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Abstract
An ionic liquid 3-(2-((3,7-dimethyloct-6-en-1-yl)oxy)-2-oxoethyl)-1-methyl-1H-imidazol-3-ium chloride
was synthesized by simple esterification of citronellol with chloroacetic acid and tested for its insecticidal
properties. The present work also includes the comparative account of insecticidal activities of
citronellol, ionic surfactant and a nonionic surfactant. The ionic surfactant at concentrations of 5 and 10
µL showed 68 to 88% mortality in Callosobruchus analis F. and 63 to 76% in Sitophilus oryzae L.
respectively after 24 hours of treatment. Both the surfactants significantly deterred the majority of
females of C. analis from laying eggs on treated seeds than control. The ionic surfactant was most
effective in reducing Fl progeny production by causing 96% progeny deterrence followed by 87%
progeny deterrence in citronellol. The citronellol and ionic surfactant showed strong inhibition on egg
hatchabilities of C. analis even at the lowest concentration. Antifeedant activity evaluated for S. oryzae
adults by calculating relative growth rate (RGR), relative consumption rate (RCR), efficiency on
conversion of ingested food (ECI) and feeding deterrence indices (FDI), showed increased antifeedant
action with increasing doses of all the three compounds.
Keywords: C. analis, S. oryzae, ionic liquid, citronellol, oviposition, progeny deterrence, egg
hatchabilities, antifeedant.
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Introduction
Infestation of grain by different storage-product pests may occur at various stages from the
time of harvest to consumption by consumers. The indiscriminate use of synthetic insecticides
and fumigation has resulted in development of pesticide resistance, vast destruction of nontarget organisms, uncontrolled outbreak of secondary pests and undesirable environmental
effect. Therefore, there is a need to develop alternatives that are capable to reduce the largescale utilization of synthetic pesticides. Ionic liquids (ILs) are novel organic salts with a wide
liquid range that have a vast potential for industrial use as ‘‘green’’ chemicals. Varying the
cationic and anionic components can alter IL properties and toxicities. Ionic liquids with
surfactant properties have a great potential as pesticides. The oils and surfactants may provide
safe alternatives to chemical insecticides and are less prone to selection for resistance [1, 2].
Surfactants have long been used as wetting, spreading, emulsifying and sticking agents to
improve the effectiveness and coverage of many pesticides [3]. Surfactants (surface active
agents) are a type of adjuvant designed to enhance the absorbing, emulsifying, dispersing,
spreading, sticking, wetting, or penetrating properties of pesticides. They have advantage of
reducing the dose of a pesticide active ingredient and are generally considered ecologically
safe if applied at the recommended rate [4]. Surfactants are commonly used in agrochemical
formulations as adjuvants to improve the physiochemical characteristics of the spray solution
and to increase the uptake of the active ingredients into the target organisms, by decreasing
surface tension, contact angle and the drying time of spray droplets. Many surfactants,
however, exhibit insecticidal effects themselves [5, 6, 7, 8, 9] and could be used as an alternative to
current insecticides. Although surfactants possess different properties and additional
information is needed on their insecticidal properties. In the present work a comparative
investigation of citronellol, citronellol derived ionic surfactant and a conventional nonionic
surfactant (tween80) was carried out to determine their insecticidal properties against bruchid
beetle, Callosobruchus analis and rice weevil, Sitophilus oryzae under laboratory conditions.
In this experiment we tested the effectiveness of these compounds as seed protectants, feeding
deterrents against S. oryzae and their deterrency to oviposition, progeny emergence along with
ovicidal activity against C. analis.
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Materials and methods
The experiments were performed under controlled conditions
of laboratory at 25 ± 1 oC and 50 - 60% rh. for 30 days.
Citronellol, a citronellol derived ionic surfactant and tween 80

a non-ionic surfactant (Figure 1) were tested for various
insecticidal properties. Citronellol and tween 80 were
purchased from Sigma Aldrich Mumbai India and citronellol
derived ionic surfactant was synthesized in laboratory.

Fig 1: Structure of citronellol, citronellol derived surfactant and tween 80 surfactant.

Synthesis of an ionic surfactant
Ionic liquid was synthesized by simple esterification of
citronellol with chloroacetic acid resulted in formation of
intermediate i.e. 3,7-dimethyloct-6-en-1-yl 2-chloroacetate.
Finally, intermediate was quaternized with n-methylimidazole
at 80 oC for one hour resulted in respective citronellol based
ionic liquid viz., 3-(2-((3,7-dimethyloct-6-en-1-yl)oxy)-2oxoethyl)-1-methyl-1H-imidazol-3-ium
chloride.
The
respective amphiphile was purified by recrystallization from
diethyl ether followed by drying of the viscous material under
vacuum at 40 oC to get the pure final product. This newly
synthesized surfactant was characterized by mass
spectroscopy. Mass spectra of synthesized ionic surfactant was
recorded on Bruker micrOTOF Q II Mass spectrometer using
ESI as ion source. Elemental analysis of the investigated
surfactant was recorded on a Thermo Electron (UK) made
Flash EA 1112 Series CHNSO analyzer. The ionic liquid
possesses properties of surfactant was tested for insecticidal
efficacy.
Rearing of test insects
Adults of C. analis and S. oryzae were obtained from naturally
infested chickpea seeds and rice grains. Cultures of S. oryzae
and C. analis were maintained in the laboratory on clean and
uninfested rice grains and chickpeas respectively, in plastic
containers at 25 ± 1 oC and 50 - 60% rh.
Bioassays
Different bioassays were performed with citronellol, ionic
surfactant 3-(2-((3,7-dimethyloct-6-en-1-yl)oxy)-2-oxoethyl)1-methyl-1H-imidazol-3-ium chloride and non-ionic surfactant
tween 80.
Contact toxicity to adults of C. analis and S. oryzae
Citronellol and tween 80 with different doses of 5 µL, 7 µL,
10 µL were diluted with methanol and citronellol derived ionic
liquid was diluted with water to form the same appropriate
concentrations. Whatman No. 1 filter paper dipped into each
compound was placed at the bottom of a Petri dish (5.5 cm ×
1.2 cm) along with 20 adults each of C. analis and S. oyzae
and covered with a lid. Controls received solvent-treated filter
paper alone. Three replicates were set up for each dose and
control and number of dead insects in each Petri-dish was
counted at an interval of 12 and 24 hour respectively.
Percentage mortality was calculated by using Abott formula.
Oviposition and progeny deterrence

Laboratory bioassays were conducted on C. analis to evaluate
oviposition and progeny deterrency by citronellol, tween 80
and ionic surfactant. For evaluating the efficacy of these
compounds fifty chickpea seeds were treated with different
doses of 5, 7 and 10 µL of each compound prepared in
solvents by shaking for five minutes in glass vials to ensure
uniform coverage of compounds on seeds. 1 mL solvent alone
was used as control. After shaking, the treated seeds were
placed on filter paper to evaporate the solvent. The seeds were
then transferred into Petridishes and after 24 hours, 12
bruchids (6 males and 6 females) were introduced in each
Petridish separately. Observations were made after 3 days for
oviposition and after 21 days for progeny emergence.
The % deterrency of oviposition was calculated according to
the equation:
Deterrency = (NC – NT/NC) × 100 where NC is the number of
eggs laid on control seeds, and NT is the number of eggs laid
on treated seeds.
Effects on egg hatchability
Ten adults of C. analis both males and females were collected
from the stock culture after emergence and put together in
Petri dishes for 2 days in order to ensure mating. The female
adults (gravid beetles) were placed on chickpea seeds and the
numbers of eggs laid were enumerated. The eggs laid were
collected just after oviposition to test the effect of compounds
on the eggs of C. analis. Plastic jars of 250 mL capacity with
screw lids were used as exposure chambers. Different doses of
each compound 5, 7 and 10 µL prepared in solvents were
applied to a circular filter paper (Whatman No. 1) and after
evaporating the solvent for 5-10 minutes the treated filter
paper discs were then introduced into the plastic jars and
attached to the inner surface of the screw lid of the jar by using
adhesive tape. In each jar a small glass Petri dish containing
about 25 eggs was placed carefully. After an exposure period
of 24 hours to above compounds the eggs were transferred to
clean Petri dishes and observed for hatching. Three replicates
were set up for each dose and control.
Feeding deterrency
The bioassay experiment was conducted on S. oryzae adults.
To determine antifeedant activity of the compounds a nochoice test was carried out as described by Huang et al. [10] and
Gomah [11] with some modifications. In brief, 1 mL of
prepared concentrations of 5, 7 and 10 μL of compounds and 1
mL solvent alone as control were applied on to 5 gm rice
kernels. The rice kernels were placed in Petri dishes after
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evaporating the solvent. Then 10 group-weighted adults of S.
oryzae were transferred to each pre-weighed rice kernels in
Petri dishes. After feeding for 72 hours under laboratory
conditions, live insects and rice kernels were re-weighed, and
mortality of insects was recorded. Three replicates of each
treatment were prepared, including the control.
Nutritional indices and weight loss were calculated as
previously described by Mahdi [12] and Huang et al. [10]
Weight loss (%WL) = (IW - FW) × 100/ IW, where the IW is
the initial weight and FW is the final weight.
(RGR)=(A–B)/(B×day), where A is the weight of live insects
on the third day (mg)/no. of live insects on the third day, B is
original weight of insects (mg)/original no. of insects; relative
consumption rate (RCR)=D/(B×day), where D is biomass
ingested (mg)/no. of live insects on the third day; efficiency of
conversion of ingested food (ECI) (%)=(RGR/RCR)×100.
The grain protection due to application of compounds was
observed by calculating the Feeding Deterrence Index [13, 14]
using the formula,

FDI (%) = (C – T) / C × 100, where C is weight loss of control
rice kernels and T is weight loss of treated rice kernels.
Statistical analysis
Tests for contact toxicity, oviposition and progeny deterrency,
ovicidal and antifeedant activity were performed in triplicate.
The means were compared by one-way ANOVA and Tukey’s
multiple comparison tests using software SPSS, version 11.5.

Contact toxicity
The toxicity of citronellol, cationic surfactant (3-(2-((3,7dimethyloct-6-en-1-yl)oxy)-2-oxoethyl)-1-methyl-1Himidazol-3-ium chloride) and non-ionic surfactant (Tween 80)
against C. analis and S. oryzae adults exposed to direct contact
has been summarized in table 1 and 2. Ionic surfactant gave
highest and non-ionic surfactant the lowest insect mortalities.
The data indicated that the ionic surfactants at concentrations
of 5 and 10µl showed 68 to 88% mortality of C. analis and 63
to 76% of S. oryzae after 24 hours of treatment. Citronellol
revealed 62 to 82% mortality of C. analis and 58 to 73% of S.
oryzae adults respectively with similar doses and exposure
time. Citronellol showed 80 to 90% mortality against S. oryzae

and C. analis (Brari et al. [15]. Least mortality was shown by
tween 80 against both the adult insect species. Corey and
Langford, [9] Dills and Menusan, [16] Dozier [17] and Turner et
al. [18] reported insect mortality under laboratory conditions by
using various surfactants. Ionic and nonionic surfactants,
Triton GR-7, Pronon 505, Catanac SN, and Retzanol M-139
resulted in significant green peach aphid mortality [19]. Liu et
al. [20] tested the insecticidal activities of four surfactants
(Cide-kick, Silwet L-77, M-Pede and APSA-80) against
nymphs of Bemisia argentifolii Bellows and Perring on
collards and tomato and recorded that Silwet L-77 was more
effective (>95% mortality) than Cide-Kick or APSA-80 at
rates from 0.25±1.00g AI/ litre.

Results and Discussion
The structure of ionic surfactant synthesized in this work has
been confirmed by ESI-MS (positive ion) mass spectroscopy.
The parent ion peak this ionic surfactant has been observed at
m/z 279.2062. This signal account for the loss of chloride ion
from the molecule leading to formation of positively charged
parent ion [M-Cl]+. Further purity of this surfactant was
confirmed from elemental analysis that shows percentage of C;
61.01, H; 8.62, N; 8.88, O; 10.14, Cl; 11.24 and this observed
percentage was very much similar to calculated percentage C;
61.04, H; 8.64, N; 8.90, O; 10.16, Cl; 11.26. The elemental
analysis confirmed the purity of ionic surfactant >99%.

Table 1: Contact toxicity of different compounds against adults of C. analis

Citronellol

Ionic surfactant

Tween 80

5
7
10
5
7
10
5
7
10

C. analis
Dose µL/cm2 Mortality %
12 hr*
24 hr*
25.2 ± 1.4a
62.4 ± 3.1b
37.5 ± 2.3b
75.1 ± 2.1a
44.6 ± 1.6c
82.6 ± 1.4d
35.3 ± 3.1b
68.6 ± 2.3c
46.6 ± 2.2c
82.7 ± 1.5d
55.2 ± 2.4e
88.3 ± 1.8e
10.2 ± 2.5d
12.4 ± 2.5bc
16.5 ± 1.8bc
18.8 ± 3.1ab
25.6 ± 2.3a
28.2 ± 1.6cd
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Table 2: Contact toxicity of different compounds against adults of S. oryzae
S. oryzae
Dose µL/cm2

Citronellol
Ionic surfactant

Tween 80

5
7
10
5
7
10
5
7
10

Mortality %
12 hr*
24 hr*
20.3 ± 1.4a
58.4 ± 1.6c
31.4 ± 2.2b
65.6 ± 2.5a
38.6 ± 2.6c
73.6 ± 3.2b
32.4 ± 1.5b
63.8 ± 1.6a
41.6 ± 3.1c
70.8 ± 2.4b
50.2 ± 2.2d
76.4 ± 3.2d
8.3 ± 1.3e
10.6 ± 2.3e
12.6 ± 2.4e
14.8 ± 3.1bc
16.7 ± 1.4ab
18.5 ± 2.0ab

* Exposure time
% values are mean (n = 3) ± SE. The means followed by the same letter in the
same column are not significantly different from each other according to
ANOVA and Tukey’s multiple comparison tests

Oviposition deterrency
The percentage deterrency of oviposition increased with
increasing concentrations of all the treatments (Table 3).
Citronellol and surfactants significantly deterred the majority
of females of C. analis from laying eggs on treated seeds than
control sets. C. analis laid only 18 eggs on the seeds treated
with 10 µL ionic surfactant as compared to the control (100
eggs) and proved to be the most effective treatment with 82%
deterrency. At 0.1 μL/mL, the EO of C. lanceolatus allowed
the bruchids to lay only 12 eggs as compared to untreated
control seeds with 302 eggs and thus showed 96% oviposition
deterrency [21]. Citronellol with the similar concenteration also
showed remarkable activity with 65% oviposition deterrency
and nonionic surfactant was least effective. Singh et al. [22]
reported that Chenopodium and Clausena oil exhibited 100%

oviposition deterrent activity at 20μl oil dose for C. chinensis
and C. maculatus and Chenopodium checked more than 84%
of adult emergence of both bruchids. The seeds treated with
citronellol and ionic surfactant had a significant reduction in
progeny emergence. The addition of surfactant, Silwet to a
range of products aimed at controlling Tetranychidae on
grapevine increased the efficacy against eggs, nymphs and
adults between 4 and 22% (Oroian et al. [23]. The effect of
different treatments on progeny emergence in C. analis
presented in table 3 shows that ionic surfactant was most
effective in reducing Fl progeny production causing 96%
progeny deterrence, followed by 87% progeny deterrence in
citronellol. The emergence of adults was also delayed by all
the treatments.

Table 3. Percent deterrency in oviposition and progeny emergence by different compounds (at variable doses) against C. analis

Citronellol

Ionic surfactant

Tween 80
Control

Doses µL/mL
5
7
10
5
7
10
5
7
10

Oviposition deterrence %

Progeny deterrence%

40.5 (60.4 ± 4.1)a
52.6 (48.8 ± 3.6)cd
65.4 (35.2 ± 2.8)b
65.6 (35.4 ± 4.5)b
75.4 (25.4 ± 3.5)d
82.2 (18.4 ± 2.6)bc
18.8 (82.4 ± 3.7)ab
32.8 (68.4 ± 2.4)e
44.8 (56.2 ± 2.8)a
(100.0 ± 1.8)c

72.4 (18.5 ± 3.7)a
84.4(10.1 ± 1.5)b
87.2 (8.1 ± 2.6)e
84.5 (12.3 ± 4.2)b
90.1 (6.5 ± 2.4)e
96.6 (2.6 ± 1.8)ab
58.4 (27.2 ± 3.6)bc
67.8 (21.4 ± 3.8)cd
72.8 (18.1 ± 4.1)a
(65.6 ± 4.5)c

% Oviposition deterrency was measured as the mean number
of eggs laid ± SE. % Progeny deterrence was measured as the
mean number of adult emerged ± SE.
% values are mean (n = 3). The means followed by the same
letter in the same column are not significantly different from
each other according to ANOVA and Tukey’s multiple
comparison tests.
Effects of compounds on egg hatchability
The results in table 4 showed better ovicidal activity by
citronellol, at the lowest dose of 5 and 7 µL only 25 and 20%
of egg hatching was recorded. Dwivedi et al. [24] reported that
Citrus clean which is a mixture of plant oils of Citronella,

Pine, Lemon grass and Marigold registered 66.6% egg
mortality in rice moth at 100% dose level. Reihl et al. [25]
indicated significant kill of citrus red mite eggs from
surfactants in various citrus spray oils. At 10 µL concentration
of ionic surfactant 20% of egg hatching was observed. The
ovicidal activity was comparatively low in tween 80 with high
percentage of eggs hatched. Silwett surfactant at
concentrations of 0.1 to 0.5% increased the mortality of
Tetranychus pacificus eggs in laboratory studies by more than
99% [26]. It is possible that as monoterpenoids act against
insects as neurotoxins [27, 28, 29], ovicidal activity is only
apparent when the target system (the nervous system in this
case), begins to develop [30, 31].
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Table 4: Effects of different compounds on egg hatchability of C.
analis
Doses µL/mL
5
7
10
5
7
10
5
7
10

Egg hatching %
25.4 ± 2.1a
20.6 ± 1.8b
Citronellol
16.2 ± 3.1c
35.8 ± 2.4d
28.4 ± 2.1a
Ionic surfactant
20.5 ± 1.9b
52.7 ± 2.3e
62.4 ± 3.4bc
Tween 80
68.8 ± 2.2ab
91.6 ± 2.4cd
Control
Data represents the mean of three replicates. Means within columns
followed by the same letters are not significantly different from each
other according to ANOVA and Tukey’s multiple comparison tests
Values are mean ± SE

Feeding deterrence
Feeding deterrence indices (FDI) showed that the compounds
had antifeedant action against S. oryzae adults at all
concentrations levels. Citronellol and ionic surfactant showed
better antifeedant action against S. oryzae adults, a
concentration of 10 μL/g rice kernels, resulted in 65.21 and
60.24% reduction in feeding, respectively (table 5). The results
also showed the food consumption rate (RCR) and growth rate
(RGR) of S. oryzae decreased with increasing concenteration
of citronellol. Huang Ho et al. [10] found that the growth rate,
food consumption and food utilisation of S. zeamais and T.
castaneum adults and T. castaneum larvae were adversely
affected to various extents when exposed to media treated with
eugenol, isoeugenol and methyleugenol. Pernak et al. [32]
tested the effectiveness of ILs as stored product insect
antifeedants and also compared the impact of cation and anion
on the antifeedant activity. Ionic surfactant exhibited a more
potent effect on food consumption rate than nonionic
surfactant.

Table 5: Nutritional and feeding deterrence indices of S. oryzae adults treated with different compounds
Concenteration
µL/g rice kernels

F DI
(mean ± SEM) %

0

_

5
citronellol

7
10

Ionic
surfactant

5
7
10
5

Tween 80

7
10

46.08
± 8.19a
52.38
± 6.81b
65.21
± 12.31c
52.08
± 6.23b
65.05
± 7.95c
60.24
± 8.64c
24.72
± 11.45e
39.90
± 9.93ab
52.87
± 6.45b

Data represents the mean of three replicates. Means within
columns followed by the same letters are not significantly
different from each other according to ANOVA and Tukey’s
multiple comparison tests.
The present work encourages ionic liquids and surfactants for
the prospect of control of insect pests. The surfactant readily
spread over the surface of the insect and resulting in
suffocation of pests. The ionic liquid having surfactant
properties, give an appreciable improvement in pesticidal
efficacy as it combines the properties of both the monoterpene
and surfactant. The spreading activity of surfactants allows the
active ingredient of products to interact with surfaces and
cause more than 30-folds change in the actual dose of
surfactant per unit area.
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