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Coconut, Cocos nucifera L. is a

major plantation crop in India with more

than 10 million people depending upon

it for their livelihood. The area under

coconut in India has steadily increased,

covering 1.91 million hectares during

1999, with an annual production of

nearly 15,000 million nuts, making it the

largest coconut producer in the world.

Coconut, the Kalpavriksha, is a

traditional crop known to exist in India

from post vedic period. India ranks first

in production among the 90 coconut

growing countries in the world. The

coconut crop is mostly confined to the

States of Kerala, Tamil Nadu, Andhra

Pradesh, Karnataka and Goa

accounting for 90 per cent of the area. It

is also traditionally grown in Andaman

and Nicobar and Lakshadweep islands.

Coconut cultivation is gaining

momentum in non-traditional areas such

as Maharashtra, West Bengal, Bihar and

Madhya Pradesh and the North-Eastern

States. It is essentially a small holder's

crop with more than 90 per cent of the

land holdings below one hectare with an

average of 0.22 ha. At the National level

as much as 48 per cent of coconut

produced is used as raw nuts for edible

and religious purposes, 10 per cent as

tender coconut, 30 per cent for

production of milling copra for oil

extraction, 8 per cent for the production

of edible copra and the remaining for

preparation of various coconut bye-

products. The export earnings from

coconut is mainly from coir and coir

products, accounting around Rs. 300/-

As in other coconut growing

States of peninsular India, in Goa too

the crop plays an important role in the

daily life of the people and is cultivated

in about 25, 000 hectares with an annual

production of 120 million nuts. Most of

the coconut gardens are mono-cropped

while some plantations are mixed with

other crops (spices, banana, tuber

crops, pineapple etc.). Toddy taping is

an important activity in Goa. Coconut

toddy serves as a raw material for

production of a local alcoholic beverage

called feni.

Red Palm Weevil (RPW)

Rhynchophorus ferrugineus Olivier

(Coleoptera: Rhynchophoridae), also

known as the Asian Palm Weevil, is one

of the most destructive pests of coconut



in South and Southeast Asia. In India,

about 12 per cent of young coconut

palms falling in the susceptible age

group of 5 to 20 years are attacked by

RPW. Considering the value of the crop,

the reported damage level is high,

specially due to the fact that attack by

RPW often results in the death of the

palm. In Goa the practice by the coconut

climber/ farmer to make steps by cutting

the trunk at about 1m interval for

facilitating climbing of palm opens

wounds on the trunk in which RPW lays

eggs. Since the mid nineteen eighties,

the pest has also caused severe

damage to date palm, Phoenix

dactylifera L. in several Middle Eastern

countries.

Being an internal tissue borer,

RPW is difficult to detect in palms in the

early stage of attack. If not detected and

reated with insecticide in time, infested
palms become weak, topple down and
die. Repeated infestation of RPW is
known to occur in and around heavily
infested gardens, especially where

severely infested palms are eradicated.
This has been attributed to the highly
aggregated spatial distribution pattern
of the pest. RPW infestation in coconut

is identified by the following symptoms
viz (i) presence of tunnels on the trunk
and base of leaf petiole (ii) gnawing

sound due to feeding by grubs (iii)
oozing out of thick brown fluid from the

tunnels (iv) appearance of chewed plant
tissues in and around opening of tunnels
with a typical fermented odour (v) fallen
empty pupal cases and dead adults

around a heavily infested palm and (vi)
breaking of the trunk or toppling of the
crown in case of severe and prolonged

infestation.



Besides the financial loss, the farmer

and his family also undergo emotional

distress with the mortality of the coconut

palm as the crop plays a important role

in the daily life (nutrition, shelter, fuel,

religion and culture) of the people in this

country. The emotional loss/ distress

caused cannot be estimated financially.

In Goa, value of a yielding coconut palm

has been estimated at Rs. 2,000/- per

palm.

RPW has been managed in

coconut by adopting an Integrated Pest

Management (IPM) approach

comprising of several tactics including

the use of food traps. However, these

food traps are not very effective and

their attractiveness varies considerably

with environmental conditions.

-Chemically synthesized pheromones

increase the attractiveness of food

baited traps by several folds. VVith the

synthesis of the male produced

aggregation pheromone 'Ferrugineol'

(4-methyl-5- nonanol) in 1993, trapping

adult weevils with food baited

pheromone traps has been widely

practiced in surveillance and mass

trapping programmes in several

countries where RPW is a problem

specially on date palm in the Middle

East. However, there are no reports of

large scale use of pheromone traps to

manage RPW on coconut in India.

After the synthesis of the

aggregation pheromone (ferrugineol)

during 1993 and its availability in India

during 1996 several State Agricultural

Departments including those of Kerala

and Goa subsidize the cost of RPW

pheromone traps to the farmers.

However, there is no information on the

potential benefit! harm if any and on

various pheromone trapping protocols

for RPW in relation to coconut in India.

Often farmers complained that RPW

pheromone traps invited the pest in to

their gardens resulting in new

infestation.

The existing management

strategy for RPW mostly relies on the

use of hazardous chemicals, both for the

prophylactic and curative treatments.

With a view to incorporate

sustainable and environmentally friendly

pheromone trapping technology in to the

IPM strategy for RPW, various aspects

of pheromone trapping were thoroughly

studied in the present investigation.

Thus, the research work was female

weevils captured was recorded. Data on



December,1998 systematic studies on
different aspects of managing PRW with

pheromone traps were take up with the
following objectives.

* .Study the seasonal and location
specific activity of RPW in Goa.

* Standardize the trapping density of
pheromone traps in the field.

* Standardise trapping protocols
* Assess the reproductive status of

trapped female weevils.
* Evaluate different food attractants

(kairomones)
* Assess the field longevity of

pheromone and food lures

Demonstration of IPM technology

consisting of sanitation,
curative/prophylactic treatments and

the use of pheromone traps in
farmer's fields (gardens).

Iluc:kel handle

WIre to 8eCIIIll the
pMlOITlOne

Bue:keilld

PheIOmone lure

WIre to MCUl1Illd
to bucket

New five litre capacity high

density polyethylene buckets with four

windows (1.5 X 5 cm') cut equidistantly

below the upper rim of the bucket were

used to fabricate the pheromone traps.

Jute sack pieces were stuck with

adhesive to the outer surface of the trap

to provide grip to the attracted weevils

and facilitate their entry in to the trap.

Besides, a new pheromone sachet

(ferrolure+), hung to the bucket lid from

inside with a piece of wire, the bucket

trap contained 250 to 300g coconut

petiole bits, of the kairomone releasing

food bait mixed in one litre of insecticidal

solution (0.05% carbofuran 3G). The

palm volatiles released from the food·

bait acted synergistically with

ferrugineol released from the

pheromone sachet to enhance weevil

captures. The insecticide solution killed

trapped weevils. Traps thus prepared

were placed under the shade of palm

canopy at a height of one meter from

the ground to obtain an uniform and

sustained release of the chemical.

Studies were carried out with a
view to assess the implication,
standardize the protocols and
demonstrate the impact of pheromone
trapping technology for the
management of red palm weevil in
coconut.



1. Location specific activity
of RPWinGoa

RPW infestation was reported

from different talukas in Goa. However,

the magnitude of severity of the problem

was not known. In order to acertain

population levels of the pest in the State,

40 food baited pheromone traps were

set through out Goa in July, 1999 and the

activity of the pest was monitored up to

December, 2001. All the 40 traps in the

surveillance programme were serviced

once a fortnight when the insecticide

solution and food bait was replaced and

also the trapped weevils
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counted and the number of male and

female weevils captured was recorded.

Fig. 1 Location Specific Activity of RPW in different talukas of Goa (August,
1999 to December, 2001).



weevils captured for each of the 11

talukas of Goa was maintained month

wise between August, 1999 and

December, 2001 (Figure1). The mean

monthly catch per trap for the period

Table 1. Monthly weevil captures in Goa (August, 1999 to December, 2001).

between August, 1999 and December,

2001 was 30.06, suggesting tha~ the

weevil activity was high through out the

State (Table 1).

Months Male Female Total Weevil catch/trap Sex ratio

1999
August 518 1006 1524 38.10 1:1.94
September 632 1237 1869 46.73 1:1.96
October 784 1603 2387 59.68 1:2.04
November 824 1710 2534 63.35 1:2.08
December 449 887 1336 33.40 1:1.98

2000
January 501 852 1353 33.82 1:1.70
February 432 801 1233 30.82 1:1.85
March 323 695 1018 25.45 1:2.15
April 328 806 1134 28.35 1:2.45
May 180 431 611 15.27 1:2.39
June 58 120 178 4.45 1:2.06
July 320 556 876 21.90 1:1.73
August 345 637 982 24.55 1:1.84
September 421 911 1332 33.30 1:2.16
October 519 1141 1660 41.50 1:2.20
November 439 887 1326 33.15 1:2.02
December 454 795 1249 31.23 1:1.75

2001
January 360 766 1126 28.15 1:2.13
February 384 630 1014 25.35 1:1.64
March 363 640 1003 25.08 1:1.76
April 375 664 1039 25.98 1:1.77
May 465 794 1259 31.48 1:1.71
June 217 428 645 16.13 1:1.97
July 225 445 670 16.75 1:1.98
August 308 667 975 24.38 1:2.17
September 341 662 1003 25.45 1:1.94
October 378 888 1266 31.65 1:2.34
November 373 927 1300 32.50 1:2.48
December 311 638 949 23.73 1:2.05

Total 11,627 23,224 34,851 30.06* 1:2.00



The 40 pheromone traps set

through out the State of Goa during

1999 were also used to collect informa-

tion on the seasonal activity of the RPW

in the State. Month wise weevil captures

between August, 1999 and December,

2001 showed that weevil activity was

high after the South West monsoon be-

tween October and November, while low

activity of the pest was noticed during

the monsoon between June and July

(Table 1and Figure2). The weevil cap-

tures were female dominated and for

every male weevil trapped two female

It is evident from table 2 that

maximum temperature and rainfall had

a significant impact on the weevil activ-

ity in the State. While, the maximum

temperature was positively correlated (r

= 0.51) with weevil captures, rainfall was

negatively correlated (r = -0.61) with the

weevil catch. Regression analysis for

monthly weevil catch (Y) against differ-

ent weather parameters (X) using a

simple linear model gave a significant

R2value (0.56) indicating that weather

as a whole significantly influenced the

weevil captures.

Table 2. Correlation between monthly weevil captures and weather Parameter
(January, 2000 to December, 2001).

Sr. No. Weather Parameter Pearson correlation coefficient (r)

1 Maximum temperature (0 C) 0.51 *

2 Minimum temperature (0 C) - 0.32

3 Rainfall (mm) - 0.61 **

4 Relative Humidity (%) - 0.20

5 Daily sunshine hours 0.26
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Fig. 2 Monthly mean weevil captures in relation to weather parameters in Goa
(January, 2000 to December, 2001).

Fig. 3 Diurnal activity of red palm weevil Rhynchophorus ferrugineus Oliv. in
Goa (May, 2002 & November, 2002).
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The diurnal activity of RPW in

coconut was studied by recording data

on the weevil capturos In four food

baited (fresh coconut petiole)

;pheromone traps, twice for a period of

one month each during May and

November, 2002. Six hourly

observations on the number of weevils

trapped were recorded on a daily basis

at 6 am, 12 pm, 6 pm and 12 am. It can

be seen from figure 3 that the maximum

number of weevils trapped were at 6

am, while no weevils were observed at

12 am. This indicates that RPW was

most active between 12 am (mid night)

to 6 am (morning). Results presented

in figure 3 show that the highest mean

cumulative catch per trap was between

12 am and 6 am while, the least

cumulative catch per trap was recorded

between 6 pm to 12 am. The findings of

this study therefore indicate ·that RPW

adults prefer to fly in the coconut

plantations of Goa between 12 at mid

night and 6 in the morning.

4. Status oftrapped female weevils

As mentioned earlier (seasonal

activity) the food baited pheromone

traps for RPW capture both male and

female weevils. For every male weevil

trapped two female weevil are captured.

From the weevil management point of

view trapping more female weevils is

desirable as these females that lay eggs

hatch out in to damage inflicting grubs.

If the female weevils captured by the

pheromone traps are old and have been

trapped after eggs are laid on the host

crop, then these traps would not be of

much use in mass trapping

programmes which aim at suppressing

the pest. If on the other hand, the female

weevils trapped are young, gravid and

fertile, then trapping of such female

weevils could playa significant role, in

slowing down the population build up of

RPW in the field. Preliminary trials

conducted to assess the status of

pheromone trap captured female

weevils during 1999 had indicated that

mostly young, gravid and fertile female

weevil were attracted to RPW

pheromone traps. Hence, further

laboratory studies were conducted

during 2000 and 2001 on three RPW

broods (monsoon, winter and summer)

to assess the status (age and

reproductive potential) of the trapped

female weevils. RPW adults were

collected from insecticide free

pheromone traps during each of the



above trial and divided in to two sets. In

set-I, a single female weevil was caged

individually in a perforated plastic

container and confined to a celibate life.

While, in set -II female weevils collected

from the pheromone traps were caged

individually along with a male weevil also

collected from insecticide free

pheromone traps. Each of the above set

was replicated five times. The required

number of test insects per trial viz. ten

female and five male weevils were

collected within a period of eight to ten

days. A piece of coconut petiole (1.5 x

1.5 x 3cm) was placed in each cage

every day from which eggs laid by the

female weevils were collected and

counted on a daily basis. These eggs

were then placed in small plastic

containers on moist blotting paper for

hatching. Observations on the number

of eggs laid and their subsequent hatch

were noted daily, until the adult female

weevil died. Further, the life span and

the post ovi-positional period of the

female weevils was determined. The

age of male weevils in set -II was also

recorded at death. Thus, the age and

fecundity of female weevils in set -I and

set -II was studied for each of the above

three trials between July, 2000 and

August, 2001. Standard errors were

calculated for all the parameters studied.

Results pertaining to the above trials are

presented below (Table 3 and Figures

4 & 5).

The mean cumulative life span

of pheromone trap captured female

weevils in set-I which were reared

without a male partner, was 75.4 days

(range: 51 to 99). While in set- II, where

female weevils were reared with a male

companion, the mean life span was

69.73 days (range: 47 to 100). Also, the

mean life span of pheromone trap

collected male RPW adults reared with

females in set-II was 62.36 days

(range: 54 to 78.75). Female weevils in

set- I, which were confined to a celibate

life throughout this study the cumulative

mean egg lay was 163.53 eggs (range:

40 to 328) while, in set-II, which

represented the natural situation in the

field as there was no restriction on

mating, a higher cumulative mean egg

lay of 251.73 eggs (range: 119 to 362)

was recorded. Further, from figure 4 it

is evident that the mean egg lay was

highest during the first week of rearing

the pheromone trap captured females

in the laboratory. This progressively

declined but continued up to the

fourteenth week. In set-I, 55.05 per cent

(range: 0 to 92.3) of the eggs hatched,

although these female weevils were



reared without a male partner. Of the 15

female weevils reared in the three trials

under solitude, only two did not lay viable

eggs.

The per cent egg hatch

increased to 78.61 (range: 65.3 to 92.6)

in set-II when pheromone trap captured

RPW females were reared with a male

partner, which were also captured by the

ferrugineol based pheromone traps

(Table 3 and Figure 4). In set- I and set-

II, 70 per cent of the egg lay was

Table 3. Status of pheromone trap captured female RPW adults reared in the
laboratory.

Set- I: Female weevils reared individually without a male partner

Parameter Trial-I Trial-II Trial-III Mean
Monsoon Winter Summer

Average life span 75.4 87.4 63.4 75.4
(Days) (± 6.23) (± 3.47) (± 3.67) (± 3.60)

Average number of 207.2 171.4 112.0 163.53
eggs laid (± 34.34) (± 44.89) (± 26.45) (± 21.94)

Percent egg hatch 69.69 41.54 53.94 55.05
(±17.53) (± 15.00) (±11.81) (± 9.22)

Average post ovipositional 5.4 4.8 19.6 9.93
Period (Days) (± 1.53) (± 1.24) (± 7.83) (± 3.08)

Parameter Trial-I Trial-II Trial-III Mean
Monsoon Winter Summer

Average life span 55.4 87.4 66.4 69.73
(Days) (± 3.94) (± 3.94) (± 3.23) (± 4.02)

Average number of 315.2 281.0 159.0 251.73
eggs laid (±14.22) (± 32.39) (± 16.98) (±21.63)

Percent egg hatch 90.89 69.47 75.48 78.61
(± 0.57) (± 1.97) (±1.89) (± 2.61)

Average post ovipositional 3.25 3.20 6.40 4.28
Period (Days) (±0.61) (± 1.32) (± 1.47) (± 0.80)
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>.
.!!! 20
Cl
Cl
CIl
>.
:i2
CIl 15
CIl
:it
'E
fl
•• 10
If

Fig. 5 Per cent weekly egg lay by pheromone trap captured female RPW
reared with and without a male weevil.



completed between the fifth and sixth

week of rearing, respectively (Figure 5).

In set- I a longer cumulative mean post

ovi-positional period of 9.93 (range: 2

to 49) days was recorded as compared

to the mean post ovi-positional period

of only 4.28 days (range: 0 to10) in set- II

(Table3).

Thus, adult females of RPW,

captured by food baited aggregation

pheromone (4-methyl-5-nonanol) traps

in coconut plantations of Goa, when

reared in the laboratory were found to

be young, gravid and fertile. The

opportunity to mate with pheromone trap

captured male weevils increased egg

laying and per cent hatch but reduced

the post ovi-positional period.

The findings of this study

highlights the potential and clear cut

benefit of using pheromone traps in

mass trapping programme in weevil

infested coconut plantations which

would substantially reduce the

population level of RPW in the field.

Spatial distribution studies of

pest population serves as a basis for

decision making to implement

management tactics in the field and is

one of the most important characteristic

ecological properties of a species. Insect

populations are known to follow three

distinct distribution patterns viz. i)

binomial, uniform or regular ii) random

or poisson and iii) negative binomial,

aggregated or clumped. However, there

is no information on the spatial

distribution pattern of RPW. Data on

weevil captures between August, 1999

and July, 2000 from the 40 pheromone

traps under the surveillance programme

as mentioned before was used to work

out the spatial distribution of RPW in

Goa.

Spatial distribution of a

population can be known by calculating

different dispersion parameters. The

distribution pattern can be further

confirmed by working out the dispersion

indices.

Results pertaining to different

dispersion parameters and also the

dispersion indices are presented in table

4,5 and 6.

The variance was always

greater than the mean, suggesting

aggregative nature of distribution of

RPW population in the field. Further, the



dispersion parameter 'K' and accurate

'K' were less than eight, indicating that

RPW population followed the negative

binomial series. The statistic T in this

study was found to be less than all the

corresponding monthly standard errors

of T, signifying aggregation or clumping

of the population.

The aggregated nature of RPW

in coconut plantations of Goa was

further confirmed by calculating the

indices of dispersion. The variance to

mean ratio in this study was greater than

one for all months suggesting

aggregation. The observed Cole's Index

values for all the months were greater

than the values of maximum regularity

and randomness suggesting

aggregation. David Moore's Index

values were also found to be greater

than maximum regularity (-1) and

Table 4. Monthly values of mean and variance for red palm weevil, obtained
through trap captures between August 1999 and July, 2000.

Month Mean Variance

1999

August 38.100 443.43

September 46.725 803.08

October 59.675 641.97

November 63.350 677.82

December 33.150 629.41

2000

January 33.825 368 ..92

February 30.825 332.76

March 25.450 258.36

April
..

"28.350 431.41

May 15.275 228.41

June 04.450 031.02

July 21.025 306.69



randomness (0), confirming the

contagious nature of RPW. Reciprocal

of exponent K i.e. 11K is also a measure

of clumping of individuals. In this study

the values of 11K were more than zero

for all the months thereby suggesting

aggregation of RPW population. From

the results presented above it is clear

that RPW population in coconut

plantations of Goa is aggregated and

follows the negative binomial distribution

pattern. Clumped or aggregated

distribution patterns were observed

when RPW population was highly active

in October and also during the periods

of low activity during June. Hence,

plantations in the vicinity of gardens

infested by RPW, need to be protected

from this dreaded pest of palms by

taking up prophylactic control measures

as such gardens are prone to repeated

attack due to the aggregated spatial

distribution pattern of the pest.

Month Dispersion K from Trial and Statistic T SE (T)
parameters (K) Error method

1999

August 3.58 0.197 -4627.28 2477137.09
: September 2.89 0.188 -10069.74 5097345.25

October 6.12 0.174 665.71 12774213.59
November 6.53 0.172 -15310.29 15706157.26
December 1.84 0.200 -4(?12.94 1578847.72

2000
January 3.41 0.196 -5219.85 1761152.89
February 3.15 0.210 187.10 1129322.73
March 2.78 0.215 -2710.73 604364.96
April 1.99 0.209 -5553.82 891486.72
May 1.09 0.246 784.66 96665.47
June 0.74 0.420 -10.66 772.27
July 1.55 0.224 -3145.46 310946.97



Variance Cole's Index David Moore's Index 'K'the
to mean Index of

Uyod's
Month Maximum, Random Maximum Maximum

Random Observed Indexratio Regularity 1/n+n-1/ I Regularity Negative
(S2/X) (1/n) n(lIaX)

Contagion Index Binomial X*
.,

1999

August 11.64 0.025 0.026 1 0.032 -1 0 10.64 5.08 48.74

September 17.19 0.025 0.025 1 0.033 -1 0 16.19 5.32 62.91

October 10.76 0.025 , 0.025 1 0.029 -1 0 09.76 5.75 69.43

November 10.69 0.025 0.025 1 0.029 -1 0 09.69 5.81 73.05

December 18.99 0.025 0.026 1 0.039 -1 0 17.99 5.00 51.14

2000
January 10.91 0.025 0.026 1 0.033 -1 0 09.91 5.10 43.73

February 10.79 0.025 0.026 1 0.034 -1 0 09.79 4.76 40.62

March 10.15 0.025 0.026 1 0.035 -1 0 09.15 4.65 34.60

April 15.22 0.025 0.026 1 0.038 -1 0 14.22 4.78 42.57

May 14.95 0.025 0.027 1 0.049 -1 0 13.95 4.06 29.23

June 06.97 0.025 0.031 1 0.063 -1 0 05.97 2.38 10.42

July 14.58 0.025 0.026 1 0.042 -1 0 13.59 4.46 34.61



A series of field trial were

conducted on various trap components

(trap colour & surface, age of food bait,

frequency of replacing food bait, trap

height, insecticide in trap, trapping

density, lure longivity etc.). Results

pertaining to these studies are

presented below.

1. Trap colour
Seven different trap colours viz.

green, light blue, dark blue, white

(transparent), pink, orange and yellow

were tested in the field for eight weeks

under a replicated trial from January to

March, 2000. The results indicate that

the catches ranged from 8.66 to 3.33

weevils per trap in pink and yellow

coloured traps, respectively and were

statistically at par, proving that trap

colour did not significantly enhance

weevil captures.

2. Trap surface
In order to facilitate entry of

attracted weevils into the trap, the

surface of the standard bucket trap was

covered with jute sack. The trapping

efficiency of such traps was evaluated

against traps without jute sack (smooth

surface), at three locations viz. Valpoi,

Khandola and Agacaim. Results on the

number of weevils captured at these

three locations between 11- April to 26-

May, 2000, indicated that the traps

covered with jute sack enhanced weevil

captures· (18.50 weevils/trap) as

compared to traps that were not covered

with jute sack (16.50 weevils/trap).

Trap surface (with and without jute
sack wrapping)

3. Quantity offood bait
Kairomone releasing food baits

(sugarcane; toddy, dates, coconut

petiole etc.) play an important role in

enhancing the trapping efficiency as the

food bait and the chemical lure act



Table 7. Weevil captures in relation to quantity of food bait (fresh coconut
petiole) in pheromone traps (30/8/02 to 4/10/02)

Sr No. Quantity of food bait per trap (g) Mean cumulative weevil

captures / trap

1 Zero 2.78 (7.5)

2 50 2.34 (5.5)

3 100 3.8 (15.0)

4 200 4.35 (20.5)

5 500 4.52 (20.0)

CD (P= 0.05) 1.20

Figures in parentheses are original values
Data transformed usingVX+ 0.5, Where X = Number of weevils captured / trap.

synergistically to attract RPW adults.

Coconut petiole is freely and easily

available in the coconut plantations.

Field trials were conducted during

September and October, 2002 to

acertain the quantity of fresh c?conut

petiole to be used in RPW pheromone

traps. Quantities ranging from zero to

500 g per trap were tested. Results

presented in table 7 show that coconut

petiole at 200g per trap was sufficient

to maintain the trapping efficiency.

A four week trial to evaluate the

longevity of food bait was conducted in

November, 2000 at four locations viz.

Agacaim, Valpoi and Old Goa (2). This

trial had six treatments as mentioned

blow wherein the food bait in the trap

was replaced after 5, 10, 15,20, 25 and

after 30 days. Results showed that

weevil captures were not affected even

when the food bait was not replaced for

one month (Fig. 6). However, water in

the trap had to be replenished if traps

were not serviced beyond 15 days.

In order to determine the

optimum height for setting pheromone

traps in the field, five heights were
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evaluated, wherein traps were set at

ground level and at 0.5, 1.0, 1.5 and

2.0m above the ground, along the trunk

of the palm. This trial was carried out

simultaneously for four weeks at five

locations in Khandola, Old Goa,

Sanguem (2) and Valpoi between

September and October, 2000. Highest

.weevil captures of 30.4 weevils per trap

was recorded when traps were set at

1.0m height (Fig. 7).

Six food baits (250 gm each)

evaluated in this trial were (i) coconut

petiole + yeast (5 gm) + acetic acid (5

ml) + toddy, (ii) sugarcane, (iii)

pineapple, (iv) coconut petiole + yeast,

(v) toddy and (vi) coconut petiole.

Wherever toddy was tested,

250ml of fresh coconut toddy was

diluted with water to make the volume

to 1L. These food baits were tested in

combination with periodic replacement

of the ba,it and insecticidal solution (1L

carbofuran 0.05%) at 10, 20 and 30

days. In all there were 18 treatments (six

baits and three servicing intervals),

which were replicated thrice. Weevil

captures in various treatments were

recorded once in ten days. At the end

of the experiment the data was compiled

Table 8. Effect of food bait, trap servicing and their interaction on weevil captures
in red palm weevil pheromone traps

Sr. No. Treatments Mean weevil
captures/trap

A Food baits
1 Coconut petiole + Yeast + Acetic acid + Toddy 2.33 (06.11)
2 Sugarcane 2.60 (07.77)
3 Pineapple 3.05 (12.22)
4 Coconut petiole + Yeast 1.90 (03.55)
5 Toddy 1.83 (03.22)
6 Coconut petiole 1.92 (03.55)

CD (P = 0.05) 0.65
B Trap servicing
1 Trap serviced after 10 days 2.88 (09.77)
2 Trap serviced after 20 days 2.27 (05.77)
3 Trap serviced after 30 days 1.66 (02.61)

CD (P =0.05) 0.46
C Interaction NS

NS = Non significant. Data transformed using V X+ 0.5 where, X = Number of
weevils captured /trap. Figures in parentheses are original values.



and subjected to analysis of variance.

It is evident from table 8 that irrespective

of food bait used, servicing of the

pheromone trap i.e. periodic
replacement of the kairomone releasing

bait at least once in ten days is essential

to maintain the efficiency of the

pheromone trapping programme.

However, interaction effect between the

bait ansd servicing duration was non
significant.

A five week field trial was carried

out at Old-Goa for five weeks during

September and October, 2001, wherein

Table 9. Mean weevil captures in red palm weevil pheromone traps with different
insecticides (12/10/01 to 17/11/01).

Treat. Insecticides Average weekly weevil captures Cumula-
No. used Week 1 Week 2 Week 3 Week 4 Week 5 tive

1. Carbofuran 2.08 3.07 2.60 1.87 1.35 4.97
0.05% (4.33) (9.33) (6.66) (3.00) (1.66) (25.00)

2. Chlorpyriphos 1.44 1.35 1.09 1.09 1.05 2.53
0.05% (1.66) (1.66) (1.00) (1.00) (0.66) (9.00)

3. Nimbicide 1.42 1.93 0.71 1.05 1.35 2.52
0.5% (2.00) (4.00) (0.00) (0.66) (1.66) (7.00)

4. Mormotophos 1.05 1.44 1.74 2.18 1.29 3.27
0.1% (0.66) (1.66) (2.66) (4.33) (1.33) (10.6)

5. Phorate 1.17 1.48 1.74 0.88 1.34 2.77
0.03% (1.00) (2.00) (2.66) (0.33) (1.33) (7.33)

6. Carbaryl 1.00 1.8 2.29 1.26 1.49 3.37
0.1% (0.66) (3.66) (5.66) (1.33) (2.33) (13.66)

7. Endosulfan 1.42 1.46 1.17 1.47 1.55 3.07
0.1% (2.00) (1.66) (1.00) (2.00) (2.66) (9.33)

8. Deltamethrin 1.61 1.34 2.08 1.34 1.79 3.62
0.0028% (2.66) (1.33) (4.00) (1.33) (3.33) (12.6)

9. Control 1.44 0.88 1.17 1.95 1.09 2.77
(1.66) (0.33) (1.00) (3.33) (1.00) (7.33)

CD (P= 0.05) NS 0.68 NS 0.31 NS 1.17

Figures in parentheses denote original values. Data transformed using V X+ 0.5
where, X is the average weekly weevils trapped.



eight commonly available insecticides

were evaluated for their use in food

baited RPW pheromone (ferrolure +)

traps. Besides these insecticidal

treatments a control without any

insecticide was also maintained.

From table 9, it can be seen that

there was significant difference among

the treatments during the second and

fourth week. Also, significant difference

among weevil captures were observed

when the data was pooled and analyzed

on a cumulative basis when carbofuran

3G registered the best weevil captures

of 25.00 weevils per trap. Insecticides

with offensive odour should not be used

in RPW pheromone traps as these

chemicals repel the weevil and reduce

the trapping efficiency.

a. Solid food baits

Two replicated field trials using

the standard four window bucket trap

were conducted at the farm of ICAR

Research Complex, Old Goa from

13.3.2001 to 11.05.2001 and 17.3.03 to

16.5.2003 to study the weevil capturing

potential of different solid food baits

when used along with Ferrugineol

based pheromone lures. Details of the

treatments are mentioned in Table 10. In
each trap 250g of the food bait (coconut
petiole, oil palm petiole, oil palm fruit,
dates, cashew etc) was used along with
10g of Carbofuran 3G dissolved in 1L of

water. However, in traps containing
toddy, 250ml of the same was used to
which was added 750ml water. 5 g of
yeast and/or 5 ml of acetic acid was also
used in some treatments. Traps were
serviced fortnightly when the food bait
and insecticide solution was replaced.
Observations on weevil captures were
recorded at weekly intervals.

Potential foo" baits for use in
RPW pheromone traps

It can be seen from table 10 that dates

(khajur) recorded the best mean

cummulative weevil catch of 79.30

weevils per trap which was statistically

at par with sugarcane which stood

second (54.00 weevils per trap).

Considering the cost of different food

baits and their availability, coconut



petiole which is available in abundance

and free of cost is the most cost effective

and stood fifth with mean cumulative

catch of 36.00 weevils per trap. Oil palm

fruit had a negative effect on the weevil

captures as the fruit in the trap

containing insecticide solution got

putrefied and repelled the attracted

weevils specially in the second week as

can be seen from figure 8 where higher

Table 10. Mean red palm weevil captures in pheromone traps containing different
food baits (2001 & 2003).

Sr. No. '. Treatments Mean Weevil catch per trap
Trial I Trial II Cumulative

1 Coconut petiole 5.67 1.93 5.95
(3:2.6) (3.33) (36.0)

2 Toddy (250m I-made to 1L with water) 4.99 2.23 5.47
(24.6) (5.00) (29.6)

3 Sugarcane pieces 6.87 2.24 7.24
(49.3) (4.66) (54.0)

4 Oil palm petiole 4.11 2.02 4.25 '
(17.3) (4.66) (18.0)

5 Oil palm fruit 2.76 2.34 3.56
(7.30) (5.00) (12.33)

6 Pineapple pieces 5.18 2.59 5.79
(27.0) (6.33) (33.3)

7 Dates 7.90 4.22 8.93
(62.0) (16.6) (79.3)

8 Plantains 5.62 3.71 6.71
(31.6) (13.3) (45.0)

9 Toddy + Yeast (5g)+ Acetic acid (5ml) 6.15 3.29 6.94
+ coconut petiole (37.6) (10.3) (48.0)

10 Yeast + Coconut petiole 5.14 2.66 5.75
(26.0) (6.60 (32.6)

11 Cashew apple 4.36 2.39 4.95
(19.0) (5.3) (24.3)

12 Control 3.21 1.43 3.52
(10.0) (2.00) (12.0)

CD (P = 0.05) 1.02 0.67 0.89

Figures in parentheses denote original values. Data transformed using VX+ 0.5
where, X is the mean weevil captures per trap



Toddy + Yeast + Acetic acid + coconut petiole
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Fig. 8 Total number of weevils captured during the first week and second week
after replacing food bait.

weevil captures were obtained in the

control treatment which had no food bait

as compared to oil palm fruit baited

traps. It is significant to point out that the

attractiveness of dates reduced while ,

the attractiveness of sugarcane

increased in second week. The

attractiveness of coconut petiole

reduced during the second week (Figure

8). Hence, when coconut petiole is used

as food bait it is recommended to

replace the bait at least once in 7 to 10

days.

The possibility of using locally

available alcoholic beverages as food

bait in RPW pheromone traps was

studied during April, 2002. Accordingly,

cashew feni, coconut feni and ethyl

alcohol @ 10ml/litre of water were

tested separately in a replicated field

trial during April, 2002. The traditionally

used and recommended food bait

(coconut petiole) was also incorporated

as one of the treatments in the trial.



ten days field experiment a mean weevil

catch of 1.25, 1.00, 0.75 and 2.25

weevils/ trap were captured by traps

containing cashew feni, coconut feni,

ethyl alcohol and coconut petiole,

respectively. Wherever, solid food bait

is not available, the farmer could

conveniently add the liquid alcoholic

beverage in to the trap.

Ferrolure + is the only

commercially available pheromone for

red palm weevil. However, it is costly

and has to be imported in to the country

from Costa Rica. Field studies were

conducted for two years during 2000

and 2001 to estimate the longevity of

ferrolure + in the field under the agro-

climatic conditions of Goa. For this study

40 pheromone traps set in the field

under the surveillance programme were

monitored as follows.

a. Release of pheromone (Ferro lure
+) vis weevil captures

In order to measure the amount

of pheromone in a given lure at different

intervals, the quantity of pheromone

intact in a sachet was assessed by

visual observation using the grading

index mentioned below, with score

values ranging from zero to four. Zero

represents a spent sachet with no lure

while a score of four represents a new

sachet. For the quantity of lure

remaining intact between two score

values, a score value in decimal was

assigned to that sachet. If for example

90 per cent of the pheromone was

intact, a score 3.60 was assigned.

Score Values Status of pheromone lures

4 100% of the pheromone intact (New lure)

3 75% of the pheromone intact

2 50% of the pheromone intact

1 25% of the pheromone intact

0 No pheromone left (Spent sachet)



remaining intact was measured using

the formula YI n x 25, where Y is the total

of the assigned scores obtained in a

batch of n lures observed. 25 is the

constant factor obtained by dividing 100

by 4, which represents a new lure.

Accordingly, pheromone lures in the

monitoring programme were graded

from January, 2000 to December,

2001 and the results obtained on various

aspects of lure longevity under the agro-

climatic conditions prevailing in Goa are

presented in figures 9 and 10.

From figure 9 it can be seen that

maximum monthly release of the lure

was during the months of May (6.56 mgl

day) and December (7.04 mgl day). The

lowest release of the lure was during

February (0.48 mg/day) and September

(0.56mgl day). It is significant to point

out that ferrolure + was effective in

maintaining the trapping efficiency at

very low daily release of 0.48 and 0.54

mgl day during February and

September, respectively. When less

than 5 per cent of the chemical was

intact, lures were replaced with new

stocks. It was observed that ferrolure +

700/800 mg lasted for 5.5 to 6 months in

the field, provided the traps were not

exposed to direct sunlight and were set

under shade of palm canopy.

RPW pheromone trap set under
shade of palm canopy to ensure
lure longevity

Individually, none of the macro weather

parameter had a significant impact on

the release of the lure in to the

environment. However, the weather

parameters collectively influenced the

longevity of the aggregation pheromone

in the field as the regression was

significant (R' = 0.46) for weather vis lure

release (Figure1 0).



Monthly mean weevil catch per-trap and release of pheromone (mg/day)
(January, 2000 to December, 2001).
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Fig.10 Monthly mean release of pheromone in relation to prevailing weather
parameters in Goa (January, 2000 to December, 2001).
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In mass trapping programmes

for RPW, a trap density of 1 trap/ ha has

been recommended. However, ferrolure

+ which is the most widely used

pheromone lure for RPW is costly and

has to be imported. A field trial was

conducted in a 16 ha weevil infested

coconut plantation at Sancorda, Goa

between November, 1999 to June,

500 1
450 .

400 1
~ 350 ~
l:L
ClI

~
3001Gl

;; 250 ~

1200 ~
.!!!
.~ 150 I
:!: 100 ~

2002. In this trial six trapping densities

ranging from 2 traps/ha on the higher

side to 1 trap/5ha at the lowest density

were evaluated to ascertain the

optimum pheromone trap density in

mass trapping programme for RPW.

Although, the highest weevil captures

(454 weevils/trap/ha) was obtained

when a density of 1 trap/ ha was

maintained, the trapping efficiency could

be doubled with a trapping density of 2

traps/ha (Figure 11).

Fig. 11 Weevil captures at different trapping densities (November, 1999 to June,

2002).



11. Efficacy of ferrugineol based
> pheromone lures

The ferrugineol based

aggregation -pheromone (4 methyl- 5-

nonanol) for RPW was synthesized in

1993. Currently ferrolure +

manufactured by Chem Tica

International, Costa Rica is the most

popular ');.ommercially available

ferrugineol b~~~tJil1(~': A field trial (Trial

A) was conducted in Goa to assess the

efficacy of three formulations

manufactured by Chem Tica

International, Costa Rica and two

formulations obtained from Agrisense,

UK during late 1998 and early 1999.

Further, (Trial B and C) the efficacy of

formulations obtained from Chem Tica

International, Costa Rica, ISCA

Technologies, USA, Plant Research

International, Netherlands (Pherobank)

and Central Plantations Crop Research

Institute, Kasargod, Kerala, India were

tested from October, 2002 to February

2003. In order to evaluate the need of

using the chemical lure along with a food

bait in a single trap two treatments were

deviced in the above trials, where in one

had only the pheromone with out the

food bait and the other had only the food

bait with out the pheromone. The

different treatments evaluated in the

above trials are as follows.

Trial A Trial B Trial C
1. Ferrolure + 1. Ferrolure + 1. Pherobank 400mg

2. Ferrolure improved 2. CPCRllure 2. Pherobank 700mg

3. Ferrolure 3. ISCA Technologies lure 3. Pherobank 1000mg

4. RF 078A210 4. Pheromone only 4. Ferrolure+

5. RF 078210 (ferrolure +) 5. ISCA Technologies lure

6. Pheromone only 5. Food bait only 6. CPCRllure

(Ferrol ure) (coconut petiole) 7. Pheromone only

7. Food bait only 8. Food bait only

(sugarcane)



In trial A, sugarcane was used as

the food bait while, in trial Band C,

coconut petiole was the food bait.

However, for the CPCRI lure banana

was the food bait as per the suggested

protocol. Results pertaining to these

three trials are presented in Tables 11a,

11band 11c.

In trial A Ferrolure improved

recorded the best weevil catches and

was statistically at par with RF078A21 O.
Also, Ferrolure and Ferrolure+ were

equally effective in trapping the pest. In

trial B ferrolure+ registered the best

weevil captures. The lure from CPCRI

Kasargod, Kerala, India and ISCA

Technologies, USA were statistically at

par. In trial C, the Pherobank400mg lure

was the best, recording significantly

superior mean weevil captures. In all the

trials (A, B and C) significantly superior

weevil catches were obtained when the

pheromone lure was used along with a

food bait.

In addition to the above testing

of ferrugineol hased lures, a five month

replicated field trial involving the CPCRI

lure and Ferrolure+ was laid at the farm

of ICAR Research complex for Goa, Old

Goa. Figure 12 reveals that Ferrolure +

was twice as efficient in attracting the

weevil as compared to the CPCRI lure.

However, being indigenous the CPCRI

lure when commercially available will

cost much less as compared to the

imported ferrolure +.

Different dispensers used for RPW Pheromone lures
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Average number of weevils trapped

Old Goa Valpoi Cumulative
Treatments (16/12/98 to (3/1/99 to mean*

2/1/99) _ 20/1/99)

Ferrolure+ 2.02 (04.09) 2.93 (08.57) 3.65 (13.30)
Ferrolure improved 3.25 (10.56) 3.62 (13.08) 4.84 (23.46)
Ferrolure 2.00 (04.00) 2.47 (06.10) 3.10(09.61)
RF 078A210 2.73 (07.43) 2.91 (08.49) 3.95 (15.58)
RF 078210 2.26(05.11) 2.83 (07.99) 3.54 (12.56)
Pheromone only (Ferrolure) 1.34 (01.80) 1.10(01.20) 1.64 (02.69)
Food bait only (sugarcane) 1.27 (01.60) 0.88 (00.77) 1.35 (01.82)

CD (P=0.05) 1.03 0.96 1,20

* Data pooled replication wise. Figures in parentheses are original values
Data transformed usingvX+ 0.5, where X is the mean number of weevils trapped

Sr No. Treatments Mean cum'ulative weevil
captures I trap

1 Ferrolure + 4.32 (19.00)

2 CPCRllure 3.17 (10.25)

·3 ISCA Technologies, lure 3.28 (10.75)

4 Pheromone only (ferrolure +) 2.55 (08.50)

5 Food bait only (coconut petiole) 0.71 (00.00)

CD (P= 0.05) 0.64

Figures in parentheses are original values.
Data transformed usingV' X+ 0.5 where, X = Number of weevils captured / trap.



Table 11 c. Attraction of red palm weevil Rhynchophorus ferrugineus to
ferrugineol based pheromone lures in coconut.

Mean weevil catch per trap
Treatments Strength Trial I Trial II Cumulative Sex ratio

of lure (23/12/0~) to (25/1/03 to
2411/03 2612/03)

Pherobank 400mg 3.52 (12.0) 2.90 (8.3) 3.26 (10.1) 1: 2.05
RPWlure

Pherobank ·700 mg 2.70 (07.0) 2.41 (5.6) 2~57 (06.3) 1: 2.80
RPWlure

Pherobank 1000 mg 3.02 (08.7) 2.41 (5.6) 2.76 (07.1) 1: 1.39
RPWlure

Ferrolure+ 800 mg 2.88 (08.0) 2.66 (7.6) 2.79 (07.8) 1: 1.35

ISCA Technology 900 mg 2.76 (07.3) 2.22 (4.6) 2.55 (06.0) 1: 1.25

CPCRllure 0.157 g 1.56 (02.0) 1.26 (1.3) 1.47 (01.6) 1: 2.00

Ferrolure+ only 800 mg 2.18 (04.3) 1.74 (2.6) 2.00 (03.5) 1: 1.63
(no food)

Food only -- 0.88 (00.3) 0.71 (0.0) 0.81 (00.1) 1: 0.00
(coconut petiole)

CD (P = 0.05) 0.49 NS 0.46 -
..

FIgures In parentheses are origInal values. Data transformed using v'X+ 0.5 where, X
= Number of weevils captured I trap. NS= Non Significant

I

Ferrolure + Coconut
petiole

CPCRllure +
Coconut petiole

20 30 40
Mean weevil catch /trap

Fig.12 Red palm weevil captures in pheromone traps using different ferrugineol
based lures(2/5/2002 to30/9/2002).



In coconut RPW has been

managed using an IPM programme

consisting of surveillance of the pest,

maintaining plant and field sanitation,

trapping adult weevils, preventive

chemical treatment of wounds, treating

the crown of bud rot diseased/ Oryctes

attacked palms which often attract the

weevil, with a combination of fungicide

and insecticide, filling the leafaxils of

young palms with a mixture of

insecticide and sand. Curative chemical

treatment of infested palms, cutting and

burning of severely infested palms,

discouraging the making of wounds on

the stem and cutting of leaves at a

distance of one meter away from the leaf

base and educating farmers and

agricultural workers on palm weevil

management also form a part of the IPM

strategy against RPW in coconut. This

. IPM programme first developed and

tested on coconut was modified and

successfully used to manage RPW on

date palm in the Middle East in Mid

1990.

RPW was successfully

managed in weevil infested coconut

plantation of Goa, mainly by mass

trapping the pest using food baited

pheromone traps. Results pertaining to

initial damage levels and subsequent

weevil captures are presented below.

Since September, 1999 RPW

has been successfully managed in five

weevil infested coconut plantations in

Goa, in a total area of about 45 ha. In

these gardens the mortality levels

ranged from 0.58 to 4.54 per cent with

a estimated loss ranging from Rs.

14,000/- to Rs. 1,00000/- (Table 12).

Details of the weevils captured in the

mass trapping programmes are

presented below. It is significant to point

out that the pheromone based IPM

programme initiated in the gardens

mentioned below controlled the pest in

about one year, with no reports of new

infestation.

It is significant to point out that

no new infestations were detected in any

of the above plantations after they were

covered under the mass trapping

programme. Besides mass trapping in

site III, IV and V the palms in the

susceptible age group of less than 20

years of age were given a preventive

spray of 0.1 per cent endosulfan 35EC



before starting mass trapping where in,

the fibrous leaf mat around the crown

was sprayed at 2L / palm. This was done

to attract a higher number of the resident

weevil population to the traps. Further,

all breeding sites (dead palms, stumps

of cut palms etc.) were treated by

drenching with insecticides (0 1 %

chloropyriphos 20 EC) so as to kill

hidden stages of the pest in these

breeding sites. A strict phytosanitory

regime was implemented in these

gardens

Table 12. Mortality of palms and estimated loss before implementing pheromone
based IPM programme.

Area of farm Total number of Number of Per cent Estimated loss
(ha) palms palms lost due mortality @ Rs. 2,000/

to RPW palm

10 1,200 10 0.83 20,000

5 700 06 0.86 12,000

8 1,100 50 4.54 1,00,000

8 1,200 07 0.58 14,000

12 1,500 15 1.00 30,000



Site I (10ha) : trapping density: 1trap/2ha~
Year I : September, 1999 to August, 2000
Monthly weevil captures

Sep Oct Nov Dee Jan Feb Mar April May June July Aug Total

Total 64 98 89 78 63 63 55 140 70 15 25 9 769

Sex ratio 1:0.6 1:1.3 1:1.6 1:1.8 1:1.8 1:1.1 1:0.9 1:1.5 1:1.9 1:1.5 1:2.1 1:2 1:1.3

Year II: September, 2000 to August, 2001
Monthly weevil captures

Sep Oct Nov Dee Jan Feb Mar April May June July Aug Total

Total
19 47 41 39 9 00 46 94 78 26 25 00 424

Sex ratio
1:2.8 1:3.27 1:3.55 1.2 1.3 00 1:3.18 1:2.76 1:3.1 1:4.2 1:4 00 1:3.0

Site II (5ha): trapping density: 1trap/ha.
November, 2000 to June, 2001
Monthly weevil captures

Nov Dee Jan Feb Mar April May June Total

Total 220 255 240 179 181 94 60 35 1264

Sex ratio 1:1.5C 1:1.07 1:0.00 1:0.56 1:0.65 1:1.19 1:0.82 1:1.50 1:0.97



Site III (8ha) : trapping density: 1trap/ha. February, 2002 to March, 2003
Monthly weevil captures

Feb Mar April May June July Aug Sept Oct. Nov. Dec. Jan Feb Mar Total

Total
171 211 215 106 108 105 40 87 133 121 89 94 94 186 1790

Sex
1:0.97 1:1.5 1:1.7 1:1.3 1:1.7ratio 1:1.6 1: 1.4 1:1.2 1:1.3 1:1.2 1:1.02 1:1.35 1:1.47 1:1.5 1:1.34

Site IV (8ha) : trapping density:1trap/ha. February, 2002 to March, 2003
Monthly weevil captures

Feb Mar April May June July Aug Sept Oct. Nov. Dec. Jan Feb Mar Total

Total 82 160 232 44 117 138 88 36 89 108 55 49 63 92 1343

Sex 1:1.8 1:1.7 1:1.5 1:0.4 1:2.1 1:1.2 1:1.3 1:1.3 1:1.5 1:1.07 1:1.2 1:0.96 1:1.52 1:1E6 1:1.42

ratio

Site V (12ha) : trapping density: 1trap/ha. April, 2002 to March, 2003
Monthly weevil captures

April May June July Aug Sep Oct Nov Dec Jan Feb Mar Total

Total 254 244 110 112 56 55 46 58 82 78 68 76 1241

Sex 1:1.29 1:1 1:1.08 1:0.84 1:1.07 1:1.09 1:0.93 1:1.1 1:0.95 1:1.06 ..1:1.1 1:1.04
ratio 1:1.03



The significant findings on various aspects of pheromone trapping technology

are highlighted below.

A surveillance programme to monitor the activity of RPW with pheromone

traps (Ferrolure +) revealed a high incidence of RPW throughout Goa. The
1 :"!

monthly mean weevil capture was 30.06 weevils, with a sex ratio of 1:2 (Male

: Female)

RPW was most active in the State between October and November, while it

was least active between June and July.

Weather as a whole significantly (R2 = 0.56) influenced trap captures of the

pest in the State, with maximum temperature and rainfall having a significant

positive (r = 0.51) and negative (r = -0.61) correlation, respectively on the

activity of RPW.

Spatial distribution of RPW in coconut plantation showed that the pest was

highly aggregated and followed the negative binomial pattern of distribution.

Hence, plantations in the vicinity of heavily infested palms are most prone to

RPW attack and need protection from the pest.

Under the agro-climatic condit[ons prevailing in Goa, RPW adults were most

active between' 12 am (mid night) to 6am while, it was least active between

6pm to 12 pm (mid day).

Field testing of various trapping densities revealed that, the recommended

trap density of 1 trap/ha with Ferrolure+ was suitable to maintain the trapping

efficiency of mass trapping programme. However, weevil captures were doubled

when two traps were set per hectare.

Colour of traps did not significantly influence weevil captures. However, traps

with jute sack wrapping registered higher weevil captures.



Weevil captures were not impaired even when the kairomone (plant volatile)

releasing food bait (coconut petiole bits) was not replaced in the trap for one

month. However, water in the trap had to be replenished if traps were not

serviced beyond 15 days.

Vertical preference fortrap heights indicated that highest weevil captures (30.4

weevils per trap) were recorded when traps were placed at a height of 1.0m

from the ground.

Field trial revealed that the best weevil captures were obtained when traps

were serviced (replacing food bait and insecticide solution) every ten days.

Carbofuran 3G (0.05%) was found to be most suitable for use in RPW

pheromone traps to kill trapped weevils.

Weevil captures through out the period of study revealed that the catches

were female dominated. For every male weevil trapped two female weevils

were captured

Laboratory reared monsoon, winter and summer broods of pheromone trap

captured weevils indicated that young, gravid and fertile female weevils were

attracted to the pheromone traps. Thus, pheromone trapping of RPW is

beneficial as it suppresses the build up of RPW in the field.

Different kairomone-releasing food baits indicated that dates (khajur) when

used in the pheromone traps gave the highest captures (79.3 weevils per

trap), which was at par with sugarcane (54.00) and significantly different from

coconut petiole (36.00). However, coconut petiole is the most economical and

easily available food bait.

In Goa the field life of the costly pheromone lure (Ferrolure +, 800mg) can be

extended for upto six months by setting traps under shade. The efficiency of

the pheromone trapping system can be maintained even with a low release of

0.48 mg per day. Prevailing weather conditions significantly (R2 = 0.46)

influenced the release of pheromone in the field.



Ferrugineol based lures from Costa Rica, USA and Holland revealed that

pherobank lure, 400mg from Holland was superior to the commonly used

Ferrolure+ 800mg. The indigenously produced CPCRI lure was 50 per cent

efficient in attracting the pest as compared to Ferrolure+ 800mg. Also, it is

essential to use food bait along with the chemical lure in the trap to sustain the

trapping efficiency. The lure synthesized by CPCRI Kasargod, Kerala can be

economical if available commercially.

Mass trapping of RPW in about 45ha of weevil infested coconut gardens, has

successfully managed the pest within a period of one year after continuous

mass trapping with no reports of new infestation.

The Zonal Agricultural Officers of all 11 talukas in Goa have been reporting an

increase in demand for RPW pheromone traps by the farmers in the State

over the last one year. This is mainly due to the results generated by the ICAR

Research Complex, Goa and also the awareness created in managing RPW

by the KVK of the Institute.

The above findings are of relevance to coconut cultivators through out the

country.
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