica in Florida has
been investigated. An initial study demonstrated that A. largoensis was able to
feed, develop and reproduce on a diet consisting solely of R. indica. The intrinsic
rate of natural increase of the predator was significantly higher when fed on
R. indica than on other arthropods inhabiting coconut, including Tetranychus
gloveri Banks (Acari: Tetranychidae), Aonidiella orientalis (Newstead)
(Hemiptera: Diaspididae) and Nipaecoccus nipae (Maskell) (Hemiptera:
Pseudococcidae) (Carrillo et al.,2010). Additional studies showed that
A. largoensis had a marked preference for R. indica eggs over other stages of
the pest. In addition, the predator showed a Type II functional response and a
positive numerical response to increasing densities of R. indica which could
explain the population increase observed in areas of recent invasion (Carrillo
and Peña, 2012). Moreover, A. largoensis may be responding to the invasion by
R. indica either by learning or evolving genetically to be better predators of this
pest (Carrillo et al.,2012b). Amblyseius largoensis populations with a long time
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association with R. indica showed increased prey consumption and higher
reproductive rates compared to populations with short time exposure to this
invasive pest (Carrillo et al.,2012b; Domingos et al.,2013). Based upon previous
studies, researchers have identified A. largoensis populations that are superior
predators of R. indica and could be used as classical biological control agents
(Domingos et al.,2012). Moreover, de Assis et al. (2013) identified acaricides
that are selective for A. largoensis such as fenpyroximate and spirodiclofen,
which could be used to integrate chemical and biological control strategies against
R. indica. Additional studies using exclusion and release techniques suggested
that A. largoensis could be efficient at regulating low prey population densities.
However, it’s likely that other mortality factors will be required to effectively
suppress the populations of this invasive pest. Search for effective natural enemies
should be intensified and ways to improve the levels of control by the existing
natural enemies (i.e. provision of alternative food sources) should be further
investigated.
Host plant interactions : Host plants could have an important influence
in the population dynamics of R. indica. However, very little is known about the
influence of plant characteristics on their quality as hosts for R. indica. Sakar
and Somchoudhury (1989) studied possible resistance mechanisms to R. indica
in 8 coconut varieties based on morphological (pinnae length and width, leaf
thickness, depth of midrib groove, and intervienal distance) and biochemical
(crude protein, moisture, nitrogen and mineral content) characteristics. The study
concluded that there was no relationship between mite populations and the physical
(morphological) characteristics of the coconut varieties but the chemical
characteristics had an influence on mite densities. Varieties which contained
higher amounts of nitrogen and crude protein showed higher incidence and higher
mite population densities.
Raoiella indica was reported as the first mite species observed feeding
through the stomata of their host plants (Kane et al.,2005). Later it was shown
that feeding via stomatal aperture occurred among several Raoiella species
(Ochoa et al.,2011). Further studies are needed to understand the implications
of the feeding habits of R. indica. Through this specialized feeding habit, R.
indica probably interferes with the photosynthesis and respiration processes of
their host plants. Moreover, the type of stomata and their densities could determine
the suitability of a plant as host for R. indica. For instance, coconut varieties
can be divided in two main groups, tall and dwarf varieties. Tall palms may
attain heights of 30 m (approximately) while dwarfs have shorter internodes
and thus are much shorter (Gomes and Prado, 2007). Tall varieties are greatly
influenced by wind currents that remove the humidity from the leaf surface and
thus have more efficient osmoregulation mechanisms than dwarf varieties (Gomes
and Prado, 2007). Dwarf varieties have a greater number of stomata per leaf
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area and lower wax content on the leaf surface compared to the tall varieties
(Rajagopal et al., 1990). These differences among coconut palm varieties could
be influential on their suitability as hosts for R. indica which merits investigation.
Other IPM tactics : Raoiella indica is a quarantine pest for some
countries (EPPO, 2009). Quarantine-mandatory acaricide sprays before shipping
R. indica hosts have been adopted in order to prevent R. indica’s rapid
dissemination (TDA, 2008;FDACS, 2011).More research is needed to mitigate
the potential impact of this damaging invasive species.
16.3.2 Aceria guerreronis (Acarina: Eriophyidae)
Distribution : The coconut mite, Aceria guerreronis Keifer, is perhaps
the most destructive mite affecting coconuts, Cocos nucifera. The species
was described by Keifer (1965) from specimens from Guerrero, Mexico. Navia
et al.(2005) show records from as early as 1948 with a wide distribution
throughout the neotropical region (Colombia, Brazil, Mexico, Venezuela, islands
of the Caribbean, Costa Rica) and the subtropics of the U.S.A. The same report
shows that almost simultaneously with its original description, the mite was
reported in Africa and in 1966 in the Gulf of Guinea Islands, in 1967 Benin, and
in the 1980s in Tanzania in the east of the African continent. The most recent
records of the coconut mite are from India and Sri-Lanka, where the species
was unknown until the end of 1990s. Results from DNA sequence data from
two mitochondrial and one nuclear loci obtained from samples of 29 populations
from the Americas, Africa and the Indo-ocean region, support the hypotheses
of an American origin of the mite corroborating the idea that the original host
plant for the mite was not coconut, but an American host (Navia et al.,2005).
Host plants : Besides coconuts, A. guerreronis has been reported from
other palm hosts (Navia et al.,2005). Two of them are palms of South American
origin used as ornamentals, Lytocaryum weddellianum (H. Wedl.) in Brazil
(Fletchman, 1989) and S. romanzoffiana, in southern California, U.S.A (Ansaloni
and Perring, 2004). In both cases, the mite was found only in nurseries and not
in natural areas. However, Ramaraju and Rabindra (2002) reported the species
from Borassus flabellifer from India (Navia et al.,2007). Besides the species
mentioned above, A. guerreronis has not been found in other Arecaceae in
Brazil (Navia et al.,2007), thus, the original plant host remains as an open
question.
Biology : The adult female mite is between 30-52 µm in width and 205255 µm in length. Ansaloni and Perring (2004) determined that on Syagrus
romanzoffiana, A. guerreronis development from egg to adult required 30.5,
16, 11.5, 8.1 and 6.8 days at 15, 20, 25,30 and 35°C, respectively and the thermal
maximum was estimated to be close to 40°C. Optimal immature development
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was observed at 33.6oC and lower temperature threshold at 9.36°C. Using
these values, these authors found that 172.71 degree days were required for
mites to develop from egg to the adult stage. Fertilized females laid more eggs
and lived longer than non fertilized females, with a maximum of 51 eggs produced
during 43 days. Unfertilized females laid only male offspring, indicating that the
species is arrhenotokous. According to Mariau (1977) the mite life cycle in
coconut is completed in 7-10 days. In India, population peaks occur during the
summer months of April to May (Nair, 2000).
Damage : The mites infest the abaxial surfaces of perianth and that part
of the fruit surface that is covered by the perianth. They are able to penetrate
between the tepals of the perianth and fruit surface a month after the fruit
begins its development; prior to this the tepals are too tightly appressed to allow
entry of the mites (Moore and Howard, 1996). Mite feeding causes necrosis
and suberization of tepals and the uneven growth often results in distortion and
stunting of coconuts, leading to reductions of copra yield up to 30% (Moore and
Howard, 1996). The fruits are susceptible to mite attack through most of the
development of the fruit, but fewer mites are found on fruits that are 10-13
months or older (Moore and Alexander, 1987). Yield losses are compounded
because the compacted fibers of the mesocarp increase the labor requirement
for de-husking. In addition to damaging the fruit, A. guerreronis can kill coconut
seedlings by feeding on their meristematic tissues (Arruda, 1974). According to
Nampoothiri et al.(2002), infestation by the mite results in button shedding and
formation of malformed or undersized nuts. In India, pest outbreaks during the
late 1990s resulted in 85-90% of malformed nuts. In Kerala, copra losses can
reach 31% while total husk production can be reduced in 41% (Nampoothiri et
al.,2002). Copra dealers in North Malabar, India, estimated that copra production
dropped from 18–20 to 10–12 kg per 100 nuts after the coconut mite upsurge at
the end of the 1990s. Reduction in copra weight ranged from 6.8 to 31.6 from
low to high infestation level. However, as indicated in the categorized plot, the
values were more consistent for low and medium infested groups of nuts (Maq,
2011).
Sampling : Proper management of A. guerreronis requires an assessment
of its population density on coconuts. The high mobility,microscopic size and
hidden lifestyle of colonies aggregating in inner and outer bracts (tepals) and
under the bracts of developing coconuts, make an effective sampling plan time
consuming, tedious and often inaccurate (Siriwardena et al.,2005). Howard et
al.(1990) developed a method where bracts of infested coconuts were removed,
and the mites were counted in 1 mm2 of a 25 mm2 area of the colonies on the
nut surface. Moore and Alexander (1987) scored the number of mites on the
coconut surface in a log scale (e.g., 0 = 0 mites, 1 = 1–10 mites, 2 = 11–100
mites, 3 = 101–1000 mites, etc.). Both assessments were considered time
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consuming and difficult. Siriardena et al. (2005) developed a method where the
coconut mites were removed by washing the bracts and surface of an infested
coconut with 30 ml of a detergent solution. Shaking the wash for 5 seconds
allowed the mites to distribute uniformly. The number of mites in the first 1 ml of
the first wash (X) yielded a very accurate predictor of the total number of mites
on a coconut (Y): Y = 30.1X (R2 = 0.99; p <0.0001), also confirming that the
wash was homogeneous. The present study envisaged developing a new
technique to estimate the actual population density of A. guerreronis on a coconut
by washing off the mites into a solution, distributing the mites homogeneously in
the wash by shaking, and counting the mites in a subsample for estimation of the
population. Fernando et al. (2003) reported that coconut mites were present on
88 and 75% of the nuts at two sampled sites in Sri Lanka, but no more than
three-quarters of the nuts showed damage symptoms.Their results indicated
also that assessment of infestation levels by damage symptoms alone is not
reliable. Because the mean number of coconut mites increased until the nut
bunches were 5-months-old, these authors suggested that sampling could be
improved if nuts from 6-month-old bunches were used.
From this we conclude that sampling for A. guerreronis will be based on
availability of susceptible organs on coconuts, pest prevalence, etc.
Economic thresholds : Determining economic thresholds for
A. guerreronis is a difficult task due to the pest behavior, difficulty to accurately
determine the pest population and its correlation with economic damage. For
instance, experiments conducted in India showed that nut fall was observed in
infested and uninfested nuts, making unclear if the pattern of nut fall was
completely related to the presence of A. guerreronis (Maq, 2012). In order to
ascertain the degree of the impact by mite feeding, total surface area on the
damaged area of the nut was studied statistically through regression analysis
and ANOVA by Maq (2011). This author showed a significant quadratic relation
between these parameters, indicating a relatively strong reduction of damaged
area with total nut surface area. While his results suggest that when infestation
is delayed, the nuts become larger and mite damage is reduced, the very low
value of R2 (0.15) indicated that little of the variation in the damaged area could
be explained by the variation of the total nut area (Maq, 2011).
Chemical control : In the 1970s to 1980s, chemical control of the coconut
mite was considered possible but not practical (Moore and Howard, 1996). The
insecticides (i.e, dicrotophos, monocrotophos) were either applied as a spray to
bunches of developing fruit or injected, but the results varied from satisfactory
to ineffective. Muthiah and Bhaskaran (1999) reported that spraying methyl
demeton at 4 ml/litre effectively reduced nut damage and suggested that
drenching the roots with monocrotophos or methyl demeton would result in less
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environmental problems. According to Nair (2000) control can be achieved by
spraying monocrotophos, dicofol and methyl demeton and 2% neem mixed with
garlic.
Pushpa (2006) reported that among different treatments, fenazaquin 10
EC at 2 ml/l was significantly superior in reducing both egg and active stages of
mite population and was on par with monocrotophos 36 SL at 4 ml/l and dicofol
18.5 EC at 4 ml/l. The efficiency of treatments continued upto 21 days, but later
the mite population again increased. Throughout the experimental period these
treatments were found superior in recording minimum mite population. With
regard to per cent damaged nuts, fenazaquin produced a lower percentage of
damaged nuts (30.97), but monocrotophos was superior with the lowest proportion
of damaged nuts (24.80). When acaricides were applied, more undamaged nuts
were obtained compared to the untreated control.
Spraying botanicals three times at an interval of 3 months against
A.guerreronis indicated that among the different botanicals neem seed kernel
extact (NSKE) 5 percent was found to be effective and significantly superior at
different intervals of observations in reducing the mite and egg population. NSKE
continued to be effective in suppressing the population of the mite upto 21 days
after treatment. Neem oil at 3 percent and neemazal at 5 ml/l were proved to be
the next best treatments. The standard check dicofol at 4 ml/l was superior over
all treatments in minimizing the mite population, whereas sweet flag and biocare
throughout the experiment maintained their inferiority in reducing mite populations.
With regard to their efficacy on nut damage NSKE 5 percent was
significantly superior in recording the least percentage of damaged nuts (57.58
%). Maximum healthy nuts (36) and total nuts (89) were recorded in NSKE 5
percent which was followed by neem oil and neemazal. Dicofol, NSKE 5 percent,
neem oil and neemazal sprayed palms recorded less damaged grade nuts. Among
the different schedules, the treatment consisting of root feeding 6 times per year
which was scheduled at two months interval during January, March, May, July,
September and November was significantly superior in reducing the mite (both
active stages and egg) population and was also superior in recording a minimum
number of damaged nuts. The treatment consisting of spraying 2 times per year
scheduled at a 6 months interval i.e. during April and October was significantly
inferior in reducing the mite population.
Biological control : During a survey for acarine fauna associated with
A. guerreronis in Brazil, Lawson-Balagbo et al. (2008) found the phytoseiids
Neoseiulus paspalivorus DeLeon, N. baraki Athias-Henriot and Amblyseius
largoensis Muma as well as the ascidid Proctolaelaps bickleyi Bram,
Proctolaelaps sp. Nov and Lasioseius subterraneus Chant associated with
A. guerreronis. The predators, N. baraki, N. paspalivorous and P. bickelyi,
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are commonly found associated with the mite in American, African and Asian
coconut regions reported by Howard et al. (1990), Fernando et al. (2003) and
by Moraes et al. (2004). Earlier, Moore (2000) supported the idea that no
natural enemy appears to be successful as a classical biological control agent.
However, Fernando et al. (2010) showed that inundative releases of N. baraki
resulted in a highly significant reduction of A. guerreronis populations during
6 months of the releases.
Microbial control : Pathogens have potential to produce effective control
and a programme to develop an effective myco-acaricide with the most promising
Hirsutellaspp. candidates should begin immediately (Moore, 2000). Fernando
et al.(2007) reported that 4 Sri Lankan isolates of Hirsutella thompsoni Fisher
obtained from A.guerreronis were tested as biopesticides resulting in mite
reduction during 4 weeks after treatment, but the efficacy was reduced when
the population was evaluated 30 weeks after treatment. A second application of
the isolate IMI 391722 and IMI 390486 resulted in dead mites throughout the
study.
Plant resistance : Most coconut varieties are susceptible to A.
guerreronis including most subpopulations of the East African Tall (EAT) and
dwarf varieties. However, some introduced varieties including Polynesian Tall
(PYT), Malayan Red Dwarf (MRD), Rennel Tall (RLT), Cameroon Red Dwarf
(CRD) and Equatorial Green Dwarf (EGD) have nuts which show more tolerance
to mite attack (Seguni, 2000). During a 4-year screening, Sujatha et al.(2010)
recorded the lowest damage in Laccadive ordinary (LO) followed by Andaman
Ordinary (AO). The same authors reported that the hybrids ECT x GB (Godavari
Ganga-1.87, LO x COD-1.95, YHC-I (ECT x MGD) -2.08 recorded the lowest
mite damage whereas LM x GB -2.68, Java x GB-2.83 and Fiji x GB-2.75
recorded the highest damage among crosses.
16.4 Aphids, Scales, Mealybugs, and Whiteflies
(Hemiptera:Sternorrhyncha and Fulgoromorpha)
Howard et al.(2001) recognized Hemiptera as one of six orders of insects
that contain notable palm pests worldwide.Hemiptera is comprised of 3 suborders:
Heteroptera (true bugs), Auchenorrhyncha (free-living hemipterans), and
Sternorrhyncha (plant-parasitic hemipterans).Hemipteran insects can be
recognized by the specialized morphology of the mouthparts which are modified
into concentric stylets forming food and salivary channels (Forero, 2008).
In general, pests in the Suborder Heteroptera that feed on palms attack
fronds of specific palm species and generally fall into 4 families; Miridae (plant
bugs), Pentatomidae (stink bugs), Tingidae (lace bugs) and Thaumastocoridae
(flat bugs). Pests in the Suborder Auchenorrhyncha are typically not damaging
to palms through their feeding, generally occur in low to moderate populations,
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and can be rather inconspicuous. Of most concern is the potential of some of
these species in this suborder to vector palm diseases. The Sternorrhyncha are
probably the most represented of the 3 suborders on palms. Most species on
palms feed on the foliage but may also be found on stems, fruits and sometimes
roots. Within the Sternorrhyncha are Aphididae (aphids), Aleyrodidae (whiteflies),
and the Superfamily Coccoidea (scales and mealybugs). In this chapter, we will
highlight key pests of Sternorrhyncha and Auchenorrhyncha as vectors of plant
diseases.
16.4.1 Vectors of Palm Diseases (Fulgoroidea)
In the US, lethal yellowing of coconut and other palms is apparently caused
by mycoplasma like organisms (Howard, 1983; Howard et al.,1983). This disease
has also been known from the Caribbean Islands for at least 100 years and from
West Africa for at least 50 years (Howard, 1983). The species considered to be
the most important vectors of palm diseases are from the families Cixiidae and
Derbidae. Derbids are a large family of planthoppers with approximately 1,700
species worldwide. Many Derbid species have been reported from palms
(Howard, 2001) although the immature stages are associated with fungi in rotten
wood. A well known example of a disease vector of palms is Myndus crudus
(Haplaxius crudus) (Heteroptera: Cixiidae), the vector of lethal yellowing in
the Americas and the Caribbean Islands (Eden-Green 1978; Howard et al.,1983).
Investigations in Vanuatu indicated that Myndus taffini Bonfils is the disease
vector for coconuts on that island (Julias, 1982).The nymphs are found in the
hollows where leaflets join the frond rachis (Julias, 1982) or on heaps of decaying
wood of Hibiscus tiliaceaus L. (Julias, 1982). Nymphs of M. crudus feed on
the roots of grasses, such as Stenotaphrum secundatum (Walt.), Axenopus
compresus Beauv.-Gram. and Cynodon spp. (Howard, 1990; Eden-Green,
1978) while some grasses such as Brachiaria brizantha Hocht., Chloris
gayana Kunthe and Hemarthria altissima (Poir) appear to be poor hosts
(Howard, 1990). In Kerala, Proutista moesta (Westwood) (Hemiptera:
Derbidae) has been identified as the vector of Kerala wilt disease of coconuts
(Edwin and Mohankummar, 2007). However, other authors also identify the
lacewing, Stephanitis typicus Distant (Tingidae), as a vector of Kerala wilt of
coconuts (Srinivasan et al.,2000).
IPM of disease vectors : Until recently, management of plant diseases
caused by phytoplasmas was focused on controlling the vector with insecticides
(Weintraub and Beanland, 2006). Removal of alternative vector host plants and/
or reservoirs of phytoplasma-infected crop plants and weeds by roguing or by
treating infected trees with insecticide before roguing, can reduce the incidence
of disease spread. Weintraub and Beanland (2006) maintain that chemical control
of vectors likely will continue for the foreseeable future, but vector management
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or management of phytoplasma spread within the plant is now slowly shifting
to habitat management and the use of genetically modified crops. Reports of
effectiveness of natural enemies of these vectors are scarce. For instance,
Halictophagous sp. (Strepsiptera: Halictophagidae), has been reported
parasitizing P. moesta in India (Ponnamma and Biju, 1998). Habitat management
can reduce pest incidence. The type of mulching materials used around coconut
trees influences the abundance of the planthopper vector of lethal yellowing,
H. crudus. Fewer nymphs are found around trees mulched with coarse materials
such as pine bark nuggets (Howard and Oropeza, 1998). Although some
parasitoids of leafhoppers have been identified, no studies have investigated the
use of thesenatural enemies to effectively manage pest species. Unfortunately,
the vegetation that can increase the incidence and abundance of natural enemies
of vectors can also be favorable to those taxa that transmit phytoplasmas. More
effort should be made to determine those elements of the cropping environment
that enhance the survival of natural enemies but do not increase vector numbers
(Weintraub and Beanland, 2006).
16.4.2 Aphididae (Aphids)
Distribution and biology : Aphids are small, generally soft bodied insects
with long, spindly legs. Aphids are phloem-feeders and often act as vectors of
numerous plant pathogenic viruses (Buss, 2010). In palms, however, there are
few virus or viroid diseases (Elliott et al.,2004). Aphids are commonly found on
numerous host plants, living in dense aggregations. The only aphids known to
commonly occur on palms are the palm aphids, Cerataphis species, which are
native to Asia, and do not resemble “typical” aphids. They are more similar in
appearance to some whitefly immature stages or scale insects with a dark circular,
somewhat convex shape with a fringe of white waxy filaments around the body.
They have short, hidden legs making them appear to be legless and sessile.The
two species of palm aphids, C. brasiliensis (Hempel) and C. lataniae Boisduval,
are only differentiated by the presence of dagger-like setae occurring in
C. brasiliensis. As such, there is some question if they are actually two species.
Another morphologically similar species, C. orchidearum (Westwood), which
occurs on orchids, may also be confused with the palm aphids. Both
C. brasiliensis and C. lataniae have been widely distributed and are common
on palms throughout the humid tropical regions of the world.
Damage and management : Palm aphids have been reported on numerous
palms including coconut. They generally occur in dense aggregations on young,
unopened fronds and occasionally on flowers and young fruit. High populations
of palm aphids occasionally become severe in production and the landscape.
The most severe damage is seen on young coconut palms. Typical symptoms
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include yellowing and loss of plant vigor. Excessive honeydew production by
the aphids promotes sooty mold growth which can interfere with photosynthesis
when dense. Heavy infestations can cause stunted growth. Unless populations
are excessive or host plants are young, management is not necessary. Unlike
other types of aphids, palm aphids have limited mobility and are, therefore, more
prone to attack by predators. Syrphid and coccinellid larvae have been reported
feeding on palm aphids (Sumalde and Calilung, 1982). Howard (2001) reported
two coccinellid predators, Cycloneda sanguinea L.and Hippodamia
convergens (Guërin-Mëneville) preying on palm aphids in Florida.Although
parasitoids have been commonly reported on other types of aphids, they have
not been commonly reported attacking palm aphids. Horticultural oils and soaps
can be used to manage palm aphids particularly on smaller plants where good
coverage can be obtained with frequent foliar sprays. Insecticides may be
warranted in production systems with heavy infestations. There are numerous
insecticides available for aphid management; however, there have been few
tests conducted on the efficacy against palm aphids. It is probable that many of
these insecticides would also provide some control against palm aphids.In more
recent years, the neonicotinoids which are systemic have been commonly used
for aphid control. Availability of insecticide products will vary around the world.
16.4.3 Coccoidea (Scales and mealybugs)
Distribution and biology : The superfamily Coccoidea contains nearly
8,000 species of plant-feeding hemipterans comprising up to 32 families and are
more diverse in species richness and morphology than either the aphids or
whiteflies (Gullan and Cook, 2007). Most scale species are small and cryptic in
habit, often resembling part of their host plant. Most species produce a waxy
secretion that covers the body as a structure detached from the body or as a
secretion that sticks to the cuticle. Adult females are typically elongate, elliptical
or circular and are flat to convex with little distinction between the head, thorax
and abdomen and no visible legs or antennae. Adult females of mealybugs have
functional legs. Although there is some variation among scales, they have a
mobile crawler stage, with females becoming less mobile as the mature. In most
groups, all other stages are sessile and remain in one location to feed. Adult
males, if they exist, look distinctly different from females and immature stages.
Males are rarely seen or noticed and resemble winged aphids. In some families,
all stages are mobile (more primitive) and in other families only the crawler
stage and male are mobile (more advanced). The more advanced families which
contain more sessile stages are more highly protected by their wax secretions
(Howard et al.,2001).
All species contain modified mouth parts that form a sucking stylet from
which they feed on plant juices. All immature and female stages feed. Unlike

466

Integrated Pest Management in the Tropics

the aphids and whiteflies, not all families produce honeydew. The largest family,
Diaspididae (armored scales), do not produce honeydew. Important species on
palms reside in approximately 10 families. The three biggest families are the
mealybugs (Pseudococcidae), soft scales (Coccidae) and the armored scales
(Diaspididae).
There are approximately 2,000 mealybug species worldwide. The bodies
of most mealybugs are covered with a white, waxy substance. The bodies are
typically elongate or oval in shape, pink or yellowish, and often have wax filaments.
Mealybugs typically produce an ovisac from their waxy secretions in which
they lay their eggs. Mealybugs lay eggs or first instars, called crawlers, which
walk around the plant to locate a suitable feeding site. Although all mealybug
instars (in most species) have legs, mealybugs are primarily sedentary.
Mealybugs feed on a wide variety of palms. Most species aggregate in protected
sites such as folds and crevices of leaves and other above-ground plant parts;
some feed on roots. Mealybugs can produce excessive amounts of honeydew
and are often associated with ants. Most mealybugs are not host specific and as
of 2001, fifty-two known species have been reported on palms (Howard et
al.,2001). The most commonly reported mealybugs on palms also feed on
numerous other types of plants. Examples include pineapple mealybug,
Dysmicoccus brevipes Cockerell, coconut mealybug, Nipaecoccus nipae
(Maskell), and longtailed mealybug, Pseudococcus longispinus TargioniTozetti.Pineapple mealybug is known from all zoogeographic regions of the world
and is commonly intercepted at U.S. ports of entry. Although reported on palms,
it is of more concern on pineapple and other bromeliads. In southern Florida,
pigmy date palms grown in containers that were root bound were often infested
with pineapple mealybug on the roots (Mannion, personal observation).
The coconut mealybug is a common pest of palms. It is widespread
worldwide; found outdoors in warmer parts of America, Europe and Africa and
in greenhouses in more northern latitudes. This mealybug can be economically
damaging to palms. It is widely distributed in North, Central and South America,
Europe, Asia, Oceania and Africa (Miller et al.,2007). It can be found feeding
on above-ground plant parts and roots of containerized palms. Longtailed
mealybug is most easily identified by the extremely long caudal wax filaments.
This mealybug is a pest of many ornamental plants including palms.
There are a few mealybugs restricted to palms. One of these, palm
mealybug, Palmicultor palmarum, primarily occurs on the foliage. It is
commonly found at U.S. ports of entry on coconut and occasionally other palms.
It has been recorded from nearly all areas of the world where coconuts are
grown except it is not known from Africa. It does little damage to adult palms
but can damage or kill seedlings.
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The soft scales, Coccidae, comprise 1,148 species in 173 genera worldwide
(Miller and Ben-Dov, 2015). In appearance, they are elliptical to pyriform and
flat to convex but can vary greatly in color. The soft scales that are of most
concern on palms are those scales that are cosmopolitan and polyphagous.
Howard et al. (2001) reported 40 species of soft scales from palms.Of those he
reported, 6 have only been collected from palms. The three most commonly
reported soft scales on palms are brown soft scale, Coccus hesperidum L.,
tessellated scale, Eucalymnatus tessellatus (Signoret), and (wax scales)
Ceroplastes species. Brown soft scale attacks a wide variety of plants including
palms and has cosmopolitan distribution. It is more likely to be a pest of palms in
greenhouses than in outdoor production or landscapes. Damage may result
from direct feeding but also indirect damage is from the honeydew production
and growth of sooty mold. Tessellated scale is believed to be native to South
America but is widely distributed in Africa, Australia, North, Central, and South
America, the Caribbean, Asia and Europe. The female scale is flat and brown
with a distinctive mosaic pattern. Although it is a very common scale in tropical
countries on palms and other plants, and it has been reported to be a serious pest
of palms outdoors, it can be unusually sparse. However, in a dense planting of
Malayan dwarf coconut palms in Florida, a serious infestation with up to 200
mature females per pinna had been observed.Dense populations of this scale
may result from interruptions of natural enemies through pesticide spraying.
Wax scales, which are in the genus, Ceroplastes, have also been commonly
reported on palms. Wax scales are easily identifiable due to their globular shape
and heavy layer of beige, pinkish, whitish or grayish wax. From the top view,
they appear rectangular, oval or lobed. The Florida wax scale, Ceroplastes
floridensis Comstock, is one of the most commonly encountered soft scales
(Sharma and Buss, 2013).
The armored scales, Diaspididae, are the largest family of Coccoidea with
almost 2,500 species in approximately 400 genera worldwide. Female scales
secrete a waxy coating along with remnants of cast skins of earlier instars,
called a scale, which is detached but covers the body. They may be circular to
pyriform to elongate in shape and white, yellow, purple, red, or orange in color.
All stages except the crawler stage are legless. The crawlers are very small,
oval and flattened with functional legs. In contrast to the soft scales, mealybugs,
aphids and whiteflies, armored scales do not produce honeydew. Feeding occurs
at almost the same site throughout the life of the scale. Under tropical conditions,
most armored scales develop from egg to adult in a couple weeks and feed on
above ground plant parts. Most armored scales reported on palms are not
restricted to palms but are polyphagous. However, armored scales are the most
consistently encountered hemipterous pest of cultivated palms and are considered
a major pest of palm production and in the landscape (Howard et al.,2001).
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Armored scales are unusually adapted for long-range dispersal on their host
plants due to the highly protective wax covering, and they are often difficult to
detect due to their small size and cryptic habits. One of the economically important
armored scales of palms and one that is reported only on palms is Parlatoria
blanchardi Targioni Torzetti, a serious pest of date palm. The mature female is
reddish pink to reddish purple, pyriform, and commonly infests leaf bases.
As populations increase, they feed on older, then younger foliage and finally
fruits. A discolored area of injured tissue develops where individuals settle and
feed. Significant damage to the leaves results in the pinnae withering and
eventually dying. This scale is presently recorded from most date-growing
countries in the world except the U.S. (Benassy, 1990). In 1920, it killed about
100,000 date palms at one oasis in Algeria (Rosen, 1990).
The coconut scale, Aspidiotus destructor Signoret, is one of the most
widespread pests of coconut. It is highly polyphagous and been recorded on 75
genera in 45 families of plants worldwide (Borchsenius, 1966) but is common on
many palm species (Bondar, 1922; Howard, 1999). The scale is small, flat, and
whitish with a semitransparent waxy cover. The scale is found on the lower
plant surface which is marked by a yellow, discolored spot. Heavy infestations
on coconut will stunt new leaves and can stop production. Coconut scale is
commonly found with other armored scales on palms such as Florida red scale,
Chrysomphalus aonidum (L.),oriental scale, Aonidiella orientalis (Newstead),
and black thread scale, Ischnaspis longirostris Signoret.Lever (1979) reported
that palms in neglected coconut groves were more susceptible to attack by this
scale. Other accounts of stressed plants being more susceptible to this scale
have been reported (Howard et al., 2001). The black thread scale is another
frequently encountered armored scale. It can easily be distinguished from other
armored scales because the female has a shiny, black, long and narrow, covering.
This scale can be found on fronds, petioles, and the fruits of palms. It is considered
one of the 43 most serious worldwide armored scale pests (Miller and Davidson,
2005). It is most commonly found in tropical and subtropical areas throughout
the world. It has been reported on over 50 plant families including numerous
palm species. It is most commonly found on parlor and oil palms.
There are several examples of scale pests on palms outside the three
largest families discussed above. One example, the red date scale,
Phoenicococcus marlatti Cockerell, in the Family Phoenicococcidae, is also a
frequent pest of date palm. It is native to North America and the Middle East
but has been found almost everywhere date palms are grown (Miller et al.,2007).
Within the U. S., it has been limited to Florida but intercepted and eradicated in
Arizona, California and Texas. The female is spherical, red to reddish-brown,
and may be embedded in a mass of white, cottony wax on plant tissue. Its
appearance can be deceiving and at first glance appear to be fungi. This scale
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typically is found on the stem behind the overlapping leaf bases but can also
infest the bases of inflorescences or roots. Heavy infestations can cause
premature leaf aging, drying of the fruit and disruption of normal plant functions
and plant death (Zaid et al.,2002).
Other scale families that include members that have been reported on
palms are Margarodidae, Eriococcidae, Conchaspididae, Asterolecaniidae,
Halimococcidae, and Beesoniidae. For most of these families, there are relatively
few scales reported as economic pests of palms. There are several species in
Halimococcidae associated with palms which tend to infest young, unfolded
fronds.These scales generally go unnoticed. The palmetto scale, Comstockiella
sabalis, may be native to the southern U.S. This scale has been placed in the
Diaspididae but appears to be unique and not closely related to other members
of Diaspididae. It is distributed throughout the southern United States, Mexico,
and the Caribbean and has been most commonly reported on Sabal species as
well as a few other palms. Although it is common, infestations are not conspicuous.
Females are light pink to reddish brown with an almost circular shape (Espinosa
et al.,2012).
Damage and management : Scales and mealybugs can be serious pests
of numerous types of plants including palms. Damage by these pests is not
always evident until populations are high. Heavily infested plants can look
unhealthy and produce little new growth. Leaf yellowing, premature leaf drop,
branch dieback and sometimes plant death can result from infestations of scales
and mealybugs. Infestations on palms, however, are not always initially obvious.
Detection of these pests is the most critical step in management because many
of these pests are cryptic, difficult to see, and can sometimes appear to be other
types of disorders or diseases. In some cases, direct damage from feeding is
minor, but indirect damage from excessive production of honeydew and resulting
growth of sooty mold is major. Scales and mealybugs on palms often thrive in
warm, humid conditions, so increase of air flow or decrease of plant density
may make conditions less conducive.
Numerous predators and parasites have been observed feeding on scales
and mealybugs, and there are many cases in which natural enemies have been
released for management. For example,the use of Pseudaphycus utilis
Timberlake, a parasitic wasp, successfully controlled coconut mealybug in Hawaii
and Puerto Rico (Watson, 2007). For longtailed mealybug, population resurgence
after insecticide spraying in Australia suggested that natural enemies are an
important control factor (Furness, 1976). There are over 30 known natural
enemies of the soft brown scale worldwide and populations are normally
controlled by natural enemies. Metaphycus stanleyi Compere (Hymenoptera:
Encryptidae) is a common natural enemy of tessellated scale. A fungus,
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Lecanicillium lecanii (Zimmerman) Viegas, was reported attacking tessellated
scale in the Seychelles (Vesey-FitzGerald, 1940). This is a cosmopolitan fungus
that attacks many kinds of insects and has been developed as a biocide. Three
parasitic wasps have been reported from Florida wax scale (Sharma and Buss,
2013). Two different biological control strategies for P. blanchardi were
discussed by Benassy (1990) which involved enhancement of local natural
enemies and the introduction of a predator that had successfully controlled it in
several localities. More than 40 predators and parasitoids were reported to attack
A. destructor on coconut (Beardsley, 1970). It is under natural control in some
areas by a coccinellid predator.In date palms, a new sub species of the predator,
Chilocorus bispustulatus var iranensis is reported from Iran preying on P.
blanchardii (Iperti et al.,1970).
There are numerous contact and systemic insecticides labeled for control
of scales and mealybugs. Most contact insecticides cannot penetrate the waxy
covering, so the crawler stage is usually the best target. Failure of contact
sprays often is a result of poor timing or poor coverage. Horticultural oils can kill
all stages of scales, but there must be sufficient exposure to get this result.
Neonicotinoid insecticides are systemic insecticides that are commonly used for
mealybug and scale control.
One of the problems in managing scales and mealybugs is determining
when they are dead. For example, scales often remain on the plant long after
death. This is particularly true of the armored scales. They can be physically
checked to see if they are dry (and likely dead) or moist (and likely live).
Additional insecticide applications should never be made without determination
the result of previous applications.
16.4.4 Aleyrodidae (Whiteflies)
Distribution and biology : Whiteflies are widespread in the tropics and
warm areas of the world with more than 1,550 described species (Martin, 2004).
Adults are small, typically 2-3 mm, soft-bodied insects that resemble very small
moths (Hodges and Evans, 2005). Adults typically appear white due to a white,
waxy secretion. Males and females are similar in appearance. Eggs are typically
laid on the underside of leaves in circles, spirals or, loose clumps. The first instar,
crawler stage, has functional legs and is mobile. Subsequent immature stages
have vestigial legs and are sessile, superficially resembling scale insects. The
immature stages are typically oval, flat to convex, and may have ornate waxy
secretions in the later instars.
Whiteflies are phloem feeders typically associated with dicotyledonous
woody perennial plants. All species are phytophagous and some are capable of
transmitting viruses which has made them one of the most serious crop protection
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problems (Byrne et al.,1990). Most of the virus diseases transmitted by whiteflies
affect annual crop plants; very few are known in woody perennials and none
are known to affect palms. The impact of whiteflies on palms is through feeding
and indirectly, by production of honeydew which supports the growth of sooty
mold. Most whiteflies that infest palms, also infest dicotyledonous hosts as well.
Forty-three species of Aleyrodidae were listed on palms in 1978 (Mound and
Halsey). The largest percentage of whiteflies have been reported from coconut
which may be more due to the amount of coconut grown in the landscape and in
production in the tropics. Also coconuts are commonly inspected for palm pests.
A few noteworthy whitefly species on palms that have been reported as
pests of coconut are all in the genus Aleurodicus. These species are larger than
the typical whitefly, white, and lay their eggs in spirals covered in waxy patches.
These whiteflies produce a thick flocculant of wax which can cover the plant
surface they are feeding on. These species often produce excessive amounts of
honeydew leading to excessive growth of sooty mold. At least 47 species of
Aleyrodidae attack C. nucifera (Howardet al., 2001), among them Aleurodicus
cocois (Curtis), A. pulvinatus, A. destructor and Aleuroctanthus destructor
(Mackie). An unexpected increase of the spiraling whitefly, Aleurodicus
dispersus Russell co-existing with Lecanoideus floccissimus Martin, were
affecting canary palms in Spain (Carnero et al.,1999). Aleurodicus dispersus,
is probably the most widely spread whitefly that infests palms around the world.
Although commonly reported on coconut, it is also considered an occasional
pest of bananas and many tropical dicotyledonous crop plants. Cherry (1980)
found the leaves and fronds of seagrape and palms are very favorable for
establishment of this whitefly, however, host plant preference seems to differ
with locality and conditions. Aleurodicus dispersus is native to the Caribbean
region and Central America, where it is known from a very wide number of host
plants. Its current geographical distribution is cosmopolitan (Carnero et al.,1999).
Both whiteflies cause direct damage and heavy infestations might kill palms.
The sooty mold that develops from the heavy honeydew produced by both
whiteflies interferes with photosyntheses (Carnero et al.,1999). Aleurodicus
pseudugessii Martin has recently been found infesting coconut in Brazil
(Mendonca de Omena et al.,2012) weakening palms and causing unusual sooty
molds on the fronds. Mendonca de Omena et al. (2012) also report that infestation
is first characterized by the fronds in the palm crown acquiring a silver tone.
Increase of damage to coconuts and other palm species by Aleurotrachelus
atratus Hempel and Paraleyrodes bondari Perachi has been reported (Streito
et al.,2004; Borowiec et al.,2010).
More recently, specimens of a new, exotic whitefly, Aleurodicus
rugioperculatus Martin were reported in Florida in 2009 and subsequently given
the common name rugose spiraling whitefly (previously referred to as the gumbo
limbo spiraling whitefly) (Stocks and Hodges, 2012). It was described in 2004
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by Martin and is thought to be native to Central America.It appears to have a
wide host range but most seriously affects gumbo limbo and palms, especially
coconuts. Rugose spiraling whitefly is relatively large in size, docile and lays its
eggs in a spiral pattern typical of this genus (Mannion, 2010). These whiteflies
are spreading throughout southern and central Florida. The extent of damage
from direct feeding from this whitefly is unclear, however, these whiteflies are
extremely pestiferous due to the excessive wax and honeydew produced and
subsequent sooty mold growth.
Damage and management : Although whiteflies are relatively common
on coconut and other palm species, they are not always considered damaging.
They often occur in small aggregations on the underside of fronds and on occasion
reach dense populations. They often are not listed in the top pest problems of
palms in the coconut-growing regions of the world. Yet, when there are heavy
populations that do require management, they are not always easy to manage.
Often, whitefly populations are kept in check by natural enemies, but in situations
in which the natural balance has been disturbed as in production and landscape
systems, high and damaging populations may occur (Hodges and Evans, 2005).
Feeding damage can reduce plant vigor and in some cases with young or stressed
plants can ultimately cause plant death. Fronds may turn yellow and drop from
extensive whitefly feeding.
Numerous predators and parasites have been observed feeding on
whiteflies and there are many cases in which natural enemies have been released
for management of whitefly. For example, in the Caribbean, two predatory
coccinellid beetles were recorded feeding on A. cocois (Mound and Halsey,
1978) and have been attributed to keeping populations of the whitefly under
control. Five natural enemies were introduced into Hawaii from the Caribbean
to control A. dispersus which had become s major economic pest by 1979
(Martin Kessing and Mau, 1993). Introductions and establishment of the
coccinellid, Nephaspis ammnicola Wingo and the aphelinid Encarsia haitiensis
Dozier have resulted in successful control of A. dispersus in Hawaii (Kumashiro
et al., 1983), American Samoa and Guam (Carnero et al.,1999). One of three
coccinellid beetles, Nephaspis oculatus, has proven to be effective when
populations of whitefly are high (Kumashiro et al.,1983). Two parasitic wasps,
Encarsia haitiensis Dozier and Encarsia sp., were also introduced and found
to be effective (Kumashiro et al.,1983). Whitefly populations were ultimately
reduced 79 to 98 percent.
Aleurodicus dispersus was reported for the first time in Mauritius in July
2000 and initial measures to control it with insecticides were found difficult due
to its wide host range and high infestations (Gungah et al.,2005). A predator,
Nephaspis bicolor Gordon, was imported from the Caribbean and Trinidad in
2003 and is credited to suppressing the pest populations (Gungah et al.,2005).
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In Florida in the late 1970’s, no parasitoids were found attacking A. dispersus
(Cherry, 1980). By the early 1980s, populations of A. dispersus subsided in
Florida. It was believed that a parasitoid, Euderomphale vittata Dozier, was
believed to have caused the decline (Bennett and Noyes, 1989). Aleurotrachelus
atratus Hempel is found throughout the Caribbean, northern South America
and southern Florida infesting various palms. Currently in Florida, populations
are low and parasitoid exit holes are commonly observed in final instars. Current
efforts to manage the rugose spiraling whitefly in Florida as resulted in the
development of a website, www.flwhitefly.org, which presents current information
and management on this and other invasive whiteflies. Several predators and
parasitoids have been identified attacking rugose spiraling whitefly in Florida. In
Florida, the natural enemies that appear to have the most promise for reducing
the population are the parasitoid, Encarsia noyesi, and the predator, Nephaspis
oculatus (Mannion, unpublished data). In other regions, the species Eretmocerus
cocois Delvare and Cales noacki Howard, Encarsia cubensis Gahan and E.
hispida De santis appear to be the most important natural enemies of this
speciesin Reunion (Borowiec et al., 2010).
In the case of whiteflies on palms and the abundance of natural enemies,
many times management is not warranted. In other situations, where whiteflies
are causing an economic reduction in production or impacting a landscape,
insecticides may be necessary. Management of whiteflies is often still heavily
reliant on insecticides. Spraying with soaps and contact insecticides has proved
ineffective for control of L. floccissimus (Carnero et al., 1999). As with aphid
management, there are numerous options of contact and systemic insecticides
but will vary on availability in different areas. A combination of cultural, biological
and chemical controls can be effective in managing whiteflies and reducing the
overall impact. Some cultural strategies may not be useful with palms as they
are with other types of plants. However, conservation of natural enemies helps
to prevent outbreaks or reduce the impact when they are present. The systemic
insecticides (neonicotinoids) are heavily relied upon in many parts of the world
for many different types of insects. In Florida, these insecticides are used in
both the landscape and production for the rugose spiraling whitefly. Although
natural enemies have been identified and are spreading, the impact of this whitefly
requires some insecticide intervention. Tremendous efforts are being placed on
education on how to incorporate the use of insecticides without harming the
natural enemies.
16.5 Conclusions
The recent movement of Rhynchophorus weevils, and the mites Aceria
guerreronis and Raoiella indicafrom their areas of origin to other continents
and their establishment in palm growing regions of the world have necessitated
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the development of palm IPM programs in areas where the pest invasion have
taken place. Standard IPM methodologies, involving a number of control
alternatives used alone or in combination (such as early detection, sanitation,
monitoring, mass-trapping, and infested host removal) have achieved some
success in controlling Rhynchophorus weevils. These tactics need to be
implemented in a coordinated manner, otherwise their effectiveness is
compromised. The interaction of R. palmarum with bud rot of oil palm increases
the economic importance of this weevil not only in the Americas, but in other
areas of the world. Much more research is neededto achive better levels of
control with respect to R. ferrugineus particularly with regard to; i) detection
of infested palms in the early stages of attack, ii) testing potential insect repellents
and their deployment in area-wide management programs through push-pull
strategies and also to protectinfestation sites on individual palms, iii) eliminationof
trap servicing currently associated with food-baited pheromone traps through
attract and kill technology, iv) isolation of virulent strains of biological control
agents especially EPNs and EPFs in R. ferrugineus native habitatsin addition
to developing sound biological control strategies for large scale deployment of
these organisims in the field and, v) identifying factors of resistance and
incorporating these into palms as the first line of defense against R. ferrugineus.
The mite Aceria guerreronis is now a serious pest in India and other
countries in Asia where coconut is of great importance. Here we have
summarized basic studies and IPM tactics (chemical, natural enemies, microbial
control). From these studies it appears that monitoring techniques for this pest
are difficult and are in need of more studies in order to predict economic damage
in a more accurate manner; knowledge gained on predaceous mites and the
result of inundative releases as well as results of microbial control show promise
for a better IPM for this pest. Raoiella indica invasion of the neotropics and
its damage to coconut predominantly in the Caribbean islands, has called for
research that deals with sampling, chemical and biological control. Still, IPM of
this pest is in its infancy and much more research is needed to achieve greater
pest suppression through augmenting the effect of biotic factors that are already
acting on R. indica. Considering that the natural enemy complexes of R. indica
observed in areas of recent invasion are composed of only generalist predators
it will be desirable to discover more specific natural enemies. Searching for
natural enemies of this pest, particularly in the area originwhich has yet to be
clearly identified, should be intensified. The high diversity of Raoiella species in
the Middle East region suggests the species could have originated in this region
and, theoretically, its most effective natural enemies could be found there. Recent
studies suggest that along time association between A. largoensis and R. indica
could result in more aggressive strains of this predator. The possible existence
of more aggressive strains, biotypes or cryptic species of A. largoensis from
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Table 16.1 : Developmental times of immature stages of R. indica females reported by various
studies using variations of the leaf flotation method under laboratory conditions.
Host Plant

Temp.

Rel. Hum.

Develop.

(ºC)

(%)

Time (d)

Cocos nucifera

24.2

*

22

Moutia 1958

Cocos nucifera

17.9

*

33

Moutia 1958

Phoenix dactylifera

26.1

57.90

21.4

Zaher et al. 1969

Cocos nucifera

23.9-25.7

59.85

24.5± 1.92

NageshaChandra and
Channabasavanna 1984

Cocos nucifera

26.3± 1.26

74.8± 4.3

31.4± 3.31

Gonzales and Ramos
2010

Areca catechu

25.4± 1.20

57.5± 6.5

31.0± 4.11

Flores-Galano et al. 2010

*information not provided

Reference

Fig. 16.1 : World distribution of Rhynchophorus species
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Fig. 16.2 : Raoiella indica on coconut. A. Oviposition by R. indica. B. R. indica colony, the
arrow shows a male closely behind a female deutonymph in a “guarding state”. C. R.
indica colonies on the underside of coconut leaves. D. Damage on coconut leaves
caused by R. indica.

Fig. 16.3 : Raoiella indica forming multigenerational colonies on the abaxial
surface of coconut leaflets (pinnae).
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Fig. 16.4 : Palm aphid Cerataphis sp.

Fig. 5 : Pineapple mealybug Dysmicoccus Fig. 6 : Coconut mealybug Nipaecoccus nipae
brevipus on Phoenix roots

Fig. 7 : Palm mealybug Palmicultor palmarum Fig. 8 : Wax scale Ceroplastes sp. on coconut
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Fig. 9 : Red dae scale Phoenicococcus marlatti Fig. 10 : Rugose spiraling white
Aleurodicus rugioperculatus

Fig. 11 : Rugose spiraling whitefly Aleurodicus rugioperculatus on coconut
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other parts of the world is currently being investigated. Moreover, the recent
report of acaropathogenic fungi attacking R. indica in Puerto Rico is promising
and deserves special attention. The tropical conditions and high R. indica
populations found in areas of recent invasion could favor epizootics caused by
acaropathogenic fungi which could cause a decline in R. indica densities and
possibly enhance the regulatory capacity of A. largoensis and other predators.
In addition, cultural practices such as the effects of different fertilization regimes
on the developmet of R. indica should be explored More control alternatives
are needed to implement an IPM program to suppress R. indica populations
and mitigate the adverse effects caused by this invasive mite.
The hemipteran pest problems, i.e., whiteflies, armored scales appear to
be increasing in plantation palms as well as in the landscape. However, vectors
of palm diseases remain as the most important within this order. Chemical control
of vectors as mentioned eaerlier, likely will continue for the foreseeable future,
but vector management or management of phytoplasma spread within the plant
is now slowly shifting to habitat management and the use of genetically modified
crops.
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