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Abstract

Three essential oils (EOs) from flowers and leaves of crofton weed, Eupatorium adenophorum Spreng. and aerial parts of Indian
wormwood, Artemisia nilagirica (C.B.Clarke) Pamp., were evaluated for antifeedant activity against adults of red palm weevil
(RPW), Rhynchophorus ferrugineus Olivier, a major pest of coconut palm, date palm, and Canary Island date palm. The specific
bioassay method for evaluating the antifeedant activity of these EOs was used against R. ferrugineus adults and feeding-mark re-
sponses were analyzed at every 24 h interval for a period of 96 h. EOs from E. adenophorum flowers and A. nilagirica aerial
parts, showed significant antifeedant activity at 96 h against RPW adults at 1000 ppm, as evident from 60.13 + 11.31 and 60.13 +
7.94 feeding prick-marks, respectively, as compared to 113.75 + 13.55 and 104.81 + 11.23 feeding prick-marks in their respective
controls. However, the EO from E. adenophorum leaves was not found effective as antifeedant. GC-MS studies revealed differ-
ences in chemical composition, showing 40.87% oxygenated sesquiterpenes and 64.25% sesquiterpene hydrocarbons as the major
constituents in the EOs of E. adenophorum flowers and leaves, respectively, whereas major class of compounds in EO from aerial
parts of A. nilagirica comprised 37.02% sesquiterpenes and 32.92% monoterpene hydrocarbons. EOs from E. adenophorum flow-
ers and aerial parts of A. nilagirica, have potential as environment-friendly alternative method for management of the RPW.

Key words: Rhynchophorus ferrugineus, antifeedant, essential oil, Eupatorium adenophorum, Artemisia nilagirica, Coleoptera,

Curculionidae.

Introduction

The red palm weevil (RPW), Rhynchophorus ferrugi-
neus Olivier (Coleoptera Dryophthoridae), is an inva-
sive pest of several palms, including coconut palm (Co-
cos nucifera L.), date palm (Phoenix dactylifera L.), and
Canary Islands date palm (Phoenix canariensis hort. ex
Chabaud). A native of South and South-East Asia (Niru-
la, 1956a,b), it has spread to Middle-East region in late
eighties (Abraham et al., 1998), and subsequently has
been reported from several European countries includ-
ing Spain (Barranco et al., 1996a,b) and Italy (Sacchetti
et al., 2005; 2006). More recently, RPW was reported
from Carribean Islands (Roda et al., 2011) and USA
(http://cisr.ucr.edu/red_palm_ weevil.html). Several re-
views on the control strategies including Integrated Pest
Management (IPM) for RPW are available (Vidyasagar
and Subaharan, 2000; Faleiro, 2006; Abbas, 2010). Va-
rious methods of control are used against RPW in
South-Asia (Abraham et al., 2002), Middle-East (Ab-
dallah and Al-Khatri, 2000; Vidyasagar et al., 2000a;
Faleiro, 2006) and Europe (Nardi et al., 2011; Jacas et
al., 2011; Massa et al., 2011; Tapia et al., 2011; Trig-
giani and Tarasco, 2011). One of the important compo-
nents of IPM strategies for R. ferrugineus is mass
pheromone trapping system using synthetic aggregation
pheromone, food baits and with or without kairomones
(Oehlschlager, 1998; Vidyasagar et al., 2000b). For
controlling R. ferrugineus, synthetic pesticides are used
in preventive sprays and curative injections (Abraham
and Vidyasagar, 1993; Abozuhairah et al., 1996; Abra-
ham et al., 1998; Vidyasagar et al., 2000a). Since its re-
port in Canary Island date palm in Spain, Italy and other
European countries, imidacloprid is recommended for
the control of this alien pest (Barranco et al., 1998; Her-

nandez-Marante et al., 2003, Dembilio et al., 2010).
However, inconsistent control of pest and high fre-
quency of insecticide applications were reported from
Spain (Ferry and Gomez, 2002), which may also con-
tribute to environmental pollution. Recent studies re-
vealed pesticide residues exceeding permissible limits in
date fruits probably due to large-scale and indiscrimi-
nate use of pesticides for the control of RPW, thus con-
taminating date fruits and also environment with toxic
substances (Kamel et al., 2007; El-Saeid and Al-Dosari,
2010). Therefore it is desirable to reduce the number of
synthetic pesticide sprays by alternate sprays of potent
environment-friendly natural products. This will not
only reduce the pesticide load in the date orchards but
also help in insect resistance management. Bioactive
natural products from plants are known to be both bio-
rational and environment-friendly (Isman, 2006; Dayan
et al., 2009). The natural products, rotenone and limo-
nene, tested for antifeedant effect on RPW larvae and
toxicity on RPW larvae and adults were shown to be
efficacious at very high doses (Abdullah, 2009).
Amongst the variety of natural products available, es-
sential oils (EOs) are being investigated since a decade
to provide environmentally-safe alternatives to pesti-
cides (Isman, 1999, 2000). They can be obtained from
various plant parts such as flowers, leaves, stem, fruits,
seeds, roots, etc. EOs are volatile and lipid-soluble natu-
ral mixtures of terpenes, terpenoids, polyphenols, fatty
acid esters, etc. They have been reported to possess sev-
eral types of bioactivities including antibacterial, antivi-
ral, antifungal, antifeedant, insecticidal and medicinal
(analgesic, sedative, anti-inflammatory, spasmolytic,
locally anesthetic) (Isman, 2002; Bakkali et al., 2008;
Adorjan and Buchbauer, 2010). Antifeedant activity of
EOs can be useful in preventing new infestations of



RPW. Though it has been investigated against a few
stored-grain coleopteran pests including curculionidae
weevils (Huang et al., 2000; Perez et al., 2010), there
appears to be no attempt to find potential essential oils
with antifeedant activity against the global pest, R. fer-
rugineus. Hence, we evaluated the antifeedant activity
of three EOs extracted from two plants of Asteraceae
family, namely, crofton weed, Eupatorium adenopho-
rum Spreng. (flowers and leaves) and Indian worm-
wood, Artemisia nilagirica (C.B.Clarke) Pamp. (aerial
parts) against R. ferrugineus adults. As there is no stan-
dard bioassay method for testing the antifeedant activity
against the RPW adults, we also developed a specific
method for evaluating the EOs.

Materials and methods

Insect culture and rearing conditions

The R. ferrugineus culture was maintained in the labo-
ratory from the pupae collected from the infested palm
trees in Al Kharj region of Saudi Arabia. This insect
culture was established in our laboratory in the year
2009 and continued till date with regular addition of
field-collected adults to avoid inbreeding of the insects.
The insects were reared at 25 + 2 °C temperature and
30% RH, and L:D cycle of 10:14 h. Sugarcane stem
pieces were procured from the local market, cleaned
with mild detergent under tap water, split longitudinally
in 10cm bits and were used for feeding the insects. The
adults after emergence were sexed and kept in separate
containers with sugarcane pieces. From the laboratory-
bred pupae, the requisite number of emerging adults
were collected, sexed and separately kept in cylindrical
wide-mouth bottles with screw-cap (length, 11 cm and
diameter, 9 cm) provided with sugarcane bits.

Essential oils

Essential oil samples extracted from E. adenophorum
flowers (EEOF) and leaves (EEOL), and A. nilagirica
leaves (AEOL) were obtained from Division of Agricul-
tural Chemicals, Indian Agricultural Research Institute,
New Delhi, India. Both the plant materials were col-
lected from Himalayan region, near Palampur, India.

Bioassay for antifeedant activity

The bioassays were conducted with EEOL, EEOF and
AEOL at concentrations of 1000 and 500 ppm. The EOs
were dissolved in minimum quantity of acetone and
then volume was made up with distilled water. To clear
the turbidity of the solution, 0.1% Triton X-100 emulsi-
fier was used before making up the volume. An aqueous
solution with the same amount of solvent and emulsifier
as used in the treatment served as control. A bioassay
method was developed specifically for the RPW adults
to evaluate the antifeedant activity on the basis of feed-
ing prick-marks. In this method, bioassay was done us-
ing fresh and cleaned 10 cm long pieces of sugarcane
stem and each piece was split into two equal longitudi-
nal halves. Each half (exposed area ~ 32.5 cm’) was
treated by dipping in the 10ml working solution of EO
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formulation for ten seconds and then air-dried, whereas
control included only solvent, emulsifier and water. One
treated sugarcane piece was placed in a rectangular plas-
tic box of 18 x 12 x 6.5 cm (LxWxH) dimensions. The
24-hours old, 6 h-starved male and female adults were
obtained from our culture and one pair (male and fe-
male) was released in each box. Each treatment was rep-
licated ten times in a randomized block design. Obser-
vations on feeding were taken after 24, 48, 72 and 96
hours. All feeding marks were analyzed by counting
with a square window of 2 x 2 c¢m” in the location of
maximum and minimum density of pricks on sugarcane
piece and then averaging them. Several other window
counts, including square windows of 1 x 1 cm” and rec-
tangular windows did not provide the accurate account
of the feeding marks. The holes without the eggs were
counted and the ones drilled by females for depositing
the eggs were ignored. The following formula was
worked-out for calculating total number of pricks on
sugarcane piece (~ 32.5 cm” area) of each replicate:

Total number of prick-marks = [{(P; + P,)/2}*Z] /4
P, = Maximum number of pricks in 2x2 cm® window area
P, = Minimum number of pricks in 2x2 cm® window area
Z = Area (~ 32.5 cm’ for sugarcane piece in each replicate)

After the completion of the experiment, i.e. 96 h, the
insects from all the treatments were fed with untreated
sugarcane bits for 7 more days to monitor them for
symptoms of inactivity or mortality.

Chemical analyses of essential oils

Chemical analyses of EOs were performed using gas
chromatography (GC) and gas chromatography — mass
spectrometry (GC-MS). GC analyses for EEOF, EEOL
and AEOL were done with Agilent 7890A instrument
equipped with DB-5 column (30 m x 0.25 mm x 0.25 pm)
and FID. Diluted samples (1/200, w/w, in dichloro-
methane) of 1.0 pl each were injected in the split-less
mode. For EEOF and EEOL, the oven temperature was
raised from 60 °C to 180 °C at 4 °C/min, held isother-
mal for 5 min and finally ramped to 220 °C at 10 °C/min.
For AEOL analysis, the temperature was ramped from
60 °C (2 min) to 200 °C at 3 °C/min. Injector and detec-
tor temperatures were held at 230 °C and 250 °C, re-
spectively, while carrier (He) and make-up (N,) gases
were maintained at the flow rates of Iml/min and
25 ml/min, respectively. The relative percentage of the
EO constituents was calculated by FID peak area nor-
malization without using correction factors.

GC-MS analyses were performed with DB-5 MS col-
umn (30 m x 0.25 mm x 0.25 pm) and Agilent 5975C
mass analyzer with ionization potential of 70eV, trans-
fer line temperature at 280 °C and scan range of m/z 40-
450. The identification of EO constituents was done by
one or more methods including matching their mass
spectra with NIST and Wiley computer libraries, with
the reported literature (Jennings and Shibamoto, 1980;
Adams, 2007), with spectra from authentic samples (bi-
sabolol, camphor and caryophyllene from Fluka Inc.),
and by comparing their retention times with pure au-
thentic samples and their linear retention indices relative
to the series of n-hydrocarbons (Cs to Cy).



Statistical analysis

Statistical analysis was performed using SPSS® 15.0
for Windows® software. Data were analyzed by using
one-way ANOVA to examine the effects of the three
tested EOs on feeding activity of R. ferrugineus adults
and the means were separated using Tukey’s test. Statis-
tical significances between the samples were indicated
by probability values of P < 0.05.

Results

Antifeedant activity of essential oils

Amongst the three evaluated EOs, the interaction be-
tween concentration and time was found significant in
cases of EEOF (72 h and 96 h) and AEOL (24 h, 48 h,
and 96 h) only, whereas, EEOL was found not effective
in preventing the normal feeding marks (table 1). At
higher concentration of 1000 ppm, the EEOF signifi-
cantly affected the normal feeding of the R. ferrugineus
adults showing 54.84 + 11.07, and 60.13 + 11.31 mean
prick-marks as against 102.78 = 10.75, 113.75 £ 13.55
mean prick-marks in control after 72 h and 96 h, respec-
tively. However, after 24 h and 48 h, EEOF treatment
did not affect the feeding significantly. The AEOL
showed significant antifeedant activity against R. fer-
rugineus adults at 1000 ppm with 18.96 + 5.07, 38.82 +
6.24, and 60.13 + 7.94 mean prick-marks as against
48.34 + 10.82, 78.41 £ 9.82, and 104.81 + 11.23 mean

prick-marks in control after 24 h, 48 h and 96 h, respec-
tively, however in the observation taken after 72 h,
AEOL treatment was found to not affect the feeding sig-
nificantly. At 500 ppm, all the three evaluated EOs did
not significantly affect the feeding of R. ferrugineus
adults. No inactivity or mortality of the test insects was
observed in any of the treatments during the experiments
till 96 h and subsequent 7 days of monitoring period.

Chemical composition of essential oils

Results of chemical composition analysis by GC and
GC-MS of EEOF revealed that out of total 89.66% iden-
tified components more than 84% content comprised
oxygenated sesquiterpenes, sesquiterpene hydrocarbons
and oxygenated monoterpenes (table 2). Six major com-
ponents of EEOF were found to be amorphene deriva-
tives, amorph-4,7(11)-diene-8-one (7.33%) and amorph-
4,7-dien-11-0l (3.79%), sesquiterpenes, curcumene
(4.24%), p-bisabolene (3.56%) and caryophyllene
(3.26%), and oxygenated sesquiterpene, bisabolol
(3.49%) (table 3). EEOL composition was found to be
dominated by sesquiterpenes and their oxygenated de-
rivatives comprising over 87% of total 92.71% identi-
fied components. Five out of six major components of
EEOL, viz. B-farnesene (4.98%), curcumene (4.58%), 3-
sesquiphellandrene (3.80%), o-bergamotene (2.86%)
and caryophyllene (2.79%) were sesquiterpene hydro-
carbons, whereas the sixth component, amorph-4,7(11)-
dione-8-one (4.15%) is an oxygenated derivative of

Table 1. Mean number of feeding-marks of R. ferrugineus on sugarcane pieces (area ~ 32.5 cm’) after treatment with
essential oils of EEOF, EEOL and AEOL at two concentrations and control at 24 h, 48 h, 72 h and 96 h. Data was
analyzed with one-way ANOVA and means were separated with Tukey’s test.

Essential oil Concentration Feeding-marks + SE
(ppm) 24h 48 h 72 h 96 h
EEOF control 4428 £8.29 a 74.75+14.38 a 102.78£10.75 b 113.75+£13.55b
500 27.53+6.8a 41.98+9.59a 78.54 +11.33 ab 86.67+13.30 ab
1000 23.56+2.83 a 382+89a 54.84+11.07 a 60.13+11.31a
F=3.048;P=0.065 F=3.205;P=0.057 F=4.870, P=0.016 F=4.582; P=0.020
EEOL control 7.6+281la 2691+11.20a 45.70 £ 16.41 a 53.82+19.31a
500 17.27+6.55a 31.48+8.04a 42.66 £8.45a 59.92+10.12a
1000 126 +4.13 a 28.84+6.31 a 40.62+7.82a 5891 +11.51a
F=0.978;P=0.391 F=0.068;P=0.934 F=0.054,P=0.948 F=0.052; P=0.950
AEOL control 48.34+10.82 b 78.41 £9.82 b 97.5+12.57 a 104.81+11.23 b
500 31.15+6.42 ab 62.3+£10.49 ab 91.63+17.62a 105.17+19.56 b
1000 18.96 £5.07 a 38.82+6.24 a 56.88+7.7a 60.13 +7.94 a

F=3.381; P=0.050 F=4.807; P=0.017 F=2.728; P=0.085 F=3.846; P =0.034

P < 0.05 is significant; Values followed by dissimilar alphabets in superscript depict significant differences.

Table 2. Chemical composition of EEOF, EEOL and AEOL by GC and GC-MS analyses.

Chemical class of constituents

Percentage

in essential oil*

EEOF EEOL AEOL

monoterpene hydrocarbons 02.46 00.64 32.92
oxygenated monoterpenes 09.41 02.10 05.67

sesquiterpene hydrocarbons 34.05 64.25 37.02
oxygenated sesquiterpenes 40.87 23.10 13.14
diterpenes and others 02.87 02.62 05.98

* Cumulative content in percentage of each class of constituents.
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Table 3. Major constituents of EEOF, EEOL and AEOL by GC and GC-MS analyses.

Major Constituents (%)

EEOF EEOL AEOL
amorph-4,7(11)-dione-8-one B-farnesene camphor
(7.33) (4.98) (26.50)
curcumene curcumene B-bisabolene
(4.24) (4.58) (7.57)
amorph-4,7-dien-11-ol amorph-4,7(11)-diene-8-one B-farnesene
(3.79) (4.15) (6.17)
B-bisabolene B-sequiphellandrene caryophyllene oxide
(3.56) (3.80) (5.01)
bisabolol a-bergamotene (+)-epi-bicyclosesquiphellandrene
(3.49) (2.86) (4.55)
caryophyllene caryophyllene o-gurjunene
(3.26) (2.79) (4.06)

amorphene. In case of AEOL, composition analysis
showed higher relative abundance of monoterpene and
sesquiterpene hydrocarbons followed by oxygenated
sesquiterpenes, with all the three totalling to more than
83% of 94.73% total identified components (table 2).
Camphor (26.50%) was found to be the main constitu-
ent of AEOL followed by B-bisabolene (7.57%), B-
farnesene (6.17%), caryophyllene oxide (5.01%), (+)-
epi-bicyclosesquiphellandrene (4.55%) and o-gurjunene
(4.06%) (table 3).

Discussion

There is a renewed interest amongst scientists to study the
bioactivity of plant EOs against phytophagous arthropod
pests (Bakkali et al., 2008; Adorjan and Buchbauer,
2010). The antifeedant and repellent effects of various
plant EOs have been reported on weevils Sitophilus
granarius (L.) and Sitophilus zeamais Motschulsky (Col-
eoptera Dryophthoridae), both widespread stored grain
pests (Conti et al., 2010, 2011; Mossi et al., 2011).

In our studies, the EEOF showed significant an-
tifeedant activity after 72 h and 96 h, causing 53.35 and
52.86 per cent reduction in feeding, respectively, at
1000 ppm. Ding et al. (1999) referred to their prelimi-
nary studies and reported antifeedant activity of petro-
leum ether extracts from flowers of E. adenophorum,
though they omitted the name of test insect.

The AEOL was also found to exhibit potent antifeedant
activity against RPW at 1000 ppm, with 18.96 = 5.07
prick-marks in the first 24 h as against 48.34 + 10.82 in
the control which in effect amounts to about 60% re-
duced feeding. There was an increase in the total prick
marks after 96 h, being 60.13 £+ 7.94 in case of AEOL as
compared to 104.81 = 11.23 in control, the antifeedant
activity of AEOL remained significant throughout the
period of observation except at 72 h (table 1). Since we
have found significant differences in other observational
time-points, we assume non-significance at 72 h time-
point as a natural biological difference.

It is not unusual to find significant differences in the
bioactivities of EOs derived from different parts of the
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same plant. The EO from leaves of Brazilian pepper tree,
Schinus molle L. showed repellent action whereas, the
EO from the fruit was attractive to rice weevil, Sitophilus
oryzae (L.) (Benzi et al., 2009). Different bioactivities
result from different composition of essential oils and
therefore different parts of the same plant may exhibit
major differences in their compositions. Analysis of EO
composition of the medicinal plant Curcuma longa L.
revealed a-phellandrene as the main constituent of leaves
while being totally absent in the flowers (Leela et al.,
2002). In the light of above facts and significant differ-
ences found in the antifeedant activity of EEOF and
EEOL, chemical composition analyses was attempted to
know the differences in their content profiles.

Results of GC and GC-MS analyses of EEOF and
EEOL showed quite different content profiles, wherein
EEOF comprised relatively higher percentage of mono-
terpene hydrocarbons and oxygenated derivatives of
monoterpenes and sesquiterpenes compared to EEOL.
The latter showed a reduction in variety and content of
monoterpenes as well as oxygenated derivatives of mo-
noterpenes and sesquiterpenes (table 2). Two major
constituents of EEOF, viz.,, amorph-4,7-dien-11-ol
(3.79%) and B-bisabolene (3.56%) were found to be ab-
sent in EEOL. Notably, B-Bisabolene is reportedly a po-
tent non-phytotoxic antifeedant against Leptinotarsa de-
cemlineata (Say) (Gonzalez-Coloma et al., 1995) and
Mpyzus persicae Sulzer (Gutierrez et al., 1997).

Examination of AEOL chemical composition revealed
very high (26.50%) camphor content though 32.92%
monoterpene and 37.02% sesquiterpene hydrocarbon
contents were comparable. Camphor is a known insect
antifeedant and repellent as was reported by Miles et al.
(1985) against boll weevil. The antifeedant activity of
AEOL may originate from its main constituent camphor
but minor constituents are known to modulate the bioac-
tivities of major constituents with synergism or antago-
nism. Previous studies suggest synergistic role of other
constituents in the EOs with high camphor content
(Gonzalez-Coloma et al., 2006; Nerio et al., 2010).
B-bisabolene, second major constituent of AEOL, is also
known to possess antifeedant activity (Gonzalez-
Coloma et al., 1995; Gutierrez et al., 1997) as stated a-
bove in case of EEOF.



The respective differences in effectiveness of EEOF
and AEOL seem to originate from their different chemi-
cal compositions. It is to be noted that the composition of
EEOF is biased towards sesquiterpene hydrocarbons and
their oxygenated derivatives, whereas, in AEOL, repre-
sentation of both monoterpene and sesquiterpene hydro-
carbons is more than their oxygenated derivatives. The
reason for gradual reduction in antifeedant activity of
AEOL over the period of observation could be high vola-
tility of its major constituent camphor. In case of EEOF,
antifeedant activity became significant only after 72 h.

Conclusions

Among the three essential oils tested, the one extracted
from flowers of E. adenophorum showed significant an-
tifeedant activity against R. ferrugineus adults in the lat-
ter half of the observation period whereas the one ob-
tained from aerial parts of 4. nilagirica exhibited sig-
nificant antifeedant activity throughout the observation
period except after 72 h time-point. The essential oil
from leaves of E. adenophorum lacked antifeedant ac-
tivity. This shows that essential oils from different parts
of the same plant differ in the biological activity as well
as chemical composition as evidenced from this investi-
gation. Analyses of chemical composition of the essen-
tial oils from flowers and leaves of E. adenophorum
showed significant variation in their respective content
profiles. This study has provided valuable information
on the potential of EEOF and AEOL as antifeedants and
requires further research on the feasibility of their field
application as a preventive method.

Acknowledgements

We are highly grateful to Prof. Ali Saeed Al Ghamdi,
Vice Rector for Graduate Studies and Research, King
Saud University, for his constant encouragement and
support. We also thank Dr. Suresh Walia, Professor and
Principal Scientist, Division of Agricultural Chemicals,
Indian Agricultural Research Institute, New Delhi, In-
dia, for kindly gifting us the samples of essential oils.

References

ABBAS M. S. T., 2010.- IPM of the red palm weevil, Rhyn-
chophorus ferrugineus, pp. 209-233. In: Integrated man-
agement of arthropod pests and insect borne diseases (CI-
ANCIO A., MUKERII K. G., Eds).- Integrated management of
plant pests and diseases 5, Springer, New York, USA.

ABDALLAH F. F., AL-KHATRI S. A., 2000.- The effectiveness of
trunk injection and fumigation for the control of red palm
weevil Rhynchophorus ferrugineus Olivier in date palm.-
Journal of Plant Protection in the Tropics, 13: 17-21.

ABDULLAH M. A. R., 2009.- Identification of the biological
active compounds of two natural extracts for the control of
the red palm weevil, Rhynchophorus ferrugineus (Olivier)
(Coleoptera — curculionidae).- Egyptian Academic Journal
of Biological Sciences, 2 (2): 35-44.

ABOZUHAIRAH R. A., VIDYASAGAR P. S. P. V., ABRAHAM V.
A., 1996.- Integrated management of red palm weevil, Rhyn-

chophorus ferrugineus in date palm plantations of the King-
dom of Saudi Arabia. p. 541. In: Proceedings of the XX In-
ternational Congress of Entomology, Firenze, Italy, August,
1996.

ABRAHAM V. A., VIDYASAGAR P. S. P. V., 1993.- Strategy for
the control of red palm weevil of date palm in the Kingdom
of Saudi Arabia.- Consultancy report submitted to the Min-
istry of Agriculture and Water, K.S.A.

ABRAHAM V. A., AL-SHUAIBI M. A., FALEIRO J. R., ABOZU-
HAIRAH R. A., VIDYASAGAR P. S. P. V., 1998.- An integrated
management approach for red palm weevil, Rhynchophorus
ferrugineus Oliv., a key pest of date palm in the Middle
East.- Sultan Qaboos University Journal for Scientific Re-
search - Agricultural Sciences, 3: 77-83.

ABRAHAM V. A., FALEIRO J. R, NAIR C. P. R.,, NAIR S. S.,
2002.- Present management technologies for red palm wee-
vil Rhynchophorus ferrugineus Olivier (Coleoptera: Curcu-
lionidae) in palms and future thrusts.- Pest Management in
Horticultural Ecosystems, 8: 69-82.

ADAMS R. P., 2007.- Identification of essential oil components
by gas chromatography / mass spectrometry.- 4™ Edition, Al-
lured Publishing Corporation, Carol Stream, Illinois, USA.

ADORJAN B., BUCHBAUER G., 2010.- Biological properties of
essential oils: an updated review.- Flavour and Fragrance
Journal, 25: 407-426.

BAKKALI F., AVERBECK S., AVERBECK D., IDAOMAR M., 2008.-
Biological effects of essential oils — A review.- Journal of
Food and Chemical Toxicology, 46: 446-475.

BARRANCO P., DE LA PENA J., CABELLO T., 1996a.- Un nuevo
curculionido tropical para la fauna europea, Rhynchophorus
ferrugineus (Olivier, 1790) (Coleoptera: Curculionidae).-
Boletin de la Asociaction Espanola de Entomologia, 20:
257-258.

BARRANCO P., DE LA PENA J., CABELLO T., 1996b.- El picudo
rojo de las palmeras, Rhynchophorus ferrugineus (Olivier,
1790), nueva plaga en Europa (Coleoptera, Curculionidae).-
Phytoma-Espana, 76: 36-40.

BARRANCO P., DE LA PENA J.,, MARTIN M. M., CABELLO T.,
1998.- Eficacia del control quimico de la nueva plaga de las
palmeras Rhynchophorus ferrugineus (Olivier, 1790) (Col.:
Curculionidae).- Boletin de Sanidad Vegetal, Plagas, 24:
301-306.

BENzI V., STEFANAZZI N., FERRERO A.A., 2009.- Biological
activity of essential oils from leaves and fruits of pepper tree
(Schinus molle L.) to control rice weevil (Sitophilus oryzae
L.).- Chilean Journal of Agricultural Research, 69 (2): 154-
159.

ConTI B., CANALE A., CIONI P. L., FLAMINI G., 2010.- Repel-
lence of essential oils from tropical and Mediterranean La-
miaceae against Sitophilus zeamais.- Bulletin of Insectology,
63 (2): 197-202.

ConTI B., CANALE A., CIoNI P. L., FLAMINI G., RIFICI A.,
2011.- Hyptis suaveolens and Hyptis spicigera (Lamiaceae)
essential oils: qualitative analysis, contact toxicity and repel-
lent activity against Sitophilus granarius (L.) (Coleoptera:
Dryophthoridae).- Journal of Pest Science, 84 (2): 219-228.

DAyAN F. E., CANTRELL C. L., DUKE S. O., 2009.- Natural
products in crop protection.- Bioorganic & Medicinal Chem-
istry, 17: 4022-4034.

DEMBILIO O., LLACER E., MARTINEZ DE ALTUBE M. M., JACAS
J. A, 2010.- Field efficacy of imidacloprid and Steinernema
carpocapsae in a chitosan formulation against the red palm
weevil Rhynchophorus ferrugineus (Coleoptera: Curculioni-
dae) in Phoenix canariensis.- Pest Management Science, 66:
365-370.

DING Z. H., Guo Y. B., DING J. K., 1999.- Chemical constitu-
ents from the flowers of Eupatorium adenophorum.- Acta
Botanica Yunnanica, 21 (4): 505-511.

EL-SAEID M. H., AL-DOSARI S. A., 2010.- Monitoring of pesti-
cide residues in Riyadh dates by SFE, MSE, SFC, and GC
techniques.- Arabian Journal of Chemistry, 3: 179-186.

75



FALEIRO J. R., 2006.- A review on the issues and management
of red palm weevil Rhynchophorus ferrugineus (Coleoptera:
Rhynchophoridae) in coconut and date palm during the last
one hundred years.- International Journal of Tropical Insect
Science, 26 (3): 135-154.

FERRY M., GOMEZ S., 2002.- The red palm weevil in the Medi-
terranean area.- Palms, 46 (4): 172-178.

GONZALEZ-COLOMA A., REINA M., CABRERA R., CASTANERA
P., GUTIERREZ C., 1995.- Antifeedant and toxic effects of
sesquiterpenes from Senecio palmensis to colorado potato
beetle.- Journal of Chemcial Ecology, 21 (9): 1255-1270.

GONZALEZ-COLOMA A., MARTIN-BENITO D., MOHAMED N.,
GARCIA-VALLEJO M. C., SORIA A. C., 2006.- Antifeedant ef-
fects and chemical composition of essential oils from differ-
ent populations of Lavandula luisieri L.- Biochemical Sys-
tematics and Ecology, 34: 609-616.

GUTIERREZ C., FERERES A., REINA M., CABRERA R., GON-
ZALEZ-COLOMA A., 1997.- Behavioral and sublethal effects
of structurally related lower terpenes on Myzus persicae.-
Journal of Chemical Ecology, 23 (6): 1641-1650.

HERNANDEZ-MARANTE D., FOLK F., SANCHEZ A., FERNANDEZ-
EscoBAR R., 2003.- Control of red palm weevil (Rhynchopho-
rus ferrugineus Olivier) using trunk injections and foliar
sprays.- Boletin de Sanidad Vegetal, Plagas, 29: 563-574.

HUANG Y., LaM S. L., Ho S. H., 2000.- Bioactivities of essen-
tial oil from Elletaria cardamomum (L.) Maton. to Sitophilus
zeamais Motschulsky and Tribolium castaneum (Herbst).-
Journal of Stored Products Research, 36 (2): 107-117.

IsMAN M. B., 1999.- Pesticides based on plant essential oils.-
Pesticide Outlook, 10: 68-72.

IsMAN M. B., 2000.- Plant essential oils for pest and disease
management.- Crop Protection, 19: 603-608.

IsMAN M. B., 2002.- Insect antifeedants.- Pesticide Outlook,
13 (4): 152-156.

IsMAN M. B., 2006.- Botanical insecticides, deterrents, and
repellents in modern agriculture and an increasingly regu-
lated world.- Annual Review of Entomology, 51: 45-66.

Jacas J. A., DEMBILIO O., LLACER E., 2011.- Research activi-
ties focused on management of red palm weevil at the UJI-
IVIA Associated Unit (Region of Valencia, Spain).- Bulletin
OEPP/EPPO Bulletin, 41: 122-127.

JENNINGS W., SHIBAMOTO T., 1980.- Qualitative analysis of
flavor and fragrance volatiles by glass capillary chromatog-
raphy.- Academic Press, New York, USA.

KAMEL A., AL-DOSARY S., IBRAHIM S., AHMED M. A., 2007.-
Degradation of the acaricides abamectin, flufenoxuron and
amitraz on Saudi Arabian dates.- Food Chemistry, 100:
1590-1593.

LEELA N. K., TAVA A., SHAFIP. M., JOHN S. 1., CHEMPAKAM B.,
2002.- Chemical composition of essential oils of turmeric
(Curcuma longa L.).- Acta Pharmaceutica, 52: 137-141.

MaAsSA R., CAPRIO E., DE SANTIS M., GRIFFO R., MIGLIORE M.
D., PANARIELLO G., PINCHERA D., SPIGNO P., 2011.- Micro-
wave treatment for pest control: the case of Rhynchophorus
ferrugineus in Phoenix canariensis.- EPPO Bulletin, 41:
128-135.

MILES D. H., HANKINSON B. L., RANDLE S. A., 1985.- Insect
antifeedants from the Peruvian plant Alchornea triplinervia,
Chapter 33, pp. 469-476. In: Bioregulators for pest control
(HEDIN P. A., CUTLER H. G., HAMMOCK B. D., MENN J. J.,
MORELAND D. E., PLIMMER J. R., Eds).- ACS Symposium Se-
ries, American Chemical Society, Washington D.C., USA.

Mosst A. J., ASTOLFI V., KUBIAK G., LERIN L., ZANELLA C.,
TONIAZZO G., OLIVEIRA D. D., TREICHEL H., DEVILLA 1. A,
CANSIAN R., RESTELLO R., 2011.- Insecticidal and repellency
activity of essential oil of Eucalyptus sp. against Sitophilus
zeamais Motschulsky (Coleoptera, Curculionidae).- Journal
of the Science of Food and Agriculture, 91: 273-277.

NARDI S., Riccr E., Lozzi R., MAROzzI F., LADURNER E.,
CHIABRANDO F., GRANCHELLI L., VERDOLINI E., ISIDORO N.,
RioLo P., 2011.- Control of Rhynchophorus ferrugineus

76

(Olivier, 1790) according to EU Decision 2007/365/EC in
the Marche region (Central-Eastern Italy).- Bulletin O-
EPP/EPPO Bulletin, 41: 103-115.

NERIO L. S., OLIVERO-VERBEL J., STASHENKO E., 2010.- Re-
pellent activity of essential oils: A review.- Bioresource
Technology, 101 (1): 372-378.

NIRULA K. K., 1956a.- Investigation on the pests of coconut
palm, Part-1V. Rhynchophorus ferrugineus.- Indian Coconut
Journal, 9: 229-247.

NIRULA K. K., 1956b.- Investigation on the pests of coconut
palm, Part-1V. Rhynchophorus ferrugineus.- Indian Coconut
Journal, 10: 28-44.

OEHLSCHLAGER A. C., 1998.- Trapping of date palm weevil.
In: Proceedings of an FAO workshop on date palm weevil
(Rhynchophorus ferrugineus) and its control, 15-17 Decem-
ber 1998, Cairo, Egypt.

PEREZ S. G., RAMOS-LOPEZ M. A., ZAVALA-SANCHEZ M. A.,
CARDENAS-ORTEGA N. C., 2010.- Activity of essential oils
as a biorational alternative to control coleopteran insects in
stored grains.- Journal of Medicinal Plants Research, 4 (25):
2827-2835.

RoODA A., KAIRO M., DAMIAN T., FRANKEN F., HEIDWEILLER
K., JoHANNS C., MANKIN R., 2011.- Red palm weevil (RAyn-
chophorus ferrugineus), an invasive pest recently found in
the Caribbean that threatens the region.- Bulletin O-
EPP/EPPO Bulletin, 41: 116-121.

SACCHETTI P., CAMERA A., GRANCHIETTI A., ROSI M., MAR-
ZIALETTI P., 2005.- Prima segnalazione in Italia del curculio-
nide delle palme, Rhynchophorus ferrugineus.- Notiziario
del Centro Sperimentale per il Vivaismo di Pistoia, 144
(5/6): 6-9.

SACCHETTI P., CAMERA A., GRANCHIETTI A., ROSI M., MAR-
ZIALETTI P., 2006.- Identificazione biologia e diffusione del
curculionide delle palme, Rhynchophorus ferrugineus (Oli-
ver).- Informatore Fitopatologico, 20 (6): 35-40.

TaAPIA G., Ruiz M. A., TELLEZ M. Z., 2011.- Recommendations
for a preventive strategy to control red palm weevil (Rhy-
chophorus ferrugineus, Olivier) based on the use of insecti-
cides and entomopathogenic nematodes.- Bulletin
OEPP/EPPO Bulletin, 41: 136-141.

TRIGGIANI O., TARASCO E., 2011.- Evaluation of the effects of
autochthonous and commercial isolates of Steinernematidae
and Heterorhabditidae on Rhynchophorus ferrugineus.- Bul-
letin of Insectology, 64 (2): 175-180.

VIDYASAGAR P. S. P. V., SUBAHARAN K., 2000.- Role of be-
havior modifying chemicals in management of key pests of
palms, pp. 121-126. In: Innovative pest and disease man-
agement in horticultural and plantation crops (NARSIMHAN
S., SURESH G., WESLEY S. D., Eds).- SPIC Science Founda-
tion, Chennai. The British Council, The British Deputy High
Commission, Chennai, India.

VIDYASAGAR P. S. P. V., AL-SAIHATI A. A., AL-MOHANNA O.
E., SUBBEI A. 1., ABDUL-MOHSIN A. M., 2000a.- Manage-
ment of red palm weevil Rhynchophorus ferrugineus Oliv-
ier, a serious pest of date palm in Al-Qatif, Kingdom of
Saudi Arabia.- Journal of Plantation Crops, 28 (1): 35-43.

VIDYASAGAR P. S. P. V., MOHAMMED H., ABOZUHAIRAH R. A.,
AL-MOHANNA O. E., AL-SAIHATI A. A., 2000b.- Impact of
mass pheromone trapping on red palm weevil adult popula-
tion and infestation level in date palm gardens of Saudi Ara-
bia.- Planter, 76 (891): 347-355.

Authors’ addresses: Polana S. P. V. VIDYASAGAR (corre-
sponding author, vidyasagar4d9@yahoo.com), Paraj SHUKLA,
Saleh A. ALDOSARI, Mahmoud ABDEL-AzIM, Chair of Date
Palm Research, College of Food and Agriculture Sciences,
King Saud University, P.O. Box No. 2460, Riyadh 11451,
Saudi Arabia.

Received June 18, 2011. Accepted January 23, 2012.



