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INTRODUCTION

The red palm weevil Riynchophorus ferrugineus F. (Oliv) (Coleoptera
curculionidae), is a serious pest of coconut, date and oil palms. 1t infests ormnamental
and other palms as well. Information on this pest was first published in 1891 in the
Indian museum notes (Anonymous 1891). Lefroy (1906), described the insect as a
major pest of coconut and other palms throughout India.

Red palm weevil is distributed within 35° North and 15° South latitudes.
On the southern hemisphere it 1s reported from Papua New Guinea, Indonesia and
Tanganica. In the Northern hemisphere the pest is present in Philippines, Thailand,
Burma, India, Pakistan and the Arabian countries like Iraq, Saudi Arabia, UAE etc.
(Ramachandran, 1993). Cox (1993) reported the establishment of the weevil in
Egypt indicating the advance of ﬁe pest to north Africa.

The adult R. ferrugineus is a large sized ferrugineous brown weevil
measuring on an average 35 mm m length and 12 mm in breadth. The prothorax

will have black dots of varying size and shape. The male is distinguished from the

female by a tuft of hairs on the dorsal side of the snout.

In coconut and date palm it has been estimated that five to seven per cent
of the palms are damaged by weevil attack (Falerio ef @/, 1998). Timely detection
of the pest can save the crop. However, due to its concealed nature, early detection
1s difficult. This makes the problem of palm weevil management intricate (Falerio ef

al., 1998).

. As the mfestation i1s difficult to be detected and the remedial measure
difficult to be adopted in a curative manner, it is advisable to develop techniques for

carly monitoring of weevil population as well as to deter- the weevils from coconut



by getting them attracted to alternate food sources and trapped. Use of aggregation
pheromones combined with suitable food attractants would be much useful in this.

Pheromones are secretions of the exocrine glands used for intraspecific
communication between individuals of a single species, triggering spectfic reaction
in the receiving individuals, leading to alarm sexual attraction, aggregation, tracking
or sexual determination at maturity (Karlson and Butenandt, 1959).

At present the most widely used pheromone lure in palm weevil
management is FERROLURE manufactured and supplied by Chem Tica Naturals,
Costa Rica. Two formulations i.e., Ferrolure (F) and Ferrolure+ (F+) are available.
About 700 mg of the chemical is loaded in polyethylene sachets. When set in the
traps the chemical from the sachet gets released into the surroundings, attracts the
weevil towards the trap and the food attractants m the bucket orient the attracted
weevils into the trap (Falerio e al., 1998).

This pheromone has to be evaluated along with suitable trapping
techniques and food attractants, under the conditions existing in Kerala. In this

context the following experiment was conducted with the specific objectives as

1. Survey of the red palm weevil infestation in Thrissur district.

2. Design of a suitable trapping device for testing the efficiency of the pheromone.

3. Determination of the efficiency of the pheromone m combination with various
food attractants.

4. Determination of the supplementary attraction of pheromone traps with UV light
traps. .

5. Determination of efficiency of relative heights of the pheromone exposure in the
coconut garden. | '

6. Behavioural response of red palm weevils while perceiving the pheromone.
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REVIEW OF LITERATURE

2.1 General description

Weevils in the genus Rhynchophorus are world wide pests of palm
especially coconut (Wattanapongsiri, 1966). The Asiatic palm weevil R. ferrugineus
(Oliver), is a serious pest throughout South and South east Asia where they are
important - pests of coconut, oil palm and date palm (Kalshoven, 1950 and
Wattanapongsiri, 1966). R. palmariam is a major pest in the neotropical region by
vectoring the Red ring disease (Griffith, 1987). The weevil R. palmarum (L.), is the
primary vector of the red ring nematode Radinaphalenchus (= Bursaphelenchus)
cocophilus Baujard (Cobb, 1922; Tidman, 1951; Martyn, 1953; Hagley, 1963;
Gniffith, 1967, 1968). In Florida R. cruentatus is a major pest of sabal palm, the
state tree, and a popular ornamental. In Africa R. phoenicis causes losses in oil palm
and coconut plantations while in south east Asia R. ferrugineus and R. vulneratus
are significant pests. An isolated species, R. bilineatus, is a major pest of coconut
palms used as shade trees in cocoa in Papua New Guinea (Ochlschlager ef al.,

1993).

These large (2-3 cm long and ~1 cm wide) weevils initiate damage
through deposition of small bunches of eggs (~5 each) in exposed palm tissue
produced by wind or during harvesting and pruning. Adults of Rhyrchophorus are
attracted to wounded palms and fermenting sap (Kalshoven, 1950; Lever, 1969;
Sadakathulla, 1991).

2.1.1 Damages, estimation and loss

The insect R. ferrugineus is a serious pest of coconuts in Kerala and
causes about seven per cent loss to the coconut industry (Rajan and Nair, 1997).

This 1s a devastating pest of coconut in Tamil Nadu also. The insects remain right



inside the trunk, feeding on the central tissue and the growing part resulting in the
death of the tree (Rajamanickam ef al., 1995). Ganapathy ef al. (1992) reported that
the extent of damage by R. ferrugineus ranged six to 34 per cent in Commbatore,
Tamil Nadu, India.

2.2 Distribution

The red palm weevil R. ferrugineus 1s distributed all over the world but in
most severe forms in India and South East Asia (Anonymous, 1992). Cox (1993)
reported that R. ferrugineus was a major pest on date palms in Egypt and gave the
first record of the curculionid from Africa. Shantappa ef al: (1979) reported that
R. ferrugineus is more severe in coastal areas of Kerala and Karnataka than in mid

and High ranges.
23 Biology

Wilson (1962) reared R. ferrugineus in the laboratory and observed that
the eggs were laid singly and larvae hatched in two to four days at 80°F and pupated
at 24 to 62 days. The larvae moults nine to 12 times and when full fed, spun
fibrous cocoons. Prepupal period lasted for four to 18 days and pupal stage for seven
to 17 days. Neonate adult remained within the coccon for two to 14 days.
Oviposition began two to 14 days after the day of mating. Adult female laid on an
average 105 eggs each and adult life span is 127.5 days for males and 93.3 for

females.

Weissling ef al. (1993) worked out the humidity preference of
R. cruentatus adults. Total body water averaged 4748 per cent by mass and
cumulative loss mcreased with time at all humidities tested (0, 33, 63 and 100%



RH) at 30°C. Death occurred more rapidly at low than at high humidities at which
time weevils had lost 50 per cent of their body water.

2.4 Nature of attack

The entire damage for the coconut palm is caused by the larvae wherein
they feed on the inner tissues of crown and upper portion of trunk. The external
symptoms produced by the pest include the presence of small holes on the stem,
oozing out of brown liquid, extrusion of chewed up material (fibres) and
longitudinal splitting of leaf bases. In severe cases the crown of the palm toppies.
Palms in the age group of five to 20 years are more susceptible to this pest attack
(Vidyasagar and Kesavabhat, 1991). Often the palm weevil infestations of coconut
and oil palms are not detected until the fronds wilt and the crown collapses suddenly
(Kalshoven; 1950; Sivapragasam ef al., 1990).

Other than coconut the weevil coming under the geﬁera Rhynchophorus
"also causes damage in oil palms. In date palms, often the only visible sign of attack
is the ocszing of palm sap from the trunk and infestations are only discovered once
trees are blown over (Kalshovan, 1950). In the Tropical Americas cumulative losses
due to ted ring disease caused by the combined attack of weevil and nematode
R. cocophilus can reach 15 per cent in commercial o1l palm plantations (Chinchilla,
1988; Chinchilla et al., 1990). The rate of red ring infection in oil palm plantations
has been correlated with seasonal variations in weevil populations (Hagley, 1963;
Blair, 1970a, b; Schuiling and Van Dinther, 1981) and with fluctuations in the
proportion of the weevil population that was infected with nematodes (Chinchilla ef
al., 1990; Morales.and Chinchilla, 1990). Symptoms do not become evident until
two to three months after infection and nematicidal treatments have proven
ineffective in oil palm (Chinchilla, 1988).



2.5 Management of red palm weevil

If the infestations of R. ferrugineus is seen in the initial stage only the
palin can be saved. Any treatments with insecticides in the later stages of attack
cannot save the palm (Rajamanickam et al., 1995). Hence an integrated approach
involving different methods like pﬁysical, biological, cultural, chemical and semio

chemical aspects were resorted to.

In the case of red palm weevil, prevention of pest entry is a major step to
be adopted in the IPM package. This is possible by avoiding injuries on the palm
and by treating the wounds, if any with coaltar and carbaryl. Prophylactic crown
treatment with insecticide sand mixture (25 g of Sevidol8G in 200 g of fine sand) in
May, September and December and curative treatment with 0.1 per cent
endosulfan/dichlorvos or one per cent carbaryl were effective in the management of
the pest (Nair et al., 1997). Trapping of the floating population of the weevil using
coconut logs treated with fermenting toddy is also recommended (Nair ez al., 1998).
Maintenance of field sanitation by removal and buming of dead palms helps a lot in
reducing fresh incidence of weevil attack. Adoption of the above methods under an
IPM package has yielded encouraging results in the farmers garden (Abraham et al.,
1989).

2.5.1 Physical control

According to Abraham (1971), when the green leaves of coconut palms
are cut off m India for domestic use, there is a danger of attack through the cut
petioles by the weevil. As the remaining portions of the petioles dry, they become
unsuitable for the development of larvae. It is said that if leaves were cut at or

beyond the region whe® leaflets emerge at the base, larval hatching from eggs laid



at the cut ends of petioles would not be able to make their way 1nto the trunk before

the petiole stump dried up.

252 Biological control
1
In nature the number of natural enemies for the R. ferrugineus is very
less. But certain natural enemies were reported by different authors. A tachinid
parasite Parabillaea rhynchophorae is seen to be parasiting at different degrees

(Blanchard, 1937).

Abraham et al. (1973) reported a forficulid Chelisoches morist F.
(Dermaptera) as a predator of eggs and larvae of red palm weevil under laboratory
conditions.. The daily consumption by nymphs and adults, respectively averaged 5.3

and 8.5 weevil eggs and 4.2 and 6.7 larvae.

Prior and Arura (1985) found that Metarhizium anisopliae infects thé red

palm weevil in different degrees.

Peter (1989) conducted a survey for the natural enemies of red palm
weevil in Tamil Nadu and the survey revealed the presence of three species of mites

of which Hypoaspis sp. was the most abundant.

A potent cytoplasmic polyhedrosis virus was found out for the red palm
weevil (Gopinadhan et al., 1990). It infects all life stages and infection of the late
larval stage results in malformed adults and a drastic suppression of the host.

population. .

Banerjee and Dangar (1995) identified Pseudomonas aeruginosa as a

facultative pathogen of R. ferrugineus.



253 Cultural control

As a prophylactic measure Copeland (1931) and Ayyar (1940) suggested
that all scars, wounds and exposure of soft part of palm should be avoided.
Copeland (1931) and Ayyar (1940) also prescribed the removal of grubs'and
dressing the wounds with tar, lime etc. In cases of severe mfestation the affected
pé]ms should be cut and burnt to prevent the spread to healthy palms (Vestal, 1956).
Cutting the trunk for making foot holds for climbing the palm or any other activity
which provide sites for egg laying by weevils should be avoided (Child, 1974).

According to Mazumder (1995) the hybrid Tall x Dwarf was most
susceptible to red palm weevil followed by MDY (Malayan Dwarf Yellow) x WCT
(West Cost Tall). He also reported that the varieties West Cost Tall, Straight
Settlement Green, Chavakkad Orange Dwarf x Tall, Andaman Ordinary, Cochin
China and Assam Tall were resistant to red palm weevil. .

254 Chemical control

Out of several insecticides tried, Pyrecon E one per cent when injected
into infested trees gave the best results (Nirula ez al.; 1953). As a prophylactic
measure, the leaf axils of young palms may be filled with sand and BHC five per
cent or chlordane dust in equal proportions. An adult mortality of 92 per cent at 0.5
and 100 per cent at 10 per cent concentration of endrin was reported by Mathen and
' Kurian (1962).-By injecting the infested trees with Carbaryl 1.0 per cent nearly 93
per cent palms were cured (Mathen and Kuran, 1973). Subsequently Rao et al.
(1973) achieved good success by placing aluminium phosphide tablets inside the
damaged portion. Among several insecticides tested Trichlorphon 0.2 per cent gave
best results with 92 per cent recovery of infested palms (Abraham et al., 1975).



Muthuraman - (1984) suggested the injection of Monocrotophos at
10 ml/tree or monocrotophos + dichlorvos (5 + 5 ml) and he obtained 100 per cent

control over the red palm weevil.

The insecticides Carbosulfan and pirimiphos-ethyl when used for! the
control of R. ferrugineus, gave 98 per cent control of the pest (El-Ezaby, 1997).

255 Weevil Traps

Various designs of weevil traps with different attractants were tried in
different 'coconut growing countries. A trap for the collection of R. palmarum was
developed by Maharaj (1965) in Trinidad which was based on fermented toddy as
its attractant. When this method consisting of traps with split fresh coconut petioles
was fested in one estate in Sri Lanka, 302 red palm weevils (R. ferrugineus) were
recovered from 10 traps in 141 days (Ekanayake, 1970). The trapping method was
modified with the addition of sugarcane and yeast to the split petioles. By mixing
the traps with BHC 50 WP (2 gftrap) the trapped weevils could also be killed
(Anonymous, 1988).

Maharaj (1973) described a simple aluminimum trap baited with coconut
tissue which has greased walls to prevent the escape of weevils by crawling and
aperatures barred with wire to prevent escape by flying. This type of trap captured

more than twice the number of weevils compared to coconut log traps.

Morin et al. (1986) observed that adult szzélzophoms Spp. were
- attracted for feeding and reproduction to the odour of fermentation emanating from
wounds 1n healthy or from degenerated palms. He also reported that construction of
traps along the edge of a plantation from cut pieces of .pa]ms which should be tenaa
would attract palm weevils and these can be collected and destroyed.
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Among different traps used the trap door and tanktraps containing baits of
sugarcane and sugarcane + molasses were more efficient in trapping adult

R. palmarum (Moura et al., 1990).

Posada and Aaron (1991). used Panela (unrefined brown sugar) and
molasses and observed that there was no significant differences between these!two
baits. Greatest capture rates were obtained when the bait was changed every 21 to
30 days.

A conventional light trap -set up in coconut gardens in Tamil Nadu,:did
not attract the R. ferrugineus but they attracted beneficial Apis cerana indica and

2

some parasitoids of Lepidoptera (Sadakathulla and Ramachandran, 1992).

According to Weissling ef al. (1992) freshly felled Sabal palmetto was
attractive to adults of R. cruentatus for about 35 days. ) s

Attraction to plants by adult R. palmarum was due to the chemical
pentone, hexanol and isopentanol. Pineapple contains ethanol and ethyl acetate to
which weevils get more attracted than the pentone, hexanol and isopentanol (Jaffe ez
al, 1993). They also reported that it was due to the production of aggregation
pheromone when perceiving ethyl acetate that the weevils weﬁ; attracted. It was
suggested that a complex mixture of chemicals like ethanol, ethyl acetate, pentane,
hexanol, isoamy] acetate and or isopentanol serve as a short range orientation cue to
fresh wounds on the plant and Rhynchophorol can be considered to be a synergist

having an anemotactic action at a distance.

According to Moura ef al. (1995) baits made up of sugarcane sticks

located in brick tanks were efficient in trapping the weevils.
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In another experiment conducted by Rajamaﬁickam et al. (1995), it was
observed that among different natural phago stimulants tested sugarcane, molasses

and toddy attracted the curculionids in large numbers.

Nadarajan et al. (1996) reported that coconut stem + toddy and coconut
crown alone were equally effective in trapping adult weevils.

256 Irradiation and weevil control

Attempts have been made to develop control measures against red palm
weevils R. ferrugineus making use of sterile insect technique with radio 1sotopes.
Treatment of male weevils one to two days old at a dose of 1.5 K rad resulted in 90
per cent sterility with no adverse effect on survival (Rahalkar/ét al., 1975).

Treatment at higher doses increased sterility but reduced survival. A
portion of the sperm present in males at exposure was less sensitive to treatment and
contributed to higher viability of eggs laid by females during the initial stages of
oviposition (Rahalkar er al., 1973; Rahalkar et al., 1975; Kloft et al., 1986).
However the results on the application of this technique m the field and its success

are not available from any country.

According to Ramachandran (1991), the use of increasing radiation doses
decreased, the production of viable eggs. As the early detection of the damage in
palms is difficult, some attempts have been made to develop simple electronic

device for detecting infestations (Anonymous, 1990).
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2.6 Pheromones and weevil behaviour
The Chemical Ecology Research Group at Simon Fraser University and
INRA Laboratory in Magny-les-Hameaux, France (Rochat et al., 1991a, 1991b)
identified male produced aggregation pheromones for six economically important

species of palm weevils in the genus Rhynchophorus.

Male produced-aggregation pheromones of Rhynchophorus weevils

o_-_;\
R. palmarum }\/\?\ - (Oehlschlager ez al., 1992)
oM
R. phoenicis /WV (Gnes et al., 1993; Perez et al., 19%4a)
R. ferrugeneus WY\ _ (Hallet et al.,1993a, 1993b; Perez ef al.,1994c)
=]}

R. vulneratus NYV\ (Hallet et al.,1993a, 1993b; Perez et al., 199j§c)
R. bilineatus W\B/\ (Oehlschlager etal., 1993; Perez et al., 1994c¢)
R. cruentatus = (Perez et al., 1994b)
MY

Moura ef al. (1989) studied the olfactory behaviour of red palm weevil
R. palmarum and noted that the traps baited with stems only caught 27 insects,
while those baited with stem plus five females, five males or five pairs of insects
caught 27, 68 and 44 insects respectively. From this experiment it was concluded

that males have some amount of semio chemics to aftract females.

Male produced aggregation pheromone of R. palmarum was first reported
by Rochat et al. (1991a). ‘

Rochat et al. (1991b) found out male produced aggregation pheromone of
R. palmarum which was identified from supelpak-2 aﬂd gas chromatography. The
major male produced volatile was identified as (2E)-6-methyl-2-hepten-4 ol using
coupled gas cfzromatography and mass spectrometry. They proposed the trivial name
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Rhynchophorol for this new molecule which is the essential component of

R. palmarum aggregation pheromone.

Nagnan ef al. (1992) suggested that there is a similarity between the
volatiles emanating from the oil palm sap and semio chemical released from

R. palmarum.

Pheromone baited traps caught six to 30 times more individuals than

unbaited traps (Chinchilla and Oehischlager, 1993).

According to Jaffe et al. (1993), males of R. palmarum produced
aggregation pheromone when perceiving ethyl acetate produced in the plant.
Rhynchophorol, 2(E) 6-methyl-2-hepten-4-ol, the active component of the
-aggregation pheromone, attracted weevils in the Olfactometer and in the field, only
if plant tissue, ethyl acetate or the above odour mix were present. It was proposed
that a complex mix of ethanol, ethyl acetate, pentane, hexanal, isoamyl acetate
and/or isopentanol served as a short range orientation cue to fresh wounds on the
plant and that additional host odour have still to be discovered. Rhynchophorol can

be considered to be a synergist, having an anemotactic action at a distance.

Weissling ef al. (1993) observed that R. cruentatus produce an
aggregation pheromone that is highly attractive to conspecific adults of both sexes

when combined with host-palm volatiles.

Gibblin-Davis ef al. (1994) isolated different semio chemicals from Saba/
palmetto, Saccharum officinarum and Syncarp tissue from pineapple which was
equally attractive as that of Cruentol (5-methyl-4-octanol) which 1s an aggregation

pheromone of R. cruentatus.
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Gunawardena and Kern (1994) observed that R. ferrugineus showed a
short range attraction to coconut sap, whose volatile constituents consist mainly of

short chain alcohols.

The electroantennogram (EAG) responses of male and female
R. ferrugineus to terpenes were determined by Gunawardena (1994). He observed

that linalool and terpineol were more attractive than other terpenes.

Ochlschlager ef al. (1995a) worked out the spatial distribution of adult
R. palmarum and suggested that indices of aggregation showed that the adult
population will aggregate initially and later become increasingly at random. 4
Methyl-5 nonanol (ferrugineol) is a male produced aggregation pheromone of
R. bilineatus (Oehlschlager et al., 1995b) and also R. ferrugineus (Gunawardena
and Bandarage, 1995; Oehlschlager, 1995). The ferrugineol can be used for
monitoring, mass trapping and immigrant study (Gibblin-Davis ez al., 1996).

2.6.1 Pheromone bioefficacy and persistence

According to Gunawardena and Bandarage (1995) ferrugineol remained
attractive to weevils for at least 60 days. The weevil response to the bait was
observed only between 1800-2000 and 0600-0800 hours. Generally, 3 mg per day of
synthetic pheromone plus insecticide treated tissue constituted highly attractive trap
baits (Gibblin-Davis et al., 1996).

In a comparative experiment, ferrugineol attracted more weevils than the
coconut bark steam distillate (Gunawardena and Bandarage, 1995). The trapping of
adult red palm weevils were more in insecticide + pheromone contained traps than

insecticide alone (Morin ef al., 1997; Moura ef al., 1997).



262 Pheromone response height and its efficacy

El-Garhy (1996) observed that when pheromone traps were tied in
between one to three meter above ground, weevils were trapped m good numbers

even though there was no significant difference between one to three meter.
2.6.3 Pheromone efficacy in relation to weather and climate

El-Garhy (1996) reported that many more adult palm weevils were
captl-n'ed during the warmer summer months than during the cooler winter months.

The threshold for R. ferrugineus was found to be in the range of 12-14°C.
'2.6.4 Physiology of pheromone

Histological and chemical analyses of different corporal segments of
R. palmarum showed the‘presence of two symmetrical glands (modified salivary
glands) in the prothorax of males which was absent in females. These glands were
known to produce aggregation pheromone. The rostrum and rectum of males also
produce this pheromone. The secretion starts approximately 10 minutes after the
insect detects ethyl acetate and continues for several hours. The more concentrated

form of pheromone is secreted through the rostrum (Sanchez et al., 1996).
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MATERIALS AND METHODS
3.1 Survey of red palm weevil infestations in Thrissur district

A survey was conducted in the Thrissur district to judge the extent of
damage inflicted by the red palm weevil of coconut and its infestation levels in
different geographical locations of the district. Three regions of Thrissur district
representing coastal belt, mid lands and'high lands (upland) were surveyed to find

out the level of infestation.

Survey was conducted in Chavakkad area rep}esenﬁng the coastal belts,
Peruvallur area representing the midlands and Peechi area representing the upland
regions.of the district. In each area coconut groves were classified into three age
grbups based on the age of the palms. as (1) Five to ten years (2) 11-30 years and (3)

above 30 years.
3.1.1 Mode of survey

In each area ten sites were selected at 1 km distance each from the
starting point and covered a total distance of 10 km in each representative area. In
each site 30 palms consisting of 10 palms under each age group was observed.
Direct observations as well as by interview with the owners of palm were made to
verify the damage by the red palm weevil. A total of 300 palms were surveyed n
each area. Likewise the survey was conducted in the other two regions also

observing a total palm number of 900 in three regions.
3.2 Selection of site

For setting up of pheromone traps along with food attractants, three sites
namely coconut groves of Instructional Farm, Vellanikkara, Coconut plantations,
College of Horticulture, Vellanikkara and Banana Research Station, Kannara were



selected with palms of the young age group preferably between 10 to 15 years to get

maximum red palm weevil attack.
3.2.1 Layout

The experiment was laid out in a randomised complete block design with
three replications (blocks) and seven treatments. The traps under each treatment
were set on palms at a distance of 22.5 m (three palm distance) and the palms were

selected at random.
322 Treatments

T, - Pheromone along with pineapple waste
T - Pineapple waste alone

T3 - Pheromone along with cut coconut fronds
T4 - Cut coconut fronds alone

Ts - Pheromone along with fermenting toddy
T¢ - Fermenting toddy alone

T+ - Pheromone alone - control

3.3 Design of a suitable trappfng device for testing the efficiency of the
pheromeone

Plastic buckets of 20 1 capacity with its lid and of uniform size, shape and
colour were utilised for designing the bucket trap. Buckets were provided with
rectangular window hole (of size 2 cm x 2.5 cm) to facilitate entry of palm weevils
mside the traps. The hole was closed with mylar sheets of 3 ¢cm width and 5 cm
fength pasted from inside on one side so as to allow one way entry of weevils into
the bucket trap and to prevent its escape. Mylar pieces pasted as one way shutters

was provided with punch holes to allow the volatile pheromone compound to



Plate 1. Ferrolure bucket trap

Plate II. Ferrolure bucket trap under field exposure






Plate III. Pineapple waste within the bucket trap

Plate IV. Coconut frond pieces within the bucket trap
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permeate out and attract weevils into the bucket traps. Once the weevil entered
inside, the mylar shutter prevented its exit. The pheromone sachet was secured
inside the bucket using a twine passed through the lid. Buckets were roughened and
tied with coir ropes on the outside to give maximum grip to the alighted weevils to

crawl inside the bucket through the entry window (Plate 1).

Bucket traps were tied on the selected palms at 1.5 m above ground level
(Plate 2) using coir rope to get the maximum trapping efficiency, as described by

Faleno etal., 1998.

3.4 Determination of the efficiency of pheromone traps and the relative
efficiency ofvarious food attractants

The male produced aggregation pheromone 4-methyl-5-nonanol
commercially available as ferrolure from Chem Tica Naturals# osta Rica were tried
for experimentation. It is available in polythene sachets in a slow release
formulation which releases @ 3 mg of active principle per day at a temperature of

35°C, reported to be effective for three months (Hallet ez al., 1993a).

3.4.1 Determination ofthe efficacy and persistance ofthe food attractants

From the preliminary observations on the performance ofthe various food
attractants tried pineapple waste as well as fermenting toddy was giving better
results. In order to evaluate the persistance ofthe freshness, the pheromone with the
food substance kept in the bucket trap were monitered by recording the daily

catches ofboth the sexes of weevils.



Plate III. Pineapple waste within the bucket trap

Plate IV. Coconut frond pieces within the bucket trap






Plate V. Toddy with floats
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3.4.2 Weevil attractant treatments

1. Pheromone with pineapple waste

Commercially available pheromone sachet was secured by hanging it
from the lid inside the bucket at window level. Waste from ripened pineapple
weighing 1.5 kg was cut into pieces and placed inside the bucket traps. Pineapple
was changed once in every four days to maintain the attractiveness of the food

substance.

2. Pineapple alone

Ripened pineapple waste weighing 1.5 kg was cut into pieces and were

placed inside the bucket trap (Plate 3).

3. Pheromone along with cut coconut fronds

Fresh coconut fronds were cut into pieces of size 15 cm x 4 cm and were
kept in the bucket along with the pheromone sachet secured below the lid and

coconut fronds were replenished at every two days interval.

4. Coconutfronds alone

Fresh coconut fronds were cut into pieces of size 15 cm x 4 cm and were
kept in the bucket. In each case coconut fronds were changed once m every two

days (Plate 4).

5. Pheromone withfermenting toddy

Pheromone sachet was secured inside the bucket trap as usual. One day
old fermented toddy @ two litres per trap was poured in the bucket trap and it was

replenished once in every three days to maintain the attractiveness.



Plate V. Toddy with floats






20

6. Fermenting toddy alone

One day old fermented toddy was kept in the bucket trap @ two litres and
exposed (Plate 5).

7. Pheromone alone

Here a bucket trap containing pheromone sachet alone was exposed.

34.2 Observations

Weevils trapped in each bucket trap were collected between eight to 11
am every day. The weevils trapped from all the treatment bucket traps were
collected separately from all the three sites and brought to the laboratory for further
observations. (1) The weevils were separated based on their sex to determine the
sex ratio and the trap efficiency (Fig. 1). (2) Sexes were separated based on male and
female distinguishing characters. The male was identified by a robust snout with a
tuft ofhairs on their beak and females with a long smooth and slender snout without
hairs on the snout. (3) Female weevils were separated and kept for egglaying to
determine their fecundity and gravidity. Female weevils were confined in separate
containers and allowed for oviposition. Cotton pads wetted with pineapple juice was
given for the weevils to lay eggs and deposited eggs were counted at 10 am every

mommg.

3.5 Determination of the supplementary attraction of the pheromone
traps with UV light traps

An experiment was conducted at the coconut plantation ofthe College of
Horticulture, Vellamkkara. In this experiment, an ultraviolet lamp was installed at a

height of four meter on a coconut palm and provided with an iron sheet roofing as a



Plate VI. Ferrolure bucket trap with UV light source

Plate VII. Ferrolure bucket trap at 5 m height and at 1 m height



R ferrugineus

Male weevil Female weevil



Plate VI. Ferrolure bucket trap with UV light source

Plate VII. Ferrolure bucket trap at 5 m height and at 1 m height
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rainguard (Platc;.6). Bucket trap with pherombne and attractant pineapple were
exposed on the coconut palm at a height of 1.5 m. Observations on the number of

A

weevils caught daily were made as described earlier.

3.5.1 - - Determination of efficiency of relative heights of ’_die pheromone exposure
in the coconut garden '

This experiment was conducted to test the efficiency of pheromone traps
exposed at different heights. For keeping the ﬁaps at different heights two bamboo
poles measuﬁng six meter length were marked with black paint at meter intervals.
By a pully and rope arrangement the pheromone bucket trap could be hoisted at the
desired heights on the metered marks on the bamboo pole (Plate.7).

On one set the bucket trap was in the ascending order while on the second
it was in the descending order. The traps were kept at heights of one, two, three,
fpur and five meter and the setting was changed every week. Observations were

taken in the morning between eight to 11 am on the number of trapped weevils.
352 Behavioural response of red palm weevils to pheromones under captivity

An experiment was conducted "to study the behavioural response of
‘ weevils as evinced by the antennal response. The study was undertaken within the
corriddr of the building acting as a wind tunnel measuring 65 m long which was
then marked at each five meter intervals. A powerful pedestal fan (5000 rpm) was
installed at one end of the corridor to give sufficient air current to take the volatile
pheromonal odour to the other end of thé corridor. One male and one female weevil
were confined together in petridishes covered with wire gauge and the confined
weevils were placed at distances of Sm upto 65m in the corridor and were exposed
to the air currents with the permeated pheromone. The pheromone sachet was hung

at 1.5m above the floor level and a pedestal fan was kept 0.5 m behind the



pheromone source. The antennal vibration, and orientation and the movement of the
weevil were moniter'éd when placed at these distances marked on the floor of the
corridor. The observation was repeated ten times with the confined weevils. The
weevils were released from the confinement at the effective distance and their

movement and time taken to reach the pheromone source are measured (Fig.2).



Antennal response of R. ferrugineus to Ferrolure
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RESULTS
4.1 Survey of the red palm weevil in Thrissur distriet

The survey conducted in Thrissur district and results presented in Table 1
revealed that the average infestation level was six per cent irrespective of the land

regions and age groups of the palms.

The observations on the red palm weevil infestation (RPW) and the age
group of palms showed an increasing trend of infestation level with the age of the
palms. The younger palms of five to 10 years recorded the lowest percentage of 3.33
per cent as against the highest level of 9.67 per cent in older palms of 30 years and
above. A moderate infestation leve! of five per cent was observed in palms at the

age group of 11-30 years.

4.1.1 Determination of the relative efficiency of pheromone traps and various
food attractants ’

The attraction of the adult RPW to pineapple and fermenting toddy along
with pheromone is presented in Table 2. It revealed that maximum attraction was
recorded in pheromone with pineapple waste with a maximum catch of 56 weevils
in 12 days. In pheromone with fermenting toddy contained maximum weevils
caught were only 22 for the same period. This showed that pineapple as a food
attractant was 2.5 times more efficient than toddy along with pheromone. Maximum
attraction for the pineapplg containing pheromone trap was on the fourth day and
from then onwards the attraction to tht; trap started decreasing and reached zero on
10th day. Maximum number of males were also caught from the same trap with a

total male count of 33, while the total females trapped was 23 only.
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Table 1. Percentage kill of coconut palms* due to R. ferrugineus infestation

Age group of the palms Coastal land Midland Upland % mean
(Chavakkad) (Poovathur) (Peechi)

5 to 10 years 3 4 3 3.33
11 to 30 years 5 | 7 3 5.00
Above 30 years 8 12 9 9.67
% mean : ‘5‘33 7.66 5 6

* 1) Number of palms per location = 300
2) Number of palms under each age group per location = 100
3) Total palms observed by random sampling = 900
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Table 2. Performance of food attractants with Ferrolure against R. ferrugineus

Pineapple-pheromone trap Toddy-pheromeone trap

Des Male catch Female catch Total catch Male catch Female catch Total catch
0 0 0 0 0 0 0
1 3 1 4 ' 1 4 5
2 4 3 3 0 3
3 6 4 10 4 6 10
4 8 10 18 0 1 1
5 6 1 7 0 1 1
6 4 0 4 1 1 2
7 0 2 2 0 0 0
8 1 2 3 0 0 0
9 1 0 1 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
Total 33 23 56 9 13 22
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In toddy-pheromone trap, maximum catch was recorded on the third day
with a total count of 10 weevils. From fourth day onwards attraction started
decreasing and it reached zero on the seventh day and same trend continued upto
12th day with no weevils caught. The experiment was then discontinued. Total
males caught in pineapple-pheromone trap was more with a total number of 33
weevils where as m the toddy-pheromone trap it was nine only. Females trapped in
the pineapple-pheromone trap was 23 and that of toddy-pheromone trap was 13

weevils.
412 Total catch of weevils for three months period

Total catch of RPW for three months period was analysed and presented
in Table 3a. Treatment 1 (Pineapple-pheromone) showed a significant difference in
the mean weevil catch of 119.5 as compared to treatment 5 (Toddy-pheromone)
with a catch of 50 weevils only. Treatment 4 (CFR) gave.least weevil catch with a

mean weevil catch of 6.00 only.

4.2 Influence of sex factor on the trap efficiency

421 Total male catch for 3 months period

Total mean male catch for three months period is analysed and depicted in
Table 3b.

T; (Pineapple-pheromone) caught significantly higher males as compared
to other treatments, with a mean male weevil catch of 72.33. The Ts (Toddy-
pheromone) and T7 (pheromone alone) showed no significant difference. T4 (CFR)

was having the lowest catch of weevils with a mean of 4.67 weevils.



Table 3. Total catch of male and female R. ferrugineus in Ferrolure traps with and without food attractants

3a 3b 3¢
Treatment Mean total catch Performance Mean total male  Performance Mean total female Performance Male: Female;
for 3 months ranking catch for 3 months  ranking catch for 3 months  ranking  Female Male
period period period ratio ratio
Ty 119.50(10.91) 1 72.33(8.49) 1 46.66(6.84) 1 1.55 0.64
Ty 12.33(3.58) 5 8.00(2.88) 5 4.33(2.14) 5 1.80 0.54
Ts 20.00(4.48) 7 10.33(3.19) 7 9.66(3.18) 7 1.06 0.93
Ty 6.00(2.45) 3 4.67(2.17) 3 1.33(1.27) 3 3.50 0.28
Ts 50.00(7.10) 2 25.00(5.04) 2 25.00(5.04) 2 1.00 1.00
Ts 11.00(3.27) 6 6.33(2.56) 6 4.33(1.95) 6 1.40 0.68
T7 25.67(5.02) 4 13.33(3.64) 4 12.33(3.52) 4 1.08 0.92
CD 1.5226 1.4522 1.1796

Figures in paranthesis indicate transformed (Nx+0.5) mean value

T
T2
T;
T,
Ts
Ts
T,

- Pineapple-pheromone trap

- Pineapple waste alone

- Coconut fronds- pheromone
- Coconut fronds alone

- Toddy-pheromone trap

- Toddy alone

- Pheromone alone-control

L
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422 Total female catch for three months period

The analysed data of total female catch for three months period was
presented in Table 3c. Here again T; (Pineapple-pheromone) recorded the highest
catch of females with mean catch of 46.66 weevils as compared to T; (CFR) with
1.33 mean weevil catch. Ts (Toddy-pheromone) recorded equal number of male-and
female red palm weevils with a mean count of 25.00 each. Pineapple-pheromone
(T:) showed more attraction for male red palm weevils with a mean catch of 72.33

weevils and lower attraction for females with a mean count of 46.66 weevils.

4.3 Influence of weather elements on trap efficiency and the population
dynamics of R. ferrugineus

The weather data for the experimental period from 26-2-98 to 20-5-98 is
presented in Table 4. The data revealed that maximum temperature durh‘1g the three
months period was the highest on fourth and sixth week with 37.5°C on both days.
Remaining weeks did not have much variation m the maximum temperature.
Minimum temperature recorded showed that the highest was on eighth week
(26.8°C) and lowest was on fifth week (22.9°C).

Relative humidity (RH) showed no much variation except on 12th week
when the morning humidity was highest (93%). The lowest RH was on third and
sixth week, with 83 per cent RH on both these weeks. The evening humidity was
highest on 12th week (72%) and lowest was on fourth week (44%).

There was a slight fluctuation in the wind speed. During 12th week
lowest wind speed was observed (2.1 km/h) while the highest wind speed was on
third week (4.1 km/h).
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Table 4. Weather data during the experimental period (26-2-98 to 20-5-98)

Weeks Temperature °C RH (%) Wind speed Sunshine Rain Lunar
: (km/h) (hrs) (mm)  phase
Max. Min. Morming Evening
1 353 243 89 50 238 9.6 - No moon
2 35.9 23.6 89 49 35 10.3 - Half moon
3 355 23.8 &3 46 4.1 10.3 - Full moon
4 375 23.7 84 44 3.6 10.5 - Half moon
5 36.2 229 88 50 2.8 9.0 11.0 Nomoon
6 375 25.1 83 40 3.6 9.6 - Half moon
7 36.4 26.1 86 52 28 9.1 - Full moon
8 36.6 26.8 85 53 3.1 85 4.2  Half moon
9 359 24.6 89 54 3.0 8.7 572  Nomoon
10 35.2 25.5 89 61 2.7 8.5 48  Half moon
11 355 253 89 59 23 6.5 80.4  Full moon
12 324 24.1 93 72 2.1 4.6 107.8  Half moon
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Highest sunshine recorded was during second and third week (10.3 hrs

each) and lowest was during 12th week (4.6 hrs).

There was no rainfall from first week to fourth ‘week but during fifth
week a total of 11 mm rain was recorded. During sixth and seventh week there was
no rain and on eighth week a total rainfall 4.2 mm was observed and during ninth
week there was an increase in rainfall i.e.,, 57.2 mm. But it fell down drastically and
reached 4.8 mm during 10th week. However, during subseqﬁent weeks rainfall data
revealed that there was increase in the rainfall and attained 107.8 mm during 12th

week.

During first, fifth and ninth week it was no moon day and third, seventh

and 11th week showed full moon condition.

There was no discernible influence of temperature on the total weevil
count. However, the T; (Pineapple-pheromone) on fourth week recorded a total
mean weevil catch of 21.00 but on sixth week it was 8.00 only. In Ts (Toddy-
pheromone) during fourth week the mean weevil count was 4.00 and during sixth

week it was only 0.67 weevils.

The total weevil count was not influenced by RH, wind speed and
sunshine hours. However, when the total rain was 57.2 mm (ninth week), a good
weevil catch was recorded in T (Pineapple-pheromone) with 17.67 mean weevils

and 8.67 weevils in Ts (Toddy-pheromone).
43.1 Total weevil catch for three months period at weekly intervals

In the first week, toddy-pheromone showed significant difference among
the treatments and there was no significant difference between the other treatments
(Table.5). Toddy-pheromone was found superior with mean weevil catch of 8.67

weevils. This was an increase of 1.13 more weevils during the first week period.



Table 5. Weekly catches of R. ferrugineus in Ferrolure traps with and without food attractants

Mean weekly catch of R. ferrugineus

Treatment

Ist 2nd 3rd 4th 5th 6th 7th 8th Oth 10th 11th 12th

week week week week week week week week week week  week week

T 7.67 5,67 12.67 21.00 1133 8.00 500 767 1767 11.67 9.33 1.33
2.67) (244 (3.55) (4.59) (3.42) (2.56) (2.34) (2.81) (4.25) (2.17) (3.10) (1.18)

T, 2.67‘ 0.67 0.67 2.00 0.00 1.00 0.67 233 1.33 0.33 0.00 °  0.67
(1.64) (0.99) (0.99) (1.47) (0.70) (1.09) (0.99) (1.64) (1.26) (0.88) (0.70) (0.99)

T3 2.00 5.67 1.33 1.00 267 033 0.33 1.67 233 1.00 1.33 0.33
(1.52) (2.23) (1.26) (1.17) (1.55) (0.88) (0.88) (1.35) (1.65) (1.09) (1.26) (0.88)

T4 0.33 0.33 0.00 133 0.33 1.33 0.00 133 0.00 1.00 0.00 0.00
(0.88) (0.88) (0.70) (1.26) (0.88) (1.29) (0.70) (1.29) (0.70) (1.09) (0.70) (0.70)

Ts 8.67 6.00 2.00 4.00 4.00 0.67 0.33 9.33 8.67 2.67 3.33 0.33
(3.02) (2.53) (1.55) (2.02) (2.09) (1.05) (0.88) (3.02) (3.02) (1.87) (1.95) (0.88)

Te 1.00 2.00 0.00 0.00 1.67 0.33 0.00 167 233 0.67 1.33 0.00
(1.17)  (1.32) (0.70) (0.70) (1.35) (0.88) (0.70) (1.35) (1.49) (1.00) (1.26) (0.70)

T~ 1.67 1.00 3.67 267 1.00 0.67 0.67 233 8.33 3.00 0.67 0.00
(1.25) (Q.17) (@96) (1.77) (1.17) (0.99) (0.99) (1.65) (2.88) (1.82) (0.99) (0.70)
CD 1.1763 1.3014 1.0062 1.0383 1.0518 1.4708 0.5958 0.9536 1.0684 0.3503 0.7434 0.7108

Figures in paranthesis indicate transformed Vx+0.5 mean
- Pineapple-pheromone trap; T,- Pineapple waste alone; T3- Coconut fronds-pheromone trap; T4~ Coconut fronds alone;
- Toddy-pheromone trap; Te- Toddy alone; T;- Pheromone alone-control

T
Ts

TE



32

Total weevil count for the second week of installation showed that there .
was no significant difference between the treatments toddy-pheromone, pineapple-
pheromone, CFR-pheromone and toddy alone with the toddy-pheromone showing
the mean weevil catch of 6.0, pineapple pheromone with 5.67, CFR-pheromone
with 5.67 and toddy with 2.0. Pineapple pheromone and CFR-pheromone showed
an equal number of mean catch of weevils. Pheromone alone, pineapple and CFR
showed least significant difference with the treatments toddy-pheromone,

pineapple-pheromone, CFR-pheromone and toddy.

Total catch of weevils in the second week for the pineapple-pheromone
decreased with a mean total catch of 5.67 weevils which is low as compared to first
week which got a mean weevil catch of 7.67. Pineapple alone showed a decrease in
the total weevil count for the second week with a mean weevil count of 0.67. There
was an increased trend for the CFR-pheromone for the second week with a mean
weevil catch of 5.67 which is greater than the first week mean weevil count of 2.0
weevils/trap. Coconut fronds in the second week showed no difference in the total
weévil count wherein it showed 0.33 weevils in first and second week each. Toddy
pheromone in the second week showed decrease in the total weevil catch (6.00
weevils) than the previous weeks catch (mean of 8.67 weevils). when toddy alone
was offered, increase in the mean weevil count was seen with a total count of two
weevils which is greater than the first week period which recorded one weevil.
Pheromone alone, when used, there was no increase in.the mean count in the second

week.

In the third week Pineapple-pheromone differed significantly with the
other treatments with a mean catch of weevils 12.67. Pheromone alone, Toddy-
pheromone, CFR-pheromone and Pineapple alone were least significantly different.
No weevils were caught in CFR and toddy.
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During fourth week Pineapple-pheromone was significantly better than
Toddy-pheromone and other treatments. The maximum weevil catch of 21.00 ‘was
recorded from Pineapple-pheromone. The Toddy-pheromone with a catch of four
weevils was also signiﬁcanﬂy better when compared to other treatments. This trend
continued for the fifth week also wherein Pineapple-pheromone recorded the
highest weevil catch of 11.33 and Pineapple alone with no catch while Toddy-

pheromone retained the efficacy with a weekly mean catch of four weevils.

The total weevil count for the sixth week showed that there was no
difference between the treatments pineapple-pheromone and CFR. Pineapple-
pheromone remained superior over the rest of the treatments with the mean weevil
catch of 8.00 weevils and T4 (CFR) with a mean catch of 1.33. CFR-pheromone and
toddy alone showed least attraction with the total wee\;il catch of 0.33 each.

In the seventh week also T; (Pineapple-pheromone) recorded the
maximum catch of five numbers and in pineapple alone it was only 0.67 and the T

(toddy alone) showed no catch.

_ - During eighth week pineapple-pheromone and toddy-pheromone showed
no significant difference and toddy-pheromone got the total mean of 9.33 weevils
while pineapple-pheromone got a total mean of 7.67 weevils. During ninth week
maximum catch of weevils were recorded in pineapple-pheromone trap which gave
a total catch of 17.67; there was no catch in CFR. Pineapple-pheromone trap was
significantly superior to all other treatments. Toddy-pheromone trap and pheromone
alone showed no significant difference where as pineapple-pheromone, toddy-

pheromone and pheromone alone were significantly different to other treatments.

The catch during tenth week showed that pineapple-pheromone trap was
significantly better (11.67) than pheromone alone, toddy-pheromone,
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CFR-pHeromone, CFR, toddy alone and pineapple alone. Pheromone alone and
toddy-pheromone showed no significant difference with the total catch m
pheromone alone as 3.00 and toddy-pheromone and CFR-pheromone showed no
significant difference among them, with the total weevil catch of 2.67 and 1.0

respectively.

In the 11th week the total weevil catch in pineapple-pheromone decreased
to 9.33 from 11.67 during 10th week. But during 11th week, T, (Pineapple-
pheromone) was significantly superior to all other treatments and toddy-pheromone,
CFR-pheromone, toddy alone, pheromone alone, pineapple alone and CFR showed

different degrees of attractions.

During 12th week (last week) the maximum catch of 1.33 weevils was
obtained in pineapple-pheromone and during this week also all the treatments
showed very less attraction.

432 Total male catch for three months period at weekly intervals

The weekly male weevil catch in different traps for 12 weeks period are

depicted in Table 7.

During the first week, pineapple-pheromone and toddy-pheromone
recorded the maximum weekly catch of male red palm weevils with 4.00 and 3.33
catches/trap respectively. All other treatments had significantly lower catches. No

catch was recorded in CFR.

During the second week, after the first replenishment of the food material,
maximum catch was obtained in CFR-pheromone. All other treatments recorded a

relatively lower catch.



Table 6. Fortnightly catches of R. ferrugineus in Ferrolure traps with and without food attractants as influenced by the lunar phases

Pineapple—phefomone trap Toddy-pheromone trap Pheromone alone
No moon Full moon No moon Full moon No moon Full moon
Weeks Weeklymean Weeks Weeklymean Weeks Weeklymean Weeks Weekly mean Weeks Weekly mean Weeks Weekly mean

* weevils weevils weevils weevils weevils weevils

Ist 7.67 3rd 12.67 1st 8.67 3rd 2.00 1st 1.67 3rd 3.67
(2.67) (3.55) (3.02) (1.55) (1.25) (1.96)

5th 11.33 7th 5.00 5th 4.00 7th 0.33 5th 1.00 7th 0.67
(3.42) 2.34) (2.09) (0.88) (1.17) (0.99)

- 9th 17.67 11th 9.33 9th 8.67 11th 3.33 9th 8.33 11th . 0.67
(4.25) (3.10) (3.02) (1.95) (2.88) (0.99)

Figures in paranthesis indicate transformed Vx+0.5 mean

5¢



Table 7. Weekly catches of R. ferrugineus males in Ferrolure traps with and without food attractants

Mean weekly catch of R. ferrugineus

Treatments

Ist 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th

week week week week week week week week week  week week week
T 400 1.67 10.00 10.33 0.67 7.00 367 5.00 10.67 6.33 6.00 1.00
' ' (2.04) (1.35) (3.149) (3.19) (2.41) (2.41) (2.03) (232) (3.32) (245 (245 (.09
Ty ° 1.00 0.67 0.00 1.33 0.00 1.00 0.67 :1.67 1.33 0.33 0.00 0.00
(1.17) (0.99) (0.70) (1.29) (0.70) (1.09) (0.99) (1.35) (1.26) (0.88) (0.70) (0.70)
Ts 133 333 033 0.67 2.00 0.33 033 0.33 1.00 033 0.33 0.00
(1.34) (1.79) (0.88) (1.05) (1.47) (0.88) (0.88) (0.88) (1.17) (0.88) (0.88) (0.70)
T4 0.00 033 0.00 0.67 0.33 1.33 0.00 1.00 0.00 1.00 0.00 0.00
(0.70) (0.88) (0.70) (1.05) (0.88) (1.34) (0.70) (1.17) (0.70) (1.09) (0.70) (0.70)
Ts 333 200 067 2.00 233 033 0.00 433 5.00 2.00 2.67 0.33
(1.93) (1.47) (1.05) (1.52) (1.56) (0.88) (0.70) (2.16) (2.33) (142) (1.76) (0.88)
Ts 0.67 0.67 0.00 0.00 1.33 0.33 0.00 1.33 1.33 0.66 0.00 0.00
(1.05) (0.99) (0.70) (0.70) (1.34) (0.88) (0.70) (1.26) (1.26) (0.99) (0.70) (0.70)
T7 033 0.00 0.67 1.00 0.67 0.00 000 133 6.00 3.00 0.33 0.00
(0.88) (0.70) (1.05) (1.17) (1.05) (0.70) (0.70) (1.26) (2.48) (1.78) (0.88) (0.70)

CD 0.6679 0.9579 0.7742 0.8396 1.3408 1.3411 0.4288 0.8466 0.8858 1.2666 0.69IQ 0.4627

Figures in paranthesis indicate transformed Vx+0.5 mean

T
Ts

- Pineapple-pheromone trap; T»- Pineapple waste alone; T5- Coconut fronds-pheromone trap; T4- Coconut fronds alone;
- Toddy-pheromone trap; Ts- Toddy alone; T,- Pheromone alone-control

9¢
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During third week, only pineapple-pheromone showed a good catch with
a mean number of 10 red palm weevils while all other treatments recorded very poor

catches of less than 1.00 weevil (mean) for the entire week.

In subsequent weeks, from fourth to twelfth, pineapple-pheromone
showed consistently more catch ranging from 3.00 to 10.67 weevils per week

except for fifth week with a catch of only 0.67 weevils.
433 Total female catch for three months period at vs.reeldy intervals

Total females caught in traps at weekly intervals was analysed and

presented in Table 8.

During first week, toddy-pheromone recorded maximum mean weevil
catch of 5.33 which was more as compared to others. Pineapple-pheromone gave a
total of 3.67 and the least count was observed in CFR and Toddy alone which

recorded 0.33 weevils each.

During second week onwards, pineapple-pheromone recorded the highest
catch ranging from 1.00 to 10.67 upto seventh week. During eighth week maximum
catch was recorded in toddy-pheromone with mean catch of 5.00 weevils. But this
decreased during ninth week and pineapple-pheromone recorded maximum weevil
catch of 7.00 and toddy-pheromone traps caught only 3.67 weevils. The trend
continued upto 12th week and during 12th week, total weevil catch recorded was
very low with 0.67 weevils in p@eapple and 0.33 weevils each in pineapple-

pheromone and CFR-pherorione traps.



Table 8. Weekly catches of R. ferrugineus females in Ferrolure traps with and without food attractants

Mean weekly catch of R. ferrugineus

Treatments . ;
1st 2nd 3rd 4th 5th 6th 7th 8th Oth 10th 11th 12th
week week week week week week week week week week week  week
T 367 4.00 2.67 10.67 4,67 1.00 1.33 2.67 7.00 5.33 3.33 0.33
(1.85) (211) (1.77) (3.24) (224) (1.17) (129 (L71) 2.73) (2.38) (1.95) (0.88)
T, 1.67 0.00 0.67 0.67 0.00 0.00 0.00 067 0.00 0.00  0.00 0.67
(1.39) (0.70) (0.99) (0.99) (0.70) (0.70) (0.70) (0.99) (0.70) (0.70) (0.70) (0.99)
Ts 0.67 2.33 1.00 0.33 0.67 0.00 0.00 1.33 1.33 0.67 1.00 0.33
(0.99) (1.56) (1.09) (0.88) (0.99) (0.70) (0.70) (1.17) (1.16) . (1.05) (1.17) (0.88)
Ty 033  0.00 0.00 0.67 0.00 0.00 0.00 0.33 0.00 0.00 0.60 ©0.00
(0.88) (0.70) (0.70) (0.99) (0.70) (0.70) (0.70) (0.88) (0.70) (0.70) (0.70) (0.70)
Ts 5.33 4.00 1.33 2.00 1.67 0.33 0.33 5.00 3.67 0.67 0.67 0.00
(240) (2.11) (1.34) (1.48) (1.38) (0.88) (0.88) (2.09) (2.03) (1.05) (1.05) (0.70)
Te 0.33 1.33 0.00 0.00 0.00 0.00 0.00 033 1.00 0.00 1.33 0.00
(0.88) (1.17) (0.70) (0.70) (0.70) (0.70) (0.70) (0.88) (1.09) (0.70) (1.26) (0.70)
T7 1.33 1.00 3.00 1.67 033 0.67 0.67 100 233 0.00 0.33 0.00
(1.18) (1.17) (1.78) (1.44) (0.88) (0.99) (0.99) (1.22) (1.54) (0.70) (0.88) (0.70)

CD 0.9399 0.8853 0.7769 1.0416 0.6465 0.5183 0.5343 1.1066 0.6804 0.4493 0.5801 0.4373

Figures in paranthesis indicate transformed Vx-+0.5 mean

Ty
Ts

- Pineapple-pheromone trap; T~ Pineapple waste alone; Ts- Coconut fronds-pheromone trap; T~ Coconut fronds alone;
- Toddy-pheromone trap; Te- Toddy alone; T;- Pheromone alone-control
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4.4 Gravidity of females caught in traps

A perusal of the egg count as given in Table 9, revealed that pineapple-
pheromone attracted more gravid females (with 304.33 eggs) followed by toddy-
pheromone with 141.00 eggs laid under captivity. The food attractants viz,
pineapple alone, coconut fronds and toddy alone when exposed alone without
pheromone gave lower rates of egg deposition (i.e, 23, 10.67 and 16.33
respectively). At the same time pheromone alone gave an egg count of 56.67, which
1s considerably better in attracting the gravid female than the food substances

exposed alone.

441 Cumulative count of the total weevils caught in traps at weekly intervals
for 12 weeks

The cumulative count of the total weevils on each treatment at weekly
intervals were analysed and depicted in Table 10. The table revealed that a total
number of 119.00 weevils were recorded in pineapple-pheromone trap which is
very high when compared to other treatments like toddy-pheromone which recorded
50.00 weevils over the 12 week period. The least catch was recorded in CFR which

had a total mean of 6.00 weevils only.

4.5 Determination of the supplementary attraction of pheromone traps
with UV light source

A perusal of the Table 11 revealed that when pineapple-pheromone was
given, a total number of 20 weevils were trapped for the five weeks period and total
males trapped was seven and females were 13. This showed that females are more

attracted to ovipositing substratum.



Table 9. Efficiency of Ferrolure along with food attractants on fecundity of R.

ferrugineus for the experimental period

40

Treattnent Mean Performance ranking

T 304.33 1
(17.36)

T, 23.00 5
(4.56)

T3 64.00 3
(7.91)

Ty 10.67 7
(2.86)

Ts 141.00 2
(11.83)

Ts 16.33 . 6
(3.81)

T7 56.67 4
(7.48)

CD 3.13

Figures in paranthesis indicate transformed Vx-+0.5 mean value
T} - Pineapple-pheromone trap

T, - Pineapple waste alone trap

T3 - Coconut fronds-pheromone trap

T4 - Coconut fronds alone

Ts - Toddy-pheromone trap

Te - Toddy alone

T+ - Pheromone alone-control



Table 10. Weekly cumulative catches of R. ferrugineus in Ferrolure traps with and without food attractants

Mean weekly catch of R. ferrugineus

Treatments
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th
week week week week week week week week week week week week
T 7.68 1333 26.00 47.00 5833 6633 7133 79.00 96.67 10833 117.67 119.00
(2.67) (3.60) (5.08) (6.88) (7.88) (8.14) (8.44) (8.90) (9.83) (10.42) *(10.86) (10.91)
Ty 267 333 4.00 6.00 6.00 7.00 7.67 10.00 1133 11.67 11.67 12.33
(1.64) (1.93) (2.06) (250) (2.50) 2.72) (2.85) (3.22) (3.44) (3.49) (3.49) (3.58)
T3 2.00 7.67 9.00 10.00 1267 13.00 13.33 15.00 1733 18.33 19.67 20.00
(1.52) (2.82) (3.01) (3.21) (3.55) (3.59) (3.63) (3.90) (4.18) (4.29) (4.44) (4.48)
Ty 0.33 0..67 0.67 1.99 2.67 3.67 3.67 5.00 5.00 6.00 6.00 6.00
' (0.88) (1.05) (1.05) (1.46) (1.57) (1.87) (1.87) (2.29) (2.29) (2.46) (2.46) (2.46)
Ts 8.67 1467 16.67 20.67 2467 2533 2567 35.00 43.67 46.33 4967 50.00
(3.02) (3.89) (4.149) (459 (5.01) (5.07) (5.07) (5.96) (6.64) (6.85) (7.08) (7.10)
Ts 1.00 3.00 3.00 3.00 4.67 5.00 5.00 6.67 9.00 9.67 11.00 11.00
(1.17) Q.79 (1.79 (1.79) (1.86) (2.29) (2.29) (2.57) (2.89) (3.07) (3.26) (3.26)
T7 1.67 267 6.33 9.00 10.00 10.67 11.33 13.67 22.00 2500 2567 2567
(1.25) (1.56) (2.42) (2.96) (3. 18) (3.19) (3.38) (3.70) (4.66) (4.94) (5.02) (5.02)
CD 1.1763 1.3304 1.3778 1.0913 2.1659 1.8221 2.2091 1.2041 1.6523 1.8474 1.8021 1.5226
Figures in paranthesis indicate transformed Vx+0.5 mean
T, - Pineapple-pheromone trap; T2- Pineapple waste alone; Ts- Coconut fronds-pheromone trap; T,- Coconut fronds alone;

Ts - Toddy-pheromone trap: T~ Toddy alone; T;- Pheromone alone-control

%%



Table 11. Influence of UV light on weevil catch in the pineapple ferrolure trap

Pineapple-pheromone trap Pineapple-pheromone UV light trap
Weeks Male Female Total Weeks Male Female Total
R. ferrugineus  R. ferrugineus weevils R. ferrugineus R. ferrugineus  weevils
st o o 2 1st 0 0 0
2nd 6 ‘ 1 7 2nd 1 1 2
3rd 0 6 6 3rd 6 ' 6 12
4th 0 1 1 4th 8 6 14
Sth 0 4 4 sk 21 8 29
Total : 7 13 20 Total 36 21 57

(A%
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When UV was supplemented as an additional source of attraction to
increase the efficiency of pheromone-pineapple, there was an additive effect. A
total number of 57 weevils were trapped for the.five weeks period which 1s 2.85
times greater than the pheromone-pineapple alone. A total number of 36 males and
21 females were trapped which is greater than the corresponding treatments without

UV, which recorded seven males and 13 females for five weeks period.

451 Determination of efficiency of relative heights of the pheromone exposure
in the coconut garden ' ’

-The results of the experiment presented in Table 12, showed that the
maximum number of mean weekly catch was observed when the pheromone traps
were exposed at one and two meter heights. The traps exposed at three, four and
five meter recorded lower catches ranging from 3.5 to four weevils which were not
significantly different among them at different heights. The catches obtained at
lower heights viz. one and two meter heights with weekly catch ranging from 10-13
weevils were significantly higher than the catches at further heights above three

meter.

There was a similar response with respect to both the male and female
weevils also with hiéher counts at lower heighté as compared to the response at
. higher heights. The maximum male count of 4.5 and maximum female count of 8.5
were recorded from the trap exposed at one meter height followed by four males

and six females recorded at two meter height.

452 Behavioural/antennal response of red palm weevils under direct response
of the pheromone

It was observed from the experimentation that both the male and female
weevils responded to the pheromonal signals after 20 minutes of exposure under

observation after switching on the pedestal fan in the corridor test. After 30



Table 12. Effect of different exposure heights on R. ferrugineus catches m the
pineapple - ferolure trap (no./week/trap)

Weeks/meter Male Female Total weevil
R. ferrugineus R. ferrugineus catch
weekly total weekly total
1 9 ' 17 26
(4.5) (8.5) (13)
2 8 12 : 20
4) (6) (10)
3 3 4 7
(1.5) 2 - (3.5)
4 5 2 7
(2.5) ¢)) (3.5)
5 4 4 8
) ) 4

Figures in paranthesis indicate mean value



Behavioural response of Ferrolure to R. ferrugineus
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minutes, the weevils kept at distances of five meter and 10 m were showing alert
movements within the petriplate while the weevils kept at 15, 20, 25, 30, 35, 40, 45,

50, 55, 60 and 65 m marks were showing random movement onlyfiq- 3).

The weevils showing the alertness at five meter and 10 m marks were
closely watched and it was found that the weevils moved at random initially and
then orientated their position with the head and snout pointing to the pheromonal
source rubbing the snout on the side of the petriplate. Later they raised their snout
. and the antennae started vibrating with swinging movements to left and right,

|

When sensitised weevils from the petriplates were released free and
allowed to crawl on the corridoor floor, it was observed that the males moved at
double the pace than the pace’of female. They crawled towards the pheromone
source and took to flight when they were at one meter distance from the pheromone

source.
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DISCUSSION
5.1 Survey of the red palm weevil in Thrissur district

Result on the survey was presented in chapter 4.1 and Table 1. It revealed
that upland and coastal land recorded five per cent and 5.3 per cent infestations
respectively and midland recorded highest damage of 7.6 per cent. From the survey
it was determined that the average RPW infestation level was six per cent
irrespective of the land regions and agé of the palms. Lowest incidence and the
higheét incidence w;ere found to be three per cent and 12 per cent in Thrissur district
with a mean count of six per cent. The percentage of infestation was in agreement
with the earlier reports of Ganapathy ef al. (1992) v'vho reported that the extent of
damage by R. ferrugineus ranged from six to 34 per cent in Coimbatore, Tamil
Nadu, India.

The percentage of attack was more in mid lands which is not in
agreement with the reports by Shantappa ef al. (1979) who found that
R. ferrugineus is more severe in coastal areas of Kerala and Karnataka than in mid

land and high ranges.

There 1s a progressive trend of RPW infestation along with the age of the
palms. This trend is against reports that the weevil infestation was higher in palms
belonging to the age groups of seven to 10 years (Nair, 1978). It may be that the
infestation in older palms were ﬁot being properly detected and effective remedial
measures taken in Kerala because of the peculiar shortage of skilled climbers and
increased cost of labour which prevent the farmers from adopting timely measures
as in earlier times. At the same time younger palms which recorded the lowest
infestation rate of 3.33 per cent irrespective of the land regions showed that the
damage on these palms were properly detected and taken care of The damage on
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the younger groups of palns are almost at the same level m all the regions. Among
all the age groups 'of the palms, maximum damage was recorded in the mid land
region as this region is mainly consisting of paddy, banana and other field crops
which consume the maximum labour and hence the poor attention on the plant

protection side of the palms leading to higher mcidence of RPW damage.

51.1- Determination of the relative efficiency of pheromone traps and various
food attractants

The result presented in chapter 4.1.1 and Fig4 revealed that pheromone
along with the pineapple fruit was found to be more efficient than any other food or
ovipositional source. The maximum weevil catch was recorded on fourth day of
pineapple-pheromone exposure, which showed that putrification of pineapple is
mversely proportional to the total number of weevils caught. The reduction of
weevil catch is due to the rotting of pineapple. This showed that the food attractant
pineapple have to be changed on fourth day. In the case of toddy maximum catch
was observed on third day and there after showed decrease in the total weevils
trapped which indicated that the maximum fermented odour was for upto third day
and there after it ceases. Pineapple as a food attractant trapped 2.5 more weevils as
compared to toddy. It also revealed that more males were caught in pineapple trap
than the toddy trap which indicated that after perceiving a suitable food attractant
males will release aggregation pheromones and for this odour more ‘male and
females will be trapped. This is also reported by Sanchez ef al. (1996) that the
secretion of aggregation pheromone starts approximately 10 minutes after the insect

detects ethyl acetate and secretion continues for several hours.

Pineapple 1s more attractive since it contains ethyl acetate and ethyl
propionate in the syncarp. Food attractant pineapple has only four days of active

attraction after which the attraction is lost, either because it dehydrated or in many
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cases got deéayed giving out foul odour, which might have repelled the weevils by
the presence of noxious gases. The more number of males attracted to traps showed
that the pineapple along with the pheromone is more a male aggregation type than
the females. This trend was reported by many workers (Hallet ef al, 1993a, b,
Moura ef al., 1997, Ochlschlager ef al., 1992, 1993, Perez et al., 1994a, b, Falerio
et al., 1998) as a typical male aggregation pheromone.

On comparison it was found that pineapple was more attractive to the
weevils than that of-toddy Bogh in terms of number of weevils attracted as well as
period of efficacy by one day. However,it was found that females were more
attracted to toddy than males which might be due to the preference of female
weevils to a substrate which satisfy the requirements of food and oviposition as cued
by natural substances like toddy indicating the presence of the substrate coconut
based material as a natural base. This might be the reason that the coconut stumps
and coconut wood locked traps gave better attraction when soaked with fermenting
toddy which served both as food and oviposition attractant. Therefore it can be
infe;red that both pineapple and toddy mud could be used as an effective attractant

eventhough pineapple performs better with longer efficacy.

512 Influence of sex factor on trap efficiency

513 Total male and female catch for three month period

Total male and female catch for three months peried is presented in
chapter 4.2.1 and 4.2.2 of results respectively. From this result it can be inferred that
pineapple with pheromone attracted more male weevils as compared to pheromone
with toddy. It shows that the ethyl acetate content in the pineapple is more attractive
to males. Whereas it is less attractive to females than males. But toddy has got the

same attraction power to both male and females.
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In all th-e treatments except toddy, more males are trapped with higher
male:female. ratio or rather low female:male ratio (Fig.5). The male:female ratio is
almost 1:1 in the case of fermenting toddy with pheromone trap which corroborates
with earlier observation of more attraction of female to an attractant viz., the
fermenting toddy which brings out the cues of both a food source and an
ovipositional site. The generdl trend as indicated the male:female ratio of more than
one m all the treatments shows that the pheromone is more a male aggregation

pheromone and secreted by the males as reported by Hallet ef al. (1993).

5.2 Influence of weather elements on trap efficiency and population
dynamics of red palm weevil

The weather data for the experimentation period is presented in Fig.6.

During the period under observation (26-2-98 to 20-5-98) there was not
much marked fluctuation in the weather elements viz., the maximum temperature,
minimum temperature and RH. However, wind speed, sunshine hours and
precipitation were showing a little variation but were not found to be influential in
affecting the weevil catch in traps towards the end of the experimental observation
period. However, low sunshine hours due to overcast skies followed by the
precipitation, which coincided with ninth, tenth and 11th weeks resulted in steady
catches of the weevil positively because of the retention of the freshness of the food
attractant due to low drying of food material. The experiment could not be
conducted further in the rainy season because of the expiry of the pheromonal
efficiency. Efficacy and attractive power of the pheromones decreases along with
the increasing expiry period but however efficacy is still maintained by tﬁe weather
conditions with decrease in sunshine hours but with increasing precipitation from
eighth week onwards. The speed of volatilization of pheromone with low

temperature and high humidity might have maintained the trapping efficiency.
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52.1 Influence of lunar phases

As in the light trap catches it was found that there was an influence upen
the weevil catches in the pheromone traps by the lunar phase. The presence of the
lunar light during night was found to reduce the number of catches in the traps
especially with pheromone alone, pineapple-pheromone and toddy-pheromone. This
phenomenon might be due to distracted orientation in the presence of nocturnal
light. The darkness during the no moon days gave appropriate orientation to the

pheromonal signals resulting i more catches.
5.3 Total male catch for three months period at weekly intervals

From the results which is presented in chapter 4.3.2 and graphically in
Fig 1, it is clear that pineapple-pheromone attracted more male weevils. The second
best treatment was found to be toddy-pheromone which recorded bétter efficiency of
the weevil with 4.33 and five mean weevils per week respectively. This was
because toddy mud lost its attractiveness on successive days due to fermentation. It
was only when fresh toddy was added that attractiveness for males increased.
Increased count of yeast in such toddy make the fermentation of the fresh toddy

much faster, facilitating increased attraction.

When compared to pineapple and toddy, coconut frond was not showing
any consistent attraction of the weevils. Therefore frond pieces are not found to be
suitable as a food attractant for the weevil because of the faster dehydration and no

changes due to fermentation.
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53.1 Total female catch for three months period at weekly mtervals

From the results depicted in chaper 4.3.3 and graphs represented in Fig.8
it was clear that males were more attracted towards the toddy-pheromone for the
first two weeks whereas from third week onwards pineapple-pheromone was found

to be the best.

Comparing the total male catch and total female catch for the three
months period, it could be observed that the male weevils are attracted more.
towards a food source like pineapple while the female weevils prefer to go for a
source which serve both as a food as well as a site for oviposition cued by an

attractant like toddy.
5.4 Gravidity of females caught in traps

The result revealed that the pheromone + food substance is more capable
of attracting gravid females than the food attractant alone. Between the food
substances, pineapple in both cases of exposure gave higher count of gravid
females. Pheromone alone is more efficient than the food atiractants alone in order

to attract sexually mature females about to mate and oviposit.
54.1 Cumulative count of the total weevils caught in traps at weekly intervals

Cumulative count of the total weevils caught in traps at weekly intervals
1s graphically presented in Fig®. Comparison of the treatments with pheromones
along with the attractants showed that for the first two weeks there was no
significant attraction among all the treatments. Therefore it could be inferred that the
response to the pheromone and attractants was expressed from third week of

exposure only and from third week onwards there is a steady increase in the catch in
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all the pheromone traps. But the treatment pineapple-pheromone as a food attractant
surpassed all others in giving higher catches and maintaining the trap efficiency
upto 11th week and there after no catch was obtained so that pheromone was found
to be performing its attractiveness upto 12 weeks. The same trend was shown by the
- second best attractant toddy-pheromone also but was only less than half efficient to
that of pineapple-pheromone. Eventhough the catch efficiency was less than half to
that of pineapple, here again the pheromone efficiency was retained upto 12 weeks.
The persistence of the pheromone could also be observed without any attractants till
12th week but the efficiency of the weevil catch was very low. The total weevil
catch in the traps with various food attractants showed that there is some attraction
to the food sources but this was not of significance as compared to the catch

obtained in traps fortified with pheromone.

5.5 Determination of the supplementary attraction of the pheromone
traps with UV light traps

The result presented in chapter 4.5 revealed that there was added
advantage when UV light is kept along with pineapple-pheromone trap. There was
a marked increase in the total number of weevils caught and it is also seen that
males were more attracted to UV than the females.

UV 1influenced the catch by 2.85 times than that of the trap without it. The
results prove that UV has got an added advantage and therefore UV could be used
" to trap the weevils in higher infestation zones along with the pheromone and the

preferred food attractant pineapple.
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5.5.1 Determination of efficiency of relative heights of the pheromone exposure
in the coconut garden

. The results revealed the maximum response of the weevil catch at lower
height viz., between one and two meter above the ground level which again prdved
that RPW adults are weak fliers with maximum flight range of one to two meter.
El-Garhy (1996), also reported the same response of the flight range at one to three
meter above the ground level. And therefore,the traps should be sett at an“avera’ge
height of 1.5 m above ground level to have maximum trapping eﬁicienc&. Asitis an

aggregation pheromone both males and females are attracted.
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SUMMARY

The red palm weevil is the most fatal pést of coconut leading to the
permanent debility or death of the palms. Most of the available methods are curative
in nature wherein early and timely detection and adoption of measures can only save
the palms. Detection at the later stages of the weevil attack cannot save the palms.
Therefore, it has become imperative to develop alternative and cost effective
trapping devices and techniques to monitor and bring down the population to
prevent higher mortalities of the palms. Synthetic pheromone has been developed
for attracting the red palm weevil (Hallet ef al., 1993a). Suitable pheromone
dispensation techniques and trapping devices are yet to be evolved. At present the
most widely used pheromone lure in palm weevil management is [errolure
manufactured and supplied by Chem Tica Naturals, Costa Rica (Falerio et al.,
1998).

This pheromone is evaluated along with suitable trapping techniques and

food attractants under the peculiar conditions existing in Kerala. In this context a

study was conducted with the specific oﬁj ectives such as

1. Survey of the red palm weevil infestation in Thrissur district,

2. Design of a suitable trapping device for testing the efficiency of the
pheromone,

3.  Determination of the efficiency of the pheromone in combination with various
food attractants,

4. Determination of the supplementary attraction of pherombne traps with UV
hight traps,

5. .Determination of efficiency of relative heights of the pheromone exposure in
the cocomut garden, ‘

6. Behavioural response of red palm weevil to the pheromonal communication.
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A preliminary survey conducted representing three geographical areas in
the Thrissur district revealed that on an average six per cent of palms were
destroyed in the district irrespective of the regional distribution, age of the palms
and management practices. It was also found from the survey that the older palms
above 30 years of age were having the maximum damage, probably because of the
peculiar socio-economic problems of Kerala while the younger palms, even though

they are susceptible to red palm weevil attack, were found to be better protected.

A suitable, reliable and cost effective bucket trap was developed and
fabricated ensuring the maximum retention of the trapped weevils with one way
entry. Pheromonal efficiency and trapping along with different food attractant was
evaluated to find out that pineapple waste cheaply available throught :: Kerala gave

the maximum performance in the weevil catch.

The pheromone along with food attractant m the bucket trap when
exposed at one to two meter height above the ground level in the coconut plantation
gave the maximum weevil catch. This could be easily installed in the plantation

with mimimum cost and labour on the palm trunk itself.

The pheromone efficiency was found to be expressed from the third week
after mstallation and was found to be retaining its efficacy for 10 weeks and
thereafter efficacy stopped completely by the 12th week. The maximum efficiency
of trapping was observed during nine weeks of exposure with pheromone and food

aftractant.

Expeniments revealed that the food attractant once exposed should be

changed once in four days to maintain the pheromonal efficiency.
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Comparison of the various food attractants showed that toddy can also be
substituted for pineapple waste but with lesser efficiency. Coconut frond pieces
cannot be used as an effective attractant material as it is very poor in its
attractiveness. The pheromone alone when exposed is not very attractive unless it is

fortified provisioned with preferred food source.

Both male and female weevils are attracted to the pheromone trap with a
preponderance male weevils proving that ferrolure is predominantly -a male

aggregation pheromone.

The attracted females were found to be gravid ones as evidenced by their
oviposition under captivity. Thus, mated females with gravid eggs could be attracted
to the pheromone and mass destroyed, proving the use of the traps in reducing the

weevil attack.

The preliminary studies to improve the efficiency of pheromone trapping
showed that in the presence of UV light source, 2.85 times more catch of weevils
were obtained than that of the bucket trap with pheromone and food matenal alone.
Hence the UV light has an additive effect to improve the weevil catch in the

pheromone trap.

The direct olfactory response of the weevil to the pheromonal signals
under the simulated wind tunnel test when observed by the behavioural response of
antennal vibration, flexing of the snout and directional mobility of the weevils
proved that the effective range of attraction is five meter and that too were evinced
by the male weevils. The weevils were found to be responding to the pheromonal
signals showing a random movement at a distance of 10 m away from the source. It
was found that the pheromones took 20 minutes time to evince a positive taxis in the

males where as it took 30 minutes for the females.
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In conclusion the experimental observation proves the overall efficacy of
the ferrolure with pineapple as a food attractant coupled with the bucket trapping
device. Exposure at one to two meter above the ground level installed in the
plantation gives good performance in trapping the male and female adult weevils for
an effective period of nine to 10 weeks. A good number of weevils could be trapped
which will probably reduce the damage of this weevil below the existing six per
cent of damage. Food substance should be changed periodically at an interval of
four days to retain the efficiency.



Peferences




REFERENCES

Abraham, V.A. 1971. Note on an effective method of preventing entry by red-
weevil, Rhynchophorus ferrugineus F. (Curculionidae:Coleoptera), in to the
stem of coconut palm through cut petioles. Indian J. agric. Sci. 41(2):1130-
1131

Abraham, V.A., Kurian, C., Nayar, N.M. 1973. Chelisoches morist F.
(Forficulidae:Demaptera), a predator on eggs and early instar grubs of the
red palm weevil Rhynchophorus ferrugineus (Curculionidae:Coleoptera). J.
Pln. Crops 1:147-152

Abraham, V. A, Abdullakoya, K.M. and Kurian, C. 1975. Evaluation of seven
insecticides for control of red palm weevil Rhynchophorus ferrugineus Fabr.
J. Pln. Crops 3:71-72

Abraham, V.A., Abdullakoya, K.M. and Kunan, C. 1989. Integrated management
of red palm weevil (Rhynchophorus ferrugineus F.) in coconut gardens. J.
Pin. Crops 16:159-162

Anonymous. 1891. The Indian Musium Notes. Govt. press, Calcuttta pp.321

Anonymous. 1988. Amnual Report 1987. Central Plantation Crops Research
Institute, Kasaragod. 71:128-132

Anonymous. 1990. Annual Report 1989-1990. Central Plantation Crops Research
Institute, Kasaragod. 73:94-110

Anonymous. 1992, Distribution Maps of Pests Nos.37, 84, 183, 258, 478, 479, 480
and 534. CAB International, Wallingford, U.K.

Ayyar, T.V.R. 1940. Handbook of Economic Entomology for South India. Govt.
Press, Madras, pp.528



Banerjee, A. and Dangar, T.K. 1995. Pseudomonas aeruginosa, a facultative
pathogen of red palm weevil, Riynchophorus ferrugineus. World Journal of
Microbiology and Biotechnology 11:618-620

Blair, G. 1970a. Studies on redring diseases of the coconut palm. Qleagineux 25:19-
22

Blair, G. 1970b. Studies on redring disease of the coconut palm. Oleagineux 25:79-
83

Blanchard, E.E. 1937. New or little known argentine Diptera. Rev. Soc. ent. argent.
Buenos Aires 9:35-38

Child, R. 1974. Cocomuts. 2nd ed. Longman, London, pp.335

Chunchilla, C.M. 1988. The redring little leaf synchrome i oil palm and coconut.
Tec. Opo-CB 2(4):113-136 and Agricultural Services Development, Tech.
Bull. 1, 1991, Apdo. 30-1000, San Jose, Costa Rica.

Chinchilla, C.M., Menjivar, R. and Aras, E. 1990. Picudo de la palmay
enfermended del anillo rojo/hoja pequina en una plantacion commercial en
Honduras. Turriaba, 40:471-477

Chinchilla, C. and Ochischlager, C. 1993. Traps to catch adults of Rhynchophorus
palmarum using aggregation pheromone produced by the male. Manejo
Integrado deplagas 29:28-35

Cobb, N.A. 1922. A note on the coconut nematode of Panama. .J. Parasitol. 9:44-45
Copeland, E.B. 1931. The Coconut. Macmillan and Co. Ltd., London, p.68-113

Cox, M.L. 1993. Red palm weevil, Rhynchophorus ferrugineus in Egypt. FAO PL
- Prot. Bull. 41(1):30-31



iti

Ekanayake, U.M. 1970. Report of the crop protection officer 1969. In Ann. Report.
CRI. Ceylon Cocon. 21:56-59 ~

El-Ezaby, F.A. 1997. Injection as a method to control the Indian date palm weevil
Rhynchophorus ferrugineus. Arab. J. Pl Prot. 15(1):31-38

El-Garhy, M.E. 1996. Field evaluation of the aggregation pheromone of the red
palm weevil,  Rhynchophorus ferrugineus, in Egypt. Brnghton Crop
Protection Conference: Pests and Diseases 1996. Volume 3: FProc. of Int.
Conf., Brighton, U.X. 18-21 November 1996, p.1059-1064

Falerio, J.R., Abraham, V.A. and Al-Shuaibi, M.A. 1998." Role of pheromone -
trapping in the management of red palm weevil. Jndian Cocon. J.291-3

Ganapathy, T., Rajamanickam, K., Raveendran, T.S., Lourduraj, A.C. and
Kennedy, F.J.S. 1992. Status of coconut cultivation in Pollachi tract. IL
Prevalence of pests and diseases. Indian Cocon. J. 23(3):4-6

Gibblin-Davis, R M., Weissling, T.J., Oehlschlager, A.C. and Gonzales, L.M. 1994.
Field response of Rhynchophorus cruentatus (Coleoptera:Curculionidae) to

its aggregation pheromone and fermenting plant volatiles. /. Lnfomologist
77(1):164-177

Gopinadhan, P.B., Mohandas, N. and Nair, K.P.V. 1990. Cytoplasmic polyhedrosis
virus infecting red palm weevil of coconut. Curr. Sci. 59(11):577-580

Gries, G., Gries, R., Perez, A L., Ochlschlager, A.C., Gonalez, L. M., Pierce, HD.,
Kouda, M., Zebeyou, M. and Nanou, N. 1993. Aggregation pheromone of
the African palm weevil Riynchophorus phoenicis F. Naturwissenschaften
80:90-91

Gnffith, R. 1967. Progress on the entomological aspects of redring disease of
coconuts. J. Agric. Soc. Trin. Tob. 67:209-218



v

Griffith, R. 1968. The mechanism of transmission of the redring nematode. J. Agiic.
’ Soc. Trin. Tob. 68:437-457

Griffith, R. 1987. Redring disease of coconut palm. PL Dis. 71:193-196

Gunawardena, N.E. 1994. Terpenes as potential semiochemicals for the coconut
pest; Rhynchophorus  ferrugineus  (Coleoptera:Curculionidae): an
electroantennogram assay. J. Natn. Sci. Council of S¥i Lanka 22:35-42

Gunawardena and Bandarage, U.K. 1995. 4 methyl-5-nonanol (ferrugineol) as a
aggregation pheromone of the coconut pest, Riyrchophorus ferrugineus F.
(Coleoptera: Curculionidae): Synthesis and use in a preliminary field assay. J.
Natn. Sci. Council of Sri Lanka 23:71-79

Gunawardena, N.E. and Kern, F. 1994. Electroantennogram response of the
coconut pest, Rhynchophorus ferrugineus (Coleoptera:Curculionidae) to
alcohols. J. Natn. Sci. Council of Sri Lanka 22:25-33

Hagley, E.A.C. 1963. The role of the palm weevil Rhynchophorus palmarum, as a
vector of redring disease of coconuts. I. Results of preliminary investigations.
J. Econ. Entomol 56:375-380

Hallett, R.H., Gries, G., Gres, R., Borden, J.H., Czyzewska, E., Oehlschlager,
A.C, Pierce, HD., Angenlli, ND.P. and Rauf, A. 1993a. Aggregation
pheromones of two Asian palm weevils, Rhynchophorus ferrugineus (Oliv)
and R. vulneratus (Panz.). Naturwissenschafien 80:84-88

Hallet, R.H., Oehlschlager, A.C., Gries, G., Angerilli, N.D P., Alsharequi, RK,,
Gassouma, M.S. and Borden, JH. 1993b. Field activity of aggregation
pheromone of two Asian palm weevils. Proc. Int. Conf. on Oilpalm
(PORIM), Kula Lampur, Malaysia, September 1993

Jaffe, K., Sanchez, P., Cerda, H., Hemandez, J.V., Jaffe, R., Urdaneta, N., Guerra,
G., Martinez, R. and Miras, B. 1993. Chemical ecology of the palm weevil
Rhynchophorus palmarum (L.) (Coleoptera:Curculionidae): attraction to

host plants and to a male-produced aggregation pheroméne. J. chem. Ecol.
8:1703-1720



Kalshoven, L.G E. 1962. Pests of Crops in Indonesia. P.T. Ichtiar Baru-Van Hoeve,
Jakarta. Revised and translated by P.A. Vander Lann, pp.701

Kloft, W.J., Koemer, J. and Wolfram, E. 1986. Studies on the use of radio isotopes
for the control of red palm weevil, R. ferrugineus F. by the stenle msect
technique. Cocos. 4:19-22

Karlson, P. and Butenandt, A. 1959. Pheromones (ectohormones) in insects. Ann.
Rev. Entomol. 4:39-58

Lefroy, HM. 1906. The more important insects injurious to Indian Agnculture.
Govt. Press, Culcutta, pp.308

Lever, RJ.AW. 1969. Pests of the Coconut Palm. FAO Agricultural Studies
No.77, Food and Agriculture Organization of the United Nations, Rome,
pp.190

Mabharaj, S. 1965. A new design for collecting the palm weevil Rhynchophorus
palmarum L. Trop. Agric. Trin. 42:3737

Maharg), S. 1973. A new design of trap for collecting the palm weevil
Rhynchophorus palmarum (L.). Ceylon Cocon. Plrs. Rev. T(1):5-7

Martyn, E.B. 1953. Redring disease of coconuts in Trinidad and Tobago. Trop.
Agric. (Trinidad) 30:(2)43-53

Mathen, K. and Kurian,C. 1962. Comparative efficacy of different insecticides on
Rhynchophorus ferrugineus F. In Proc. Ist Conf. Cocon. Res. Workers in
India 1959. Indian Central Coconut Commuttee, Ernakulam, pp.464

Mathen, K. and Kurian, C. 1973. Sevin control red palm weevil at low cost. Cocon.
Bull. 1:7-8 '



vi

Mazumder, N. 1995. Reaction of coconut cultivars and hybrids to the incidence of
different pests and diseases. Hort. J. 8:147-149

Morales, J.L. and Chinchilla, C.M. 1990. Estudios poblacionates en Riyynchophorus
palmarum L. Y Su relacion con la enfermendad de anillo rojo/hojo pequena
en palma aceitera en Costa Rica. Turriaba. 40(4):478-485

Monn, J.P., Lucchim, F., de Araiyo, J.C.A,, Ferreira, J M.S. and Fraga, L.S. 1986.
Rhynchophorus ¢ontrol using traps made from o1l palm cubes. Qleagineux
41:57-62 ‘

Morin, J.P., Lagatti, P., Rochat, D., Descoins, C. and Mariau, D. 1997. The
pheromones of insect pests affecting palms. Research under way and
prospects. Plantations Recharche Development 4:91-103

Moura, JIL., Sgnllo, R., Viela, EF., Agular, M.A.G. and Resemde, MLV,
1989. A behavioural olfactory study of Rhynchophorus palmarum (L.)
(Coleoptera:Curculionidae) in the field. Anais da Sociedade-Entomologica
do-Brasil 18:267-273

Moura, J.LL., Resende, M.L.V., Sgrillo, R.B., Nascimento, L.A., Romans, R. and
De-Rsende, M.L.V. 1990. Different kinds of traps and baits for the control of
Rhynchophorus palmarum (L.) (Coleoptera:Curculionidae). Agrofropica
2:165-169

Moura, J.IL., Resende, M.L.B., Vilela, EF. and De-Resende, M.L.B. 1995.
Integrated pest management of Rhyachophorus palmarum (L)
(Coleoptera:Curculionidae) in oil palm i Bahia. Anais-da-Sociedade-
Lntomologica-do-Brasil 24:501-506

Moura, JIL., Bento, JM.S., Souza, J, Vilela, EF. and De-Souza, J. 1997.
Trapping of Rhynchophorus palmarum (L.) using trap plants treated with
aggregation pheromone and insecticide. Anais-da-Sociedade-Lntomologica-

- do-Brasil 26:659-73



vii

Muthuraman, M. 1984. Trunk injection of undiluted insecticides - a method to
control coconut red palm weevil, Rhynchophorus ferruginens Fab. Indian
Cocon. J. 15:12-14 ”

Nadarajan, L., Mariau; D., Duaho, A. and De Tiffin, G. 1996. Studies on trapping
of palm weevil, Rhynchophorus phaenicis F. (Coleoptera:Curculionidae). J.
Pin. Crops 24:334-338

Nagnan, P., Cain, AH. and Rochat, D. 1992. Extraction and identification of
volatile compounds of fermented oil palm sap (palm wine), candidate
attractants for the palm weevil. Oleagineux 47:135-142

Natr, M.R.G.K: 1978. A Monograph on Crop Pests of Kerala and its Control.
Kerala agric. Univ., Trichur, 1978. pp.189

Nair, C.P.R., Daniel, M. and Ponnamma, K.N. 1997. Integrated Pest Management
in Palms. Eds. Nambiar, KX.N. and Nair, M.K. Cocon. Dev. Bd., Kochi,
India, pp.30

Nair, C.P.R., Sathiamma, B., Mohan, C. and Gopal, M. 1998. Newer approaches in
the mtegrated pest management in coconut. Jndian Cocon. J.

Nirula, K.X., Antony, J. and Menon, K.P.V. 1953, The red palm weevil and its
control. Proc. 40th Session Indian Sci. Congr. p.147-148

Ochlschlager, A.C. 1995. Rhynchophorus ferrugineus as a pest of date palm in the
Middle East. Current and future strategies for management of weevil
populations (Based on experiences in Central America on R. palmarum).
Paper presented in the “Expert Consultation on date palm pest problems and
their control in the near East” Organised by FAO Regional Office for the
near East, Caiero, Egypt. 22-26 April, 1995. A/ Ain, 1-29

Oehlschlager, A.C., Pierce, H.D., Morgan, B., Wimalaratne, P.D.C., Slessor, K.N.,
King, G.G.S., Gries, G., Borden, J.H,, Jiron, L F., Chinchilla, CM. and
‘Mexzon, R. 1992. Chirality and field testing of Rhynchophorol, the
aggregation-pheromone of the Amencan palm-weevil. Naturwissenschafien,
79:134-135



viii

Ochlschlager, A.C., Perez, A L., Pierce, H.D., Gonzalez, L.M., Prior, R.N.B., Lanp,
S., Gries, R. and Giries, G. 1993. Aggregation pheromone of the Asian palm
weevil, Rhynchophorus bilineatus (Montr.). Naturwissenschafien, 80:160-
166

Oehlschlager, A.C., Mc-Douald, R.S., Chinchilla, C M. and Patschke, S.N. 1995a.
Influence of a pheromone-based mass-trapping system on the distribution of
Rhynchophorus palmarum (Coleoptera:Curculionidae) in oil palm. Environ.
Entomol. 24:1005-1012

Oehlschlager, A.C., Prior, RN.B., Perez, A L., Gries, R., Gries, G., Pierce, H.D.
and Laup, S. 1995b. Structure, chirality and field testing of a male produced
aggregation pheromone of Asian palm weevil Rhynchophorus bilineatus
(Montr.) Coleoptera:Curculionidae. J. chem. Ecol. 21:1619-1629

Perez, AL., Gnies, G., Gries, R., Gonzales, L.M. and Oehlschlager, A.C. 1994a.
Chirality and field testing of the aggregation pheromone of the African palm
weevil. J. chem. Ecol., 20:1034-1038

Perez, AL., Gmes, G., Gnies, R, Gonzales, L.M., Gibblin-Davis, R. and
Oehlschlager, A.C. 1994b. Chirality and field testing of the aggregation
pheromone of the sabal palm weevil. J. chem. Ecol., 20:1026-1027

Perez, A L., Gries, G., Gnies, R., Gonzales, L. M., Prior, R., Laup, S., Hallet, R,
Borden, J.H. and Oehlschlager, A.C. 1994c¢. Chirality and field testing of the

aggregation pheromone of Asian palm weevils. J. chem. Ecol., 20:1000-
1003

Peter, C. 1989. A note on the mites associated with the red palm weevil,
Rhynchophorus ferrugineus Oliv. in Tamil Nadu. J. Insect Sci. 2:160-161

Posada, F.F.J. and Aaron, D.E. 1991. Population fluctuations and evaluation of baits
for the capture of Rhynchophorus palmarum (Coleoptera:Curculionidae) in
African palm. Revista Colombiana de Entomologia 17:38-43



ix

Prior, C. and Arura, M. 1985. The infectivity of Metarhizium anisopliae to two
mnsect pests of coconuts. J. Inv. Path. 45:187-194

Rahalkar,, G.W., Harwalkar, M.R., Rananavare, H.D., Shantaram, K., Ayengar,
AR.G. and Nair, N.M. 1973. Laboratory studies on radiation sterilization of
the red palm weevil (Rhynchophorus ferrugineus Oliv.) males. J. Pln. Crops
1:141-145

Rahalkar, G.W., Harwalkar, M.R. and Rananavare, H.D. 1975. Laboratory studies
on sterilization of the male red palm weevil, Rhynchophorus ferrugineus
Oliv.. Proc. Symp. on the sterility principle for insect control jointly
organized by the IAEA and the FAQ of the United Nations Innsbruch 22-26
July 1974, p.63-68

Rajamanickam, K., Kennedy, J.S. and Christopher, A. 1995. Certain components of
integrated management for red palm weevil, Rhynchophorus ferrugineus F.
(Curculionidae:Coleoptera) on coconut.  Mededelingen-faculteit-
Landboucokundige-en-Toegepaste-Biologische-Wetenschappen,
Universiteit-Gent. 60:803-805

Rajan, P. and Nair, C.P.R. 1997. Red palm weevil - the tissue borer of coconut
palm. Indian Cocon. J. 27:2-3

Ramachandran, C.P. 1991. Effect of gamma radiation on various stages of red palm
weevil, Rhynchophorus ferrugineus F. J. Nuclear. Agric. Biol. 20:218-221

Ramachandran, C.P. 1993. The red palm weevil Rhynchophorus ferrungineus F.: A
review and future strategies. Indian Cocon. J. 23104-106

Rao, P.V.S., Subramaniam, T.R. and Abraham, E.V. 1973. Control of the red palm
weev1l on coconut. J. Pln. Crops. 1:26-27

Rochat, D., Gonzalez, V.A., Mariau, D., Villanueva, G.A. and Zagatti, P. 1991a.
Evidence for male produced aggregation pheromone in American palm
weevil, Rhynchophorus palmarum (L.) (Coleoptera:Curculionidae). J. chem.
Ecol. 17(6):1221-1230



Rochat, D., Malosses, C., Lettere, M., Ducrol, P.H., Zagatti, P., Renou, M. and
Descoins, C. 1991b. Male produced aggregation pheromone of the American
palm weevil, Rhynchophorus palmarum (L.) (Coleoptera:Curculionidae):
Collection, identification, electrophysiological activity and laboratory
bioassay. J. chem. Ecol. 17:2127-2141

Sadakathulla, S. 1991. Management of red palm weevil, Rhynchophorus
ferrugineus F., in coconut plantations. Planter 67:415-419

Sadakathulla, S. and Ramachandran, T.K. 1992. Avoid light traps in coconut
garden. Indian Cocon. J. 23.5

Sanchez, P., Cerda, H., Cabrera, A., Caetano, F.H., Materan, M., Sanchez, F. and
Jaffe, K. 1996. Secretory mechanisms for the male produced aggregation
pheromone of the palm weevil, Rhynchophorus palmarum L.
(Coleoptera:Curculionidae). J. Insect. Physiol. 42:1113-1119

Schuling, M. and Van Dinther, JM.B. 1981. Redring disease in the Parlcatuba
oilpalm estate, Para, Brazil. Z. Angew, Ent. 91:154-169

Shantappa, P.B., Viswanath, B.A. and Sulladmath, V.V. 1979. Red palm weevil,
Rhynchophorus ferrugineus from the inland plantations of Karnataka. Curr.
Res. 8:32

Sivapragasam, A., Arikiah, A. and Renjith, C.A. 1990. The red stripe weevil,
Rhynchophorus schach Oliv. (Coleoptera:Curculionidae): an increasing
menace to coconut palms in Hilir Perak. Planter 66:113-123

Tidman, D.A. 1951. Agricultural and horticultural problems of Brazil. World Crops
3:341-344

Vestal, E. 1956. Control of coconut beetles and weevils in Thailand. FAQ Plant
Prot. Bull. 5:37-44



Vidyasagar, P.S.P.V. and Kesavabhat, S. 199]1. Pest management in coconut
gardens. J. Pin. Crops. 19(2):163-182

Wattanapongsiri, A. 1966. A revision of the genera Rhynchophorus and Dynamis
(Coleoptera:Curculionidae). Dept. Agric. Sci. Bull. (Bangkok) 1:1-328

Weissling, T.J., Gibblin-Davis, R.M., Scheffrahn, R.H. and Mendoza, N.M. 1992.
Trap capturing and retaining Rhyncophorus cruentatus adults using Sabal
palmetto as bait. FI. Entomologist 75(3):212-221

Weissling, T.J., Gibblin-Davis, R.M. and Scheffrahn, R.H. 1993. Laboratory and
field evidence for male produced aggregation pheromone in Rhynchophorus
cruentatus (F.) (Coleoptera:Curculionidae). J. chem. Ecol. 19(6):1195-1203

Wilson, M.E. 1962. Laboratory studies on the life history of the palm weevil. J.
agric. Soc. Trin. Tob. 62:73-79



TRAPPING OF RED PALM WEEVIL
Rbynchophorus ferrugineus F (Oliv.)
IN COCONUT GARDENS

By

B. RAMESHA

ABSTRACT OF A THESIS

Submitted in partial fulfilment of the
requirement for the degree of

Magter of Srcience in ariculture

Faculty of Agriculture
Kerala Agricultural University

DEPARTMENT OF AGRICULTURAL ENTOMOLOGY

COLLEGE OF HORTICULTURE
Vellanikkara, Thrissur-680Q 654

Kerala, India

1298



ABSTRACT

Experiments were undertaken in the Department of Agricultural
Entomology, College of Horticulture, Vellanikkara during 1997-1998 to evaluate
the efficacy of the male aggregation pheromone Ferrolure (4-Methyl-5 nonanol) in
mass trapping the redpalm weevil of coconut Rhiynchophorus ferrugineus F (Oliv.)

in the coconut plantations of Thrissur district.

A survey was conducted in Thrissur district in three regions representing
three geographical zones viz., coconut plantations in coastal zones, midland regions
and upland conditions with the respective red palm weevil damage incidence of
5.33 per cent, 7.66 per c_:ent and five per cent with an average incidence of six per

cent.

A convenient and suitable bucket trap was designed and fabricated for the
mass trapping of the adult weevils from the field and for further laboratory

experiments.

Out of the different food attractants tried pineapple waste and toddy gave
increased trapping efficiency of the weevils with the pheromone sachet. The food
attractants was necessarily to be renewed afresh once in three to four days interval
so as to keep the trap effective. At this rate of change of the food attractant a single
pheromone sachet was found to be actively performing to trap the weevils for a

period of 10-12 weeks.

The Ferrolure tried was found to be predominently a male aggregation

pheromone but with reasonable attraction to female weevils as well.
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The best exposure height of the pheromone trap was at a height range of

one to two meters from the ground level within the coconut plantations to offer

maximum trapping efficiency.’

An UV light source at night was found to supplement the weevil trapping

along with the pheromone trap giving 2.85 times more catch.

In conclusion the experimental observation proves the overall efficacy of
the ferrolure with pineapple as a food attractant coupled with the bucket trapping
device. If the traps are installed at one to two meter above the ground level in the
plantation, this gives good performance in trapping the male and female adult
weevils for an effective period of nine to 10 weeks. A large number of weevils
" could be trapped which will probably reduce the damage of this weevil below the
existing six per cent of damage. Food substance should be changed periodically at

an interval of four days to retain the efficiency.




