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Identification of the biological active compounds of two natural extracts
for the control of the red palm weevil, Rhynchophorus ferrugineus
(Oliver) (Coleoptera - curculionidae)
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ABSTRACT

Two natural insecticides, rotenone and limonine caused antifeedant
and growth inhibition of the red palm weevil Rhynchophorus ferrugineus
larvae and adults. Rotenone was extracted from the root of Lanchocarpus
sp. or Derris sp. and limonene extracted from citrus fruit oil. The
concentrations of 1.5, 3, 6, 9, 12 and 15% of both insecticides were used for
treatment of the sugar cane pieces. Adult stage was more tolerant than the
larvae. Also, the rotenone insecticide was more effective than limonene
insecticide. Moreover increasing of rotenone and limonene concentrations
were reduced the food consumption and increased the larval and adult
mortality. The chemical analysis was suggested the structure of rotenone is
flavonoid compound and its chemical formula is Ci3H2,06. While the
chemical nature of limonene is alkaloid with the chemical formula of
C10H1304.
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INTRODUCTION

There are problems of pesticide resistance and negative effects on
non-target organisms including man and the environment (Rembold, 1984
and Dorow and Rembold, 1993). The pool of plants possessing insecticidal
substances is enormous (Jacobson, 1989). The toxic action of rotenoids
against variety of insect species was reported against Tenebrio molitor when
applied topically (Negherbon, 1959); the mustard web worm, Crocidolomia
binotalis; and the diamond-back moth, Plutella interpunctella and Idiocerus
sp. (Puttarudriah and Bhatia, 1955); and Spodoptera litura, Krishnamurthy,
1982). On the other hand, rotenone possessed antifeedant effect to many
insects, such as larvae of Spodoptera litura (Srimmannarayan and Rao,
1985). In addition the isolated rotenone from Leguminous plants, had
antifeedant effect against different insects (Jacobson and Crosby, 1971).

Limonene reported to be insecticidal against many insects as the
pulse beetle, Callosobruchus phaseoli (SU, 1976); and the rice weevil, S.
oryzae and the red flour beetle, Tribolium castaneum (Don Pedro 1985; El-
Sayed and Abdel-Rahik 1986, and Prakash et al., 1987). However, limonene
showed juvenile-hormone mimic activity against 5" instars larvae of the red
cotton bug, Dysdrcus cingulatus (Kareem 1984). Limonene had antifeedant
activity against different insects, pulse beetle C. maculates (DonPedro,
1985); and Leptinotarsa decemlineata (Prakash et al. (1990c). On the other
hand, the limonene caused inhibition of oviposition against different insects,
El-Sayed and Abdel-Rahik (1986) reported limonene oil to show inhibition
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oviposition of C. maculates. however complete inhibition of ovipostion
occurred to the cotton leaf hopper, Amrasca devastans (Saxena and Basit,
1982 and Su and Horvat (1988). Although the limonene was act as repellent,
the fruit juice of sweet orange had attractant activity when tested against the
leaf cutting ants (Jacobson, 1958).

The red palm weevil Rhynchophorus ferrugineus came to attention
because it was recently introduced during the last decade in the Near East
region. The European and Mediterranean plant protection Organization
(EPPO, 2002) reported that R. ferrugineus found in Jordan and Israel
(1999), in Egypt (Cox, 1993) In Asia, mid 1980 (El-Ezaby, 1997). R.
ferrugineus attacks many plant tree species (Areca catechu, Arenga pinnata,
Borassus flabelifer, and Caryota maxima (Abbas et al., 2001). Severely
damage attacked palm trees show a total loss of the palms and rotting of the
trunk, which lead to the death of the tree (Anonymous 2000).

The aim of this work was to study the effects of the rotenone and
limonene biopesticides on the growth inhibitory, antifeedant, mortality of
the red palm weevil Rhynchophorus ferrugineus.

The spectrophotometer analysis using UV, IR, Mass spectrum and
the element analysis of the two botanical insecticides were studied.

MATERIAL AND METHODS

1- Insect colony

The different developmental stages of Rhynchophorus ferrugineus was
obtained from the infected palm trees at Wady-Aldawaser region in Saudi
Arabia. The colony were fed on sugar —cane pieces and the females laid
eggs between the sugar cane tissues till hatching. Rearing colony was kept
under 32+3°C and 50%5 R.H. according to the method of Nassar and
Abdullah (2001) with some modification.
2- Botanical insecticides

Two Botanical insecticides (Rotenone and limonene) were obtained from
Sigma Chemicals Company. Rotenone is the extract of Lanochocrapus
species or Derris species root. Limonine is the extract of citrus fruit peels.
Different concentrations (1.5, 3, 6, 9, 12, and 15%) of rotenone and
limonene insecticide were prepared using water as solvent.
3- Antifeedant of larvae

In the present investigation, feeding inhibition or repellency was
demonstrated by treating sugar-cane pieces with the different concentrations
of rotenone and limonene. The different concentrations (2, 4, 6, 8, 10, and
12%) of the rotenone and limonene insecticides were topically treated with
Iml of each concentration on the sides of sugar cane pieces (5 pieces
measured 15x3x3cm/replicate) using 1ml glass pipette. The treated sugar-
cane pieces were air-dried then introduce to the starved 6" days old larvae.
Sugar-cane pieces without any treatment were introduced to the 6™ days old
larvae as control. The treatment was replicated three times (10 starved
larvae /replicate) for each concentration. The experiments were performed
according to the method adopted by Morallo-Rejesus (1980).
4-Toxicity study and biostatistics

Larvae (8-days old) and newly emerged adults repeated three times (10
larvae or adults/replicate), were topically received 4u of rotenone and
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limonene concentrations (1.5, 3, 6, 9, 12, and 15%) using micropipette (1-
10p). The treated larvae and adults supported with small sugar-cane pieces
in plastic cups for feed. Control insects were given sugar cane without any
treatment. Percent of larval and adult mortality was recorded after 24 hours
post treatment and the corrected mortality adjusted using Abbot formula
(1925). The recorded data was tabulated depending on T-distribution and
was estimated according to Finney (1971).
5- Spectrum nature of rotenone and limonene.

Rotenone and limonene were subjected to spectrophotometer analysis by
using ultra violet (UV), infrared (IR) and mass (Ms) spectrophotometers at
the Chemistry Department, Faculty of Science, King Khalid University.

RESULTS AND DISCUSSION

Antifeedant activity

Repellants, on the other hand, drive the insects away after exposure the
sugar-cane pieces to the rotenone and limonene insecticides without
necessarily feeding. The behavior of the larvae was observed immediately
after exposure for 6hr but the consumption of sugar-cane pieces measured
after 24hr. Data recorded in Table (1) revealed that, the larval consumption
of treated sugar cane with rotenone was 22.3, 13.5, 8.7 and 5.7cm? at the
concentration of 1.5, 3, 6 and 9%, respectively. Whereas at the higher
concentration, 12 and 15% of rotenone, no food was recorded by larvae. In
the case of treated sugar cane with limonene by concentration of 1.5, 3, 6, 9
and 12% the areas of food consumption were 27.6, 17.2, 10.4, 8.7 and 5.7
cm?, respectively. While at the concentration of 15% only the limonene
insecticide caused no consumption food by larvae compared to
45.4+3.12cm? of control (Table 1). The rotenone and limonene treated
sugarcane were ingested by larvae of R. ferrugineus to an appreciable
degree and this feeding was less than the feeding in control sugarcane. It is
quite clear from there results that rotenone considered as antifeedant, more
than limonene and this indicates that the both of natural insecticides
contained volatile chemicals, which deter insects. The reduced feeding
could be either due to direct toxic action of both insecticides on larvae but
the food intake is reduces until the insects die. The present results clearly
confirmed with those obtained by El-Sayed and Abdel- Rahik (1986) who
reported that the odor of the citrus oils prevents the beetles of
Callosobruchus maculatutes from wandering away from the cowpea seeds.
Don Pedro (1985) conducted an intensive study into the growth inhibitory
and antifeedant effects of limonene to C. maculates when admixed with
stored cowpea at 4%w/w. Its peel powder also reduced the grain damage
and weight loss due to Sytophilus oryzae when admix with wheat grains
(Rout, 1986). Both rotenone and limonene proved repellant to larvae of R.
ferrugineus and a significantly (P<0.05) less feeding was observed on the
treated sugar-cane pieces. Components of rotenone and limonene may
responsible for antifeedant and repellent activity against larvae of R.
ferrugineus. Similar to this result, the active component of rotenone
insecticide shows antifeedant activity to the 4" instar larvae of Spodoptera
litura (Srimmannarayan and Rao, 1985). Rotenone was also isolated from
various species belonging to family Leguminosae, had antifeedant effect
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(Jacobson and Crosby, 1971). Nomilin and obacumone of citrus oils were
more active growth inhibitors even than the azadirachtin at 10ppm
concentration (Klocke and Kubo, 1982). El-Sayed and Abdel-Rahik (1986)
reported the citrus oil to show inhibition of growth and oviposition of C.
maculates on the treated cowpea seeds using 0.73 to 1.0% formulations. El-
Sayed et al. (1991) found its oil treatment with stored at 0.25% w/w to
significantly reduce the populations of wheat weevil, Sitophilus granarius
and to cause 44% mortality 16 days after treatment. Furthermore the effect
of limonene was inhibited and prevented oviposition of the cotton leaf
hopper, Amrasca devastans ( Saxena and Basit 1982).

Table (1): Antifeedant effects of rotenone and limonene insecticides on R. ferrugineus larvae.

Peaces (cm?) eat/larvae

Concentration % Rotenone Limonene
15 *22.3+1.5 *27.6+3.6
3 *13.5+0.7 *17.2+2.5
6 *8.7+2.6 *10.4+2.1
9 *5.7+1.2 *6.8+1.4
12 *0.0 *2.3+0.3

15 *0.0 *0.0
Control 45.4+3.12 45.4+3.12

* a significance (P<0.05).

Lethality effect of rotenone and limonene:

Botanical insecticides of rotenone and limonene resulted in a
considerable mortality compared to control. The highest mortality rates attained
92.3% and 81.2% in treated larvae with the higher concentration (15%) of
rotenone and limonene, respectively (Table 2). Whereas the highest
concentration of rotenone and limonene caused 79.2 and 71.1% mortality of
adult stage respectively compared to 0% of control group. The larval and adult
mortalities were increased with an increasing in the concentration of both
insecticides. The lower larval mortality was 11.3 and 8.7% while adult
mortality was 6.2 and 4.2% after treatment of both stages with the lower
concentration (1.5%) of rotenone and limonene, respectively. Mortality percent
are probably the result of the toxic power of these two compounds.
Furthermore, decreased locomotion, trembling of appendages were noted in the
treated adults which demonstrating the effect of rotenone and limonene on the
center of locomotion in the nervous system as neurotoxin insecticides. These
symptoms were accompanied by the production of liquid feaces, thus indicating
a disruption of water balance. This phenomenon is often noted in insects treated
with neurotoxic insecticides (Proux et al., 1993). Similar to this result, the
rotenone acted as a contact insecticide and also as a stomach poison of slow
action, against the rice weevil, Sitohpilus oryzae seed powder of Derris elliptica
(Nagai, 1902).

On the other hand ,Fabaceae plants (contained rotenone) was found to
protect stored wheat when admixed with the grains (Krishnamurthy and Rao,
1982). Puttarudriah and Bhatia (1955) and Fukami et al. (1959) reported the
root powder of Derris to be toxic to the pulse beetle, Calosobruchus sp.
Similarly, toxic effect of rotenone was also reported against Tenebrio molitor
when applied topically (Negherbon, 1959). Data recorded in Table (2) indicated
that the larvae and adults of Rhynchophorus ferrugineus were more susceptible
to rotenone than the limonene insecticide. This may be due to the different of
chemical nature between rotenone and limonene. Limon oil was reported to be
toxic to the pulse beetles, Callosobruchus chinensis and C. maculates (SU,
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1976). While the extract and powder of dried citrus peels of sweet lime
inhibited the multiplication of stored product insects (Su et al., 1972). On the
other, hand the volatile oils of limon was inhibited the oviposition of the
cotton leafhopper, Amrasca devastans (Saxena and Basit, 1982). Jacobson
(1975) reported insecticidal activity in the oil extracted from sour orange
peels against the diamond-back moth, Plutella xylostella. EI-Sayed et al.
(1991) reported that oil of sweet orange to show 64% mortality to wheat
weevil, Sitophilus granarius in stored treated grains at 0.25%w/w. Also, Su
and Horvat (1988) isolated and characterized four insecticide components
from biologically active lemon peel extract which were moderate toxic to
Sitophilus oryzae and Callosobruchus maculates. Toxicity of insects,
mammals and fishes to rotenone was due to the ease of entrance to the
cellular level (Fukami et al. 1969). On the other hand, rotenone has ability
to inhibit cellular respiration in almost every living organism, including
mammals, fish, amphibians, insects, and even plants (Bradbury 1986).
Insects poisoned with rotenone show symptoms of intoxication: drop in
oxygen consumption and respiratory depression and ataxia leading to
convulsions and finally to paralysis and death (Gonzalo 2004). On the other
hand, The symptoms of insects poisoned by rotenone differed from those
produced by neurotoxic insecticides and were characterized by reduction of
oxygen-consumption, depressed respiration and eventual paralysis (Martin,
1964). Whereas the mode of limonene action is similar to that of pyrethrum.
Its effect the sensory nerve of the nervous system, but it is not a ChE
inhibitor (George et al., 2004).

Table (2) Effect of rotenone and limonene on the larvae and adult mortality of R. ferrugineus.

Insecticides
Rotenone Limonene
Concentration % — —
% of larval and adult Mortalities % of larval and adult Mortalities
Larva Adult Larva Adult
1.5 11.3 6.2 8.7 4.2
3 23.4 18.3 14.4 9.1
6 36.5 28.1 26.5 18.6
9 58.2 47.3 45.2 36.2
12 73.2 65.1 60.3 47.3
15 92.3 79.2 81.2 71.1
Control 00.0 00.0 00.0 00.0

Spectrophotometer analysis of rotenone and limonene
a-Ultraviolet Spectrophotometer (UV )

Ultraviolet (UV) spectra of rotenone are shown in Fig. (1). The
active compound showed UV maxima at 294, 337nm and low intensity
region of 207.5nm at absorbance of 0.592, 0.512, and 1.188 absorbance,
respectively. These absorbances indicated the presence of flavon group.

ROTENONZ

1

200.0 500.0 8000
wavelength (nm.)

Fig. (1): Ultraviolet(UV) spectrophotometer of Rotenone
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While UV analysis of limonene (Fig.2) was contains unsaturation
connected with C=0 and C=N. The unsaturation may be present in the ring
itself or alpha to the carbon. The active components of limonene showed
UV high-resolution maxima at 273.5, 256.5, and 214.5nm with absorbance
of 0.013, 0.013, and 1.907 respectively, which indicated the presence of
aromatic alkaloid group.
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Fig. (2): Infrared (IR) spectrophotometer of Rotenone

Data obtained by UV analysis of rotenone show the presence of two
bands of low intensity in the region 520-640nm. The shorter wavelength 243
nm revealed the high intense bands that indicate the unsaturation double
bonds. For limonene UV and visible spectra, the bands 520-700nm may
refer to transition in simple ketenes, acids, esters and amides.
b-Infrared Spectrophotometer (IR )

IR-data of the active compound of rotenone is showed in Fig. (3). Infrared
analysis supported the present of many function groups at wavenumber of
3400cm™, 3100cm™, and 2816cm™, 2700cm™ attached to flavonoid. On the
other hand, low absorbance wavenumber was obtained at different of
transition.

5.500, LIMONENZ2

Sy

1.250

\
0.000! \i

200.0 500.0 800.0
Wavelength (nm.)

File Name: LIMONENZ2
Solution prepared in EtOH

Fig. (3): Ultraviolet (UV) spectrophotometer of Limonene
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These absorbance was 1500-1700cm™, 1000-1400cm™, and 500-
980cm™ which suggested the presence of aliphatic chemical structure
attached to the function groups of C=0, C=N, C=CL, OH and CH. These
function groups which supported by IR have principal important of rotenone
toxicity. IR analysis of limonene insecticide (Fig. 4) revealed the presence
of different maxima with different wave number (2340-2900cm* 1430°
800cm™, 800-750cm™ and 400-600cm™ which suggested the presence of
alkaloid structure. The presence OH and CH group of limonene is supported
by IR analysis at wavenumber of 3450 and 2854cm™ respectively. On the
other hand, the presence of chloride that indicated by IR at 800-600 cm™.
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Fig. (4): Infrared (IR) spectrophotometer of Limonene

c-Mass Spectroscopy ( Ms)

Mass spectrophotometer analysis, suggested by Gonzalo (2004), the
molecular weight of rotenone was 394.4MW. This was revealed that
rotenone is flavonoid in nature and it has some other stretching. On the other
hand, EPA (2005) that the molecular weight of limonene was 187.6MW,
which supported to the presence of alkaloid structure. The present results
revealed that the active compound with molecular weight 394.4MW and
proposed molecular formula is Cy3H2,06 Of rotenone might be the correct
one. On the other hand, the molecular formula of limonene was CioH1304,
however this results confirmed with the finding of George and David, 2004).
Similar results are indicated by WHO (1992); Dave Kain (2000) and
Gonzalo, (2004). From the previous investigation of element analysis, UV,
MS, and IR spectrum the chemical nature was supported the presence of
falvonoid in rotenone and alkaloids for limonene.

These positive finding could have the way for the development of a
safe, potent, and cheaper plant protection component, which could be used
either alone or in combination with other methods in the future to make
crucifer production non-polluting, non-hazardous and at the same time
profitable, especially in the developing countries.



Mohammed A.R. Abdullah

RFERENCES

Abbas, M.S.T.; Saleh, M.M.E.; Akil, A.M. (2001). Laboratory and field
evaluation of the pathogenicity of entomopathogenic nematodes to
the red palm weevils, Rhynchophorus ferrugienus (Oliv.) (Col.:
Curculionidae). J. of Pest Science, 74(6): 145-168.

Abbott, W.S. (1925). A method of computing the effectiveness of an
insecticide. J. Econ. Entomol., 18: 265-267.

Anonymous (2000). Regional Symposium for the control of the red date
palm weevil (Rhynchophorus ferrugineus),. Muscat, Oman. Arab
and Near East Plant Protection Newsletter, no. 340, FAO, 26-25.

Bradbury, A. (1986). Rotenone and Trout Stocking. N.p.: Washington
Department of Game, fishers management division.

Cox, M. L. (1993). Red palm weevil, Rhyncvhophorus ferrugineus in
Egypt. FAO Plant Protection Bulletin, 41(1): 30-31.

Dave Kain. (2000). Update on Pest Management and Crop Development.
Scaffolds fruit Journal, V. 9, No. 20.

Don Pedro, K.N. (1985). Toxicity of some pests to Dermestes maculates
Sig. and Callosobruchus maculates Fabr. J. Stored Prod. Res.
21(1):31-34.

Dorow, E. and Rembold, H. (1993). Present practices of controlling desert

locust outbreaks. New strategies, pp 89.

El-Ezaby, F. (1997). A biological in vitro study on the Red Indian date
palm weevil. Arab, J. Plant Protection, 15(2): 84-87.

El-Sayed, F.M.A. and Abdel-Rahik, M. (1986). Citrus oil as protectant of
cowpeas against infestation of Callosobruchus maculatesFabr.
(Coleoptera: Bruchidae). Bull. Entomol. Soc. Egypt Econ.Series
13:49-58.

El-Sayed, F.M.A.; Etman, AAM. and Abdel-Razik, M. (1991).
Effectiveness of natural oils in protecting some stored products
from two stored product pests. Bull. Faculty Agric. Univ. Cairo
40(2): 409-418.

EPA (US Environmental Protection Agency (2005). D-Limonene
registration eligibility deices low risk pesticide, notice of
availability. Federal Register Environmental Documents, V. 70,
No. 12.

EPPO (European Mediterranean Plant Protection Organization) (2002).
Red Palm weevil, Rhynchophorus ferrugineus. EPPO, Panel
Review, 1-5pp.

Finney, D.J. (1971). Probit analysis 3"ed. London,Cambridge Univ. Press.

Fukami, J.; Nakastsugawa, T. and Narhashi, T. (1959). Rotenoids as
insecticides. Japan J. Entomol. Zool. 3: 259pp.

Fukami, J. T.; Shishido, K. Fukunaga, and Casida, J.E. (1969). Oxidative
metabolism of rotenone in mammals, fish, and insects and its
relation to selective toxicity. J. Agric. Food Chemistry. 17(6): 1217-
1226.

George W.W. and David, M.W. (2004). An Introduction to insecticides.
4™ ed. Meister Publishing Com. Willoughby Ohio. PP. 31.

Ghoneim, K.S.; Bream, A.S.; Tanani, M.A. and Nassar, M. M. (2002).

Effectiveness of IGRs (CGA-184699) and (CGA-259205) on the
respiratory metabolism of the red palm weevil, Rhynchophorus



Identification of the biological active compounds for the control of the red palm weevil

ferrugineus (Coleoptera:Curculionidae). Med. Fac. Landbouww,
Univ. Gent, 66/2a.

Gonzalo Silva-Agugyo (2004). Radcliffe’s IPM World text book botanical

insecticides. Univ. of Minosota.

Jacobson, M. (1958). Insecticides from plants. A review of literature.
USDA Agric. Hand, Govt. Printing office, Washington, DC P. 219.

Jacobson, M. (1975). Insecticides from plants. A review of literature.
USDA Agrc. Hand Book, Govt. Printing office, Washington, DC.
p461. Soc. held at Toronto, Ontario, Canada, 5-11pp.

Jacobson M. (1989). Botanical pesticides, past present and future. In

insecticides of plant origin. Proc. Am. Ch. Soc. Wash. DC; 1-10 pp.

Jacobson, M. and Crosby, D.G. ed.s (1971). Naturally occurring
insecticides. Marcel Dekker, Inc. New York pp. 585.

Kareem, A. A. (1984). Progress in the use of neem and other plant species
in pest control in India, Research Planning Works on Botanical
Pest Control Project, IRRI, Los Banos, Philippines, pp. 15.

Klocke, J. A. and Kubo, I. (1982). Citrus limonoid by product as insect
control agent. Entomologia Expt. Appl. 32: 299-301.

Krishnamurthy, Rao. B. H. (1982). Department of Entomology, APAU,
Hyderabad (India). Press Common Plant species reportedly
possessing pest control properties. An EWC/UH database, Univ. of
Hawaii pp. 249.

Martin, H. (1964). Naturally occurring contact insecticides. The
Scientific principle of Crop Protection. Edward Arnold (Publs.)
Ltd. London pp. 376.

Morallo-Rajesus, B. and Aguda, R.M. (1980). The Attacus juvenile,
hormone studies. Effect of attacus and Cecroptia- juvenile
hormones on the development and reproduction of common
cutworm, Spodoptera litura Fabr. Philipp. Entomol. 4:199-218.

Nagai, K. (1902). Research on poisonous principles of rohton I. J. Tokyo
Chemi. Soc. 23: 744-777.

Nassar, M.M.I. and Abdullah, M.A. (2001). Evaluation of Azadirachtin
for the control of the red palm weevil Rhynchophorus ferrugineus
(Oliv.) (Coleoptera- Curculionidae). J. Egypt, Ger. Soc. Zool.V(36)
163-173pp.

Negherbon, W.O. (1959). Handbook of Toxicology vol. 3. Saunders
Philippines pp. 661.

Prakash, A.; Rao, J.; Gupta, S.P. and Behera, J. (1990c). Evaluation of
botanical pesticides as grain protectants against rice weevil,
Sitophilus oryzae Linn. Presented in National Symposium on
problems and Prospects of botanical pesticides in Integrated Pest
Management at C. T.R.l. Rajahmundry, India. Abstract: 8.

Prakash, A.; Rao, J.; Pasalu, I.C. and Mathur, K.C. (1987). Rice storage
and insect pest management. B.R. Publishing Corp. New Delhi pp.
337.

Proux, J.; Alaoui, A.; Moreteau, B. and Baskali, A. (1993). Deltamethrin
induced deregulation of the water balance in the migratory locust.
Comparitive Biochemistry, 106:351-357.



Mohammed A.R. Abdullah

Puttarudriah, M. and Bhatia, K.L. (1955). A preliminary note on studies
of Mysore plant s as source of insecticides. Indian J. Ent. 17(2):
165-174.

Rembold, H. (1984). Secondary plant compounds in insect control with

special reference to azadirachtin.; 3: 481- 491.

Rout, G. (1986). Comparative efficacy of neem seed powder and some
common plant product mixtures against Sitophilus oryzae Linn.
Nemm Newsl. 3 (2): 13-14.

Saxena, K.N. and Basit, A. (1982). Inhibition of oviposition by volatiles
of certain plants and chemicals of the leaf hopper, Amrasca
devstans Distant. J. Chem. Ecol. 8(2): 329-338.

Srimmannarayana, G. and Rao, D.R. (1985). Insecticidal plant chemicals
as antifeedants Proc. National Seminar on behavioral and
Physiological Approaches in Management of Crop Pests,
T.N.A.U., Coimbatore, 18-22pp.

Su, H.C.F. (1976). Toxicity of chemical components of lemon oil to
cowpea weevil. J. Georgia Entomol. Soc. 11(4): 297-301.

Su, H.C.F. and Horvat, R. (1988). Investigation of main component in
insect-active dill seed extract. J. Agric. Food Chem. 36(4):752-
753.

Su, H.C.F.; Speirs, R.D. and Mahany, P.G. (1972). Citrus oil as
protectant of black eyed peas against cowpea weevils: Laboratory
evaluation. J. Econ. Entomol. 65 (5): 1433-1436.

WHO, (1992). Environment Programme Labour on Chemical Safety.
Health and Safety Guide No. 73.

ARABIC SUMMARY

Al A g Al Lnpadal) cilbaliiinal) (pa i G gl g Adadill) il jall iy o
(S5 9LS S — AadaW) Laad (i g — (9K ) 81 yand)

w\muk-w
L gl — ) jla Aralas — o glall IS — cLaY) il

Ao il <l e o gaalll 6055 ¢ Apmpdall el e il 8
oA O eig Ml anay lallll g culd i gl d}ﬁj«;\lﬂ\&'&)lﬂ\ MS‘_,,J\ &) yaall Jaisll
Dl gy (e paliinn g (el daa g el sl G LSS Gl ) sda paliiie
#uw&ww\m%lf\a ¢12¢9¢6¢3¢ 15&\)1\5)3!\@@“\ .\j}é\}.«]\
¢ bWl e el Tl Tl ) cilS el g cladll) Leale odam ) Sl cuad
5SSl al of L B 1 285 i sraall e LASH LS A LS (5 55l 2se o LS
A0S Ul DSy o) panll JLaill s gun ) sk il sl dpuai 830 5 (I (sl i sl 5 5 5 50
el ol

A g il (5 5l) 23V 5 jgal aladiul (3o 5k e Sl Jolasll Al
Ualaall 2y 55 8 Ao pana o 05t N e S 55 0 an g 288 pualinll Jila o) jeall can
Ailalaa g il 5B A pane (1o G el dae S 5 S Laiy L CoaH 006 (o2 4 dxilassl)
.C1oH1304 » 4ilsassl)



