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Abstract 

Characterization of essential oil and its bioactivity against Aedes aegypti mosquito larvae were done in six 
species (Ageratum conyzoides, Chromolaena odorata, Notonia grandiflora, Tagetes erecta cv. orange, 
T.erecta cv. yellow and Wedelia trilobata) of Asteraceae. The major essential oil components identified 
broadly belong to monoterpenes and sesquiterpenes. The sesquiterpene dominate in few oil samples 
(A.conyzoides and Chromolaena odorata) whereas monoterpnes and sesquiterpenes were present equally in 
some taxa (Notonia grantiflora and Tagetes erecta). In Wedelia trilobata monoterpenes appear as major 
constituent. Bioassay test of all the six essential oil was done against 3rd and 4thinstars of Aedes aegypti, and 
marked differences were found out in each sample. Among the six plants, Ageratum oil was found very 
effective followed by Wedelia, Notonia, Chromolaena and Tagetes. Study about the mode of action of 
essential oil on the larval body showed marked morphological changes among the treated and control larvae and 
found marked peculiar features in the treated larvae such as deheading, cuticular rupturing, internal and 
external cell busting and broken midgut. 

Keywords: Aedes aegypti, Asteraceae, essential oil, bioassay 

 

Introduction 

Mosquitoes act as vectors of pathogens causing 
malaria, dengue, yellow fever, encephalitis and 
filariasis. Mosquito-borne diseases, particularly 
dengue fever remain the most serious vector- 
borne disease. Dengue fever is endemic over 
large areas of our country. Nowadays, mosquito 
control is mostly directed against larvae and only 
against 

adults when necessary. Larval control can be an 
effective control tool due to the low mobility of 
larval mosquitoes, especially where the principal 
breeding habitats are manmade and can be easily 
identified (Howard et al., 2007). 

Current mosquito control strategies depend on 
synthetic insecticides. Use of these insecticides 
has created different problems, such as the 
development of physiological resistance in major 
vector species, environmental pollution and toxic 
hazards to human and other non-target organisms due 
to their broad spectrum of activity (WHO 1992). As 
a result, there has been an increased 

interest in developing alternative control methods that 
are effective against the target vector species, 
environmentally safe, biodegradable, with low 
cost, and can be used by individual and 
communities in specific situations (Redwane et al., 
2002). One of these control method is the use of 
selected botanical derivatives against the target 
mosquito species (Perich et al., 1995). 

Compounds of plant origin such as rotenone, 
nicotine, anabasine, methyl anabasine and 
lupinine were found effective in killing mosquitoes 
(Campbell et al., 1933). Insecticidal activities of 
different plant essential oils have been reported 
against different mosquito species (Tare et al., 
2004; Jantan et al., 2005; Morais et al., 2006; Amer 
and Mehlhorn, 2006). The identification and use of 
local plants in the control of mosquito larvae may be 
very valuable and more economical. Aromatic plants 
and their essential oils are very important sources 
of many compounds that are used in different 
respects. Essential oils are relatively safe to humans 
and the environment (Yang et al., 2005). The 
discovery of insecticide activity of essential oil 
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present in Asteraceae species has stimulated the 
interest in this plant family as part of the search for new 
plant derived insecticides (Marial et al., 1997). 
Asteraceae plants are chemically characterized 
by synthesis and accumulation of many classes of 
natural products. The important classes of 
essential oil, sesquiterpenes, which have a wide 
distribution in this family. These also have an 
important role in plants of Asteraceae as chemical 
defence agents. They are often present in high 
concentration and relatively complex mixtures of 
different structures. Usually bitter tasting, they are 
obviously deterrent to many kinds of herbivore, 
including man himself. Their effects on insects are 
very damaging and they are also poisonous to 
livestock (Harborne, 1991). 

Ageratum conyzoides L. is an ayurvedic herb with 
multiple medicinal properties and also act as 
insecticide and nematicide (Ming, 1999). 
Chromolaena odorata (L.) King & Robinson is 
sometimes grown as a medicinal and ornamental 
plant and used as a traditional medicine (Fu  et 
al., 2002) and it has antipyretic activity in mice and 
showed that the leaf extract have anti 
-inflammatory, anti-pyretic and anti-spasmodic 
properties (Oludare et al., 2000). Notonia 
grandiflora DC. known as Ray weed. It has been 
observed that juice of its succulent leaves is used to 
cure earache and pimples, leaf paste is used for 
curing eczema (Sandhya et al., 2006). It has been 
reported that Notonia grandiflora has high anti 
bacterial activity against Staphylococcus and 
E.coli (Vasanth et al., 2001). Tagetes erecta Linn. 
widely used as a medicinal, ceremonial and 
decorative purposes. T. erecta is grown to extract 
lutein as a good colour. Report suggested that the 
whole herb is antihelminthic, aromatic, digestive, 
diuretic, emmenagogue, sedative and stomachic 
(Usher, 1974; Brown, 1995) coughs and dysentery 
(Duke and Ayensu, 1985). Hexane and methanol 
extract of Tagetes erecta showed effective 
larvicidal activity against Anopheles mosquito 
(Elango et al., 2009). Wedelia trilobata Linn. is 
native to the Northern part of South America and the 
West Indies and its crude extract of shows activity 
against gram+ve, and gram -ve bacteria, yeast and 
fungi (Taddei and Rosas-Romero, 1999). 

In the present study essential oils of six plants 
commonly found in Kerala were tested against 
third and fourth instar A. aegypti larvae in a search for 
effective and affordable natural products to control 
of dengue vector. And also to investigate histo- 
pathological aspects to find the target sites of the 
botanical extract in the insect and to detect the 
effective mono and sesquiterpenes present in each 
essential oil through Gas chromatography. 

Materials and Methods 

Collection of plant materials 

The samples of test plants were collected from 
different localities near Kerala University campus. 
The accessible parts of six plants (mostly their 
leaves) were collected for extraction and testing. 
These included Ageratum conyzoides (aerial 
parts), Chromolaena odorata (aerial parts), 
Notonia grandiflora (leaves), Tagetes erecta cv. 
orange (leaves), Tagetes erecta cv. yellow (leaves) 
and Wedelia trilobata (aerial parts). Taxonomic 
confirmation of these plants was performed by 
Curator in the Department of Botany, University of 
Kerala. 

Distillation of essential oils 

Essential oils were extracted from 30 g leaves or 
areal parts of the test plants by hydro- distillation 
in a Clevenger-type apparatus for 
4 h. To standardize the extraction protocol, 
different drying conditions were performed. The oils 
thus obtained were separated and dried over 
anhydrous Sodium sulphate and stored in airtight 
containers (eppendorf tube) in room temperature 
till their later use for larval bioassays and under 
refrigeration (4ºC) for essential oil 
characterization. 

Essential Oil Characterization 

GC analysis was performed by using Perkin Elmer 
Clarus 500GC , equipped with a Flame Ionization 
Detector (FID). The GC conditions were: capillary 
column 30m x 0.32mm; operating conditions: 
temperature programmed from 60ºC to 246ºC at 3 
ºC minˉ1, injector and detector temperature is 220 
ºC and 250 ºC respectively ; carrier gas: N2, inlet 
pressure 10 psi, flow rate 30mL minˉ1 sample 
injection: split ratio ca.1:100, sample volume 1.0 μl. 
The percentage composition of the oil samples was 
computed from the GC peak areas without using 
correction factors. The identification of the 
constituents was performed by GC library search, 
retention indices and visual interpretation of the GC 
spectral peak (Adams, 1995). 

Test larvae 

Laboratory tests of the oils were conducted on 
wild collected larvae from colonies of A. aegypti at 
28 ±2 ºC. 

Larvicidal bioassays in the laboratory 

The oil was first dissolved in acetone at a ratio of 1:1 
of acetone and oil. A series of concentrations 
ranging from 4 to 200 ppm of the dissolved oil was 
prepared in water. Control tests were carried out 



 
 

in parallel with the required amount of acetone in 
water. Laboratory bioassay tests were carried out 
using the essential oil against the wild collected 
larvae of A. aegypti. The larvae were identified 
according to their taxonomic characters by using 
stereo microscope. The larval bioassay tests were 
carried out following the standard World Health 
Organization larval bioassay test method with 
slight modifications (WHO, 2005). Conical flasks 
with capacities of 500 ml each were used for the 
larvicidal bioassays. Appropriate amount of each 
essential oil was dissolved in acetone to prepare 5 ml 
of stock solution of each concentration. Fresh stock 
solutions of each of the above concentration were 
prepared to produce the required test 
concentrations ranging from 4 to 200 ppm. Twenty 
active early fourth and third instar larvae of A. 
aegypti were transferred into each conical flask 
which contained 250 ml water with the desired test 
concentrations of oil. Two replicates of control were 
carried out simultaneously with 250 ml of distilled 
water with desired quantity of acetone. Mortality 
was recorded after 24 h of the exposure during which 
no nutritional supplement was added. The 
experiment was carried out at 28 
± 2 ºC. The number of dead larvae in each flask 
was counted. The larvae were considered dead if 
they were immobile and unable to reach the water 
surface and cannot be induced to move when they 
are probed with a needle in the siphon. Morbid larvae 
are those incapable of rising to the surface or not 
showing characteristic diving reaction when the 
water is disturbed. Morbid larvae were counted 
and added to dead larvae for calculating 
percentage mortality. Previous experiments 
showed no significant differences in mortality when 
the assay was extended to 48 hour. Control 
experiments without oil the mortality was always 0%. 
Three replicates were carried out for each test 
concentration. 

Morphological Observation and 
Cryotome sectioning for both oil treated 
and control larvae. 

Both treated and control 4th instar larvae were 
freezed at -220c and cryosectioned using LEICA 
CM 1100 cryotome at a thickness of 20μ by 
horizontally placing in cryofluid. Both sections 
were subjected to staining under hematoxylene and 
eosin stain, then observed under compound 
microscope. Larvae of treated and control were also 
observed directly under compound microscope for 
finding out prominent morphological change of 
larval body. 

Data analysis 

The LC 50 values were calculated by direct probit 
method by using BioStat computer 
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software programs. The LC50, LC90 and the 95% 
confidence intervals were calculated by log probit 
analysis using SPSS computer software programs 
version11.0 in order to compare the larvicidal 
potency of the plants and susceptibility of the test 
mosquito larvae. In all the tests, no control 
mortality was detected after the 24 h exposure; 
hence, no correction was required. 

Results 

Chemical characterization of essential 
oils in the taxa investigated 

In the present investigation six taxa (Ageratum 
conyzoides, Chromolaena odorata, Notonia 
grandiflora, Tagetes erecta cv. orange, T.erecta 
cv. yellow and Wedelia trilobata) were evaluated 
for the quantity of essential oil and chemical 
constituents. Amount of oil collected from the six 
plants showed variation among taxa as well as in 
drying conditions. More amount of oil could be 
collected from fresh material than dried material 
(Table 1). The quantity of essential oil varied from 3 
to 6.7 ml\Kg. From this study it is revealed that 
Notonia grandiflora possess the highest quantity of 
essential oil (6.7 ml\ Kg) followed by Ageratum 
conyzoides Tagetes erecta cv. orange (5ml\Kg each) 
and Tagetes erecta cv. yellow (4ml\Kg). Other two 
members investigated show less amount of oil 
(3.3 ml\Kg and 3.0 ml\Kg Wedelia trilobata and 
Chromolaena odorata respectively. 

Various characteristics of essential  oil  such  as 
colour, odour, flavour etc. were  studied and it is 
clear that each oil sample has its own properties. 
The colour of the oil sample of most of the 
investigated taxa were yellow, Ageratum 
conyzoides (pale yellow), Tagetes erecta cv. 
yellow (light yellow), Tagetes erecta cv. orange 
(yellow) and Wedelia trilobata (orange yellow). 
But colourless oil sample was found in Notonia 
grandiflora. The odour of all investigated oil 
samples except Tagetes erecta (floral note) were 
herbaceous with medicinal topnote. 

The major essential oil components identified 
broadly belong to monoterpenes and 
sesquiterpenes. The sesquiterpene dominate in 
few oil samples (A. conyzoides and Chromolaena 
odorata) where as monoterpenes and 
sesquiterpenes found equally in some taxa 
(Notonia grantiflora and  Tagetes  erecta). In 
Wedelia trilobata monoterpenes appear as major 
constituent. In A.conyzoides essential oil contain 
65.6 % precocene (agetarochromene) and cadinene 
(20.6%) with traces of caryophyllene (4.7%). 
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In Chromolaena odorata the chemotype was 
appear to be a mixed one. Many sesquiterpenes 
predominate in this oil sample. Prejeigerene was 
found to be the major component (25.9 %). The 
sesquiterpenes, β caryophyllene (10.3%), 
germacrene (9%) and cadinene (2.9%) and 
monoterpenes like limonene (0.8%), ocimene 
(0.8%) and α pinene (0.6%) were also identified. 
Notonia grandiflora showed the caryophyllene 
chemotype (31.5%). Humulene (3.1%), myrcene 
(1.4%), limonene (1.1%), traces of α pinene (0.5%) 

were also observed. 

The two cultivars studied under the species Tagetes 
erecta exhibited marked similarity. Tagetes erecta cv. 
orange and T. erecta cv. yellow are characterized with 
a tagetone chemotype. The identified major 
components of the oil of T.erecta cv. orange were 
tagetone (30.8%), dihydrotagetone (20%) 
limonene (13%) cisocimene(4.6%) humulene 
(1.8%), caryophyllene (1%), phellandrene (1%), 
sabinene  (0.5%),terpene-4-ol  (0.5%).  Traces of   
germacreneD   (0.4%),   α   pinene   (0.2%), 
transocimene (0.2%), germacreneB (0.2%) and 

cadinene (0.1%) were also identified. 

In the case of T. erecta cv. yellow, the main 
components found were tagetone (49.7%), trans 
tagetone (11.8%) limonene (7.7%)  cisocimene 
(4.2%), caryophyllene (1.4%), trans ocimene(0.9%), 
decanol ( 0.9%), sabinene (0.4%), germacrene 
(0.4%), and  α  pinene  (  0.2%).  W.trilobata  is  a 
mixed chemotype. Major components are 
monoterpenes. Pinene (17.5%) and ocimene 
(13%) were identified along with phellandrene 
(8.2%), caryophyllene (5%), myrcene(3.5%) and 

humulene (2.7%). 

Larvicidal activities of essential oils under 
laboratory conditions 

Table 2 shows the LC50 and LC90 values of the 
essential oils of different plants tested against 3rd and 
4th instar A. aegypti larvae in the laboratory. Against 
3rd instar larvae, the LC50 and LC90 values ranged 
from 24.6 to 110.7 ppm and from 36.8 to 119.8 
ppm, respectively. On both values, A. conyzoides 
exhibited the highest larvicidal activity (LC50 = 
24.6ppm; LC90 = 36.8ppm) and Tagetes erecta 
cv.orange the weakest larvicidal activity (LC50 = 
110.7 ppm; LC90 = 119.8ppm) against 3rd instar 
larvae. Furthermore, oils of W. trilobata still 
showed strong larvicidal activity after A. 
conyzoides with LC50 values 67.5 ppm and LC90 

74.3 against 3rd instar larvae. 

Against 4thinstar larvae LC50 and LC90 values of 
the different oils were slightly higher than that 
against 3rd instar larvae and ranged from 

24.9 to 113.1 ppm and from 37.2 to 119.8 ppm, 
respectively. However, like in 3rd instar larvae 
highest larvicidal activity was recorded for A. 
conyzoides oil (LC50 =24.9 ppm; LC90 = 37.2 
ppm ) although the next highest potent essential oil 
was that of W. trilobata oil showed strong larvicidal 
activity (LC50 = 68.7 and LC90 = 71.7) against A. 
aegypti. Following Notonia grandiflora with LC50 
value 89.2ppm and LC90 value 98.2 ppm against 
4th instar larvae. The least toxic plant against both 
mosquito larvae was T. erecta with LC50 values 
110.4 and 110.7 ppm and LC90 values 117.5 and 
119.8 ppm in yellow and orange respectively. Based 
on the LC50 values and LC90 values, it can be seen 
(Table 2) that 3rd instar was more susceptible than 
4thto all the essential oils tested. 

Essential oil of Ageratum conyzoides was highly 
larvicidal at high concentrations (above 40 ppm), but 
this activity declined progressively as the dose 
decreased. At concentrations above 36 ppm of the 
oil, over 80% of the observed mortality occurred 
within the first 12 hours, while at lower 
concentrations the rate of mortality was very slow. 
The median anti-larval potency (LC50) of 
Ageratum oil was 24.6 and 24.9 ppm for 3rd and 4th 

instars respectively. This was 3.9 times lower than 
the Chromolaena odorata oil, other sesquiterpene 
dominant taxa which showed the LC50 of 
100ppm. As compare to the LC50 of Ageratum oil, 
LC50 value of the other oil samples showed 
approximately 2.5 (Wedelia trilobata), 3.3 (Notonia 
grandiflora), 4 (Tagetes erecta cv.orange) and 4.2 
times (Tagetes erecta cv. yellow) higher value. 

 

Morphological Observation and Cryotome 
sectioning for both oil treated and control 
larvae 

Abnormal spiral movements, incapability to reach 
3-4 inch height from the bottom of water column, 
strong jerking movements exhibited intermittently 
by experimental larvae were some characteristics 
which appeared within 2 to 3 h of the oil exposure. 
Slow upside-down movements, feeble jerks with 
lesser frequency occurring during the last phase are 
indicative characteristics of acute toxicity, which 
appeared between 10 to 15 hours after oil 
treatment. 

Cryosectioning of larval body of treated and 
control larvae showed no potential difference in 
tissue level. However morphological observations of 
treated and control larvae showed characteristic 
demarcations. Cuticular rupturing, intestinal 
breakage and muscular degradation were 
observed in treated larvae. 
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Table 1. 

List of various taxa investigated for their major essential oil components and chemotype 
 

No: Name of taxa 
Essential oil components with percentage 

Chemotype 

1 

 

Ageratum conyzoides Precocene - 65.6%, Cadinine - 20.6%, β 

caryophyllene - 4.7%, Terpinene -0.6%. 
Precocene 

 
2 

 
Chromolaena odorata 

Prejeigerene - 25.9%, caryophyllene - 
10.3%,germacrene - 9%, cadinene - 2.9%, 
limonene - 0.8%, 

ocimene - 0.8%, α pinene - 0.6%. 

 
Mixed 

 
3 

 
Notonia grandiflora 

Caryophyllene - 31.5%,humulene - 
3.1%, myrcene -1.4%,limonene -1.1%, 
germacrene - 0.6%, α pinene - 0.5%. 

 
Caryophyllene 

 

 
4 

 

 
Tagetes erecta 
cv.orange 

Tagetone - 30.8%, dihydrotagetone - 20%, 
limonene - 13.0%, 
cis ocimene - 4.6%, humulene 1.8%, 
caryophyllene – 1.0%, phellandrene – 1.0%, 
sabinene – 0.5%, terpinene-4- ol - 0.5%, 
germacrene D - 0.4%, α pinene 0.2%, 
transocimene - 0.2%, germacrene B – 0.2% 
cadinene - 0.1% 

 

 
Tagetone 

 
 

5 

 
 
Tagetes erecta cv.yellow 

Tagetone – 49.7%, trans tagetone - 11.8%, 
limonene - 7.8%, 
cis ocimene - 4.2%, caryophyllene - 1.4%, 
trans ocimene - 0.9%, 
decanol - 0.9%, sabinene - 0.4%, 

germacrene - 0.4%, α pinene - 0.2%, 

 
 

Tagetone 

 
6 

 
Wedelia trilobata 

Pinene - 17.5%, ocimene – 13.0.%, 
phellandrene - 8.2%, caryophyllene – 5.0% 

myrcene - 3.5%, humulene - 2.7%. 

 
Mixed 

 

Table 2. 
LC50 and LC90 values of the essential oils of plants tested against 3rd 

and 4th instar A. aegypti larvae in the laboratory condition 
 

No: Essential oil LC50 LC90 

    

1 Age 3 24.6 ( 22.6 – 26.6) 36.8 (33.1– 43.2) 

2 Age4 24.9 ( 22.9 - 26.8) 37.2 ( 33.5 - 43.5 ) 

3 Chromo 3 100.7 ( 98.9 - 102.5) 110.7 (108.1 -114.4) 

4 Chromo 4 107.3 (105.3-109.5) 119.4 (116..1-124.8) 

5 Not 3 84.9 ( 83.1 - 86.7) 94.5 (91.8 - 98.3) 
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6 Not 4 89.2 (87.4 -91.0) 98.2 (95.6 -102.4) 

7 Tag orange 3 110.7 (108.8 -112.7) 119.8 (116.9 -124.9) 

8 Tag orange 4 113.1 (111.5- 114.8) 119.8 (117.5- 124.0) 

9 Tag yellow 3 110.4 (108.8 - 112.0) 117.5 (115.3- 121.1) 

10 Tag yellow 4 112.3 (110.8 -114.0) 118.8 (116.7-122.8) 

11 Wed 3 67.5 (65.9 - 70.0) 74.3 (72.3- 77.5) 

12 Wed 4 68.7 (67.0- 70.5) 71.7 (75.1 - 81.9) 

(3 and 4 represent 3rd and 4th instar larvae of Aedes aegypti ) 

Age: Ageratum conyzoides, Chromo : Chromolaena odorata, Not : Notonia grandiflora, Tag: Tagetes erecta and 
ed : Wedelia trilobata 

 

Discussion 

The present study indicates that the essential oils 
and sesquiterpenes of six plants (Ageratum 
conyzoides, Chromolaena odorata, Notonia 
grandiflora, Tagetes erecta cv. orange, T.erecta cv. 
yellow and Wedelia trilobata) exhibit insecticidal 
properties. From the LC50 and LC90 values, it is 
clear that the essential oils from these plants have 
higher larvicidal activity against third and fourth 
instar wild collected larvae of A. aegypti after 24 h 
of exposure, the most toxic of all being that of 
Ageratum conyzoides. In A. conyzoides precocene 
constitute major portion (65%) of oil which gives the 
action of repellence against mosquitoes (Das et al., 
2007). Many reports suggest its action against 
various insects (Gursel, 2001). Chromolaena 
odorata was less effective as compare to other 
two oil samples tested (Wedelia trilobata and 
Notonia grandiflora). From previous report (Duke 
and Ayensu1985), it is clear that prejeigerene is 
the major component of Chromolaena odarata. In 
the present study also revealed prejeigerene was the 
major component (25.9%) in the essential oil 
extracted from the aerial part of this plant. 

Wedelia trilobata was shown good activity 
compare to other four oil samples (Chromolaena 
odorata, Notonia grandiflora, Tagetes erecta cv. 
orange and T.erecta cv. yellow) tested. Pinene, a 
monoterpene was predominate in this oil sample. 
Caryophyllene was present in Notonia grandiflora 
oil sample as major component (31.5%) and it 
also showed good larvicidal activity. Nowhere, 
mosquito larvicidal activity had been reported for 
the oils extracted from Notonia grandiflora 

and Wedelia trilobata. The least toxic plant in the 
present study against both larvae was T. erecta, 
tagetone, trans-ocimene, terpinene and β-
caryophyllene observed as main components in this 
investigation. 

Sosan et al. (2001) reported larvicidal activities of 
essential oils of Ocimum gratissium, Cymbopogon 
citrus and Ageratum conyzoides against A. aegypti 
and achieved 100% mortality at 120, 200 and 
300 ppm concentrations respectively. Studies 
with  essential  oil  of  Ocimum  americans  and 
O. gratissium showed LC50 at 67 and 60 ppm 
respectively against A. aegypti larvae (Cavalcanti et 
al., 2004). However, the present investigated taxa 
showed high toxicity against the A. aegypti larvae, 
particularly Ageratum conyzoides. Earlier studies 
involving the essential oil of Ageratum conyzoides 
was found to be toxic (LC 50 = 300 ppm) against 
larvae of Anopheles arabiensis and Aedes aegypti 
(Sosan et al., 2001). However, the effects of the 
essential oil of our local plant tested in the present 
study were much lower with LC50 values of 24.6 
and 24.9 ppm against 3rdand 4thA. aegypti larvae, 
respectively. 

Fekadu et al. (2009) reported that field collected 
larvae were apparently better adapted to adjust 
stress variations in the environment and hence 
required a higher concentration of extract to bring 
about the required mortality. The possible reasons 
are that the field strains were genetically more 
heterogeneous (Kabir et al., 2003) and are 
routinely exposed to diverse insecticides. 
Therefore, they probably have a higher general 
tolerance to toxic compounds. However in this 



 
 
 

present study wild collected larvae were used and 
observed that the essential oils have some 
promising effects. From this present investigation it 
was also observed that the oil stored in room 
temperature and 4ºC showed same toxicity 
against larvae under laboratory condition. So this 
result is more hopeful in field conditions. However, 
further investigation on the persistency of essential 
oils may be needed. 

As a whole, six essential oils individually evaluated in 
this study had LC50 values ranging from 24 to 113 
ppm. Higher LC 50 values of plant products are 
acceptable, considering that they are generally 
degradable, have lower non-target  toxicity and 
environment friendly. Furthermore, unlike 
conventional insecticides, which are based on a 
single active ingredient, plant derived insecticides 
comprise variety of components with different 
mechanisms of action. Thus, the chances of insects 
developing resistance to plant products seem 
likely to be low (Saxena, 1987; Dhar et al., 1996). 
The results of the present study thus provide 
further promises that essential oils can be used in 
local mosquito management programmes. 

The examination of cross sections of essential oil 
treated larvae showed no histological alteration in 
tissue level. The most distinctive symptom of 
treated larvae was a gradual movement 
reduction, incapability of coming up the water 
surface for breathing and gradual death. The 
symptoms observed in larvae including tremor, 
slow upside-down movements, feeble jerks with 
lesser frequency, lack of coordination, ending 
finally in paralysis and death are perhaps due to the 
blockage of entire system by the essential oil and its 
components. Morphological observations, revealed 
that increasing membrane fluidity and permeability 
of muscular cells causing movement reduction. 

This study indicated that the essential oil of these six 
plants from Asteraceae have remarkable larvicidal 
properties in low concentrations and its use as 
larvicide against mosquitoes especially 
A. aegypti should be explored, as these plants 
grows abundantly in the wild. These plants have 
been used as traditional medicine in India and is 
considered safe for humans. The finding may be 
utilized for the development of oil-based pesticides as 
supplements to synthetic insecticides. Since 
volatile oil can be used in domestic water tanks to 
destroy larvae of Aedes aegypti safely. However the 
essential oil from aerial parts of A. conyzoides 
displayed high toxicity (LC50 - 24 ppm) against 
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mosquito larvae, making it the most active of all oils 
tested. Precocene (ageratochromene) was initially 
described as the active component of this plant 
suggested that it was responsible for the observed 
toxicity towards mosquito larvae. Many studies 
support its action against insects (Gursel, 2001). 
Precocene is less toxic than the standard 
organophosphate, organochlorine, endosulfan and 
carbamate methomyl.  Further  studies  on 
identification of other active compounds, toxicity 
and field trials are needed to recommend the active 
fraction of these plant extracts for development of 
eco-friendly chemicals for control of insect vectors. 
Moreover, these results may lead to the development 
of newer and more selective natural products, 
particularly ageratochromene. 
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