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Abstract

Background: The whitefly (Bemisia tabaci Genn.) is a widely distributed and highly harmful plant pest
species. The management of B. tabaci has been typically carried out by chemical pesticides. In the last
decade however, there has been an increasing interest in natural products, particularly those of plant
origin, to control this pest species. In the present work, aqueous and ethanolic extracts of native plants
from the flora of the Yucatan peninsula (Acalypha gaumeri, Annona squamosa, Carlowrightia
myriantha, Petiveria alliaceae and Trichilia arborea) and the introduced plant Azadirachta indica were
collected and evaluated for insecticidal activity against eggs and nymphs Bemisia tabaci.

Results: Most of the aqueous and ethanolic extracts showed high insecticidal effects on B. tabaci
eggs. The lowest LCso values were recorded in the aqueous extracts of A. gaumeri (0.39% w/v), A.
squamosa (0.36% wi/v), P. alliaceae (0.42% wi/v) and A. indica (0.30% /v), as well as in the ethanolic
extracts of P. alliaceae (2.09 mg mL'1) and T. arborea (2.14 mg mL'1). On the other hand, B. tabaci
nymphs were not affected by the aqueous extracts, but were highly sensitive to the ethanolic extracts
of the tested plants. The lowest LCsy values were recorded in the ethanolic extracts of P. alliaceae
(1.27 mg mI") and T. arborea (1.61 mg mL™"). The GC-MS analysis showed that phytol was the major
component of the ethanolic extract of P. alliaceae and fatty acids were the major components of
ethanolic extract of T. arborea.

Conclusions: Overall, results suggest that ethanolic extracts of P. alliaceae and T. arborea leaves
showed the highest insecticidal effects on eggs and nymphs B. tabaci. The extracts from P. alliaceae
and T. arborea are good candidates to be developed as sources of natural insecticides for the
management of immature B. tfabaci since their effects were comparable with that showed by the
extracts of A. indica, a well-known plant species for its insecticidal activity.

Keywords: Annona squamosa, Bemisia tabaci, botanical insecticides, plant extracts, Petiveria
alliaceae.

INTRODUCTION

The whitefly Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) is a global plant pest that has caused
enormous losses in crop production, mainly in Cucurbitaceae, Fabaceae and Solanaceae (Oliveira et
al. 2001). This pest species is native to Southern Asia but currently distributed worldwide, particularly in
tropical regions (Brown and Bird, 1992). High populations of B. fabaci induce losses in plant
productivity by direct feeding, fungal growth associated with honey dew contamination, and plant
physiological disorders. Losses also occur from B. tabaci due to the efficient transmission of
Begomovirus, a genus of the taxonomic family Geminiviridae that causes leaf yellow mosaic and
mottling, leaf distortion and stunting (Oliveira et al. 2001; Morales, 2007). The management of B. tabaci
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has been typically carried out by chemical insecticides, which are associated with environmental
contamination, high levels of resistance and damage to non-target organisms (Elberth and Nauen,
2000; Roditakis et al. 2009). Currently, natural products from plants have been considered one of the
most promising sources of biorational products with new modes of actions to manage phytophagous
insects (Dayan et al. 2009; Rattan, 2010).

Table 1. Botanic voucher specimens and ethno-botanical information of the plants tested.

Scientific name Plant family Common name Voucher number
Acalypha gaumeri Euphorbiaceae Sak ch'ilib tux PS 2584

Annona squamosa Annonaceae Saramullo PS 2608
Azadirachta indica Meliacea Neem PS 2607
Carlowrightia myriantha Acanthaceae PS 2589
Petiveria alliacea Phytolaccaceae Zorrillo MMendez1417
Trichilia arborea Meliacea Ch'obenche PS 2596

To protect crops in modern agriculture and an increasingly regulated world, natural plant-based
insecticides can be a feasible plant pest management method and an attractive alternative to synthetic
chemical insecticides because botanicals reputedly pose little threat to the environment, non-target
organisms or to human health (Isman, 2006). A number of plant substances have been considered for
use as insecticides, antifeedants or repellents, which include terpenes, flavonoids, alkaloids, phenols,
and other related compounds (Adeyemi, 2010). Several factors, however, appear to limit the success
of botanicals, most notably regulatory barriers. In this context, plant-derived products are best suited
for use in organic food production and in the production and postharvest protection of food in
developing countries (Isman, 2006; Dayan et al. 2009).

As part of our ongoing research on natural insecticides from the native flora of the Yucatan peninsula,
five native species with chemotaxonomic precedents of insecticidal properties were collected and
tested on immature B. tabaci. Plant species included Acalypha gaumeri, Annona squamosa,
Carlowrightia myriantha (previously named Justicia myriantha) (Duran et al. 1998), Petiveria alliaceae
and Trichilia arborea. The introduced and adapted species Azadirachta indica was also evaluated. The
objective of the present work was to screen aqueous and ethanolic extracts from leaves of the selected
plant species for insecticidal activity on eggs and nymphs B. tabaci. This approach will allow us to
identify natural and safer agents for the development of biorational insecticides to manage B. tabaci.

MATERIALS AND METHODS
Plant Material

Leaves of the selected plants were collected from different localities of the Yucatan peninsula, Mexico
and voucher samples (Table 1) were deposited in the herbarium at Unidad de Recursos Naturales of
Centro de Investigacion Cientifica de Yucatan. All plant material was dried under artificial light (50-
60°C) for three days and the leaves were subsequently ground.

Extract preparation

Ethanolic extracts. A sample (50 g) of dried and ground leaves of each plant was macerated three
times (48 hrs each) with ethanol (300 ml) at room temperature. The macerated samples were filtered
and the ethanol was removed under low pressure at 40°C degree C, resulting in the corresponding
organic crude extract (Cristébal-Alejo et al. 2006). For the bioassays, extracts were diluted in a solution
of ethanol:water (1:1 v/v) to the desirable concentrations.

Aqueous extracts. A sample (0.3 g) of dried and ground leaves of each plant was added to distilled
water (10 ml) and boiled for 20 min. This procedure yielded a final extract concentration of 3%, and
lower extract concentrations were obtained by diluting to 1.5 and 0.75% in distilled water. Extracts were
filtered with filter paper (Whatman # 1), sterilized with a 0.22 ym Millipore membrane (Merk Millipore,
MA, USA) and stored at -20°C until required.
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Analytical methods

GC-MS analyses of ethanolic extracts of P. alliaceae and T. arborea were performed on an Agilent
Technologies 6890N chromatograph coupled to an Agilent Technologies 5975B mass selective
detector, with an Ultra 1 column [methyl siloxane, 25 m long, 0.32 mm i.d., 0.52 pm film thickness,
helium at flow rate = 1.0 ml/min]. Running conditions for the extracts are as follows: P. alliaceae, T1 =
150°C, gradient = 10°C/min, T, = 280°C (20 min); T. arborea, T1 = 180°C, gradient = 8°C/min, T, =
300°C (25 min). Each extract was analyzed using 0.4 pl of sample at 2% concentration. The
components were identified by matching with the mass spectral library (NIST 05) of the corresponding
compounds.

Table 2. Mortality of Bemisia tabaci eggs caused by aqueous (3% w/v) and ethanolic (10 mg mL") plant
extracts after 48 hrs exposure.

% mortality of whitefly eggs
Plant species Ethanolic extracts Aqueous extracts
(10 mg mL™) (3% wiv)

Imidacloprid 100£0.00 a 100£0.00 a
Acalypha gaumeri 95+ 3.33 ab 98.0+1.29a
lAnnona squamosa 100 £ 0.00 a 99.3+1.05a
|Azadirachta indica 99.3+1.05a 99.3+1.05a
Carlowrightia myriantha 95.3 +2.69 ab 99.3+1.05a
Petiveria alliacea 99.3+1.05a 100 £ 0.00 a
Trichilia arborea 100+ 0.00 a 100+ 0.00 a
\Water 72+4.03c 9.8 +4.30b
EtOH/water 109+4.00c

Mean mortalities (+ standard error) followed by the same letter within the same column are not significantly
different (Tukey, P < 0.05).

Bemisia tabaci colony

Adult whiteflies were collected from habanero pepper (Capsicum chinense Jacq.) at the Instituto
Tecnologico de Conkal, in Conkal, Yucatan, Mexico. The stock colony of B. tabaci was maintained on
habanero pepper plants in entomological cages (1.2 x 1.2 x 1.0 m) constructed of aluminum and anti-
aphid mesh. Entomological cages were kept in a greenhouse at 25-35°C, 55-75% relative humidity and
natural light.

Bioassays on immature Bemisia tabaci

Bioassays were carried out on B. fabaci eggs and third instar nymphs. Groups of 15 B. tabaci adults
were deposited into clipcages (2 cm diameter) set on habanero pepper leaves of 30-40 days-old plants
as indicated by Muiiz and Nombela (2001). Adult whiteflies were removed at 48 hrs and plants were
kept in cages as indicated above for 72 hrs for egg bioassays and 15 days for nymph bioassays.
Leaves with eggs or nymphs were then detached and rounded sections (~2 cm in diameter) that had at
least 30 individuals (eggs or nymphs accordingly) were marked. To keep moisturized, leaves were
deposited individually on a bed of 2% agar in 6-cm-diameter Petri dishes. For bioassay of ethanolic
extracts, samples of 10 pl containing 100, 50 and 25 ug crude extracts were taken with a Eppendorf
micropipette and applied evenly on the individuals in the marked section of leaf (~3 cmz), while for
bioassays of aqueous extracts, 10 yl samples of 3, 1.5 and 0.75% concentrations were applied.
Ethanol:water (1:1) and water were used as negative controls; imidacloprid (480 ug mI"1) was used as
positive control. Leaves in Petri dishes were incubated under laboratory conditions at 24 + 3°C, 75 +
8% relative humidity and 12:12 hrs light:darkness. Evaluations of mortality were carried out 72 hrs after
application of extracts. Unhatched and necrotic eggs as well as necrotic nymphs were considered dead
individuals.
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Data analyses

Results of the insecticide bioassays were reported as percentage of mortality. Prior to analysis, data
were transformed to a square root function. Analysis of variance and Tukey mean comparison were
carried out in Statistical Analysis System (SAS) version 8.1 for Windows. LCsy and LCg were
calculated for all plant extracts using Probit analysis.

RESULTS
Mortality of B. tabaci eggs

Ethanolic extracts of A. gaumeri, A. squamosa, A. indica, C. myriantha, P. alliaceae and T. arborea at
concentration of 10 mg mL™" caused high mortality (95 to 100%) on B. tabaci eggs (Table 2). Similarly,
mortality caused by aqueous extracts of these plants ranged from 98 to 100% at concentration of 3%
w/v. No significant differences on mortality within the same type of extract and the chemical insecticide
imidacloprid were observed.

Table 3. Toxicity (LCsp and LCy) of aqueous plant extracts on Bemisia tabaci eggs after 48 hrs exposure.

. % wiv
Plant species n| Slope *SE P
LCso (CI) LCq (CI)
Acalypha gaumeri 5| 228+0.21 0.39 (0.30-0.46)a 1.41(1.28-1.57)b <0.0001
Annona squamosa 5| 2.85+0.30 0.36 (0.27-0.44)a 1.02 (0.93-1.11)a <0.0001
Azadirachta indica 5| 1.88+0.21 0.30 (0.20-0.39)a 1.42 (1.28-1.62)b <0.0001
Carlowrightia myriantha 5| 4.00+0.19 1.11(1.06-1.16)b 2.33 (2.18-2.52)c <0.0001
Petiveria alliacea 5| 2.28+0.21 0.42 (0.33-0.50)a 1.53 (1.39-1.71)b <0.0001
Trichilia arborea 5[ 271+0.20 0.60 (0.53-0.66)b 1.78 (1.63-1.98)b <0.0001

n = number of groups tested containing 30 individuals each.

LCs and LCqy values are in % wi/v.

LCso and LCqy values followed by the same letter within the same column are not significantly different.
Cl = Confidence Interval.

Lethal concentrations (LCso and LCqp) of all plant extracts were also estimated with serial dilutions of
the plant extracts. Significant differences on LCsp and LCgo were observed based on non-overlapping
confidence intervals. For aqueous extracts, those of A. gaumeri, A. squamosa, A. indica and P.
alliaceae showed lower values for LCsp (0.30-0.42% w/v) compared to those of C. myriantha and T.
arborea. For LCq, however, the lowest value was only observed with the extract of A. squamosa
(1.02% wi/v) (Table 3). For ethanolic extracts, those of P. alliaceae and T. arborea showed the lowest
values for LCsp (2.09 and 2.14 mg mL™, respectively) as well as for LCg (3.83 and 3.32 mg mL™,
respectively) (Table 4).

Mortality of B. tabaci nymphs

Ethanolic extracts of all plants tested at concentrations of 10 mg mL™" caused high mortality (99-100%)
on B. tabaci nymphs (Table 5). No significant differences on the effect of ethanolic extracts and the
chemical insecticide imidacloprid were observed.

As for the aqueous extracts of the evaluated plants, with the exception of that of C. myriantha, no
insecticidal effects on B. tabaci nymphs were observed. Mortality caused by all these extracts was
significantly lower than that caused by the chemical insecticide imidacloprid (Table 5).

Therefore, lethal concentrations (LCso and LCg) on nymphs were only estimated for ethanolic extracts.
In this regard, significant differences on LCso and LCg of ethanolic extracts were observed (Table 6).
Ethanolic extracts of P. alliaceae and T. arborea had the lowest LCso values, 1.27 and 1.61 mg mL"
respectively. The extract of P. alliaceae, however, had the lowest LCqgo value (2.93 mg mL™") (Table 6).

)
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GC-MS analyses of the most active extracts

GC-MS analyses of the ethanolic extracts of P. alliaceae and T. arborea, and identification of the
components by matching with the mass spectral library of the corresponding compounds, showed that
phytol (tz = 12.09 min) was the major component of ethanolic extract of P. alliaceae, while
hexadecanoic acid, ethyl ester (fr = 7.32 min), octadecanoic acid, ethyl ester (tx = 9.66 min) and
eicosane (tr = 16.60 min) were the major components of ethanolic extract of T. arborea.

DISCUSSION

Plant extracts are currently being studied as an ecologically friendly alternative to manage plant pests.
Studies on botanical insecticides against B. tabaci have focused particularly on essential oils of
different plants, such as Thymus vulgaris, Allium cepa, Allium sativum, Satureja hortensis, Achillea
biebersteinii, Cinnamomum verum, Syzygium aromaticum, Alkanna strigosa, Ballota undulate, Galium
longifolium, Lepidium sativum, Peganum harmala, Pimpinella anisum, Ruta chalepensis, Retama
raetam and Urtica pilulifera, where 60-100% mortality has been reported (Aslan et al. 2004; Al-
mazra’awi and Atteyyat, 2009; Ateyyat et al. 2009). Other authors have also documented the
insecticidal effects of seed oil from A. indica, and their principle active ingredient azadirachtin on B.
tabaci (Kumar et al. 2005; Pinheiro et al. 2009).

Table 4. Toxicity (LCs, and LCy) of ethanolic plant extracts on Bemisia tabaci eggs after 48 hrs exposure.

mg mL"
Plant species n| Slope P
LCso (CI) LCs (CI)
Acalypha gaumeri 5 2.84 3.54 (3.31-3.76)c 9.99 (9.05-11.24)e <0.0001
Annona squamosa 5( 4.77 2.71 (2.58-2.84)b 5.03 (4.75-5.39)c <0.0001
Azadirachta indica 5[ 6.35 3.60 (2.50-2.70)c 4.14 (3.94-4.39)b <0.0001
Carlowrightia myriantha 5 3.60 2.69 (2.52-2.85)b 6.11 (5.70-6.61)d <0.0001
Petiveria alliacea 5| 4.88 2.09 (1.94-2.23)a 3.83 (3.62-4.10)ab <0.0001
Trichilia arborea 5| 6.74 2.14 (2.01-2.25)a 3.32(3.16-3.56)a <0.0001

n = number of groups tested containing 30 individuals each.

LCs and LCy values are in mg mL™.

LCso and LCy values followed by the same letter within the same column are not significantly different.
Cl = Confidence Interval.

In the present work aqueous and ethanolic extracts of plants from the Yucatan Peninsula, Mexico were
evaluated on immature whitefly (B. tabaci), one of the most noxious pests in tropical agro-ecosystems.
Plants were selected based on the precedent of insecticidal activity in the literature and for their
chemotaxonomy. The extracts of a specimen of A. indica, growing in Yucatan was also tested in order
to compare the insecticidal effects of the native species.

In general, the insecticidal properties of most of the native and adapted plants in Yucatan have been
scarcely studied. In this work, all aqueous and ethanolic extracts of tested plants caused high mortality
on B. tabaci eggs; however, on B. tabaci nymphs only ethanolic extracts were active. As for the
aqueous extracts, that of A. squamosa had the lowest LCso and LCqy values (0.36 and 1.02 mg mL'1,
respectively). Low LCso and LCgo values were also observed on extracts of A. gaumeri and P.
alliaceae. Extracts of these plant species showed similar insecticidal activity to that of A. indica leaves,
herein tested.

Studies on insecticidal properties of A. squamosa have been focused mainly on the activity of its seed
extracts, where activity has been attributed to the metabolites squamocin, annotemoyin and
neoannonin, which target Diptera, Coleoptera and Lepidoptera, (Castillo-Sanchez et al. 2010). To the
best of our knowledge, no data on insecticidal activity of A. squamosa leaves on B. tabaci was
previously available. The only study on the use of low polarity extracts of A. squamosa leaves have
been reported on the control of mosquitoes, an important group of human disease vectors (Kamaraj et
al. 2011). Thus, this study is of importance in highlight the potential of A. squamosa leaves as a source
of botanical insecticides.
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As for the ethanolic extracts, the most effective on B. tabaci eggs and nymphs were those of P.
alliaceae and T. arborea. Extracts of both plant species had the lowest LCsg values on eggs (2.09 and
2.14 mg mL™, respectively), and on nymphs (1.27 and 1.61 mg mL™, respectively). This is worth noting
that among all plant species tested, only in P. alliaceae both types of extracts (aqueous and ethanolic)
were active on immature B. tabaci. The insecticidal activity of extracts of leaves and other organs of P.
alliaceae has been previously reported. For example, Garcia-Mateos et al. (2007) reported that
aqueous, methanolic and dicloromethane extracts of leaves caused 100% mortality on the whitefly
Trialeurodes vaporariorum. Johnson et al. (1997) found that extracts of P. alliaceae roots had toxic
effects on the tick Boophilus microplus and the phytophagous insects Cylas formicarius elegantulus
and Hypothenemus hampei. Phytochemical analysis of the extracts showed that dibenzyltrisulfide
compounds could be responsible for its effects. More recently, Rosado-Aguilar et al. (2010) showed
that methanolic extracts of stem and leaves of P. alliaceae caused 100% mortality on the tick B.
microplus larvae, and 91% inhibition of egg-laying on adults. Gas chromatography-mass spectrometry
demonstrated that the chemical composition of the active fraction was mainly composed of
dibenzyldisulfide and dibenzyltrisulfide, suggesting that these compounds might be responsible for the
acaricidal activity of P. alliaceae stem extracts.

Table 5. Mortality of Bemisia tabaci nymphs caused by ethanolic (10 mg mL'1) and aqueous (3% w/v) plant
extracts after 48 hrs exposure.

Plant species % Nymphal mortality
P Ethanolic extracts Aqueous extracts

Imidacloprid 100+ 0.00 a 100 + 0.00 a
Acalypha gaumeri 100 £ 0.00 a 3.3+2.53d
Annona squamosa 100 + 0.00 a 6.6 +4.55d
Azadirachta indica 99.3+1.05a 11.7 £8.13 cd
Carlowrightia myriantha 100 + 0.00 a 42.3+10.10b
Petiveria alliacea 100 + 0.00 a 27.6 + 11.34 bc
Trichilia arborea 100 £ 0.00 a 9+258cd
Water 8.0+5.43b 2.7+2.08d
EtOH/water 7.8+534b

Mean mortalities (+ standard error) followed by the same letter within the same column are not significantly different (Tukey, P <
0.05).

As these sulfide compounds have been directly related to diverse biological effects of roots and stem
extracts of P. alliaceae, we then analyzed the leaf extracts by GC-MS and compared these with the
standard sulfide compounds (Sigma Aldrich). Standard compounds dibenzyldisulfide (tr = 11.22 min)
and dibenzyltrisulfide ((z = 13.66 min) were not detected in three different extracts (ethanolic, ethyl
acetate and hexanic) of P. alliaceae leaves. Instead, we observed phytol ({g = 12.09 min) as the major
component. This metabolite has been reported as an important component of the essential oil of Salvia
splendens, such essential oil has also shown larvicidal activity against Aedes albopictus larvae with a
LCso value of 59.2 ppm (Mathew and Thoppil, 2011). Therefore, our findings suggest that phytol might
be one of the responsible metabolites for the insecticidal activity of P. alliaceae extracts.

In the present work, we also observed that extracts T. arborea showed high insecticidal activity. To the
best of our knowledge no reports on insecticidal activity or chemical constituents of this endemic
species was previously available. Nevertheless, Trichilia genus belongs to the Meliacea family, as A.
indica, for instance we might expect T. arborea to have insecticidal properties. Other species of
Trichilia, like T. pallida, has shown insecticidal effects. For example, Baldin et al. (2007) documented
that aqueous extracts of branches and leaves of T. pallida caused high mortality on B. tabaci nymphs
in tomato plants under greenhouse conditions. Similarly, Da Cunha et al. (2005) and Roel and
Vendramim (2006) found that the organic and aqueous extracts of T. pallida have insecticidal effects
on larvae of some species of Lepidoptera, such as Spodoptera frugiperda and Tuta absoluta. AQueous
and acethonic extracts of T. glauca have also found to be toxic when ingested by Acromyrmex lundi
(Caffarini et al. 2008). In previous work from our laboratory, we have found that T. arborea has activity
against plant pathogens such as the knot nematode Meloidogyne incognita (Cristobal-Alejo et al. 2006)
and the fungal pathogen Colletotrichum gloeosporioides (Gamboa-Angulo et al. 2008). Phytochemical
analyses of Trichilia species have shown that the insecticidal activity is due to the presence of
tetranortriterpenoids, limmonoids, w-phenylalkyl and fatty acids (Simmonds et al. 2001; Matos et al.
2009; Nebo et al. 2010). The GC-MS analysis that we performed for the ethanolic extract of T. arborea
displayed the presence of fatty acids as major components, among them hexadecanoic acid, ethyl
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ester (tr = 7.32 min), octadecanoic acid, ethyl ester (r = 9.66 min) and eicosane ({z = 16.60 min) were
found. Eicosane is an alkane commonly found in essential oils of plants, which has been related to
several activities as antimicrobial (Hsouna et al. 2011) and antitermitic (Manzoor et al. 2012).

Table 6. Toxicity (LCso and LCy) of ethanolic plant extracts on Bemisia tabaci nymphs after 48 hrs exposure.

. mg ml”
Plant species n| Slope P
LCs (CI) LCy (CI)
Acalypha gaumeri 5| 7.39 3.15 (3.05-3.25)c 4.69 (4.48-4.94)cd <0.0001
Annona squamosa 5| 4.24 2.66 (2.55-2.77)b 5.33 (4.98-5.76)e <0.0001
Azadirachta indica 5| 6.06 2.57 (2.48-2.66)b 4.18 (3.98-4.43)b <0.0001
Carlowrightia myriantha 5| 5.67 3.10 (2.99-3.22)c 5.21 (4.93-5.55)d <0.0001
Petiveria alliacea 5| 3.53 1.27 (1.18-1.35)a 2.93(2.73-3.18)a <0.0001
Trichilia arborea 5] 299 1.61 (1.50-1.71)a 4.30 (3.94-4.79)bc <0.0001

n = number of groups tested containing 30 individuals each.

LCso and LCe values are in mg mL™.

LCso and LCy values followed by the same letter within the same column are not significantly different.
Cl = Confidence Interval.

The plant extracts tested in this study, particularly those of T. arborea and P. alliaceae showed the
potential to be developed into compounds for the management of immature whitefly. Further research
will focus on evaluating these extracts through a bioassay-guided process, to determine the
metabolites responsible for the insecticidal effect on inmatures of B. tabaci. In the long term, our goal is
to develop safer alternatives to manage B. tabaci. These natural products might be considered an
important component of the integrated pest management system.
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