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ABSTRACT

Whitefly, Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) is one of the global
polyphagous pests in many agricultural crops. Besides, other control strategies, essential oils are
being considered as one of the promising candidates for developing alternative strategies for its
management. We evaluated the Oil-in-water (O/W) formulations (47.6 %) of 6-essential oils
(pine oil, lemongrass oil, geranium oil, eucalyptus oil palmarosa oil and citral) against B. tabaci
to determine their contact toxicity potential and phytotoxicity effects. The GC-MS analyses of
test essential oils contained geraniol (69.8 %) in palmarosa oil, 3-3-carene (50.7 %) in pine oil,
citronellal (33.4 %) in geranium oil as major constituents. The O/W emulsion formulations were
physically stable at room temperature with average droplet size of 136-425 nm. Geranium oil
showed high phytotoxicity at 0.125 % concentration in brinjal, Solanum melongena (Variety:
MEBH-10) leaves, whereas, the eucalyptus and pine oils were not phytotoxic. Comparatively,
palmarosa oil displayed maximum contact toxicity with LCsy and LCqy values of 0.241 and
0.658 % respectively at 24 h and 0.142 and 0.398 % at 48 h after exposure. This study revealed
that O/W emulsion formulations of palmarosa and lemongrass oil can be effectively used in
whitefly management.

Keywords: Bemicia tabaci, Brinjal, contact toxicity, essential oil, GCMS, insecticidal activity,
oil-in-water formulation, phytotoxicity, white fly.

INTRODUCTION

Whitefly, Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) (Fig 1) is one of
the major pests in many crops in tropical and subtropical regions of the world. It causes
considerable losses in cotton, brinjal, various vegetables and ornamentals (23,36). Its both
nymphs and adults suck the sap from the leaves and cause yellowing and drying of plants.
In addition, they also act as vector for several viral diseases. Management of whiteflies
with pesticides has become difficult due to several factors: (i). Colonization habit on the
undersurface of leaves which makes them less accessible to insecticide exposure,
(ii). Development of resistance against many insecticides and (iii). Elimination of natural
enemies due to overuse of synthetic insecticides (8,27). To overcome these problems green
pesticides are one of the promising and safe alternatives for management of whitefly.

The concept of “Green Pesticides” refers to all types of nature-oriented and
beneficial pest control materials that can reduce the pest population and increase food
production. These pesticides are safe, eco-friendly than synthetic pesticides (19). Plant
products and essential oils constitute a major chunk of green pesticides. Essential oils are
considered as one of the potential candidates owing to their wide spectrum of activities
[fumigants, contact toxicity, repellency, antifeedancy, growth retardation or reproductive
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disruption properties (16,18)] with high efficacy, low mammalian toxicity and rapid
degradation in the environment. Thus, the EOs are considered as alternative and effective
against several insect pests (6,12,16,18). The multifaceted mode of action of EOs is due to
the presence of diverse allelochemicals (19,22,40) with multiple modes of action to
prevent or delay the development of resistance by pests (15). Earlier studies have shown
the toxic and repellent effects of different essential oil and their constituents like
Cinnamaldehyde, linalool, geraniol, citronellol use against whitefly, B. tabaci (7,
11,14,24,39).

Phytotoxicity is one of the limitation factors in the of essential oils as plant
protection chemicals. The diverse phytochemical constituents of essential oils influences
the physiological processes of plants including distortion of plant cells, inhibition of
photosynthesis, suppression of mitosis leading to necrosis and plants death (38). There is
limited literature on the phytotoxic effects of essential oils or the plant allelochemicals.
Moreover, the threshold concentration for inducing phytotoxicity varies with the essential
oil. Further, the persistence of EOs is low as some of the allelochemical compounds are
volatile in nature. Essential oils are mainly composed of volatile organic compounds
(VOCs), with high vapour pressure at room temperature (13). However, by adopting
suitable formulation techniques, the limitations of the EOs can be overcome. Attempts
have been made to develop oil-in-water formulation of certain essential oils using
Amphiphilic polymer, poly [poly(oxyethylene-1000)-oxyterephthaloyl]) as a surfactant.
The physico-chemical properties of these essential oil formulations were studied to
understand the stability and to develop viable EOs formulation effective against B. tabaci.
Thus safe concentrations and suitable formulations is crucial for the development of
effective essential oils against insect pests. Hence, in this study we aimed to determine (i).
the phytotoxicity of the chosen essential oil formulations and (ii). their biological activities
against whitefly, B. tabaci.

MATERIAL AND METHODS
Essential oils
The EOs namely pine oil (Pinus roxburghii Sarg.), lemongrass (Cymbopogon
flexuosus (Steud.) Wats), geranium oil (Pelargonium graveolens L. Herit), eucalyptus oil
(Eucalyptus globulus Labill.), and palmarosa oil (Cymbopogon martini (Roxb.) J.F.
Watson) were purchase from Fragrance and Flavour Development Centre, Kannauj, Uttar
Pradesh, India and pure citral was purchased from M/s Central Drug House (P) Ltd, India.

Gas Chromatography-Mass Spectrometry Analysis

The chemo-profiling of essential oils was carried out using Focus-DSQ GC/MS
(Thermo) equipped with TG-5MS capillary column (30m x 0.25mm i.d.; film thickness
0.25 pm) Chromatographic conditions were as follows: injector temperature was 250 °C,
helium as carrier gas at a flow-rate of 1 ml/min and injection volume was 0.2 pl (1000
ppm in hexane),. The column temperature was held at 60 ‘C and programmed at 3°C/min
to 250°C and held for 5 minutes with split ratio of 1:20. The MS transfer line and source
temperatures were 260° C and 230°C, respectively. The GC column was coupled directly
to single quadrupole mass spectrometer in EI mode at 70 eV with the mass range of
30-400 a.m.u at 1 scan/s. The identification of individual compound was carried out by
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comparing their mass spectra with authentic samples and NIST Mass Spectral Library
(Ver. 2, 2005).

Preparation of essential oil formulations

The amphiphilic polymer, Poly [poly (oxyethylene-1000)-oxyterephthaloyl] was
prepared as per earlier study (33). Briefly, equimolar amounts of polyethylene glycol (avg.
mol., 1000) (Sigma Aldrich, India) and dimethyl terephthalate (Sigma Aldrich, India) were
taken in two-neck round-bottom flask and allowed for esterification reaction at 65°C in the
presence of conc. H2SO4 (0.1 % of the monomer) under vacuum and constant stirring
(200 rpm) for 24 h. Emulsion formulations of essential oil were prepared using
spontaneous emulsification procedure (10). The essential oil and poly [poly(oxyethylene-
1000)-oxyterephthaloyl] were first mixed together in equal ratio (1:1) to form a slurry
(47.6 % essential oil) followed by addition of aqueous phase, while stirring (600 rpm) at
room temperature to form O/W emulsion formulations.

Particle size and stability of O/W emulsion formulations

Particles size was measured using particle size analyzer (Zetatrac™) which works
on the principle of Dynamic Light Scattering (DLS). The instrument detects the fluctuation
of scattering intensity due to the Brownian motion of particles in suspension and
determines the size. DLS measurements were performed at 25 °C and light scattering was
detected at a fixed angle. For particle size measurement 0.25 % O/W emulsion formulation
was prepared by addition of deionised water into slurry formulation. Five mL of O/W
emulsion was taken into a glass vial and the particle size was analyzed through Dual
optical probe technology. Optical light sources were dual solid-state laser diodes in 780
nm (near-infrared) wavelength. The stability of emulsions was determined by centrifuging
the emulsions at 3500 rpm for 30 min (34).

Determination of morphology of O/W emulsion formulation

The morphology of the 0.25 % O/W emulsion formulations of essential oils was
studied by transmission electron microscope (TEM). A drop of O/W emulsion was placed
on carbon-coated copper grids (400 mesh size) and allowed to dry in vacuum (5) and
stained with a negative stain (2 % uranyl acetate). The excess water was dried gently using
a filter paper and then viewed under TEM at different magnification levels and assessed
the morphology of the particles of the formulations

Evaluation of Phytotoxicity

Phytotoxicity of essential oil formulations were assessed through leaf dip method
under laboratory conditions (26+1°C Temperature and 65+5 % Relative Humidity). Based
on preliminary studies 0.05, 0.125, 0.25, 0.5, 0.75 and 1 % concentrations were prepared
by dilution of 47.6 % slurry formulations with distilled water. Freshly cut, cleaned leaves
of brinjal were dipped in test concentration of O/W emulsion formulations of essential oil
for 10 sec. and allowed to dry at room temperature (2512 °C) and then the dried treated
leaves were placed in plastic Petri dishes (90 mm dia). To maintain the turgidity of leaves,
the leaf with petiole was inserted (Fig. 1) in the solidified 1 % agar. Each O/W
formulations was replicated thrice and observed the phytotoxicity, if any, at regular
interval till 48 h.
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Figure 1. Whitefly, Bemisia tabaci adult (A); Set up of Leaf dip assay (B)

Contact toxicity bioassay

The contact toxicity of essential oils at different concentrations (0.05 to 2 %) was
assessed by leaf dip method (35). Cleaned brinjal leaves were dipped in respective
concentration for 10 sec and allowed to dry on wire mesh and then transferred to Petri
dishes (9 mm dia). Five replications per concentration were maintained and 30 adult
whiteflies were released per replication. Whitefly mortality was recorded at 24 and 48 h
after exposure. For control, leaves treated with emulsified water were used.
Statistical analysis

One-way ANOVA was used to analyze the mortality differences among all
concentrations of each essential oil formulation. Before ANOVA corrected mortality (%)
was calculated using Abbots correction formula (1) and values were angular transformed.
Differences among the mean mortality were compared with Tukey’s Honest Significant
Difference (HSD) test at a= 0.05. Further toxicity data was subjected to probit analysis
using PoloPlus software (Version 2.0) (LeOra Software) to calculate lethal concentrations
LCso and LCqo (32).

RESULTS AND DISCUSSION

Oil quality analysis

The essential oils used in the study were analyzed by GC-MS and compounds were
identified by comparing mass fragmentation pattern with authentic samples, kovat’s index
and NIST library. Twenty compounds identified from the palmarosa oil were : Geraniol
(69.82 %), geranyl acetate (16.09 %) and linalool (4.39 %) as major compounds and cis-
ocimene (2.82 %) and B-caryophyllene (1.49 %) as minor compounds (Table 1). Analysis
of pine oil showed the presence of &-carene (50.73 %), a-pinene (24.17 %), camphene
(5.15 %), 1,8-cineole (4.07 %) and limonene (7.06 %) as major compounds, while,
myrcene (1.37 %), 1,4-cineole (1.66 %) as minor compounds (Table 2). Geranium oil was
complex mixture of compounds with Citronellol (31.3 %), linalool (11.9 %), geraniol
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(9.74 %), isomenthone (7.85 %), 10-epi-y-eudesmol (5.42 %), citronellyl formate (5.26 %)
and menthone (3.84 %) were identified as major compounds and y-cadinene (1.4 %),
geranyl tiglate (1.14 %), geranyl formate (1.25 %), rose oxide (1.46 %), as minor
constituents (Table 3). The eucalyptus oil contained 1,8-Cineole (40.23 %), a-pinene
(25.85 %) and limonene (11.88 %) as major compounds (Unpublished data), while,
geranial (47.3 %), neral (34.7 %) were the key constituents of lemongrass oil (25).

Table 1: Chemical composition of palmarosa (Cymbopogon martini) oil

Sr. No. | Compound Kovats Index (K1) | Amount ( %)
1 o-Pinene 938 0.01
2 B-Pinene 980 0.03
3 Myrcene 989 0.18
4 Limonene 1029 0.72
5 cis-Ocimene 1036 0.45
6 trans-Ocimene 1049 2.82
7 Terpinolene 1087 0.04
8 Linalool 1098 4.39
9 Menthol 1171 0.55
10 4-Terpineol 1178 0.03
11 Nerol 1230 0.18
12 Neral 1237 0.22
13 Geraniol 1252 69.82
14 Geranial 1267 0.93
15 Gerany| acetate 1381 16.09
16 B-Elemene 1390 0.05
17 B-Caryophyllene 1418 1.49
18 Humulene 1454 0.05
19 Farnesol 1698 0.25

Table 2. Chemical composition of pine (Pinus roxburghii) oil

Sr. No. | Compound pine oil Kovats Index (K1) | Amount (%)
1 Tricyclene 925 0.48
2 o-Pinene 938 24.17
3 Camphene 954 5.15
4 Myrcene 989 1.37
5 o-Phellandrene 1002 0.16
6 6-3-Carene 1011 50.73
7 Limonene 1029 7.06
8 1,8-Cineole 1031 4.07
9 y-Terpinene 1058 0.48
10 Terpinolene 1087 1.55
11 Nonanol 1169 0.23
12 Decanal 1201 0.23
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Table 3. Chemical composition of geranium (Pelargonium graveolens) oil

Sr. No. | Compounds Kovats Index (K1) | Amount ( %)
1 o-Pinene 938 0.87
2 - Pinene 980 0.48
3 o-Phellandrene 1002 0.15
4 Limonene 1029 0.79
5 Cis-Ocimene 1036 0.17
6 trans-Ocimene 1049 0.33
7 Cis-Linalool oxide 1072 0.53
8 trans-Linalool oxide 1086 0.48
9 Linalool 1098 11.9
10 Rose oxide 1108 1.46
11 Menthone 1152 3.84
12 Isomenthone 1198 7.95
13 Citronellol 1224 31.3
14 Neral 1238 0.26
15 Geraniol 1252 9.74
16 Geranial 1267 0.28
17 Citronellyl formate 1273 5.26
18 Gerany| formate 1298 1.25
19 Citronellyl acetate 1352 0.2
20 o-Copaene 1376 0.36
21 B -Bourbonene 1388 0.91
22 o-Gurjunene 1409 0.42
23 Humulene 1454 0.29
24 Allo-Aromadendrene 1460 0.3
25 Geranyl propionate 1477 0.68
26 Germacrene D 1481 0.93
27 | y-Cadinene 1513 1.4
28 Gerany| butanoate 1564 0.22
29 Phenylethyltiglate 1585 1.03
30 10-epi-y-Eudesmol 1623 5.42
31 Geranyl tiglate 1696 1.14

Physicochemical parameters of essential oil formulations

Addition of polymer in to the essential oils initially formed free flowing slurries,
which after adding deionised water produced oil-in-water (O/W) emulsions. Here poly
[poly(oxyethylene-1000)-oxyterephthaloyl]) having amphiphilic property behaved as non-
ionic surfactant which are reported to be less affected by pH and ionic strength (30). DLS
revealed that the average droplet size of essential oil emulsion formulations ranged from
136-425 nm (Table 4). The molecular structure and particle size distribution of
0.25 % O/W formulation of geraniol oil is shown in figure 2. Examination of the droplet of
0.25 % O/W emulsion formulations of EOs under Transmission Electron Microscope
(TEM) revealed the presence of the spherical micelles in the emulsions (Figure 3).
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Table 4. Average particle size of 0.25 % O/W emulsion formulation of essential oils

Treatments Composition of slurry | Average particle size (nm)*
formulation (Oil:
amphiphilic polymer)
Lemongrass oil 1:1 15636
Citral 1:1 369431
Geranium oil 11 324172
Palmarosa oil 1:1 136442
Eucalyptus oil 1:1 425+68
Pine oil 1:1 253+25

* Particles size was measured using particle size analyzer (Zetatrac™); nm: Nanometer.
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Figure 2. (A) Molecular structure of amphiphilic polymer Poly [poly (oxyethylene-1000)-
oxyterephthaloyl] (B) Particle size distribution of 0.25 % O/W emulsion
formulation of Geranium oil

——=00 nm——

. & e |

Figure 3. Morphology 0.25 % O/W emulsion formulation of Geranium oil in TEM. Spherical
shapes particles of formulation is shown above.
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The stability of emulsion formulations depends on the physico-chemical
characteristics of its constituents including oil phase, aqueous phase and emulsifiers (21).
The centrifugation is an accelerated stability test to predict the stability of the emulsion.
After centrifugation at 3500 rpm for 30 min., the emulsion formulations showed sufficient
resistance to the destabilization at room temperature. The stabilization of micelles in the
emulsion was due to the amphiphilic polymer which behaves like surfactant reducing
interfacial free energy providing mechanical barrier to coalescence (31).

Phytotoxicity

Geranium oil proved most phytotoxic, as it caused phytotoxic effects at 0.125 %
concentration. Lemongrass oil was phytotoxic above 0.25 % concentration, whereas,
palmarosa oil and citral were phytotoxic at concentrations above 0.5 %. Phytotoxic
symptoms like necrosis, browning, drying and curling of leaf tips and margins were
observed (Figs 4 and 5).

Essential oil Oil Concentration ( %)

0.05 0.125 0.25 0.50 0.75 1.00

Lemongrass oil

Citral

Geranium oil

Palmarosa oil

Eucalyptus oil

Pine oil

Figure 4. Phytotoxicity grading chart for essential oil formulations. Red color indicates the
phytotoxic and green color indicated non-phytotoxic concentrations

| §8 A Z
Figure 5. Brinjal leaves showing phytotoxicity in response to treatment of essential oils
A: Lemongrass oil B: Citral C: Palmarosa oil D: Geranium Qil
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Eucalyptus and pine oils were not any phytotoxic. Very limited reports are
available on the phytotoxic effects of test essential oils used in this study. The
phytotoxicity of EOs, geranium oil may be attributed to the presence of the monoterpenes
such as linalool and, geraniol, which is in conformity with the findings of Abd-ElGawad
et al. (2). Phytotoxicity of lemongrass oil has been reported earlier on Echinochloa
crusgalli (L.) (29) and Teak (Tectona grandis L. f.) seedlings at 1500ul/L (28). Palmarosa
oil showed phytotoxic effects on seedlings of Medicago sativa L., Triticum aestivum L.
and Lactuca sativa L. (4). Phytotoxicity observed due to geranium oil treatment above
0.05 % in the present study was similar to Yarahmadi et al. (41) who reported the
Phytotoxic effects of geranium oil in cucumber. The threshold concentration for
phytotoxicity varies with different essential oils and was influenced by the physico-
chemical properties. Abd-ElGawad et al. (2) observed that phytotoxic activities of EOs
increased with oxygenated terpenoid content). Some earlier studies showed that increasing
the oxygenation of terpenoids led to an increase in phytotoxic activities (3,9,37).

Table 5. Bioassay of essential oil formulations for their contact toxicity against whitefly, Bemicia tabaci

Treatments Heterogeneity b+SE LCso (%0) LCgo (%0) F- Value
(Fiducial limits | (Fiducial limits | (p-value)
(95 %) (95 %)
X2 Df
24 h Exposure period
. 0.433 1.746 32.86
Lemongrass oil 1.59 5 2.12+0.39 (0.279-1.830) (0.708-53.604) (<0.05)
. 0.531 2.401 6.58
Citral 130 5 196x038  53595433)  (0.90-74.086)  (<0.05)
. . Mortality at higher concentration was <50 %, hence LCso, LCg0 could not be
Geranium oil calculated
. 0.241 0.658 53.13
Palmarosa oil 3.88 6 2.94+0.22 (0.187-0.336) (0.440-1.446) (<0.05)
. 1.374 3.914 3.58
Eucalyptusoil -~ 064 5 282#034 4 549, 1553) (3.021105.914)  (<0.05)
1.138 5.551 10.59
Pine oil 3.19 8 1.86+0.18 : (3.238 0 (<0.05)
(0.891 to 1.538) 18.775)
48 h Exposure period
. 0.159 0.503 14.44
Lemongrass oil 1.43 5 2.57+0.29 (0.131-0.206) (0.341-1.078) (<0.05)
. 0.219 0.917 17.77
Citral 105 5 207x027  (4476.0309)  (0.548-2.541)  (<0.05)
. . 0.159 0.545 18.08
Geranium oil 1.89 4 2.40+0.35 (0.121-0.287) (0.297-4.126) (<0.05)
. 0.142 0.398 41.29
Palmarosa oil 2.71 6 2.87+0.23 (0.114-0.179) (0.291-0.693) (<0.05)
. 0.893 2.688 16.25
Bucalypwsoil 157 5 = 2682032 7997,1037) (1.990105068)  (<0.05)
L 0.631 1.461 45.40
Pine ol 744 8 3512033 44381,0807) (1116103.174)  (<0.05)

Heterogeneity (X?): indicate goodness of fit of probit line; b: slope of regression line
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Contact toxicity

The evaluation of contact toxicity of essential oils against adults of whitefly,
B. tabaci showed dose dependent response for all tested oils. Among the EOs, the
palmarosa oil showed maximum contact toxicity with LCso and LCg values of 0.241 and
0.658 %, respectively at 24 h after exposure time and 0.142 and 0.398 % at 48 h after
exposure time. The respective LCsp and LCg values of lemongrass oil were 0.433 and
1.746 % at 24 h and 0.159 and 0.503 % at 48 h after exposure (Table 5).

Significantly varied mortality was observed at different concentrations of
palmarosa oil (F=53.13 and 41.29, p<0.001 at 24 and 48 h exposure time respectively),
lemongrass oil (F=32.86 and 14.44, p<0.001 at 24 and 48 h exposure time, respectively).
Although at 24 h after exposure, treatment with geranium oil resulted in non-significant
mortality less than 50 % (hence LCso could not be calculated), but it caused significantly
higher mortality at 0.125 and 0.25 % concentration after 48 h with LCso and LCgo values
being 0.159 and 0.545 % respectively (F=18.08, p<0.001) (Figure 6).
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Figure 6. Contact toxicity of essential oil O/W formulations against whitefly, Bemicia tabaci at different
concentrations after 24 h and 48 h of treatment. Bars denoted by common letter indicate non-
significant difference in percent mortality (Tukey’s Honest Significant Difference Test).

Management of B. tabaci has become difficult owing to widespread development of
resistance to insecticides (9,27) leading to control failure of insecticides under field
conditions. This necessitates the need for developing alternative management strategy.
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Essential oils from different plant sources have been explored for their insecticidal and
other properties since long, but, there is scarcity of information on stable essential oil
formulations and their evaluation against whitefly, B. tabaci. Many earlier studies have
demonstrated the contact toxicity of essential oils of Geranium, Artemisia, Thyme, Garlic,
cumin, cinnamon and Lemon grass oil against whitefly, B. tabaci (7,11,22,41). Results of
our study have shown that besides lemongrass oil, Palmarosa oil was also highly toxic
against whitefly (Table 5; Figure 5). The efficacy of geraniol as contact toxicant against
B. tabaci was demonstrated by Baldin et al. (6) and Devi et al. (12). Although the EOs are
absorbed by the insects as contact poison and their volatile nature make them a fumigant
toxicant. Geraniol, a key constituent of Palmarosa oils and Lemongrass oil exhibited high
toxicity to B. tabaci in the present study. Structure toxicity relationship studies have shown
that EOs bind to the GABA receptors at anesthetic site and some of the EO constituents
like borneol or geraniol are structurally similar to propofol, a known ligand of anesthetic
seat of GABA receptors and they potentiate the GABA induced Cl-current (17,20). The
toxicity assays of the present study were done with O/W formulations of EOs, as the
stability of the EOs is greatly enhanced by appropriate formulations. Moretti et al. (26)
demonstrated that preparation of encapsulated formulation improved the bio efficacy of
certain EOs against insect pests as the formulation technique effectively entrapped the key
constituents of EOS for delivery as toxicants to insects. Development of micro
encapsulated formulations and nano-formulations of palmarosa oil and lemongrass oils as
such or developing mixtures of key constituents of these essential oils in suitable
formulations offer scope for developing novel control strategies for whitefly in future.

CONCLUSIONS

Our studies have shown promising results for contact toxicity of essential oils of
palmarosa and lemongrass oils against B. tabaci. Oil-in-water (O/W) emulsion
formulations of essential oils using poly [poly(oxyethylene-1000)-oxyterephthaloyl]) as a
non-ionic surfactant was found physically stable at room temperature with the average
droplet size 136 - 425 nm. A mixture of different active compounds may be used to reduce
the possibility of target site resistance developed against chemical insecticides in B. tabaci.
Development of micro encapsulated formulations and nano-formulations of these oils as
such or developing mixtures of their key constituents with suitable formulations offer
scope for novel control strategies against whitefly in future.
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