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Abstract
An insecticide containing azadirachtin, a tree
(Azadirachta indica) extract, was tested against Culex
pipiens mosquito larvae and pupae in east of the
Republic of Algeria under laboratory conditions. First,
after treatment of larval stage, LC50 and LC90 values for
Azadirachtin were 0.35 and 1.28 mg/L in direct effect
and 0.3-0.99 mg/l in indirect effect, respectively. Second,
after treatment of the pupal stage, the LC50 and LC90 in
direct effect were measured as 0.42 -1.24mg/l and in
indirect effect was 0.39mg/l-1.14mg/l respectively.
Mosquito adult fecundity were markedly decreased and
sterility was increased by the Azadirachtin after
treatment of the fourth instar and pupal stage. The
tretment also prolonged the duration of the larval stage.
The results show that the Azadirachtin is promising as a
larvicidal agent against Culex pipiens, naturally ocurring
biopesticide could be an alternative for chemical
pesticides.

اﻟﻤﻠﺨﺺ
 اﻟﻤﺴﺘﺨﻠﺺAzadirachtin ﺗﻨﺎول هﺬا اﻟﺒﺤﺚ دراﺳﺔ ﺗﺄﺛﻴﺮ ﻣﺒﻴﺪ ﻧﺒﺎﺗﻲ
 ﻋﻠﻰ ﻳﺮﻗﺎت وﻋﺬارى اﻟﺒﻌﻮض ﻓﻲ، Azadirachta indica ﻣﻦ ﺷﺠﺮة
 ﺣﻴﺚ ﺣﺴﺒﺖ اﻟﺠﺮﻋﺔ،ﺷﺮق ﺟﻤﻬﻮرﻳﺔ اﻟﺠﺰاﺋﺮ ﻓﻲ ﺷﺮوط اﻟﻤﺨﺘﺒﺮ
( LC90 )  ( واﻟﺠﺮﻋﺔ اﻟﻤﻤﻴﺘﺔ ﻟﺘﺴﻌﻴﻦ ﺑﺎﻟﻤﺌﺔLC50) اﻟﻤﻤﻴﺘﺔ ﻟﻠﻨﺼﻒ
 وهﻲ أآﺜﺮ اﻟﻌﻮاﻣﻞ ﻧﻘﻼ ﻟﺒﻌﺾCulex pipiens ﺑﺎﻟﻨﺴﺒﺔ ﻟﺒﻌﻮض
ﺣﻴﺚ ﻗﺪرت ﺑﻌﺪ ﻣﻌﺎﻣﻠﺔ، اﻷﻣﺮاض اﻹﻟﺘﻬﺎﺑﻴﺔ ﻋﻠﻰ اﻟﺼﻌﻴﺪ اﻟﻤﺤﻠﻲ
ل هﺬا ﺑﺎﻟﻨﺴﺒﺔ/ﻣﻠﻎ1.28 =LC90ل و/  ﻣﻠﻎ0.35= LC50 اﻟﻄﻮر اﻟﺮاﺑﻊ
0.99 ل و/ ﻣﻠﻎ0.30  أﻣﺎ اﻟﺘﺄﺛﻴﺮ اﻟﻐﻴﺮ ﻣﺒﺎﺷﺮ ﻓﻜﺎﻧﺖ،إﻟﻰ اﻟﺘﺄﺛﻴﺮ اﻟﻤﺒﺎﺷﺮ
 أﻣﺎ ﻋﻨﺪ ﻣﻌﺎﻣﻠﺔ ﻃﻮر اﻟﻌﺬراء آﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ ﺑﺎﻟﻨﺴﺒﺔ،ل ﻋﻠﻰ اﻟﺘﻮاﻟﻲ/ﻣﻠﻎ
ل( أﻣﺎ/ﻣﻠﻎ1.24 =LC90)ل و/  ﻣﻠﻎ0.42= LC50) ﻟﻠﺘﺄﺛﻴﺮ اﻟﻤﺒﺎﺷﺮ
.ل ﻋﻠﻰ اﻟﺘﻮاﻟﻲ/ ﻣﻠﻎ1.14 ل و/ ﻣﻠﻎ0.39 اﻟﺘﺄﺛﻴﺮ اﻟﻐﻴﺮ ﻣﺒﺎﺷﺮ ﻓﻜﺎﻧﺖ
آﺬﻟﻚ ﻟﻮﺣﻆ اﻧﺨﻔﺎض آﺒﻴﺮ ﻓﻲ ﻧﺴﺒﺔ اﻟﺨﺼﻮﺑﺔ وزادة ﻣﺆﺷﺮ اﻟﻌﻘﻢ
 وزﻳﺎدة، ﻟﻺﻧﺎث اﻟﻨﺎﺗﺠﺔ ﻋﻦ ﻣﻌﺎﻣﻠﺔ اﻟﻄﻮر اﻟﺮاﺑﻊ واﻟﻌﺬارى ﻟﻠﺒﻌﻮض
 ﺣﻴﺚ ﻧﻘﻮل ﻓﻲ اﻷﺧﻴﺮ أﻧﻪ ﻳﻤﻜﻦ اﺳﺘﻌﻤﺎل هﺬا اﻟﻤﺒﻴﺪ.ﻓﻲ ﻣﺪة اﻟﻄﻮر
.آﻤﺒﻴﺪ ﻃﺒﻴﻌﻲ ﺑﺪل اﻟﻤﺒﻴﺪات اﻟﻜﻴﻤﻴﺎﺋﻴﺔ
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1. Introduction

*

The Meliaceae plant family is known to contain a
variety of compounds that show insecticidal, antifeedant,
growth-regulating, and development-modifying properties
(Nugroho et al., 1999; Greger et al., 2001; D'Ambrosio and
Guerriero, 2002; Nakatani et al., 2004). Melia azedarach
L. and Azadirachta indica (Sapindales: Meliaceae),
commonly known as Chinaberry or Persian lilac tree, are
deciduous trees that are native to northwestern India; and
have long been recognized for their insecticidal properties.
These trees typically grow in the tropical and subtropical
parts of Asia, but nowadays they are also cultivated in
other warm regions of the world because of their
considerable climatic tolerance. Fruit extracts of Melia
azedarach and Azadirachta indica elicit a variety of
effects in insects such as antifeedant, growth retardation,
reduced fecundity, moulting disorders, morphogenetic
defects, and changes of behavior (Schmidt et al., 1998;
Abou Fakhr Hammad et al., 2001; Gajmer et al., 2002;
Banchio et al., 2003; Wandscheer et al., 2004). The effects
of the compounds extracted from M. azedarach on insects
*
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have been reviewed by Ascher et al., (1995) and reported
by Saxena et al., (1984), Schmidt et al., (1998), Juan et al.,
(2000), Carpinella et al., (2003) , Senthil Nathan and
Saehoon, (2005). Control of mosquito is essential as many
species of mosquitoes are vectors of malaria, filariasis, and
many arboviral diseases; and they constitute an intolerable
biting nuisance (Youdeowei and Service, 1983; Curtis,
1994; Collins and Paskewitz, 1995). Biotechnologists and
entomologists agree that mosquito control efficiency
should be with selectivity for a specific target organism.
New control methodologies aim at reducing mosquito
breeding sites and biting activity by using a combination
of chemical–biological control methods soothing several
advocated biocontrol methods to reduce the population of
mosquito and to reduce the man–vector contact (Service,
1983). Recently, there has been a major concern for the
promotion of botanicals as environment friendly
pesticides, microbial sprays, and insect growth regulators
amidst other control measures such as beneficial insects
and all necessitate an integration of supervised control
(Ascher et al., 1995; Senthil Nathan et al., 2004, 2005b, c,
and d). The development of insects' growth regulators
(IGR) has received considerable attention for selective
control of insect for medical and veterinary importance
and has produced mortality due to their high neurotoxic
effects (Wandscheer et al., 2004; Senthil Nathan et al.,
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2005a). Although, biological control has an important role
to play in modern vector control programs, it lacks the
provision of a complete solution by itself. Irrespective of
the less harmful and eco-friendly methods, suggested and
used in the control programmers, there is still a need to
depend upon the chemical control methods in situations of
epidemic outbreak and sudden increase of adult
mosquitoes. Hence, insecticides are known for their
speedy action and effective control during epidemics.
Nonetheless, they are preferred as effective control agent
to reduce the mosquito population irrespective of their side
effects. Recent studies stimulated the investigation of
insecticidal properties of plant-derived extracts; and
concluded that they are environmentally safe, degradable,
and target specific (Senthil Nathan and Kalaivani, 2005).
Muthukrishnan and Puspalatha (2001) evaluated the
larvicidal activity of extracts from Calophyllum
inophyllum
(Clusiaceae),
Rhinacanthus
nasutus
(Acanthaceae), Solanum suratense (Solanaceae) and
Samadera
indica (Simaroubaceae), Myriophyllum
spicatum (Haloragaceae) against Anopheles stephensi
(Senthil Nathan et al., 2006). Several indigenous plants in
India and subtropical parts of Asia, such as Ocimum
basilicum, Ocimum santum, Azadirachta indica, Lantana
camera, Vitex negundo and Cleome viscose (Senthil
Nathan et al., 2006) were studied for their larvicidal action
on the field which collected fourth instar larva of Culex
quinquefasciatus (Kalyanasundaram and Dos, 1985).
Chavan (1984), Zebitz(1984,1986), Schmutterer (1990),
Murugan and Jeyabalan (1999) reported that Leucas
aspera, O. santum, Azadirachta. indica, Allium sativum
and Curcuma longa had a strong larvicidal, antiemergence,
adult repellency and antireproductive activity against A.
stephensi. In addition, Pelargonium citrosa (Jeyabalan et
al., 2003), Dalbergia sissoo (Ansari et al., 2000a) and
Mentha piperita (Ansari et al., 2000b) were shown to
contain larvicidal and growth inhibitory activity against A.
stephensi. The present investigation was conducted to
study the effect of Azadirachtin, a neem tree Azadirachta
indica extract, against larvae and pupae of Culex pipiens
mosquitoes in east of the Republic of Algeria.
2. Materials and Methods

2.2. Bioassays and Larval Mortality
Bioassays were performed with fourth larvae stages
and pupae of C. pipiens using concentration from 0.125;
0.250; 0.500; 0.750 and 1mg/l of the Azadirachtin. A
minimum of 25 larvae/concentration were used for all the
experiments. And these experiment were replicated five
times. For mortality studies, 25 larvae each of fourth instar
and pupae were introduced in 250 ml plastic beaker
containing various concentrations of the Azadirachtin. A
control was maintained. The treatments were replicated
five times, and each replicate set contained one control.
The percentage mortality was calculated by using the
formula (1), and corrections for mortality when necessary
were done using Abbot's (1925) formula (2)
Percentage of Mortality
Number of dead larvae
=

X100
Number of larvae introduced

Corrected percentage of mortality
n in T after treatment
=1-

X100

(2)

n in C after treatment

Where n = number of larvae or nymph, T = treated, C =
control.
2.3. Fecundity and Sterility
The fecundity experiments were conducted by taking
equal number of male and female C. pipiens which had
emerged from the control and treated sets of each
concentration. They were mated in the cages of (20 x 20 x
20) cm dimension individually to each concentration.
Three days after the blood meal, eggs were collected daily
from the small plastic bowls containing water kept in
ovitraps in the cages. The fecundity was calculated by the
number of the eggs laid in the ovitraps divided by the
number of female let to mate (The death of the adult in the
experiment was also considered) The Sterility Indices
experiments were conducted by the formula (3) of Sexina
et al ,(1993):

2.1. Mosquito Rearing
Culex pipiens eggs were collected from cellarage tribes
(region sidi amar - Annaba) and readed in the ' Laboratory
of Biology Animal Application' University of AnnabaAlgeria. Larvae were reared in plastic and enamel trays in
tap water. They were maintained at 25-27°C, 75-85%
relative humidity under 14:10 light and dark photo period
cycle. The larvae were fed with fresh food consisting of a
mixture of Biscuit Petit Regal-dried yeast (75:25 by
weight). Pupae were transferred from the trays to a cup
containing tap water and placed in screened cages
(20x20x20cm), where the adult emerged. After emergence,
female mosquitoes obtained blood meal from caged
pigeons while male mosquitoes were fed on a 10% sucrose
solution. Then egg-masses were kept to continue next
generation.

(1)

(3)

2.4. Total Larval and Pupal Duration
To assay the growth factors of C. pipiens, test solution
of concentration of Azadirachtin extract (0.125; 0.250;
0.500; 0.750 and 1mg/l) were used. A known number of
eggs were made to hatch and the total larval duration
(days) was calculated from hatching to pupation period,
the pupa was placed in a small container closed with a
transparent mesh, so that the adults were kept trapped. The
pupal duration (days) was calculated from the pupal molt
to the emergence of imago.
2.5. Statistical Analysis
The analysis program Probit (Finney, 1971), the lethal
concentrations (µg/ml) for 50%, and 90% of the mortality,
LC50 and LC90, respectively, were at 24h after treatment.
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Table 1. Larvicidal activity of Azadirachtin at various concentration applied for 24h to newly ecdysed fourth instars of Culex pipiens.
Effects

Direct

Indirect

Concentration (
mg/l)

Mortality
(%)

Control

9.6

0.125

17.39

0.250

33.62

0.500

60.17

0.750

76.39

1

85.24

Control

15.2

0.125

19.80

0.250

35.52

0.500

65.40

0.750

81.12

1

93.70

LC50(mg/l)

95%Confidancelimits
(µg/ml)

LC90
(mg/l)

Regression
equation

χ2

Lower

Upper

0.357

0.307

0.414

1.280

Y=2.20x0.61

0.615

0.304

0.286

0.335

0.992

Y=2.63x1.60

3.69

Table 2. Larvicidal activity of Azadirachtin at various concentration, applied for 24h to newly ecdysed pupae of Culex pipiens.
Effects

Concentration (
mg/l)

Mortality
(%)

Direct

Control

4.33

0.125

7.57

0.250

28.78

0.500

45.45

Indirect

0.750

66.66

1

87.87

Control

4

0.125

7.93

0.250

31.74

0.500

49.20

0.750

71.42

1

92.05

LC50(mg/l)

95%Confidancelimits
(mg/l)

LC90
(mg/l)

Regression
equation

χ2

Lower

Upper

0.426

0.379

0. 479

1.243

Y=2.76x-2.2

1.1625

0.398

0.355

0.445

1.141

Y=2.82x-2.3

1.485

The 95% confidence intervals, values, and degrees of
freedom of the χ2 goodness of fit tests, and regression
equations, were recorded .Whenever the goodness of χ2
was found to be significant ( p <0.05) , a heterogeneity
correction factor was used in the calculation of confidence
limits. Data from biology, mortality, fecundity deterrence
and effective concentration were subjected to analysis of
variance (ANOVA of arsine square root transformed
percentages).
3. Results
3.1. Insecticidal Activity
Dose-response relationship was determined for
Azadirachtin applied for 24h to newly ecdysed fourth
instar larvae and pupae. The mortality was scored up to
adult formation.
For fourth stage, the highest concentration tested 1 mg /
l in direct effect caused 85.24% mortality (Figure1). With
probit, the LC50 was calculated as 0.35 mg/l (95%

CI=0.30-0.41mg/l; n=75; Slope=2.83) and the LC90 was
1.28 mg/l, (Table1). For indirect effects, the highest
concentration caused 93.70% mortality (Figure2), the LC50
was 0.32 mg/l (95% CI=0.28-0.33 mg/l; n=75;
Slope=2.46) and LC90 was calculated as 0.99 mg/l,
respectively, (Table1). After treatment, during the pupal
stage and in direct effect, the highest concentration caused
87.87% mortality (Figure1), the LC50was 0.42 mg/l (95%
CI=0.37-0.47mg/l; n=75; Slope=2.83) and the LC90 was
calculated as 1.24 mg/l, (Table 2). For indirect effects the
LC50 was 0.39 mg/l (95% CI=0.35-0.44 mg/l; n=75;
Slope=2.46) and LC90 was calculated as 0.99 mg/l
respectively, the highest concentration tested caused
92.05% mortality (Table2, Figure2).
3.2. Effect on Fecundity, Sterility and growth
Adults fecundity also was markedly decreased by the
Azadirachtin treatment the fourth instar larvae and pupal
stages (Figure 3, 4). Adults' sterility indices were markedly
increased by the Azadirachtin treatment, (Figure 5, 6). An
adverse sub-lethal effect in pupa exposed to Azadirachtin
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was evident. In addition to significantly lower survivorship
and protracted development, larval duration was reduced
markedly. The plant extracts (Azadirachtin) drastically
reduced the fecundity of the females, and only few adults
survived. The duration of larval instars and the total
developmental time were prolonged. (Table3). In the
present study, application of Azadirachtin greatly affected
the growth of Culex pipiens .
The lower dose treatment affected their growth
inhibition, malformation, and mortality in a dose
dependent manner. After Azadirachtin treatment at a
higher dose, the larvae died immediately before reaching
the pupal stage. The larvae became abnormal and irregular
in movement. The present study clearly indicates that
application of Azadirachtin can disrupt the normal process
of feeding and physiological response.

Figure1. Dose-response relationship for treatment of Azadirachtin,
applied for 24h to newly ecdysed fourth instar larvae and pupae of
Culex pipiens (effect direct).

Figure 2. Dose-response relationship for treatment of
Azadirachtin, applied for 24h to newly ecdysed instar larvae and
pupae instars of (Italique) Culex pipens(effect indirect).

Figure 4. Fecundity of (Italique) Culex pipens females after
treating the pupae stages with Azadirachtin.(Data following by
*** are significantly different from control, p<0.001).

Figure5. Sterility Indices of C. pipiens females after treating the
fourth instars with Azadirachtin.(Data following by *** are
significantly different from control, p<0.001).

Figure 6. Sterility Indices of C. pipiens females after treating the
pupae with Azadirachtin. (Data following by *** are significantly
different from control, p<0.001)
Table 3. Effect of Azadirachtin applied to newly ecdysed 4th instar
larvae of C. pipiens on the duration of development.
Duration ( days)Mean±SE

Concentration

4. Discussion
Azadirachtin, the extract of neem tree, was tested in the
present study, and is reported to be eco-friendly and not
toxic to vertebrates (Al- Sharook et al., 1991). It is clearly
proved that crude or partially-purified plant extracts are
less expensive and highly efficacious for the control of
mosquitoes rather than the purified compounds or extracts
(Jang et al., 2002; Cavalcanti et al., 2004).

Figure 3. Fecundity of C. pipiens females after treated the fourth
instars with Azadirachtin.(Data following by *** are significantly
different from control, p<0.001)

( mg/l)

th

4 larval instar

Pupal stage

0

8.75±2.99

2.61±0.65

0.125

15.24±1.28

3.81±0.84

0.250

16.00±2.82

3.54±0.55

0.500

17.94±1.54

3.42±0.87

0.750

18.45±2.80

3.33±0.28

1

19.75±2.22

3.33±0.46

The effect of these crude plant extract on the biology,
reproduction, and adult emergence of the mosquitoes are
remarkably greater than those reported for other plant
extracts in the literature. For example 50% inhibition of
the emergence of the adult mosquitoes was observed by
the use of C. inophyllum, S. suratense, S. indica and
Rhinocanthus nasutus leaf extracts (Muthukrishnan and
Puspalatha, 2001). Similarly 88% of the adult mortality
was observed by the use of P. citrosa leaf extracts at 2%
concentration (Jeyabalan et al., 2003). The Meliaceae plant
family is used as growth regulator against many insect
pests (Saxena et al., 1984; Jacobson, 1987; Schmutterer,
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1990; Hammad et al., 2001; Gajmer et al., 2002; Banchio
et al., 2003; Wandscheer et al., 2004). The growth
regulatory effect is the most important physiological effect
of M. azedarach on insects. It is because of this property
that family Meliaceae has emerged as a potent source of
insecticides. Exposure of A. stephensi larvae to sub-lethal
doses of neem leaves extract in the laboratory prolonged
larval development, reduced pupal weight and ovipostion
(Murugan et al., 1996; Su and Mulla, 1999). In the field,
delayed phenology of surviving larvae and reduced pupal
weight are common occurrence after treatment with neem
(Zebitz, 1984, 1986). The direct and indirect contribution
of such effects to treatment efficacy through reduced larval
feeding and fitness need to be properly understood in order
to improve the use of M. azedarach for management of A.
stephensi. The results of this study indicate the plant-based
compounds such as Azadirachtin (compounds present in
the Meliaceae plant family seed) may be an effective
alternative to conventional synthetic insecticides for the
control of Culex pipiens. Undoubtedly, plant derived
toxicants are valuable sources of potential insecticides.
These and other naturally occurring insecticides may play
a more prominent role in mosquito control programs in the
future (Mordue and Blackwell, 1993). The results of this
study will contribute to a great reduction in the application
of synthetic insecticides, which in turn will increase the
opportunity for natural control of various medicinally
important pests by botanical pesticides. Since these are
often active against a limited number of species including
specific target insects, less expensive, easily biodegradable
to non-toxic products, and potentially suitable for use in
mosquito control programme (Alkofahi et al., 1989), they
could lead to development of new classes of possible safer
insect control agents. Plant allelochemicals may be quite
useful in increasing the efficacy of biological control
agents because plants produce a large variety of
compounds that increase their resistance to insect attack
(Berenbaum, 1988; Murugan et al., 1996; Senthil Nathan
et al., 2005a). The intensive use of pesticides produces side
effects on many beneficial insects and also poses both
acute and chronic effects to the milieu (Abudulai et al.,
2001). Recently, bio-pesticides with plant origins are given
for use against several insect species especially diseasetransmitted vectors, based on the fact that compounds of
plant origin are safer in usage, without phytotoxic
properties; also leave no scum in the environment
(Schmutterer, 1990; Senthil Nathan et al., 2004, 2005a, d).
Large alterations in the fecundity and sterility of insects
exposed to neem have been extensively reported, such as
those in the fly, Ceratatis capitata (Steffens and
Schmutterer 1982); banana root borer, Cosmopolites
sordidus (Germar) (Musabyimana et al., 2001); and
mosquitoes, A. stephensi and A. culicifacies (Dhar et al.,
1996). The work published by Khan et al., (2007)
microscopically demonstrated that the decrease in
fecundity of Bactocera cucurbitae and Bactocera dorsalis
exposed to neem compound was due to the block of
ovarian development. Likewise, mixing of a commercial
formulation of neem in the adult diet caused reduction in
the fecundity of C. capitata by interfering with oogenesis
(Di Ilio et al., 1999). The block in the ovarian activity of
C. capitata, resulting from neem compound, was verified
by histological observation (Di Ilio et al., 1999). Results
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from the study of Lucantoni et al., (2006) clearly indicated
that the neem treated female mosquito, A. stephensi,
displayed a delay in oocyte development in the
vitellogenesis. As discussed by Weathersbee III and Tang
(2002), the disruption of reproductive capability could lead
to substantial population decline over time. Furthermore,
Dhar et al., (1996) revealed that exposure to neem extract
suppressed rather than inhibited oviposition in mosquitoes.
The present study clearly proved the efficacy of
Azadirachtin on larvae, pupae, and adult of Culex pipiens.
Further studies such as mode of action and synergism with
the biocides under field condition are needed.
Acknowledgements
The authors are grateful to Professor G. Smagghe
(Laboratory of Agrozoology, Department of Crop
Protection, Faculty of Bioscience Engineering, Ghent,
University B-9000 Ghent, Belgium). This research was
supported by the Algerian Agency for Research
Development in Health (Project 01/07/08/00/02).
References
Abbot WS. 1925. A method of computing the effectiveness of an
insecticide. J. Econ. Ent. 18, 265–267.
Abou Fakhr Hammad M, Zournajian H, Talhouk S. 2001.
Efficacy of extracts of Melia azedarach L. callus, leaves and fruits
against adults of the sweet potato whitefly Bemisia tabaci
(Homoptera: Aleyrodidae). J. Appl. Entomol. 125, 483–488.
Abudulai M, Shepard BM, Mitchell PL. 2001. Parasitism and
predation on eggs of Leptoglossus phyllopus (L.) (Hemiptera:
Coreidae) in cowpea: impact of endosulfan sprays. J. Agric.
Urban Entomol. 18, 105–115.
Alkofahi A, Rupprecht JK, Anderson JE, Mclaughlin JL,
Mikolajczak KL, Scott BA.1989. Search for new pesticides from
higher plants. In: Arnason, JT., Philogene, BJR., Morand, P.
(Eds.), Insecticides of Plant Origin. American Chemical Society,
Washington, DC, pp. 25–43.
Al-Sharook Z, Balan K, Jiang Y, Rembold H, 1991. Insect growth
inhibitors from two tropical meliaceae. Effect of crude seed
extracts on mosquito larvae. J. Appl. Ent. 111, 425–430.
Ansari MA, Razdan RK, Tandon M, Vasudevan P. 2000a.
Larvicidal and repellent actions of Dalbergia sissoo Roxb. (F.
Leguminosae) oil against mosquitoes. Biores. Technol. 73, 207–
211.
Ansari, MA, Vasudevan, P, Tandon, M, Razdan, RK. 2000b.
Larvicidal and mosquito repellent action of peppermint (Mentha
piperita) oil. Biores. Technol. 71, 267–271.
Ascher KRS, Schmutterer H, Zebitz CPW, Naqvi SNH. 1995. The
Persian lilac or Chinaberry tree: Melia azedarach L. In:
Schmutterer, H. (Ed.), The Neem Tree: Source of Unique Natural
Products for Integrated Pest Management, Medicine, Industry and
Other Purposes. VCH, Weinheim, Germany, pp. 605–642.
Banchio E, Valladares G, Defago M, Palacios S, Carpinella, C.
2003. Effects of Melia azedarach (Meliaceae) fruit extracts on the
leafminer Liriomyza huidobrensis (Diptera: Agromyzidae):
assessment in laboratory and field experiments. Ann. Appl. Biol.
143, 187–193.
Berenbaum MR. 1988.Allelochemicals in insect–microbe–plant
interactions: agents provocaterurs in the coevolutionary arms race.
In: Barbosa, P, Lotourneau, DK. (Eds.), Novel Aspects of Insect–
Plant Interactions. Wiley, New York, pp. 97–123.

20

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

Carpinella MC, Defago MT, Valladares G, Palacios SM. 2003.
Antifeedant and insecticide properties of a limonoid from Melia
azedarach (Meliaceae) with potential use for pest management.
Agric. Food Chem. 15 (51), 369–674.
Cavalcanti ESB, de Morais SM, Ashley ALM, William PSE.
2004. Larvicidal activity of essential oils from brazilian plants
against Aedes aegypti L. Memo´ rias do Instituto Oswaldo Cruz
99, 541–544.
Chavan FR. 1984. Chemistry of alkanes separated from leaves of
Azadirachta indica and their larvicidal/ insecticidal activity
against mosquitoes. In: Proceedings of 2nd International Neem
Conference, Rauischholzhausen, pp.59-66.
Collins FH, Paskewitz SM. 1995. Malaria: current and future
prospects for control. Ann. Rev. Entomol. 40, 195–219.
Curtis CF. 1994. Should DDT continue to be recommended for
malaria vector control?. Med. Vet. Entomol. 8 107–112.
D'Ambrosio M, Guerriero A. 2002. Degraded limonoids from
Melia azedarach and biogenetic implications. Phytochemistry 60,
419– 424.
Dhar R, Dawar H, Garg S, Basir SF, Talwar G.P .1996. Effect of
volatiles from neem and other natural products on gonotrophic
cycle and oviposition of Anopheles stephensi and An. Culicifacies
(Diptera: Culicidae). J Med Entomol 33:195–201.
Di Ilio V, Cristofaro M, Marchini D, Nobili P, Dallai R .1999.
Effects of a neem compound on the fecundity and longevity of
Ceratitis capitata (Diptera: Tephritidae). J Econ Entomol 92:76–
82
Finney DJ. 1971. Probit Analysis, third ed. Cambridge University
Press, London, UK, p. 38.
Gajmer T, Singh R, Saini RK, Kalidhar S.B. 2002. Effect of
methanolic extracts of neem (Azadirachta indica A. Juss) and
bakain (Melia azedarach L.) seeds on oviposition and egg
hatching of Earias vittella (Fab.) (Lepidoptera: Noctuidae). J.
Appl. Entomol. 126, 238–243.
Greger H, Pacher T, Brem B, Bacher M, Hofer O. 2001.
Flavaglines and other compounds from Fijian Aglaia species.
Phytochemistry 57, 57–64. 1322 S.S.
Jacobson M. 1987. Neem research and cultivation in Western
hemisphere. In: Schmutterer, H., Ascher, KRS. (Eds.), Natural
Pesticide from the Neem Tree and Other Tropical Plants.
Proceedings of the 3rd Neem Conference, Nairobi, Kenya, pp. 33–
44.
Jang YS, Kim MK, Ahn YJ, Lee HS.2002. Larvicidal activity of
Brazilian plants against Aedes. aegypti and Culex pipiens pallens
(Diptera: Culicidae). Agric. Chem. Biotechnol. 44, 23–26.
Jeyabalan D, Arul, N, Thangamathi P. 2003. Studies on effects of
Pelargonium citrosa leaf extracts on malarial vector, Anopheles
stephensi Liston. Biores. Tech. 89 (2), 185 189.
Juan A, Sans A, Riba M. 2000.Antifeedant activity of fruit and
seed extracts of Melia azedarach and Azadirachta indica on
larvae of Sesamia nonagrioides.Phytoparasitica 28, 311–319.
Kalyanasundaram M, Dos PK. 1985. Larvicidal and synergistic
activity of plant extracts for mosquito control. Ind. J. Med. Res.
82, 1–19.
Khan M, Hossain MA, Islam M.S .2007. Effects of neem leaf dust
and a commercial formulation of a neem compound on the
longevity, fecundity and ovarian development of the melon fly,
Bactocera cucurbitae (Coquillett) and the oriental fruit fly,
Bactrocera dorsalis (Hendel) (Diptera: Tephritidae). Pak J Biol
Sci 10:3656– 3661.
Lucantoni L, Giusti F, Cristofaro M, Pasqualini L, Esposito F,
Lupetti P, Habluetzel A .2006. Effects of a neem extract on blood

feeding, oviposition and oocyte ultrastructure in Anopheles
stephensi Liston (Diptera: Culicidae). Tissue Cell 38:361–371.
Mordue (Luntz) AJ, Blackwell A.1993. Azadirachtin an update. J.
Insect Physiol. 39, 903–924.
Murugan K, Jeyabalan D. 1999. Mosquitocidal effect of certain
plants extracts on Anophels stephensi. Curr. Sci. 76, 631–633.
Murugan K, Babu R, Jeyabalan D, Senthil Kumar N,
Sivaramakrishnan S. 1996. Antipupational effect of neem oil and
neem seed kernel extract against mosquito larvae of Anopheles
stephensi (Liston). J. Ent. Res. 20, 137–139.
Musabyimana T, Saxena RC, Kairu EW, Ogol CPKO, Khan ZR
.2001. Effects on neem seed derivatives on behavioral and
physiological responses of the Cosmopolites sordidus
(Coleoptera: Curculionidae). J Econ Entomol 94:449–454.
Muthukrishnan J, Puspalatha E. 2001. Effects of plant extracts on
fecundity and fertility of mosquitoes. J. Appl. Entomol. 125, 31–
35.
Nakatani M, Abdelgaleil SAM, Saad MMG, Huang RC, Doe N,
Iwagawa T. 2004. Phragmalin limonoids from Chukrasia
tabularis. Phytochemistry 65, 2833–2841.
Nugroho BW, Edrada RA, Wray V, Witte L, Bringmann G,
Gehling M, Proksch P. 1999. An insecticidal rocaglamide
derivatives and related compounds from Aglaia odorata
(Meliaceae). Phytochemistry 51, 367–376.
Saxena RC, Epino PB, Cheng-Wen T, Puma BC. 1984. Neem,
chinaberry and custard apple: antifeedant and insecticidal effects
of seed oils on leafhopper and planthopper pests of rice. In:
Proceedings of 2nd International Neem Conference,
Rauischholzhausen, Germany, pp. 403–412.
Saxena RC, Harshan V, Saxena A, Sukumaran P.1993. Larvacidal
and chemosterilant activity of Annona squamosa alkabides against
Anophel stephensi. J. Amer. Mosq .Control. Assoc .9: 84-87
Schmidt GH, Rembold H, Ahmed AAI, Breuer AM. 1998. Effect
of Melia azedarach fruit extract on juvenile hormone titer and
protein content in the hemolymph of two species of noctuid
lepidopteran larvae (Insecta: Lepidoptera: Noctuidae).
Phytoparasitica 26, 283–291.
Schmutterer H. 1990. Properties and potential of natural pesticides
from the neem tree, Azadirachta indica. Ann. Rev. Ent. 35, 271–
297.
Service MW. 1983. Management of vector. In: Youdeowei, A.,
Service, N. (Eds.), Pest and Vector Management in the Tropics.
Longman group Ltd., England, p. 7, 20.
Senthil Nathan S. Kalaivani K. 2005. Efficacy of
nucleopolyhedrovirus (NPV) and azadirachtin on Spodoptera
litura Fabricius (Lepidoptera: Noctuidae). Biol. Control. 34, 93–
98.
Senthil Nathan S, Saehoon K. 2005. Effects of Melia azedarach
L. extract on the teak defoliator Hyblaea puera Cramer
(Lepidoptera: Hyblaeidae). Crop Prot., in press.
Senthil Nathan S, Chung PG, Murugan K. 2004. Effect of
botanicals and bacterial toxin on the gut enzyme of
Cnaphalocrocis medinalis. Phytoparasitica. 32, 433–443.
Senthil Nathan S, Kalaivani K, Murugan, K, Chung P.G. 2005a.
The toxicity and physiological effect of neem limonoids on
Cnaphalocrocis medinalis (Guene´e), the rice leaffolder. Pest.
Biochem. Physiol. 81, 113–122.
Senthil Nathan S, Chung P.G, Murugan K. 2005b. Effect of
biopesticides applied separately or together on nutritional indices
of the rice leaffolder Cnaphalocrocis medinalis (Guene´e)
(Lepidoptera: Pyralidae). Phytoparasitica 33, 187–195.

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

Senthil Nathan S, Kalaivani K, Murugan K, Chung PG. 2005c.
Efficacy of neem limonoids on Cnaphalocrocis medinalis
(Guene´e) (Lepidoptera: Pyralidae) the rice leaffolder. Crop Prot.
24, 760– 763.
Senthil Nathan S, Kalaivani K, Chung P.G. 2005d. The effects of
Azadirachtin and Nucleopolyhedrovirus (NPV) on midgut
enzymatic profile of Spodoptera litura Fab. (Lepidoptera:
Noctuidae). Pest. Biochem. Physiol., in press.
Senthil Nathan S, Savitha G, George DK, Narmadha A, Suganya
L, Chung PG.2006.Efficacy of Melia azadirach L . Extract on the
malarial vector Anopheles Stephensi Liston (Diptera: Culicidae)
.Bioresource Technology.97, 1316-1323.
Steffens RJ, Schmutterer H .1982. The effect of a crude
methanolic neem (Azadirachta indica) seed kernel extract on
metamorphosis and quality of adults of the Mediterranean fruit
fly, Ceratitis capitata Wied. (Diptera: Tephritidae). Z Angew
Entomol 94:98– 103.
Su T, Mulla M.R. 1999. Oviposition bioassay responses of Culex
tarsalis and Culex quinquefasciatus to neem products containing
azadirachtin. Entomol. Exp. Appl. 91, 337–345.

21

Wandscheer CB, Duque JE, da Silva MAN, Fukuyama Y, Wohlke
JL, Adelmann J, Fontana JD. 2004. Larvicidal action of ethanolic
extracts from fruit endocarps of Melia azedarach and Azadirachta
indica against the dengue mosquito Aedes aegypti. Toxicon 44,
829–835.
Weathersbee III A.A, Tang Y.Q. 2002. Effect of neem extract on
feeding, growth, survival, and reproduction of Diaprepes
abbreviatus (Coleoptera: Curculionidae). J Econ Entomol 95:661–
667.
Youdeowei T, Service M.W.1983. Pest Control and Management.
Longman Singapore Publishers Ltd., Singapore, p. 17.
Zebitz CPW. 1984. Effects of some crude and azadirachtin
enriched neem Azadirachita indica seed kernel extracts on larvae
of Aedes aegypti. Entomol. Exp. Appl. 35, 11–14.
Zebitz CPW. 1986. Effects of three neem seed kernel extracts and
azadirachtin on larvae of different mosquito species. J. Appl.
Entomol. 102, 455–463.

