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Fumigant and contact toxicity and oviposition deterrent
effects of plant essential oils on Bemisia tabaci
(Hemiptera: Aleyrodidae)

Tufail Ahmed Wagan, Yueping He, Wanlun Cai, Jing Zhao, and Hongxia Hua*

Abstract

Ethanol-extracted essental oils from sweet fag Acorus tatarinowii Schot (Acoraceae), cow parsnip Heracleum hemsleyanum Diels (Apiaceae), and
wild asparagus Stemona japonica (Blume) Mig. (Stemonaceae) were examined for their contact and fumigant toxicity and ovipositon deterrent
potental against Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) under laboratory and greenhouse conditons during Oct to Dec 2015. To de-
termine fumigant toxicity, adult whitefies were tested in airtght glass jars containing essental oil on flter paper. Mortality rates were recorded afer
2,4, 6, and 8 h of exposure. Essental oil from A. tatarinowii was the strongest toxicant, with mortality rates of 20.4, 37.1, 73.3, and 98.8%, respec-
tvely, followed by S. japonica and H. hemsleyanum. To test contact toxicity, females were released in a cage containing tomato leaves treated with
essental oil in the laboratory, and females were released in a cage containing tomato plants sprayed with essental oil in the greenhouse. Mortality
rates were examined afer 6, 12, 18, and 24 h in the laboratory and afer 24 and 48 h in the greenhouse. Leaves were examined for ovipositon im-
mediately afer the last recording. Essental oils from A. tatarinowii showed the most insectcidal and ant-ovipositon actvity for all recording tmes
in both the laboratory (41.3, 56.9, 85.6, and 95.6% mortality, respectvely) and the greenhouse (58.3 and 80.8% mortality, respectvely), followed by
H. hemsleyanum and S. japonica. Based on our study, all 3 essental oils possess contact and fumigant toxicity and ant-ovipositon propertes against
female whitefies.
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Resumen

Se examinaron los aceites esenciales extraeidos con etanol de acoro Acorus tatarinowii Schot (Acoraceae), vaca chirivia Heracleum hemsleyanum
Diels (Apiaceae) y el esparrago silvestre Stemona japonica (Blume) Mig. (Stemonaceae) para su toxicidad de contacto, su efecto fumigante y su po-
tencial de disuadir la oviposicion de Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) en condiciones de laboratorio e invernadero desde octubre
hasta diciembre del 2015. Para determinar la toxicidad como fumigante, adultos de la mosca blancas fueron probados en frascos de vidrio hermétcos
que contene el aceite esencial sobre papel de fltro. Las tasas de mortalidad se registraron a 2, 4, 6, y 8 horas de la exposicion. El aceite esencial de A.
tatarinowii fue el toxico mas fuerte, con tasas de mortalidad del 20,4, 37,1, 73,3 y 98,8%, respectvamente, sequido de S. japonica y H. hemsleyanum.
Para la prueba de toxicidad por contacto, las hembras fueron liberadas en una jaula que contene las hojas de tomate tratadas con el aceite esencial
en el laboratorio, y las hembras fueron liberadas en una jaula con plantas de tomate rociadas con el aceite esencial en el invernadero. Se examinaron
las tasas de mortalidad después de 6, 12, 18, y 24 horas en el laboratorio y después de 24 y 48 horas en el invernadero. Las hojas fueron examinadas
para la oviposicion inmediatamente después del Ultmo registro. Los aceites esenciales de A. tatarinowii mostraron la mayor actvidad insectcida
y ant-oviposicion para todos los tempos de registro, tanto en el laboratorio (41.3, 56.9, 85.6, y 95.6% de mortalidad, respectvamente) y el efecto
invernadero (el 58,3 y el 80,8% de mortalidad, respectvamente), seguido por H. hemsleyanum y S. japonica. Basado en nuestro estudio, los 3 aceites
esenciales poseen propiedades de contacto y fumigante toxicidad y ant-oviposicion contra las hembras de moscas blancas.

Palabras Clave: mosca blanca de tomate; actvidad ant-oviposicion; laboratorio; invernadero

The silverleaf whitefy, Bemisia tabaci Gennadius (Homoptera:
Aleyrodidae), is a serious pest of agricultural crops and ornamental
plants in felds and greenhouses throughout the World (Zhang et al.
2007). Both adults and nymphs feed on phloem, resultng in chlorosis
in green plants (Cohen et al. 1998). They also excrete honeydew, which
promotes the growth of sooty mould and disturbs normal photosyn-
thesis. Indirectly, adults transmit viruses such as Melon yellows virus
(MYV) and Tomato yellow leaf curl virus (TYLCV) (Nuez et al. 1999).

The presence of a waxy layer on the whitefy’s body resists chemical
insectcides penetraton (James 2003), which makes it diffcult to achieve

efectve control. Nevertheless, irratonal applicatons of chemical insec-
tcides are widely used in open felds and greenhouses while managing
whitefy infestatons. Excessive applicaton of synthetc insectcides leads
to several problems in the environment, besides causing resistance in
the development stages of pests (Palumbo et al. 2001). Furthermore,
natural enemies of B. tabaci sufer due to frequent pestcide applicatons
(Gonzalez-Zamora et al. 2004), which limits the ability of these natural
enemies to manage heavy whitefy infestatons. Thus, there is an urgent
need to develop efectve control alternatves that are environmentally
friendly and harmless to humans and other non-target organisms.
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Plant essental oils have been shown to have potental for devel-
opment as eco-friendly alternatve to chemical insectcides, and they
may ofer advantages over conventonal insectcides in terms of low
mammalian toxicity, rapid degradaton, and local availability (Regnault-
Roger et al. 2012). Several essental oils have been reported to have
multple modes of acton like repellent, contact, fumigant, and fungi-
cidal propertes (Isman 2000). Essental oils are relatvely non-toxic to
mammals and fsh, and they meet the criteria for “reduced risk” pest-
cides. Most of these oils are environmentally non-persistent and non-
toxic to humans (Hjorther et al. 1997). However, there is not enough
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Results

LABORATORY EXPERIMENTS

Contact Toxicity

The insectcidal actvity of the essental oils of A. tatarinowii, H.
hemsleyanum, and S. japonica were tested against adult females of B.
tabaci. The data indicate that all of the essental oils showed contact
toxicity to B. tabaci during all experimental periods in the laboratory
test. Among the tested oils, A. tatarinowii oil had the highest toxicity
level at 12, 18, and 24 h of exposure, causing mortality rates of 56.9%,
85.6%, and 95.6%, respectvely (Table 1). Compared with A. tatarinowii
oil, essental oil of H. hemsleyanum showed similar contact toxicity at
6 h of exposure (causing 43.1% mortality), but its toxicity was reduced
and maintained at the second highest toxicity level at 12, 18, and 24
h of exposure, causing 47.5, 63.8, and 69.4% mortality, respectvely.
Compared with the other 2 oils, essental oil of S. japonica had the third
highest toxicity level at all observaton tmes, with mortality rates rang-
ing from 31.3% at 6 h of exposure to 51.9% at 24 h (Table 1). Mortality
rates in the controls were low and ranged from 1.9% at 6 h to 13.1%
at 24 h (Table 1).

Fumigant Toxicity

Essental oil of A. tatarinowii had the strongest fumigant acton
among the tested oils at 4, 6, and 8 h of exposure, at which mortality
rates of 61.3, 94.6, and 98.8% were recorded, respectvely (Table 2).
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Table 3. Contact toxicity of plant essental oils determined as percentage of
whitefy mortality afer 24 and 48 h of exposure in the greenhouse experiment.

Mortality (%)

Treatment 24 h 48 h
Acorus tatarinowii 58.25 + 3.47ab 80.75+1.31a
Heracleum hemsleyanum 60.50 + 2.32a 73.25+2.03ab
Stemona japonica 44.00 £ 5.86b 69.50 + 1.95b
Control 12.50 + 2.26¢ 17.50 + 2.58¢c

Data are presented as mean = SE of 8 replicatons. Means within a column followed by
the same letter are not signifcantly diferent. The mean numbers of adults were analyzed
by 1-way ANOVA, using Tukey’s HSD post-hoc test (P < 0.05).

B. tabaci under laboratory and greenhouse conditons. Essental oil of
A. tatarinowii showed the most lethal efect on whitefies and had ant-
ovipositon actvity at all tmes during both fumigant and contact ex-
periments under laboratory and greenhouse conditons. Our fndings
support results from previous studies on Acorus species. For instance,
various plant parts of Acorus calamus L. (Acoraceae) have been used in
treatments such as insectcides, ant-bacterial medicatons, ant-fungal
medicatons, and toxicants (Mital et al. 2009). Liu et al. (2013) exam-
ined the essental oil of A. calamus, which showed contact toxicity at
100.21 pg/cm? and fumigant toxicity at 92.21 pg/L to Liposcelis bostry-
chophila Badonnel (Psocoptera: Liposcelididae). In our experiments, A.
tatarinowii oil initally was similar in toxicity to the other 2 oils; how-
ever, its toxicity persisted over tme and showed the maximum lethal
efect in the end, eventually killing all the insects. This fuctuaton may
be caused by more chronic toxicity and less acute toxicity of the es-
sental oil of A. tatarinowii.

The essental oil of H. hemsleyanum showed insectcidal and ant-
ovipositon actvity in all experiments. The maximum lethal efects
were recorded at 73.3 and 83.8% whitefy mortality in contact and fu-
migant tests, respectvely. Previous studies clearly indicate the toxic
efects of Heracleum plant parts. Most members of the genus Herac-
leum contain furanocoumarins and are known to be insect repellents
that suppress the growth of several insect species (Moore & Debboun
2006). Essental oils from Heracleum species are ingredients of vari-
ous commercially available insectcides, and they can be used as safe
fumigants for controlling P. interpunctella (Ebadollahi & Ashouri 2011).
Plants of the genus Heracleum can have toxic efects on humans and
other organisms; if the sap comes in contact with skin, it can cause
severe phytophotodermatts (Wikipedia 2016). In our experiment, es-
sental oil from H. hemsleyanum showed more acute and less chronic
toxicity, and it was more efectve upon contact than oil of S. japonica.
Its insectcidal propertes and ant-ovipositon actvity shown in this
study prove its potental as an insectcide ingredient against whitefies.

Table 4. Efect of plant essental oils on whitefy ovipositon determined afer 24
and 48 h of exposure in the laboratory and greenhouse experiments.

Number of eggs deposited
24 h, 24 h, 48 h,
Treatment laboratory greenhouse greenhouse
Acorus tatarinowii 7.00+0.53c 10.38+1.00b 14.25+0.92b
Heracleum hemsleyanum 7.25+0.45c 17.12+0.95b 19.50+1.43b
Stemona japonica 12.62+0.46b 12.87+1.01b 15.75+1.25b
Control 28.37+2.34a 35.75+3.70a 46.13+3.87a

Data are presented as mean + SE of 8 replicatons. Means within a column followed by
the same leter are not signifcantly diferent. The mean numbers of eggs were analyzed by
1-way ANOVA, using Tukey’s HSD post-hoc test (P < 0.05).
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The S. japonica essental oil maintained fumigant and contact tox-
icity and ant-ovipositon actvity at all tmes. Previous research has
also revealed its insectcidal actvity. Stemona japonica is one of the
original plants in the Chinese Pharmacopoeia. As a traditonal Chinese
medicine, it has been used as an anttussive and an insectcidal agent
(Greger 2006). Keys (1976) states that S. japonica tubers contain an
alkaloid called stemonine, which is toxic and strongly efectve against
Pediculus humanus capits (De Geer), Pediculus corporis (De Geer)
(Phtraptera: Pediculidae), and Pthirus pubis (L.) (Phtraptera: Phtri-
dae) without causing irritaton or toxicity to those handling the tubers.
In our experiments, essental oil from S. japonica showed more acute
and less chronic toxicity similar to essental oil from H. hemsleyanum.
Regarding previous fndings and results from our study, the lethal and
ant-ovipositon efects of S. japonica essental oil on whitefies support
its usefulness as an insectcide.

We here report for the frst tme that essental oils from A. tata-
rinowii, H. hemsleyanum, and S. japonica have contact and fumigant
toxicity and ovipositon deterrent propertes against B. tabaci adults.
We determined that essental oil from A. tatarinowii possessed the
strongest toxicity—followed by oils of H. hemsleyanum and S. japon-
ica—in laboratory and greenhouse experiments. Furthermore, all
3 essental oils signifcantly reduced ovipositon in all experiments.
These essental oils do not persist in nature, and no detrimental ef-
fects were found in the treated plants; therefore, it could be said that
these essental oils are eco-friendly and could be used in integrated
pest management programs. Further research is needed on the ac-
ton of individual chemical consttuents under laboratory and green-
house conditons.
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