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Abstract Nowadays, new strategies for pest and

disease control to be used in rotation with or replace-

ment of conventional pesticides are required. Essential

oils (EOs), as botanical pesticides, provide a potential

resource to develop more environmentally friendly and

less toxic means of control to be applied in different

produces. Tomato crop is affected by many insects and

fungal diseases, among which, the insects Trialeurodes

vaporariorum and Tuta absoluta, and the fungi Alter-

naria spp. and Botrytis cinerea are of great incidence.

In this work two EOs from Uruguayan specimens of the

local species Eupatorium buniifolium and the world-

wide distributed Artemisia absinthium (Asteraceae)

were characterized in their chemical composition and

insecticidal and antifungal activities. We found that the

EO from local A. absinthium is rich in oxygenated

monoterpenes and belongs to the thujone chemotype

(b-Thujone abundance is 56 ± 2 %, and a-Thujone,

1.67 ± 0.07 %). On the other hand, monoterpene

hydrocarbons (a-Pinene, 22 ± 2 %) and sesquiterpene

hydrocarbons [(E)-b-Guaiene, 10 ± 1 %] are the most

abundant components of E. buniifolium EO. Even-

though both EOs chemically differ, they exhibit

insecticidal and antifungal activity not only by direct

contact but also by contact with their vapors against the

tested organisms. These results may indicate that these

EOs could be raw material to develop control agents to

manage some of the main pests and fungal diseases of

tomato crops with only one kind of treatment.

Keywords Artemisia absinthium � Eupatorium

buniifolium � Tuta absoluta � Trialeurodes

vaporariorum � Antifungal activity

Introduction

It is well known that the intensive use of conventional

synthetic pesticides present several drawbacks, includ-

ing soil and groundwater contamination, disruption of

natural biological control and pollination processes,

mammalian toxicity and development of pest resis-

tance (Isman 2006; Perry et al. 2011). Besides, there is

a current global rise in the use of alternative produc-

tion practices such as organic production and inte-

grated pest management. These grounds have

motivated a worldwide trend towards the development

of new means for pest and disease control to be used as
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substitutes or alternatives to conventional pesticides

(Isman et al. 2011; Regnault-Roger et al. 2012).

Cultivated tomato is the second most commonly

consumed vegetable in the world, with an area devoted

to its production higher than 5 million hectares.

Although global figures on pesticide use are difficult to

get, the situation in USA where 82 and 81 % of the

total planted area receive applications of insecticides

and fungicides respectively, is illustrative (Source:

USDA, National Agricultural Statistics Service, Agri-

cultural Chemical Usage: 2006 Vegetables Summary).

In Uruguay the use of agrochemicals in conventional

horticulture is higher than in other productions, being

very important in apple and tomato crops. In the case

of tomato, the plants are attacked mainly by two

insects: the greenhouse whitefly, Trialeurodes

vaporariorum Westwood (Hemiptera: Aleyrodidae)

and the tomato leafminer, Tuta absoluta Meyrick

(Lepidoptera: Gelechiidae) (DIGEGRA-MGAP 2009).

Trialeurodes vaporariorum is a generalist, highly

polyphagous insect of great incidence in greenhouse

crops (Choi et al. 2003; Anonymous 2005) distributed

worldwide (Lourençao et al. 2008) being the most

common and abundant whitefly in the Southern Cone

(Lucatti et al. 2010). Not only affects tomato crops

directly by phloem feeding, but also indirectly by

transmission of plant viruses and honeydew deposition

(Lourençao et al. 2008; Lucatti et al. 2010). Resistance

to many active principles has been reported for this

whitefly (Gorman et al. 2002; Karatolos et al. 2010);

and various biological control agents, lures and traps

are now commercially available (Anonymous 2012;

Moreau and Isman 2012).

The tomato leafminer is a neotropical insect

oligophagous on various solanaceous plants, widely

distributed in America (Radcliffe and Lagnaoui 2007)

where is considered the main tomato pest (Siqueira

et al. 2000). Its control has been traditionally under-

taken with different pesticides (including organophos-

phates, pyrethroids, thiocarbamates and acylurea

growth regulators), however resistance to many of

these active ingredients (Siqueira et al. 2000; Lietti

et al. 2005; Reyes et al. 2012; Sparks et al. 2012),

including cross-resistance (Siqueira et al. 2001) has

already been reported. Since more recently, lures

including the sexual pheromone (Svatoš et al. 1996;

Filho et al. 2000) are commercially available (Ben-

venga et al. 2007). T. absoluta was added in 2004 to

the list of quarantine pests by the EPPO (Anonymous

2004); and it has become a sanitary problem recently

in Europe since its detection in various places from

2006 (Anonymous 2009).

Besides insect pests, among the various diseases

that affect this crop, fungal infections by ascomycetes

are of great incidence worldwide (Foolad and Panthee

2012). In Uruguay, Botrytis cinerea, and species from

the genera Alternaria and Fusarium cause the most

relevant pathologies (Bernal 2009; Granja 2009;

Bernal 2010). Fusarium spp. are the cause of different

soilborne diseases, occurring most frequently at mild

and cold temperatures, that affect mainly leaves and

stems (Foolad and Panthee 2012). Alternaria spp. are

more common in high relative humidity areas, and can

affect the fruit directly (Foolad and Panthee 2012). In

turn, B. cinerea infests stems and petioles first,

reaching eventually the whole plant and causing

post-harvest problems (Zittner 1986).

In this context, products of botanical origin, and in

particular essential oils (EOs), seem to be an attractive

alternative given their effectiveness and low persis-

tence in the environment. Insecticidal and antifungal

activities of EOs from plants in different families,

including Asteraceae, have already been reported

(Choi et al. 2003; Isman 2006; Vázquez-Luna et al.

2007). In this work, we have explored the possibility

of developing agents to control both, insect pests and

fungal diseases of tomatoes. We here report on the

chemical composition and activity against whiteflies

and the tomato leafminer and to B. cinerea and

Alternaria sp. of EOs from two Asteraceae: the

nowadays worldwide distributed Artemisia absin-

thium, and the South-American endemic species

Eupatorium buniifolium.

Materials and methods

Plant material

The aerial parts of A. absinthium were collected from a

plant located in Sauce-Canelones (34.65�S, 56.06�W),

at different times during the years 2009–2011. The

same plant was vegetatively propagated to obtain

more material. In the case of E. buniifolium, plant

material was collected in Las Brujas-Canelones

(34.38�S, 56.20�W) in February 2010. Species were

identified by Prof. Eduardo Alonso-Paz (Cátedra de

Botánica, Chemistry School, Universidad de la
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República, Uruguay), and voucher specimens were

deposited at the Herbarium of Facultad de Quı́mica,

Montevideo, Uruguay (A. absinthium: Umpiérrez &

Rossini s/n MVFQ 4382 and E. buniifolium: Santos s/n

MVFQ 4391).

Essential oil extraction

All EOs were obtained from whole fresh material. The

EO from A. absinthium was obtained by hydrodistil-

lation with in situ steam generation in a Clevenger

apparatus. The EO from E. buniifolium was obtained

by exogenously generated steam distillation using a

200-l alembic connected to a 50-l plant material

container. After drying with anhydrous magnesium

sulfate, EOs were stored in amber glass vials under

nitrogen at -4 �C. Extraction yields (EO weight/fresh

plant material weight 9 100) ranged from 0.3 to

0.7 % for A. absinthium and 0.2 to 0.3 % for E.

buniifolium. EOs obtained in different distillations

were batched before chemical characterization and

activity studies.

Chemical characterization

Gas chromatography (GC) was carried out using a

Hewlett-Packard 5890 Series II instrument equipped

with a flame ionization detector (FID) and an Elite-5

capillary column (30 m 9 0.25 mm id 9 0.25 lm

film thickness; ALTECH INC.). The carrier gas was

hydrogen at 1 ml/min and 9 psi inlet pressure. The

oven temperature was initially held at 40 �C (2 min)

and then increased first to 240 �C at 5 �C/min (1 min

isotherm), and later to 310 �C at 10 �C/min (5 min

isotherm). Temperatures of the injector and detector

were 220 and 250 �C respectively; and injections were

performed in the split mode (40:1). Analyses were

conducted in triplicate, and the relative amount

(uncorrected) of each component was estimated from

the corresponding peak area expressed as the percent-

age of the total peak area on the chromatogram. For the

identification of the individual components, a Shima-

dzu 2010 gas chromatograph coupled to a Shimadzu

QP2010 plus mass spectrometer was used. Analyses

were run with an OPTIMA-5-MS column (30 m 9

0.25 mm id 9 0.25 lm film thickness; Macherey–

Nagel). The analytical conditions were as follows. Gas

carrier: helium (1 ml/min); oven temperature: from 40 �C
(isothermally held for 2 min) to 240 �C (5 �C/min,

and held for 1 min), and then increased to 320 �C

(10 �C/min, held for 5 min); injector and detector

temperatures were 250 �C; injector mode was split

(30:1); ionization potential 70 eV; scan range

40–350 m/z. The identification of the components of

EOs was done by comparison of the retention indices

(RI) calculated with those reported by Adams (2007)

and Pherobase (El-Sayed 2011) and of fragmentation

patterns with those contained in NIST 05 and SHIM

2205 mass spectrometer libraries (Table 1). In all

cases injections were of 1 ll of EO diluted in

dichloromethane (10 mg/ml).

Insects

Separate colonies of T. absoluta (tomato leafminer)

and T. vaporariorum (whitefly) were established at the

Cátedra de Entomologı́a in the School of Agronomy

(Universidad de la República, Uruguay). The colonies

were initiated with immature-stages-infested leaves

from tomato protected crops located nearby Montevi-

deo city. For both insects, the leaves infested with

juvenile stages were placed on healthy tomato plants

(Solanum lycopersicum cv. Floradade, Solanaceae).

For the whitefly, tomato plants were kept in a

greenhouse under the natural photoperiod, humidity

and temperature regime. In the case of the leafminer,

tomato plants were kept in cages sealed with tulle at

25 ± 2 �C under natural photoperiod and humidity

conditions.

Insecticidal activity

In all insect tests, but the one of direct contact with the

whitefly, treatment and control assays were run using a

filter paper piece (36 cm2) previously treated with

0.5 ml of different EO emulsions in water—Tween 20

(2 %) (treatment) or with 0.5 ml of a solution water—

Tween 20 (2 %) (negative control) (N = 3 for each

case).

Assay of exposure to EOs vapors (volatility)

To evaluate the activity of EOs’ vapors against the

whitefly a two-chamber system [(made with two bases

of plastic Petri dishes-9 cm 9 1 cm-, separated by a

holed lid (ca. 4 holes/cm2)] was used. Tomato leaflets

(ca. 25 cm2) were placed on the agar-laden (2 %) top

of the upper chamber with the adaxial side towards the
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Table 1 Identification of constituents of the essential oils of A. absinthium and E. buniifolium

Compounda A. absinthium E. buniifolium

%b RIc %b RIc

Tricyclene – – 0.06 ± 0.01 917

a-Thujene – – 0.61 ± 0.06 923

a-Pinene 0.71 ± 0.05 930 22 ± 2 930

a-Fenchene 0.06 ± 0.01 943 – –

Camphene 0.36 ± 0.01 944 1.4 ± 0.1 944

Sabinene 1.96 ± 0.08 970 5.9 ± 0.6 970

b-Pinene 0.17 ± 0.01 973 6.1 ± 0.6 973

Myrcene 1.27 ± 0.05 989 2.2 ± 0.2 989

2-Carene or 4-Carene – – 0.13 ± 0.01 999

a-Phellandrene – – 0.03 ± 0.00 1,002

a-Terpinene 0.13 ± 0.01 1,015 0.13 ± 0.01 1,015

o-Cymene 0.18 ± 0.01 1,022 – –

Limonene 0.39 ± 0.02 1,029 4.6 ± 0.5 1,028

Cineol 0.28 ± 0.01 1,029 – –

(Z)-b-ocimene 4.56 ± 0.19 1,036 0.09 ± 0.01 1,037

(E)-b-ocimene 0.20 ± 0.01 1,048 3.0 ± 0.3 1,047

c-Terpinene 0.29 ± 0.01 1,059 0.20 ± 0.02 1,058

Terpinolene – – 0.51 ± 0.05 1,089

Linalool 1.27 ± 0.05 1,099 – –

a-Thujone 1.67 ± 0.07 1,103 – –

b-Thujone 56.32 ± 2.28 1,115 – –

(Z)-epoxy-Ocimene 14.76 ± 0.60 1,129 – –

iso-3-Thujanol 0.39 ± 0.02 1,137 – –

Camphor 3.73 ± 0.14 1,141 – –

neoiso-3-Thujanol 0.15 ± 0.01 1,147 – –

Borneol 0.86 ± 0.04 1,165 – –

4-Terpineol 0.60 ± 0.02 1,176 0.20 ± 0.02 1,176

(3Z)-Hexenyl butanoate 0.22 ± 0.01 1,183 – –

a-Terpineol 0.05 ± 0.00 1,188 – –

(3Z)-Hexenyl isovalerated 0.04 ± 0.00 1,230 – –

iso-3-Thujanol acetated 0.08 ± 0.00 1,265 – –

Bornyl acetate 0.19 ± 0.01 1,287 – –

d-Elemene – – 1.0 ± 0.1 1,343

a-Cubebene – – 0.04 ± 0.00 1,355

Nerol acetate 0.10 ± 0.00 1,361 – –

a-Copaene – – 0.07 ± 0.01 1,381

b-Elemene – – 6.7 ± 0.7 1,396

b-Isocomene – – 0.05 ± 0.03 1,398

b-Caryophyllene 0.10 ± 0.00 1,426 5.8 ± 0.6 1,426

b-Copaene – – 0.11 ± 0.03 1,436

c-Elemene – – 0.12 ± 0.02 1,438

a-Guaiene – – 0.62 ± 0.06 1,444

6,9-Guaiadiene – – 0.64 ± 0.07 1,449
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agar. Ten to 20 whitefly adults were included in this

upper chamber. In the lower, the filter paper piece

(36 cm2) of treatment or the corresponding negative

control was placed. After 24 h, whitefly mortality was

determined, and lethal doses (LD) values were

calculated.

Table 1 continued

Compounda A. absinthium E. buniifolium

%b RIc %b RIc

(E)-Muurola-3,5-diene – – 0.24 ± 0.03 1,456

(E)-Cadina-1(6),4-diene – – 0.21 ± 0.02 1,456

a-Humulene – – 0.82 ± 0.09 1,461

9-epi-(E)-Caryophyllene – – 0.60 ± 0.07 1,469

c-Muurolene – – 1.0 ± 0.1 1,483

Germacrene D 0.77 ± 0.03 1,489 7.8 ± 0.8 1,489

Eremophilene – – 1.0 ± 0.1 1,495

(Z)-b-Guaiene – – 0.18 ± 0.01 1,497

Bicyclogermacrene – – 3.3 ± 0.3 1,504

a-Muurolene – – 0.76 ± 0.08 1,506

Geranyl isobutyrate 0.17 ± 0.01 1,511 – –

(E)-b-Guaiene – – 10 ± 1 1,514

c-Cadinene – – 0.42 ± 0.05 1,521

d-Cadinene – – 1.5 ± 0.2 1,529

a-Cadinene – – 0.18 ± 0.03 1,544

Elemol – – 0.38 ± 0.05 1,553

Germacrene B – – 1.8 ± 0.2 1,565

Neryl isovalerate 0.35 ± 0.01 1,580 – –

Germacrene D-4-ol – – 0.60 ± 0.07 1,581

Geranyl 2-methyl butanoated 0.02 ± 0.00 1,599 – –

Geranyl isovalerated 0.08 ± 0.00 1,604 – –

epi-a-Murrolol – – 0.36 ± 0.06 1,646

b-Eudesmol – – 0.17 ± 0.03 1,657

Himachalol – – 0.54 ± 0.07 1,660

Shiobunol – – 0.30 ± 0.04 1,699

Chamazulene 0.91 ± 0.03 1,736 – –

Identified components 93.7 ± 0.3 94.7 ± 0.6

Grouped components

Monoterpene hydrocarbons 10.3 ± 0.4 47 ± 5

Oxygen-containing monoterpenes 81 ± 3 0.20 ± 0.02

Sesquiterpenes hydrocarbons 1.78 ± 0.07 45 ± 5

Oxygen-containing sesquiterpenes – 2.4 ± 0.3

a Constituents listed in the elution order on a DB-5 column
b Relative proportions of the essential oil constituents as percentages (mean ± standard error) of the total (normalized) peak area on

the chromatogram
c Retention indices (RI) calculated from retention times in relation to those of a series of saturated hydrocarbons (C8-C32 ? C19)

injected in the same conditions of EOs
d Tentatively identified

– not detected
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Assay of direct contact with EOs

This activity was evaluated against both insects. For

the tomato leafminer contact activity was evaluated

based on the bioassay previously reported by Verçosa

de Magalhães et al. (2001) by placing 5 larvae per Petri

dish (9 cm diameter) on the filter paper piece (36 cm2)

and the number of dead larvae was recorded after 24 h.

For the whitefly, the IRAC protocol (IRAC 2009) for

the evaluation of resistance to conventional insecti-

cides was used with minor modifications: the lids of

plastic Petri dishes (5 cm 9 1 cm) were covered by an

agar film (2 %). Tomato leaflets (4 cm 9 3 cm) were

weighted and then immersed for 20 s in the treatment

and control emulsions mentioned above. The leaves

were allowed to dry on filter paper, and then weighted

again and placed on the Petri dishes with their adaxial

side toward the agar. Ten to 20 adult flies were placed

per dish and to allow them to orient normally, the

plates were incubated upside-down. The number of

dead whiteflies was recorded after 24 h and lethal

doses calculated.

Fungi

The strain of B. cinerea (isolated from tomato) was

provided by the Cátedra de Microbiologı́a, School of

Chemistry (Universidad de la República, Uruguay).

Alternaria sp. was isolated from leaves from an

organic tomato crop maintained at INIA-Las Brujas,

Canelones. Leaves showing symptoms of this disease

(Bernal 2010) were collected, cut, washed with

sodium hypochlorite and placed in plates with Potato

Dextrose Agar (PDA, Becton, Dickinson and Com-

pany) culture medium. Successive replicas of the

fungus were made to obtain a pure culture.

Antifungal activity

Inhibition of mycelium growth by exposure to EOs

vapors

To evaluate the activity of the vapors of the EOs the

bioassays were based on the work from Alvarez-

Castellanos et al. (2001), with the following modifi-

cations. In PDA (5 ml) plastic Petri dishes (9 cm

diameter) eight replicates of small media pieces

inoculated with the appropriate fungal species were

placed. Filter paper disks (1–5 disks depending on the

dose to be applied) impregnated with different quan-

tities of pure EO (treatment) or with sterile distillated

water (control) were placed on the lids of the Petri

dishes. The plates were sealed with Parafilm� M and

incubated upside down at 28 �C in the dark. Mycelia

growth in each replicate was measured after 48 h. For

each replicate the inhibition percentage (I %) was

calculated as I % = [(mean diameter of controls -

diameter of the treatment replicate)/mean diameter of

controls] 9 100. From these data, inhibitory concen-

trations to produce a reduction of 50 or of 99 % of

mycelia growth (IC50 and IC99 respectively) were

calculated.

Inhibition of mycelia growth by direct contact

with the EOs

This activity was analyzed by a modified agar-dilution

method (Reina et al. 1997) at the laboratory of the

Plant Pathology Unit of La Laguna University.

Different doses of EOs were prepared in ethanol and

incorporated into PDA culture media (2 % final

concentration of solvent). Control experiments con-

sisted of solvent-treated media. The plates were

inoculated in 8 points with small media pieces loaded

with the appropriate fungus and incubated at 24 �C in

darkness. After 48 h the plates were digitalized and the

diameter of the colony in each replicate was measured

with the ImageJ software (Wayne Rasband. NIH,

USA: http://imagej.nih.gov/ij) and I % were calcu-

lated for each one to calculate IC50 and IC99.

Statistical analyses

Lethal doses (LD50 and LD99) and inhibitory concen-

trations (IC50 and IC99) were calculated by Linear

Regression Analyses using the Statgraphics Plus

software with the concentration data logarithmically

transformed. When needed, the Abbot (1925) correc-

tion was applied (T. vaporariorum and T. absoluta).

Results and discussion

Chemical characterization of the EOs assayed

Qualitative and quantitative compositions of the EOs

tested are shown in Table 1. The main component of
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A. absinthium EO was b-thujone (56 ± 2 %). Several

chemotypes have been recognized in regard to the EO

composition of A. absinthium (Chialva et al. 1983;

Sacco and Chialva 1988; Juteau et al. 2003; Bononi

et al. 2006; Orava et al. 2006; Basta et al. 2007;

Rezaeinodehi and Khangholi 2008; Judzentiene et al.

2009; Judzentiene and Budiene 2010; Martı́n et al.

2011), including the pure types rich in (Z)-epoxy-

ocimene, sabinyl acetate and b-thujone; and the mixed

types that contain mixtures of these terpenes and also

(Z)-epoxy-ocimene and chrysanthenyl acetate (Chial-

va et al. 1983). The EO composition here reported

indicates that the plants extracted would belong to the

thujone chemotype. As a group, oxygen-containing

monoterpenes accounted for 81 % of the total in this

EO. In contrast, in E. buniifolium EO; hydrocarbons

were the most abundant components, either as mon-

oterpenes (47 ± 5 %) or as sesquiterpenes (45 ±

5 %). The monoterpene a-pinene (22 ± 2 %) was the

principal constituent; besides other monoterpenes

[b-pinene (6.1 ± 0.6 %), sabinene (5.9 ± 0.6 %)];

as well as sesquiterpenes [(E)-b-guaiene (10 ± 1 %),

germacrene D (7.8 ± 0.8 %), b-elemene (6.7 ± 0.7 %),

and b-caryophyllene (5.8 ± 0.6 %)] were also abun-

dant. This composition resembles the one reported by

Lorenzo et al. (2005), but is different from the results

obtained by two other independent studies performed

on plant material from Argentina (Ruffinengo et al.

2005; Lancelle et al. 2009). Even though a-pinene is the

major constituent in these three studies and ours, being

much higher in the reported by Ruffinengo et al. (2005)

and by Lancelle et al. (2009) (68.8 and 50.98 %

respectively), the three main compounds, (E)-b-guai-

ene, germacrene D and b-elemene, that share both

Uruguayans EOs were either not detected or minor

components in both Argentinean EOs. On the other

hand, compounds as d-2-carene or ocimene that were of

medium abundance in the Argentinean oils, appear in

much lower amounts in our sample (Table 1) and the

one previously described obtained from Uruguayan

plants (Lorenzo et al. 2005). Since the plant material

used in these studies came from different locations and

the plant used by us were geographically nearer to the

ones used by Lorenzo et al. (2005), these results may

point to the existence of different chemotypes also in E.

buniifolium similarly to A. absinthium and other

Asteraceae (Seaman 1982; Maia et al. 2002; Perez-

Alonso et al. 2003; Gudaityta and Venskutonis 2007;

Paolini et al. 2010).

Insecticidal activity

Biological activities are shown in Table 2. In the case

of the direct contact on insects, the whitefly seems to

be more susceptible to both EOs than the tomato

leafminer, as lethal doses are lower by about one order

of magnitude. On the other hand no straightforward

trend seems to appear when comparing both EOs:

while E. buniifolium seems to be more active than A.

absinthium on T. vaporariorum, both insect pests

showed a similar susceptibility to both EOs. When

considering the effect of the EO vapors on T.

vaporariorum, the results showed that greater amounts

of both EOs must be applied in order to get the same

effect. Indeed, almost complete mortality (LD99) is

reached at 0.29 ± 0.03 mg/cm3 of the vapors com-

pared to 0.19 ± 0.02 mg/cm2 of direct contact with A.

absinthium EO. In the hypothetic scenario that all the

EO applied by contact would have volatilized, the

concentration reached in the volume of the assay dish

(19.6 cm3) would be 0.12 mg/cm3 which is lower than

the LD99 found for the effect of vapors, indicating that

the contact effect is more effective. The same kind of

calculations on the amounts of E. buniifolium EO

applied led to the same conclusion.

Various natural products from the genus Artemisia

have been characterized in their anti-insect activity

against coleopteran plant feeders (Saleh 1984; Maggi

et al. 2005), stored-products pests (Tripathi et al. 2000,

2001; Negahban et al. 2006; Wang et al. 2006),

piercing hemipterans (Rao et al. 1999; Soliman, 2007;

Dancewicz and Gabrys 2008; Mohamed et al. 2010;

Zibaee and Bandani 2010) and lepidopteran chewers

(Maggi et al. 2005; Gonzalez-Coloma et al. 2011).

Specifically, the essential oil from A. absinthium aerial

parts has been tested in their antifeedant activity

against lepidoptera and hemiptera (Martı́n et al. 2011),

and insecticide effect on stored-product pests (Der-

wich et al. 2009). However, in the former case the EO

tested was not from the thujone chemotype, and in the

later, a-thujone was the main component instead of

b-thujone (the main component of the EO in our

study). These differences in chemical composition of

the tested products and the fact that the assay

methodology used in the present study was different

make difficult to make comparisons. Similar consid-

erations can be done in regard to natural products from

the genus Eupatorium. Activity against mosquito

larvae (Ciccia et al. 2000), the groundnut seed beetles
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(Delobel and Malonga 1987), mustard aphids (Dey

et al. 2005) and a chewer coleopteran (Palacios et al.

2007) as well as ant-repellent activity (Okijanade and

Wiemer 1985) have been described from non-volatile

constituents from different plant extracts. Concerning

EOs, Eupatorium spp. have also yield some products

with activity against store-product pests (T. castane-

um) (Albuquerque et al. 2004; Lancelle et al. 2009);

the mosquito Aedes aegypti (Gleiser et al. 2010;

Tabanca et al. 2010); aphids (Sosa et al. 2012); and the

acari Varroa destructor (Ruffinengo et al. 2005).

Specifically, with respect to the anti-insect capacity of

the EO from E. buniifolium, two activities were

previously described: inhibition of aphid settling (Sosa

et al. 2012), and mosquito repellency (Gleiser et al.

2010). Once again, none of these activities comprises

toxicity by direct contact or vapors, as the results

described here (Table 2).

Fungicide activity

Both EOs showed some degree of toxicity against

Alternaria sp. and B. cinerea (Table 2). However,

against Alternaria sp. the vapors from E. buniifolium

EO are not enough to produce any growth inhibition;

and direct contact is needed to get activity. Despite

this, by contact, E. buniifolium EO is more effective

than A. absinthium EO against this fungus. On the

other hand, EO vapors from A. absinthium exhibited

greater inhibition potency against both fungi. These

observations may indicate different cellular targets in

both effects. Previous works had documented fungi-

cide activity of extracts from species in both Aster-

aceae genera here studied. In this way, various

Artemisia EOs display activity against not only fungi

(Graven et al. 1992; Ramezani et al. 2004; Kordali

et al. 2005a, b; Lopes-Lutz et al. 2008) but also yeasts

(Mangena and Muyima 1999; Juteau et al. 2003;

Lopes-Lutz et al. 2008). However, when A. absinthium

EOs were studied in their anti-fungal properties, the

plants extracted also belonged to chemotypes different

from ours: mixtures with (Z)-epoxy ocimene (Juteau

et al. 2003); mixtures of myrcene, b-thujone and trans-

sabinyl acetate (Lopes-Lutz et al. 2008), and with

chamazulene as the main component (Kordali et al.

2005a). Some Eupatorium spp. yield non-volatile

products that exhibited a great activity against hia-

lohyphomycetes as well as dermatophytes (Muschietti

Table 2 Activity of EOs against the two insects and two fungi causing different sanitary problems in tomato crops

A. absinthium E. buniifolium

LD50 LD99 LD50 LD99

T. vaporariorum

Volatility (mg/cm3)a 0.12 ± 0.01 (0.09–0.14) 0.29 ± 0.03 (0.23–0.34) 0.06 ± 0.02 (0.02–0.11) 0.29 ± 0.06 (0.18–0.40)

Contact (mg/cm2)b 0.08 ± 0.01 (0.07–0.10) 0.19 ± 0.02 (0.16–0.22) 0.02 ± 0.01 (0.01–0.04) 0.08 ± 0.02 (0.04–0.13)

T. absoluta

Contact (mg/cm2)c 0.50 ± 0.05 (0.41–0.60) 1.4 ± 0.2 (1.1–1.7) 0.65 ± 0.06 (0.53–0.78) 1.5 ± 0.2 (1.2–1.9)

IC50 IC99 IC50 IC99

Alternaria sp.

Volatility (mg/cm3)a 0.08 ± 0.01 (0.07–0.09) 0.53 ± 0.04 (0.46–0.62) Inactive

Contact (mg/ml)d 0.96 ± 0.08 (0.81–1.13) 3.6 ± 0.5 (2.7–4.8) 0.67 ± 0.04 (0.60–0.74) 1.9 ± 0.1 (1.6–2.2)

B. cinerea

Volatility (mg/cm3)a 0.043 ± 0.003 (0.037–0.048) 0.21 ± 0.01 (0.19–0.24) 0.08 ± 0.01 (0.05–0.11) 1.8 ± 0.5 (1.1–2.7)

Contact (mg/ml)d 0.34 ± 0.02 (0.30–0.38) 0.93 ± 0.05 (0.83–1.03) 1.46 ± 0.09 (1.29–1.64) 4.9 ± 0.5 (4.0–5.9)

LD9s (at 24 h) and IC9s (at 48 h) were calculated following a linear model regression (p \ 0.001 in all cases). Mean ± standard

error are given along with 95 %-confidence interval in parenthesis
a mg/cm3 in the volatility assay is EO amount applied per volume unit of the plate
b mg/cm2 in the contact assay with T. vaporariorum is the EO amount applied on the surface of the tomato leaflet used
c mg/cm2 in the contact assay with T. absoluta is the EO amount applied on the paper filter used (36 cm2)
d mg/ml in the contact assay with both fungi is the EO amount incorporated in the PDA medium used (5 ml total)
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et al. 2005), and EOs that also are fungicide (Della-

cassa et al. 2003; Ei-Seedi 2006; Dubey et al. 2007;

Tripathi et al. 2008). However, as far as we know, the

EO from E. buniifolium has not been previously

typified in this activity.

Conclusions

The EO from the aerial parts of Uruguayan A.

absinthium has been characterized and belongs into

the thujone chemotype. The EO from another Aster-

aceae, the regionally found E. buniifolium has also

been typified. Its composition resembles a previous

report and differs from others suggesting the existence

of chemotypes also in this plant.

Both EOs exhibits comparable insecticidal proper-

ties against two of the major tomato pests, T.

vaporariorum and T. absoluta. Although the activity

improves by direct contact, vapors also are toxic. In

the case of the tested fungi, both EOs increased their

fungicide effect by direct contact.

No straightforward inference can be done between

chemical composition and activity, as one of the EO is

reach in oxygenated monoterpenes (A. absinthium)

and the other in monoterpene hydrocarbons (E.

buniifolium).

In sum, these results may indicate the potential of

these Asteraceae EOs to develop control agents with

dual activity against insects and fungi that affects

tomato crops. The fact that the activity is found not

only by direct exposure but also with vapors opens the

possibility to study these plant products as fumigants

avoiding in this way the direct contact with the plants

which may cause effects in their development. In that

direction, we are currently studying phytotoxic effects

of these products on tomato.
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